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Abstract

The primary objective of the project titled “Demonstration of an Advanced Integrated Control
System for Simultaneous Emissions Reduction” was to demonstrate at proof-of-concept scale the
use of an online software package, the “Plant Environmental and Cost Optimization System”
(PECOS), to optimize the operation of coal-fired power plants by economically controlling all
emissions simultaneoudly. It combines physical models, neural networks, and fuzzy logic control
to provide both optimal least-cost boiler setpoints to the boiler operators in the control room, as
well as optimal coa blending recommendations designed to reduce fuel costs and fuel-related
derates. The goa of the project was to demonstrate that use of PECOS! would enable coal-fired
power plants to make more economic use of U.S. coals while reducing emissions.

The integrated approach taken in PECOS balances the complex and often competing
interrel ationships between factors such as coal quality, coa blending, permissible NOx and SO,
limits, stack gas opacity, CO emissions, and plant heat rate from an economic point of view to
reduce overall costs. PECOS carries out plant-wide optimization, taking al of the above factors
into account, and provides plant operators with least-cost setpoints for controllable variables.
PECOS consists of a group of core modules along with two main solution modules, termed
Coalogic and Optifire.

Two plant sites with different designs and different concerns were selected to allow the
demonstration testing to cover a wide range of the highly varied environmental and operational
issues represented among coal-fired power stations. TransAlta's Keephills Plant in Alberta,
Canada, and Dairyland Power’s Genoa Station in Wisconsin.

Installation of Coalogic at Keephills was designed to effectively manage and blend the five coal
seams used by the plant such that the seams identified to produce high opacity are always mixed
with appropriate amounts of low opacity-producing seams, thereby significantly reducing
opacity derates. The use of Coalogic reduced annual opacity-related derates from a high of
70,000 MWh in 1995 to below 10,000 MWh. Because of this, TransAlta was able to save about
$2,000,000 in the first year of Coalogic use aone. These savings continue and are the reason for
the success of Coaogic and its acceptance at the plant.

At Genoa, the plant is receiving two different coa types in the yard, one a low-cost, and low-
heating-value Powder River Basin (PRB) coal, the other a higher-cost, higher-heating-value
[linois coal. The plant used the same blend of these two coals for all operating conditions during
the week, which was designed to have a high enough heating vaue to generate the maximum
predicted power for the coming week. At lower loads, which typicaly occur on weeknights and
weekends, the mills were capable of using a lower heating value coa blend without derating
allowing for the potential for saving fuel costs by using more of the cheaper PRB coal. By properly

! The software designations of Plant Environmental and Cost Optimization System (PECOS), Coalogic, and Optifire
were originaly referenced as Supervisory Optimization and Control System (SOCS), Coal Blend Automation
System (CBAS), and Boiler and NOx Control System (BANCS) respectively during the early developmental phases
of the project. The terms PECOS, Coalogic, and Optifire are used throughout this report to reflect the nomenclature
of the commercial products that were devel oped within this program.



matching coa quality to load, possible through the use of Coaogic, the project participants had
estimated potential annual fuel cost savings of the order of $600,000.

Optifire was aso installed at both plants. Optifire was designed to provide plant operators with
optimal values for all control setpoints such that the operating costs are minimized while
simultaneously maintaining all-important operating constraints—including NOx emission
limits—within prescribed limits. In both cases, detailed physical and neura models were
successfully developed producing ssmulation capable of predicting heat rate and performance data
within 1% accuracy. At Keephills, though the plant does not use Optifire to change control

setpoints, primarily because concerns about NOx emissions have significantly eased as a result
of capital improvements in the boiler and changing coal quality, the product is used by personnel
to provide accurate, real-time heat rate and cost reporting.

Based on this demonstration, PECOS has been successfully launched in the marketplace as two
distinct but synergistic products. Coalogic, which has been installed at 30 boilers in North
America, and Optifire, which has been installed at Duke Energy’s Marshall Station and is
undergoing evaluation.

Primary funding for this project was provided by the Department of Energy’s National Energy
Technology Laboratory (DOE NETL), DOE Contract No. DE-AC22-95PC95254. Additional
funding and/or inkind cost sharing was provided by Praxis Engineers, the Electric Power
Research Institute (EPRI), and the host participants, TransAlta Utilities and Dairyland Power
Cooperative. Initial funding for support in developing the PECOS concept was received from
DOE's Smal Busness Initiative Research (SBIR) Program, DOE Grant No. DE-FGO3-
93ER81495.

Keywords: coa blending, coal yard management, boiler optimization, NOx control, SO, control,
opacity control, power plant control systems
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EXECUTIVE SUMMARY

The primary goa of the project “Demonstration of an Advanced Integrated Control System for
Simultaneous Emissions Reduction” was to demonstrate the use of an online software package,
“Plant Environmental and Cost Optimization System” (PECOS?) to optimize the performance of
two coal-fired power plants in terms of coa quality control, boiler efficiency, and emissions
compliance. The basic assumption in PECOS is that to effectively optimize the performance of a
power plant from both economic and environmental perspectives, all aspects of its operation
must be considered simultaneously. Accordingly, PECOS takes into consideration all areas of
plant operation, i.e., coa quality, boiler parameters, emissions, steam cycle, and quality of ash
for disposal or sale. However, at any given site only a subset of these parameters needs to be
used depending upon their relevance to the site. The purpose of the subject project was to
integrate all the modules of PECOS, customize it for two sites, and demonstrate its use in the
field.

PECOS has two main solution modules, termed Coalogic and Optifire. Coalogic tracks and
predicts the flow of coa from its receipt in the yard to the burners, then uses this information to
recommend the best way to load coal in order to reduce fuel costs, reduce fuel-related derates—
often those associated with emissions—and improve boiler performance. The main goal of
Coalogic isto assure the delivery of the right coal to the boilers at the right time. The assumption
is that when a power plant has different types of coals available, it should always use the most
economic coal blend while meeting all emissions and operational constraints and taking into
consideration the conditions in the boiler. For example, the plant can use cheaper codls at lower
loads and more expensive coas at higher loads. Similarly, the boiler feed can be blended to
avoid derates associated with certain coals under certain conditions. Coalogic calculates the coal
blend recommendations that meet projected conditions by modeling the coal flow through the
coa yard to the boiler, including the stockpiles, conveyors, gates, crushers, silos/bunkers and
other equipment. The resulting information is used to make coa yard operation
recommendations to meet the projected coa quality needs of the bailer.

The other key solution module of PECOS is Optifire. Its main goa is to operate the boiler at
least cost at al times while ssimultaneously maintaining all-important operating constraints—
including NOx emission limits—within prescribed limits. It advises the plant operators on the
optimal values for all controllable setpoints in order to achieve this goal.

Primary funding for this project was provided by the Department of Energy’s National Energy
Technology Laboratory (DOE NETL), DOE Contract No. DE-AC22-95PC95254. Additional
funding and/or inkind cost sharing was provided by Praxis Engineers, the Electric Power
Research Institute (EPRI), and the host participants, TransAlta Utilities and Dairyland Power
Cooperative. Initial funding for support in developing the PECOS concept was received from

2 The software designations of Plant Environmental and Cost Optimization System (PECOS), Coalogic, and Optifire
were originaly referenced as Supervisory Optimization and Control System (SOCS), Coal Blend Automation
System (CBAS), and Boiler and NOx Control System (BANCS) respectively during the early developmental phases
of the project. The terms PECOS, Coalogic, and Optifire are used throughout this report to reflect the nomenclature
of the commercial products that were devel oped within this program.
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DOE's Small Business Initiative Research (SBIR) Program, DOE Grant No. DE-FGO3-
93ER81495.

The project team consisted of Praxis Engineers as the primary contractor, with significant
participation from the personnel at the two host demonstration sites.

Project Achievements

Praxis Engineers completed the development and demonstration of PECOS at the Keephills
demonstration site. Both of the main solution modules, Coalogic and Optifire, were successfully
installed and run online at TransAlta s Keephills station.

Both TransAlta and Dairyland provided a large amount of time at the operator and management
levels, provided plant data, and participated in project meetings. Their assistarce and advice was
a key factor in the success of the project. It was aso crucial in making PECOS into a marketable
product.

The Keephills plant, located outside of Edmonton in Canada, has 2 identical units producing a
total maximum output of 800 MW gross. The Combustion Engineering boilers are tangentially
fired each with a rated capacity of 1,156,000 kg/hr of steam. Air is supplied to the boilers by
both forced draft and primary air fans that are preheated through a unique trisector regenerative
air heater. On the backend, both units have cold-side electro static precipitators. Neither unit is
fitted with a scrubber, as sulfur emissions are not a concern at the site. Five Raymond bowl mills
that are supplied coal from cylindrical 8-hour silos feed the bailers.

At Keephills, Coalogic’s main function is to get the right coal to the burners at the right time. It
does so by tracking all coas in the system from their entry into the yard, through the storage
stockpiles and mill silos and on into the boiler. It makes blending recommendations such that the
coa blend addresses the primary economic issue associated with coal quality at the plant—
eliminating costly opacity derates.

Keephillsis a mine mouth plant that uses five different seams, each with a different quality. One
of the seams from the mine (the top seam) was identified as the culprit in causing the opacity
problems due to its poor ash quality. This was due principally to the low sodium content in the
ash of this seam, which acts to degrade precipitator collection efficiency.

This seam represents over 70% of the total coa used at the plant, while the remaining 30%
comes from bottom seams that do not cause opacity-related problems. By blending the top seam
with an appropriate amount of bottom seam coa from the mine, which varies with operational
conditions, while still using the same amount of top seam coal, Coalogic effectively eliminated
the derates, reducing them from an annua level of 70,000 MWh to less than 10,000 MWh.
Because of the reduced derates, TransAlta was able to save about $2,000,000 in the first year of
Coalogic use alone, with continuing savings each year.

After the software was installed, key personnel at the plant were provided with training in its use.
In addition, a User's Manual was developed for the Coalogic installation at Keephills, which is
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available to the plant personnel both in hard copy and as a Windows online help application. The
hard copy version of the Coalogic manual is attached as Appendix A.

Since the completion of the project, Keephills has continued to use Coalogic. As testimony to the
high regard that Coalogic earned at Keephills, TransAlta subsequently procured Coalogic for use
at its Centralia Station in Washington State.

At Keephills, Optifire was designed to provide plant operators with optimal values for all control
setpoints such that the operating costs are minimized while simultaneously maintaining all-
important operating constraints—including NOx emission limits—within prescribed limits.
Detailed physical and neural models were successfully developed producing on-line simulation
capable of predicting heat rate and performance data within 1% accuracy. Though the plant does
not use Optifire to change control setpoints, primarily because concerns about NOx emissions
have significantly eased as a result of capital improvements in the boiler and changing coal
quality, the product is used by personnel to provide accurate, real-time heat rate and cost
reporting.

After the Optifire software was installed, key personnel at the plant were provided with training
in its use. A User's Manua was developed for the Optifire installation at Keephills, which is
available to the plant personnel both in hard copy and as a Windows online help application. The
hard copy version of the Optifire manual is attached as Appendix B.

EPRI selected Dairyland Power Cooperative to participate in the project by making their Genoa
plant available as a demonstration site for the project. The Genoa plant, located just outside
LaCrosse, Wisconsin, has a single unit producing a total maximum output of 350 MW gross. The
Combustion Engineering super critical, double reheat boiler is tangentially fired with a rated
capacity of 2,354,000 Ib/hr of steam. Air is supplied to the boiler by forced draft fans that are
preheated through a standard bisector regenerative air heater. The furnace has state of the art low
NOx burners complete with close coupled and separated overfire air. On the backend, the unit
has a hot-side electro static precipitator. The unit does not have a scrubber, as sulfur emissions
are not a concern at the site. Four Raymond bowl mills that are supplied coal from cylindrical 8-
hour silos feed the boiler.

The plant uses two coal types, and Illinois No. 6 coal and a Powder River Basin (PRB) coal. The
lllinois coal has a significantly higher energy content and lower moisture than the PRB, but is
more expensive. At full load, the coa blend must have at least 35% of the Illinois coal to avoid
mill-related derates. At lower loads, more of the cheaper PRB can be used as long as dagging
issues are curtailed, primarily by increased soot blowing. The goal of the plant was to use as
much of the PRB as possible to reduce fuel costs without causing derates. By properly matching
coa quality to load, possible through the use of Coalogic, the project participants had estimated
potential annual fuel cost savings of the order of $600,000. Praxis Engineers performed silo flow
tests on the bunkers and installed a PECOS server machine at the plant.

The core part of Optifire was also developed for Genoa. Considerable modeling work was done to
produce performance models capable of accurately predicting key parameters such as heat rate
within 1% accuracy for the unique boiler system and its inherent NOx control complexity.
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Unfortunately, since the plant was in the process of upgrading their control system and this
upgrade project was repeatedly postponed, the plant was not made available to the project until
early in 1998, after a delay of nearly 18 nonths. This delay contributed to significant time and
cost overruns on the project. By the time Dairyland was willing to alow work to proceed, the
project’s schedule and budget could not accommodate the impact of the delay. Hence the
installation of PECOS at Dairyland Power could not be completed.

Current Status

As aresult of this project, Praxis Engineers developed both of the main PECOS solution modules
into successful products: Coalogic and Optifire. Both of these products have been sold to other
power plants.

As of July 2001, Coalogic has been instaled at 30 boilers throughout North America, 24 of
which were instaled in the last eighteen months. These sales represent 6% of the total
deregulated coal-fired utility market in North America. Details about each Coalogic installation
are provided in Table 1. The savings numbers indicated in the table were derived from reduced
fuel-related derates at mine mouth plants (Keephills), from reduced fuel-related derates and fuel
costs at plants that use both local and purchased coals (Centralia), and primarily from reduced
fuel costs at plants that purchase all of their coals from outside sources (Marshall and the plants
a the “Unnamed Utility”). Details about user experience and the berefits Coalogic provides are
given in Section 5, Conclusions and Commercia Applications.

Table 1. Coalogic Installations

Utility Plant L ocation Units MW Annual Savings
Duke Energy Marshdl | North Carolina, US| 4 400 (2), 600 (2) $2 million
TransAlta Keephills Alberta, Canada 2 400 (2) $2 million
TransAlta Centrdia Washington, US 2 650 (2) $2 million
GRE Coal Creek | North Dakota, US 2 300 (2
Unnamed Utility | Plant A EasternUS 7 | 150 (4), 650 (2), 300 $10 million
Unnamed Utility [ Plant B Eastern US 3 900 (3) $5 million
Unnamed Utility | Plant C Eastern US 5 150 (3), 250, 650 $7 million
Unnamed Utility | Plant D Eastern US 3 150 (2), 250 $3 million
Unnamed Utility | Plant E Eastern US 2 200 (2) $2 million

Note: The “Unnamed Utility,” where Coalogic is installed system-wide, cannot be identified
because they brokered a Confidentiality Agreement due to the highly competitive nature of the
Eastern US power market and the advantage Coalogic bringsin reducing costs.

Optifire has been sold to and installed at only one other power plant—Duke Energy’s Marshall
Steam Station (where Coalogic is aso installed). Currently it is being put through assessment
tests at the plant. Optifire sales have been less rapid than those of Coalogic for two reasons. 1) it
faces greater competition from other boiler optimization packages while Coalogic has no
competition, and 2) the savings it produces are not as high as those produced by Coalogic since
there is generally less room for improvement on heat rate than on coal costs or derate avoidance.
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Optifire still has significant marketability because it deals with two issues particularly relevant to
utilities in regulated states competing in the face of imposing and expensive-to-mest
environmental limits — NOx reduction and efficiency improvement. Based on computational
assessments at the Marshall installation, Optifire has the capability of improving heat rate by the
order of 50-100 Btus, which can significantly reduce operating costs in a competitive
marketplace. Optifire can also simultaneously reduce NOx emissions on the order of 10-15%,
which for some plants, particularly those using PRB coals, could be enough to meet NOx
regulations without resorting to expensive post processing technology like catalysis.

Praxis Engineers has recently widened the marketing campaign for both products to Asia and
Australia, and has been requested to present three written proposals for Coalogic in these regions
within the last four months. We anticipate that we will continue to sell both products in the
future.
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1.0 INTRODUCTION

1.1  Project Outline

The objective of the project titled “Demonstration of an Advanced Integrated Control System for
Simultaneous Emissions Reduction” was to demonstrate the use of an online software package,
“Plant Environmental and Cost Optimization System” (PECOS®) at two coal-fired power plants
to optimize their performance in terms of coal quality control, boiler efficiency, and emissions
compliance. The basic assumption in PECOS is that to effectively optimize the performance of a
power plant from both economic and environmental perspectives, al aspects of its operation
must be considered simultaneously. Accordingly, PECOS takes into consideration all areas of
plant operation, i.e., coa quality, boiler parameters, emissions, steam cycle, and quality of ash
for disposa or sale. However, at any given site only a subset of these parameters needs to be
used depending upon their relevance to the site. The purpose of the subject project was to
integrate al the modules of PECOS, customize it for two sites, and demonstrate its use in the
field.

PECOS has two main solution modules, termed Coalogic and Optifire.

Coalogic tracks and predicts the flow of coal from its receipt in the yard to the burners, then uses
this information to recommend the best way to load coal in order to reduce fuel costs, reduce
fuel-related derates, and improve boiler performance. The main goal of Coalogic is to assure the
delivery of the right coal to the boilers at the right time. The assumption is that when a power
plant has available different types of coals, it should aways use the most economic coal blend
while meeting al operational constraints and taking into consideration the conditions in the
boiler. For example, the plant can use cheaper coals at lower loads and more expensive coals at
higher loads. Similarly, the boiler feed can be blended to avoid derates associated with certain
coals under certain conditions. Coalogic calculates the coal blend recommendations that meet
projected conditions by modeling the coal flow through the coa yard to the boiler, including the
stockpiles, conveyors, gates, crushers, silogbunkers and other equipment. The resulting
information is used to make coal yard operation recommendations to meet the projected coa
quality needs of the boiler.

Optifire is an online advisory software module, which recommends boiler-side control setpoints
designed to reduce costs to operators in rea time. Optifire determines these setpoints by
automatically assessing the many economic trade-offs inherent in the system while making sure
that important safety, environmental (in particular NOx) and operational constraints are not
violated. Optifire combines both physical and neura models to simulate plant performance. It
models virtually al of the equipment and systems associated with the plant and automatically
collects data from the existing plant data highway to be used in its models. Optifire uses online
data to validate and adapt its models to provide accurate plant modeling even when plant

3 The software designations of Plant Environmental and Cost Optimization System (PECOS), Coalogic, and Optifire
were originaly referenced as Supervisory Optimization and Control System (SOCS), Coal Blend Automation
System (CBAS), and Boiler and NOx Control System (BANCS) respectively during the early developmental phases
of the project. The terms PECOS, Coalogic, and Optifire are used throughout this report to reflect the nomenclature
of the commercial products that were devel oped within this program.
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conditions are changing with time. Based on these models, Optifire uses a powerful optimizer to
calculate least-cost setpoints within the specified operational constraints.

1.2  Project Objectives

The primary objective of the subject project was to develop and implement the software online
and determine if it was capable of successfully optimizing the performance of a coal-fired power
plant in terms of coal quality control, boiler efficiency, and emissions.

The scope of work consisted of evaluating the performance of PECOS in proof-of-concept
testing at two utility sites while resolving uncertainties about its capabilities, limitations, and
costs of implementation. The two utility sites selected for this demonstration represent a diverse
array of subsystems and issues in optimization of operations. The major portion of the work was
carried out at TransAlta Utilities Keephills Power Plant in Alberta, Canada. At this plant the key
issues involve management of coal quality to reduce fuel-related derates, especially those caused
by opacity, by properly blending coals, improving boiler control and performance, and providing
accurate real-time performance and cost calculations, in particular heat rate. The second host site
was Dairyland Power Cooperative's Genoa Power Station in Genoa, Wisconsin, where the goals
were to blend coals to match Btu content to operating load in the most economic way, while
improving boiler performance, including controlling NOx emissions.

1.3  Product Description and Background

PECOS represents an umbrella software structure that supports the computational solution
modules that are attached to it. PECOS contains the core modules that handle obtaining the real-
time online data from a variety of plant data sources, passing required data to the solution
modules, recording the data obtained from the plant sources as well as the data calculated by the
solution modules, and interfacing through the Local Area Network (LAN) with the client
computers.

1.3.1 PECOSArchitecture

The general architecture of PECOS is illustrated in Figure 1. The system comprises several basic
components residing on an in-house host computer (the server). The PECOS clients, residing on
workstations at the plant and at various locations within the utility, communicate with the
PECOS server across the LAN or Wide Area Network (WAN) using TCPF/IP or some other
protocol. The basic components are listed below:

PECOS Server/Host Computer (hardware)
PECOS GUI Clients

Event Manager

Automation Manager

Database

Data Acquisition Modules

Data Validation Module

Data Trandation Module

Data Archive Module
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PECOS Admin Tool.

In addition to these core modules, solution modules can be added to the framework, including:

Coalogic— A solution module that manages the coal yard by tracking and predicting the flow
of coal from its receipt in the yard to the burners, then uses this information to recommend
the best way to load coal.

Optifire — A solution module that manages the boiler by modeling al boiler and steam cycle
operations, then uses this information to recommend optimal control setpoint values designed
to operate the boiler at least cost while simultaneously maintaining all important operating
constraints—including NOx emission limits—within prescribed limits.

Each of the basic components and solution modules is described in greater detail below.

Client

I/'
Coalogic

=

Plant Data:
Archive, Control
System, DAS, etc.

Figure 1. PECOS Architecture

PECOS Server/Host Computer
The heart of the system is the PECOS server or host computer. It is where most of the software
modules reside and is the center of activity for client interactions. It is a state of the art IBM
compatible personal computer that can run server software (i.e. Windows NT Server, Microsoft
Structured Query Language (SQL) Server). The exact specifications for the PECOS server are
dependent on the number of PECOS modules installed, the brand of computer accepted at the
plant (e.g., Compaq or Dell), and are continualy updated as more powerful PCs become cost
effective and the older models are no longer available.
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The operating system is Microsoft Windows NT Server. Microsoft SQL Server is used as the
database, although this is not a requirement. With minimal adjustments to the PECOS software,
SQL Server can be replaced by any Open Database Connectivity (ODBC) capable database. A
tape drive or some other backup device is included, so that a weekly backup can be made of the
archived data. A UPS is highly recommended, although many plants have UPS systems for the
entire computer room and a dedicated UPS is not necessary. Praxis Engineers requires remote
access to the PECOS Server in order to do maintenance and upgrades. This is usualy handled
through a dial-up connection to the utility network, but if this is not available, a modem and
phone line are required.

PECOS Client (Graphical User Interface)

The PECOS graphical user interface (GUI) communicates with the PECOS server, displays
information, and receives manual inputs from the user. It is the customer’ s interface with PECOS
and presents to the user online measured data, calculated data and control recommendations that
should be enacted for optimal plant operations.

This PECOS client module is seated on the user's computer and is linked to the PECOS server
viaaLAN or WAN connection using remote Object Linking and Embedding (OLE) automation.
As illustrated in the figures below, the GUI is designed with standard Windows based
functionality, and look and feel, with navigational properties similar to Microsoft Explorer™.
Figure 2 displays a screen capture from the Keephills Coalogic GUI, and Figure 3 shows a
screen capture from the Keephills Optifire GUI. Both Coalogic and Optifire screens can be
accessed from the same GUI. Details about each GUI are provided in the software manuals for
Coalogic and Optifire, in Appendix A and B respectively.
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PECOS Event Manager

The Event Manager is the core of the PECOS software and is essentially the traffic control

officer for the PECOS system. The Event Manager is the first PECOS module to start up and the
last one to shut down. The other PECOS modules can be turned on and off independently, but
the Event Manager must always be running. Its primary functions are to:

Route messages to all modules

Initialize data points upon start up

Initialize specified data points to the value used in the previous session (provide data
persistence)

Utilize shared memory segments for data passing

Check and report on the status of other PECOS modules

Disconnect inactive modules.

PECOS Automation Manager

The Automation Manager is the interface between the remote PECOS clients and the Event
Manager. Its primary functions are to:

Handle al client requests, acting as an interface between the client GUIs and the Event
Manager

Receive data from the client GUIs and passit on to the Event Manager

Generate and send messages from the client GUIs to the Event Manager.

PECOS Database

The PECOS database is a powerful module that houses a vast array of functionality. PECOS uses
Microsoft SQL Server. However, PECOS was designed so that it is relatively easy to substitute
MS SQL Server with a different database, such as Oracle. The functionality of the database is to:

Define al of the data points

Define mappings between plant point names (e.g., Aspen Technology Historian Tag Names)
and PECOS point names

Define the data points whose values need to persist between PECOS server sessions and
record the values in atable

Define data validation minimum, maximum and default values, and validation and
replacement routines to be used for data entry, both manual and automatic (real-time data
collection from the plant)

Contain tables for storing security information such as usernames and passwords, computer
systems that can be used for accessing PECOS, and security access levels associated with
each user

Contain tables for archiving data, validation actions and messages that are sent from the
client and between modules.
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PECOS Data Acquisition Modules

PECOS can include one or more data acquisition modules for getting data from the plant and
writing data to the plant. The data acquisition modul€'s primary functions are to:

Connect to the plant data source
Periodically request data or write data to the plant data source current value table
Detect connection problems and attempt reconnection.

PECOSData Validation Module

Before data are sent to the Event Manager from any module, including the PECOS GUI, the data
are sent to the Data Validation Module. The points for validation and the routines to be used for
validating the data are defined in the database. An interpreted programming language, Tcl (Tool

Command Language), is used to perform the validations. Using Tcl and the database to define
the Tcl expressions and values makes the validation module very flexible and easy to update.

The programmer simply has to change an entry in the Data Validation table in the database to
add or delete or make changes to a validation routine.

PECOS Data Translation Module

After data validation, data points are sent to the Data Trandation Module. The Data Trandation
Module is primarily used to trandate data points from one set of engineering units to another.
For example, the measured coa flow may be available only in klb/hr, but the PECOS
computation module expects al cod flow data in the form of tons per hour (tph). However, it
can also be used to calculate aggregates (such as total boiler coa flow as the sum of the
individual mill coal flows) and moving averages.

The Data Tranglation Module also uses the database to define the trandations and Tcl to perform
them.

PECOS Data Archive Module

All data defined in the PECOS database can be archived at defined intervals or upon update.
Data are divided into several different categories and the archive type and interval can be defined
differently for each data point category. The archived data are stored in atable in the database.

The archived data are used for:

Displaying trend graphs on the GUI

Calculations that require historical data

Development of calculations and computation routines in Optifire and Coalogic
Troubleshooting.

In addition to archiving data, the Data Archive Module also archives validations. If a data point
is determined to be invalid, and the raw value is substituted with a default value or a calculated
value, the date and time of the validation, the validation routine ID, the original value, and the
substituted value are archived in the database.
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Finally, the Data Archive Module archives messages. Messages are used to send commands from
the GUI to the various PECOS modules, and to send commands between PECOS modules. The
message archive is used for reviewing what was done and for troubleshooting.

PECOS Admin Tool

Part of the PECOS product is a web-based tool for use by the PECOS System Administrator for
agiven site. The PECOS Admin Tool provides the following functionality:

It is used to update the PECOS configuration information located in the NT registry, such as
the current client version number, the cycle period of the Coa Tracking model, and the data
acquisition host name used by the Data Acquisition Module

It is used to set the value of modeling constants. Modeling constants are variables that are
expected to rarely change, so it was decided not to allow the everyday user to access them.
However, since they may change every once in a while, the Admin Tool can be used to
update the values.

It is used to administer the user accounts, passwords and security settings

The latest update to the PECOS client is available through the PECOS Admin Tool.

1.3.2 Coalogic

Coalogic is the module of PECOS designed as a tool for coal management. Coalogic is designed
to aid in cost reduction and avoidance of derates or operational problems due to fuel quality in
real time. There are four major components of Coalogic, which alow it to assist with blend
management:

Coal Tracking Model — tracks all coa through the coal storage and handling system, into
the silos and through to the mills, and displays the coal quantity and quality in the piles and
sloinreal time

Silo Flow Model — tracks the flow of coal through the silos

Pile M odel — tracks the flow of coal through the stockpiles

Blend Advisor — blending strategy software, which works with information provided by the
Coa Tracking Model to provide the right blend of fuel to the boiler at the right time.

Coal Tracking Mode

The purpose of the Coa Tracking Model is to follow the coal as it moves from the point of
receipt through to the burners. Coal can be received into the yard by train, truck, barge or ship.
From its point of entry, the Coal Tracking Model uses models for piles, silos, conveyors, feeders,
gates, cascade conveyor systems and trippers which are customized for a particular site to track
the coa through the system. In silos and piles, the movement and mixing of the coal is modeled
by the Silo Flow Model and Pile Model, respectively.
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Coal Tracking Model Inputs: Electronic

The required plant data received through one or more PECOS Data Acquisition Modules include
but are not limited to:

Equipment On/Off Status — On/off status of coa yard and slo equipment including
conveyors and feeders

Mill Flow Rates— Mass rate out of each mill of every silo. This can be in the form of a mass
flow rate (tph, kpph) or a calibrated feeder RPM.

Gate Positions — Indication of al gate positions within the yard and the silo house

Stackout Locations — Indication of which pile or piles the incoming cod is being stacked
out to (these data may be entered manually)

Reclaim Locations — Indication of which pile or piles the coal is currently being reclaimed
from (these data may be entered manually)

Tripper Positions — Indication of which silo is being loaded based on tripper positions in the
slo house

Silo Levels — Online indication of the levels over each mill in a silo. This can be in the form
of amass percent, distance from the top of the silo, or tons.

Coal Flow Rates — Online indication of the tonnage rates associated with the belts feeding
the system within the yard and into the silo house

Coal Analyzer Data — If an online coal analyzer exists, the coal quality as measured by this
system should be available to the Coal Tracking model.

Coal Tracking Model Inputs: Manual

The Coa Tracking Model requires the manual entry of essential data that are not measured
electronically. The preference is to acquire all data electronically for overall accuracy. However,
some of the following data may have to be entered manually:

Incoming Coal Quality — As coal is received into the yard, its quality must be entered into
the Coal Yard Model. These parameters would typically include, but are not limited to,
heating value, ash, moisture, and sulfur.

Coal Delivery — Some systems do not electronically record the position of the boom
supplying coal to the coal yard, for example

Startup Adjustment — This feature is used to initialize the program by computationally
“emptying” and/or “filling” the silos and piles at first startup to correspond to the actual
stuation.

In addition, there is configuration information that is gathered from the plant and through plant
visits such as positioning of gates, and conveyor lengths and capacities. These data are used to
define and arrange the numerous equipment models that comprise the Coa Tracking Model.

Coal Tracking Model Outputs

The Coa Tracking Model outputs the current state of the coal yard and silos or bunkers. This
information includes, but is not limited to:
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Current inventory in al piles, including mass and quality (this data may come from the Pile
Model)

Current inventory of all silos and bunkers (this data may come from the Silo Flow Model)
Current quality of coal feeding the boiler

Current coal flow rate and quality of coal on various conveyors that are not measured or
manually entered.

Silo Flow Modd

The Coal Tracking Model uses the Praxis Engineers Silo Flow™ Model. The Silo Flow Model
accurately models the flow of coal through silos. The storage of coal in silos presents a unique
problem in that the coals are not generally discharged from the silo in the sequence in which they
were loaded into the silo. Therefore, even when a silo has a large amount of one cod in it, if
another coal is loaded on top, the second coal can begin to show up at the silo discharge before
the first cod is fully withdrawn. This phenomenon is called “funnel flow” and is characterized
by a free surface with very fast flow in the center of the silo, and much sower flow (“dead’
zones) towards the outside walls as depicted in Figure 4.

Free Surface =

/‘ Dead Zone

Figure 4. Silo Flow Patterns

Because the relationship between the sequence of loading a coal into a silo and the sequence of
its discharge is not simple, silos typically do not follow a straightforward first-in-first-out (FIFO)
pattern. An example of this phenomenon is presented in Figure 5. This figure shows the
discharge from a silo that has been loaded with layers of four different coals with ash contents of
10, 12, 14, and 16%, respectively. As the figure shows, the ouput sequence of coal quality (in
terms of ash content) does not match the FIFO assumption. It is a complex blend where some of
the coal loaded at the beginning is discharged at the end, and some of the coa loaded in the
middle discharges very quickly.
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Figure 5. Difference Between FIFO and Actual Silo Exit Coal Quality

The actual sequence of output quaity is determined by a number of factors. These factors
include the quantity and quality of coa aready in the silo, the timing and rate of loading and
discharge operations, the geometry of the silo, the interactions between coals in different feeder
areas, and the flow properties of the particular coals.

The Silo Flow Model is configured for each silo at the power plant to ensure its accuracy. A
team of engineers visits the site and performs a tracer test, which involves spraying a small
amount of atracer chemical on the coal entering the silos and taking fineness samples at the mill.
Subsequent lab testing of the samples for the tracer gives atime history of the inherent mixing in
the silo. The tracer test results are used to customize the Silo Flow Model for the site. The test
typically takes one week to perform and requires no significant change in the normal operation
of the coa yard.

Silo Flow Model Inputs

The inputs to the Silo Flow Model come directly from the Coa Tracking Model, but may
originate as manual input or electronic plant data. The inputs to the Silo Flow Model include:

Current silo level

Amount of coal flowing into the silo
Amount of coal flowing out of the silo
Quality of coa flowing into the silo.

In addition, there are tuning parameters and configuration data such velocity profile and silo
dimensions that are determined by analyzing the tracer test results and reviewing information
received from the plant such as equipment diagrams.

Silo Flow Model Outputs

The outputs of the Silo Flow Model include:

Information on the properties of the coal in the silos
Information on the properties of the coal feeding the boilersin real time.
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The typical coa properties that are displayed for each silo include:

Heating value
Ash

Moisture
Sulfur.

Note: There is no technical limitation on the number of properties that can be tracked. As long
as the appropriate data are made available to the Coal Tracking Model, they can be tracked,
including coal cost.

Pile Model

The Coal Tracking Model uses the Pile Model. The Pile Model is designed to represent the flow
and storage of coals in a pile that is built by adding coal to the top using a boom. Cod is
withdrawn from the bottom through an underground reclaim feeder. The model is fully three-
dimensional and adaptable to a wide variety of pile shapes and flow conditions. For ease of
viewing, the pile contents are mapped to a two-dimensional display in the order in which coa
layers will be withdrawn from the pile.

The coa pile is modeled using an array of rectangular elements, called channels. The channel
size is representative of the primary flow channel within the pile. Cells within each channel track
the volume and type of coal they represent. This representation of the pileis shown in Figure 6.

N 1 N~ 1

Figure 6. Coal Pile Representation

Coad is withdrawn from the primary flow channel. If the model detects that a surface correction
is needed, coal from adjacent channels is used to maintain the discharge angle conditions defined
for the coa pile. Coadl is aso withdrawn from channels adjacent to the primary channel. Coal

discharged in this manner is withdrawn at a point in the channel consistent with a conical surface
modeled by the discharge angle and discharge point to preserve dead-storage coal information at
the bottom of each channel.
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In summary, coa can be removed from a channel in one of four ways:

By being discharged from the discharge point (primary channels only)

At the top of the channel through surface corrections toward the primary channel

By being discharged at the live/dead storage interface in expanded flow modeling, or
By areclaim operation (pile turnover).

The advantages of modeling coal pile operations using this approach include:

The simple geometry of the flow channels allows faster computation, which, in turn, allows
for increased model resolution

The vertical flow channels smplify the pile representation, which, in turn, allows modeling
of coal flow acted upon by two discharge points

The rectangular coordinate system allows for extensibility to a variety of loadout and reclaim
Situations.

Pile Model Outputs

The Coal Tracking Model GUI displays the coal piles at the plant, the status of the pile (whether
it is being stacked out to or reclaimed from) and al of the coal properties currently associated
with each coal pile. The typical coal properties displayed for each pile are:

Heating value
Ash

Moisture
Sulfur.

Blend Advisor

Coalogic includes a Blend Advisor that advises the user on how to operate the coal yard and load
the dlos most effectively. The goal of the Blend Advisor is to provide blending
recommendations that produce the appropriate coa quality at the burners at al times with the
objectives of minimizing fuel-related costs.

The first step in the calculation processis to determine which of the coal sources, which can take
the form of piles, barges, or trains, in the yard are available to be used to provide coal to the
bunkers. For each possible coal pile that can be reclaimed, each of possible blend combination
that can be produced is then computationally run through the Coal Tracking Model to determine
the appropriate timing and mixing of the coals as they move through the system. The subsequent
performance of each blend is then summed up over its residence time in the bunker. These
calculations can be aided by using a series of fuzzy engines to reduce the number of choicesin
the overall decision-making process.

In addition, depending on the site, feedback from measured data can be used to impact what is
considered the best coal blend. For example, at Keephills, an electrostatic precipitator (ESP)
deconditioning factor is estimated using the average value of the stack opacity measured for the
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previous four hours and the current coal ash sodium levels for that time period. Thisis then used
to determine the specific coal blend that is needed to ensure that no opacity problems occur.

The Blend Advisor then eliminates those solutions that violate any constraints, if any, which
have been entered by the user, and presents the remaining blend producing the best result to the
user as the Blend Recommendation.

Blend Advisor Inputs

The inputs to the Blend Advisor can include but are not limited to:

Forecasted coal deliveriesto the plant
Projected power production by the plant
Coal source availability

Equipment operational status
User-defined coal quality targets.

Blend Advisor Outputs

The outputs of the Blend Advisor include but are not limited to:

Recommended coa loading combinations and the relative loading amounts in tons or tph
from each coal source to produce the desired coal properties for the current coal loading
Predicted coal quality for the recommended blends.

1.3.3 Optifire

Optifire is an online advisory software module, which recommends boiler-side control setpoints
designed to reduce costs to operators in real time. Optifire determines these setpoints by
automatically assessing the many economic trade offs inherent in the system while making sure
that important safety, environmental (in particular NOx) and operational constraints are not
violated.

Optifire combines both physical and neural models to simulate plant performance. It models
virtually all of the equipment and systems associated with the plant and automatically collects
data from the existing plant data highway to be used in its models. Optifire uses online data to
validate and adapt its models to provide accurate plant modeling even when plant conditions are
changing with time. Based on these models, Optifire uses a powerful optimizer to calculate least-
cost setpoints within the specified operational constraints.

The benefits provided by Optifire include:

Provides the operators with online control setpoints designed to reduce costsin real time
Assists in tighter control of NOx emissions

Assists in maintenance by highlighting measured data that have not passed data validation
routines
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Provides the ability to change the limits on plant constraints so that the setpoints it
recommends can be tailored to meet specified safety, environmental, and operational
constraints

Provides detailed online cost information to highlight where costs are being incurred, thus
giving more insight to maintenance and pricing strategies.

There are two main components to Optifire:

Simulator — A computational model of the plant that predicts its performance for any set of
control setpoints

Optimizer — A model that calculates the boiler control setpoints that result in least-cost
operation of the plant while meeting safety, environmental, and operating constraints.

Simulator

The Simulator is a customized computational model of the all of the equipment at the plant that
predicts both piece-by-piece and overall performance for any set of control setpoints. The
Simulator calculates all of the important performance variables.

The goa of the Simulator is threefold. First, it provides an accurate calculation of current plant
variables to show that its predictions are vaid in comparison to the online measured data.
Second, it calculates important quantities that are not measured online, including heat rate and
plant costs. Lastly, it provides data that the Optimizer uses to determine the optimal boiler
control setpoints that don't violate any constraints.

Simulator Calculations

To make its calculations, the Simulator uses mathematical models guided by online measured
data, empirical constants, and manual inputs. The models used include those based purely on
physics as well as neural models that rely on online data to make their predictions. The most
important online data used are setpoints, which are critical control parameters that dictate how
the plant is operating. Setpoints have a significant impact on the results of a ssimulation.

Typica setpoints used by Optifire include most of the controllable variables at the plant, the
number and range of which is dependent on the boiler configuration. These can include excess
oxygen, mill and fan bias, burner tilts, windbox and furnace pressure drops, mill exit
temperatures, super-heat (SH) and reheat (RH) steam temperature and pressure, economizer
bypass, cooling water pump on/off status, and al air damper positions.

The Simulator models each piece of equipment at the plant. The individual models for each piece
of equipment are then computationally configured together based on how they are arranged at the
plant. Control systems are used to operate groups of equipment that work together to produce
specified setpoints. The entire package is used for each simulation.
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The plant is divided into the following systems:

A coal-handling model supplied by Coalogic that provides the coa quality and coal costs
entering each of the feeders in real time to Optifire. A mill model calculates how the cod is
pulverized before entering the furnace.

An air handling model that contains al of the equipment necessary to supply the air to the
mills and furnace

A gas handling model that contains all of the equipment necessary to transport the gas from
the boiler out through the stack

A furnace and boiler model that calculates combustion and heat transfer related variables
occurring within. Emissions such as NOx and CO are modeled using neural models

A steam cycle model that contains all of the equipment in the steam cycle necessary to
produce the steam power. The primary purpose of the steam cycle model is to calculate the
net turbine heat rate and net turbine power for the current conditions.

Based on the value of the control setpoints, the Simulator calculates the predicted performance of
each piece of equipment, as well as efficiency and cost terms such as boiler efficiency, heat rate,
and cost of generation.

Optimizer
The Optimizer calculates the boiler control setpoints that result in least-cost operation of the

plant while meeting safety, environmental, and operating constraints. The Optimizer also
calculates al of the resulting plant performance variables for the optimal setpoints.

The goal of the Optimizer is to help the plant operators run the plant at lower costs without
violating any constraints (called “constrained variables’ in the software). It is designed to be
flexible, so that the user can adjust plant constrained variables or place restraints on setpoints as
needed.

Optimizer Calculations

The Optimizer performs a series of simulations by calling the Simulator, each call with a
different set of setpoints. The optimization proceeds in an intelligent and efficient fashion,
moving toward the optimal set of setpoints quickly. The methodology used by the Optimizer to
arrive at the optimum setpoints relies heavily on Genetic Algorithms (GAs). GAs are an
optimization technique that mimics evolution and natural selection. In essence, GAs aeate
computational “families’ that are allowed to cross-breed and randomly mutate, with the genes of
the strongest families of each generation being passed on to the next. Over time, the most
dominant or optimum family of setpoints is determined.

GAs are used primarily for their unique ability to randomly search the entire computational space
for the optimum, which makes this technique the most likely to find the globa optimum and not
get trapped at alocal optimum.

The objective function that the Optimizer minimizes is the sum of the total cost of operation plus
any penalties that arise due to violation of constraints placed on constrained variables.
Constrained variables represent important plant parameters that must be maintained between
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prescribed limits for safety, environmental or operational reasons. An example of a constrained
variable is opacity, which must fall below a set regulatory limit in order to avoid a derate.
Another example of a constrained variable is the superheat steam exit temperature out of the
boiler, which must be kept below a certain value because of thermal limits on the turbine blades.

Constrained variables impact the optimization by placing an economic penalty on the proposed
setpoints if they violate either the minimum or maximum limit. However, unlike the constraints
placed on setpoints, constrained variable limits can be violated by the optimization. For example,
if the user lowers the NOx upper limit to a very low value, the optimizer may find a solution with
NOx higher than the upper limit, simply because the system cannot possibly produce NOx any
lower.

Optifire Inputs: Electronic

Optifire collects data from the plant data historian using intermediary software. The data
acquisition interval is approximately 10 seconds.

The required data collected from the data historian include:

A. Global
Gross Power Output
Net Power Output

B. Coal Side

Coal Handling
Equipment On/Off Status
Feeder Speeds

Conveyor Weigh Scales
Gate Positions

Tripper Car Position

Silo Levd Indicators

Feeders
On/Off Status
Coal Feed Rate or Feeder Speed

Mills

On/Off Status
Bias

Exit Temperature

C. Air and Gas Side
Fans

On/Off Status

Bias
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Air Heaters

On/Off Status

Air Inlet Temperature

Air Exit Temperature

Gas Inlet Temperature
Gas Exit Temperature

Burners

Windbox Pressure

Damper Positions Including OFA Dampers
Tilt Angle

Boiler

Economizer O2

Economizer Gas Exit Temperature

SH Steam Inlet and Exit Temperature and Pressure

RH Steam Inlet and Exit Temperature and Pressure

RH Steam Exit Temperature and Pressure

Economizer Feed Water Inlet Temperature, Pressure, and Flow Rate
SH Spray Temperature and Flow Rate

RH Spray Temperature and Flow Rate

Sack

Gas Temperature
CO;

07}

NOXx

CO

SO,

Opacity

D. Steam Side
Turbines
Steam Inlet and Exit Temperature, Pressure, and Flow Rate

Condenser

Condenser Back Pressure

Steam Inlet Temperatures and Flow Rates

Condensate Exit Temperature and Flow Rate

Cooling Water Inlet and Exit Temperature and Flow Rate

Pumps

On/Off Status

Water Inlet and Exit Temperature, Pressure, and Flow Rate
Pump Power
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Feed Water Heaters

Feed Water Inlet and Exit Temperature and Flow Rate

Steam Inlet Temperature, Pressure, and Flow Rate from Turbines
Drain Inlet and Exit Temperature, Pressure, and Flow Rate

Optifire I nputs: Manual

Optifire requires the manual entry of essential data that are either not measured or not stored
electronically. Typically, these data are only relevant Unit Costs. The obvious preference for the
system is to acquire all data electronically. However, typically Unit Cost dhta is not available
electronically and must be entered manually. Typical Unit Cost data include fixed unit costs,
O&M unit costs, ash sales and handling unit costs, cycling unit costs, scrubber unit costs, and
emission unit costs such as SO; crediits.

Optifire Inputs. User Controls

The Optifire user has the opportunity to enter/edit data manually through the Optifire GUI. The
data that the user can edit include:

Setpoint Constraints — The user can adjust the setpoint min/max constraints within the GUI.
These constraints will never by violated and the recommended optimal setpoints will always
fall between them. A typical reason for adjusting a setpoint constraint is if, for example, an
air damper cannot be moved over its full range because of control problems.

Fixing a Setpoint — The user can “fix” a setpoint to a particular setting within the GUI.
Optifire will then not include that setpoint in the optimization calculations, adjusting the
other setpoints around its fixed value.

Constrained Variable Constraints — The user can adjust the constrained variable min/max
constraints within the GUI. These constraints can be violated but only if the cost savings
associated with doing so outweigh the penalty for violating the constraint. Penalty weights
can be adjusted by the user to ensure some constrained variable constraints are never violated
e.g., Superheat Temperature.

Optifire Outputs. Optimal Setpoints

The Optifire GUI displays the calculated values for the optimal least-cost setpoints both in
tabular form and in “dider” form — a graphical representation that resembles a control board
dider. The optimal setpoints are presented side-by-side with the current setpoint values, as well
as the minimum and maximum constraints for the setpoints as entered by the user.

Optifire Outputs. Calculated Current and Optimal Values

The Optifire GUI displays both the calculated values for al performance and cost variables that
will be obtained when using the recommended optimal setpoints and the current values obtained
from the current setpoints. The optimized and current variables are displayed side-by-side (with
their relevant validation min/max limits) in tables, bar charts, and trend graphs. The user has
control over which variables are displayed in the bar charts and trend graphs. Constrained
variable values are also displayed in dider form.



Demonstration of an Advanced Integrated Control System for Smultaneous Emissions Reduction DE-AC22-95PC95254
Final Report, February 2002 Page 25

14  Project Funding

The project funding was provided by the U.S. Department of Energy’s National Energy
Technology Laboratory (DOE NETL), Praxis Engineers, TransAlta Utilities, and the Electric
Power Research Ingtitute (EPRI). TransAlta also provided the use of their Keephills Plant and a
large amount of time at the management and operator levels.

Praxis Engineers also provided the use of its Silo Flow Model at the host sites.

EPRI provided some cash for the project with the proviso that PECOS would be made
compatible with a similar product called the “Advisory Plant and Environmental Control
System” (APECYS) that they were developing. While EPRI followed the progress of the project in
its early phases, their interest waned when they discontinued the work on APECS. The primary
reason for this was EPRI’s committee structure that emphasized dynamic NOx minimization
rather than overal cost optimization, which is the focus of PECOS. This partially contributed to
the work stoppage at Dairyland.

1.5 Project Participants and Their Contribution

The project was carried out under the overall management of Praxis Engineers, Inc. Praxis
Engineers coordinated directly with the DOE NETL Contracting Officer's Representative
(COR), providing updates, presentations, and reports throughout the course of the project. Praxis
Engineers aso led direct interactions with the personnel at both sites who were instrumental in
providing information, data, and expertise for the project. The main project contact at TransAlta
was Andrew Hickinbotham and at Dairyland Power it was Duane Hill. Needless to say, many
other personnel at each site participated actively in the project.

The Project Manager for Praxis Engineers was Ms. Suzanne Shea, who was responsible for
providing overall project management and interfacing with the DOE Project Manager. The
Engineering Team consisted primarily of mechanical and chemical engineers assigned to various
tasks including plant data reduction, model customization, system integration, and product
testing and evaluation. The Software Team consisted primarily of software engineers charged
with the task of customizing and maintaining the code for PECOS and its solution modules
Codogic and Optifire, and calibrating it for the two host sites. Many of the team members
crossed over between the two teams, as needed.

1.6 Problems Encountered

In general, the project was extraordinarily successful, resulting in the full-scale online
demonstration of two products, Coalogic and Optifire, which are available in the marketplace.
Codogic is the market leader in coal management software, having been installed at 28 other
boilers after the completion of this project. However, as may be expected with a project of this
complexity, severa problems were encountered during the project, which are detailed below for
each of the host sites.
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1.6.1 TransAlta’'sKeephills Plant

The principal problem encountered at Keephills was a change in the plant’ s goals with respect to
NOx emissions. At the beginning of the project, NOx emissions were a key concern and one of
the main reasons for the plant’s interest in Optifire. During the course of the project, several
things occurred to reduce the plant’s concerns about NOx emissions:

The boiler control system was upgraded, making in particular burner damper control better,
and significantly improving NOx performance

Significant maintenance on the boiler improved the mixing in the upper section where “poor
man’s over fire air” was being used, lowering NOx emissions

Coa quality changed, with an overall reduction in fuel nitrogen in the bottom seams, which
consequently lowered NOX.

Because concerns about NOx became less urgent at the plant, the plant operators became more
reluctant to use a system they thought they didn’t need. Previous unsatisfactory experience with
an inhouse boiler control software product further exacerbated the issue, as did the plant
operators concern over the quality of NOx-related input data. Ultimately this led to Optifire not
being used for its fully intended purpose, even though it was successfully installed online at the
plant and passed initial quality assurance (QA) testing performed by Praxis Engineers. The plant
does, however, use Optifire’' s accurate heat rate and costs calculations for reporting purposes.

None of these problems had any impact on the use of Coalogic at the plant, which was
successfully installed, fully accepted, and is till used to this day. However, the implementation
of Codogic for Keephills had to be changed in the middle of the project because of a major
control system upgrade at the plant. This required a completely new data acquisition model to be
created and required another round of QA and testing, greatly increasing the time, effort, and
cost of the project.

1.6.2 Dairyland Power’s Genoa Station

The principal problem encountered at Genoa was a delay in getting a new data acquisition
system (DAYS) installed for both the boiler and coa yards at the plant. Coalogic could rot be
installed at the plant with the DAS package being used at the start of the PECOS project asit did
not provide the rea-time online coal yard data essential for Coalogic to work properly. In
addition, the plant was unwilling to install Optifire until they finalized the upgrade of their boiler
control system as the operators would have to relearn the system when the new controls were in
place. Many alterations were made to the Optifire code to attempt to make it compatible with
both control systems and also to allow the operators to manually enter coal quality data if
Coalogic was not in place. The delay in the DAS installation led to significant delays in the
schedule of the project, and ultimately led to PECOS not being successfully installed at Genoa.

1.7  Project Overruns

A number of factors led to an overrun in project costs of over $300,000. The main causes were
the delays in getting the data acquisition systems in place at both sites, but primarily at the
Dairyland Power site. This delayed and lengthened the project well beyond the period initially



Demonstration of an Advanced Integrated Control System for Smultaneous Emissions Reduction DE-AC22-95PC95254
Final Report, February 2002 Page 27

scheduled for it, as manpower utilization became inefficient. Other reasons that contributed to
the overrun were a sudden sharp increase in demand for qualified software engineers in the
Silicon Valley, which led to a sharp increase in prevailing salary rates for these personnel, and
the need to use some contract software labor in place of in-house personnel who could not be
easily hired. Praxis Engineers absorbed the costs of these overruns as part of its ongoing
commitment to the successful commercialization of the PECOS technology, thus significantly
exceeding its cost share commitment on the project.

1.8 Project Achievements

In spite of difficulties, both technical and financial, Praxis Engineers was able to complete the
development and demonstration of PECOS. Its two main solution modules, Coalogic and
Optifire, were both successfully installed and run online at TransAlta's Keephills plant. Coalogic
has remained in use at Keephills, and based on its tremendous success at the plant, TransAlta has
procured other units of Coalogic for use at its Centralia Station in Washington state.

Both TransAlta and Dairyland provided a large amount of time at the operator and management
levels, provided plant data, and participated in project meetings. Their assistance and advice was
a key factor in the success of the project. It was aso crucia in making PECOS into a marketable
product.

1.8.1 TransAlta'sKeephillsPlant

TransAlta's Keephills plant, located outside of Edmonton in Canada, has 2 identical units
producing a total maximum output of 800 MW gross. The Combustion Engineering boilers are
tangentially fired each with a rated capacity of 1,156,000 kg/hr of steam. Air is supplied to the
boilers by both forced draft and primary air fans that are preheated through a unique trisector
regenerative air heater. On the backend, both units have cold-side electro static precipitators.
Neither unit is fitted with a scrubber, as sulfur emissions are not a concern at the site. Five
Raymond bow! mills that are supplied coal from cylindrical 8- hour silos feed the baoilers.

Coalogic’s main function at Keephills is to get the right coa to the burners at the right time. It
does so by tracking all coals in the system from their entry into the yard, through the storage
stockpiles and mill silos and on into the boiler and making blending decisions such that the coal
blend used at the plant improves the primary economic issue associated with coa quality—
eliminating costly opacity derates.

Keephillsis a mine mouth plant that uses five different seams, each with a different quality. One
of the seams from the mine (the top seam) was identified as the culprit in causing the opacity
problems due to its poor ash quality. This was due principaly to the low sodium content in the
ash of this seam, which acts to degrade precipitator collection efficiency.

This seam represents over 70% of the total coa used at the plant, while the remaining 30%
comes from bottom seams that do not cause opacity-related problems. By blending the top seam
with an appropriate amount of bottom seam coal from the mine, which varies with operational
conditions, while still using the same amount of top seam coal, Coalogic effectively eliminated
the derates, reducing them from an annua level of 70,000 MWh to less than 10,000 MWh.
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Because of the reduced derates, TransAlta was able to save about $2,000,000 in the first year of
Coalogic use alone, with continuing savings each year.

Optifire was designed to provide plant operators with optimal values for al control setpoints
such that the operating costs are minimized while simultaneousy maintaining all-important
operating constraints—including NOx emission limits—within prescribed limits. Detailed
physical and neural nodels were successfully developed producing ortline simulation capable of
predicting heat rate and performance data within 1% accuracy. Though the plant does not use
Optifire to change control setpoints, primarily because concerns about NOx emissions have
significantly eased as a result of capital improvements in the boiler and changing coa quality,
the product is used by personnel to provide accurate, real-time heat rate and cost reporting.

1.8.2 Dairyland Power’s Genoa Station

Dairyland Power’'s Genoa plant, located just outside LaCrosse, Wisconsin, has a single unit
producing a total maximum output of 350 MW gross. The Combustion Engineering super
critical, double reheat boiler is tangentially fired with a rated capacity of 2,354,000 Ib/hr of
steam. Air B supplied to the boiler by forced draft fans that are preheated through a standard
bisector regenerative air heater. The furnace has state of the art low NOx burners complete with
close coupled and separated overfire air. On the backend, the unit has a hot-side electro static
precipitator. The unit does not have a scrubber, as sulfur emissions are not a concern a the site.
Four Raymond bowl mills that are supplied coal from cylindrical 8-hour silos feed the boiler.

The Genoa plant uses two coal types, ard Illinois No. 6 coal and a Powder River Basin (PRB)
cod. The lllinois coa has a significantly higher energy content and lower moisture than the
PRB, but is more expensive. At full load, the coal blend must have at least 35% of the Illinois
coal to avoid mill-related derates. At lower loads, more of the cheaper PRB can be used as long
as slagging issues are curtailed, primarily by increased soot blowing. The goal of the plant was to
use as much of the PRB as possible to reduce fuel costs without causing derates. By properly
matching coa quality to load, possible through the use of Coalogic, the project participants had
estimated potential annual fuel cost savings of the order of $600,000. Praxis Engineers performed
silo flow tests on the bunkers and installed a PECOS server machine at the plant.

The core part of Optifire was also developed for Genoa. Considerable modeling work was done to
produce performance models capable of accurately predicting key parameters such as heat rate
within 1% accuracy for the unique boiler system and its inherent NOx control complexity.

Unfortunately, since the plant was in the process of upgrading their control system and this
upgrade project was repeatedly postponed, the plant was not made available to the project until
early in 1998, after a delay of nearly 18 months. This delay contributed to significant time and
cost overruns on the project. By the time Dairyland was willing to allow work to proceed, the
project’s schedule and budget could not accommodate the impact of the delay. Hence the
installation of PECOS at Dairyland Power could not be completed.
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20 PROJECT PLANNING AND COORDINATION (TASK 1)

The Project Planning and Coordination activities under Task 1 are briefly described in this
section. The Management Plan (Task 1.1) outlined detailed work activities for the entire project.
The task breakdown developed under the Management Plan is outlined in this section, but the
detailed reporting for the two main demonstration tasks (Tasks 2 and 3) is provided in Sections 3
and 4 respectively.

21 Management Plan (Task 1.1)

A Management Plan for detailed execution of the demonstration project at the two host sites was
developed soon after contract award and submitted to DOE. The plan was broken down into
detailed tasks, using the task numbering contained in the contract statement of work.

The work program focused on evaluation of the performance of PECOS in proof-of-concept
testing at two utility sites. Its goal was to resolve uncertainties about its capabilities, limitations,
and costs of implementation. It was envisaged that demonstration at the two sites would allow
the performance of PECOS to be tested under different conditions representing a subset of the
possibilities presented by the highly diverse designs of coal- fired power stations.

The two utility sites selected for this demonstration represent a diverse array of subsystems and
issues in optimization of operations. At TransAlta Utilities Keephills Plant in Alberta, Canada,
the key issues involved management of coa quality, coal mining and deliveries, coal blending,
opacity control, NOx and SO, control, reduction of derates, and reduced use of opacity control.
At Dairyland Power Cooperative's Genoa Power Station near LaCrosse, Wisconsin, the key
issues included minimization of generation costs, increased use of low-cost Powder River Basin
(PRB) coals, maintenance of NOx and SO, emission targets, sales of ash, combustion efficiency,
coal blending, and flexibility in meeting changing load requirements.

As outlined in te plan, the work to be done under this project was broken into three main
categories:

Customization of PECOS to each host site. This involved training and calibrating models,
preparing site-specific data input/output (1/0) routines to access plant data online, and
customizing the PECOS graphical user interface (GUI) to the specific variables and
requirements at each site.

Integration and installation of PECOS, and training of the utility personnel in its operation
Demonstration of PECOS in operation at each host site.
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(Task 2) Demonstration of PECOS at K egphills Plant

Site-Specific Specifications and Requirements (Subtask 2.1)

Site-Specific Specifications and Requirements (Subtask 2.1.1)

The objective of this subtask was to prepare a site-specific specifications and requirements
document for the online version of PECOS for Unit 1 at TransAltas Keephills Station. The
specifications would define the functionality of the supervisory optimization software at Keephills
in the following areas.

Optimization objectives and constraints
Appropriate subsystem models

User interface requirements

Data and instrumentation requirements
Control system interface requirements.

TransAlta Utilities corporate priorities such as over-compliance with al regulatory emissions
requirements and minimized overall generation costs would be used to define the site-specific
optimization objective function.

To develop the site-specific specifications, Praxis Engineers would evaluate available host site
design information, operating procedures and philosophy, operating data, and operator experience.
The following items were identified for review:

Genera description of the plant

Boiler type and design hest rate

Coal quality issues

Coa yard instrumentation

NOx control system and NOx limits

Environmental control and constraints for SO,, NOXx, and opacity or particul ates

Averaging strategies for emissions and process variables

Heat rate and plant efficiency goals

Location and performance of the CEMs for NOx, CO, SO, Oy, CO,, and opacity
Approaches to blending for coal quality control

Carbon-in-ash and ash sales

Congtraints on coal availability, superheat temperatures, and other operator setpoints and
related operating variables

Costs of ash disposal, derates due to emissions exceedances, chemicals for opacity control,
and plant coas

Operationa philosophy of the plant

Operating data.

Execution of this subtask would entail a visit to Keephills to review and discuss design data,
operating data, and functional requirements before finalizing the specifications.
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Instrumentation and Host Computer Hardware Requirements (Subtask 2.1.2)

The objective of this subtask was to carry out a detailed evaluation of instrumentation, data
acquisition hardware, and host computer requirements for Keephills, based on conditions current at
the time of project initiation. This review was to be based on PECOS data requirements, instrument
availability, and TransAlta's estimate of the current accuracy of each required instrument. Plans
and specifications for instrumentation and data acquisition upgrades were to be finalized after the
review. The quality of the data provided by the available sensors were to be evaluated based on
plant maintenance, 1&C, and engineering records and assessments, and corrective actions—where
necessary—were to be recommended.

It was anticipated that most of the data required by PECOS were available through digital
connection to the plant’s pre-existing NOxSmart, Heat Rate Monitor, Continuous Emissions
Monitors (CEMs), and coal reclaim systems.

The types of data that were to be acquired for online use by PECOS included:

Coa handling system data, obtained through the coa reclam PLC. The PLC processor
required upgrading to connect to the Host Computer.
Emissions data, obtained through NOxSmart and the CEMs

Boiler operation data, obtained through NOxSmart and the Heat Rate Monitor. A few
additional data points of this type needed to be added to the NOxSmart data acquisition system
and passed through to PECOS via the NOxSmart PC.

Data Collection (Subtask 2.2)

The objective of this subtask was to prepare detailed lists of the data required for customization of
PECOS to the specific configuration and performance parameters of Keephills Unit 1. Design and
test data were to be collected by TransAlta plant personnel, and online operations data sets were to
be acquired from the Keephills data acquisition systems. These data were to be transmitted to
Praxis Engineers as hard copy and PC data files respectively.

The customization data requirements included the following:

Unit design information

Operating philosophy

Coal yard operations and coal quality

Environmental constraints and averaging strategies regarding NOx, SO,, and opacity
Startup/boiler tuning data

NOx and opacity control test data

Methods of computing heat rate at the plant

Normal operations data for full and partial loads using all normal coa blends.

I nstallation of DAS Modifications and Hardware Acquisition (Subtask 2.3)

The objective of this subtask was to purchase the PECOS Host Computer equipment and data
acquisition 1/0O hardware and software specified in Subtask 2.1.2, and ingtall 1/0O modifications at
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Keephills. TransAlta handled the ingtdlation. Based on an anadysis of instrumentation
requirements for the coa yard, it was understood that TransAlta would install the following items:

18 feeder on/off indicators

2 weigh scale indicators

10 low/high level switchesin the silos

6 position indicators for gates to divert coa flow
1 frozen coal crusher on/off indicator.

A Bailey computer interface unit (ClU) was also added to collate all plant data acquisition for
transmission to PECOS.

PECOS Customization at Keephills Plant (Subtask 2.4)

Data Analysis and Model Customization (Subtask 2.4.1)

The objective of this subtask was to analyze electronic plant data logs and customize the PECOS
models to accurately represent Keephills subsystem performance in PECOS. The purpose of these
analyses was to:

Calibrate and train, respectively, the analytical and neura net models of plant subsystem
performance which PECOS uses in order to optimize operations

Develop site-specific criteriafor use by the adaptive software algorithms of PECOS to keep the
models accurate as plant performance shifts over time

Define the boundaries of applicability of the ste-specific models as initidly installed.

PECOS Site-Specific Software Configuration for Keephills Unit 1 (Subtask 2.4.2)

The objective of this subtask was to configure the PECOS software to the Keephills plant
flowsheet, enter site-specific models (developed in Subtask 2.4.1) into the PECOS configuration,
code site-specific data acquisition and user interface objects, and integrate the completed PECOS
product for Keephills and test it off-line.

Silo Flow Model Customization (Subtask 2.4.3)

The objective of this subtask was to customize the Praxis Engineers Silo Flow Modd software to
model the pulverizer silos at Keephills, and confirm its performance by performing a tracer-based
test series. Customization of the Silo Flow Modé was to be accomplished by obtaining data on the
geometry of the silos, geometry and operational modes of loading and discharge points, and the
flow properties of the cods in use a the site. The geometric and operational data were to be
gathered from drawings of the silos, tripper galery, and handling system, a wak-through of the
handling system and tripper galery, and discussons with operations personnel. The flow
properties of the coas would then be predicted based on our experience at other sites, and the
initial customization of the Silo Flow Model would be completed. Its calibration would then be
fine-tuned through two series of tracer-based tests of actual Keephills silo operation.
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PECOS I nstallation and Validation at Keephills Plant (Subtask 2.5)

Installation and Startup (Subtask 2.5.1)

The objective of this subtask was to install PECOS at Keephills Unit 1. It was to be connected to
the Keephills data acquisition systems via the new Bailey CIU by TransAlta 1& C personnel. Praxis
Engineers personnel were then to test PECOS performance once it was connected to the plant. An
operational history of PECOS recommendations online was to be collected and evaluated using the
same criteria used in off-line testing. Any adjustments to the software identified as being required
during this startup testing were to be implemented at this time.

PECOS Training for TransAlta Operators and Engineers (Subtask 2.5.2)

The objective of this subtask was to provide two training courses for TransAlta personnel. Two
one-day courses were to be given to TransAlta engineers. The training courses were to include
PECOS theory and design, operation, discussion of results using actua examples, and training
exercises using the PECOS computer in the control room.

In addition, three one-day courses were b be given to Keephills operators covering PECOS
purpose and operation. These courses were to be similar to the course provided for the engineers,
but the content was to be adjusted to focus on operational issues, online use, and training using the
PECOS computer.

PECOS Testing Online in Advisory Mode at Keephills (Subtask 2.5.3)

The objective of this subtask was to validate PECOS performance at Keephillsin online operation
using the criteria outlined in Subtask 2.4.2. Engineers from Praxis Engineers and TransAlta would
carry out controlled tests to assess the benefits of usng PECOS recommendations. Any required
adjustments to the software would be made at thistime.

(Task 3) Demonstration of PECOS at Dairyland's Genoa Plant

The objective of this task was to customize PECOS for Dairyland Power’s Genoa Station Unit 3,
install it, and demonstrate its operation there.

Site-Specific Specifications and Requirements (Subtask 3.1)

It was anticipated that the subtasks under this task would require only minimal effort because
specifications, data acquisition systems, and a large quantity of site data would aready be available
from the EPRI-funded “Advisory Plant and Environmental Control System” (APECS)
demonstration. A brief review was to be carried out to ensure that no changes had taken place
requiring corrective action.

Data Collection (Subtask 3.2)

The objective of this subtask was to obtain online performance data collected by Genoa Station
plant personnel from the data acquisition systems for use in PECOS model calibration under
Subtask 3.4.1. These data were to be provided in both spreadsheet and R*TIME historian file
formats. It was envisaged that plant design and configuration data would already be available to
Praxis Engineers from the EPRI-funded APECS work.
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I nstallation of DAS Modifications and Hardware Acquisition (Subtask 3.3)

It was envisaged that work under this subtask would already have been carried out as part of
EPRI’s APECS demonstration and would not need to be repeated here.

PECOS Customization (Subtask 3.4)

Data Analysis and Model Customization (Subtask 3.4.1)

The objective of this subtask was to analyze electronic plant data logs and customize PECOS
models to accurately represent Genoa Station subsystem performance in PECOS. The purpose and
approach taken in these analyses were enumerated in the description of Subtask 2.4.1 for work at
Keephills. The models to be calibrated for Genoa Unit 3 included:

Coa yard mode

Mill model

Steam air heater model

Air handling model including fan and air heater submodels

Emissions models for NOx, CO, and SO,

Unburned carbon model

Furnace model including combustion and heat release submodels

Boiler heat transfer model including submodels for various heat transfer surfaces
Steam cycle/heat rate model including turbine, pumps, and heater submodels
Condenser model

Electrostatic precipitator model

Gas handling modd.

PECOS Site-Specific Software Configuration for Genoa Unit 3 (Subtask 3.4.2)

The objective of this subtask was to configure the PECOS software for the Genoa Station plant
flowsheet, enter site-specific models developed in Subtask 3.4.1 into the PECOS configuration,
code site-specific data acquisition and user interface objects, and integrate the completed PECOS
product for Genoa Station and test it off-line.

Silo Flow Model Customization (Subtask 3.4.3)

The objective of this subtask was to customize the Praxis Engineers Silo Flow Model software to
model the pulverizer silos at Genoa Station, and to confirm its performance through atracer-based
test series. The customization procedure was to be the same as that described in Subtask 2.4.3.

PECOS I nstallation and Validation (Subtask 3.5)

Installation and Startup (Subtask 3.5.1)

The objective of this subtask was to install PECOS at Genoa Station Unit 3 onthe Host Computer.
Praxis Engineers personnel were to test PECOS performance once its modules were ingtalled. An
operationa history of PECOS recommendations online was to be collected and evaluated for the
same criteria used in off-line testing at both sites. Any minor adjustments to the software that are
identified as being required during this startup testing were to be implemented at thistime.
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PECOS Training for Genoa Operators and Engineers (Subtask 3.5.2)

The objective of this subtask was to offer wo types of training courses for Dairyland Power
Cooperative personnel, consisting of two one-day courses for engineers covering PECOS design
and operation, and three one-day courses for Genoa Station operators covering PECOS purpose
and operation. The basic training course was to be customized to cover Genoa s data points and
user interface.

PECOS Testing Online in Advisory Mode at Genoa Station (Subtask 3.5.3)

The objective of this subtask was to validate PECOS performance at Genoa Station in online
operation using the test method and evaluation criterialisted in Subtask 2.5.3.

(Task 4) Project Reporting/Deliverables

The objective of this task was to prepare required project reports and project deliverables, which
include al reports specified in the Reporting Requirements Checklist, DOE F1332.1.

All reports were submitted as required, until delays at the host sites impacted the project schedule
and finaly the budget. In spite of the fact that Praxis Engineers picked up the costs of project
overruns in the interests of completing the project, there was an impact on the timely delivery of
project reports. The subject report constitutes the final deliverable for this project.

2.2  Host Site Agreements (Task 1.2)

Praxis Engineers concluded Host Site Agreements with each of the two utilities designated as
demonstration sites for the PECOS technology, TransAlta Utilities and Dairyland Power
Cooperative. Copies of the Host Site Agreements were appended to the Management Plan.

2.3  Project Meetings (Task 1.3)

Praxis Engineers personnel attended the Project Kickoff Meeting at DOE NETL to review the
objectives of the project, discuss the Management Plan, and other contractual issues. Praxis
Engineers also actively participated in the Annual Contractor’s Review Meetings in 1996 and
1997, presenting papers for inclusion in the conference proceedings and making formal
presentations at the conference.

2.4  Project Tracking and Coordination (Task 1.4)

The Praxis Engineers Project Manager was responsible for project tracking and management
activities, and interfacing with DOE, TransAlta, and EPRI, as necessary. At various times,
depending on the project tasks at hand, other members of the team took the lead in interfacing
with the host utilities.
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3.0 DEMONSTRATION OF PECOS AT TRANSALTA’'S KEEPHILLS PLANT (TASK 2)

3.1 Site-Specific Specifications and Requirements (Subtask 2.1)

Subtask 2.1.1: Site-Specific Specifications and Requirements

Under this subtask, site-specific specifications and requirements were prepared for the online
verson of the “Plant Environmental and Cost Optimization System” (PECOS) for Unit 1 at
TransAlta's Keephills plant.

The specifications defined the functionality of PECOS at Keephillsin the following aress:

Optimization Objectives and Constraints — The specifications for the optimization objectives
and constraints for both Coalogic and Optifire are described in detail in Section 3.4, Subtask 2.4.1.
These specifications were developed after a thorough interaction with Keephills personnd to
ensure that the products provided the functionality needed to give accurate and reliable optimal
recommendations without violating any safety, environmental, or operational constraints.

Appropriate Subsystem Models — The subsystem models for Coalogic and Optifire are
described in detail in Section 3.4, Subtask 2.4.1. The subsystem models for both products were
sufficiently detailed to accurately model the entire plant operations, from the coal yard through to
the boiler and steam cycle. Virtually every piece of equipment at the plant was modeled to achieve
the god of providing an economic optimization of the entire plant operations.

User Interface Requirements — Considerable work was done in specifying the design and

functionality of the Graphical User Interface (GUI). Praxis Engineers collaborated extensively with
Keephills personnel to develop a GUI that had a look and feel that was easy to understand and
presented in a style similar to existing board schematics aready in place at the plant. GUI

functionality was also developed in close contact with the plant. After the initia discussions, Praxis
Engineers developed a prototype PECOS GUI that was demonstrated to the plant operators to
gather their feedback. This resulted in the finalization of a GUI specification, which in turn was
used to produce the GUI used for acceptance testing at the plant. On numerous occasions during
the project, GUI functionality was added or atered based on the continuing feedback from the
plant. Praxis Engineers has been particularly receptive to working with the site to satisfy their
needs both to provide them with a useful product, but also as a guide to producing a GUI format
and structure for subsequent applications of Coalogic and Optifire to other sites. Further details on
the GUI design are provided in the User Manuals for Coalogic and Optifire, attached as Appendix
A and Appendix B respectively.

Data and Instrumentation Requirements — The data required for both Coalogic and Optifire
are described in detail in Section 3.2, Subtask 2.2. The data specifications were designed to
provide enough design and performance data for the equipment and processes at the plant to
model it accurately. In terms of the specification of instrumentation requirements, it was
determined early in the project that Keephills had sufficient instrumentation already in place to
provide the online data needed for both Coalogic and Optifire.
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Subtask 2.1.2: Instrumentation and Host Computer Hardware Regquirements

The following data points were added to the data to be sent to PECOS via the Bailey CIU:

18 coal pile reclaim feeder on/off indicators

2 coal conveyor belt weigh scae indicators

10 low/high level switchesin silos

6 position indicators for gates to divert coa flow
1 frozen cod crusher on/off indicator.

There was some discussion regarding the need for adding measurements of the pile reclaim feeder
flow rates. However, the resources for this upgrade were not available and could not be justified.
Only the feeder on/off status was available electronically, making it necessary to either assume
equal amounts of coal are being withdrawn by each reclam feeder, having the control room
operator manually enter the reclaim feeder speed data, or try to calculate the feeder speeds from the
data. Using manualy entered data that must be done in rea-time al the time (day and night) was
deemed a hightrisk strategy because it was very likely not to be done. Therefore, this solution was
rejected. The third aternative was to develop a software routine to analyze the weigh scale and pile
reclam feeder status data and caculate a flow rate for each feeder. The control room operators
typicaly turn on the first feeder, wait until the weigh scale reading stabilizes, and then turn on the
second feeder. Thereafter, the control system ssimply turns the feeders on and off as needed to fill
the silos until the coal in the pile above one of the feeders runs out.

Historical weigh scale and reclaim feeder status data were analyzed using the data sets collected in
this project. Because of the highly variable and nonstandard ways in which the operators
sequenced the feeders, it was decided that programming an algorithm to robustly perform the
calculations necessary to define the separate feeder speeds was too difficult and full of pitfalls.
Therefore, the assumption is made in the PECOS calculations that all pile reclaim feeders that are
“on” are reclaming cod at the same rate. The possible error introduced by this assumption was
calculated and deemed to be acceptable.

In addition, we considered making the amount and location of coal stacked out to the pile available
electronically. The stackout is done using relays. In order to make this data available
electronically, the stackout system would have to be completely revamped and a laser would
need to be added to determine the position of the stacking arm, at considerable cost to the plant.
Even if the stackout amount and location were electronically available, the problem of coal

quality still had to be addressed. A solution of aitomating the stackout location and amount, but
having the user manually enter the coal quality is dangerous because it requires users to enter
data in real time. The decision was made to have the coa pile stackout amount, location and
quality manually entered by the user in near-real time. This allows the user some flexibility on
when the data entry is done.
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An IBM compatible personal computer (PC) was specified and purchased to be used as the PECOS
Host Computer at Keephills. This computer housed the PECOS server, which included handling
I/0 with aBailey CIU that was installed by TransAlta. The PECOS Host Computer was configured

asfollows:

Model: Compag Proliant 800

CPU: Single 200 MHz Pentium Pro

RAM: 96 MB

HD: 4 GB (single drive, no redundancy)

NIC: Compag Net Flex 3

Operating System: Microsoft Windows NT Server 4 (Service Pack 2)
Backup: 8mm Tape Backup

UPS: Dedicated UPS

The above configuration describes the second PECOS Host computer installed at Keephills
(athough it was the first provided under this project). The first one was similar, but was not a name
brand (i.e. Compaq). Due to increasingly frequent hardware failures, Praxis Engineers decided that
it was necessary to replace the origina PECOS Host machine with a Compag, and to require the
use of brand name computers for the PECOS serversin the field. This policy has worked well, both
under this demonstration and at the later software installations at 28 other units.

When Optifire was added to the PECOS server, a second CPU and additional RAM were installed.
A PC was purchased for use in developing and testing an integrated PECOS customized for

Keephills. A dedicated computer is required for this task because of the time-consuming nature
of the off-line tests used to simulate online operations. The PC was configured as follows:

CPU: Dual 180 MHz Pentium Pro

RAM: 128 MB

HD: 3GB

NIC: 3Com PCI combo Ethernet adapter with coax and 10base-T connectors
Operating System: Microsoft Windows NT Server 4 (Service Pack 2)

Backup: 8mm Tape Backup

A clone (non-name brand) machine was purchased for this purpose. Because the machine was to
be used only at Praxis Engineers for testing and validation of the PECOS program, the additional
robustness gained by using a name brand PC was not deemed necessary.

In addition, a second PC was bought for Praxis Engineers in-house development, again, with
Praxis Engineers funds and not under this project. The first in-house machine was used to
simulate the conditions of the product as installed at Keephills. The second machine was used for
debugging. It was necessary to have two machines because the debug machine contains a lot of
extra files and support software routines that do not exist on the PECOS Host machine at
Keephills. The PECOS debug machine at Praxis Engineers had the same configuration as the
release machine.
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3.2 DataCollection (Subtask 2.2)

Praxis Engineers prepared detailed lists of the data required for customization of PECOS to the
specific configuration and performance parameters of Keephills Unit 1.

The required data were divided into two categories. data needed by Coalogic and data needed by
Optifire although there is some overlap.

We requested—and received—the following Coalogic data from the Keephills plant:

Typica minimum and maximum flow rates for the coal pile reclam feeders
Dimensions of the coa bunkers

Dimensions and layout of the coal yard equipment (conveyors, gates, €etc.)
Approximate dimensions of the coa pile

Approximate amount of cod in the bunkers when the low and high level lights are tripped
Historical data on the amount of coa burned daily

Higtorica cod quality data from the mine

Historical record of coal deliveries

Historical records of plant derates and MWh produced

Historical opacity data

Spreadsheet coal pile model created by the TransAlta Fuels Department
Photographs of the cod handling system mimic panel in the Keephills control room
Photographs of the coal pile.

The information listed above was received in a variety of ways. during plant visits, as a result of

requests to the plant operators and Fuel’s department, and during visits by the Keephills
personnel to Praxis Engineers for strategy discussions.

In January 1996, TransAlta personnel came to Praxis Engineers offices for a meeting to help
define the coa blending strategy that should be implemented in the verson of PECOS
customized for Keephills. They also delivered a large amount of coa quality data at this time,
and provided information about the current operations and conventions—including restrictions—
at the Keephills plant. They also supplied severa versions of the spreadsheet coa pile model in
use at the plant. The spreadsheet coal pile model includes blending recommendations that had
been made by the personnel in the Fuel Supply Department prior to the installation of PECOS.
These recommendations were later used for comparison with the recommendations made by the
PECOS Blend Advisor after it was completed.

The data related to the Optifire module of PECOS that were requested and received from the
Keephills plant are listed in Table 2.
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Table 2. Data Received from Keephills Plant for Optifire

Equipment M odeling Constants and Design Data Historical Data vs. L oad

Mills The conversion constant between mill Feeder speeds
amps and mill power (voltage) Inlet and exit air temperature
Tempering air needed vs. mill capacity Primary air flow rate
and mill outlet temperature setpoint Tempering air flow rate
Limits for the minimum and maximum Mill and feeder power
primary air-coal ratio through the mill
Maximum coal feed rate for each mill
M aximum amount of mill bias possible

Fans Fan curvesfor the FD, PA, and ID fans Inlet temperature and humidity
Maximum amount of fan bias possible for Vane position
the FD, PA, and ID fans Fan speed
Rated power output

Trisectors Efficiency in transferring heat for both PA inlet and exit temperature
the primary and secondary air sections or SA inlet and exit temperature
heat transfer coefficient vs. flow rate Gasinlet and exit temperature
through the trisector
Design heat transfer coefficients
Measured air leakages in % of total flow
rate for each section
Maximum volumetric capacity for each
trisector

Boiler Damper position control curves vs. excess Boiler efficiency

oxygen and |oad
Design boiler efficiency vs. load
Design heat balances vs. load

Excess oxygen

Burner tilts for east and west

North and south windbox/furnace DP
Overfire air dampers position

Fuel/air dampers A through E position
Auxiliary air dampers A/B through D/E
position

Economizer CO and NOx

LOI

Economizer gasinlet and exit temperature
Economizer feed water inlet temperature,
pressure, and flow rate

SH steam inlet and exit temperature and
pressure

RH steam inlet and exit temperature and
pressure

SH attemperation spray temperature and flow
rate

RH attemperation spray temperature and flow
rate
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ESP Maximum volumetric capacity for each Opacity
ESP
ESP design conditions: Coal quality and
inlet temperature impacts on collection
efficiency
Rated power output
Turbines Design turbine efficiency vs. load Steam inlet and exit temperature, pressure,
(Each Stage) Design extraction temperature and and flow rate
pressure vs. load Extraction steam exit temperature and
Design heat balancesvs. load pressure
Condenser Design heat transfer coefficient Back pressure
Steam inlet temperature
Drain inlet temperature
Condensate exit temperature and flow rate
Cooling water inlet and exit temperature and
flow rate
Pumps Design efficiency Water inlet and exit temperature and pressure
Rated power output Pump power
Feed Water Design TTD and LMTD Feed water inlet and exit temperature and
Heaters flow rate
Steam inlet temperature and pressure
Drain inlet and exit temperature
Genera Plant Design heat ratesvs. load Net plant heat rate
Data Net turbine heat rate

In addition, the following coal and cost data were obtained and used in the customization of the

Optifire models:

Cod Data:

- Complete ultimate (C, H, O, N, S, Cl, Moisture, and Ash), proximate anaysis (FC, VM,
Moisture, and Ash) and ash analysis for each coal seam.

General Plant Cost Data:

- Cod cost rate (coa cost per seam [$/(metric tonne) or $/mmBtu], transportation cost
[$/tonne], and handling cost [$/tonne])

- Ash cost rate (disposal cost [$/tonne] or sale rate [$/tonne])

- Maintenance cost rate [$/kWh]

- Fixed cost rate (labor, etc.) [$/kWh]

- Water treatment cost rate [$/flow rate]

- Generating cost [$/kWh].

After the installation of the PECOS server for data collection purposes in April 1996, Praxis
Engineers began receiving electronic data sets from the data acquisition system (DAYS)
representing consecutive days of operation. The data were collected at approximately one-minute

intervals.
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3.3 Installation of DAS Modifications and Hardware Acquisition (Subtask 2.3)

In this subtask, the PECOS Host Computer equipment and data acquisition I/O hardware and
software specified in Subtask 2.1.2 were purchased, and 1/0O modifications were installed at
Keephills by TransAlta. TransAlta installed the following items:

18 coal pile reclaim feeder on/off indicators

2 coal conveyor belt weigh scae indicators

10 low/high level switchesin silos

6 position indicators for gates to divert coa flow
1 frozen coal crusher on/off indicator.

TransAltadid not install individual speed controllers on the pile reclaim feeders as was suggested.
For the coa yard modeling by PECOS, it was assumed that all coa pile reclaim feeders that are on
are drawing cod at the same rate, as defined by the conveyor weigh scale readings. A study was
done to estimate the maximum possible error introduced by this assumption, which was deemed
acceptable.

A Bailey Computer Interface Unit (CIU) was installed to transmit data to PECOS via a serial
cable. However, unexpected problems in the CIU communications were encountered during
testing. The problem was resolved by renting a ClU. The rented CIU was used during the data
acquisition and demonstration portions of the project, until a new data source (the Aspen
Technology Historian) replaced the Bailey CIU.

The first PECOS host conputer was installed in April 1996 to collect raw plant data via the Bailey
CIU. At this time, some of the data needed for the Optifire module were not available due to
instrumentation problems. However, all of the data needed to proceed with the Coalogic nodule
development and customization were available.

These data sets were electronicaly transferred to Praxis Engineers and used to analyze the
information and test the PECOS program at Praxis Engineers by “replaying” them in rea time or
near-real time. Many improvements to the model and modifications to the assumptions used in the
modeling were made during these “redl world” tests.

In May 1997, Keephills Unit 1 was pulled off-line for maintenance. During this outage, a new
boiler control system was installed. This meant that the data from the plant were no longer going to
be available to PECOS through the Bailey CIU. Therefore, a new PECOS data acquisition module
was developed to access the plant data from the Aspen Technology CIM/21 Historian, which is
physically located at the nearby TransAlta Sundance plant. A Matrikon GenCS Server process runs
on the computer that houses the Historian. The newly developed PECOS data acquisition module,
using the Matrikon GenCS Client software, was connected to the Matrikon GenCS Server across
the TransAlta network and was able to read in real-time plant data.

Most of the data needed by PECOS were available from the Aspen Technology Historian.
However, the Continuous Emissions Monitor (CEM) data were not being sent to the Historian.
Another PECOS data acquisition module was therefore developed to read in the CEM data. The
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data acquisition connections between the plant and the PECOS host computer at that time are
shownin Figure 7.

| PECOS
Client
r-——— - ——"————= ]
| PECOS Server (KODIAK) |
Aspen | l
Bailey »| Technology || Plant Data [— Event || Automation i y| PECOS
DAS CiM/21 | I Historian Manager Manager 23— Client
Historian b ‘\ | |
N |
' CEM Data Plant Data 1
L L[ RsLinx | - |
CEM PLC ; |’:| Server M1 PECOS
i . > Client
! I |
! |
L4, Histcon I !
| | wiiity prog |
| | -----»| TestClient
—————————————— (utility prog)

Figure 7. DAS Connections between Keephills Plant and PECOS Host Computer

In 1999, the Aspen Technology Historian was able to read the CEM data as well, so the CEM
PECOS data acquisition module was decommissioned and the CEM data points were added to the
table of data points collected from the Historian.

3.4 PECOS Customization at Keephills Plant (Subtask 2.4)

Subtask 2.4.1: Data Analysis and Model Customization

In this subtask, electronic plant data sets, historical and design data collected in the previous
subtask, and results from the silo tracer tests were analyzed. Using the collected data, the PECOS
models were customized to represent Keephills subsystem performance.

Customization of Coalogic Models
The following Coalogic models were customized for use at Keephills:

Coal Tracking Model
Pile Modéel

Silo Flow Mod€
Blend Advisor.

In addition to configuring the existing PECOS models for the Keephills coal yard, it was necessary
to make several changes to the functionality of the models. Some of this additional functionality
was due to unique conditions at Keephills and some were improvements to the models that can and
will be used at other PECOS installations. The additional functionality is described below.
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Cod Tracking Moddl:

- Track “undefined” codl if the section of the pile from which the coa is coming is empty

- Add restart capabilities. If the PECOS server is stopped and restarted, the information
about the coal in the pile and silos is retained.

- Add a“startup adjustment” capability thet allows the user to empty piles and silos. Because
the piles and silos retain the information from the last time that the PECOS program
stopped, the user may need to adjust the current inventories, especidly if the program has
been off-line for an exterded period of time, for example, when plant data sources are
changed.

Pile Modd:

- Add*“turnover” capability

- Add the ability for the user to adjust the amount of coal in a section of the pile
- Add manual data entry for coa receipts

- Add the ability for the user to undo the most recent coal receipt.

Silo Flow Model:
- Adjust theleve in the silo in response to high/low level data.

Customization of the Coal Tracking Model

The Coa Tracking Model represents the part of Coalogic that accounts for how coal moves
through the yard from the point of receipt through to the boiler. Both the Pile Moddl and Silo
Model are part of the Coal Tracking Model, as well as models for the equipment that moves codl
to the piles and from the piles into the silos and out to the mills.

The Coal Tracking Model was designed to be generaly applicable to any coa yard and readily
customized using a program capable of piecing together coa yard equipment models in any
configuration. Aspects of the general design of the Coal Tracking Model, which are applicable to
any coal yard including Keephills, were discussed in Section 1.3.

The Coa Tracking Model was customized for Keephills based on design data received from
Keephills personnel, principal among them the overall yard layout diagram The goa of the
customization was to provide accurate modeling and required functionality to accurately track
coals and account for yard operation practices at Keephills.

Another important goal was to minimize the amount of user data entry required. This was
achieved by using measured data to model coa movement and mixing. The only significant data
entry required for the Coal Tracking Model was data associated with the coals being stacked out
to the pile. This included manua entry of the coal seam number, its quality, the amount to be
stacked out, and where it was to be stacked out.

In addition, because of the real-time aspect of the product, the model was designed to allow the
user to make necessary adjustments to offset late data entries or loss of dita situations. This
functionality consisted of:

Tracking “Undefined” Coal — The removal of coa from the live zones of the pile at Keephills
was performed using real-time online data. Because of this, it is imperative that shipments of
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coa be entered into the system in a timely fashion. If for any reason a coa shipment was not
added to a live zone of the pile, when in fact it was delivered, the system may be faced with
conflicting information. An example of thisisif the real-time online data tells the system that the
feeder is unloading coa from a particular live zone that is empty, which means that the system
does not know the quality of the coal tracked. When the system is faced with coal remova from
an empty pile zone it is designed to generate “undefined” coal. Undefined coal will then travel
through the system and into the silos with a definable mass but no properties. In the GUI, the
presence of undefined coal was displayed with a distinct gray coloring to aert the user that the
system has a data entry issue that needs to be resolved. The “undefined” coa eventually purges
itself from the system.

Restart Capabilities— The Coal Tracking Model was designed to be able to be “restarted” when
the server had to be shut down and restarted or the system lost power. PECOS was designed to
keep a complete record of coa properties and systems settings in the event that the server ceased
to function for a period of time. When the system was restarted, PECOS reinitialized itself using
the preserved data record upon startup. This type of automatic recovery saved the user a
tremendous amount of time and effort in the event of an accidental server restart.

Startup Adjustments — The Coa Tracking Moddl was created with the ability to perform
“startup adjustments’ in the event that the PECOS server was off-line for an extended period of
time or real time data was unavailable to the system. Startup adjustments allowed the user to
rebuild the properties of the coal in the piles or silos in case they became inaccurate during the
shutdown period. Startup adjustments include the functionality to empty the live coal sections of
the pile, the entire pile, or al of the silos at once.

Customization of Pile Model
The pile model was customized to represent the size, loading points, unloading points, and angle of
repose of the pile at Keephills. The following parameters were used:

Pile dimensions (feet):
Width = 161.65
Length = 641.97
Height = 56.69

Angles of repose (degrees):
Loading = 35.0
Unloading = 50.0

Loading and unloading point locations (feet):

80.83, 80.825

140.86, 80.825
200.90, 80.825
260.94, 80.825
320.98, 80.825
381.02, 80.825
441.06, 80.825
501.10, 80.825
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561.14, 80.825

Coal Pile Turnover — Pile turnover is performed at Keephills on a regular basis to move coa
from dead storage areas in the pile into reclaim feeders where it is reclaimed. Bulldozers are used
to push the coa from dead storage into live storage areas over the feeders. The turnover
operation is performed systematically from ore end of the pile to the other. When a portion of
the pile has been turned over, piles are rebuilt “behind” the mobile equipment.

During normal operation, coa is reclaimed by the reclaim feeders from live storage only. When
the pile turnover state is activated, a reference plane is established at one end of the pile as
shownin Figure 8.

T / Turnover Plane

I~ 1 - 1

Figure 8. Coal Pile Turnover Plane Representation

Initially all of the pile is on the “unprocessed” side of the plane. When the Pile Modél is in the
turnover state, it processes the live coal as it would during normal operation. However, when the
real-time data indicate that coa is being withdrawn from a reclaim feeder whose live storage has
been depleted, the withdrawn coal is provided by relocating the plane, “dlicing” the pile, and
moving the coa between the old and new positions of the plane to the empty reclaim feeder. This
represents bulldozers moving dead coa into a feeder that is reclaming the @a. The pile
turnover operation is completed when the plane reaches the other end of the pile.

Coal Pile Adjustments — Adjustments to the coal pile have to be performed occasionally to
reconcile the actual coa live pile inventory with the inventory calculated by the Pile Model.
These corrections should be infrequent. Possible errors, in anticipated order of severity, are most
likely due to:

Systematic measurement errors from weigh scale inaccuracies
Errorsin data entry
Differences between actual and modeled operations.

To adjust the Pile Model, the operator enters the actual percentage of live coal above each
reclaim feeder through the user interface. Excess live pile inventories are corrected by simulating
discharge from the pile and removing the coal from the pile. Shortages in inventory are corrected
by ssmulating addition of coal to the pile.
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Customization of the Silo Flow Model

The customization of Praxis Engineers Silo Flow Mode was accomplished using data on the
geometry of the silos, and the geometry and operational modes of loading and discharge points.
The data to accomplish this task were collected under Subtask 2.2.

In June 1996, Praxis Engineers performed several silo tracer tests to calibrate and verify the Silo
Flow Modd. Calibration involves adjusting the velocity profile and the angle of repose so that the
flow through the Silo Flow Model matches measurements. Before performing the tests, severa
smulations of the customized Silo Flow Model were run with different velocity profiles, in order
to determine arange of possible results and to better design the experiments.

The tests consisted of spraying a tracer agent on the coal being fed to the silo at the conveyer
galery. Coal samples were taken at the mill and analyzed at a local laboratory for their tracer
content. The measured tracer is indicative of how the coa mixes and flows through the slo. In
addition, three plumb bobs were inserted into the silo at separate locations to measure the change
in coa surface height with time. The plumb bobs were necessary since the only instrumented level
measurements at Keephills are high and low level indicators—Ilasers that are tripped when the coa
in the silo is below or above a specified leve.

Two types of tests were performed: three saturation tests and one spike test. For a saturation test,
al of the coal added to the silo after the low light indicator comes in is sprayed. The expected
result is either a sudden rise in tracer concentration to the maximum tracer concentration
(“saturation”), which is indicative of mass flow, or a gradua increase characteristic of funnel flow.

For a spike test, only the first half of the coal added to the silo is sprayed. For this test, mass flow
would produce a square wave response, while funnel flow would produce a gradual rise followed
by a dow decay in the measured tracer contained in the coal.

The following conclusions were drawn based on the silo tests performed at Keephills:

The sllos exhibit mildly funnek-like flow

Significant differences in the initial coal surface and subsequent cod velocities were observed
between East and West conveyor loading

No dead zones were detected, either by plumb bob measurements or visualy

Characteristic times for the silo were measured.

Customization of the Blend Advisor

The Blend Advisor is the module of Coalogic that recommends coal yard operations in order to
avoid derate conditions while operating in a sustainable manner. Operating in a sustainable manner
means using al the coal supplied by the mine. The Blend Advisor uses the current state data from
the Coal Tracking Model, historical unit operations and emissions data, and user inputs.

The Blend Advisor is the most customized module of Coaogic. In order to design and develop a
Blend Advisor a an ingallation, the problems, current operating procedures, constraints on
operations, and possible solutions must be very well understood. This understanding must then be
trandated into a software program with well-specified inputs and outputs.
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The first verson of the Blend Advisor at Keephills was designed, developed, and installed in the
fall of 1996. After several months of use, adjustments were made in response to feedback from the
users. Most of the improvements involved allowing users to specify operational constraints (such
as how many reclam feeders were to be used and whether a particular reclam feeder must be
used.)

The inputs to the Blend Advisor customization included:

Rules of thumb for blend selection developed by Praxis Engineers in conjunction with the Fuel
Supply Department

Previous analyses of operations and conditions at the plant, including coal seam properties and
their effects on e ectrostatic precipitator (ESP) deconditioning and stack opacity

Discussions with the plant operators.

Praxis Engineers and TransAlta's Fuel Supply Department collaborated to develop genera rules
of thumb on how the coa yard and blending operations should be undertaken to reduce the
opacity-related derates while still using the mined seams in the same proportion as before. Part of
this work was to establish what seams were the culprits in terms of high opacity production and
part of it was to determine how coals should be segregated in the pile to provide appropriate
blending control. Btu content was also deemed important, as some seams were not capable of
making full load on their own. Based on these observations, criteria were developed to
effectively blend coals at Keephills.

The criteria devel oped to recommend how to pull coa from the pile included:

A blend of seam 1 and seam 6 is most preferable

Blends that use seam 3 and seam 4 do not burn as well; the heating value of these blendsistoo
low

A blend of seam 2 with seams 3 or 4 is better than using seam 1 with seams 3 or 4

Use seam 2 gtraight if there are any problems at the plant

Conserve seam 2, since it can be used safely without blending with another coal. Its heating
value is high enough and it does not cause opacity problems

Preferentially choose the reclaim feeder that is currently being used.

These rules of thumb were used as a starting point for design of the Coalogic Blend Advisor.

An analysis of the variation of coal properties for the different coal seams also contributed to the
design of the Blend Advisor. Keephills receives five differert seams of coa from three different
regions in the pit. The coal quality varies by seam as well as by region. The results of a
regression analysis of the opacity potential of different ssams are shown in Table 3.
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Table 3. Coal Opacity Potential by Seam and Region

Pit Area| Seam 1, % | Seam 2, % | Seam 3, % | Seam 4, % | Seam 6, %
East 18.0 17.2 17.7 14.2 10.6
West 16.0 12.0 104 6.5 5.0
North 16.0 16.0 17.0 14.3 10.8

Using these data, the coals were divided into three groups:

Seam 1
Seam 2
Bottom seams (Seams 3, 4, and 6).

Seams 3, 4, and 6 are grouped together based on the coal properties. Seams 4 and 6 are low
opacity-producing seams. Despite the fact that Seam 3 has shown variations in its opacity
potential, its heating value is similar to that of Seams 4 and 6. In addition, it has not been
possible to conclusively determine the opacity potential of Seam 3 because it is mined in a small
percentage.

A 1995 Praxis Engineers study” also supported the hypothesis that three other factors influence
opacity:

Sodium content of the coal
Sulfur content of the coal
Deconditioning (sodium depletion effect) of the ESP.

Discussions with the plant operators reveaed information that was used to make the product more
useable and acceptable to the customer. Examples of such information are given below.

Cod flow rates from the reclaim feeders are either 200 to 400 tonnes/hour or 150 to 350
tonnes’hour. The absolute minimum is 150 tonnes/hour.

The foremost coal blend slection criterion is to use up any Seam 1 cod that is available as
soon as possible

Blends of Seam 1 and Seam 3 should not be recommended because this blend causes problems
with attaining load

No more than two reclaim feeders should be used at a time when pulling for only one unit. If
three reclaim feeders are used, the coa flow through each at ~ 50 tonnes’hour is too low, and it
is necessary for a worker to be present in the tunnel below the pile to make sure that the flow
does not stop.

* Independently funded study by Praxis Engineers titled “Cod Quality Impacts on Opacity a
Keephills Power Plant,” March 1995.
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Operational suggestions should be stable for about 12 hours (i.e., they should not require
changing reclaim feeders more frequently than every 12 hours). Coal loading operations should
be kept as simple as possible.

The goal of the Blend Advisor is to standardize the logic while also taking into account an array
of data not available to any one person.

The calculations are done using a series of fuzzy engines and a heuristic program. Several small
fuzzy engines are used instead of one large one because this allows greater flexibility in the
parameters that can be incorporated into the overall decision-making process.

The inputs to the Coal Blend Advisor include the following:

Seam distribution above each reclaim feeder

Seam delivery forecast for the next 12 hours

Opacity potentials of the coal in the pile and the coal to be delivered

Sodium and sulfur content of the coal in the pile and the coal to be delivered

Heating values of the coals

Stack opacity measurements averaged over the previous four hours

Sodium vaues of the coa burned averaged over the previous four hours

Average power produced in the last four hours

Time period for which to generate a recommendation (N hours)

Average power generation predicted for the next N hours

Operational status of the reclaim feeders (working/not working and min and max flow rates)
A maximum opacity (user entered)

A minimum heating value (user entered)

Number of reclaim feeders to use

Whether the flow from the reclaim feeders should be equal

Whether a specific reclaim feeder is required (the Blend Advisor chooses the other one).

First, the availability of each seam is calculated. The amount and location of each seam in the
coa pile and the expected delivery are used for this calculation. The opacity potential of each
seam is “corrected” by taking into account its sodium and sulfur properties. An ESP
deconditioning factor is estimated using the average value of the stack opacity measured for the
previous four hours and the sodium levels for that time period. This is used to determine a target
opacity potentia that the coal blend can have without causing opacity problems. The target cod
blend opacity potential is further processed for power generation changes. If the predicted power
is much higher than the power that had been generated in the previous four hours, the target
opacity potential of the coal blend is decreased. The recommended coal blend is then calculated.
The inputs to this calculation are the seam availability, the corrected opacity potentias, the
heating values of the seams, and the power requirement for the next four hours.
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Finally, the reclaim feeders to be used are determined. The inputs to this calculation are:

The target opacity potential

The minimum heating value, as entered by the user

The coal in the live coal section above each reclaim feeder

Minimum and maximum flow rates out of each reclaim feeder

Reclaim feeder status (on/off)

Number of reclaim feeders to use

Whether the flow from the reclaim feeders should be equal

Whether a specific reclaim feeder is required (the Blend Advisor chooses the other one).

All blends (combinations of reclaim feeders) that meet the heating value and opacity potentia
constraints are sorted by an objective function. The objective function tries to:

Maximize the use of Seam 1 coal

Minimize the use of Seam 2 and bottom seam coal

Maximize the opacity potential (without exceeding the target)
Minimize the heating value.

The best solutions (to a maximum of 10) are displayed to the user. At this point the Fuel Supply
Department can add its own ranking of the solutions. This feature was requested because there
are often situations that only an individual at the scene could be aware of that could make one
solution more desirable than another. This feature, i.e., the ability at each site for users to choose
from among severa viable solutions provided by our software, has been used successfully at al
subsequent sites. This eases operator acceptance considerably.

Customization of Optifire Models
The Optifire models customized for use at Keephills include the Simulator and the Optimizer.

Simulator Overview

The Simulator is a detailed model of every piece of equipment at the Keephills plant. The
Simulator calculates all of the important performance variables.

The Simulator for Keephills included the following plant systems:

Coal Handling System

- Mills

Air and Gas Handling System

- Fans
» Forced Draft (FD) Fans
» Primary Air (PA) Fans
» Induced Draft (ID) Fans
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- Splitters
- Mixers
- Trisectors
- Stack
- Ash Handling System
- Electrostatic Precipitators (ESPs)
Boiler System
- Furnace
- Boiler
- Economizer
Steam Cycle
- Turbines
» High Pressure Turbine (HPT)
» Intermediate Pressure Turbine (IPT)
» Low Pressure Turbine (LPT)
- Feed Water Heaters (FWHS)
» Drain Cooler (DC)
» Deaerator (DA)
» Low Pressure Feed Water Heaters (LP FWHS)
» High Pressure Feed Water Heaters (HP FWHYS)
- Pumps
» Condensate Extraction Pumps (CEPS)
» Cooling Water Pumps (CWPs)
> Boiler Feed Water Pumps (BFPs)
- Condenser
» Main Condenser
» Gland Condenser (GC)
- Mixers
- Splitters
- Throttle Vaves
- Steam Ejector.

Three different types of modeling were employed in the Simulator: analytical, adaptive
analytical, and neural. A description of each follows.

Analytical Modeling — Based on physical or empirical modeling. Anaytical models require
no updating with time because the performance of the device being modeled does not change
or changes only very slowly, or there are not adequate online data available to assign the
changes.

Adaptive Analytical Modeling — Also based on physics, but contains modeling constants
that can be updated. This was used for systems that change over moderate time frames and
for which sufficient online data are available to assign the changes.

Neural Modeling — Based entirely on measured data and is used for quantities that are
difficult to model analytically with rapid computational times. Systems modeled neurally
required a significant amount of validated data over every operating regime.
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The way in which each of these modeling types was applied to the plant system models
depended on the information, data, and type of plant system available at Keephills.

Simulator Inputs

The Simulator was designed to automatically read in the current value for the control setpoints
from the historian for its calculations. The Simulator also requires Manual Inputs. Manual Inputs
were important data that are not measured online and hence must be manually entered by the
user. Most Manua Inputs relate to the cost calculations, but some represented important
technical information. At Keephills, the Manua Inputs were:

Mill A Air/Fuel Retio

Mill B Air/Fud Ratio

Mill C Air/Fuel Ratio

Mill D Air/Fuel Ratio

Mill E Air/Fuel Ratio

Mill A Fineness

Mill B Fineness

Mill C Fineness

Mill D Fineness

Mill E Fineness

Mill Coal Inlet Temperature
Outside Air Percentage
Outside Air Pressure

Outside Air Relative Humidity
Inside Air Temperature

Inside Air Pressure

Inside Air Relative Humidity
Sed Air Split

Trisector A SA Leakage to Gas
Trisector B SA Leakage to Gas
Trisector A PA Leakageto SA
Trisector B PA Leakageto SA
Trisector A PA Leakage to Gas
Trisector B PA Leakage to Gas
Coal Fixed Unit Cost

Coal Incremental Unit Cost
Fly Ash Disposal Unit Cost
Bottom Ash Disposal Unit Cost
Maintenance Unit Cost
Operating Unit Cost
Administration Unit Cost
Lab/Water Treatment Unit Cost
Environmental Unit Cost
Company Use Unit Codt.
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The user was given the capability to update the Manual Inputs whenever they changed, which
was infrequently. Based on the unit costs, which were designed to cover all costs associated with
generating power including O&M and fixed aosts, a detailed cost calculation was possible for
Keephills. This proved valuable to them for reporting purposes.

Simulator Model Development

The development of the Optifire Simulator models for Keephills was a joint collaboration
between the plant and Praxis Engineers. The principal tasks involved in the model development
included obtaining plant equipment design data and specifications, diagrams for the plant layout,
design performance data for each system including the controls algorithms, and finaly relevant
historical data for neural models, model tuning, and model comparison and validation.

Most of the plant equipment design data and diagrams for the plant layout were obtained from
our principal contacts and facilitators at the plant during an initia visit on June 2, 1995. In
addition, much valuable information was gained from the boiler operators who were interviewed
during the visit.

Further data and clarifications were obtained via written and e-mail communications throughout
the project. Another trip to the plant on April 812, 1996 enabled finalization of the Optifire
design data requirements.

Historical boiler and steam cycle performance data from the Bailey Heat Rate Monitor (HRM)
system was obtained through communications with plant personnel. Emissions data was received
from a separate data system. Overall, Praxis Engineers received three years of data ranging from
February 1994 to the end of 1996. These data were used to train neural models, tune analytical
models, and to compare to the final model calculations to validate their accuracy.

Several unique pieces of equipment at Keephills required special models to be developed. The
multi-air flow trisector used for air preheating, differs significantly from standard bisectors that
are used at most coal-fired plants and required an R&D effort to develop the model. The
economizer, the final stage in the boiler, has a bypass component that the boiler control system
adjusts to match a PA exit temperature control setpoint entering the mills. This required a
detailed model for the control system involving several systems. Finally, the steam cycle had
severa pieces of specia equipment that required R&D modeling efforts to simulate: the steam
gjector and the impacts of the demineralizer plant.

Keephills had another unigque control mechanism: They were able to control the temperature and
humidity of their fan inlet air by manually adjusting a damper which partitioned the ratio of air
taken from the outside with the amount taken from the inside fan room. This turned out to be an
important control variable that became part of the control setpoints and required a special model,
with severd user-entered Manual Inputs.

Neural Model Devel opment

Neural modeling is based entirely on measured historical data. Neural modeling computationally
mimics the nervous system of a biological organism. The system uses inputs (stimuli) to predict
outputs (responses) based on the training of the system. Training is done by using historical data.
Stimuli consist of control setpoints and known inputs, while outputs are what is being model ed.
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During the course of the Simulator development, several models were chosen to be done using
neural models. These models were chosen based on their difficulty to be modeled analyticaly
and the high quality of the historical data that was obtained for each from the plant. The
quantities that were chosen to be modeled neurally were:

Stack NOx
Stack CO

LOI

Stack Opacity
SH Temperature
RH Temperature.

Based on discussions with plant personnel and overall knowledge of boiler operations, the inputs
into al of the above neura models included the following:

Gross Load

Coal Quality

Excess Oxygen

Mill Feeder Speeds

Mill Exit Temperatures

Burner Tilts

Overfire Air Damper Positions
Fuel/Air Danper Positions
Auxiliary Air Damper Positions.

Large sets of data containing the above inputs matched with the parameter to be modeled
neurally were made—after extensive data validation to eliminate poor data—and used to train
neural networks for each.

Based on the high quality of the data received for each and the accuracy of the models that were
developed, it was decided that no specia boiler testing was required to improve the operational
regime the data covered.

The models were developed using a commercial software package caled Neuralware, which
produced actual computer code that could then be fitted into the overall framework.

The neural models were developed in collaboration with an outside subcontractor, Science
Applications International Corporation (SAIC).
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Simulator Models

The following models were implemented in the online version of Optifire at Keephills. The
modeling method used was either analytical, adaptive analytical, or neural. The required inputs,
calculated outputs, modeling constarts, and constrained variables were developed for each
system. Operator-controllable setpoints in a particular system were specified. In some cases,
these setpoints were attributable to more than one modeling system.

Air and Gas Handling System
Mill System

Boiler System

ESP System

Stack System

Ash Handling System

Steam Cycle System

Cost Cdlculations

Heat Rate Calculations

WoNoOO~WNEF

The flow diagram for the system is shown in Figure 9.
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Figure 9. Flow Diagram for the Keephills Air and Gas Handling System

The flow diagram for the Keephills steam cycle, shown in Figure 10, provides an indication of
the level of detail and overall complexity of the modd.
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Figure 10. Keephills Steam Cycle Flow Diagram

Simulator Results
The overall goal for the development of the Simulator was to produce models that were within
1% accuracy for predicting heat rate, emissions, and costs.

Each of the equipment models calculations was compared with corresponding measured data to
validate the model accuracy. An example of the equipment model validation testing is shown in
Figure 11, which compares trisector model calculations vs. measured data over a range of
operating conditions, specified by gross load. The overall accuracy of the trisector model was
found to be within 1%.
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Figure 11. Comparison of Calculated and Measured Trisector Temperatures for Keephills

Ultimately, all of the equipment models combine to give an overall accuracy for the Simulator,
which is determined by how well the model predicts total steam heat consumption at the plant.
Figure 12 shows the accuracy of the Simulator’s calculation for heat consumption for Keephills
over the operating range of the boiler. The accuracy attained was within the goal of 1%.
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Figure 12. Comparison of Calculated and Measured Heat Consumption for Keephills

Significant testing was done on the neural models that were used at Keephills. Two of the most
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important models were the NOx and LOI models. Both were found to be extremely accurate and
well within the 1% accuracy target, over a wide range of operating conditions and setpoint
values. Examples of validation testing results for both are shown in Figure 13 and Figure 14.
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Figure 13. Comparison of Calculated and Measured NOx for Keephills
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Figure 14. Comparison of Calculated and Measured Loss on Ignition (LOI) for Keephills

The Simulator was used to calculate heat rate and costs, which the plant used for reporting
purposes. Heat rate has a direct impact on ptal costs, which is the most important thing the
Simulator calculates for the Optimizer. Heat rates and costs varied as plant conditions change,
meaning that the Simulator had to be able to predict their values over the entire operating regime.
Figure 15 shows actual Simulator results for heat rate and total costs for Keephills over the
operating range of the boiler, represented by a percentage of the maximum load producible.
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Figure 15. Heat Rate and Total Costs for Keephills over Operating Range of Boiler

Optimizer Overview
The Optimizer was designed to determine the setpoints that result in the least-cost operation of
the plant while meeting safety, environmental, and operating constraints.

The Optimizer uses the Simulator to perform a series of smulations, each with a different set of
setpoints in an intelligent and efficient fashion moving toward the optimal set of setpoints. The
methodology used by the Optimizer to arrive at the optimum setpoints relies heavily on Genetic
Algorithms (GAs). GAs are an optimization technique that mimics evolution and natural
selection. In essence, GAs create computational “families’ that are allowed to cross breed and
randomly mutate, with the genes of the strongest families of each generation being passed on to
the next. Over time, the most dominant or optimum family of setpoints is determined.

The Optimizer aso has different types of controllable parameters. Each type has a different use
and therefore is designed for a different type of user to control. The first and foremost are
operator-controllable setpoints The main purpose of Optifire is to recommend optimal setpoints
for the operator. The optimal value of the setpoints is based on constrained variables, which are
limits on variables that are set by engineers based on safety standards, equipment limits or
environmental regulations.
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The 16 setpoints for Keephills were:

Mill A Bias
Mill B Bias
Mill C Bias
Mill D Bias
Mill E Bias

Mill A Exit Temperature
Mill B Exit Temperature
Mill C Exit Temperature
Mill D Exit Temperature
Mill E Exit Temperature
Excess Oxygen

SH Steam Pressure

PA Temperature

Fan Air Inlet Temperature
FD Fan Bias

ID Fan Bias.

The 44 constrained variables for Keephills were:

Furnace Gas Exit Temperature
Economizer Gas Inlet Temperature
Economizer Gas Exit Temperature
Trisector A Cold End Temperature
Trisector B Cold End Temperature
FD Fan A Inlet Temperature

FD Fan B Inlet Temperature

PA Fan A Inlet Temperature

PA Fan B Inlet Temperature

ID Fan A Inlet Temperature

ID Fan B Inlet Temperature

ESP A Inlet Temperature

ESP B Inlet Temperature
Economizer Bypass

Carbonin Fly Ash

Carbon in Bottom Ash

FD Fan A Flow Rate

FD Fan B Flow Rate

PA Fan A Flow Rate

PA Fan B Flow Rate

ID Fan A Flow Rate

ID Fan B Flow Rate

ESP A Flow Rate
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ESP B Flow Rate

Mill A Capacity
Mill B Capacity
Mill C Capacity
Mill D Capacity
Mill E Capacity

FD Fan A Capacity
FD Fan B Capacity
PA Fan A Capacity
PA Fan B Capacity

ID Fan A Capacity

ID Fan B Capacity
ESP A Capacity

ESP B Capacity

Stack CO

Stack NOx

Stack Opacity

Stack SO,

Loss On Ignition (LOI)
SH Steam temperature
RH Steam Temperature.

Optimizer Model Development
The Optimizer was designed to find the set of setpoints that fall within the defined setpoint
constraints that minimized the objective function. The objective function was defined as follows:

Objective Function = Tota Cost ($/hr) + & Penalty Functions

The total cost was simply the sum of all of the fixed and variable costs for the particular set of
setpoints being nvestigated. The penaty functions were based on the Constrained Variables,
gpecial performance variables that are desired to be kept within a minimum and maximum
constraint. Penalty functions ding setpoint solutions that produced constrained variable values
outside of their bounds. The weights for the penalty functions were set based on testing.

During the search for the optimum setpoints, the Optimizer methodology had several goals:

It must be able to handle nonlinear problems

It must be able to handle integer or discontinuous setpoints

It must reliably find the global minimum

It must be fast enough to work in real time, with the goal of completing an optimization in
less than five minutes.

Significant R& D work was undertaken to develop and test several competing methodologies for
the optimization technique. Based upon the testing, Genetic Algorithms (GAs) were selected as
the primary methodology for the Optifire Optimizer. GAs were used primarily for their unique
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ability to randomly search the entire computational space for the optimum, making GAs the
technique most likely to find the global optima and not get trapped at a local one. To help speed
up the process, a unique hybrid optimizer that used conventional analytical techniques once the
GA gets close to the optimal solution was used. Based on testing, this optimization methodol ogy
was able to achieve the goal of performing online optimizations in fewer than five minutes.

PECOS Site-Specific Software Configuration for Keephills Unit 1 (Subtask 2.4.2)

In this subtask, PECOS core software was configured to the Keephills plant. The configuration
included:

Development of the Data Acquisition Module for the Bailey CIU, the Allen Bradley PLC
(CEM data), and the Aspen Technology CIM/21 Historian and mapping of the plant data to the
PECOS data points (repeated 3 times for each new Data Acquisition Module)

Data validation and trand ation definitions

Design and development of the GUI to represent the software as it applied to the Keephills site

Design and development of the PECOS Admin Tool for the administration of PECOS.

Development of the Data Acquisition Module

The Data Acquisition Module was designed so that the points and the associated plant tags for
the points are located in a table in the database. This allows for easy configuration and update.
Therefore, any updates to the data point mapping—either because new points are added or the
tags of existing points change—is just a matter of updating the appropriate table in the database
and reinitializing the Data Acquisition Module.

In addition, the data access interval and information regarding the connection to the plant data
source is located in the NT Registry. This alows for easy updating of the information without
having to recode, recompile, and redeploy the executable. The PECOS Admin Tool was devel oped
to alow the user to make changes to the NT Registry without the risk of causing problems to the
compuiter.

Data from the Bailey CIU were read into R* TIME on the PECOS server using software drivers
supplied by Moore Engineering. Then the PECOS Data Acquisition Module for R* TIME was used
to read the data into PECOS. At that time, the PECOS design was such that all plant data would
come into PECOS through R* TIME regardless of the source. The thinking was that if R* TIME did
not already exist in the plant, there would be an off-the-shelf solution or driver available that could
write the data to R*TIME. Therefore, Praxis Engineers would not have to be in the business of
writing interfaces to various plant data systems.

However, it soon became apparent that Praxis Engineers would have to write software to get the
data from the various plant data sources to R* TIME, therefore there was no benefit to including the
intermediate step of pulling datainto R* TIME. All further PECOS Data Acquisition Modules were
written to get data directly from the data source, or as directly as possible. It was no longer
required that R* TIME be running on the PECOS Host machine.
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The Data Acquisition Module for the Aspen Technology CIM/21 Historian and the Allen Bradley
PLC CEM data both used the Matrikon GenCS software and libraries. R* TIME was removed from
the PECOS Server at thistime.

Creation of Data Validation and Translation Definitions

The data trandlations needed for the PECOS installation at Keephills converted the mill feeder
gpeed data into tonnes per hour.

The data validations were defined after reviewing several weeks worth of electronic data collected
and transferred to Praxis Engineers. The data were statistically analyzed, graphed, and fed through
the models to see thelr effect. The most useful analysis was playing back the data to the integrated
PECOS system and seeing how the product worked in real-world conditions.

Customization of the GUI

PECOS is a client/server application. This means that the majority of the computation is done on
the PECOS host machine or server. Commands are sent to the server and data are displayed to the
user through a PECOS client GUI, which resides on any persona computer connected to the
PECOS server through the local area or wide area network (LAN or WAN). The only requirements
are that the client be running Windows 95 or Windows NT, and that both the server and the client
are running the same protocol, such as TCP/IP.

The PECOS GUI was developed using platform-specific tools, specificaly Microsoft Visua C++
and the Microsoft Foundation Class (MFC). Though this restricts the product to being able to run
only on Microsoft Windows machines, it was felt that the benefits of using such a powerful tool
and the fact that the Microsoft operating system was and is the market leader outweighed any
limitations. This decision has proved to aid customer acceptance since customers prefer use of
industry-specific platforms.

The basic PECOS GUI has three panels. a tree view, used for navigation between screens, a log
view, used to display messages about user activity, and a main view where the data of interest are
displayed. The customization involves defining which screens are to be displayed in the main view
and what information and commands the screens will contain. Screen captures of the GUI can be
seen in Appendix A, CBAS (Coalogic) Software Manual for Keephills Plant, and Appendix B,
BANCS (Optifire) Software Manual for Keephills Plant.

A prototype of the Keephills customized GUI was developed in the spring of 1996. This prototype
was shown to control room operators and upper management during a trip to Keephills in June
1996. Based on feedback and comments gathered during this trip, further enharcements were made
to the GUI. After ingalation and initial use of PECOS at the plant, further comments were
collected from the users and more updates were made.

Subtask 2.4.3: PECOS Integration and Off-line Testing

In this subtask, all PECOS software modules were integrated and tested in the off-line mode to
confirm their correct operation as customized for Keephills Unit 1. The off-line performance
testing was carried out at Praxis Engineers using canned data logs collected and recorded by the
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PECOS Host machine aready in the field. Testing in the off-line mode continued even after the
initia installation of the product in June 1996.

This off-line testing resulted in the discovery of many opportunities to improve the accuracy and
robustness of the models.

3.5 PECOS Installation and Validation at Keephills Plant (Subtask 2.5)

Installation and Startup (Subtask 2.5.1)

Coalogic Installation and Startup

The Coalogic module of PECOS was ingtalled at Keephillsin three phases. The phases are outlined
below.

Phase 1 — The first phase conssted of ingaling the PECOS server machine at the plant,
integrating it into the TransAlta network and instaling the PECOS software framework—
including in particular the data acquisition modules—so that data could begin to be obtained from
the Bailey historian. Praxis Engineers then remotely tested the machine to make certain that the
PECOS modules were bug-free and performing adequately. Phase 1 was performed during the
week of April 8, 1996.

Phase 2 — The second phase consisted of installing the prototype version of Coalogic onto the
server machine, training the users, and beginning the validation of its performance. Phase 2 was
performed during two trips to the plant: the Coalogic prototype was installed during the week of
October 14, 1996, and the finaized test version of Codogic was installed and operator training
provided during the week of December 16, 1996. Also as part of this phase, a detailed Coalogic
User's Manua was developed and distributed to the Keephills personnel in both hard copy and
electronic format as a standard Windows Online Help application. After significant revisions were
made to the Blend Advisor, at the request of Keephills personnel, a revised version of the manua
was issued in September 1997. The hard copy version of the revised CBAS (Codogic) User's
Manud is attached as Appendix A.

Phase 3— The final phase consisted of the ongoing upgrade of the Coaogic software to eliminate
bugs and add functionality deemed necessary based on interactiors with and requests from
Keephills personnel. Upgrades consisted of new versions of the GUI, as well as upgrades in the
core Coaogic software itself. GUI upgrades were distributed via diskette to al of the Keephills
users while system upgrades were done remotely.
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Optifire Installation and Startup

The Optifire module of PECOS was also installed at Keephills in several phases. The phases are
outlined below.

Phase 1 — The first phase consisted of installing the PECOS server machine at the plant. Since the
same server that was installed for Coalogic was aso used for Optifire, this phase was performed
during the week of April 8, 1996.

Phase 2 — The second phase consisted of installing the prototype version of Optifire onto the server
machine, training the users, and beginning to validate its performance. Phase 2 was performed
during two trips to the plant: the Optifire prototype was ingtaled during the week of March 16,
1997, and the finalized test version of Optifire was installed and operator training was provided
during the week of July 20, 1997. Also as part of this phase, a detailed Optifire User’s Manual was
developed and distributed to the Keephills personnel in both hard copy and electronic format as a
standard Windows Online Help application. The hard copy version of the Optifire User’s Manud
is attached as Appendix B.

Phase 3 — The fina phase consisted of ongoing upgrades of the Optifire software to eliminate bugs
and add functionality deemed necessary based on interactions with and requests from Keephills
personnedl. Upgrades consisted of new versions of the GUI, as well as upgrades in the core Optifire
software itself. As was the case with Coalogic, GUI upgrades were distributed via diskette to all of
the Keephills users while system upgrades were done remotely.

PECOS Training for TransAlta Operators and Engineers (Subtask 2.5.2)

Coalogic Training

Formal training in the use of the Coalogic software was provided to Keephills personnel during the
week of December 16, 1996. Two engineers from Praxis Engineers traveled to Keephills and
provided hands-on training to each shift of control room operators (for a total of 5 shifts,

comprising 16 operators and 5 shift supervisors) at computers set up in the control room. Thiswas
done because it was impossible to coordinate training sessions for operators during their down

timesin any other way.

Each operator and shift supervisor was given a training program lasting several hours, then
provided the opportunity to ask questions from the trainers who were physically in the control
room the entire week. In addition, several hard copies of the Coalogic manual were given to the
operators, along with “CBAS (Coaogic) Quick Start” sheets—one-page sheets with step-by-step
instructions for the most important tasks (attached as Appendix D).

In addition, Praxis Engineers provided training sessions to the Fuel Supply Department that was in
charge of entering in data associated with coal quality and coa stackout. Specid training sessions
were given at the computer in the Coa Yard Control Room (the “tipple”), as well as at the Fuel
Supply Department offices.

In al cases, training focused primarily on the specific tasks that each operator was required to
perform as their part in making Coalogic operate correctly. Examples were given to highlight
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exactly what tasks needed to be done by each individual. An overview of Coaogic and PECOS,
including the basic theory behind the software’ s recommendations, was also given to each trainee.

On each subsequent trip to Keephills, any personnel who had missed the training performed during
the week of December 16 were given individua training sessions to get them up to speed on
Coalogic.

Optifire Training
Formal training in the use of the Optifire software at Keephills was performed during the week of
July 20, 1997. One engineer from Praxis Engineers provided hands-on training to each shift of

control room operators, for atotal of 5 shifts, comprising 16 operators and 5 shift supervisors. As
with the Coalogic training, computers set up in the control room were used for the training.

Each operator and shift supervisor was given a training program lasting severa hours, then
provided the opportunity to ask questions from the trainer who was physically in the control room
the entire week. In addition, several hard copies of the Optifire manual were given to the operators,
along with “BANCS (Optifire) Quick Start” sheets—one- page sheets with step-by-step instructions
for the most important tasks (attached as Appendix E).

In all cases, training focused primarily on the specific tasks that each operator was required to
perform to make Optifire operate correctly. Examples were given to highlight exactly what tasks
needed to be done by each individual. An overview of Optifire and PECOS, including the theory
behind the calculations, was aso given to each trainee.

On each subsequent trip to Keephills, any personnel who missed the training performed during the
week of July 20 was given an individua training session to get up to speed on Optifire,

PECOS Testing Online in Advisory Mode at Keephills (Subtask 2.5.3)

Coalogic Testing
The online testing of the Coalogic module of PECOS consisted of two tasks:

Remote Checking of the Software through Modem Hook-up to the TransAlta Network —
Several oftware tools were created to check to make sure the PECOS system was operating
properly. In addition, Praxis Engineers performed daily checks to make certain the computational
models were performing correctly. Based on our testing, it was found that Coalogic was online
96% of the time. The principal reason for it being off-line was due to loss of connection to the
Keephills historian, which was not related to PECOS but was a function of glitches in the historian
communication module. (TransAlta subsequently initiated a program to monitor and reduce these
historian communication problems.) Several bugs were found out along the way and were remotely
fixed and upgraded to the PECOS server. This testing has continued through to the present at
Keephills as part of our long-term maintenance at the site.
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Assessment of the Blend Recommendations Made by Coalogic — This testing required
interaction with the operators to make certain that we understood how they had used the software,
as well as long-term data collection to determine whether Coalogic helped to reduce the problem
with opacity-related derates that it had been primarily designed to do. To determine exactly how
the operators were using the software, operators were given log sheets, shown in Table 4 below,
which they were required to fill out after each use of the software for a blend recommendation
during their shift. The logs, which were kept for over a full month’s worth of Coalogic operation,
provided important information for determining how much the operators liked the software, what
its weaknesses were, how it could be improved, and what benefits it provided to Keephills.

Table 4. Sample Coalogic Log Sheets

AreYou Following the Blend Recommendations?
Shift 1 Operators:

Date/Time Yes Blend # No Comments

Shift 2 Operators:

Date/Time Yes Blend # No Comments

In addition, a detailed anaysis was performed to assess how Coalogic was performing in
reducing opacity-related derates. Over the short term, Praxis Engineers compared the amount of
opacity-related derates that occurred when Coalogic was being used with derates that occurred
when Coalogic was not being used and practices that were used before the installation of
Coaogic were followed. As seen in Figure 16, derates were significantly reduced when using

Coalogic.
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Derates vs. Coalogic Usage
(Data from 10/97 to 4/98)
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Figure 16. Reduction in Derates at Keephills When Using Coalogic

Derates [MWh]

Over the long term, Keephills performed their own internal auditing of how well Coalogic was
performing in reducing opacity-related derates and determined that Coalogic saved them $2

million in its first year of qgoeration by reducing annual derates from 70,000 MWh to below
10,000 MWHh.

Optifire Testing
The online testing of the Optifire module of PECOS consisted of two tasks:

Remote Checking of the Softwar e through Modem Hook-up to the TransAlta Network — The
remote checking of Optifire was similar in nature to the remote checking of Coalogic. Praxis
Engineers performed daily checks to make certain the computational models were performing
correctly. This testing was continued through to the end of Keephills' use of the Optifire product.

Optifire Acceptance Testing — A complete Optifire Acceptance Test Plan was put together (i) to
make certain that Optifire was understood, and (ii) to assess whether Optifire was working
properly. The Optifire Acceptance Test Plan is attached as Appendix F.

The goals of the test plan were to:

Test the accuracy of the Simulator model predictions

Test the accuracy of the Optimizer control setpoint recommendations
Discover and fix any bugs

Improve the functionality, if deemed necessary

Assess the benefits to Keephills.
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Logs (as shown in the Optifire Acceptance Test Plan) were kept for several month’s worth of
Optifire operation at Keephills, and provided important information for determining the level of
operator acceptance of the software, its weaknesses, how it could be improved, and what benefits it
provided.

Based on the Acceptance Test logs, Praxis Engineers fixed several bugs in the Optifire software,
improved the way data was graphed, added several performance calculations important to
managers, and recalibrated several models that were not accurate at lower loads.
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40 DEMONSTRATION OF PECOS AT DAIRYLAND POWER COOPERATIVE'S
GENOA POWER STATION (TASK 3)

4.1  Site-Specific Specifications and Requirements (Subtask 3.1)

Basic specifications, some data acquisition systems, and some site information were already be
available from the EPRI-funded “Advisory Plant and Environmental Control System” (APECS)
demonstration. These were used as the starting point for the Genoa specifications.

Specifications and Requirements Document (Subtask 3.1.1)

Under this subtask, site-specific specifications and regquirements were prepared for the online
version of PECOS for Unit 3 at Dairyland Power’s Genoa plant.

The specifications defined the functionality of PECOS at Genoa in the following aress:

Optimization Objectives and Constraints — The specifications for the optimization objectives
and constraints for both Coalogic and Optifire are described in detail in Section 4.4, Subtask
3.4.1. These specificatiors were developed after thorough interaction with Dairyland personnel
to ensure that the products provided the functionality needed to give accurate and reliable
optimal recommendations without violating any safety, environmental, or operationa
constraints.

Appropriate Subsystem Models — The subsystem models for Optifire are described in detail in
Section 4.4, Subtask 3.4.1. Since the work for Coalogic was stalled by the delay in upgrading the
control system at the plant, only preliminary yard modeling was done. The subsystem models for
Optifire were sufficiently detailed to accurately model the entire boiler and steam cycle
operations.

User Interface Requirements — Praxis Engineers used Keephills as a guide for refining a
generic GUI specification that was applicable to virtually any coal-fired power plant with minor
customizations, including Genoa.

Data and I nstrumentation Requirements — The data required for both Coalogic and Optifire are
described in detail in Section 4.2, Subtask 3.2. The data specifications were designed to provide
enough design and performance data for the equipment and processes at the plant to model it
accurately. In terms of the specification of instrumentation requirements, everything that was
necessary for Optifire was aready n place at the plant, except for a measurement of CO. Because
of the expense, adding a CO sensor to the CEM was not deemed an option, with the result that we
had to develop a specia model for CO. In the case of Coalogic, on the other hand, the proposed
upgrade to the plant control system was required to be in place to provide both the online
instrumentation and coal yard control necessary to enable the product to work.
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Instrumentation and Host Computer Hardware Requirements (Subtask 3.1.2)

An IBM-compatible personal computer (PC) was specified and purchased (outside of the subject
project) to be used as the PECOS Host Computer at Genoa. This computer housed the PECOS
server, which handled 1/0 with R*TIME and the WDPF that was installed by Dairyland Power.
The PECOS Host Computer was configured as follows:

CPU: Dual 180 MHz Pentium Pro

RAM: 128 MB

HD: 4GB

NIC: Tokenring

Operating System: Microsoft Windows NT Server 4 (Service Pack 2)
Backup: 1GB Jaz drive

Note that the machine was a clone and not a name brand. This machine was bought and installed
before we learned the important lesson that name-brand computers should be used.

In addition, an IBM-compatible personal computer (PC) was specified and purchased (again,
outside of the subject project) to be used as the PECOS data analysis and data playback server.
When Jaz cartridges and DAT tapes containing PECOS database backups were received from the
PECOS fidld installations, the data were restored to this machine. Then the data could be analyzed
for use inmodeling and used to play back the data to the PECOS server asif the data were coming
from the plant in real time. The PECOS data analysis computer was configured as follows:

CPU: Single 167 MHz Pentium

RAM: 96 MB

HD: 6 GB

Operating System: Microsoft Windows NT Server 4 (Service Pack 2)
Backup: 1GB Jaz drive and 8mm Tape Backup

4.2  Data Collection (Subtask 3.2)

Praxis Engineers prepared detailed lists of the data required for customization of PECOS to the
specific configuration and performance parameters of Genoa Unit 1.

The required data were divided into two categories: data needed by Coalogic (the Coa Blending
module) and data needed by Optifire (the Boiler Optimization module), athough there is some
overlap.

We requested—and received—the following Coalogic data from the Genoa plant:

Layout of the barge unloading facilities

Dimensions and layout of the coal yard equipment (conveyors, gates, etc.)

Dimensions and layout of the coa yard piles

Drawings with dimensions of the coal bunkers

Approximate amount of coal in the bunkers when the low and high level lights are tripped
Typica minimum and maximum flow rates for the coal pile reclaim feeders and conveyers
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Historical data on the amount of coal burned daily
Historical coal quality data
Blending objectives and constraints.

The information listed above was received in a variety of ways. during plant visits, as a result of
communications with Dairyland personnel, and during visits by Dairyland personnel to Praxis
Engineers office for strategy discussions.

Several meetings were held to discuss the coa blending strategy for Genoa. This subject was
discussed in detall as part of Praxis Engineers trip to Genoa in May 1997. Coa blending
strategy was also part of the forum held at Praxis Engineers’ office in September 1997, which
was attended by Duane Hill from Dairyland and Praxis Engineers technical team.

The data related to the Optifire module of PECOS that were requested and received from Genoa
areshown in Table 5.

Table 5. Data Received from Genoa Plant for Optifire

Equipment Modeling Constants and Design Data Historical Data vs. Load

Mills - The conversion constant between mill | - Feeder speed
amps and mill power (voltage) - Inlet and exit air temperature
Tempering air needed vs. mill capacity | - Primary air flow rate
and mill outlet temperature setpoint - Tempering air flow rate
Limits for the minimum and maximum | . Mill and feeder power

primary air-coal ratio through the mill
Maximum coal feed rate for each mill
M aximum amount of mill bias possible

Fans - Fan curves for the FD, ID, and exhauster | -  Vane position
fans - Fan speed
Maximum amount of fan bias possible for
the FD, and ID fans

Rated power output

Air Heaters - Design heat transfer coefficients - Airinlet and exit temperature
Design air and gas mass flow rates - Gasinlet and exit temperature
Design inlet and exit air and gas
temperatures

Measured air leakages
M aximum volumetric capacity
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Boiler Damper position control curves vs. excess Boiler efficiency
oxygen and |oad Excess oxygen
Design boiler efficiency vs. load Burner tilts
Design excess oxygen vs. load Windbox/furnace DP
Boiler heat balances vs. load SOFA and CCOFA damper position
Fuel/air damper position
Auxiliary air damper position
Stack NOx
LOI
Economi zer gas exit temperature
Economizer feed water inlet temperature,
pressure, and flow rate
SH steam inlet and exit temperature and
pressure
RH steam inlet and exit temperature and
pressure
SH spray temperature and flow rate
RH spray temperature and flow rate
SO3 Fue Gas Maximum volumetric capacity for each Opeacity
Conditioning ESP
System Rated power output
Design ESP particle exit concentration vs.
opacity
ESP Maximum volumetric capacity for each Opacity
ESP
Rated power output
Design ESP particle exit concentration vs.
opacity
Turbines Design turbine efficiency vs. load Steam inlet and exit temperature, pressure,
(Each Stage) Design  extraction temperature and and flow rate
pressure vs. load Extraction steam exit temperature and
Heat balances vs. load pressure
Steam  Air Design heat transfer coefficient Steam inlet and exit temperature
Heater Air inlet and exit temperature
Condenser Design heat transfer coefficient Back pressure
Steam inlet temperature
Drain inlet temperature
Condensate exit temperature and flow rate
Cooling water inlet and exit temperature and
flow rate
Pumps Design efficiency Water inlet and exit temperature and pressure
Rated power output
Feed Water Design TTD and LMTD Feed water inlet and exit temperature and
Heaters flow rate
Steam inlet temperature and pressure
Drain inlet and exit temperature
Genera Plant Design heat rates vs. load Net plant heat rate
Data Net turbine heat rate
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In addition, the following coa and cost data were obtained and used in the development of the
Optifire models:

Coal Data:

- Complete ultimate (C, H, O, N, S, Cl, Moisture, and Ash), proximate analysis (FC,
VM, Moisture, and Ash), and ash analysis for each coal type used at the plant

General Plant Cost Data:

- Cod cost rate (coa cost per seam [$/ ton or $/mmBtu], transportation cost [$/ton],
and handling cost [$/ton])

- Ash cost rate (disposal cost [$/ton] or sale rate [$/ton])

- Maintenance cost rate [$/kWh]

- Fixed cost rate (labor, etc.) [$/kWh]

- Water treatment cost rate [$/flow rate]

- Generating cost [$/kWh].

Dairyland Power sent us many diskettes containing data in the form of Excel spreadsheets. These
data represented normal boiler operation as well as boiler data when different coa blends were
used.

After the instalation of the PECOS server for data collection purposes in May 1997, Praxis
Engineers began receiving electronic data sets from the DAS representing consecutive days of
operation. The data were collected at approximately one-minute intervals.

4.3 Installation of DAS Modifications and Hardware Acquisition (Subtask 3.3)
In this subtask, the PECOS Host Computer equipment and data acquisition |/O hardware and

software specified in Subtask 3.1.2 were purchased (under a separate contract), and Dairyland
installed I/0O modifications at Genoa.

The PECOS host computer was installed in May 1997 to collect raw plant data via R*TIME. At
this time, the data needed for the Coaogic module were not available due to instrumentation
problems at the plant. However, most of the data needed to proceed with the Optifire module
development and customization was available.

These data sets were electronicaly transferred to Praxis Engineers and used to analyze the

information. Many improvements to the model and modifications to the assumptions used in the
modeling were made during these “real world” tests.

4.4  PECOS Customization at Genoa Plant (Subtask 3.4)

Data Analysis and Model Customization (Subtask 3.4.1)

In this subtask, electronic plant data sets, historical and design data (collected in the previous
subtask) and results from the bunker tracer tests were analyzed. Using the collected data, the
PECOS models were customized to represent Genoa subsystem performance.
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Customization of Coalogic Models

The following Coalogic models were to be customized for use at Genoa:

Coal Tracking Model
Bunker Flow Model
Blend Advisor.

Customization of the Coal Tracking Model
The customization of the Coal Tracking Modedl was never finalized because of delays in upgrading
the coal yard control system at Genoa.

Customization of the Bunker Flow Model

The customization of the Bunker Flow Model was to be accomplished using data on the geometry
of the bunkers, and the geometry and operational modes of |oading and discharge points. The data
to accomplish this task were collected under Subtask 3.2.

In May 1997, Praxis Engineers performed a bunker tracer test to calibrate the Bunker Flow Model.
The tests consisted of spraying a tracer agent on the coal being fed to the bunker at the tripper
conveyer galery. Coa samples were taken at the mill and analyzed at a loca laboratory for their
tracer content. The measured tracer is indicative of how the coal mixes and flows through the
bunker.

The particular type of test run is termed a “spike test”. For a spike test, only the first half of the
coal added to the bunker is sprayed. For this test, mass flow would produce a spiked response,
while funndl flow would produce a gradual rise followed by a slow decay in the measured tracer
contained in the cod.

The following conclusions were drawn based on the bunker tests performed at Genoa:

The bunkers exhibit extreme funne-like flow
Significant dead zones were detected visually
Characteristic times for the bunker were measured.

Due to project delays at Genoa, the rectangular bunker model was never developed for the Genoa
site.

Customization of the Blend Advisor

The Blend Advisor is the module of Coalogic that recommends how to blend coa to reduce fuel
costs while avoiding derate conditions. The Blend Advisor uses the current state data from the Coal
Tracking Moddl, historical unit operations and emissions data, and user inputs.

Based on discussions with Dairyland personnel held during the May 1996 plant trip, it was agreed
that the goal of the Blend Advisor at Genoa would be to match the heating value of the coal being
fed to the boiler with the predicted power forecast for approximately 12 hours into the future,
without exceeding sulfur constraints.
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Genoa was receiving two different coa types in the yard, one a low-cost, low-sulfur, and low-
heeting-value Powder River Basin coal, the other a higher-cost, higher-sulfur, higher-heating-value
lllinois coal. The plant used the same blend of these two coals for all operating conditions during
the week, which was designed to have a high enough heating value to generate the maximum
predicted power for the coming week. At lower loads, which Genoa Unit 3 typically generated on
weeknights and weekends, the mills were capable of using a lower heating value coa without
derating. Since coa cost scales with heating value, using a “premium” coa blend with a high
heating value at all loads significantly increased fuel costs. By matching coal quality to load, the
Blend Advisor recommends coal blends such that the premium blend is fed into the boiler at the
time of the maximum power generation and coals with lesser heating values—and lower cost—are
used when the power requirement is lower. The general concept of matching coal quality to load is
illustrated in Figure 17.
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Figure 17. Matching Coal Quality to Load
During the May 1996 trip to Genoa, a coa quality control curve was developed to blend the two

Genoa coals together to reduce fuel costs without causing mill-related or SO»-related derates. The
coal quality control curve is shown in Figure 18.
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Figure 18. Coal Quality Control Curve for Genoa

The biggest hurdle with this strategy was to get timely data on the predicted power generation for
the Genoa plant. During the project, these data were not available. However, discussions were held
about making the predicted load available to PECOS through the R*TIME system on a timely
basis. A PECOS GUI screen was designed to alow the user to enter and edit the predicted power
generation as a function of time. The design that was developed was the basis for projected load
profile screens used for future applications of the product at similar sites, as shown in Figure 19.
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Figure 19. Design for Projected Load Profile Screen at Genoa
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Customization of Optifire Models
The Optifire models customized for use at Genoa include the Simulator and the Optimizer.

Simulator Overview
The Simulator is a detailed model of every piece of equipment at the Genoa plant. The Simulator
calculates al of the important performance variables.

The Smulator for Genoa included the following plant systems:

Coa Handling System
- Mills
Air and Gas Handling System
- Fans
» Forced Draft Fans
» Mill Exhauster Fans
» Induced Draft Fans
- Splitters
- Mixers
- Air Heaters
- Stack
Ash Handling System
- SO3 Flue Gas Conditioning System
- Electro Static Precipitators
Boiler System
- Furnace
- Boiler
- Economizer
Steam Cycle
- Turbines
» Very High Pressure Turbine (VHP)
» High Pressure Turbine
> Intermediate Pressure Turbine
» Low Pressure Turbine
» Boiler Feed Pump Turbine (BFPT)
- Feed Water Heaters
» Drain Cooler
» Deaerator
» Low Pressure Feed Water Heaters
» High Pressure Feed Water Heaters
- Pumps
- Condensate Extraction Pumps
- Cooling Water Pumps
- Boiler Feed Water Pumps
- Condensers
» Low Pressure Condenser (LPC)
» High Pressure Condenser (HPC)
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» Auxiliary Condenser (AC)
» Gland Condenser (GC)

- Mixers

- Splitters

- Throttle Vaves

- Steam Air Heater

As described in the section on customization of Optifire models for Keephills, in Section 3.4,
Subtask 2.4.1, three different types of modeling were employed in the Simulator: analytical,
adaptive analytical, and neural. The way in which each of these modeling types was applied to
the plant system models depended on the information data, and type of plant system available at
Genoa.

Simulator I nputs
Types of Simulator inputs were described in detail in Section 3.4, Subtask 2.4.1. At Genoa, the
Manual Inputs for Optifire were:

Mill 1 Air/Fuel Ratio

Mill 2 Air/Fuel Ratio

Mill 3 Air/Fuel Ratio

Mill 4 Air/Fuel Ratio

Mill 1 Fineness

Mill 2 Fineness

Mill 3 Fineness

Mill 4 Fineness

Mill Coal Inlet Temperature
Ambient Air Pressure
Ambient Air Relative Humidity
Coal Fixed Unit Cost

Coal Incremental Unit Cost
Carborn-in-Ash Sale Limit
Ash Disposal Unit Cost
Ash Sdle Price

SO, SdeLimit

SO,Sale Price

SO; Cost

Water Treatment Unit Cost
O&M Unit Cost

Fixed Unit Cost.

Simulator Model Customization

The customization of the Optifire Simulator models for Genoa was a joint collaboration between
the plant and Praxis Engineers. The principal tasks involved in the model development included
obtaining plant equipment design data and specifications, diagrams for the plant layout, design
performance data for each system including the controls algorithms, and finaly relevant
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historical data for neural models, model tuning, and model comparison and validation. In
addition, considerable work was done to compare Optifire modeling results with a detailed plant
simulator (PEPSE") used in-house by Dairyland for performance testing.

Most of the plant equipment design data and diagrams for the plant layout was obtained during
an initia vigit to the plant in July 1995. Duane Hill, our principal contact and facilitator at the
plant, obtained the data and transmitted it to us. Further data and clarifications were obtained via
written and e-mail communications throughout the project. Another trip to the plant in May 1997
enabled finalization of the Optifire design data requirements. During this trip, the detailed
PEPSE model for the plant was discussed and handed over to Praxis Engineers to be used in
testing the Optifire models.

While the PEPSE model was used in part to assess Optifire’'s modeling accuracy, it was
primarily used to configure the model setup, particularly on the steam side. This was mainly due
to the fact that PEPSE's models, while excellent on the steam side, were insufficient on the
boiler side due to its lack of detailed furnace and emission modeling. The differences between
the PEPSE model results and Optifire on the steam cycle modeling were insignificant since the
models themsel ves were based on mass and energy balances and therefore were nearly identical.

Historical boiler and steam cycle performance data from the PMAX system were obtained
through communications with Duane Hill. Overall, Praxis Engineers received a year's worth of
data covering the period from January 1995 to December 1995. These data were used to train
neural models, tune analytical models, and for comparison with the final model calculations to
validate their accuracy.

Severa unique pieces of equipment at Genoa required that special models be developed. The
steam air heater—used for air preheating before entering the forced draft fans—integrates the
steam cycle to the boiler side of operations before the boiler itself and required an R&D effort to
develop the model. An associated control system had to be created for the steam air heater
because the plant had the choice to have it on or off, requiring a specia control setpoint to be
added to the modeling.

Genoa also had a unique system to combat opacity emissions — an SO3 flue gas conditioning
system. Because the opacity was modeled neurally for this site, the amount of SO3 injected into
the flue gas stream, which has a significant impact on opacity, had to be incorporated into the
modd.

Neural Model Development
Neural modeling was described in detail in Section 3.4, Subtask 2.4.1. The data modeled used
neural networks at Genoa were:

Stack NOx

LOI

Stack Opacity

Economizer Exit Gas Temperature

SH Temperature

RH Temperature.
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Based on discussions with plant personnel and overall knowledge of boiler operations, the inputs
into al of the above neural models were the following:

Gross Load

Excess Oxygen

Mill Feed Rates

Mill Exit Temperatures

Air Heater Gas Inlet Temperatures
Burner Tilt Angle

Coa Quality (Moisture, Volatile Matter, Ash, Fixed Carbon, Heating Vaue, and Sulfur)
CCOFA Damper Positions

SOFA Damper Positions

Fuel/Air Damper Positions
Auxiliary Air Damper Positions.

Large sets of data containing the above inputs matched with the parameter to be modeled
neurally were made after extensive data validation to eliminate poor data and used to train neural
networks for each. Based on the high quality of the data received for each and the accuracy of
the models that were developed, it was decided that no special boiler testing was required to
improve the operationa regime the data covered.

Simulator Models

The following models were implemented in the online version of Optifire at Genoa. The
modeling method used was either analytical, adaptive analytical, or neural. The required inputs,
calculated outputs, modeling constants, and constrained variables were developed for each
system. Operator-controllable setpoints in a particular system were specified. In some cases,
these setpoints were attributable to more than one modeling system.

Air and Gas Handling System
Mill System

Boiler System

ESP System

Stack System

Ash Handling System

Steam Cycle System

Cost Calculations

Heat Rate Calculations

CoNo O~ WNE

The flow diagram for the system is shown in Figure 20. Note that it is intrinsically different from
the Keephills model and requires a different model framework.
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Figure 20. Flow Diagram for the Genoa Air and Gas Handling System

The flow diagram for the Genoa steam cycle is shown in Figure 21. This was considerably
different from the Keephills steam cycle and required a different model structure to be
developed.
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Figure 21. Genoa Steam Cycle Flow Diagram

Simulator Results
The overall goal for the development of the Simulator was to produce models that were within
1% accuracy for predicting heat rate, emissions, and costs.
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Each of the equipment models calculations was compared with corresponding measured data to
validate the accuracy of the models. An example of the equipment model validation testing is
shown in Figure 22, which compares air heater model calculations vs. measured data over a
range of operating conditions, specified by gross power output. This figure illustrates the overall
accuracy of the global heat transfer model that ties together the boiler to the air heater via the
economizer. The overall accuracy of the models was found to be within 1%.
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Figure 22. Comparison of Calculated and Measured Air Heater Gas Inlet and Exit

Temperatures for Genoa

Ultimately, all of the equipment models combine to give an overall accuracy for the Simulator,
which is determined by how well the model predicts hesat rate at the plant. Figure 23 shows the
accuracy of the Simulator’s calculation for heat rate for Genoa over the operating range of the
boiler. The accuracy attained was within the goal of 1%.
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Figure 23. Comparison of Calculated and Measured Heat Rate for Genoa
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Significant testing was done on the neural models used at Genoa, which were developed in
collaboration with SAIC. Two of the most important models were the NOx and opacity models.
Both were found to be extremely accurate and well within the 1% accuracy target, over a wide
range of operating conditions and setpoint values. Examples of validation testing results,
comparing measured vs. calculated results for both, are shown in Figure 24 and Figure 25.
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Figure 24. Comparison of Calculated and Measured NOx for Genoa
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Figure 25. Comparison of Calculated and Measured Opacity for Genoa
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Optimizer Overview
The Optimizer design was identical in nature to that used for Keephills and is discussed in
Section 3.4, Subtask 2.4.1.

The 31 setpoints for Genoa were:

Fan Room Temperature

Mill 1 Hot Air Damper

Mill 1 Cold Air Damper

Mill 1 Exit Temperature

Mill 2 Hot Air Damper

Mill 2 Cold Air Damper

Mill 2 Exit Temperature

Mill 3 Hot Air Damper

Mill 3 Cold Air Damper

Mill 3 Exit Temperature

Mill 4 Hot Air Damper

Mill 4 Cold Air Damper

Mill 4 Exit Temperature

FD Fan Bias

ID Fan Bias

Excess Oxygen

Burner Tilt Angle

Lower SOFA Damper Position
Middle SOFA Damper Position
Upper SOFA Damper Position
Lower CCOFA Damper Position
Upper CCOFA Damper Position
Auxiliary Air AA Damper Position
Auxiliary Air AB Damper Position
Auxiliary Air BC Damper Position
Auxiliary Air CD Damper Position
Fuel Air Damper A Position

Fuel Air Damper B Position

Fuel Air Damper C Position

Fuel Air Damper D Position
Desuperheater Temperatue
Secondary SH Temperature.

The 36 constrained variables for Genoa were:

Furnace Gas Exit Temperature
Economizer Gas Inlet Temperature
Economizer Gas Exit Temperature
Air Heater A Cold End Temperature
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Air Heater B Cold End Temperature
FD Fan A Inlet Temperature
FD Fan B Inlet Temperature
ID Fan A Inlet Temperature
ID Fan B Inlet Temperature
ESP A Inlet Temperature
ESP B Inlet Temperature
Carbon in Fly Ash

Carbon in Bottom Ash

FD Fan A Flow Rate

FD Fan B Flow Rate

ID Fan A Flow Rate

ID Fan B Flow Rate

ESP A Flow Rate

ESP B Flow Rate

Mill 1 Capacity
Mill 2 Capacity
Mill 3 Capacity
Mill 4 Capacity

FD Fan A Capacity
FD Fan B Capacity

ID Fan A Capacity

ID Fan B Capacity
ESP A Capacity

ESP B Capacity

Stack CO

Stack NOx

Stack Opacity

Stack SO,

Loss On Ignition (LOI)
SH Steam temperature
RH Steam Temperature.

Optimizer Model Development
The Optimizer model development was identical to that done for Keephills, described in Section
3.4.

PECOS Site-Specific Software Configuration for Genoa Unit 1 (Subtask 3.4.2)

In this subtask, the PECOS core software was configured for the Genoa plant. The configuration
included:

Development of the Data Acquisition Module for the R*TIME system and mapping of the
plant data to the PECOS data points
Data vaidation and trandation definitions
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Design and development of the GUI to represent the software as it applied to the Genoa site
Design and development of the PECOS Admin Tool for the administration of PECOS.

Development of the Data Acquisition Module

A Data Acquisition Module was developed to get data from R*TIME and write it to the shared
memory used by PECOS for further processing. We used an outside subcontractor, Scientech,
Inc., the authors of R* TIME, to help with this work.

The design of the Data Acquisition Module is the same as that used for Keephills. The data
points and the tags associated with the data points are defined in the database. The acquisition
interval is defined in the registry.

Creation of Data Validation and Translation Definitions

No data trandations were created for Genoa. However, data validation routines were devel oped for
al of the online data required for the Optifire module as well as all of the performance data
calculated by Optifire.

Data validations were developed based on existing boundary checks for measured data that were
obtained from the site. In addition, the PEPSE modeling developed and maintained by Dairyland
was given to Praxis Engineers to help develop boundary ranges for performance data cal culated by
Optifire. Finally, the data validation routines that were created were compared to several months
worth of electronic data collected and transferred to Praxis Engineers.

Customization of the GUI

The GUI was never fully customized for the Genoa plant because the core PECOS products were
never completely installed and key plant data for completion of Coalogic, in particular, were never
made available.

PECOS Integration and Off-line Testing (Subtask 3.4.3)

In this subtask, all the PECOS software modules were to be integrated and tested in the df-line
mode to confirm their correct operation as customized for Genoa Unit 3. However, because of
problems with implementation of the project at Genoa, only the Optifire module of PECOS was
tested. The off-line performance testing was carried out at Praxis Engineers using both canned data
logs collected and recorded by the PECOS Host machine already in the field, as well as results
from the detailed off-line PEPSE model employed by Dairyland.

This off-line testing resulted in the discovery of many opportunities to improve the accuracy and
robustness of the Optifire models.

45 PECOS Installation and Validation at Genoa Plant (Subtask 3.5)

Installation and Startup (Subtask 3.5.1)

The PECOS ingtallation and validation at Genoa was never fully completed because of delays in
the control system upgrade at the plant, necessary for PECOS to work at the site. While the control
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system was eventually finished, the project was not resumed primarily because of changes in
personnel and structure at the utility.

Coalogic Installation and Startup

The ingtallation of Coalogic at Genoa was intended to be performed in severa phases. However,
because of the delaysin the control system upgrade, only Phase 1 was completed.

Phase 1 — The first phase consisted of installation of the PECOS server machine at the plant, its
integration into the Dairyland Power network and installation of the PECOS software framework,
including in particular the data acquisition and archive modules so that data could begin to be
obtained from R*TIME and archived. Praxis Engineers then remotely tested the machine to make
certain the PECOS modules were bug-free and performing adequately. Phase 1 was performed
during the week of May 9, 1997.

Optifire Installation and Startup

The installation of Optifire at Genoa was also intended to be done in several phases. The phases
consisted of:

Phase 1 — The first phase consisted of installing the PECOS server machine at the plant. The same
server installed for Coaogic was used for Optifire. Hence, Phase 1 was performed during the week
of May 9, 1997.

Phase 2— The second phase was to consst of ingaling the prototype version of Optifire onto the
server machine, training the users, and beginning the vaidation of its performance. The prototype
for Optifire was developed and tested at Praxis Engineers but was never installed on the PECOS
server in the fidd.

PECQOS Training for Dairyland Power Operators and Engineers (Subtask 3.5.2)

Coalogic and Optifire Training

Since neither product was fully installed at Genoa and the plant was not ready with its control
system upgrades in the timeframe of the Host Site Agreement, no training was performed on-site.

PECOQOS Testing Online in Advisory Mode at Genoa (Subtask 3.5.3)

Coalogic and Optifire Testing

Remote Checking of the Software through Modem Hook-up to the PECOS Server at Genoa
— Praxis Engineers periodically dialed into the PECOS server at Genoa and checked to make sure
the Data Acquisition and Data Archive modules were running and recording data properly.
PCAnywhere was used to remotely gain control over the PECOS server.

Every few months, someone at the plant was asked to replace the Jaz cartridge and send the old
one to Praxis Engineers. The Jaz cartridge contained the weekly archives of the data collected.
These data sets were used in the customization of the models for Genoa.
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5.0 CONCLUSIONS

The primary goal of the project was to demonstrate the use of an online software package, “Plant
Environmental and Cost Optimization System” (PECOS), to optimize the performance of coal-
fired power plants in terms of coal quality control, boiler efficiency, and emissions compliance.
Praxis Engineers developed PECOS in a two-phase project funded by the DOE SBIR program.
The purpose of the subject project was to integrate all the modules of PECOS, customize it for
two sites, and demonstrate its use in the field.

In terms of meeting the primary goal, the project was very successful. Praxis Engineers produced
an online software package, the “Plant Environmental and Cost Optimization System” (PECOS),
to focus on its core objectives, cost and emissions—which was successfully installed at
TransAlta's Keephills coal-fired power plant. PECOS helped the plant save $2 million annually
by improving plant performance and reducing opacity-related derates—their principal
operational problem. The product was so successful that it is still being used at Keephills and has
been integrally incorporated into their day-to-day operations. Based on the success of this
project, TransAlta has purchased the software for another of their coal-fired plants, Centralia.

Praxis Engineers has used the experience and technology developed during this project to launch
two successful commercia products, Coalogic and Optifire. While the models have been updated
and improved since the end of this project—particularly in terms of the ease of customization—
the core design and technology remain those devel oped during the original SBIR project, and the
implementation techniques used are based on the customization techniques that were tested and
refined during the subject project. Combined, Coalogic and Optifire have been installed in 30
boilers throughout North America. A further testimony to their potential for success in the
marketplace is that Genera Electric invested in the company. In conclusion, the primary goal

was realized.

Concerning the ultimately unsuccessful application of PECOS to the Genoa Station, a major
lesson was learned: Choose the sites to install your products carefully. Site participation,
cooperation, and overall readiness in terms of required instrumentation and infrastructure are all
essentia to the successful installation of these products. Since the end of the project, Praxis
Engineers has undertaken significant market research to better assess not only which plants have
an economic case, but also which plants are operationally ready for our software products.

The delay in implementing the plant upgrades at Genoa plant unfortunately derailed the
installation there, but we have aso learned to make fewer assumptions regarding whether a site
will be ready in a timely fashion. At sites where we have installed since the project, Praxis
Engineers has taken this lesson to heart and budgeted much more time and effort to work with
the customer on their tasks to get the site ready, so that our products can be installed on time and
within budget. We have not had an unsuccessful installation since Genoa.
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Other conclusions drawn and lessons learned during the project are summarized below.

Based on the experience at Keephills, the PECOS team learned customization techniques and
application approaches to allow PECOS to be able to reduce coal-related derates at virtually
any coal-fired plant with coal-related derate problems.

Based on the experience at Genoa, the PECOS team learned customization techniques and
application approaches to allow PECOS to be able to reduce fuel costs for coal-fired plants
that want coal quality to follow load.

We met the objective of determining through experience the capabilities of the PECOS
system and the costs and level of efforts required to customize and install for field
applications.

As a company, Praxis Engineers in general learned that the skills to interact effectively with
personnel across a wide range of job positions throughout a utility is critical to the successful
implementation of a broad-based system such as PECOS. The project gave us the experience
and confidence to foster these skills and put them at the forefront of how the company
deploys its solutions at customer sites.

We learned how to conduct the fact-finding and customer interactions necessary for
successful customization at asite.

We learned how to successfully train a wide range of personnel to use our software products.
We also learned how to produce useful training materials, User Manuals, and online help
systems that can be readily customized for any site.

We learned that objectives and operating procedures can change rapidly at a plant so our
products must be flexible enough to adapt.

We learned that the ability of our products to help reduce emissions is highly dependent on
the circumstances at the plant, including its overall design, operating procedure, and range of
available coal quality. Because of this, we have softened our emphasis on the environment
and focus more on the cost reduction aspects of the products—while maintaining a strong
core capability of the software to help utilities stay within emissions limits while carefully
balancing the costs of different compliance strategies to help meet or exceed emissions goals.
We learned the value of separating the PECOS solution modules (Coalogic and Optifire) for
individual implementation at sites that need some but not all of the functionality.

In general, we learned that the implementation of Optifire is more difficult and less cost
effective than Coalogic. Thus we follow the approach of treating Optifire (Optifire)
essentially as an add-on to Coalogic (Coaogic), since Optifire is designed to be more
accurate when used in conjunction with Coalogic and by design fits seamlessly into the
overall software structure.

51 Commercial Applications of Coalogic

Codogic has been well accepted in the plants where it has been installed. In every case, Praxis
Engineers has worked with the users to customize the software and the graphical user interface
(GUI) to the particular needs of the site. In general, operators find the product simple to
understand and easy to use as it gives them useful information about their system in real time.

A key reason for this customer satisfaction is because the system is well maintained. Praxis
Engineers can dia into each of our ingtallations from our office to make sure things are working
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properly. Once installed, Coalogic has had arecord of being online over 95% of the time at every
site. When problems do occur, Praxis Engineers typically responds within a very short time—on
average less than 24 hours.

Because Coalogic is a tool used by many different parties at a plant for different reasons,
extensive training is provided b each type of user. Praxis Engineers takes particular care to
ensure that training sessions are both easy to understand and tailored to the specific needs of the
Ste.

The best testimony to the power and utility of Coalogic is that every single customer who could
buy the product for additional plants has come back to do so.

5.2  Coalogic Customer Case Studies

Severa case studies of actual customer operational experience are presented here, along with
data from the sites.

TransAlta's Centralia Plant

At TransAlta's 1340-MW Centralia plant located in central Washington, Coalogic was installed
in May 2001 and is expected to save $2 million annualy from reduced fuel costs and SO,
emission-related derates.

“Codogic was a natura choice for the TransAlta Centralia Generation plant because the
technology has aready saved $2 million at another TransAlta facility in Alberta, while enabling
us to maximize the use of our cheaper, high-sulfur coa through the dynamic coal blending
capability of Coaogic,” said TransAlta's Andrew Hickinbotham, Senior Geologist, Coal
Utilization Research, Fuel Supply. “In the initial design phase, we expect the improved sulfur
performance and reduction in use of more expensive low-sulfur coals to save $2 million
annually. Coalogic has been aterrific product because it allows us to burn the right fuels at the
right time, which is critical in today’s market.”

The Centrdia plant will use Coalogic to reduce fuel costs by minimizing the amount of more
expensive, low-sulfur PRB coal burned in boilers. Leveraging Coalogic, Centralia can more
productively mix locally mined coa with PRB coal to minimize fuel costs, while still staying
within SO2 emission limits set by the federal Environmental Protection Agency.

Codlogic delivers rea-time, online coa blending recommendations at Centralia that provide
greater precision in fuel mixing than is currently available. As a result, Coaogic helps eliminate
on-site mine seam blending—a process that is less cost effective and lacks the same controls that
Coalogic provides.

Duke Energy’sMarshall Steam Station

At Duke Energy’s Marshall Steam Station, a 2,000-MW coal-fired plant with four units located
near Charlotte, North Carolina, Coalogic was used to blend purchased high-quality, low-ash coal
with cheaper low-quality, high-ash coa and synfuel without increasing coal-related derates,
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particularly those related to mills (insufficient Btu) and opacity, thereby significantly reducing
fuel costs.

Each unit at Marshall typically drops load for 6-8 hours each night and for approximately 20
hours on weekends. Using Coalogic, the cheaper high-ash coal and synfuel can be used at lower
loads while the higher quality coal is used at full load. The coals are properly timed so that when
load begins to pick up in the morning, the higher quality coa begins to arrive in the boiler
thereby ensuring that no derates occur. Similarly, Coalogic ensures that only when the load is
low, the lower quality fuels are used in the proper proportions to eliminate derates and minimize
fuel costs. Doing this, the plant is capable of saving $2 million in fuel costs annually.

To prove the concept that Coalogic will provide the right coal to the burners at the right time,
Duke Energy undertook extensive acceptance testing of the product. The tests consisted of
loading coals of different ash quality into the bunkers at different times and measuring the
exiting coal ash content at the mill. The measured ash samples were then compared to the ash
predictions of Coalogic to prove the concept that Coalogic accurately tracks the coal quality to
the burners. The results of one of the acceptance tests are shown in Figure 26 below. The
calculated ash was within 95% accuracy of the measured ash at al times during the test.

Predicted vs Actual Ash
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Figure 26. Acceptance Test Results at Duke Energy’s Marshall Plant
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A Plant at an Unnamed Utility

At an unnamed utility (they cannot be named because, for competitive reasons, they have a
confidentiality agreement with us) in the Eastern US, Coalogic was first installed at a single plant
to blend purchased high-quality, lowash coal with cheaper lowquality, high-ash coal without
increasing coal-related derates, particularly those related to ash erosion on the back end of the
boiler, significantly reducing fuel costs.

Each unit at the plant typically drops load for 6-8 hours each night and for approximately 20
hours on weekends. Using Coalogic, the cheaper high-ash coal can be used at lower loads while
the higher quality coal is used at full load. The coals are properly timed so that when load begins
to pick up in the morning, the higher-quality coa begins to arrive in the boiler so that no derates
occur. Similarly, Coalogic ensures that only when the load is low, the lower-quality fuels are
used in the proper proportions to eliminate derates and minimize fuel costs. Doing this, the utility
has saved $1 million in fuel costs per 1000 MW annually.

To prove the concept that Coalogic provides the right coa to the burners at the right time, the
unnamed utility undertook extensive acceptance testing of the product. The tests consisted of
providing a projected load profile describing the change in operating conditions for the unit and
having Coalogic calculate the required coa loadings to achieve least-cost operation. Based on
the given load profile, shown in Figure 2, Coalogic recommended first loading high-quality low-
ash coa at the proper time and in the right amount to catch the upcoming load increase, then
recommended a second loading of lower-quality, higher-ash coal to catch the subsequent load
drop. The plant then measured the coal ash content at the mills and compared them with the ash
predictions of Coalogic.

As seen in Figure 27, the resulting operation during the test displayed perfect performance as the
coal quality changes appropriately with load profile, thereby maximizing the use of cheap coal
without causing any fuel-related derates. During the test, the calculated ash was within 95%
accuracy of the measured ash at all times. Based on the results of this test, the unnamed utility
ordered Coalogic for al of the other plants it owns.
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Predicted vs Actual Ash
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Figure 27. Acceptance Test Results at Unnamed Utility Plant

The savings figures for Coalogic over an extended period of time have been impressive at this
utility. Asseen in Figure 28, at one of the units, Coalogic allowed a significant increase in cheap
coa usage compared to what the plant could do on their own. On average, the unit was using
17 GBtu more cheap coal without increasing derates with Coalogic in place. This represents
roughly $17,000 savings per day.
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Figure 28. Energy Savings from Using Cheaper Coals with Coalogic at Unnamed Utility Unit
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LIST OF ACRONYMS AND ABBREVIATIONS

APECS Advisory Plant and Environmental Control System, in development by EPRI but
devel opment was discontinued before maturity

BANCS Boiler And NOx Control System, one of the main solution modules of PECOS.
BANCS has recently been renamed to Optifire.

CBAS Coa Blend Automation System, one of the main solution modules of PECOS.
CBAS has recently been renamed to Coalogic.

CEM Continuous emissions monitor

ClU Computer interface unit

Codogic | New name for CBAS

CPU Central processing unit

DAS Data acquisition system

DOE U.S. Department of Energy

EPRI Electric Power Research Institute

ESP Electrostatic precipitator

GA Genetic algorithm

GUI Graphical user interface

HRM Heet rate monitor

LAN Loca area network

LOI Loss on ignition

NETL National Energy Technology Laboratory

ODBC Open Database Connectivity

OLE Object Linking and Embedding

Optifire New name for BANCS

PECOS Plant Environmental and Cost Optimization System, new name for SOCS as of
mid-1996

PEPSE Modeling tool for electric generators to perform integrated heat balances for power
plants, owned by SCIENTECH Incorporated

PMAX On-line power plant performance monitoring software, owned by SCIENTECH
Incorporated

PRB Powder River Basin cod

RAM Random access memory

RH Reheat

R*TIME | Real-Time Information System, owned by SCIENTECH Incorporated

SH Super- heat

SBIR Small Business Initiative Research, a DOE-sponsored research program

SOCS Supervisory Optimization and Control System, a product developed by Praxis
Engineers with funding from the DOE SBIR program. SOCS was renamed to
PECOS in mid-1996.

SQL Structured Query Language

UPS Uninterruptible power supply

WAN

Wide area network
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Introduction

Description of PECOS

The Plant Environmental and Cost Optimization System (PECOSJ) is an advisory
software system whose purpose is to recommend coal blends and least-cost control
system setpoints to the plant operator. The operator will be able to minimize overall
power production costs while meeting load, staying within emissions requirements,
and observing safety and operational constraints.

PECOS a so makes available information to the operators that is generally not known,
such as the properties of the coal currently being burned in the boiler. PECOSis
designed for real-time use by operators in fossil-fired power plants.

PECOS consists of several modules:
Coal Blend Automation System (CBAYS)
Boiler and NO, Control System (BANCYS)
Steam CY CLe OPtimization System (SCY CLOPS).

Aninstallation of PECOS may include one or more of these modules. Each module
consists of amodel of the system and produces recommended actions for the
operator.

PECOS offersavariety of features, including:
User-friendliness
A powerful and versatile graphics display
Real-time data collection

LAN/WAN-based operation, allowing use by operators, engineers, and
managers throughout the utility.

Note: Thisinstallation of PECOS includes only the CBAS module.

Brief Overview of CBAS

The Coal Blend Automation System (CBAS) is an on-line operator tool for optimal
blend management. CBAS s designed to aid in cost reduction and avoidance of
derates or operational problems dueto fuel quality inreal time. Itis part of PECOS, an
on-line system that assists the operator in selecting the mix of plant control setpoints
which meet |oad, emissions, and operational constraints at the lowest generation
cost.

There are four major components of CBAS which allow it to assist with blend
management:

A Guide to Using PECOS
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Coal Tracking Model tracks coal through the entire coal handling
system from receipts to the mills, and displays the coal amounts and
quality in the piles and bunkers.

Coal Pile Model tracksthe flow and storage of coal in the piles during
normal operation and during turnover.

Silo Flow Model tracks the flow and storage of coal in the bunkers.

Coal Blend Advisor isblending strategy software which works with the
information provided by the Coal Tracking Model to make use of the
segregated coal pile.

The benefits of CBASinclude:

Continual updating of the Coal Pile Model (using on-line syntron
operation and belt-scale data). This reduces the odds of the coal not
being available when and where expected.

Automated coal blend and syntron operation advice which can be
updated whenever coal availability, plant requirements, or handling
system equipment status change.

Continually updated displays of the coal in the piles and bunkers,
showing both amounts and quality distributions at each feeder and
bunker. Thisallowsthe operator to always be aware of the availability
of various coals.

The ability to add blend control for additional coal-related parameters,
such as heating value for high load periods, SO,, and NO,. All
parameters are considered in the blending recommendation.

The ability to adapt advice to shifting coal qualities from the mine.

Organization

ThisUser’s Guide isintended to assist you in learning how to use the PECOS and
take full advantage of the program’ s capabilities. The Guide includes the following
sections:

Getting Started. An introduction to PECOS designed to get new users up and
running in a short period of time.

A brief tutorial based on how different CBAS users might use the software.
Using the Software. A reference to the commands and options available in PECOS.

CBAS Software. A description of the Coal Blend Automation System (CBAS) user
interface.

CBAS Technical Description. A discussion of the background of CBAS and the
theory behind the software.

Glossary. An explanation of the terms used in PECOS and the User’s Manual.

Index. Anindex of items users can look up in the manual.

2 .
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New users may want to consider reading the “ Getting Started” section first, followed
by any part of the“A Tutorial on CBAS' section.

About this Manual

Special typefaces are used in this manual to help you distinguish between menu
commands, keys that you press, datathat you type, and terminology found in the

glossary.

Table 1. Printing Conventions Used in ThisManual

glossary at the end of this
manual

Convention Applies to Examples
Bold Menu commands and button | To open anew file, choose
names File, New from the File
Menu
Italic Terms explained in the menubar, toolbar, button

“Quotation marks”

PECOS data entry and dialog
box titles and names

“Time Period” box

Arial font

Keys on your computer’s
keyboard

Shift, Ctrl, Alt, F1

A Guide to Using PECOS
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Getting Started

Introduction to Getting Started

This section provides a description of the minimum hardware and software required
to run PECOS, describes how to install the software, and indicates the basic
operations needed to start and exit the program. It also provides an overview of the
basic navigational skills needed to access and view data.

PECOS isaclient-server application. Userswork with PECOS through the PECOS
client program (the user interface) on a PC at their desks or workstations. Throughout
the remainder of this manual, PECOS is used to mean the PECOS client user interface.

Hardware And Software Requirements

PECOS isaclient-server application. Userswork with PECOS through the PECOS
client program (the user interface) on a PC at their desks or workstations. The PECOS
client (the user interface) is designed to run on a 486 DX2/66 or higher IBM-
compatible computer running Microsoft Windows 95 or Windows NT 3.51 or later.
The following are required to work with the PECOS client user interface:

A hard disk and one diskette drive. Y ou need approximately 10
megabytes of hard disk spaceto install the PECOS client

A minimum of 16 MB of random-access memory (RAM)

A Super VGA monitor with at least 800 x 600 resolution and at | east
1 megabyte video memory

A printer if you plan to produce hardcopy output

A Microsoft or 100%-compatible mouse

Installing the Software

PECOSwill beinstalled and configured at your site by Praxis Engineers, Inc.

A Guide to Using PECOS Getting Started - 5



Known Problems

The following problems have been reported:

There are no units defined for the Expected Coal Delivery. The units of
Expected Coal Delivery are tonnes.

When changes are made to the Expected Coal Delivery or the Undo
Receipt and the Cancel Changes command is given, the user is not
asked to confirm the cancellation of changes.

When the Log window is selected, the Cut and Paste commands |ook
active (are not grayed out), but are not active.

If many small (100 tonnes or less) coal receipts are entered, the coal pile
stops responding to further coal receipts.

Getting Technical Support

If you are unable to resolve atechnical problem using the informationin thisUser’s
Manual, contact Praxis Engineers, Inc. at (408) 945-4282 (tdl), or (408) 263-2821 (fax),
or support@praxisengineers.com (E-mail).

Starting and Exiting PECOS

Using PECOS effectively requires some knowledge of how to use Windows.

To start PECOS in Windows NT 3.51, open the PECOS Group in Program Manager
and double-click the PECOS icon.

To start PECOS in Windows 95 or Windows NT 4.0, from the Start menu click on
Programs, and then PECOS.

The introductory screen specifying the version of the software briefly appears. There
may be adelay of afew seconds while the client receives current datafrom the server.

To exit PECOS, double-click the control menu box (in Windows NT 3.51), click on the
close box in the top right hand corner (in Windows NT 4.0 and Windows 95), or
choose the Exit command from the File menu.

Security

The current version of PECOS does not ask for a username and password. This
functionality will beincluded in future versions of the software. However, a
password is needed to get into edit mode.

PECOS Screen Design

When PECOS starts up, you will see that the main PECOS window is divided into
three sub-windows:
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All of the windows can be resized.

Main View Window

The Main View window takes up most of the screen and displays the data, diagrams,
graphs and advice. The user decides what is displayed in the window through the
Tree View window. The user also has some control over how the data are displayed
(usually found under the View menu). Seethe section on any specific view for more
details.

Tree View Window

The Tree View window is located on the | eft side of the screen. Through the Tree
View window, the user defineswhat is seen in the Main View window. Detailed
directions on how to access information using the Tree View window are found in
“Using the Software: Tree View Window” on page 25in the “ Using the Software”
section.
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Log Window

The Log window islocated at the bottom of the screen and displays information on
what PECOSisdoing. A typical example of aLog window messageis “Receiving
1000 tonnes of Seam 4 in syntron 9...” followed by “ Transaction completed”. This
message is displayed after the user has entered a coal receipt. Any program error

messages are displayed in this window.
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A Tutorial on CBAS

Overview of the Tutorial

This section provides a short tutorial on how the CBAS software module of PECOS s
used on atypical day. Itismeant to get users of CBAS up and running quickly. The
features and capabilities of CBAS are described in more detail in the remaining
sections of the manual.
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First, asa CBAS user, make sure that the Tree View window is displaying the CBAS
pane. The Tree View window isthe window located at the left. Thisisdone by
clicking on the CBAStab at the top of the Tree View window. Thisbrings up alist of
CBAS topicsthat can be displayed in the Main View window.

EB&‘}J BANCS |

-1 Coal Piles
l:l Coal Handling System
(xRN it 1 Bunkers

Viewing Data

CBAS displaysthe following data:
Coal pile status, including coa quality
Bunker status, including coal quality and amount of coal in the bunkers
Properties of the coal being used in the boiler

Real-time on-line coal handling system data, such asweigh scale
readings, on/off status of syntrons and diverter gate positions

Coal blending recommendation.

The user has the ability to adjust the views to some extent and to access more
detailed information about some items. In thislesson, we will view the coal pile,
adjust the view of the coal pile, and view the bunkers.

Viewing the Coal Pile
Thefirst thing we will 1ook at isthe state of the coal pile.

CEAS | BANCS |

-|_7 Coal Piles
: Coal Handling System
(=Bl N L it 1 Bunkers

To view the coa pile, click onthe“+” signin front of Coa Pilefolder inthe Tree View
window. Thiswill expand the folder tolist all of the available coal piles. Sincethereis
only one coal pile at Keephills, thereisonly one coa pile listed—"Pile 1”.

CBAS | BN |

L Pile 1
l:| Cadl Handling System
B2 Unit 1 Burkers

Next, double-click onthe“Pile 1” item name. This brings up aview of the coal pilein
the Main View window.
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The coal pileisdisplayedin
the Main View window when
you double-click on the
“Pilel” iteminthe* Coal
Piles’ folder.

The balloon gives detailed
information about the coal in
the layer at which the mouse
pointer is pointing.

Blend Advice button

Live Coal {tonnes)

Seam # Synl Synd | Syn3 | Synd | SynS | Syné | Swm7 | SynE | Syn? Total
Searn 1 1838 2347 2220 443 ] ] ] ] ] 50039
h Searn 2 ] ] 284 19 2706 2432 520 ] ] g1l
I] Searn 3 ] ] ] ] ] ] 53 1160 8 1919
I] Searn 4 ] ] ] ] ] 50 638 6 a7 1318
Searn 6 ] ] ] ] ] 23 09 6533 1137 2182
Total 1839 2347 2564 2662 2706 2505 240 2144 1422 20480

The default view of the coal pile displays only thelive coal. The colorsinthe pile
represent different coals by properties. The default view isto display the pile color-
coded by seam number. There are several ways to adjust the view of the coal pile
using the commands under the View menu. The next section of the tutorial, “If you
have brought up the Blend Recommendations Table, go back to the Coal Table by
clicking onthe Coal Table button.

Adjusting the Coal PileView’, coversthis.

Thelayersin the coal pile represent the order in which the coal is removed from the
pile. The bottom layer of coal will come out of the pilefirst, the second-to-lowest
layer comes out next, etc. More detailed information about each coal layer is
accessed by placing the mouse arrow above alayer. A balloon box appearslisting
the coal properties of that layer.

9% 0% 46%%

T otal 'Weight: 500 tonnes
Searm #1; 23 463
Seam H2: 7B 54%
I IMoisture: 21.1%
4 fhsh 12.65%
Sulfur; 0.27%
H: 7995.0 Btudlb
S odiunn; 263
Opacity Patential: 16.6% [ |
Mitrogen: 0.6% |

The table above the coal pileisasummary of thelive coal on top of each syntron.
Thelast column in the table shows the total values for the live coal in the pile.

The recommendations cal culated by the Coal Blend Advisor are accessed by clicking
onthe Blend Advice button at the bottom of the screen.

A Guide to Using PECOS

A Tutorial on CBAS - 11



If you have brought up the Blend Recommendations Table, go back to the Coal Table
by clicking onthe Coal Table button.

Adjusting the Coal Pile View

It ispossibleto display the coal pile with respect to coal properties rather than seam
number. Wewill now view the coal pile in terms of heating value.

To display the coal pile color-coded by the heating value of the coal, click on the
View menuto list the menu options under View. Then click onby HV. Theview of
the coa pile and the summary table in the Main View window change to reflect the
heating value of the coal.

m Options

- Toolbar
-/ Status Bar

by Seam
by Sulfur
by Ash
by Moisture
by Sodium
by Nitrogen
by Opacity
+*Dead Coal

To adjust the ranges of the heating value, choose the Coal Property View
Ranges command from the Options menu. From thelist of properties, click onHV.
The“ Setup Property Range” dialog box appears.

Setup Property Range

Range for HHV:

Min ¥alue: |8000.0 Btu{flb

Max Value; |[8200.0 Btu/lb
UK Cancel

Enter the minimum and maximum values for the heating value. Thetotal rangeis
automatically divided into five parts. Thefirst division refersto values less than the
minimum, the last to values greater than the maximum, and the three sectionsin the
middle are divided equally.

Click on OK after you have entered the new minimum and maximum values. The
results are displayed in the color coding of the pile and the summary table above the
pileimmediately.

Another coal pileview adjustment isto make the entire coal pile visible— dead coal
aswell aslivecoal.

12 -
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4l

View Dead Coal button

To view the dead coal, choose Dead Coal under the View menu or click on the
View Dead Coal button on thetoolbar. Theresulting display shows the dead
coal aswell asthelive coal.

State: Normal Operation|

Live Coal (tonnes)

HY, BtuT Synl | Sym2 | Syn3 | Symd | Sym3 | Symé | Syn7T | SymE | Sym® | Total
<3000 1530 2347 2564 11e2 i ] ] ] o w1z
(5 =o000-s066.7 i i i 459 i ] ] ] ] 459
(I 066721333 i i i i i 0 ool 2143 o 314z
W s1333-2200 i i i i i ol 1240 ol 1421 2661
0 =2200 i i o 1ooo]  2706] 2564 0 0 o a2
Total 1839 2347 2564 26s1]  2706]  25ed|  zzee|  21as] 1421 20434

61% 78% 85% 89% 90% §5% 75h% 1% 47%

59% 01 79% {0 90% 1 94% 0L 96% {01 97% 01 92% {00 87% 1 79% ‘0L 53%
1 ? 3 4 5 b 7 ] g

Blend Advice

Viewing the Bunkers
Now we will take alook at the bunkers.

To display the Bunker Overview data, click on the“+” signin front of the Bunkers
folder. Choosethe“Bunker Overview” item by double-clicking on the name.

CEAS | BANCS |

B B
D gl Pile 1
l:l Coal Handling System
=123 Unit 1 Bunkers

M Bunker Overview

g Bunker

- BunkerB

----- W BurkerC
----- W BurkerD

A view of al of the bunkersisdisplayed in the Main View window.
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The layersrepresent the
order in which the coal will
be withdrawn from the
bunkers. They are color-
coded by seam number .

Unit 1 Bunkers

12% 42% 30% 35%
O O O O
® O oW O
A B c D
Feeder 3, 50% 37% 36%

Mass Averaged Properties Exiting to Burners

Seam1.%: | 2364 HHY, Budb: | 2047

18

Seam 2. %[BT Muoigture, %: |21.03

ash, % [1473
Seam3. % (493 ®

Opacity Potential, 3; [16.03
Seam 4, % (047

BEONERN

Sulfur, Z: |1.29

SeamB. % (1482
. Mitrogen, %: |0.83

17
A3

[] Undefined, %: Sodium, %: (269

Thecirclesto the left of each bunker represent the high and low level “lights”.

The number below each bunker is the feeder speed, representing the flow of coal from
the bunker to the mill.

The properties listed below the bunkers are the mass averaged properties of the coal
feeding the boiler from all mills currently running.

The coal in the bunkersis color-coded by seam. Thelayers represent the order in
which the coa will be discharged from the bunkers (similar to the layersin the coal

pile).
More detailed information about each layer of coal can be obtained by placing the

mouse pointer over the layer of coal. A balloon appears, showing the properties of
the coal inthat layer.

Unit 1 Bunkers
762 74%

® O

=
=
[
&
=
=
o
(8]
=1
=
=
T
o

C M oisture: 20.8%

zh: 14.0%
ATHSulbur 1.2%
HH: §178.0 Btu/lb
Sodium: 2.8%
jed Prope(Qpacity Potential: 14.8%
Mitrogen: 0.8%

—

Each bunker can be viewed individually by clicking on the bunker name from under
the“Bunkers’ folder in the Tree View window or by clicking on the desired bunker in
the “Bunker Overview” screen.
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In the views of individual bunkers, the properties of the coal currently going to the
mill from that bunker are shown. Also shown isthe status of the bunker’s high and
low level lights.

Unit 1 Bunker A
25%

High off

Feeder Speed: 45%

Coal Properties Exiting to Burners

. Seam 1, & ID-E| HHY, Btuslb: |8155

. Seam 2, % I-’iB.D Moisture, %: |2U.?9
I % [140

D Seam 3, % [54.0 Ash, %
Ii Opacity Potential, & |14- 2]

Seamd, % |00

D Sulfur, % |'|.25

@ Sert* oo Mitrogen, % IU-31

|:| Undefined, %: ID.EI Sodium, 2 IT

Coal Pile Data Entry

There are afew different options for dataentry. Most of the data entry is done when
the coal pileisdisplayed inthe Main View window. So before we begin with the data
entry lesson, make sure the coal pileis shown inthe Main View window by clicking
on the“Pile 1" item under the “ Coal Piles’ folder.

In thislesson, we will edit seam 1 coal properties and record the receipt of Seam 1 and
Seam 3 coal. Thenwe will adjust the amount of coal in the free flow above syntron 1.

Editing Coal Quality Data

The coal quality values describe the coal that isto be received. These data must be
entered manually.

‘? ] To change the properties of the coal, the program must be put inedit mode. To do
Start Edit Button this, click on the Start Edit button or choose the Start Edit command from the Edit
menu.

A dialog box appears requesting a password. Typein the password and click on OK.
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= Password

Flease enteryour passward.

I, Cancel

The summary table disappears and is replaced with six buttons—Coal Receipt,
Coal Quality, Exp Delivery, Adjustment, Turnover, and Undo Receipt.

|EDaIHeceipt| | Enaluualityl |E:-:|:| Deliveryl | Adjustment I ‘ Turnoeer I ‘Llnu:h:u Heceiptl

Click onthe Coal Quality button to bring up the “Coal Quality” dataentry dialog
box. Choose the appropriate seam number. Thisis done by clicking on the down
arrow next to the “Seam #” edit box to display adrop down list of seam numbers.

Coal Quality
Seam ¥ I b

a
Seam 1
Seam 2

Seam 3
HHY: I—?Seam 4 P.58 %
Seam b

Moisture: |21-3 % Nitrogen: II].B %
Ash: |14.0 %  Opacity Potential: |22.u o

Sulfur: (1.2 %

)

Cancel

In thislesson, we are editing the properties of Seam 1. Choose Seam 1 from the drop
down list.

Move the mouse to the Opacity Potential box and click once. A cursor appearsin the
box. Replace the current value with 20.0.

When you are done, click on the OK button.

The newly entered coal qualities are used for newly received coal. The changes made
to the coal qualitiesdo not affect the coal already in the pile or in the bunkers.

Entering Coal Receipt Data

Since coal receipt is not automatically measured, it is necessary to enter the data
manually. The datathat are entered include the seam number, amount, and loading
location. Itisimportant that the coal receipt data be entered close to the actual time
of coal receipt.

We will be recording the receipt of 3000 tonnes of Seam 1 coal at loading point 3, and
2500 tonnes of Seam 3 coal at loading point 5.

16 -
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To enter coal receipt data, click onthe Coal Receipt button. The“ Seam Number
Selection” dialog box appearsfirst. At this point, the user chooses the seam that has
been delivered. Only one seam can be “delivered” at atime.

Seam Mumber Selection

0K

Cancel

Select “Seam 1” and click on the OK button.

The " Coal Receipt” dialog box appears. Since the coal was placed above syntron 3 (or
loading point 3), specify the loading point by clicking on the left or right arrow until 3
isdisplayed in the“Load Point” edit box.

Typeinthe amount of coal loaded at the |ocation—3000 tonnes. The dialog box
should look like this:

Coal Receipt
Seam 1:

3000 tonnes
|

Load Pnint:la_ | | 2 |

Coal can bereceived at several loading points. To load coal at another location, click
on theleft or right arrows again to move the next loading point and enter the tonnage
delivered to the second location. No more Seam 1 coal was delivered at thistime, so
we don’t need to do this.

Repeat the coal receipt for Seam 3. Start by clicking on the Coal Receipt button.
Thefinal “Coal Receipt” dialog box should look like this:

Coal Receipt
Seam 3:

25|]|]| tonnes
|

Load Pnint:|5_ | | 2 |

Click on OK.
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|i| Save Changes Button

Start Edit Button

Now that the data entryiscomplete, it isimportant to exit the edit mode and to
savethe changes. Thisisdone by clicking onthe Save Changes button or by
selecting the Save Changes command from the Edit menu.

The coal receipt dataentries are listed in the Log window.

Committing changes...
Receiving 3000 tonnes of Seam 1 in syntron 3...
Receiving 2500 tonnes of Seam 3 in syntron 5...
Transaction completed

The coal receipt does not appear on the screen immediately after the Save Changes
command isgiven. The command to load the coal onto the pileisimmediately sent to
the Coal Pile Model, but the results of the coal receipt may take up to 30 secondsto
return to the user interface.

Adjusting the Coal Pile

If you compare the actual coal pile to the coal pile modeled by CBAS and find that the
amount of coa in the actual pile differsfrom the amount of coal that CBAS thinksisin
the pile, the pile model will need to be adjusted. The discrepancy may be dueto
slightly incorrect coal receipt data entry or because an automatically recorded signal
is not accurate (such as syntron feeder speed).

First, the program must be put into edit mode again. Thisisdone by clicking on the
Start Edit button, or by choosing the Start Edit command from the Edit menu.

Enter the password when the “Password” dialog box appears and click on OK.

The summary table above the coal pile disappears and is replaced by the six coal pile
edit buttons.

EDaIHeceiptI | Enalllualityl |E:-:|:| Deliver_l,ll | Adjustrment I ‘ Turniowver I ‘Llnu:h:u Heceiptl

To make an adjustment, begin by clicking on the Adjustment button. The “Coal Pile
Adjustments” dialog box appears.

Coal Pile Adjustments

Syntron Number

IEI].I] % full

0K | Cancel

Different syntrons are accessed through the drop down list. The number shown in
the “% full” edit box when the “ Coal Pile Adjustments” dialog box isfirst openedis
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|i| Save Changes Button

the percentage of coal in the live pile above each syntron as determined by the Coal
Pile Model. The number that needsto be entered is the actual percentage of coal in
the live pile over the syntron.

Adjustments should only be made for live piles (syntrons) that seem significantly
incorrect.

For thislesson, select “1” from the drop down list. Change the existing value to make
the pile above syntron 1 60% full. Click onOK. Thisrecords the adjustment locally
and closes the “Coal Pile Adjustments’ dialog box.

In order the send the Coal Pile Adjustmentsto the Coal Pile Model, it is necessary to
save the changes by clicking on the Save Changes button or by choosing the
Save Changescommand from the Edit menu.

The adjustment does not appear on the screen immediately after the Save Changes
command isgiven. The command to adjust the pile isimmediately sent to the Coal
Pile Model, but the results of the adjustment cal cul ation may take up to 30 seconds to
return to the user interface. However, the Log window immediately displays the data
that are sent to the server.

Committing changes...
Adjusting syntron 1 to 60.0 full...
Transaction completed

For information on how the adjustment is madein the Coal Pile Model, see the section
“Coal Pile Adjustments” on page 56.

Editing Blend Advisor Parameters

Blend Advice button

To view thetable which lists all of the coal blend recommendations, click on the
Blend Advice button in the bottom |eft hand corner of the Coal Pile Main View
window.

The Coal Piletableisreplaced with the Blend Recommendations Table, which liststhe
top ten recommended blends cal culated by the Coal Blend Advisor.

Blend Recommendations Table

Calculation Time: 17 September 1997 13:50
Blend Target Opacity Potential, Accounting for ESP Conditioning: |15-5 %

Fuels |Syn A [Spn:tph) [ Syn B [Spn:tph) [ Syn C [Syn:tph] [Opacity Pol. [¥] | HY [Btu/lb)
1:240 o210 16.4 1558
2:240 0210 16.4 1558
3:240 0210 16.4 1558
1200 70350 16.5 21
3200 7250 16.5 T2l
2:200 7250 16.5 621
20200 B350 16.3 619
3:200 B 250 16.3 610
1200 23250 163 e
4290 5160 15.2 2266

61% 78% 85% 89% 90% A7%

E T G G % v

| Coal T able I | Optians II Recaloulate I
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The recommended blends are calculated based on the on-line information received by
PECOS aswell as the constraints and options specified by the user. Inthisexercise,
the user will learn how to adjust the Blend Advisor options.

To access the Blend Advisor options, click on the Options button which appears
when the table of blend recommendationsis displayed above the coal pile.
Alternatively, click on Options on the menu bar and choose Coal Blend Advisor.
This causes the “ Blending Options Setup” window to appear.

= Blending Options Setup

rayhtrons Statu
Murnber of Syntrans: I:2 B Syntron  Operational Fhldui;wates’htdpai

Fixed Syntion: [none (3] ® #1 Yes 150 [300
Equal Flaws: IND— E x| g2 Yes W W
®#3  ves [0 a0 |
a4 ves  [i50 [0

Power Farecast (bW): | 400 % #5 Yes 150 300

Opacity Upper Limit (%) [1a.00 X #6 Yes 180 | [3o0
Heating Value Lower Limit (Etuflo): [0 X#7  ves [0 a0 |
% #8 ves [0 [am

[ #9 Yes 150 300

Cancel

There are three sections in the “Blending Options Setup” window:
Type of solution to be recommended
Goals and constraints the solution ahould achieve and adhere to
Syntron status.

The options that define the type of solution include how many syntronsto use,
whether to fix a syntron, and whether the flows of the syntrons should be equal.

The goals and constraints include the predicted average power to be generated in the
next four hours, the opacity limit, and the minimum heating value from the blend.

The syntron status options include specifying the operational status of the syntrons
and specifying a minimum and maximum flow for each syntron.

Fixing a Syntron

Sometimesit is desirable to force the Blend Advisor to use a particular syntron. For
example, if it is known that the space above syntron #1 should be emptied, the user
can tell the Blend Advisor to include syntron #1 in all of its recommendations.

To specify that syntron #1 should be used, after “Fixed Syntron:” in the “Blending
Options Setup” window, choose “1” from the dropdown list. Click onOK.
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A Tutorial on CBAS

A Guide to Using PECOS



The “Blending Options Setup” window closes and arecal culation of the blend
recommendationsis automatically performed. The new results are displayed in the
table.

Blend Recommendations Table

Calculation Time: 17 September 1997 13:58
Blend Target Opacity Potential. Accounting for ESP Conditioning: |15-5 %

Fuels | Syn A [Spn:tph) [ Syn B [Spn:tph] [ Syn C [Syn:tph] [Opacity Pol. [¥]| HY [Blu/lb]

1:240 9210 16.4 7558
1:200 70250 16.5 7621
1:200 3250 163 7619

Specifying the Number of Syntrons

Assume that the east belt has been shut down for maintenance, making it necessary
to use three syntrons. Click on the Options button to bring up the “Blend Options
Setup” window. From the dropdown list next to “Number of Syntrons.” choose“3”.
Click on OK.

The Blend Advisor automatically recal culates the recommendations and the new
results are displayed.

Blend Recommendations Table

Calculation Time: 17 September 1997 14:01
Blend Target Opacity Potential. Accounting for ESP Conditioning: |15-5 4

Fuels |Syn A [Synctph) [Syn B [Syn:tph) |Syn C [Syn:tph) [Opacity Pot. [3X) HY [Btu/ib)
1:170 2:150 0280 16.4 1558
1:170 3:150 9280 16.4 1558
1:300 8150 9150 16.5 1517
1270 7180 8:150 16.4 T4
1:250 4160 0190 16.4 711
1:250 6170 0180 16.4 i
1:250 5:170 0180 16.4 iy
1:220 4160 8220 16.4 7741
1:220 5:150 70230 16.4 7153
1220 6150 7230 16.4 7153

Note that each recommendation now includes three syntrons with syntron #1 as one
of the syntrons.

Tagging Out a Syntron

Sometimesit is desirable to specify which syntron should not be used. For example, a
syntron may be out of service.

In this exercise, we will turn off syntron #9. Click on the Options button. Inthe
Syntron Status section, click onthe x in front of #9. The x disappears and the
Operational statusturnsto “No”. Click on OK.
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Blend Recommendations Table

Calculation Time: 17 September 1997 14:02
Blend Target Opacity Potential, Accounting for ESP Conditioning:

|1E.5 %

Fuels | Syn A [Syn:tph) |Syn B (Synctph]

Syn C [Syn:tph] |

Opacity Pot. (%] | HY [Btu/lb)

1:270 7180 3:150 16.4 614

1:220 4: 160 g:2a0 16.4 1741

1:220 5:150 7:230 16.4 1153

1:220 6:150 7:230 16.4 1153

1:210 4:170 70220 16.4 1763

1:220 5:170 3210 16.4 1158

1:220 6:170 5210 16.4 1158
612 7h% 7%
; ; ¥

The Blend Recommendations Table now lists blends with three syntrons that do not
include syntron #9 but do include syntron #1. Also notethat an “X” appears under
syntron #9 indicating that it is not used in the blend recommendation cal culations.

Thetagging out of syntron #9 has no effect on the Coal Tracking model. It only
effectsthe Coal Blend Advisor and the recommendations it makes.

A possible source of confusion isthat there are two syntrons at each of the nine
locationsin the pile, but there is only one “on/off” switch for each syntron. Thisis
because the Blend Advisor treats each pile location asasingle entity. If either the
east or the west syntron in asingle location is operational, the Blend Advisor can
recommend the use of that syntron.
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Using the Software

OverviewBasic Navigation

This section provides general instructions about the use of PECOS. Details of the
application of its Coal Blending Automation functionality are givenin “CBAS
Software” on page 31.

Commands and navigation in PECOS are accomplished using the menubatr, the
toolbar, and the Tree View window. All commands and functions are available from
the menubar, and the toolbar providesbuttonsto accomplish the most used tasks.

Most of the detailsin this section are repeated in the On-Line Help and can be
accessed using the Help menu.

Using the Software:Tree View Window

The Tree View window is located at the left side of the screen. Through the Tree
View window, the user defineswhat is seen in the Main View window.

CBAS | BANCS |

-7 Urit 1 Bunkers

Each PECOS moduleislocated in a different pane of the Tree View window and is
accessed by clicking on thetab at the top of the window. Only the tabs for those
modulesinstalled at your site are visible. For example, if your site has CBAS and
BANCS, the tabs at the top of the Tree View window include CBAS and BANCS.

The Tree View window displays data relationshipsin the modules. Y ou can access
information about the modules from the panes. To accessitemsfor viewing in the
Main View window, expand afolder (such as“Coal Piles’ or “Bunkers”) by clicking
on the*+" to theleft of the topic or by double-clicking on the folder.
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CEAS | BANCS |

19
=% _3 Coal Handling System

M. Overview Diagram

-8 Coal Plant D ata
-2 Unit 1 Bunkers

Double-clicking on the name of theitem you wish to view (such as* Overview
Diagram”) brings up that item in the Main View window.

The Tree View window can be resized by dragging its borders.

The Menubar

The menubar is a standard Windows-type menu located at the top of the screen
below thetitle bar.

File Edit View Options Equipment Help

Each menu can be accessed by clicking itstitle or by pressing Alt + the underlined
letter of thetitle. For example, to accessthe View menu, pressAlt + V. Each
command within a menu can be executed by clicking it, or by typing the underlined
letter initstitle. For example, to choose the Exit command from the File menu, open
the File menu and then type x.

File menu

The File menu contains some of the standard Windows commands for file
management. The Print command prints the current window. Only the Log window
can be printed in this version of PECOS.

Edit menu

The Edit menu contains standard editing features such asCopy, Cut, and Paste.
The Edit menu also contains the commands for Start Edit, Save Changes,
Cancel Changes and Startup Adjustment.

mgiew Options Equip

Start Edit
Save Changes
Cancel Changes

Cut Ctri+X
Copy Ctrl+C
Paste Ctrl+Y

Startup Adjustment

When editing the Coal Pile datain this version of PECOS, the toolbar and menu
cannot be accessed. However, the Copy, Cut, and Paste commands can still be
used by employing the Windows-standard short-cut key stroke combinations. For
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Copy, the short-cut key stroke combination isCtrl-C, Cut isCtrl-X, and Paste is
Ctrl-V.

The Start Edit command is used to begin dataentry. The Start Edit command is
inaccessible or “grayed out” if the current Main View window is not displaying a
screen into which data can be entered. Inthisversion of PECOS, the Start Edit
command is used only inthe Coal Pileswindow to enter coal-related data.

Save Changes savesthe newly entered data and exits the edit mode. Whenever
dataisentered or edited, it isimportant to save the changes using this command.
The Save Changes command actually sendsthe datato the PECOS server. Up
until the Save Changes command isgiven, it ispossible to change or cancel any
dataentry.

Cancel Changes exitsthe edit mode without saving any of the changes or
registering any of the data entry. These two commands are “grayed out” if PECOSis
not in data entry mode.

Startup Adjustment allowsthe user to adjust the datathat are read into the
program at startup. When PECOS starts up, it readsin the data that were saved from
the previous session. If these data are not relevant, the user can delete some or all of
the startup data using the Startup Adjustment command. A password is required
to access this command.

View menu
The View menu is used to display or hide the toolbar and status bar.

The View menu also allows the user to define certain aspects of the current Main
View window. Seethe section describing a particular Main View window for details
on the View functionality.

v Toolbar

+ Status Bar

+ by Seam
by Sulfur

b HILIVF

Options menu
The Options menu is used to define PECOS options.

Copions |

Coal Property Yiew Ranges »
Coal Blend Advisor 3
Edit Mode Timeout

See “CBAS Software: Coal Piles” on page 32 and “ CBAS Software: Coal Blend
Advisor Options” on page 44 for more details onthe Coal Property View Ranges
and the Coal Blend Advisor commands, respectively.

Edit Mode Timeout

If the program isin edit mode, and no activity has occurred (such as dataentry) for a
specified period of time, adialog box appears with the warning that the program is still
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in edit mode and that the data have not been sent to the server. Thisfunctionality is
included in the event that the user forgetsto Save Changes after entering data.

The Edit Mode Timeout (the time between which the warnings appear) doubles after
each warning. The original Edit Mode Timeout period can be adjusted using the Edit
Mode Timeout command.

Invoking this command brings up the “ Edit Mode Timeout” dialog box.

= Edit Mode Timeout

Please enter timeout in seconds:

|15 seconds

0K Cancel

Typein the amount of time in seconds that you want to be idle before the program
reminds you that you have not saved your changes and click on OK.

Equipment menu

The Equipment menu is used to mark equipment as unavailable or turned off. For
example, if apiece of equipment is down for maintenance, it isimportant to mark it as
“out of use” so that the optimization algorithm does not consider it as an option.

Equipment m

Syntrons
Bunker Gates

Help menu

The Help menu provides quick on-line help about using PECOS. Usethe Contents
command to view the topics available. The About PECOS command gives general
information about PECOS, such as the version number and how to get technical
support.

Help

About PECOS...
Contents
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The Toolbar

‘f Start Edit Button

|i| Save Changes Button

A EEER)

Thetoolbar, located below the menubar, contains buttons to Cut, Copy, Paste,
Print, and to accessHelp. The toolbar also has buttons which represent the
commands Start Edit, Save Changes, and Cancel Changes, and a special
View Dead Coal button used to view the dead coal in the Coal Pile window.
Buttons that do not apply to the current window are “grayed out” or inaccessible.
The toolbar may be hidden or re-displayed at any time by changing the status of the
Display Toolbar optioninthe View menu.

Clicking a button on the toolbar will execute the associated command. If you position
the mouse pointer over any of the buttons on the toolbar, a message appears
describing the action the button performs. Move off the button if you do not wish to
execute the command.

Starting an Editing Session

An editing session can beinitiated by clicking the Start Edit button on the toolbar.
Y ou must be in awindow that allows data entry or data editing in order to use this

command. If dataentry isnot availablein the current Main View window, the button
isgrayed out. After invoking the Start Edit command, the program isinedit mode.

Saving Changes

After data entry has been completed, the user must commit the newly entered datato
the server, or savethe data. Thisisdone by clicking on the Save Changes button
or by choosing the Save Changes command in the Edit menu.

If the user tries to moveto adifferent window without saving or canceling the
changes, adialog box appears asking the user whether the changes should be saved.
Clicking on Save Changes savesthe changes and exits edit mode (asif the Save
Changes command has been invoked). Clicking onNo cancelsthe changes and
exitsedit mode (asif the Cancel Changes command had been invoked). Clicking
on Cancel does nothingCPECOS stays in edit mode and the current Main View
window does not change.

Changes have been made. Do you want to save
the changes?

Mo Cancel
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|EI Cancel Changes Button

% |Es| @)

Cut, Copy, and Paste Buttons

a

View Dead Coal Button

%I Print Button

Canceling Changes

If amistake has been made, it is possible to cancel the data entry and data edit by
clicking onthe Cancel Changes button or by choosing Cancel Changes inthe
Edit menu. You will be asked to confirm that you want to cancel the changes before
continuing. If you want to save the changes and exit the edit mode, click on the
Save Changes buttoninthe“Cancel Edit” dialog box. Clicking onthe Cancel
button keeps the application in edit mode and does not save or discard any of the
changes you have made.

= Cancel Edit

Are you sure you want to cancel the changes?

Save Changes Cancel

Cutting, Copying, and Pasting

When in edit mode, use the Copy, Cut, and Paste buttons or the Edit menu Copy
command to copy selected data to the clipboard. To copy or cut datato the
clipboard, highlight an area and click the Copy or the Cut button.

When editing the Coal Pile datain this version of PECOS, the toolbar and menu
cannot be accessed. However, the Copy, Cut, and Paste commands can still be
used by employing the standard Windows short-cut key stroke combinations. The
short-cut key stroke combination for Copy isCtrl-C, Cut isCtrl-X, and Paste isCtrl-
V.

Viewing Dead Coal

When viewing the coal pile, it is possible to toggle the view of the dead coal on and
off. Thisisdone by choosing the Dead Coal command from theView menu or by
clicking onthe View Dead Coal button on thetoolbar. For moreinformation, see
the section “ Different Views of the Coal File.”

Printing Current Window

Use the Print button or the File Menu Print command to print the current window.
Inthisversion of PECOS, only the Log window can be printed.
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CBAS Software

Overview of CBAS

The Coal Blend Automation System (CBAS) module of PECOS has severa
components including:

A model of the coa pile

A model of the coal handling system from the coal pile to the bunkers
Models of all of the bunkers

Coal Blend Advisor.

The models track the coal from delivery in the coal yard up to the boiler and provide
the operators with information on the coal and its properties at any point in the coal
handling system. Especially useful are the data on coal quality in the coal pileandin
the bunkers.

The Coal Blend Advisor usesthe coal tracking model information to develop coal
blend recommendations and advise operators how to achieve the recommended coal
blend.

More detailed information on the CBA S technology can be found in“CBAS
Technical Description” on page 53. “CBAS Technical Description”.

The CBAS paneinthe Tree View window lists three folders: Coal Piles, Coal Handling
System, and Bunkers.

CBAS | BANCS |
=3 Coal Piles

: gl
=43 Coal Handling System
o bR Overview Diagram

-3 Coal Plant Data
-2 Unit 1 Burkers

The following sections describe the features of each folder and the items located
within the folders.

A Guide to Using PECOS CBAS Software - 29



Coal Piles

The Coal Pilesfolder containsinformation about the coal piles. The type of
information that can be found in the Coal Pile screen includes the amounts of coal in
various locations in the pile and the quality of the coal in the pile. In addition, the
results of Coal Blend Advisor calculations are displayed on the Coal Pile screen.

All of the coal pilesat your plant are listed when the Coal Pilesfolder is expanded.
The Coal Pileisdisplayed inthe Main View window by double-clicking on the *“ Coal

Pile1” itemin the Coal Pilesfolder.

Live Coal {tonnes)

Seatn # Syul | Sym2 | Syn3 | Sym4 | Syn3 | Symé | Syn7T | SymE | Sym?® | Total
Seamn 1 1839 2347 2280 443 0 0 0 0 0 6909)
h Seam 2 0 0 284 2219 2706 2432 520 0 0 2161
I] Seam 3 0 0 0 0 0 0 53 1160 & 1919
I] Seam 4 0 0 0 0 0 50 658 I m 1318
Seamm 6 0 0 0 0 0 &3 309 653 1137 2182
Total 1839 2347 2564 2662 2006 2565 2240 2144 1422 20429

The state of the coal pileisindicated in the top right hand corner. The possible
statesinclude “Normal Operation,” “Sto N Turnover,” “N to S Turnover,” and
“Turnover Paused”.

A summary of thelive coal inthe pileisdisplayed in the table above the coal pile.
The datain the summary table indicate the total amount of each type of coal above
each syntron. The categories of coal in the summary table are adjusted when the coal
pileview ischanged. Seethe section, “Different Views of the Coal Pile” on page 33
for more details.

Coal Pile Layers

The layers shown represent the coal in the order in which it will be reclaimed from the
pile. For example, the bottom layer of coal will be removed from the coal pile first, the
second layer from the bottom will come out next, etc.

More detailed information on alayer of coal in the pile can be obtained by moving the
mouse over alayer. A balloon appears which displays the coal properties of that
layer. The balloon disappears when you move the mouse away.
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E‘ View Dead Coal Button

Seam B2 76 54%
hoisture: 21.1%

4 sh 15.5%

Sulfur: 0.2%

H': 7395.0 Btudlb
Sodium: 2 6%

Opacity Patential: 16.6%

Mitrogen: 0.6%

Different Views of the Coal Pile

The view of the coal pile when theimageisfirst retrieved shows only thelive coal.
The dead coal in the pile can be viewed by choosing the Dead Coal command from
the View menu or by clicking on the View Dead Coal button on the toolbar.

The coal is color-coded by coal properties. The default view of the coal pileisby
seam number . |f alayer consists of coal from more than one seam, the colorsin the
band are mixed in proportion to the blend. The pile can be viewed in terms of other
coal properties by clicking on the desired coal property under the View menu.

TPy Gptions |
+ Toolbar
+ Status Bar

by Seam
by Sulfur
+ by HY
by Ash
by Muoisture
by Sodium
by Nitrogen
by Opacity
v Dead Coal

When the coal pileisviewed in terms of a property other than seam number, the
overall range of the color coding can be adjusted. Thisisdone by choosing the
Coal Property Range... command in the Options menu, then choosing the
property for which you want to adjust the range.

Options
Coal Property Range

Moisture

Coal Blending Adviser... Ash
Edit Mode Timeout Sulfur
. Current Time: 25 Septemi HHY
Sodium
! Opacity Index
I pacity
Seaf_l_lju; Sy } Nitrogen
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The “ Setup Property Range” dialog box displays the minimum and maximum values of
the selected property. These values can be adjusted by the user. Thefirst interval of
color includes any coals whose quality is below the specified minimum. The last
interval of color represents coals with properties greater than the maximum. The
remaining color intervals are calculated by dividing the specified rangeinto three
equal intervals.

Setup Property Hange

Range for Moisture:

Min ¥alue: |0.0 %

Max ¥alue: |30.0 %

UK Cancel

Coal Pile Data Entry

Several types of data entry can be done through the Coal Pile window. These
include:

Coal Receipt

Coa Quality

Expected Coal Delivery
Coal Pile Adjustment
Coal Pile Turnover

Coal Receipt Undo.

il To get into the data editing mode, click on the Start Edit button, or click on the

Start Edit command in the Edit menu.
Start Edit Button

A dialog box appears asking for a password. Typein the password and hit Enter or
click onOK.

= Password
Flease enteryour password.

[~

I, Cancel

If the password is accepted, the coal pile summary table disappears and is replaced
by six buttons at the top of the screen.
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L]

EDaIHeceiptI | EDaIDuaIityI |E:-:|:| Deliveryl | Adjustrment I ‘ Turnover I ‘Llndu:u Heceiptl

Choose the type of data entry by clicking on the appropriate button.

Saving the Changes to the Server

In order to send the newly entered datato the server, you must save the changes by
clicking onthe Save Changes button or by choosing Save Changes fromthe

Save Changes Button .

Edit menu.

Note: It isvery important to complete this step in the editing procedure. If the

changes are not saved to the server, they will not be officially recorded.

After the changes have been saved, the Log window lists the changes that have been

made.

- - - - - [ [ = [
] § 3 5 £ 2 5 5 3 5 [
+

Committing changes... L +]
Receiving 2000 tonnes of Seam 1 in syntron 1...
Receiving 4000 tonnes of Seam 1 in syntron 2...
Receiving 3000 tonnes of Seam 2 in syntron 3... j
Receiving 2500 tonnes of Seam 2 in syntron 4...
Transaction completed *
- -+
Beads [ (Ml

|

Cancel Changes Button

If you forget to save the changes, a dialog box appears after a predetermined period
of time, reminding you that you have entered data but not sent them to the server.

Changes have been made.
Do you want to save the changes & exit edit mode?

Continue Editing

Click on Save Changesto send the changes to the server and exit edit mode. Click
on Continue Editing to continue with your editing session. The changeswill not
have been sent to the server if you choose Continue Editing.

Theidletime after which the “ Attention” dialog box appears can be adjusted using
the Edit Mode Timeout command under the Options menu. Seethe section “Edit
Mode Timeout” on page 28 for more details.

If you decide not to change the state of the pile and click onthe Cancel Changes
button or choose the Cancel Changes command from the Edit menu, the state
returnsto “Normal Operation.”

Coal Receipt

Coal Receipt refersto the receipt of coal from the mines. Theloading of coa onto
the pileis not automatically measured and therefore must be recorded manually.
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Note: Itisimportant that the coal receipt data be recorded very closeto the time
when it is actually loaded.

After clicking on the Coal Receipt button, the “Seam Number Selection” dialog box
appears.

Seam Mumber Selection

The seam number to be loaded is selected at this point by choosing a seam number
fromthe drop down list. Coal from the selected seam can now be loaded in multiple
load points.

After clicking on OK, the “ Coal Receipt” dialog box appears. There are nineload
points—one for each syntron. The load point is selected by clicking on the right and
left arrows. The selected load point isindicated by the number in the box and alarge
black arrow above the coal pile pointsto the load point.

Coal Receipt
Seam 1:

2|]|]|]| tonnes
|

Load Pnint:|1_ L | | 3 |

At each load point, the tonnes of coal loaded at that point are typed in. After all of
the coal delivery datafor that seam have been entered, click on OK. Thisrecordsthe
coal receipt datajust entered and closes the “ Coal Receipt” dialog box. Cancel
closesthe “Coal Receipt” dialog box without recording any of the data.

The coal receipt does not appear on the screen immediately after the data have been
saved to the server (see “ Saving the Changesto the Server” on page 35). The
command to load the coal onto the pileisimmediately sent to the Coal Pile Model, but
the results of the coal receipt may take up to 30 seconds to return to the user
interface.

Note: Each coal delivery isassociated with a set of coal properties. The properties
used are those listed in the “Coal Quality” dialog box at thetime the Save Changes
button isclicked. If the coal delivered is significantly different than the previous coal
delivered from the same seam, edit the coal qualitiesbefore clicking on the Save
Changes button.
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The coal quality appliesto
the coal that will be
delivered to the pile.
Changing the coal quality
does not affect the properties
of the coal already in the pile
and bunkers.

Coal Quality

The quality of the coal delivered to the plant must be recorded. However, itisonly
necessary to edit the coal qualities whenever they have changed. It isnot necessary
to edit coal qualities every time coal isdelivered to the plant if the quality of the coal
has not changed significantly.

The qualities of the seams are edited by clicking on the Coal Quality button when
in edit mode. This causesthe“Coal Quality” dialog box to appear.

Coal Quality

Seam ¥#: ISeam 1 E

W

HHY: | 7300 Btuflb Sodium: |2.53 %%
Moisture: |21.8 % Nitrogen: II].B %
Ash: |14.0 %  Opacity Potential: |22 0 %

Sulfur: |1.2 %

o
e

Cancel

The propertieslisted in the box are the existing coal properties for the specified seam.
Any changes to the data can be made by editing the appropriate numbers.

After the coal quality data have been entered, click on OK. Thiswill record the coal
quality datalocally and close the “Coal Quality” dialog box. Cancel closesthe
“Coal Quality” dialog box without recording any of the data.

The new coal properties are assigned to the coal that is delivered to the pile. The
properties of the coal aready in the pile and in the bunkers does not change when
you edit the coal quality.

Expected Delivery

Part of the algorithm used by the Coal Blend Advisor to recommend coal blends takes
into account the expected delivery of coal in the next 24 hours. These dataareinput
on adaily basis.

To enter the expected coal delivery data, click onthe Exp Delivery button. The
“Expected Coal Delivery” dialog box appears.
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= Expected Coal Delivery

Expected delivery far the next 24 hours

Seam Mumber  Delivery Amount

ISearrﬂ |1nnn

] Cancel

Select the coal by choosing it from the drop down list. Then enter the tonnes of coal
that are to be delivered within the next 24 hours. If itis not known how much coal will
be delivered, typein “0” asthe delivery amount.

After all the expected coal deliveries have been entered, click onOK. Thisrecords
the expected deliverieslocally and closes the “ Expected Coal ” dialog box. Cancel
closes the dialog box without saving any changes.

In order for the expected coal delivery datayou have just entered to be reflected in
the blend recommendations, it is necessary to recal culate the recommendations by
clicking onthe Recalculate button. This must be done after the changes have been
saved to the server (see “ Saving the Changesto the Server” on page 35).

Coal Pile Adjustment

Sometimesit is necessary to adjust the Coal Pile model. An adjustment may be
necessary due to slightly incorrect coal receipt data entry or because an automatically
recorded signal is not accurate (such as syntron feeder speed).

The*“Coal Pile Adjustments” dialog box is accessed by clicking on the Adjustment
button when in Coal Pile edit mode.

Coal Pile Adjustments

Syntron Number

IEI].I] % full

0K | Cancel
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Different syntrons are accessed through the drop down list. The number shownin
the“% full” edit box when the “Coal Pile Adjustments” dialog box isfirst openedis
the percentage of coal in the live pile above the syntron as determined by the Coal
Pile Model. The valuethat needsto be entered isthe actual percentage of coal inthe
live pile over the syntron.

Adjustments should only be made to the live piles (syntrons) that seem significantly
incorrect.

After al of the adjustments have been entered, click on OK. Thisrecordsthe
adjustmentslocally and closes the “ Coal Pile Adjustments’ dialog box. Cancel
closesthe dialog box without saving any changes.

The adjustment does not appear on the screen after the data have been saved to the
server (see“ Saving the Changesto the Server” on page 35). The command to adjust
the pileisimmediately sent to the Coal Pile Model, but the results of the adjustment
calculation may take up to 30 seconds to return to the user interface.

It may be necessary to enter the actual percentage of coal several times. If the dead
coal piles surrounding the live pile in question are not full, some of the coal gets
added to the dead coal pile, thereby adding lessto the live coal pile.

For information on how the adjustment is made in the Coal Pile Model, see “ Cod File
Adjustments” on page 56.
Coal Pile Turnover

When the coal pile turnover mode begins, it is necessary to convey thisinformation
to the Coal Pile Model.

The “Turnover State” dialog box is accessed by clicking on the Turnover button

when in Coal Pile edit mode. If the coal pileisinthe“Normal Operation” state, the
dialog box will have two radio buttons: “Begin N to S Turnover” and “Begin Sto N
Turnover”.

Turnover State

Please click on one of the following options.

' Begin N to S Turnover.

C' Begin 5 to N Turnover

To begin turnover operation, click on the appropriate radio button and click on OK.
The state indication in the top right hand corner of the screen changes to indicate the
appropriate state. Clicking onCancel closes the dialog box and does not record the
new state of the pile.

Pile turnover cal culations begin as soon as the “Begin Turnover” messageis received
by the Coal Pile Model. For more details on how turnover is modeled, see “Rle
Turnover” on page 55.

If the coal pileisinturnover mode, asindicated by the state at the top right hand
corner inthe Main View window, the turnover can be paused or halted. Inthis
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Use the Undo Receipt
command only for receipts
that have already been sent
to the server.

/]

Start Edit Button

situation, the choicesin the “ Turnover State” dialog box are “Pause Turnover” and
“Abort Turnover.”

Turnover State

Please click on one of the following options.

C Abort Turnowver

To pause aturnover operation, click on the “ Pause Turnover” radio button and click
on OK. The state of the coal pile becomes“ Turnover Paused.”

If the coal pileisinthe“Turnover Paused” state, the turnover can be resumed or
aborted. Resuming turnover will continue turnover at the same set of syntrons where
it left off. Aborting turnover meansthat when turnover is started again later, it will
begin at one end of the pile or the other. The instructions for resuming or aborting
turnover are the same as for pausing turnover. However, the radio button optionsin
the “Turnover State” dialog box are now “Resume” or “Abort Turnover.”

Turnover State

Please click on one of the following options.

' Abort Turnover

Undo Coal Receipt

It is possibleto undo the most recent coal receipt data entries using the Undo
Receipt command. Thisfunction has been added to give the user alittle leeway on
making errors or entering false information by mistake.

Only the most recent coal delivery on each syntron can beremoved. The only time
the undo coal receipt command cannot be used for the most recent coal delivery isif
the coal has already left the pile and gone to the bunkers.

TheUndo Receipt command only needsto be used if the receipt information has
already been sent to the server using the Save Changes command. If the coal
receipts have not already been saved to the server, changes to the coal receipt can be
made by changing the values through the Receipt command while till in edit mode.

Since the undo receipt command is only needed if the changes have already been
saved, it is probable that the user is not in edit mode when he/she realizes that an
error has been made. To undo acoal receipt, first get into edit mode by clicking on
the Start Edit button on the toolbar.
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Click onthe Undo Receipt button that appears at the top of the Main View window
when in edit mode. Thisbrings up the “Undo Coal Receipt” dialog box.

= Undo Coal Recipt

Lindo The Last Receipt abowve Syntrans

[T Syntron 1
[T Syntran 2
[T Syntron 3

[T Syntran &
[T Syntran &
[T Syntran 7
[ Syntran &
[ Syntran 9

I, Cancel

Click on the selection box next to the syntron from which you want to undo the latest
receipt. Then click onOK.

Click onthe Save Changes button on the toolbar to send the command to the
server and exit edit mode. The Log window displays the message “Undo coal receipt
onsyntron#”.

The coal does not immediately disappear above syntron 4, however. It may take up
to 30 seconds for the changes to be displayed on your PECOS client.
Startup Adjustment

When PECOS starts up, it reads in data from the previous session. This meansthat if
the server goes down for a short period of time, all of the dataare not lost: the coal in
the coal pile and the bunkersis still there.

However, it is possible that the down time was long enough that the data are no
longer valid. Therefore, the user hasthe ability to clear out datain the pile and in the
bunkers. Thisisdone using the Startup Adjustment command under the Edit
menu.

After clicking on the Startup Adjustment command, the user isasked for a
password.

= Password

Flease enteryour password.

K, Cancel
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Typein the password and click on OK to bring up the “ Startup Adjustment” dialog
box.

= Startup Adjustment

Coal File Options

® Empty Live Coal File
' Empty Entire Coal File

B Empty All Bunkers:
Ok Cancel

The user can choose to either empty the live coal in the pile (the free flow) or the
entire pile. The coal can also be emptied from all the bunkers.

If the program has been down for afew hours, the coal should be emptied from the
bunkers. If the program has been down for aday or afew days, the coal should be
emptied from the bunkers and from the live coal pile. If the program has been down
during acoal pileturnover, the coal should be emptied from the bunkers and from the
entirepile.

After the selections have been made, click on OK. A dialog box comes up asking the
user to confirm the desired action.

Are you sure you want to empty live coal and all bunkers?

Cancel

Click on OK if thisisreally what you want to do. Click onCancel if you want to
reconsider. If you clicked on OK, the Log window displays a message confirming
your actions. The results of the command will not appear immediately. It may take up
to 30 seconds for the new state of the pile and the bunkers to show up.

If you have emptied the bunkers and the real -time data indicate that the high level
lights are on in the bunkers, they will immediately fill back up to 61% full with
unknown coal.

Coal Blend Advisor Recommendations
The Blend Advisor has the following functionality:
Lists many blend recommendationsin order of preference
Displays the blend recommended by Fuels

Displaysthetarget blend opacity potential which takesinto account the
ESP conditioning and the power to be generated
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Displaysinformation about each blend

- opacity potential

- heating value

- other coal properties

User can request a blend using two or three syntrons

User can fix asyntron

User can specify that the flows from the syntrons must be equal

User can specify opacity and heating val ue targets for the
recommended blend

The results of the Coal Blend Advisor are displayed on the Coal Pile screen. To
bring up the Blend Recommendations Table, click onthe Blend Advice button
located in the bottom left hand corner of the Coal Pile Main View window. Thetable
of properties above the schematic of the coal pileisreplaced by atable listing all the
blend options, in order of preference according to the defined goals.

Blend Recommendations Table

Calculation Time: 17 September 1997 13:50
Blend Target Opacity Potential, Accounting for ESP Conditioning: |15-5 4

Fuels |Syn A [Syn:tph) [Syn B [Syn:tph] | Syn C [Synctph] |Opacity Pot. [%] HY [Btu/lb]
1:240 0210 16.4 1558
2:240 9210 16.4 1558
3240 9210 16.4 1558
1200 70250 16.5 T2l
3:200 70250 16.5 621
2:200 70250 16.5 21
2:200 B 250 16.3 610
3200 23250 163 e
1200 B350 163 el
4290 5160 15.2 3266

B1%  78%  85%  89%  90% 47%
o 4L o o f['l
1 2 3 4 5 g

| Coal T able I | Options II Recaloulate I

TheBlend Advice button isreplaced by three buttons: Coal Table, Options, and
Recalculate. The Coal Table button brings back the table of coal properties.
Options accesses the Blend Advisor calculation options. It isdescribed in greater
detail later. Recalculate forcesthe Blend Advisor to recalculate the blend advice.

Abovethe table of Blend Recommendationsisthe time of calculation and the target
opacity potential of the blend. None of the recommended blends can exceed this
value. Thetarget opacity potential takes into account the opacity limit entered by the
user, the amount of sodium in the coal that has been burned in the previous few
hours, the historical measured opacity and the power to be generated in the next few
hours.
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| Recalculate

Blend Recommendation
Recal culation Button

Optionz

Blend Advisor Options
Button

Thefirst column of the table, labeled “Fuels’ is where the staff at Fuels Supply can
enter their preferences of blends.

Thelast two columns list the properties of the blend. More properties of the blend
can be accessed in a manner similar to the coal pile and bunkers: move the mouseto a
row and a balloon appearslisting all the properties of the blend.

The Blend Advisor automatically recal culates the recommendations at fixed intervals.
The user can force arecalculation at any time by clicking on the Recalculate
button.

For more information on how the Coal Blend Advisor calculates the
recommendations, see“ Coal Blend Advisor’ on page 59.

Coal Blend Advisor Options

The user has control over afew parametersin the Coal Blend Advisor calculations.
These are accessed through the Options button at the bottom of the Coal Pile screen
when the Blend Recommendations Tableisvisible. The Coal Blend Advisor Options
can also be accessed through the Coal Blend Advisor command under the
Options menu.

The expected coal delivery also affects the Coal Blend Advisor calculations. This
value can be adjusted while in the coal pile edit mode. See“Expected Delivery” on
page 38 for moreinformation on this data entry.

To access the Blend Advisor options, click on the Options button which appears
when the table of blend recommendationsis displayed above the coal pile.
Alternatively, click on Options on the menu bar and choose Coal Blend Advisor.
This causes the “ Blending Options Setup” window to appear.

= Blending Options Setup

rSyntrans Statu
Nurnber of Syntrons: |2 B Syntron  Operational '—;\Idui:wates‘htdpai

Fixed Syntran: Ingne E X #1 Yes 150 300
Equal Flaws: IND B % #2 Yes W W
a3 Yes  [is0  [ao0
K#d  Ves [0 [am

Pawer Forecast (bW): | 400 % #5 es 150 300

Opacity Upper Limit (%): [1800 % #5 Yes 150 [300
Heafing Value Lawer Limit Btuflo): [ao00 ®#7  ves [0 [ao0 |
®#8  ves [is0 | [ao |

[ #9 Yeg 150 300

Cancel

There are three sectionsin the “ Blending Options Setup” window:

42 - CBAS Software

A Guide to Using PECOS



Type of solution to recommend
Goals and constraints for the solution to achieve and adhere to
Syntron status.

The options that define the type of solution include how many syntronsto use,
whether to fix asyntron, and whether the flows of the syntrons should be equal.

The goals and constraints include the predicted average power to be generated in the
next four hours by Unit 1, the opacity limit, and the minimum heating value from the
blend.

The syntron status options include specifying the operational status of the syntrons
and specifying aminimum and maximum flow for each syntron.

When all options have been updated as desired, click on OK to close the “Blending
Options Setup” window. The Blend Advisor will automatically recalcul ate the table
of blend recommendations.

Type of Solution

The user can specify the number of syntronsto use (two or three), whether a
particular syntron hasto be used (“fix” asyntron), and whether the flows from all of
the syntrons must be equal. All of these choices are made by choosing an option
from the appropriate drop down menu.

Goals and Constraints

Goals and constraints on the coal blend recommendation cal culations include setting
the upper limit for the allowable opacity from the stack, the lower limit of the heating
value for any recommended blend and the expected average Unit 1 power generation
for the next four hours.

The power forecast is used by the blend advisor to adjust the target opacity potential
for the blend. 1f amount of generated power isto be increased in the next four hours,
the target opacity potential is decrease. If no valueor zero is entered, the default is
the assumption that the average power to be generated for the next four hoursisthe
same as the average power generated in the previous four hours.

Syntron Status

It isimportant to let the Coal Blend Advisor know if asyntron is not operational.
Thiswill prevent the Coal Blend Advisor from recommending the use of non-
operational syntrons.

The operational status of the syntrons can also be specified through the Syntrons
command in the Equipment menu.

The“ Syntron Operational Status” dialog box listsall of the syntrons. The user can
tag out a syntron, or make its status non-operational by clicking on the check box
next to the syntron number. The operational status column reads“No” if the check
box has been unchecked.

Tagging out a syntron has no effect on the Coal Handling System model. Therefore,
itispossibleto usethe“ Syntron Operational Dialog” box to indicate when you do
not want the Coal Blend Advisor to recommend a syntron for any reason, whether it
isoperational or not.
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If only one syntron is non-operational (east or west), the user has the option to tag
out the syntron or leave it operational. Again, the only effect of turning off asyntron
isto removeit from thelist of possible syntronsfor the Coal Blend Advisor to
recommend.

The user can also specify the minimum and maximum flow rates for each syntron
through the “Blending Options Setup” window. Again, these values effect only the
recommendations calculated by the Blend Advisor. They have no effect on the Coal
Handling System model calculations.

To change a minimum or maximum flow rate, simply put the cursor in the appropriate
box, delete the old value and type in anew one.

Coal Handling System

The Coal Handling System folder contains information about the status of the coal
handling system from the coal pileto the bunkers. The type of information that can
be found in the Coal Handling system screensincludes the on-line measured digital
and analog coal-rel ated data.

CBAS | BANCS |
D --------------------

Coal Piles
Ela Coal Handling System
© M Overview Diagram
#8 Coal Plart Data

{:l Init 1 Bunkers

There are two views of the measured data: an Overview Diagram and Coal Plant Data.
The Overview Diagram, as the name suggests, is adiagram of the coal handling
system with the datarecorded in the diagram. The Coal Plant Data view presentsthe
datain table and graphs formats.

Overview Diagram

The Overview Diagram is displayed in the Main View window by double-clicking on
the “Overview Diagram” item in the Coal Handling System folder.
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Frozen Coal
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The“lights” indicate the on/off status of the syntrons, the frozen coal crusher, the
frozen coal crusher east and west train diverter gates, the Unit 1 and Unit 2 diverter
gates and the Unit 1 bunker high and low level lights. Currently, the high and low
level lights of the Unit 2 Coal Bunkers are not being recorded. The values of the East
and West belt-scale readings are al so displayed.

The closed status of the bunker gates are displayed with a bar under the arrow
feeding the bunker (rather than a“light”). The bunker gate status data are
represented differently from the other data because these data are entered manually
using Bunker Gates command under the Equipment menu.

Thereisno data entry in the“ Overview Diagram.” Therefore, the Start Edit button
and command are grayed out.

Coal Plant Data

Coal plant data are displayed in the Main View window by double-clicking on the
“Coa Plant Data” item in the Coal Handling System folder.
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The same data that are displayed on the Overview Diagram are also displayed in the
Coal Plant Datascreen. In addition, the feeder speeds from the bunkers are
displayed.

Thereisno dataentry inthe“Coal Plant Data.” Therefore, the Start Edit button and
command are grayed out.

Bunkers

CBAS | BANCS |

-] Coal Piles

l:l Coal Handling System

Ela [Init 1 Bunkers
PSR Lnker Ove
W FBunkers
- BunkerB
- BunkerC
W FBunkerD

------ W FBunkerE

Bunker Overview

An overview of the Unit 1 bunkersisdisplayed inthe Main View window by double-
clicking on the “Bunker Overview” icon under the “Bunkers’ folder.

The Bunkersfolder containsinformation about the coal in the bunkers. Thetype of
information displayed in the Bunker screens includes the amount of coal and the

quality of the coal in the bunkers as well asthe quality of the coal being sent to the
boiler.
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Unit 1 Bunkers
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A closed bunker gate is represented by aline at the top of the bunker. A red line
represents the bunker gate from the east scraper conveyor; a blue line means the west
bunker gateisclosed. Thisisthe same color scheme used in the Coal Handling
System Overview Diagram. These data are entered manually using the Bunker
Gates command under the Equipment menu.

Thecirclesto the left of the bunkers are the “lights” indicating the status of the high
and low level lights for each bunker.

The numbers below the bunkers are the actual feeder speeds. These numbers
represent the amount of coal flow from the bunkersto the mills.

The layersin the bunkers represent the coal asit will be removed from the bunkers,
assuming that no new coal isadded. The amount of coal in each bunker is shown as
apercentage at the top of the bunker and graphically by the number of layers of coal
in the bunkers.

More detail about the coal in each level can be obtained by placing the mouse pointer
over alevel of coa inabunker. A balloon appearslisting the properties of the coal
inthat layer.
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When you place the mouse
pointer over a bunker, a
balloon appearswhich lists
the details of the coal in the
layer.

To access this screen, double-
click onthe“ Bunker A” item
under the“ Bunkers” folder.

Q
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The“Mass Averaged Properties Exiting to Mills” represent the mass-averaged
properties of the coal currently being sent to the burners (viathe mills) from all of the
bunkers. Thisis an instantaneous value.

Thereisno dataentry in the“Bunker Overview” diagram so the Start Edit button
and command are grayed out.

Bunkers A through E

More detailed information about each individual bunker isavailable. To accessthis
information, double-click on the bunker name under the “Bunkers” folder.
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Unit 1 Bunker A
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Feeder Speed: 73%

Coal Properties Exiting to Burners

Seam 1, IBD.B HHY, Btulb: IBDBS
Seam 2, % ID_D Maisture, %: |21 .05
Ash, % |'|5.?'|
Seam3, % 363 F
Opacity Potential, &: |'|5-8
Seam 4, % 147
Sulfur, ID-D
Seam B, % |18.3
Mitrogen, 2 IU-':I
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The layers of coal in the bunker are color-coded by seam number. The amount of coal
in the bunker isrepresented by the level indicated in the bunker as well as by the
percentage number at the top of the bunker.
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When the mouse pointer is
placed on top of a level of
coal, a balloon appears
which shows details about
the coal in that level.

Unit 1 Bunker A
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The feeder speed at the bottom of the bunker is the rate at which the coal is being fed
from the bunker to the mills.

The high and low level light values from the coal handling system are indicated to the
left of the bunker.

The data at the bottom of the screen indicate the properties of the coal being sent to
the burner from this bunker only.

Thereisno dataentry in the individual bunker screen. Therefore the Start Edit
button and command are grayed out.

Closing Bunker Gates

Not all data on the operations of the coal handling system are automatically recorded.
Onedata point in particular that is not recorded but has some impact on the Coal
Tracking model isthe status of the bunker gates. If abunker gateisclosed, coal
cannot flow into the bunker from the scraper conveyor belt.

To tell the program that a bunker gate has been closed, choosethe Bunker Gates
command under the Equipment menu. The “Unit 1 Bunkers Status’ dialog box

appears.
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Bunker A

Bunker B:

Bunker C:

Bunker D:

Bunker E:

o

Unit 1 Bunkers Status

X East Clozed
[ EastClosed
[ EastClosed
[" EastClozed

[T EastClosed

[ wWest Closed

[ ‘west Closed!

[:% ....................................

[ “West Closed
[ wWest Closed

[ “West Closed

Cancel

Click on the bunker gate that has been closed. In thisexample, we are closing the
Bunker B gate feeding from the west scraper conveyor. Click on OK to save the

changes.

The Bunker Overview changesto reflect the fact that the west gate to Bunker B is
closed aswell as the east gate to Bunker A. The bars at the top of the bunkers
indicate that they are closed. The bars are color-coded to match the colorsin the
Coal Handling System Overview Diagram for east and west equipment (east isred,

west isblue).
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In addition, the Coal Handling System Overview Diagram shows that the gates to
these bunkers are closed by displaying bars across the top of the bunkers.
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CBAS Technical Description

Background to CBAS Technical Description

TransAlta Utilities' Keephills plant hasin the past experienced problems with high
and erratic opacity in their stack gases, resulting in plant derates in order to comply
with corporate environmental goals. The lossesin generation, and hence income, as
aresult of the opacity-related derates were significant.

A series of studies and blend algorithm tests conducted by Praxisfor TransAltain
19951 proved the widely held belief that the K eephills opacity was seam-related, and
further demonstrated in field testing that the blend could be effectively controlled
eveninthelimited yard at Keephills. Asaresult of thiswork, a set of decision rules
was developed for segregating the coal pile by different coal seams and subsequently
blending the plant feed to gain better control over the stack opacity. This strategy
was enhanced and implemented by the fuels staff at the plant and the opacity-related
derates were mitigated. Among their enhancements was the development of a
spreadsheet model of the coal pile which isupdated daily. The fuels engineers use
this model along with expected coal deliveriesto make a suggestion for the operation
of syntronsfor the next 24 hours. This procedure has proven very beneficial to the
operation of the plant.

The next step in improving the fuel blending program at Keephillsisthe
implementation of CBAS, an on-line operator tool for optimal blend management.
CBASisdesigned to aid in cost reduction and avoidance of derates or operational
problems due to fuel quality inreal time. It ispart of PECOS, an on-line system that
assists the operator in selecting the mix of plant control setpoints which meet [oad,
emissions, and operational constraints at the lowest generation cost.

There are four central technical components of CBAS which allow it to assist with
blend management:

Coal Tracking Model tracks coal through the entire coal handling
system from receipts to the mills, and displays the coal amounts and
quality in the piles and bunkers. The Coal Tracking Model makes heavy
use of the Coal Pile Model and Silo Flow Model.

1 Praxis Engineers, Inc. “Coal Quality Impacts on Opacity at K eephills Power Plant.” Final Report, 28 March 1995.
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Coal Pile Model tracks the flow and storage of coal in the piles during
normal operation and during turnover. The Coal Pile Model provides
datato the Coal Tracking Model.

Silo Flow Model tracks the flow and storage of coal in the bunkers.
The Silo Flow Model provides datato the Coal Tracking Model.

Coal Blend Advisor isblending strategy software which works with the
information provided by the Coal Tracking Model to make use of the
segregated coal pile. The Coal Blend Advisor systematically determines
the best coal blends and suggests a coal handling system operational
procedure for achieving those blends.

The benefits of CBAS over the existing procedure include:

Continual updating of the Coal Pile Model (using on-line syntron
operation and belt-scale data). This reduces the odds of the coal not
being available when and where expected.

Automated coal blend and syntron operation advice which can be
updated whenever coal availability, plant requirements, or handling
system equipment status change.

Continually updated displays of the coal in the piles and bunkers,
showing both amounts and quality distributions at each feeder and
bunker. Thisallowsthe operator to always be aware of the availability
of various coals.

The ability to add blend control for additional coal-related parameters,
such as heating value for high load periods, SO,, and NO,. All
parameters are considered in the blending recommendation.

The ability to adapt advice to shifting coal qualities from the mine.
Saving of fuels staff time.

This section describes the functions of the four major CBA S subsystems.

Coal Pile Model

The Coal Pile Model is designed to represent the flow and storage of coalsin the pile
during normal operation and pile turnover. Most aspects of Coal Pile Model
operation are automatic and are driven by on-line data. However, the operator must
enter the coal tonnage, seam number, and loading point of coal receipts, and may
optionally update the coal quality data. The start, pausing, or abortion of pile
turnover must also be entered manually.

The model isfully three-dimensional and adaptable to awide variety of pile shapes
and flow conditions. For ease of viewing, the pile contents are mapped to atwo-
dimensional display in the order in which coal layerswill be withdrawn from the pile.

The coal pileismodeled using an array of rectangular elements, called channels. The
channel sizeisrepresentative of the primary flow channel within the pile. Cellswithin
each channel track the volume and type of coal they represent. This representation
of the pileisshown inFigure 1.
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Figure 1. Coal Pile Representation

Coal iswithdrawn from the primary flow channel. If the model detectsthat a surface
correction is needed, coal from adjacent channelsis used to maintain the discharge
angle conditions defined for the coal pile.

Coal isalso withdrawn from channels adjacent to the primary channel. Coal
discharged in this manner is withdrawn at a point in the channel consistent with a
conical surface modeled by the discharge angle and discharge point to preserve
dead-storage coal information at the bottom of each channel.

In summary, coal can be removed from achannel in one of four ways:
By being discharged from the discharge point (primary channels only)

At the top of the channel through surface corrections toward the
primary channel

By being discharged at the live/dead storage interface in expanded flow
modeling, or

By areclaim operation (pile turnover).

The advantages of modeling coal pile operations using this approach include:

The simple geometry of the flow channels allows faster computation,
which, in turn, allows for increased model resolution.

The vertical flow channels simplify the pile representation, which, in
turn, allows modeling of coal flow acted upon by two discharge points.

The rectangular coordinate system allows for extensibility to avariety of
loadout and reclaim situations.

Pile Turnover

Pile turnover is performed at Keephills on aregular basisto move coal from dead
storage areas in the pileinto syntronswhere it isreclaimed. The operationis
performed by pushing coal from dead storage into live storage areas over the
syntrons. The turnover operation is performed systematically from one end of the pile
to the other. When a portion of the pile has been turned over, piles are rebuilt
"behind" the mobile equipment.

To incorporate the pile turnover, four states (or modes) of operation have been
defined:
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Normal operation
N to Sturnover
Sto N turnover

Turnover paused.

During normal operation, coal isreclaimed by the syntrons from live storage only.

When the pile turnover state is activated, areference planeis established at one end
of the pile as shown inFigure 2.

il S/ Turnover Plane
N
/ NI/ A
\ /T 1\ /

Figure 2. Coal Pile Turnover Plane Representation

Initially all of the pileison the "unprocessed" side of the plane. When the Coal Pile
Model isintheturnover state, it processesthe live coal asit would during normal
operation. However, when the real-time data indicate that coal is being withdrawn
from a syntron whose live storage has been depleted, the withdrawn coal is provided
by relocating the plane, "slicing" the pile, and moving the coal between the old and
new positions of the plane to the empty syntron. This represents the mobile
equipment moving dead coal into a syntron that is reclaiming the coal.

Pile turnover occursin one direction only and cannot bereversed. Thereclaim
operation is completed when the plane reaches the other end of the pile.

The model can also be placed in the turnover paused state. In this state, the position
of the turnover planeis retained and normal pile operation proceeds. Turnover
operation can be resumed at any time from the point at which it was paused.

This approach utilizes a systematic approach to relocate coal which approximates the
reclaim process. Theturnover operation is performed systematically for efficiency
and operational purposes.

Coal Pile Adjustments

It isanticipated that adjustments to the coal pile will have to be performed
occasionally to reconcile the actual coal live pile inventory with the inventory
calculated by the model. These corrections should be infrequent. Possible errors, in
anticipated order of severity, are most likely due to:

Systematic measurement errors
Errorsin data entry

Differences between actual and modeled operations.
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Coal Pile Model adjustments begin with an operator or technician making avisual

observation of the coal pile. The purpose of the observation isto determineif the
coal pileinventory calculated by the Coal Pile Model isreasonable. Adjustments

should only be made when the inventory cal culated by the Coal Pile Model varies
significantly from the actual, observed inventory.

If it isdetermined that an adjustment to the Coal Pile Model is necessary, the operator
entersthe actual percentage of live coal above the syntron through the user interface.

Excesslive pileinventories are corrected by simulating discharge from the pile and
removing the coal from the pile. Shortagesin inventory are corrected by simulating
addition of coal to the pile. The model assumes that the properties of the coal added
are the same as those of the last coal loaded onto the pile at that |ocation.

The approach utilized is designed to require a minimum of operator input, sinceitis
expected to be used infrequently and under conditions where the exact details of the
source of the discrepancieswill likely not be known.

After an adjustment, it is possible that the percentage indicated for the live coal pile
will not be the same as the percentage input by the user. Thiswill occur when the
dead coal sectionsare not full. The Coal Pile Model adds a cal culated amount of coal
during an adjustment. The amount of coal added isthe total live coal piletimesthe
difference between the percent specified by the user and the percent that the model
indicatesisin the pile. If the dead coal piles are not full, some of the coal added will
end up in the dead coal pile.

The solution isto continue specifying the actual percentage until the dead coal piles
fill up and the resulting percentage of live coal isthe same asthat specified.

Silo Flow Model

CBAS usesthe Silo Flow Model to solve the complex flow equationsinvolved in coal
flow in silos and bunkersto predict the quality of the discharge coal from the load-in
sequence. The storage of coal in silos and bunkers presents a unique problem in that
the coals do not always come out of them in the sequence in which they were loaded.
Thus, even when a bunker has alarge amount of one coal in it and another coal is
loaded on top, the second coal can begin to show up at the bunker discharge before
thefirst coal isfully withdrawn.

The relationship between the sequence of loading a coal into abunker and the
sequence of its discharge is governed by complex flow regimesin the bunker, and
does not follow a straightforward first-in-first-out (FIFO) pattern. An example of this
phenomenon is presented in Figure 3the figure below. Thisfigure showsthe
discharge from a bunker which has been loaded with layers of four different coals.
As can be seen, the output sequence of coal quality does not match the FIFO
assumption, but is a complex blend where some of the coal loaded at the beginning is
discharged at the end, and some of the coal loaded in the middle discharges very
quickly.
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Figure 3. Different Types of Flow Through a Silo

The actual resulting sequence of output quality is determined by a number of factors

including the quantity and quality of coal already in the bunker, the timing and rate of
loading and discharge operations, the geometry of the silo, and the flow properties of
the particular coal.

Silo Flow Model Auto-Correction

The Silo Flow Model periodically adjustsitself automatically to reconcile the actual
bunker inventory with the inventory assumed by the model. The primary source of
error inthe Silo Flow Model coal inventory is systematic measurement error in coal
added to or discharged from the bunkers.

Bunker levels cycle hourly, as opposed to every 48 hours for the coal pile. Also, the
bunkers contain arelatively small amount of coal compared to the coa pile
(approximately 300 tonnes compared to 3000 tonnes live storage for Keephills). This
means that correctionsto the Silo Flow Model will be much smaller, but more
frequent, than the coal pile adjustments.

A correction isinitiated whenever ahigh or low level light comeson. At that time, the
actual bunker level and coal inventory are calculated. The Silo Flow Model calculates
itsinventory and comparesit to the actual inventory. If the amountsdiffer by a
predefined tolerance, a correction is applied.

If the Silo Flow Model has an excess of coal, the coal withdrawn from the bunker is
increased over a predefined period of time. The extra coal isdiscarded (not fed to the
mills).

Similarly, if the Silo Flow Model hasless coal than isindicated by the actual data,
additional coal is added over a predefined period of time to make up the deficit. The
additional coal hasthe sameidentifier asthe coal being added.

It is not expected that the inventories inferred from the level indications will
correspond exactly with the inventories calculated by the model. However, itis
expected that the values will be within the defined tolerance and correctionswill only
be required for systematic errors (biased measurements).
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Coal Tracking Model

The purpose of the Coal Tracking Model isto follow the coal asit movesfrom the
point of receipt to the mills. At the coal receipt, the movement of the coal is modeled
by the Coal Pile Model. At the bunkers, the movement of the coal is modeled by the
Silo Flow Model. 1n between, the Coal Tracking Model follows the flow of the coal
through avariety of coal handling equipment.

The Coal Tracking Model is composed of a collection of such equipment, e.g.,
conveyors, crushers, and diverter gates. The coal feeds from one piece of equipment
to the next until it arrives at the bunkers. The on/off status of the equipment is
determined by reading the real-time on-line data.

Coal Blend Advisor

The purpose of the Coal Blend Advisor isto recommend which syntrons are to be
used to provide the best coal blend. The decision is based on the properties of the
coal above each syntron, the expected coal delivery, the availability of syntrons, the
flow rate capabilities of the syntrons, the historical operation, and the required power
production of the unit. User-defined goals and constraints are also taken into
consideration.

The goal of the Coal Blend Advisor algorithm isto standardize the logic and simulate
the working mental model of the engineers and plant operators. Thisis done by
applying state-of-the-art cal culation and programming techniques to the problem
solution.

Calculation Process

The calculations are made using a series of fuzzy engines and a heuristic program.
Several small fuzzy engines are used instead of one large one because this allows
greater flexibility in the parameters that can be incorporated into the overall decision-
making process.
There are several inputs to the Coal Blend Advisor:

Dynamically changing properties of the coal in the pile

Seam delivery forecast for the next 24 hours

Opacity potentials of the coal in the pile and the coal to be delivered

Sodium and sulfur contents of the coal in the pile and the coal to be
delivered

Heating values of the coals
Stack opacity measurements averaged over the previous four hours

Sodium val ues of the coal burned averaged over the previous four
hours

Average power produced in the last four hours by Unit 1

Average power generation by Unit 1 predicted for the next four hours
Operational status of the syntrons (working/not working)

Minimum and maximum flow rates for each syntron

User-defined opacity and heating value targets.
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An ESP deconditioning factor is estimated using the average val ue of the stack
opacity measured for the previous four hours and the sodium levelsfor that time
period. Thisisused to determine atarget opacity potential that the coal blend can
have without causing opacity problems.

Thistarget coal blend opacity potential isfurther processed for power generation
changes. If the predicted power is much higher than the power that had been
generated in the previous four hours, the target opacity potential of the coal blend is
decreased.

Note: The opacity target entered by the user is adjusted to take into account
historical operation of the unit aswell as future power production. Therefore, the
actual opacity target that the blends are meeting is not necessarily the same asthe
user-defined opacity target.

Then the seam availabilities are calculated. The inputs are the amount of coal of each
seam on the pile and the expected delivery of each coal.

Finally, the recommended syntrons are determined. Basically, an objective functionis
calculated for all possible syntron combinations. Then the results are ranked by the
objective function.
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Glossary of Terms

balloon

abox that appears when you place the mouse pointer over aan area. The box
displaysinformation about the item over which the pointer islocated.

BANCS

Boiler and NO, Control System. The module of PECOS that models the boiler and
makes | east-cost-setpoint boiler operation recommendations, while maintaining or
reducing emissions.

button

small markers on the toolbar containing graphics which generate button-specific
commands when clicked once with the mouse. The function of each buttonis
displayed in aballoon when the mouse pointer is held over it without clicking.

CBAS

Coal Blend Automation System. This module of PECOS tracks the coal from the yard
tothebailer. It also makes coa blend recommendations to the operator.

clipboard

atemporary Windows storage areafor cut or copied text or graphics. Y ou can copy
datato the clipboard and use it in other Windows applications. The clipboard holds
the text or graphic until you cut or copy another text or graphic item.

Coal Blend Advisor

the CBA S modul e which makes coal blend recommendations as well as suggestions
on how to achieve the recommended coal blend.
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Coal Pile Model

the model of coal movement through the coal pile. It takesinto account dead and live
storage areasin the pile. The Coal Pile Model is part of the Coal Tracking Model.

Coal Tracking Model

the CBA S module which models the coal handling system from the coal receipt to the
mills. Itincludesthe Coal Pile Model and the Silo Flow Model.

control menu

the top-level menu that contains commands that control the application. The control
menu is accessed using the application control box.

dead coal

coal in apilethat does not move during normal operation. This coal must be moved
manually (i.e., with bulldozers) in order to reclaim it from the pile.

dialog box

aspecial kind of window that either requests or providesinformation. Many dialog
boxes present options to choose from before you can perform actions.

drop down list

alist of options accessed by clicking on adown arrow next to a selection box.

edit mode

mode in which data can be entered. The Start Edit command is used to get into edit
mode. The Save Changes and Cancel Changes commands get out of edit mode.

Edit Mode Timeout

time period of inactivity whilein edit mode that causes the warning dialog box to
appear. Thewarning tellsthe user that changes have been made, but not sent to the
server.

folder
3 amain category in the Tree View window. It isdesignated by the folder icon.
icon
asmall picture on the desktop representing a minimized window.
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E Maximizeicon

EMinimizeicon

insertion point

the point where datawill next be entered. To move the insertion point through a
document, scroll until the place you want to edit isvisible or click the new location.
After selecting an insertion point, it is marked by aflashing cursor.

live coal

the coal that moves through the pile during normal operation. It isalso known asfree
flow.

load point

the position in the coal pile wherethe coal isloaded. There are nineload pointsCone
above each of the nine pairs of syntrons.

Log window

the window at the bottom of the screen. It displaysinformation about what is going
onin PECOS. The most useful information displayed in the Log window for the user
isalisting of the edit changes made after the Save Changes commandisgiven..

Main View window

the window which takes up most of the screen. It displaysthe dataand
recommendations. The Main View window is controlled by navigation using the Tree
View window.

maximize button

use this command to enlarge the active window to fill the available space. Click the
Maximizeicon on thetitle bar, or double-click thetitle bar.

menubar

located below the title bar, along the top of the window, and contains all PECOS
commands. To view all the commandsin amenu, click the menu name.

minimize button

use this command to reduce PECOSto an icon. Click the minimize icon on thetitle
bar.

On-Line Help

provides assistance in using PECOS which is accessible from the help menu and from
various help buttonsin dialog boxes.
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® Specify ¢
3 Specify. ..

2]

pane

aview inthe Tree View window. Different panes are accessed by clicking on the tabs
at the top of the Tree View window.

PECOS

Plant Environmental and Cost Optimization System. Thisisthe program which
encompasses CBAS, BANCS, and SCY CLOPS.

radio button

the adjacent figure shows two circular radio buttons. Y ou can only select oneradio
button in agiven set. When you use your mouse to click the desired radio button,
the middle of the circle darkens; the unsel ected radio button and the information
related toit “grays out.”

restore button

returns awindow to its previous size before it was maximized or minimized.

scroll bar

appears aong the right side and/or bottom of awindow and is used to scroll
vertically or horizontally when the window contains more than can be displayed on
the screen.

SCYCLOPS

Steam CY CLe OPtimization System. This module of PECOS makes | east-cost setpoint
recommendations for the operation of the steam cycle.

seam number

the number of the seam from which the coal was mined.

Silo Flow model

amodel developed by Praxis Engineers, Inc. It predictsthe coal discharged from a
silo or bunker, taking into account the loading and discharge schedules, as well as
severa other parameters. The Silo Flow model isincluded in the Coal Tracking
Model.

status bar
the bar at the bottom of the screen that displays the status of the program.
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tab

protrusions at the top of the Tree View window, similar to tabs on physical folders
(those antique things you usein filing cabinets). Clicking on atab accesses a pane.

title bar

the topmost area of awindow which contains the control menu box and the maximize,
minimize, and restore buttons.

toolbar

the toolbar is displayed across the top of all windows, below the menubar. The
toolbar provides quick mouse access to many commands used in PECOS. Click the
desired tool button to execute the associated command.

Tree View window

the window on the | ft side of the screen which contains a hierarchy of the folders
and itemsto be view in the Main View window.

A Guide to Using PECOS

Glossary of Terms - 63



Index

A

Adjustment 18, 36, 54
Aria 3

B

Balloon 11

Blend Advisor See Coal Blend Advisor
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Start Edit 25, 32

Startup Adjustment 25, 39
Copy command 24, 28
Cut command 24, 28
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Dataentry
Cod Pile15, 32
Coad Pile Adjustment 18, 36
Coal Pile Turnover 37
Coal Quality 15, 35
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Expected Delivery 35
Undo Receipt 38
Dead cod 12, 31
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E

Edit menu 24
Edit mode 25, 27, 32
Edit Mode Timeout 25, 33
Empty bunkers command 39
Empty coal pile command 39
Equipment menu 26

syntron status 21, 44
Expected Delivery 35

F

File menu 24
Fixing asyntron 20
Fuzzy engines 57

H
Hard disk requirements 5

M

Main View window 7
Memory requirements 5
Menu

Edit 24

Equipment 26

File24

Help 26

Options 25

View 25
Menu commands 3
Menubar 24
Mouse 5

O

Opeacity limit 43
Opacity potential 42, 58
Options menu 25

Edit Mode Timeout 25, 33
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Save Changes 25, 27, 33
Seam number 31
Silo Flow model 55
Start Edit 25, 27, 32
Startup Adjustment 25, 39
State of coal pile 30, 37
Status Bar

viewing 25
Summary table 11, 30
Syntron status 21, 44
System requirements 5

T

Target opacity potential 42, 58
Technical Support 6
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Toolbar
description 27
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Tree View window 8, 23
Turnover 37, 53
Tutorial 9
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special 3

U
Undo Receipt 38

\
View
by coal properties 31
by seam number 31
dead coal 28, 31
View adjustment
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View menu 25
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Windows 7
help 6
Log8
Main View 7
TreeView 8, 23
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Introduction to PECOS

Description of PECOS

The Plant Environmental and Cost Optimization System (PECOS"™) is an advisory
software system whose purpose is to recommend coal blends and least-cost control
system setpoints to the plant operator. The operator will be able to minimize overall
power production costs while meeting load, staying within emissions requirements,
and observing safety and operational constraints.

PECOS a so makes available information to the operators that is generally not known,
such as the properties of the coal currently being burned in the boiler. PECOSis
designed for real-time use by operators in fossil-fired power plants.

PECOS consists of several modules:
Coal Blend Automation System (CBAYS)
Boiler and NO, Control System (BANCYS)
Steam CY CLe OPtimization System (SCY CLOPS).

Aninstallation of PECOS may include one or more of these modules. Each module
consists of amodel of the system and produces recommended actions for the
operator.

PECOS offersavariety of features, including:
User-friendliness
A powerful and versatile graphics display
Real-time data collection

LAN/WAN-based operation, allowing use by operators, engineers, and
managers throughout the utility.

Brief Overview of BANCS

The Boiler And NOx Control System (BANCS) isan on-line advisory software
product which recommends optimal, least-cost boiler side control setpointsto
operatorsin real time. BANCS determines the setpoints by automatically assessing
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all of the economic tradeoffs inherent in the system while making sure that important
safety, environmental, operational constraints are not violated.

BANCS combines both physical models and neural models to simulate plant
performance. It modelsall of the equipment and systems associated with the plant
and automatically collects data from the existing plant data highway to be used in its
models. BANCS uses on-line datato validate and adapt its models to provide
accurate plant modeling even when plant conditions are changing with time. Based
on these models, BANCS uses a powerful optimizer to calculate least-cost setpoints
within the specified operational constraints.

The benefits provided by BANCS include:
It provides the operators with |east-cost control setpoints on-linein real time.

It provides the ability to change the limits on plant constraints so that the least
cost setpoints can be tailored to meet specified safety, environmental, and
operational constraints.

It assistsin avoiding derates used as a method of avoiding emissions
exceedences.

It aids in eliminating differencesin operator-to-operator performance.

It provides detailed on-line cost information to highlight where costs are going,
giving more insight to maintenance and pricing strategies.

It can be easily updated by the plant to integrate the performance of new,
advanced control subsystems as they become availablein the future, allowing
utilities to maximize their benefits from the new systems.

Organization

ThisUser’'s Guideisintended to assist you in learning how to use BANCS and take
full advantage of the program’ s capabilities. The Guide includes the following
sections:

BANCS Tutorial. A tutorial that leads new users through the operations commonly
performed in BANCS. This section provides step-by-step examples of viewing and
editing several different kinds of data, running a simulation, running an optimization,
and viewing results.

BANCSMenusand Commands. A complete description of all the menus and
commands availablein BANCS. Thissection isagood placeto look to find the
details of using a particular menu item or button. It also describes how to use the on-
line help system.

Using BANCS. Detailed descriptions of the operations that users will carry out in
BANCS, including step-by-step guides for running simulations and optimizations.
This section covers what data can be edited, how to edit data, which data affect
simulations and optimizations, running the simulations and optimizations, and
viewing results.

BANCS Technical Description. A discussion of the models and techniques that are
used in BANCS to simulate boiler operations and to determine optimum setpoints for
| east-cost operations.

1-2 .
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Glossary. An explanation of the terms used in BANCS and the User’s Manual.

Index. Anindex of items users can look up in the manual.

Getting Technical Support

If you are unable to resolve atechnical problem using theinformation in this User's
Manual, contact Praxis Engineers, Inc. at (408) 945-4282 (tel), or (408) 263-2821 (fax), or
support@praxisengineers.com (E-mail).

About this Manual

Special typefaces are used in this manual to help you distinguish between menu
commands, keys that you press, data that you type, and terminology found in the
glossary.

Table 1. Printing Conventions Used in This Manual

Convention Applies to Examples

Bold Menu commands and button | To open anew file, choose
names File, New from the File

Menu

Italic Terms explained in the menu bar, toolbar, button
glossary at the end of this
manual

“Quotation marks’ PECOS data entry and dialog | “Time Period” box
box titles and names

Arial font Keys on your computer’s Shift, Ctrl, Alt, F1
keyboard
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BANCS Tutorial

Overview

This chapter provides several step-by-step examples that are intended to quickly
familiarize users with BANCS operations. In this chapter, you'll navigate through the
BANCS screens, edit data, calculate plant variables by running asimulation, and
calculate optimum setpointsto achieve least-cost overall operation of the plant.

Navigating the BANCS Screens

Find this window >

OR

Click this button >

OR

Double-click thisicon 2>
and enter user name and
password.

Start PECOS/BANCS

BANCSisamodule of alarger software package called PECOS (Plant Environmental
and Cost Optimization System). The PECOS installation at your plant may contain
other modules (CBAS or SCYCLOPS) besidesBANCS.

L ook for the PECOS window. It hasthe following label at the top left corner.

™ PECOS - Prazis OptiMation Technology

If you don't find the window, check the task bar at the bottom of your screen to seeif
the PECOS window has been minimized. If it isminimized, the following buttonisin
the task bar.

i PECOS - Praxiz Optitation...

If you find this button, click it to open the PECOS window.
Otherwise, start PECOS from itsicon on the desktop by double-clicking oniit.

PECOS asks for a user name and password. Enter the user name and password that
have been assigned to you in the two boxes. The password that you type will
appear as'***' in the window, so that your password cannot be seen by anyone
standing near the monitor. Then click OK.

Boiler and NOx Control System BANCS BANCS Tutorial - 2-1



Enter Your Pazssword

Llsermarme:;

Fassword:

Cancel

Y ou should now have the PECOS window visible on your monitor.

The BANCS Windows
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Click BANCStab. The Tree View Window on the left displays a different tree for each PECOS module

installed at your site. To display the BANCStree, click thetab at the top of the Tree
View Window that is|abeled BANCS.
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folders L1 3

L]
+
+

BL v
screens B2 [ 72

$

++

Step 1: Click +.

Step 2: Double-click
Setpoints

! R

The Tree View Window controls what is displayed in the Main View Window. The
Tree View Window containsfolders and screens. The folders are yellow and have
names, such as System Overviewor Mills. Each folder contains a number of screens.
The Boiler folder isopen inthe BANCS Tree View Window shown above, and it
contains four screens, Schematic, Table, Trend Graphs, and Bar Charts. Inthe
picture above, the Boiler folder's Table screen isdisplayed inthe Main View
Window.

Displaying Different Screens

To display ascreen, first open afolder. Click the'+" at the left of the System
Overviewfolder. It will open and look like this.

Syatem Overview
----- B Schematic
-~ Tahle

----- A Trend Graphs
{.] Bar Charts

----- T Setpoints

----- ¥ Constrained Yariable

----- % Unit Cost

Then double-click the screen that you want to display. Double-click either the
Setpoints icon or the word 'Setpoints’. You'll see the Setpoints sliders (shown below)
appear in the Main View Window. If the slidersdon’t appear, try double-clicking a
little faster.

I I [ 75 I o — 50 F &0 o [ 55 I 6
b [ 5
[
B B B
pl 65 pl 165 pl1-50 pl1-50 pl 145 pl 12
Mill & E vit Temp.C || Mill D Exit Temp™C Mill B Bias.% Mill E Biag. % FD Fan Bias.% Excess Duwgen
L [ [ 75 F [ 50 F P 350 [ [ 55 F s 17100
[
B
= g )
pLl65 pl 65 U w330 pl 45 pL_ 16000
Hill B Ewit Temp C || Mill E Exit Temp™C Mill C Bias % Primary Air Temp.C ID Fan Bias % |[5H Steam Pres” kP
™ [F (B [F [T
75 [ofr— 50 [— 50 50 B_ 95 [ Current
o [~ Optimized
B B > Min
P [ Max
p—65 p—-50 p—-50 p—-40 pl 145 N
Mil C Esit Temp",C || Mill Bias, % Mil D Bias% ||Fan dirlniet TempOf| P4 Far Biss2e | _Table ¥iew

Sider view of Setpoints screen.
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Step 3: Place cursor over
dlide’ sthermometer to
display numbers.

I~ -
S
anfalC
Mill E Exit Prlin B2 C
COptimized 72.4 C
Curent 71 C

Step 4: Double-click Table
under System Overview

I

The slider view of the Setpoints screen shows the minimum, maximum, current, and
optimized setpoints using arrowheads of different colors. The Current value
displayed for measured variablesis a measured value that is obtained on-line from
the plant’ s data acquisition system. The Current value displayed for other variables
isasimulated value, one that BANCS cal cul ates from measured values and user
inputs. To see numeric values for current and optimized setpoints, place the cursor
over the dlider, directly over the part that |looks like athermometer. A balloon
appears displaying the numbers.

Display the System Overviewfolder's Table screen by double-clicking on Tablein the
Tree View Window. Thedisplay inthe Main View Window switches from the
slidersto atable.

Variahle Units Ivlin Chrrent Twlax
Optirndzed
Boiler Efficiency T T 25 100
B3
Carhon in BAsh o 0 1.20 2
1.48
Cathon in FAgh o 0 3 10
3
East Duct O2 East Probe o 2 240 ]
240
East Dt 02 West Probe Y 2 240 f
240
Econ Bypass T 0 40 100
40
Econ Gras Bt Temp C 300 450 G00
378
Econ Gas In Termp C 400 60 G00
500
ESP & Caparcity o 0 20 100
&0

System Overview folder's Table screen.
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Sep 5: Clickand hold to
scroll.

J_,lﬁ

Step 6: Click - toclose.
Iﬁa Syztern Overview

Step 7: Click +to open.

I_E%D Boiler

Step 8: Double-click Trend
Graphsto display.

Wm

The System Overview Table screen shows variables from many different parts of the
plant. It contains the setpointsthat you saw in the Setpoints screen'ssliders. Scroll

the table down by clicking and holding on the down arrow |L| at the bottom right
corner of thetable. Look for the mill exit temperatures which were shown in the

sliders.
Varighle Units Llin Churrent IEs
Optiredzed
Il & Ext Temp* C L] iy ]
BE
LI B AmFuel 1 3 3
2.16

Scrolling down in the System Overview folder's Table shows mill exit temperatures.

Close the System Overviewfolder in the Tree View Window by clicking onthe -

Open the Boiler folder by clicking on the '+' left of the folder in the Tree View

Window. The screensavailable for the boiler appear.

Ela Boiler

E‘é‘ Schematic

The Boiler folder has Schematic, Table, Trend Graphs, and Bar Charts screens that
display boiler datain different forms. Display the Trend Graphs screen in the Main
View Window by clicking on Trend Graphs in the Tree View Window.

1800

1200 |
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Thistrend graph appears, showing Hot RH Steam Press. Thisisacurrent value for
thisvariable. Optimized, minimum, and maximumvalues are not available to be
trended.

Sep 9: Click Trend Graphto The variables displayed on atrend graph can be changed. To change the displayed
bring up menu. data, click on thetrend graph. A small menu appears on the trend graph.

4000 ----

Data
Time Period
Data Fiange

Step 10: Click Data The menu that appears enables usersto change the data, the time period (x-axis), and
the range of values (y-axis) for the variable. Click Datato change the variable shown

% onthe graph. Another window appears displaying alist of variables.
Ime o

[ata Range
Trend Graph ¥ariable Selection
Ligt of available wanakles: Wariahles shown
Boiler Air hoisture Credit -~ Hot BH Steam Pres*

Boiler Air Moisture Loss

Boiler Ash Loss Add >>
Boiler Blowdown Loss 4
Boiler Bottom Ash Loss

Boiler CO Loss

Boiler Coal Credit

Boiler Dry Air Credit

Boiler Dry Gas Loss

Boiler Efficiency << Remowve
Boiler Fly Ash Loss

Boiler Fuel Hydrogen Loss

Boiler Fuel Maisture Loss i

Cancel

The left column shows all variables that can be displayed on the trend graph.
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Step 11: Scroll toBoiler In this example, we'll change the trend graph to show Boiler NOx Loss rather than Hot
NOx Loss. RH Steam Press. First Scroll the "List of Available Variables' until you see Boiler
NOx Loss. Click Boiler NOx Lossto highlight it. Then click the Add>> button in the
middle of thewindow. The Boiler NOx Loss variable movesto theright into the

-
"Variables Shown" list.
Trend Graph Yariable Selection E
Step 12: Click
Bailer NOx Loss
List of awailable variables: Yariakles shown

| Bioiler Dy Air Credit =] Hot RH Steam Pres*
S 13: Click -ﬂ\dd > BDHerD[};.Gas Lass _ Buoiler NOx Loss

ep . IC Boiler Efficiency
Boiler Fly Ash Loss =
Boiler Fuel Hydrogen Loss
Boiler Fuel Moisture Loss

Boiler NOx Loss

Boiler Pyrite Reject Loss

Boiler Radiation Loss

Boiler JC Loss << Removel
Boileret Gas Loss

East RH Steam Temp*

East SH Spray Flow* [~ |

Ok | Cancel |

After clicking Add>>, Boiler NOx Loss moves into the "Variables shown" column.

Trend graphs can display more than one variable, but in this example, we'll remove
Hot RH Steam Press from the display. First click Hot RH Steam Pressin the
"Variables shown" list to highlight it. Then click the <<Remove button. Only Boiler
NOx Lossremainsin the"Variables shown" list.

_. Trend Graph Variable Selection E
Step 15: ClickLs
List of awailable variakbles: Yariakles shown
Boiler Dry Air Credit =] Boiler NOx Lass

Boiler Dry Gas Loss

Boiler Efficiency Add >
Boiler Fly Ash Loss 4'
Boiler Fuel Hydrogen Loss

Boiler Fuel Moisture Loss

Boiler NOx Loss

Boiler Pyrite Reject Loss
Boiler Radiation Loss
Boiler UC Loss
Boileret Gas Loss
East RH Steam Temp*
East SH Spray Flow* [

Ok | Cancel |

On clicking <<Remove, the Hot RH Steam Press disappears from " Variables shown™ column.

Step 16: Click Now click OK to get the Boiler NOx Loss to appear in the trend graph. Thetrend
oK graph will clear al the old data points and start plotting Boiler NOx L oss at the
current time.
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Trend graph starts plotting Boiler NOx Loss after clicking OK.

Simulations

F-23 Manual Inputs

What isasimulation? A simulation isa calculation of plant performance variables
including boiler related variables contained in the plant's data acquisition system
(DAS) (such asair heater temperatures) and some variables not contained in the DAS
(such as Net Power Output and Generation Cost). The simulation is based on a
detailed mathematical model of the operation and performance of the power plant.
The simulation uses physical models guided by on-line measured data, empirical
constants, and data input by hand to make its cal culations.

Edit Data for a Simulation

What Data to Edit

The datathat users may edit which will affect the simulation results are called manual
inputs. Manual inputs are valuesthat are entered by hand because they are not
availableon-line. You can find out if your installation has any manual inputs by
looking inthe Tree View Window. If you find afolder labeled Manual Inputs, then
your installation is using some manual inputs. To see what values are required,
display the screensin thisfolder. (A previous section of thistutorial, " Displaying
Different Screens’ on page 2-3, explains how to display screens.) If any valuesare
missing, you'll have to enter them prior to doing asimulation. 1f BANCS has been
running for awhile, someone else has probably entered values. For thistutorial, it's
OK to usethe valuesthat are already there.

The Editing Procedure
Editing data requires four steps:

1) Display the appropriate screen,
2) Start an edit session,

3) Makethechanges,

2-8 -
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Sep 0. If toolbar isNOT
visible, click

IE and click

Step 1a: Click + to open
@@D b arual Inputs

Step 1b: Double-click

B

Step 2a: CIickil

4) End the edit session by saving or canceling the changes.

WEe'll walk through an example of editing atable. Before starting to edit, be sure that
the toolbar is displayed.

dwl7 EE e KE ird

If the toolbar is displayed, skip to Step 1. If thetoolbar is not displayed, click the
Viewmenu to pull it down, then click Toolbar .

File Edit RN Option:  Eguipment  Help

v Statuz Eg

v WS AT
S
it (
frety
fr i aistire
Gy S adium
by I itregen
Gy [ masity

v [ead [Eaal

Thefirst step in editing is displaying a screen that has the data you want to edit. You
learned how to display screens earlier in thistutorial. Open the Manual Inputs folder
(if it isn't open aready) by clicking on the '+' at the left of the folder in the Tree View
Window. Then display the Inputs screen by double-clicking onlnputsinthe Tree
View Window.

=3 Manual Inputs

LEEH Ot Status

The Inputs table appearsin the Main View Window. If the Main View didn't change,
try double-clicking on Inputs alittle faster.

The second step isto start an editing session. Click the Start Edit button on the
toolbar. It hasalittle pencil on it and isthe leftmost button on the toolbar.

A e sl e 9= i

In the window that appears, type your password in the blank field. The lettersyou
type will appear as*** in the box, so that your password isn't visible to anyone near
your monitor.
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Step 2b: Type your
password.

) 0OK |
Step 2c: Click

Step 3a: Click on avalue.

Step 3b: Type a new value
over the old one.

Repeat Step 3a: Clickona
value.

Repeat Step 3b: Type a new
value over the old one.

Step 4: Click il to save.

Pazzsword |

Please enter your password.

1

1] .4 Cancel |

Then click the OK button on the “Password” window. BANCS is now inedit mode
and will allow you to change data. In thetable, find Outside Air Relative Humidity
and click onitsvalue.

|Crutside Air Pressure 03 kPa
[Cutside Air Relative Hunidity 90] v,
IDutsidB Lir Terperature | -32 C

The value highlights and movesto the left of the field when you click onit. Typea
new number, 80, over the old number.

[ ]
[Ontside Air Relative Huradsity 80 ¥,
| ]

Now click on another value, the value for Outside Air Percentage. It highlightsand
movesto theleft for editing.

|_
Cutzide ir Percentage m ¥
Dutzide Ajr Pressure Q4 kPa

Type anew number, 30, over the old number.

Ctside &ir Percentage i

The last step in the editing procedureisto exit the edit mode. BANCS ends the edit
session and exits edit mode when you either save your changes or cancel your
changes. Up to this point, none of the changes you have made are saved. They can
be erased by using the toolbar's Cancel Changes button or the Edit menu's Cancel
Changes command. Both are described in " End the Edit Session” on page 4-22. Save
the two changes you just made by clicking the toolbar's Save Changes button. It has
alittlelightning bolt on it and it's the second button from the left in the toolbar.

A e N =

The lightning button (Save Changes button) turns gray when you end the edit
session. The gray indicates that the button is deactivated.

Run a Simulation

Running asimulationisvery easy. Click the Simulate button (the button with the red
'I'on it) in the toolbar.

2-10 - BANCS Tutorial

Boiler and NOx Control System BANCS



Sep 1: CIickiI

Sep 1: Check for successful
simulation.

If%l:l Boiler
Step 2: Click

Step 3: Double-click
E g

Sep 4: Scroll downto
Boiler Efficiency

J_,lﬁ

AN e E N E ird

When the simulation starts, it prints a message in the Log Window at the bottom left
of the screen.

1N 1
Iimulate BANCS data...
- |

& s
1L

Ready

Look for "Simulate BANCS data..." to be sure that your simulation started. Y ou may
have to scroll the Log Window to see the message. The simulation takes afew
seconds to run and will print another message in the Log Window when it completes,
either “ Simulation succeeded!” or “ Simulation failed!”

For more details about running simulations, see " Running a Simulation™ on page 4-26.

View Simulation Results

Thefirst result to look for is successful completion of the simulation. Look inthe
Log Window at the lower left corner of your screen for " Simulation succeeded!". You
may have to scroll the Log Window to see the message.

I | |
Iimulatiun succeeded! '
]

Ready

The values calculated by the simulation appear in many of the BANCS screens. A
particular variable can beviewed in aTable, aTrend Graph, or aBar Chart. Some
variables can also be viewed on Setpoints, Constrained Variables, or Schematics
screens. For more information on where to look for data, see “Where to Find Data”
on page4-1. Inthisexample, we'll look at Boiler Efficiency and Generation Cost
variablesinaTableand aBar Chart.

To view aparticular variable, find the folder in the Tree View Window that contains
the screens for the appropriate plant section. The Boiler Efficiency variableisin the
Boiler folder. Openthe Boiler folder (if itisn't already open) by clicking on the‘+’
left of the folder in the Tree View Window.

The Boiler Efficiency can be viewed in the Schematic, Table, Trend Graph, or Bar
Chart screensin the Boiler folder. First display the table by double-clicking on
Tablein the Tree View Window.

Scroll the table down by clicking and holding the down arrow |L| at the bottom right
corner of the table until you see Boiler Efficiency. The Current valuefor Boiler
Efficiency isthe value produced by the simulation.
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Step 5: Find Current value
for Boiler Efficiency.

Step 6: Double-click

[.] Bar Ehartslf\\‘3

Step 7: Click anywhere on
the bar chart to get menu.

Step 8: Click Data

Data B agge |

Varishle Units Ivlin Charrent Ivlax -
Optirnized
Boiler Dry Gas Loss i I 544 10
534
Buoiler Efficiency i 0 2668 100
2621

The values on your screen may not match these values.

Let’slook at Boiler Efficiency on abar chart. Under the Boiler folder (which should
be open), double-click Bar Charts. The bar charts appear in the Main View Window,
but they aren’t displaying Boiler Efficiency.

The data displayed on abar chart are changed similarly to the way you changed trend
graph data earlier in thistutorial. Click on the bar chart to bring up a small menu.

4000
I650 —
33|]|]_:E [rata -
2950 [rata Bange A
2600
2250
1900
1550 v
12004 1200 1236
8504
LO0-

Hot BH 5team Press,kPa

Then click Datato change which variable is displayed on the bar chart. The “Bar
Chart Variable Selection” window appears.
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Bar Chart ¥ariable Selection |

Flease select one from the following list:

Boiler Air Moisture Credit -
Boiler Air Moisture Loss

Boiler &sh Loss

Boiler BAsh Loss

Boiler Blowdown Loss

Boiler C0 Loss

Boiler Coal Credit

0K Boiler Oy Air Credit
Step 10: Click4| Boiler Ory Gas Loss
Boiler FAsh Loss j

Ik Cancel |

Sep 9: Click “ Boiler Eff”

In the*Bar Chart Variable Selection” window, click Boiler Eff to highlight it. Then
click OK to display Boiler Efficiency on the bar chart.

100
Left bar iscurrent value and gz
for thisvariableitis g;

calculated by simulation. aa-

85+
82
79+
flis
73
JF0-

Boiler Eff,%

The current value is shown on the left bar. On line, the left bar is blue and the right
bar (optimized value) isred. Boiler Efficiency isasimulated variable, and the current
value shown isaresult of asimulation. Measured variables are obtained
automatically from the plant’ s data acquisition system. Measured variables are only
displayed in the Measured Variables folder.

Step 11: Click + Now we'll view another variable, Generation Cost. All the calculated costs arekept in
ﬁ{:l Cozts aspecial folder, the Costs folder. Find the Costs folder in the Tree View Window and
openit (if itisn’t already open) by clicking on the‘+’ left of the folder.

Ela Costz
R = Table%
A Trend'fyaphs
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Step 12: Double-click

=

Step 13: Find Generation

Costintable.

Then display the Costs folder’ stable by double-clicking on Table. The Generation
Cost isvisible without scrolling.

eneration Cost centskW-hr 02 045 1
0.45

The current valueis underlined. For Generation Cost, the current valueis asimulated
value.

Optimizations

Step la: Click

%{:I

Syztem Owerviem

Step 1b: Double-click
L ]

What is an optimization? An optimization is a calculation of setpoints that resultsin
|east-cost operation of the plant while meeting all safety, environmental, and
operating constraints.

Edit Data for an Optimization

What Data to Edit

Users may edit more variables that affect optimizations than affect simulations.
Manual Inputs are the only variables that affect simulations and can be edited by
users. Editable datathat affect optimizationsinclude:

Setpoints. minimum/maximum
Setpoints: fixed
Constrained Variables: minimum/maximum
Manual Inputs (if your installation has any)
For more details on data that affect optimizations, see “Editing Datafor an
Optimization” on page 4-30.
The Editing Procedure
Editing datafor an optimization requires the same four steps as for a simulation:
1) Display the appropriate screen,
2) Start an edit session,
3) Makethechanges,
4) End the edit session by saving or canceling the changes.

In this example, we'll edit setpoints and constrained variables. Remember that the
tablesin the Manual Inputs folder can be edited prior to an optimization. Inthis
section, we'll skip editing of those data because we covered thisin the previous
section.

First, display ascreen for editing. Open the System Overviewfolder inthe Tree View
Window (if itisn’t aready open) by clicking onthe‘+’ left of the folder. Then
display the System Overview s Setpoints screen by double-clicking on Setpoints
under thefolder. The slider view of the setpoints appearsin the Main View Window.
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Step 2a: CIickil

Step 2b: Type your
password.

Sep 2¢: Click
QI

r [— 72 - [o— 72 I [f— 20 r [ 20 r [— 29 r [— B
[t e [
[
[
F K P o
plB5 - pl—-50 pl—-50 pl 145 w2
Mill & Ewit Temp* CJ| Mill D Exit Termp=C Hill B Bias, % Hill E Biaz, % FD' Fan Biaz, % Excess Ouwpgen i
r | r— = | r— ] rl- [o— 20 rl- [efer— 350 r [— r [— 17100
[
[ B B
=
= s = .
- (-] pl—1-50 w1330 pl 145 p— 16000
Mill B Exit Temp* C ]| Mill E Exit Termp®C Hill C Bias, % Prirnary Air Termp,C ID Fan Bias, % JEEH Steam Pres® kP
L [ I I I
E— 75 [4— B0 f=— B0 E— 50 g— 55 [ Current
B [ Optimized
B By = Min
B [= Max
B
-] pl-50 w—1-50 w—1-40 pl—145 .
Mill C Exit Temp=,Cl|  Mill Bias,% Mil D Bias, % ||Fan & Iniet Temp,Cl| P& Fan Bias,z | _ Table View

Sider view appears after double-clicking on System Overview's Setpoints in Tree View.

The next step isto get BANCS into edit mode. The same procedure is used here to
start an edit session (get BANCS into edit mode) as we used when editing tables.
Click the Start Edit button on the toolbar. It hasalittle pencil on it and isthe leftmost
button on the toolbar.

A e sl e 9= i

In the window that appears, type your password into the blank field. The lettersyou
type will appear as*** in the box, so that your password isn't visible to anyone near
your monitor.

Pazzsword |

Please enter your password.

1

1] .4 Cancel

Then click the OK button on the “Password” window. BANCS is now inedit mode
and will allow you to change data.

WE' re going to change the minimumand maximumvalues for FD Fan Bias. Find the
dlider for FD Fan Bias. Double-click on the thermometer portion of the slider to bring
up abig slider.
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Step 3a: Double-click onthe
thermometer part of FD Fan
Bias dlider.

Step 3b: Change the values.

Step 3c: Click

and

FD Fan Biaz =

Y ou must double-click on the narrow rectangle in the

middle of the slider to get the big slider to appear for editing. Other portions of the
little slider do not respond to double-clicking.

55 [>5—55.0
_é 54.0 |557 Apply to Max |
_é 53.0 |45 Apply to Min |
= |52.0
__§ 51.0 [>>Current
_i [B= Optimized
—; 50.0 - Min
2 |aso [>Max

A8 =

= 48.0

47>3""47.0
E 0K
= |46.0

.FE 45.0 Cancel

Big dider appears after double-clicking on small dider’s thermometer.

Thisbig slider window allows you to change the minimumor maximumallowed values
for this setpoint. Change the valuesin the two text fields by clicking in thefield,
deleting or backspacing over the old number, and then typing in a new number.

Change

Change

hh

45

Apply to Max

Apply to Min

o

o

h2

48|

Apply to Max

Apply to Min

To see the new values displayed on the slider, click the Apply to Max and Apply to
Min buttons. Clicking these buttons does not save the new values. These buttons
move the arrows on the slider to reflect the changes as shown.
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Step 3d: Click
0] 4

1FD Fan Bias. % k E=

=—35.0
= |52 Apply to Maxl
— |54.0 s
E [8
—= [53.0 :
52.4 =
529 |[52.0
__E 51.0 [>Current
= [ Optimized
—; 50.0 P Min
E M
= |49.0 [>Max
B |18.0
= |a7.0
E 0K
46[>=3"146.0
= 45.0 Cancel

FD Fan Bias dider after clicking Apply to Max and Apply to Min shows new max and min.

In the example shown, the optimized FD Fan Biasis 52.4% which is above the
maximum value we just set. Y our screen may show different values for the current and
optimized setpoints. (BANCS uses different colors to distinguish the four values on
the slider. If you are reading this manual in black-and-white printed form, you' Il have
to look at the monitor to see the colors.) When we run an optimization, it will take into
account the upper bound of 52% and will calculate an optimum setpoint between 48%
and 52%.

Click OK to close the big slider window.

If you want an optimization to use a particular value for a setpoint, rather than finding
an optimum between the minimum and maximum allowed val ues, then you should fix
the setpoint. Asan example, we'll fix the Excess Oxygen setpoint. The procedureis
very similar to editing a setpoint’s minimum and maximum.

Find the Excess Oxygen slider in the Main View Window. Click onthelittle box in the
upper left corner to bring up abig slider. (The method for bringing up abig slider for
fixing asetpoint is different than the method for bringing up abig slider for setting
minimum and maximum values.)
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Step 3e: Click the box in the I~
upper left corner of Excess % b
Oxygen.
2
Ewxces: Oxpgen i

A big slider appears. It looks very similar to the big slider used for editing minimum
and maximum, but it has an extratext field and button.

i Excess Oxygen, % k E
6> 6.0
] IE Apply to) Max |
- Iz :
5 28 D: Appliy to Min |
—: 5.0 Id.B Apply to Fixedl
4.8 4.8 [
] [>=Current
] [>0ptimized
7 - Min
1 a0 [>>Max
] [=Fixed
— [3.0
_ OK
] Cancel
120

This big dider appears after clicking on the little box in the upper left corner of a small dlider.

Here, click inthe text field, use the Backspace or Delete keys on your keyboard to
erase the old number, and then type the new number, 3.

Sep 3f: Changethe values. Change Ir Apply to Fixe dl o I3

Step 3g: Click To display the new value on the slider, click the Apply to Fixed button. This button
g : moves the arrow on the slider but does not save the value.

The new value appears on the “Fixed” arrow pointing to the slider.
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Step 3h: Click
0] 4

i Excess Oxygen, 2

5
[i} [>_ 6.0
7 IE Apply to] Max |
- Iz i |
= o D: Apply to Mim
— |50 3 |Apply to Fixed|
4.8
] [>Current
— [B= Optimized
. - Min
1 lao [=Max
. [>>Fixed
3[> |[3.0 o
7 Cancel
Ep-—20

After clicking Apply to Fixed, the dlider displays the new fixed value on an arrow.

In this example, the optimized valueis till at 5.28%. The next optimization run will
take into account the fixed point and will use avalue of 3% for the Excess Oxygen
setpoint.

Click the OK button to close the big slider. The Excess Oxygen small slider now has
acheck mark in the upper left corner.

W 3
[~ 6
2
Excess Oxpgen, i

This check mark means that the Excess Oxygen setpoint is fixed and the optimization
will use the fixed value rather than trying to find an optimum value. The value of the
fixed setpoint is displayed next to the check mark. Hereitis3.

When you have finished editing minimums, maximums, and fixed points on this
screen, terminate your edit session by either saving changes or canceling changes.
Until this point, the changes you have made have not been saved and can be erased
by canceling. See“Cancel Changes Menu” on page 4-24 for more detail s about
canceling changes. To save the changes made earlier to Excess Oxygen and FD Fan
Bias, click the Save Changes button in thetool bar. 1t hasayellow lightning bolt on
it.
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Sep 4: CIickiI to save.

n
Step 1: Click ==

Log Window ->

Sep 1: Look for successful

compl etion of optimization.

Log Window >

A 2]

In addition to saving changes, the Save Changes button takes BANCS out of edit
mode and ends the current editing session. The lightning bolt turnsgray after
clicking, indicating that it is now inactive.

Run an Optimization

Running an optimization iseasy. Click the Optimize button on the toolbar. It has
two blue exclamation points (!!) on it.

gl vlEle] £lE) | wie

When the optimization starts, it prints amessage in the Log Window at the bottom
left of the screen.

(] I
B}timize BANCS data...
o

Ready

Look for "Optimize BANCS data..." to be sure that your optimization has started.

Y ou may haveto scroll the log window to see the message. The optimization takes a
few minutes to run and will print another message in the Log Window when it

compl etes, either “Optimization succeeded!” or *“ Optimization failed!”

For more details about running optimizations, see “ Running an Optimization” on page
4-30.

View Optimization Results

Many BANCS screens display optimization results. They can be found in the Table,
Bar Charts, Setpoints, and Constrained Variables screens. Inthistutorial, we'll
look at avaluein the Setpoints screen and a Table screen.  For more information on
whereto find various kinds of datain BANCS, see “Where to Find Data’ on page 4-1.

Thefirst result to look for is successful completion of the optimization. Optimizations
can take a couple of minutesto run. When an optimization is completed, it posts a
message in the Log Window. Look for “Optimization succeeded!” in the Log
Window at the lower left of your screen. Y ou may have to scroll this window
vertically to see the message.

I =0

Optimization succeeded!

|
Feady
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Sep 2: If not open, click

Su =ham Lweriemn

Step 3: If not displayed,
double-click

R

Step 4: Place cursor on FD
Fan Bias thermometer.

Sep 5: Place cursor over

Excess Oxygen thermometer.

In the Tree View Window, find the System Overviewfolder and display its Setpoints
screen. The System Overviewfolder is probably already open from the previous
editing session, but if not, click onthe‘+' at the left of the folder to openit. Then
display the Setpoints screen that isin the folder by double-clicking onit.

Find the FD Fan Bias slider in the Main View Window. During the previous editing
session, we restricted this to arange of 48% to 52%. Check the new optimum value
just calculated by placing the cursor over the slider’ sthermometer. A balloon
appearswith four valuesin it. The value labeled “Optimized” was calculated by the
optimization you just ran. Notice that the optimum which was 52.4% when we edited
the minimum and maximum is now 50%.

[~

55

L]
FO' Fan Biaz, %
bdaw B2 %
ki 48 %
Optirized 50 %
Current 50 %

L ook at the Excess Oxygen slider, too. During the previous edit session, we fixed
Excess Oxygen at 3%. For fixed setpoints, the optimizer does not calculate an
optimum value, but uses the fixed value. Place the cursor over the Excess Oxygen
slider’ sthermometer to bring up the balloon. The new optimum is 3%, which isthe
value wefixed earlier.

[# 3

Eucess Dupgen X
Fived 3 &
han 3 &
kin 3 %
Optimized 3 %
Current 345 &

A portion of the thermometer is shaded in this example. The shading showsthe
difference between current and optimized values. If the current valueis higher than
the optimized value, asit is here, the shaded area appears gray on the screen. If the
optimum is higher than the current value, the shaded areais green.
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Sep 6: Click‘+’ to open

ﬁ{:l Costs

Step 7: Double-click

e

In addition to setpoints, the optimization calculates plant operating costs. These
costs are availablein the Costs folder. Open the Costs folder by clicking the ‘+' at
the left of the folder. Display the Costs folder’s Table screen by double-clicking on
it. Inthetable, find Generation Cost by scrolling, if necessary. The value calculated
by the optimization you just ran is shown asthe “Optimized” value. Inthe example
below, the optimized value for Generation Cost, 0.34, issignificantly lower than the

plant’s current value of 0.76.

WVarighle Units Llin Current Iula
Optirized
Fiigh Cost $ib 1235 2135 100
2125
|Generation Cost centaflW-hr n2 078 1
034
Lah/Water Treatment Cost $ihr 0 ) 10
5
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BANCS Menus and Commands

Overview

This section describes how to navigate the BANCS screens, menus, and tool bar.
Userswho are familiar with another PECOS module such as CBAS or SCY CLOPS
aready know most of the material in this section. BANCS Boiler operations are
described in "Using BANCS" on page 4-1.

The general operating method in BANCS isto first use the Tree View Window to
select ascreen for display inthe Main View Window. Then execute commands for
the selected screen from the menus or the toolbar.

BANCS Windows

BANCS has three windows, the Tree View Window, the Main View Window, and the
Log Window. In addition to the windows it has a menu bar, atoolbar, and a status
bar.
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The Tree View Window is used to change the screen displayed in the Main View
Window. The Tree View Window contains folders which each contain a number of
screens.
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The Main View Window displays whatever screen was most recently selected from
the Tree View Window. The Main View Window displays BANCS data. Various
operations can be performed on the screens through menu commands and tool bar
commands.

The Log Window records and displays BANCS events. For example, when an edit
session is started, “ Edit mode started” appearsin the Log Window. Thiswindow can
be scrolled to see what operations were performed in the recent past.

The menu bar provides menus and commands to perform operationsin BANCS.
Some examples of BANCS operations are editing data, running a simulation, and
running an optimization.

Thetoolbar provides shortcuts for the most common BANCS operations. It provides
quicker ways to execute some of the menu bar commands. The toolbar can be hidden
or displayed by the user.

The status bar indicates what BANCS is doing right now. It can also provide brief
descriptions of toolbar functions. A description appears when the cursor is placed
on thetoolbar button. The status bar may be hidden or displayed by the user.

Tree View Window

Click BANCStab to display
BANCS Tree View

The Tree View Window controls what screen is displayed in the Main View Window.

Displaying BANCS Tree View Window

When PECOSisrunning, al installed modules ( which may include CBAS, BANCS,
SCY CLOPS) are available to the user through the Tree View Window. The Tree View
Window isthe narrow window at the left side of the screen.

CBAS |EﬁNES|
{i‘l Coal Files
SRR Coal Handing 5
- Unit 1 Bunkers

yater

The Tree View displays adifferent pane for each installed module.

CBAS BﬁNESl

- B k i
-] Coal
- Mils
&[] Fumace
-] Bailer
-] Economizer

To display the BANCS pane, click the BANCS tab at the top of the Tree View
Window.
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53
k Click +

OR

EE¢ Double-click folder
OR

m} Double-click name

ELI}E Click -

OR

% Double-click folder
OR

w} Double-click name

|l B lt&arts

Double-click screen name

Opening Folders

Theyellow foldersin the tree (Iabeled System Overview, Coal, Mills, ...) each contain
several screensthat may be displayed inthe Main View Window. To seethelist of
screens available in afolder, open the folder by clicking on the [+] to the left of the
folder, by double-clicking on the folder, or by double-clicking on the folder name.

; S0 Sestem Overview =
Coal

=0 Mils

{:l Furnace

Opening afolder does not change the screen displayed in the Main View Window.

Closing Folders

Theyellow foldersin the Tree View Window may be closed by either clicking on the
[-] to theleft of the folder, double-clicking on the open folder, or double-clicking on
the name of the open folder.

: ‘a Swstem Overview %
B8 Schematic

Closing afolder does not change the screen displayed in the Main View Window.

Changing the Screen Displayed in Main View
Window

When thefoldersin the Tree View Window are open, they display alist of screens
that may be shown in the Main View Window.

CBAS BﬂNESl

=
{:l Systermn Overview =

Ela Coal

-3 Mills

For example, the Coal folder hasTable, Trend Graphs, and Bar Charts screens. To
display ascreen inthe Main View Window, double-click on its name.
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—+
¥ Drag border

Changing the Size of the Tree View Window

The Tree View Window may be resized by dragging itslower or right border. To drag
the border, position the cursor over the border so that the opposing arrows appear in
place of the cursor. Then hold down the left mouse button and move the border to
its new location.

=3 Stack
LB Sohematic

------ A Trend Graphs

{.] Bar Charts

F-7 Costs il

.
==

This example shows the opposing arrows at the bottom of the Tree View.

The File Menu

Opening the File Menu

The File menu is the leftmost menu in the menu bar located near the top of the PECOS
window. Open the File menu by clicking onFile.

%ﬂdit Wiews Options  Eguipment  Help
Save b

Frirt.... Ctil+F

E it

Save As... Command

The Save As... command is not available for any BANCS operations and is grayed
out when any BANCS screens are displayed.

Print Command

The Print command prints the current Main View Window. TheMain View Window
isthe big window on the right side of the PECOS display. The Main View Window
displaystrend graphs, tables, schematics, and setpoints.

To print, click File in the menu bar, and then click Print.
Save ..,

E xit
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Exit Command

The Exit command disconnects the PECOS user interface running on your computer
from the PECOS server and terminates the PECOS user interface.

Saye

Frirt.... Ctil+F

E it

To exit, first click File in the menu bar and then click Exit.

The Edit Menu

Opening the Edit Menu

The Edit menu is the second item from the left in the menu bar, which is located near
the top of the PECOS display. To open the Edit menu, click Edit.

File %ﬁiew Optionz  Eguipment  Help
Start Edit

Save Ehanges
[Eatee] Ehanges

[Eut [l
[EEpEy [t
Easte [ e

Startim Sdiustment

Start Edit

The Start Edit command allows the user to begin anedit session in the Main View
Window. Start Editis not available for most of the BANCS screens because many of
the screens cannot be edited. When the Main View Window is displaying a screen
that cannot be edited, the Start Edit command will be grayed out. Itisactivefor the
screensin the Manual Inputs folder, for the Setpoints, and Constrained Variables
screens.  Clicking the Start Edit command brings up a dialog box reguesting a
password. A password isrequired to editin BANCS.

Save Ehangg

[Eatee] Ehanges

i [Etr{+=
By [EEr{+E
Easte [EEr{+s

Startup Adiustment
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il button does same thing
as Edit menu's Save Changes

El button does same thing
as Edit menu's Cancel
Changes command

Save Changes

The changes made during an editing session are not saved until the Save Changes
command is executed. To save the changes made during an editing session, open the
Edit menu and click Save Changes.

Sibart Bt

Save Changes

Cancel Changes

[Eut [l
[EEpEy [t
Easte [ e

Startim Sdiustment

The Save Changes command is available only during an editing session. When you
save your changes, the edit session ends and the Save Changes command is grayed
out. (An editing session is started using the Start Edit command.)

If you forget to save your changes, BANCS will prompt you to save the changes after
acertain number of seconds. Users may change the idle time before the prompt
appears using the Edit Mode Timeout command found in the Options menu. BANCS
also prompts for saving changes when the user selects adifferent screen to display in
the Main View Window. BANCS will ask if the user wants changes saved or
canceled.

If you don't want to save changes, but do want to end the edit session, use the Edit
menu's Cancel Changes command. It isdescribed in" Cancel Changes" on page 3-7.

The Save Changes command does exactly the same thing as the toolbar's Save
Changes button. See" Saving Changes from an Edit Session” on page 3-25for a
description of the button.

Cancel Changes

If you are editing a BANCS screen and decide that you want to erase all the changes
you've made since starting the edit session, pull down the Edit menu and click Cancel
Changes. (Editing sessions are started using the Edit menu's Start Edit command.)

Start Edit
Save Changes

Cancel Changes

hy
i [Etr{+=
By [EEr{+E
Easte [EEr{+s

Startup Adiustment

The Cancel Changes command removes your changes from the screen and ends the
edit session. When the session ends, the Cancel Changes command is grayed out.

The toolbar has a button that does exactly the same thing as the Edit menu's Cancel
Changes command. For adescription of the button, see " Canceling Changes from an
Edit Session” on page 3-26.
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The View Menu

Opening the View Menu

The Viewmenu isthe third item from the left in the menu bar, which islocated near
the top of the PECOS display. To open the Viewmenu, click View.

File  Edit %ﬁptiuns Eguipment Help
v Toolbar

v Statuz Bar

v ST
= [
it ke
frety
Gy i mrgtire
by Sadium
v [ itregen
00 I = e 1

v [ead [Eaal

Many of the commands in this menu are not used in BANCS. All the commands
grayed out in the picture above are CBAS commands.

Toolbar Command

The Toolbar command toggles the display of thetoolbar. Thetoolbar isaset of
buttons that appears just below the menu bar.

The toolbar--> ;}l !|;ﬁ| gg||g| l|§ ?I

If the toolbar isvisible, then the Toolbar command has a check mark besideit in the
Viewmenu. Clicking on the checked Toolbar command hides the toolbar and
removes the check mark from the menu.

v Statuz Bar[!

v S EETT
.

Clicking the Toolbar command when the toolbar is not visible will bring the toolbar
back into view.

Status Bar Command

The StatusBar command toggles the display of the status bar. The status bar
displays asingleline of text below the Log Window at the lower Ieft corner of the
screen. It displaystext help and statusinformation describing BANCS operations
and current status. Placing the cursor over a button on the toolbar will display a
description of the button on the status bar.
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[T 3 |

Bit mode started
]

The status bar--> Ready

The status bar here displays " Ready".

If the status bar is displayed, the Status Bar command appears in the menu with a
check mark besideit. Clicking the Status Bar command hides the status bar. Clicking
the Status Bar command when the status bar is hidden will bring it back into view.

v Toolbar

v o S am
Fer Stk

Other View Menu Commands

If you have other PECOS modulesinstalled besides BANCS, the Viewmenu contains
grayed out commands for those modules. For example, the Dead Coal command is
used in the CBAS module. These commands cannot be used for any BANCS
screens.

The Options Menu

Opening the Options Menu

The Options menu isthe fourth item from the | ft in the menu bar at the top |eft of the
PECOS display. To open the Options menu, click Options.

| File Edt View %Eguipment Help
[Eaal Bripertntiew Fanges F

[Eoal Bl endSdyisar
BAMCS 3
Edit tMode Timeout

BANCS Simulate Command

The BANCS Simulate command cal cul ates plant performance variables (such as Net
Power Out and Net Plant Heat Rate) from current measured on-line dataand
parameters supplied by the user. The results of the Simulate command appear in the
Table, Trend Graph, Bar Chart, Setpoints, Schematics, and Constrained Variables
screensin BANCS. For example, Stack Opacity, asimulated variable, appearsin the
Stack folder'sTable, Trend Graphs, Bar Charts, and Schematic screens. Stack
Opacity also appearsin the System Overviewfolder’sConstrained Variables, Table,
Trend Graphs, and Bar Charts screens. (The System Overviewand Stack folders
appear in the Tree View Window.)
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To run asimulation from the Options menu, move the cursor over the BANCS
command to open the BANCS submenu.

[M[a]aly 8 Equipment Help

[Eral Brapertticw Hanges k
(el Bl end Ldiizar

Coancs [T

Edit Mode Timeout Optimize

=l

Then click Smulate.

Optimize !

o trat

The Log Window displays"Simulate BANCS data...". When the simulation is
complete, the Log Window displays either " Simulation succeeded!" or "Simulation
failed!". See“Running aSimulation” on page 4-26 for more details on running
simulations.

BANCS Optimize Command

The BANCS Optimization cal culates optimum setpoints for |east-cost operation of the
plant based on current measured data, manual input data, and constraints set by the
user. The user may enter unmonitored datain the Setpoints, Inputs, and On/Off
Status screensin the Manual Inputs folder (if thisinstallation of PECOS has manual
inputs). The user may constrain setpoints and other variables using the Setpoints
screen and the Constrained Variables screen.

Valuesthat are calculated by the optimization appear in BANCS Table, Bar Charts,
Setpoints, and Constrained Variables screens. They do not appear in Trend Graphs
or Schematics. Users may find the value of interest either in the System Overview
folder's screens or in the appropriate plant subsystem's screens. For example, Excess
Oxygen may be viewed in the System Overviewfolder’s Table, Bar Charts, or
Setpoints screens or in the Furnace folder's Table or Bar Charts screens.

To run an optimization from the Options menu, move the cursor over the BANCS
command to make the BANCS submenu appear.

[l W Equipment Help

[Ema| Prapertntiew Hanges. ®
[Ema] Blemd ddiisar

BAMNCS Sirmulate
Edit Mode Timeout Optimize
et

Then click Optimize.

Sirnulate

hiat Ik !

The Log Window displays"Optimize BANCS data...". When the optimization is
done, the Log Window displays either " Optimization succeeded!" or "Optimization
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failed!" For more details on running an optimization see “Running an Optimization”
on page 4-30.

Edit Mode Timeout Command

If BANCSisinedit mode, and no activity has occurred (such as data entry) for a
specified period of time, a dialog box appears with the warning that the program is
still in edit mode and that the data have not been saved. Thisfunctionality is
included to help the user remember to Save Changes after entering data. The Edit
Mode Timeout is the amount of idle time that BANCS waits before showing the dialog
box asking the user to save changes. During an editing session, the timeout period
will double each time the user is asked to save changes but prefersto continue
editing rather than saving. After changes are saved and a new editing sessionis
begun, the timeout period resetsto its original value.

Users can set the number of seconds that BANCS waits before prompting for
changes to be saved by using the Edit Mode Timeout command on the Options menu.

[a[<litele Equipment Help

[EmalEPropertn tew Bataes. k
(B e ldd o
BAMCS 3

Clicking on Edit M ode Timeout brings up adialog box.

Edit Mode Timeout x|

Please enter timeout in seconds:

I[m seconds
cone |
Type in the number of seconds that you

want BANCS to wait before reminding you to save your changes and click OK.

Note that this Edit Mode Timeout period is used by all PECOS modulesinstalled at
your site, not just by the BANCS module. If CBASisinstalled, it usesthe same
timeout period as BANCS.

The Equipment Menu

The Equipment menu provides commands for CBAS only. Seethe chapter on CBAS
Menus and Commands in the CBAS User's Manual..

The Help Menu

Opening the Help Menu

The Helpmenu is the rightmost item on the menu bar near the top of the PECOS
display. To openthe Helpmenu, click Help.
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File Edit “iew Options Eguipment

About PECOS...
Contents

About PECOS

The About PECOS command brings up a screen of information about PECOS,
including the version number, email addresses and phone numbers for support. Open
the Helpmenu and click About PECOS to display the information screen.

Contents |

Contents Command Opens Help Topics Window

The Contents command brings up the on-line help for all PECOS modules (CBAS,
BANCS, and SCY CLOPS) that are installed on your computer. Click Contents to
bring up the “Help Topics” window.

 About PECOS...

The“Help Topics’ window has three tabs, Contents, Index, and Find.

Help Topics: A Guide to Using PECOS

Contents | Index | Find |

Click a boak, and then click Open. Or click

[Rtroduction
. ¥ Getting Started
il .. - =

The Contents Tab in the Help Topics Window

Displaying the Table of Contents

Click the Contents tab near the top of the “Help Topics” window to get atable of
contentsfor the on-line help.

Help Topics: A Guide to Uzing PECOS

Contents  Index IFir‘u:I I

1 Tuvpe the first few letters of the ward pou

IButtDns:Eut:

2 Click the index entry you want, and then
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Opening Chapters

% To display the sectionsin each chapter, click the book icon at the left of the chapter
double-click book to select the chapter, and then click the Open button at the bottom of the window.
Double-clicking the book icon also opens the chapter.

Help Topics: A Guide to Using PECOS HE

Contents | Index | Find |

Click a boak, and then click Open. Or click another tab, such as Indes.

@ [Htroduction
@ [Fetting
@ 2 Tutorial on CEAS

@ Ilzing the Software

@ CEAS Software

@ CBAS Technizal Description
@ Glogzany of Terms...

Open g I Frint.... Cancel
In

this example, "Getting Started" is highlighted, so clicking the Open button will display
the sectionsin the "Getting Started” chapter in the CBAS Manual.

Closing Chapters

Ii% To close a chapter in the table of contents, click the open book icon at the left of the
double-click open book chapter name to select the chapter, and then click the Closebutton at the bottom of
the window. Double-clicking the open book icon also closes the chapter.
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Help Topics: A Guide to Uzing PECOS HE

Contents | index | Find |

Click a book, and then click Open. Or click another tab, such as Index.

% [Htraduction
u Getting

..... Hardware And Software Requirements

Started

Inztalling the Software
F.niown Problenns
Getting Technical Support
Starting and Exiting PECOS
SecLrity

@ PECOS Screen Design...
@ & Tutorial on CEAS
@ IJzing the Saoftware
@ CEAS Software
@ CBAS Technizal Description
@ Glogzan of Terms...

2]
2
2
2
2

Cancel

Cloze il

Print...

In

this example, the "Getting Started" chapter is open and selected. Clicking the Close
button will close "Getting Started" in the CBAS Manual.

Opening Sections

IZEE%doubleclick the"?"

Toread asection, click on the section nameto select it, and then click the Display
button at the bottom of the help window. The Display button does not appear until a

section nameis selected. Double-clicking on the section icon or section name also
displaysthe section. Thetext isdisplayed in aseparate text window. See" The Text
Window" on page 3-22 for more details.
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Eantentsl
clicktoreturnto

table of contents

Help Topics: A Guide to Uzing PECOS HE

Contents | index | Find |

Click a topic, and then click Display. Or click anaother tab, such az Index.

tﬂl [ntraduction
@ Dezcnption of PECOS
(2] Brief Overview of CBAS
@ [Fetting Started
@ 4 Tutarial on CBAS
@ Ilzing the Software
@ CEAS Software
@ CBAS Technizal Description
tﬂl Glozzany of Termns...
@ Glogzan of Terms

Dizplay g Print... Cancel

the example shown, the "Description of PECOS" sectionisselected. Clicking the
Display button brings up atext window showing the contents of this section.

Return to Contents after Viewing Section

When a section is opened, the help system replaces the window containing the table
of contents with awindow displaying text. To get back from the text window to the
table of contents, click the Contents button near the top |eft corner of the text
window.

>+ A Guide to Using PECOS

File Edt Bookmark Optioh: Help

E-:unt;\ntsl Index | Black I Print | L

Description of PECOS

The Plant Erwironmental and Cost Optim
systerm whose purpose is to recommend

The Index Tab in the Help Topics Window

If the"Help Topics' window is not visible on your screen, open it by clicking on the
Helpmenu and selecting Contents. (For more details on how to open the "Help
Topics' window, see " Contents Command Opens Help Topics Window" on page 3-
13)
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Displaying the Help System's Index
Click the Indextab in the “Help Topics” window to display an index of topics.

Help Topics: A Guide to Uzing PECOS

Contents  Index IFir'u:I I

1 Tuwpe the firzt few letterz of the word you're looking for.

2 Click the index entry pou want, and then click Dizplay.

Adjuztment
Balloon

Thisindex isvery similar to the index in abook.

Select and Display a Topic
Selecting and viewing an index topic is a 3-step process.

1) Thelndextab directsyou to typethefirst few letters of theitem you are
searching for in thetop field. Asyou type, the second field finds topics that
match the letters you are typing. This savesyou from scrolling through all the
topics.

2) Selectatopicinthesecond field by clicking onit.

3) Click the Display button. Thisbrings up the help system'stext viewer. See" The
Text Window" on page 3-22 for more details on the text viewer.
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Help Topics: A Guide to Uzing PECOS HE

Contents  Index IFinu:I I

1 Type the first few letters of the word you're looking for.

me

2 Click the index entry vou want, and then click Dizplay.

b ain Wigw windaw -
b emiory reguirements
b ernu
Edit
E quiprent
Fil=
Help
Dptions
Wi
b enubar
M ouze
Opacity limit J
O pacity patential
Ophions merw
Edit Mode Timeout

Owerview Diagram
Oweryiew = |

Dizplay g Hrirt... | Cancel |

this example, the user hastyped "me" into thetop field. The help system
automatically positions the topics to display the first item starting with the letters
"me". At any time, the user may select atopic fromthelist by clicking onit. Inthis
example, "Memory requirements” is selected, so clicking the Display button at the
bottom of the window brings up atext window displaying the "Memory
requirements” topic.

Return to Index after Viewing a Topic

When an index topic is selected and displayed, the help system closes the “Help
Topics” window (which contains the index and table of contents) and opens atext
viewing window. To get back to the index from the text window, click the Index
button near the top left of the window.

2+ A Guide to Using PECOS
File Edt Bookmark Option: Help
Enntentsl lndEHN Hiash I Print | 44 | B | Elnssar_l,ll

k returnsto Index

Hardware And Software Requiremer

More information on this help text window isavailable in " The Text Window" on
page 3-22.
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The Find Tab in the Help Topics Window

The Find tab provides atext searching tool that finds sections of the manual
containing words or phrases of interest. Users may select wordsfrom alist or typein
the words or phrases.

Displaying the Help System's Text Search Window (Find)

If the"Help Topics' window is not visible on your screen, open it by clicking on the
Helpmenu and selecting Contents. (For more details on how to open the "Help
Topics' window, see " Contents Command Opens Help Topics Window" on page 3-
13)

Find%l To display the text search window, click the Find tab near the top of the "Help
Topics" window.

Help Topics: A Guide to Uzing PECOS

Contents  Index IFindl%I

1 Type the first few letiers of the word you're looking for.

Searching for Words

The Find tab has three fields that accept input or selections from the user. These
three fields work together to find sectionsin the manual that contain the words of
interest.
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“Help Topics” window ->

Help Topics: A Guide to Uzing PECOS |

I:Dntentsl Index  Fitd |

1 Type the word(z] you want ta find

Ime j Clgar

2 Select some matching waords to narrow your search DOptions. . |
Mmeans -
meant Find Similar... |
meazurement Fird Mo |
measurements =
meet ;
mesting ;I Bebuild... |

3 Click a tapic, then click Display

B Calculation Process

[] Coal Blend Advizar Recommendations
[] Coal Handling System

[[1 Coal Receipt

[] Ertering Coal Receipt D ata

IE T opics Found | I All wordz, Begin, Auto, Pause |

Dizplay %I Erirat... | Cancel |

Fied 1: Typethefirst few letters of the word that you are looking for in the top field.
Asyou are typing, the second and third fields change to show words and topics that
match the words you are typing into thefirst field. If you don't want to type any
words, you may select words from the second field by scrolling it and clicking on the
word you want.

Field2: The second field displays the words in the manual that match the words you
typed in thetop field. There may be many matching words. If so, you can select one
of them to narrow the search by clicking on the word in the second field.

Fied 3: Thethird field displays sections of the manual that contain the words
selected in the second field. Click on the section that you want to read.

To read the section that is selected in the third field, click the Display button. A new
window appears, displaying thetext. For more information about this text window,
see " The Text Window" on page 3-22.

Y ou may enter words and select topicsin the threefieldsin any order. If the section
you want doesn't appear in the third field, go back to thefirst or second field and
make some changes.
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Returning to the Search (Find) Window

Click or When a search topic is displayed from the “Help Topics’” window'sFind tab, a new
text window appears and the “Help Topics” window disappears. To get back to the

ﬂ‘i@ | 1”'5‘3[” | “Help Topics” window to do another search, click either the Contents button or the
Index button near the top of the text window. Then click the Find tab.

Find
Then click i %l

>+ & Guide to Using PECD5S

File Edt Bookmark Optioh: Help

Enntn;:\ntsl Index | Hack I Print | S

Text window > DESCTiptiDn of PECOS

The Plant Emviranmental and Cost Optim
systermn whose purpose is to recommend

The Text Window

A window displaying text appears when a section, an index item, or akeyword itemis
selected and displayed from the “Help Topics” window.

>+ & Guide to Using PECD5S

File Edt Bookmark Optioh: Help

Enntentsl Index | Hack I Print | S | xr |§Inssar_l,l|

Description of PECOS

Text window >

The Plant Emvironmental and Cost Optimization System (FECT
systermn whose purpose is to recommend coal blends and least
the plant operator. The operator will be able to minimize overal
meeting load, staying within emissions requirements, and obse
canstraints.

See the sections " The Contents Tab in the Help Topics Window" on page 3-14 and
"The Index Tab in the Help Topics Window" on page 3-17 for more details about
using thistext window.

Getting Back to the Contents

Contents From the text window, click the Contents button near the top left of the text window
to get back to the table of contentsin the “Help Topics” window.

return to table of contents

Getting Back to the Index

From the text window, click the Index button near the top of the text window to return

k return to index to theindex in the “Help Topics’ window.
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Click or

Enntentsl | 1nde§g

Fird
Then click 4 %I

(CB
@ Click on

underlined word to display
definition.

Getting Back to Text Search (Find)

From the text window, click either the Contents button or the Index button near the
top of the text window. The Help Topics window will appear. Then click the Find
tab.

Underlined Words have Glossary Definitions

Glossary definitions for terms may be viewed in the text window by clicking on the
defined word. Words that have glossary definitions are underlined and highlighted
in green. Positioning the cursor over the underlined word changes the cursor from an
arrow to alittle hand. Click on the underlined word to pop up aballoon
displaying the definition.

PECOS consists of several modules:

e Coal Blend Automation System [(CEAS)

least-cost-setpaint boiler operation recommendations, while maintaining or redi

*  Lllserfriendliness

This example shows a balloon containing the glossary definition of BANCS.

The Toolbar

What is the Toolbar?

The toolbar islocated near the top left of the PECOS screen under the menu bar.
oA R = el Y =R T e

Thetoolbar contains buttons to Start Edit, Save Changes, Cancel Changes, Cut,
Copy, Paste, Print, Simulate, Optimize, and Help. These commands are all available
as menu commands. Thetoolbar buttons provide a shortcut so you don't have to
pull down amenu and click acommand on it. Some buttons may be grayed out. If a
button is gray, the command cannot be used on the screen currently displayed inthe
Main View Window.
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Hiding and Displaying the Toolbar

If the toolbar is not displayed on your screen, pull down the Viewmenu and click the
Toolbar command. The Toolbar command toggles the toolbar display. If the toolbar
isdisplayed and you want to remove it, pull down the Viewmenu and click Toolbar .

Gray Buttons

When atoolbar button isgray, it is deactivated. It does nothing if you click onit.
Toolbar buttons turn gray when their associated operation isinappropriate. For
example, if you are viewing the System Overview s Schematic screen, the Start Edit
button is gray because there is nothing in the Schematic that can be edited. 1f you
switch the screen to the Manual Inputs Unit Costs, then the Start Edit button's
pencil changes from gray to yellow.

Starting an Edit Session

Some BANCS screens allow usersto change data. When you display an editable
screen inthe Main View Window, the Start Edit button on the toolbar is activated.
Thelittle pencil isyellow when the Start Edit button is active, and it is gray
otherwise. Screensthat can be edited include the Setpoints, Constrained Variables,
Unit Costs, Input, and On/Off Status screens. When displaying other screens, the
Start Edit button isgrayed out. Clicking the Start Edit button will start an editing
session by asking you for a password. After correctly typing your password in the
window that appears and clicking OK, you are in edit mode and may make changes to
the screen.  When you have finished making changes, remember to save your
changes using the Save Changes toolbar button or the Edit menu's Save Changes
command. If you want to erase the changes and end the edit session, use the Cancel
Changes command described in “ Canceling Changes from an Edit Session” on page
3-26.

The toolbar's Start Edit button does exactly the same thing as the Edit menu's Start
Edit command. See" The Edit Menu" on page 3-5for more information on using this
menu command.

Saving Changes from an Edit Session

When you have finished making changes to a screen, you can save the changes or
you can discard the changes. To save the changes, click the Save Changes button.
The Save Changes button has alightning bolt on it with an arrow pointing down.
Thelightning bolt isred and yellow whileyou arein edit mode, indicating that it is
possible to save changes. When you save changes, BANCS leaves the edit mode
and the Save Changesbutton turns gray.

If you don't want to save your changes, end the edit session by clicking the Cancel
Changes button. Thisisdescribed in" Canceling Changes from an Edit Session" on
page 3-26.

The Save Changes button does exactly the same thing as the Edit menu's Save
Changes command. For adescription of the menu command, see " Save Changes" on

page 3-6.
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Canceling Changes from an Edit Session

If you are editing a BANCS screen and decide that you want to undo all the changes
that you've made in the current editing session, you can end the edit session by
clicking the Cancel Changes button. The Cancel Changes button will turn gray,
indicating that you're no longer inedit mode.

If you want to save your changes, end the edit session by clicking the Save Changes
button described in " Saving Changes from an Edit Session" on page 3-25.

The Canced Changes button does exactly the same thing as the Edit menu's Cancel
Changes command. See" Cancel Changes" on page 3-7 for more information about
the Edit menu.

Cut, Copy, and Paste

These buttons are not used for any BANCS editing or operations. They are grayed
out when viewing any BANCS screens, indicating that these buttons cannot be used.

View Dead Coal

This button, which hasacoal pileonit, isnot used in BANCS. It isused by another
PECOS module, CBAS. When viewing any BANCS screens, this button is grayed
out.

Printing a Screen

The Print button on the toolbar prints the screen currently displayed in the Main
View Window. This button does the same thing as the File menu's Print command.
The" Print Command" section on page 3-5 describes how to use the menu command.

Simulate

The Simulate button cal culates plant performance variables (such as Net Power Out
and Net Plant Heat Rate) from current measured on-line data and parameters supplied
by the user. The results of the Simulate command appear in the Table, Trend Graph,
Bar Chart, Setpoints, Schematics, and Constrained Variables screensin BANCS.
For example, Stack Opacity, asimulated variable, appearsin the Stack folder'sTable,
Trend Graphs, Bar Charts, and Schematic screen. Stack Opacity also appearsin
the System Overviewfolder’sConstrained Variables, Table, Trend Graphs, and Bar
Charts screens. (The System Overview and Stack folders appear in the Tree View
Window.)

After you click the Simulate button, the Log Window displays"Simulate BANCS
data...". When the simulation is complete, the Log Window displays either
"Simulated succeeded!" or "Simulation failed!".

A simulation usually follows an editing session. Userstypically want to change
some value and see how it affects the plant variables. The editing, simulation, and
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viewing of results are described in detail in “Running a Simulation” on page 4-26.
“Simulations’ on page 2-8 provides atutorial example of running asimulation.

The Simulate button does exactly the same thing as the Options menu's
BANCS>Simulate command. The"BANCS Simulate Command" section on page 3-9
describes how to use the menu command.

Optimize

The BANCS Optimize button cal culates optimum setpoints for |east-cost operation
of the plant based on current measured data, manual input data, and constraints set
by the user. The user may enter unmonitored datain the Setpoints, Inputs, Unit Costs
and On/Off Status screensin the Manual Inputs folder (if thisinstallation of PECOS
has an manual inputs). The user may also constrain setpoints and other variables
using the Setpoints screen and the Constrained Variables. “Editing Datafor an
Optimization” on page 4-30 provides a detailed description of the data that affect an
optimization and how to edit that data.

Valuesthat are calculated by the optimization appear in BANCS Table, Bar Charts,
Setpoints, and Constrained Variables screens. They do not appear in Trend
Graphs or Schematics. Users may find the value of interest either in the System
Overviewfolder's screens or in the appropriate plant subsystem's screens. For
example, Excess Oxygen may be viewed in the System Overviewfolder’ sTable, Bar
Charts, or Setpoints screens or in the Furnacefolder's Table or Bar Charts screen.

After clicking the Optimize button, the Log Window displays"Optimize BANCS
data...". When the optimization is complete, the Log Window displays either
"Optimization succeeded!" or "Optimization failed!"

The Optimize button does exactly the same thing as the Options menu's
BANCS>Optimize command. See"BANCS Optimize Command" on page 3-10for a
description of how to use the menu command.

For afull description of which data affect an optimization, editing datafor an
optimization, running and viewing results of an optimization, see “"Running an
Optimization" on page 4-30. A tutorial exampleisprovided in“Optimizations’ on
page 2-15.

Help

The Help button brings up the on-line help manual. The use of the on-linemanual is
described in " The Help Menu" on page 3-12. The Helpbutton does exactly the same
thing as the Help menu's Contents command.

Forgot what buttons do? Use Button
Descriptions

BANCS can display alabel for each toolbar button. To display abutton's|abel, put
the cursor arrow over the button and leave it there for a second or two. A balloon
appears with afew words describing the button. Y ou don't haveto click anything to
seethe balloon. When you have read the balloon label, move the cursor and it will

disappear.
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Using BANCS

Viewing Data in BANCS

The Tree View Window—>

Click ‘+' to open folder.

Double-click on screen name

to display screen.

Where to Find Data

BANCS displays datain many different screens. The screens are organized in folders
and displayed in the Tree View Window. (The BANCS windows are described in

“BANCSWindows” on page 3-1.)

CBAS | BANCS |

I:I Systern Owerview
I:l Coal

=2 Mills

- BE Schematic

------ A Trend Graphs

{.] Bar Charts

L ¥ Setpointz

I:l Furnace
I:l Boiler

I:l Economizer
I:l Trizectors
I:l Farz

-1 ESP

I:l Stack.

I:l Costs

I:l b arual nputz
I:l Steam Cocle

Herethe Mills folder is open, and the screens that it contains (Schematic, Table,
Trend Graphs, Bar Charts, and Setpoints) arelisted below it. To open afolder, click
the'+' to the left of thefolder. To display ascreeninthe Main View Window, double-

click on the name of the screen in the Tree View Window.

If you don't see these foldersin the Tree View Window, click on the tab at the top of
the window labeled BANCS. If you have other PECOS modulesinstalled besides

Boiler and NOx Control System BANCS
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BANCS (like CBAS or SCYCLOPS), the Tree View can display folders and screens for
those modules.

System Overview Folder: Data from Many Plant Sections

the plant. These variables are also availablein the plant section folders. For example,
thevariable Mill A Biasisavailablein both the System Overviewscreens and in the
Mills folder's screens. The Table, Trend Graphs, and Bar Charts screensin the
System Over view present the same data, but in different forms. If you want to see
several values from different parts of the plant at the same time, the System Overview
isagood placeto find that data. Open the System Overviewfolder by clicking on the
'+' next to thefolder inthe Tree View. Display one of the screens under the System
Overviewfolder by double-clicking on the screen name.

H-2 Spstem Dvervie% The System Overviewfolder displaysimportant variables from various sections of

Using the System Overviewscreens can be cumbersome, though, because there are
many dataitemsto scroll through to find any singleitem. If you areinterested in
datafor aparticular part of the plant, use the screensin the folder corresponding to
that plant section.

By Plant Section

&[] Coal Most of the folders contain screens that show datarelevant to a particul ar section of
E-C0 Mills the plant. To see aparticular value, find the folder that corresponds to the part of the
& Fumace plant of interest. Open thefolder by clicking on the '+' next to the folder. Then
-] Boiler double-click on one of the screen names under the folder. For example, to view amill
-] Econorizer exit temperature, open the Mills folder and then double-click on either the Table,
--{:| Trizectars Trend Graph, or Bar Chart screens which are listed under the Millsfolder. Some
&[] Fans datamay also be viewed on a Schematic or Setpoints screen. The Schematics show
& ESP only afew selected values. The Setpoints screen shows only data values that

#- Stack happen to be setpointsin the plant's control system.

l:| Steam Cocle

By Type: Manual Inputs Folder

& Manual Inputs If the BANCS installation at your plant does not get al its data from the plant’ s on-
line data acquisition system, the Tree View Window will have a Manual I nputs folder.
The Manual Inputs folder contains screens for data that are not available on-line and
must be input into BANCS by hand. These values are collected in the Manual | nputs
folder for convenience, so that they can be edited at the sametime. Thedatain the
Manual Inputs folder are also available in corresponding plant section folders. Some
of these data appear in the System Overviewfolder.

By Type: Costs Folder

F=-{_3 Costs The Costs folder summarizes current operating costs. Examples of operating costs
are Coal Cost and Generation Cost. They are calculated from Unit Costsand other
current plant data. The Unit Costs screen isin the Manual Inputs folder and may be
edited by the user.
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By Type: Measured Variables Folder

The Measured Variables folder has screens that show all the variablesthat BANCS
isacquiring from the plant's on-line data acquisition system. These variableswill
appear in other folders. For example, Burner Tilt appearsin the Measured Variables
folder's Table screen, and it also appearsin the Furnace folder's screens.

By Type: Setpoints Screens

Setpoints are not segregated into a separate folder, but are shown on separate
screens within other folders. All setpoints may be viewed and edited from the
System Overviewfolder's Setpoints screen. Open the System Overviewfolder by
clicking onthe '+' at the | eft of the folder and then double-click Setpoints.

The Mills folder also contains a Setpoints screen. To display the Mills Setpoints
screen, open the Mills folder by clicking on the '+' at the left of the folder and then
double-click Setpoints.

If any setpoints are not being read into BANCS automatically from the plant data
acquisition system and must be input by hand, they appear in the Manual Inputs
folder's Setpoints screen. To display the Manual Inputs Setpoints screen, open the
Manual Inputs folder by clicking the '+ at the |eft of the folder and then double-click
Setpoints.

By Type: Constrained Variables Screen

When doing an Optimization, some variables must be kept within minimumand
maximumval ues because of operational, performance, or safety constraints.
Variables with these kinds of bounds which are not setpoints are called constrained
variables. The System Overviewfolder contains a special screen which displays
constrained variables and allows users to set the minimum and maximum for each.

Viewing Data in Tables

Some of the BANCS screens display datain tables. If the table contains more values
than will fit in one screen, you may have to scroll the window using the scrollbar on
theright to find the data of interest.

Boiler and NOx Control System BANCS
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Tablesdisplay a Current value, which is underlined, and an Optimized value for each
variable. The Current valueis either ameasured value that comes from the plant data
acquisition system (measured variables are only displayed in the Measured Variables
folder) or itisasimulated value (that is, it is calculated from other variables.) Tables
are one of the places where you can view the results of running asimulation. For
more details on running asimulation, see " Running a Simulation" on page 4-26.

The Optimized valuein the tables isthe result of running an optimization. Tables are
one place where you can view the results of an optimization. For more details on
running an optimization, see " Running an Optimization" on page 4-30.

If a Current value iswithin 5% of a minimumor maximum, but does not exceed the
minimum or maximum, the value is displayed in blue and the corresponding minimum
or maximum is also displayed in blue. If a Current value exceeds a minimum or
maximum, it is shownin red and the exceeded limit is also shownin red.

Viewing Data in Trend Graphs

Many of the BANCS foldersin the Tree View Window contain Trend Graph screens.
The Trend Graphs display simulated or measured data over time. Simulated and
measured values appear in Table screens asthe “ Current” value.

This example shows reheater steam temperature plotted at 10-minute intervals. You
may change what variableis displayed, the timeinterval, and the range for the y-axis.
Y ou may also display more than one variable on the same graph.

Changing the Variable(s) Plotted on a Trend Graph

Inthe Main View Window, click on the trend graph. A small menu window appears
with three choices, Data, Time Period, and Data Range.
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Sep 1: Click onthe graphto
get the little menu.

Step 2: Click Data.

Step 3a: Clickonavariable
in left hand column.

Step 3b: Click Add>>

Step 4a: Clickonavariable
in right hand column.

Step 4b: Click <<Remove

(repeat Steps 3 and 4 as
needed)

Step 5: Click OK.

Click Datain thelittle menu. The“Trend Graph Variable Selection” window appears.

Trend Graph ¥ariable Selection

Yariahlas shown

RH Steam Temp®

List of available wariables:

Boiler Alr Moisture Credit -
Bailer Alr Moisture Loss

Boiler Ash Loss

Boiler Blowdown Loss

Boiler Bottorn Ash Loss

Boiler CO Loss

Boiler Coal Credit

Boiler Diry Air Credit

Boiler Dry Gas Loss

Boiler Efficiency

Boiler Fly Ash Loss

Boiler Fuel Hydrogen Loss
Boiler Fuel Maoisture Loss =

Add 3> l

<< Bemowe

i

Cancel |

To add avariableto the trend graph, click on the namein the left hand column to
select the variable. Then click the Add>> button. To remove avariable from the trend
graph, click on the namein the right hand column to select it. Then click the
<<Remove button. When you have finished adding and removing variables, click OK
and the trend graph is redisplayed showing the new variables. The new variables are
plotted starting at the current time.

If you can't find the variable you want by scrolling, try a different Trend Graph
screen. There are Trend Graph screensin all the folders corresponding to sections of
the plant (Caoal, Mills, Furnace, Boiler, etc.), and the variable you are |ooking for may
bein adifferent folder. The variable may also appear in the System Overviewfolder's
Trend Graph screen.

BANCS, by default, will choose adatarange (values on the y-axis) based on the
minimums and maximums of each of the variables displayed on atrend graph. When
several variables are displayed on the same trend graph, BANCS chooses the
smallest of all the variables minimums and the largest of all the variables' maximumsto
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Step 1: Click onthe graphto

get the little menu.

Step 2: Click Time Period

Step 3: Select a number

using |L|

Step 4: Click OK.

set therange. Y ou can change the datarangeif you don't like what BANCS has
chosen. See" Changing the Data Range on a Trend Graph" on page 4-7. Thetime
interval on the trend graph may also be changed. Thisis described in the following
section.

Changing the Time Period on a Trend Graph

By default, BANCS plots data points on trend graphs at 10-minute intervals. To
changethetimeinterval, click on the trend graph in the Main View Window. A little
menu appears with three commands, Data, Time Period, and Data Range.

Then click Time Period on the little menu. The “Trend Graph Time Period Selection”
window appears.

Trend Graph Time Period Selection |

Choose the time period

IEi j hour(s)

Cancel |

Set the time period to be displayed on the graph by choosing a val ue using the down
arrow at the right of the time period field. Then click OK. When you click OK, al
data points are removed from the trend graph, the time scale is changed, and the trend
graph starts plotting points from the current time.

Changing the Data Range on a Trend Graph

To adjust the range of values shown on the y-axis of atrend graph, click on the trend
graphinthe Main View Window. A little menu appears that has three commands,
Data, Time Period, and Data Range.
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Sep 1: Click onthe graphto
get the little menu.

Sep 2: Click Data Range.

Sep 3: Type min and max
values or click Reset to
Default.

Step 4: Click OK.

[.] Bar Ehartslf\\‘3

Click Data Rangeto bring up the “ Trend Graph Min Max Range Setup” window.
Trend Graph Min Max Range Setup Ed |

‘r-axis Scale Range:

Finimurm: |0

kaximurm: |40

0] | Cancel |

Type the new values for Minimumand Maximuminto thefields. If you want to see
the BANCS default minimum and maximum values for thistrend graph, click the Reset
to Default button. The default values appear in the datafields. Click OK to have the
new minimum and maximum val ues displayed on the y-axis of the trend graph. When
you click OK, the trend graph erases the old data points and starts plotting new data
points at the current time.

Viewing Data in Bar Charts

Many of the BANCS foldersin the Tree View Window contain Bar Chart screens.
Bar charts display the current value and the optimized value for avariable at the same
time. Bar Chart screens display four bar charts. Each bar chart can display only one
variable at atime. The variable displayed on abar chart and the range of values on
the y-axis may be changed by the user.

Changing the Variable Displayed on a Bar Chart

To change abar chart'svariable, click on the bar chart in the Main View Window. A
little menu appears over the bar chart.
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Step 1. Click anywhere on
the bar chart to get little
menu

Step 2: ClickData.

Sep 3: Findthevariable you
want to display and click on
it.

Step 4: Click OK.

Drata Range ! |
o .06

[—R— N e N L U LR NL N A Al |
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Mill Power, MY

Click Datain thelittle menu. The“Bar Chart Variable Selection” window appears.
|

Bar Chart ¥ariable Selection

Flease select one from the following list:

Fan Total Power
Boiler Efficiency ﬂ

Carbon in BAsh

Carbonin FAsh

EastDuct OF East Frohe

East Duct 02 WWest Frobe

Econ Bypass

Econ Gas Exit Temp

Econ Gas In Temp

ESF A Capacity

E=F A Gas Yol Flow

ESP A lnlet Temp =

Cancel |

Scroll through the variablesto find the one you want to display on the bar chart.
Then click on the variable nameto select it. Click OK. The new variable appears on
the bar chart.

If you don't find the variable you wanted in the scroll list, you may haveto goto a
different Bar Chartsscreenin adifferent folder. The Bar Chartsin the plant section
folders (Mills folder, Furnace folder, Boilers folder, ...) can only display variables
that arein that section of the plant. In addition to being availablein the plant section
folders, many variables are available in the System Overviewfolder'sBar Charts
screen.

Changing the Data Range on a Bar Chart

By default, BANCS sets the minimumand maximumval ues on the y-axis of abar chart
to the minimum and maximum values for the variable displayed. To change the range
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Step 1. Click anywhere on
bar chart to get little menu.

Sep 2: Click Data Range.

Sep 3: Type new min and

max or click Reset to Default.

Step 4: Click OK.

etpoints
ongtrained Y anables
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of values shown on the y-axis, click on the bar chartinthe Main View Window. A
little menu appears over the bar chart.

2b0
22h
200
175+—
150+——
125+—
100
75+
b+
25
-

FDFanB Air In ¥YFlow,m3{s

On thelittle menu that appears, click Data Range. The “Bar Chart Min Max Range
Setup” window appears.

Bar Chart Min Max Range Setup |

‘r-axis Scale Range:

Finimurm: |0

kaximum: 250

Feset to Default |

Cancel |

Enter the desired valuesin the Minimum and Maximumfields. If you want to see
what the BANCS minimumand maximum for this value are, click the Reset to Default
button. Click OK to install the new minimum and maximum into the bar chart.

Viewing Data in Setpoints and Constrained
Variables Screens

Most Setpoints and Constrained Variables screens may display the datain atable or
asaset of sliders. Sliderslook like thermometers. Each slider displays minimum,
maximum, current, and optimized valuesfor asingle variable.

Sliders

Sliderslook like thermometers. Arrowheads on the | eft of the thermometer point to
the current value, the optimized value, the minimum, and the maximum. A red
arrowhead points to the minimum, and ayellow arrowhead points to the maximum. A
gray arrowhead points to the current value, and a green arrowhead indicates the
optimized value. A portion of the thermometer is shaded. The shading showsthe
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Place cursor over

thermometer to pop up
balloon with numbers.

Check mark means "fixed".

difference between current and optimized values. If the current valueis higher than
the optimized value, asit is here, the shaded area appears gray on the screen. If the
optimum is higher than the current value, the shaded areais green.

[ -
[ Current {grayd
[= Optimized srees
P Min e
[ Max fefon)
kil E E wit Tgnﬁﬁp“,E

The numbers corresponding to the minimum and maximum are displayed on the slider.
In this example, minimum is 65 and maximum is 75. The current and optimized
numbers are not shown. To display the numbers, place the cursor on the
thermometer. A balloon appears displaying al four numbersfor this slider.

[ 75
a ae
Mill E Exit Hin B C

Optirmized 72.4 C
Current 71 C

Thelittle box at the top |eft corner of the slider may have acheck mark init. If it hasa
check mark, this setpoint has been fixed by the user at a particular value.

[ &7

[>[>|—| 75

In this example, the setpoint has been fixed at 67. When an optimization is run, the
fixed valueis used for thisvariable. If the valueisnot fixed, the optimization may use
any valuein the range between Min and Max to find the | east-cost operating
setpoints overall for the plant. For more details on running optimizations, see
"Running an Optimization" on page 4-30. Fixing a setpoint has no effect when
running a simulation.

Sliders can display variables which are measured and obtained from the plant data
acquisition system aswell as variablesthat are cal culated from other values.

il_lﬁﬁ

il E Ewit Temp* C

Tables

The Setpoints and Constrained Variables tables follow the same conventions as all
the other BANCStables. See"Viewing Datain Tables" on page 4-3.
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Slider Yiew

Switching between Slider and Table Views

Most setpoints and constrained variables can be viewed on sliders or in tables. If
you are viewing a Setpoints or Constrained Variables screen, and it is showing
sliders, you can view the same variables in table form by clicking the Table View
button at the lower right of the Main View Window.

If aSetpoints or Constrained Variables screen is displaying atable, you can view the
same variables on sliders by clicking the Slider Viewbutton at the lower right corner
of the Main View Window. The Setpoints screen in the Manual Inputs folder does
not have aslider view. There's no button on that particular screen to switchittoa
slider view.

Rearranging Sliders

The arrangement of the slidersin a screen may be changed. Y ou may want to put the
variablesthat you look at frequently near thetop. To move aslider, place the cursor
anywhere on the slider, click and hold the mouse button down, and then drag it to the
desired position.

3000

clickand hold down
%\,‘ drag

1000
Fum Gas Exit Temp,

When this slider is moved to another position on the screen, the other sliders will
move to make spacefor it. The automatic repositioning moves sliders “back” or
“forward” in order to fill in the gap left by the slider that was moved by auser. The
sliders are ordered in agrid starting at the top left, counting down the first column,
counting down the second column, etc.

r 75 - 75 I 50 r 50 r [s— 55 r 6
[
1 ;
65 65 -650 -50 pl 145 2
bill & Ewit Termp® C || Mill D Exit Temp*.C kil B Bias. % il E Bias, % FO' Fan Biaz,% Excess Ouyoen 2
r 7o = 7h a 50 r 350 r [— r 17100
65 65 -650 ]330 pl 145 j?[snun
Mill B Exit Temp* C ]| Mill E Exit Termp®C Hill C Bias, % Prirnary Air Termp,C ID Fan Bias, % JEEH Steam Pres® kP
B [ Optimized
1 1 = Min
[= Max
65 -50 -0 -40 pl 145 Table Vi
Mill C Ewit Temp®.C Mill & Bias, % Mill D Bias,z  |Fan & Inlet Temp,C| P& Fan Bias,% able ¥iew
Sider order.
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If you drag the slider from position 1 to position 8, the sliders at position 2 through 8
will each back up one position. The slider at position 2 movesto position 1. The
slider at position 3 movesto position 2. And similarly for the sliders at positions 4
through 8. The sliders at positions 9 through 17 do not move.

Viewing Data in Schematics

2L Schematic A few selected variables are displayed on the Schematics screens. A schematic
["}é shows a picture representing a portion of the plant and some current data for that
portion of the plant.

i

Boiler Efficiency
0, SH Steam Temp
e 532.6 C

RH Steam Temp

Dryn (Gas Loss
10% 534.7C

Wet Gas Loss
2 %
CO Loss

0.4 %

UC Loss
4.5 %

Ash Loss
0.9 %

Thisisthe Schematic screen in the Boiler folder. Current values for some boiler
variables are displayed here.

Y ou cannot change what variables are displayed in aschematic. For the System
cursor changesto little Overviewfolder's Schematic screen, you can see more data for a portion of the
hand on expandable portions schematic by expanding the schematic. Move the cursor over the picture until you
find an area where the cursor changes from an arrow to alittle hand. Then you have
encountered a portion of the schematic that may be displayed in more detail. Clicking
while the cursor is displayed as alittle hand will bring up another schematic showing
more detail for that portion of the plant.

Back | To get back to the System Overviewschematic from an expanded (plant section)
schematic, click the Back button at the lower right corner of the schematic.

Editing Data
The general procedure for editing hasfour steps:
1) Display the appropriate screen,

2) Start an edit session,
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Step 1: Click Edit.

Step 2: Click Start Edit.

Step 3: Type your password.

3) Makethechanges,

4) End the edit session by saving or canceling the changes.

Display an Editable Screen

Inthe Tree View Window, find the screen that contains the data you want to edit.
Double-click on the screen name in the Tree View Window to display it in the Main
View Window. For more details on using the Tree View Window to display screens,
see " Tree View Window" on page 3-2.

Not all BANCS screens can be edited. The Setpoints, Constrained Variables, and all
the tablesin the Manual Inputs folder can be edited. Y ou can determineif ascreenis
editable or not by looking at the Start Edit button (the pencil button) in the toolbar.
The pencil on the Start Edit button turns yellow when you display an editable screen
inthe Main View Window. If the currently displayed screen is not editable, then the

pencil isgray.

Start an Edit Session

An editing session may be started from either the Edit menu or the toolbar’ s Start
Edit button. Both methods do the same thing, so choose the method that's most
convenient for you.

From the Edit Menu

Pull down the Edit menu and click Start Edit. (If Start Edit appearsin gray letters
rather than black letters, it means that the currently displayed screen is not editable.)

File %ﬁiew Options  Equipment Help
Statt Edit

Save Lhanges

[rancel Eharmes

[0 [kl
[EmmEy [EEr{+E
Easte (k[

Startim Adiustremnt

Another window will appear asking for your password.
Paswrd |

Please enter your password.

=

Ok Cancel
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Step 4:

Step 1: Click the pencil

button.

Step 2: Type your password.

Step 3:

Step 1: Click on avalue.

Click OK.

Click OK.

Type your password into the empty field. Thelettersyou type will appear as
asterisks (***) so that your password can't be read by anyone near your monitor. (If
you don't know your password, check with your system administrator, your M1S
manager, or Praxis Engineers.)

Click OK. BANCSisnow inedit mode and will allow you to make changes.

For more details on using the Edit menu, see" The Edit Menu" on page 3-5.

From the Toolbar

An edit session can be started from the toolbar by clicking the Start Edit button,
which isthe leftmost button in the toolbar. It hasalittle pencil onit. (For more
details on the toolbar and the Start Edit button, see " The Toolbar" on page 3-24 and
" Starting an Edit Session” on page 3-25.)

/]

If the pencil is gray rather then yellow, it means that the screen currently displayed in
the Main View Window is not editable. Choose adifferent screeninthe TreeView
Window and display (double-click) it.

A window will appear asking for your password.

Pazsword |

Please enter your password.

-

0K Cancel |

Type your password into the empty field. Thelettersyou type will appear as
asterisks (***) so that your password can't be read by anyone near your monitor. (If
you don't know your password, check with your system administrator, your MIS
manager, or Praxis Engineers.)

Click OK. BANCSisnow inedit mode and will allow you to make changes.

Make the Changes

Two kinds of BANCS screens allow editing: tablesand sliders. Slidersare used in the
Constrained Variables and the Setpoints screens.

Changing a Table

After starting an edit session on atable, click on the value that you want to change.
Thevalueis highlighted and moves to the | eft side of itsfield.

Inpts Walue Units -
Inside Air Pres 101 kFa
Inside &ir RelHurn %
Inside Lir Ternp a0 C
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Step 2: Typethe new value.

Repeat Steps 1 and 2, as
needed.

= a bl anual [npuksz
¢ HH Setpoints

In this example, the user has clicked on thefield containing '75'".

Type the new value over the highlighted value. Repeat the process, clicking on
another value and typing over it, until you have made all the changes that you want
to make in thistable.

Changing On/Off Status in a Table

Y our PECOS installation may have a special table that shows what equipment is
currently running. Thistable appearsinthe Manual Inputsfolder (if your installation
has a Manual Inputs folder) and is called On/Off Status. Bring up the screen by
double-clicking On/Off Status.

Erpuip OnfOff Status OnOff | Crverridden | &)
BFW Purnp & OniOff Status OFF YES [
BFW Pump B OniOff Status OFF VES
Blowdown OniOfY Status ON YES

CE Purp & OniOff Status ON YES

CE Pump B OwOff Status ON YES

C'W Pz & OnfOfF Status ON VES

CW Puzigp B OniOfF Status OFF YES

ESP & OniOfF Status OFF YES

ESP B OniOff Status ON YES

FD) Fan & OniOff Status OFF [YES =
FD' Fan B OniOff Status ON YES

FWH #1 OniOff Status ON YES

FWH #2 OniOff Status OFF YES

FWH #2 OniOff Status ON NO

FWH #3 OniOff Status OFF YES

FWH #5 OniOff Status ON YES

FWH #7 OniOff Status ON YES

1D Fan & OniOff Status OFF YES |+

The On/Off Statusscreen.

The On/Off Status screen contains alist of equipment that may be on or off. The
table has a column labeled "On/Off" displaying the current status. It also hasa
column labeled "Overridden” indicating whether or not the user has set the " On/Off"
value. If Overridden = YES, the valuein the "On/Off" column is set by the user. If
Overridden = NO, then BANCS s determining whether the equipment is on or off.
BANCS may not have on-line access to on/off status for a piece of equipment, and if
it does not, BANCS examines other on-line data from the equipment to determine
status. BANCS cannot always determineif a piece of equipment ison or off based on
other data, though, so thistable makesit possible for the user to override BANCS
automatic on/off determination and input the status by hand.
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User sets On/Off Status:

Step 1: Place cursor over
NO | =

Step 2: Click up arrow to set
"Overridden" to"YES'.

Sep 3: Place cursor over
statusfield.

j

Sep 4: Click arrowsto
change on/off status.

BANCS sets On/Off Status:

Sep 1. Place cursor over
ES I E

Step 2: Click down-arrow to
set "Overridden” to "NO"

i

First Method:

Step 1: Double-click on the
thermometer.

If you want to set the status of a piece of equipment yourself rather than let BANCS
attempt to determineits status, first set "Overridden” to"YES'. Do thisby placing
the cursor over the "NO". Thefield highlights, and a pair of arrows appear on the
right side of thefield. Click the"up" arrow to set thefieldto"YES". Then placethe
cursor over the"On/Off" field. 1t will be highlighted and a pair of arrows will appear
ontheright side. Click one of the arrowsto change the equipment status either to
"Off" or "On".

If you want BANCS to determine whether a piece of equipment is on or off, set the
"Overridden" field for that piece of equipment to "NO". Place the cursor over the
"Overridden" field (the YES/NO field) to get the arrows to appear on the right hand
side of thefield. Then set thefieldto "NO" by clicking the down arrow.

Changing the Min or Max on a Slider

Setpoints and constrained variables can be displayed as either tables or sliders.
Users may change the minimumand maximumval ues for both setpoints and
constrained variables. Setpoints may also befixed, that is, set at a particular value
that will be used by the optimizer. (For further description of fixed setpointsin an
optimization, see " Running an Optimization" on page 4-24.)

There are two methods for changing the minimum and maximum values on aslider. In
one method, the user entersvaluesin text fields. Inthe other method, the user drags
the arrows on the slider. Both methods produce the same results, so choose the
method that is most convenient for you.

After starting an Edit session on a slider screen, expand asmall slider to abig slider
by double-clicking on the thermometer. Y our cursor must be over the thermometer
portion of the slider, as shown here.

600

400

F con Gas In Temp,

A big slider appears. It isshown here smaller than actual size.
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Step 2: Typein Min and Max
values.

Step 3: Click Apply to Max
and Apply to Min.

Step 4: Click OK.

Second Method:

Step 1: Double-click on the
thermometer.

‘Econ Gas In Temp.C ]

600 [=>—— 600

575

550

o
Lo
(=]

|||||||||||||||||||||||§I|||W||||I||||

525

500

175

450

425

400

A 4

Iﬁﬂﬂ Apply to Max |
|4UU Apply to Min |

[>>Current

[ Optimized
P Min
[=Max

Cancel

Typeinthevalues you want for “Min” and “Max” in the two text fields. Display the
values on the slider by clicking Apply to Max and Apply to Min. This does not save
thevalues. It just movesthe arrowsin the big slider window. Click OK when you are

finished changing the values. The big slider disappears.

The second method for changing the minimum and maximum on aslider isto click and
hold down on the Min arrow or the Max arrow and drag the arrow along the scale.
Double-click on asmall dider's thermometer to get abig slider.

600

400
Econ Gas In Temp,(

To change a minimum or maximum, click and hold down on the "Min" arrow or the
"Max" arrow in the big slider. Then drag the arrow up or down the scale by moving

the mouse.
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Step 2: Click and hold down
on the"Min" or "Max" arrow
and drag thearrow up or
down.

Step 3: Click OK.

Step 1: Click on little box.

iEcon Gas In Temp.C B

600
] |5T5 Apply to Max |
575[>] |[575
DE |425 Apply to Min |
- |550
] [Current
— 525
520[}: [B=Optimized
] s00 P Min
] [:>Max
- |a75
468[>7
,r-i 450
] 0K
|||!§: 125
X Cancel
1 lao0

In the example shown, the "Min" arrow, the bottom arrow in the picture, is being
moved upward. When you have finished adjusting the arrows, click OK.

Fixing a Setpoint on a Slider

Fixed setpoints affect optimizations. The optimizer uses the fixed value and does not
consider any other possible values for the fixed setpoint while trying to find the best
overall operating conditions for the plant. For more information about optimizations,
see " Running an Optimization" on page 4-24. Fixing a setpoint has no effect on a
simulation.

Slidersthat have alittle box at the upper left hand corner canfix their setpoint.
Expand thelittle slider by clicking on thelittle box in the upper left corner.

IFEE 75

65
kil O E wit Temp*,C

A big slider appears. It isshown here smaller than actual size.
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Step 2: Type valueinto white
text field.

Step 3: Click Apply to Fixed
button.

Step 4: Click OK.

+ Mill D Exit Temp™.C B

75[>5—75.0
_é 4.0 I?E Apply to] Max |
_é 73.0 IEE Apply to Min |
__g 2.0 |?1 Apply to Fixedl
_g [>Current
71 71 [ >—_§ 71.0 [ Optimized
= |70 >Min
_E |>Max
=5 |69.0 [>Fixed
—= |68.0
geap= (670
E 0K
—= |66.0
.FZ 65.0 Cancel

Typethe value for the fixed setpoint into the white text field next to the Apply to Fixed
button. Then click the Apply to Fixed button to show the fixed value on the slider
scale.

Click OK when you are done. The big slider disappears.

Thisbig slider window shows text fields and buttons, Apply to Max and Apply to
Min, for adjusting the minimum and maximum values. They are deactivated and can't
be used here. If you want to change aminimum or maximum, exit this window by
clicking either OK (to keep your new fixed value) or Cancel (to discard any changes).
Then double-click on the thermometer in asmall slider. Thisbrings up abig slider
window that will allow you to change the minimum and maximum. For more details on
changing the minimum and maximum, see " Changing On/Off Statusin a Table".

End the Edit Session

When you have finished making changes on a screen, you must end the edit session
by either saving the changes or canceling the changes. There are two waysto save
changes. One method uses the Edit menu and the other uses atoolbar button. Both
methods do exactly the same thing, so use whichever method you prefer. Changes
may also be canceled from either the Edit menu or the toolbar, when you want to
undo all the changes made in the edit session.

Save Changes using the Edit Menu

When you are done making changes to a screen, you can save the changes by using
amenu command. First click Editin the menu bar to open the edit menu.
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Sep 1: Click Edit.

Step 2: Click Save Changes.

Step 1: CIickiI

Step 1: Click Edit.

File Erl{_t\ “Wiew Optionz  Eguipment Help
1 nlr] sm|e] als] e u]e]

Then click Save Changes in the menu that appears.

Start Edit

Save Changes

Cancel Changes

i [Etr{+=
By [EEr{+E
Easte [EEr{+s

Startup Adiustment

If you open the Edit menu and find the Save Changes command grayed out, then
BANCSisnot in edit mode. Either the changes have already been saved, or an edit
session has not yet been started. For more details about using the Edit menu and the
Start Edit command, see " The Edit Menu" on page 3-5.

This menu command does exactly the same thing as the Save Changes button (the
lightning bolt) in thetoolbar. Saving changes from the toolbar is described in the
next section.

Save Changes Using the Toolbar

When you are done making changes to a screen, save the changes by clicking the
Save Changes button on thetoolbar. The Save Changes button has an arrow that
lookslike alightning bolt. The arrow isred and yellow whileyou arein edit mode,
indicating that it is possible to save changes. When you save changes, BANCS
leaves the edit mode and the Save Changesbutton turns gray.

If the Save Changes button is gray before you click it, then either changes have
aready been saved or canceled, or the editing session was not started and no
changeswere made. For more information about the toolbar, see " The Toolbar" on
page 3-24.

The Save Changes button does exactly the same thing as the Edit menu's Save
Changes command. The Save Changes command is described in " Save Changes" on

page 3-6.
Cancel Changes using the Edit Menu

If you decide that you don't want to keep any of the changes you made, you can end
the edit session by canceling the changes. One way to cancel changesisto use the
Edit menu. First click Editin the menu bar to open the menu.

File Erl'gt “iew Optionz Eguipment Help
ARG ENNE

Then click Cancel Changes in the menu that appears.
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Step 2: Click Cancel
Changes.

Step 1: Clickﬁl.

Sibart Bt
Save Changes

Cancel Changes

&0
[zt [l
[EEpEy [
Easte k[

Startim Sdiustment

If the Cancel Changes command is grayed out when you open the Edit menu, then
BANCSisnot in edit mode. Either the changes were already saved or canceled, or
the edit session has not yet been started. For more details about using the Edit menu,
see " The Edit Menu" on page 3-5.

The Cancd Changes command does exactly the same thing as the toolbar's Cancel
Changes button.

Cancel Changes Using the Toolbar

If you decide that you don't want to keep any of the changes you made, you can end
the edit session by canceling the changes. One way to cancel changesisto use the
toolbar's Cancel Changes button. It hasapencil withared X onit. Thisbutton
erases all the changes that you made in the current editing session and takesBANCS
out of edit mode. After you click the button, it will turn gray.

If the Cancdl Changes button is gray before you click it, then the changes have either
already been saved or canceled, or and editing session wasn't started and no changes
were made.

The toolbar's Canced Changes button does exactly the same thing as the Edit menu's
Cancel Changes command. For more information on the toolbar, " The Toolbar" on
page 3-24.

If You Forget to Save or Cancel

If you forget to save or cancel your changes, BANCS will remind you by bringing up
adialog box asking you to save or cancel the changes. A reminder window appears if
you try to change to another BANCS screen, if you try to leave BANCS and go to
another PECOS module (such as CBAS), or if BANCS sitsidle for awhile.

If you are editing a BANCS screen and try to switch to another screen without saving
or canceling, BANCS displays a dialog box asking you to save or cancel changes.

Attention |

Changes have been made. Do you want to save
the changes?

MNo Cancel
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If you try to leave BANCS and go to another PECOS module (such as CBAS) without
saving or canceling changes, BANCS will remind you that you have to " Save your
changes or cancel your changes first!"

Save your changes or cancel your changes first!

If your screen sitsidle for aperiod of time while you arein edit mode, BANCS brings
up awindow to remind you to save or cancel changes.

Changes have been made.
Do wou want to save the changes & exit edit mode?

: SAVE CHANGES Continue Editing

Thiswindow appears after atimeout period that users may change with the Options
menu's Edit Mode Timeout command. It isdescribed in " Edit Mode Timeout
Command" on page 3-11.

Running a Simulation

What is a Simulation?

A simulation isacalculation of plant performance variablesincluding boiler-related
variables contained in the plant's data acquisition system (DAS) (such as air heater
temperatures) and some variables not contained in the DAS (such as Net Power
Output and Generation Cost). The simulation is based on a detailed mathematical
model of the operation and performance of the power plant. The simulation uses
physical models guided by on-line measured data, empirical constants, and datainput
by hand to make its calculations. Y ou may want to simulate values to see how the
plant is operating right now. Y ou may a so want to compare these values with
BANCS optimized values. If you are using BANCS' recommendations, did the plant
achieve the optimum values?

Editing Data for a Simulation

A simulation calcul ates data based on measured val ues obtained on-line from the
plant data acquisition system and from manual inputs (if your installation requires
any manual inputs). All items contained in the Manual Inputsfolder can affect a
simulation.
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=27 Manual Inputs

Step 1: Click Options menu.

Step 2: ClickBANCS.

Step 3: Click Simulate.

Tofind out if your BANCS installation requires any datato be input by hand, look in
the Tree View Window for afolder called Manual Inputs. If thereisno such folder,
then al the required data comesto BANCS on-line automatically. If thereisaManual
Inputs folder, than the screensin that folder (usually tables) must have values for
each variable.

Before starting a simulation, check the Manual Inputs and decide if you want to
change any values. The editing sequence for each of the screensisthe same.

1) Display the appropriate screen (described in"Whereto Find Data' on page 4-1),
2) Start an edit session (described in " Start an Edit Session" on page 4-15),
3) Makethe changes (described in “Changing a Table” on page 4-17),

4) End the edit session by saving or canceling the changes (described in" End the
Edit Session" on page 4-22).

“Edit Datafor aSimulation” on page 2-9 provides atutorial example.

Starting the Simulation

The simulation may be started from either the Options menu or from the toolbar’ s
Simulate button. Both methods do exactly the same thing.

From the Options Menu
To start asimulation from the menu bar, click Options to display the Options menu.

File  Edit  “iew thiq{m Eguipment  Help
sl pEtel als] e u]g]

In the menu that appears, click BANCS.

[R[slTet Equipment Help

[Emal Brapertntiew Hanges. ®
[Emal Blend ddiisar

Simulate
Edit Mode Tirmeaout Optirmize
L hrat |

Slide the cursor right and click Simulate.

Optimize !

el

When the simulation starts, it prints a message in the Log Window, the small window
at the bottom of the screen.

1N 1
Iimulatt: BANCS data...
- |

Feady

Y ou may haveto scroll thiswindow vertically to see the message.
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Step 1: Clickil.

The Options menu command sequence does exactly the same thing as the toolbar's
Simulate button. For more details about using the Options menu, see" Options
Menu" on page 3-9.

From the Toolbar

To start asimulation from the toolbar, click the Simulate button, il It hasared
exclamation mark (!) onit. When the simulation starts, it prints amessage in the Log
Window, the small window at the bottom of the screen.
1 1
Iimulatt: BANCS data...

i

Feady

Y ou may haveto scroll the Log Window to see the message.

]

The tool bar's;l Simulate button does exactly the same thing as the Options
menu's BANCS>Simulate command. For more details about the toolbar buttons, see
"The Toolbar" on page 3-24 and " Simulate” on page 3-27.

Viewing Results

Thefirst result to look for is successful completion of the simulation. It will take afew
secondsto run. When it's complete, it prints amessage in the Log Window, the small
window at the bottom of the screen. You'll see either
Simulation succeeded! or Simulation failed!
I | |
Iimulatiun succeeded! '
4

Ready

Y ou may haveto scroll the Log Window to see this message.

A successful simulation cal culates many values. They appear in many BANCS
screens, including Table, Trend Graph, Bar Chart, Setpoints, and Constrained
Variables screens. Usethe Tree View Window to find the folder and screen to view
the datayou would like to see. See"Whereto Find Data" on page 4-1for more
details on where to find particular variables.

In the Setpoint and Constrained Variables screens (slider view), the value labeled
"Current” isthe simulated value for the variable. The gray arrowhead pointsto the
current value on the thermometer, and in this pictureit is the second arrowhead down
from thetop. Placing the cursor over the thermometer pops up a balloon that
displaysthe current value along with other values. In thisexample, the current
(simulated) Mill A Biasis30%. For moreinformation on using sliders, see" Sliders"
on page 4-11.
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Place cursor on thermometer
to display numbers.

"Current" value (either
simulated or measured) ison
left bar.

[~

bl aw B0 %
kir -50 %
Optimized 0 %
Current 30 3
Wil & Biaz % ]

Simulated values are also available in trend graphs. Trend graphs show only current
values and not optimized, minimum, or maximumvalues. For moreinformation on
using trend graphs, see " Viewing Datain Trend Graphs' on page 4-4

Bar charts display simulated and optimized values. The bar on the left (blue when
viewed on-line) displaysthe "Current" value, which for most variablesisthe
simulated value. The simulated value in the bar chart below is94. For more
information on using bar charts, see" Viewing Datain Bar Charts" on page 4-8.

101.52 101.52

98.37
95,22
92.06
88.91+
85.76+
82.61+
79.46
76.30+
73.15
70.00-

Boiler Eff,%5

What to Do If a Simulation Fails

If you get a"Simulation Fails!" message, the first thing to check isthe Manual Inputs
folder. Inthefolder, check to make sure that both pieces of equipment in apair have
been turned off (example both FD Fans being off will cause afailure). If thisisthe
case, turn one or more on and rerun the simulation. Also check to make sure that
reasonabl e values have been entered for both the Inputs and Setpointstables. If any
values are suspect, change them and rerun the simulation.
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Next check the Measured Variables folder. The simulation uses some measured
variablesinits calculations, and if these values are not getting to the simulation
properly, it canfail. If any of the measured variables are highlighted in Red or have
values of "N/A", thisisthe most likely reason for the simulation failure. The most
likely cause of thisfailure type, isaloss of the network connection to the Server
machine.

Another potential cause for asimulation failureisif too much unknown coal isbeing
sent to BANCS from CBAS. This can be caused be a Server problem aswell or if coal
receipts are not being entered.

If afailure occursthat you cannot fix, write down the circumstances and contact
Praxis Engineers at:

email: support@praxisengimneers.com
phone:  408-934-3703 fax: 408-263-2821

Running an Optimization

What is an Optimization?

An optimization is a determination of setpoints that result in |east-cost operation of
the plant, while meeting load, safety, and environmental requirements. The
optimization uses models of the plant to cal cul ate the optimum setpoints. During an
optimization, other variables that are affected by setpoints are calculated and reported
as optimum.

Editing Data for an Optimization
The following items affect the optimization and may be changed by the user:
Setpoints: minimum/maximum
Setpoints: fixed
Constrained Variables: minimum/maximum
Manual Inputs (if your installation has any)

The optimization considers possible setpoints within the minimum and maximum
specified by the user. If the user fixes a setpoint at a particular value, the optimization
will use that value and attempt to adjust other setpoints to accommodate the fixed
value. The minimums and maximums for constrained variables may further restrict the
setpoints, because some legal setpoints may push constrained variables beyond their
minimum or maximum. Manual inputs are current plant data that are required for
calculations, but are not available on-line and have to be entered by hand. These
include Unit Costs impact the optimization because the optimizer islooking for |east-
cost setpoints. Some BANCS installations do not have any manual inputs. To
determineif your installation requires manual inputs, look for aManual | nputsfolder
inthetree view.

Before running an optimization, check the five types of data listed above and decide if
you want to change any values. The editing sequence for each type of dataisthe
same.

1) Display the appropriate screen (described in"Whereto Find Data" on page 4-1),
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2) Start an edit session (described in " Start an Edit Session" on page 4-15),
3) Makethechanges (seetable below),

4) End the edit session by saving or canceling the changes (described in " End the
Edit Session" on page 4-22).

Details on editing each kind of data are described in the following sections.

To find out how to: Look in:

change setpoints minimum/maximum "Changing the Min or Max on a Slider" on
page 4-19.

fix a setpoint "Fixing a Setpoint on a Sider" on page 4-21.

change constrained variable min/max "Changing the Min or Max on a Slider" on
page 4-19.

edit manual inputs "Changing a Table" on page 4-17

Starting the Optimization

An optimization may be started from either the Options menu or from the toolbar.
Both methods do exactly the same thing.

From the Options Menu

To start an optimization from the menu bar, click Options to display the Options
menul.

Step 1: Click Options. Eile Edit “iew thiq{m Equipment Help
ANEEEENER

In the menu that appears, click BANCS.

" 2|

Step 2: ClickBANCS. N[yl Equipment Help

[Ema] Brapertntiew Hanaes. k
[Ema] Blend ddiisar

BAMNCS Simulate
Edit Mode Timeout Optimize
bt

Slide the cursor to the right and click Optimize.

Step 3: Click Optimize. Simulate

St !

When the simulation starts, it prints a message in the Log Window, the small window
at the bottom of the screen, "Optimize BANCS data...."

(] I
B}timize BANCS data...
o

Ready
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Place cursor on thermometer

to display numbers.

To see this message, you may have to scroll the Log Window vertically.

Viewing Results

The optimization can take several minutesto run. When it iscomplete, it printsa
message in the Log Window indicating success or failure.

Optimization succeeded! or Optimization failed!

The Log Window is ashort window at the bottom of the PECOS screen that spans
the width of the screen.

I =0

Optimization succeeded!

4

Feady

Y ou may have to scroll this window to see the message.

A successful optimization calculates many values. They appear in many BANCS
screens, including Table, Bar Chart, Setpoints, and Constrained Variables screens.
Optimized values do not appear in Trend Graphs screens. Usethe Tree View
Window to find the folder and screen to view the datayou would like to see. See
"Whereto Find Data" on page 4-1 for more information about where to find particular
values.

In Table screens, the optimized values are shown below the current values and are
not underlined. 1n the example below, Boiler Ash Loss has an optimized value of
0.42. For moreinformation on tables, see"Viewing Datain Tables" on page 4-3.

Warighle Units Llin Current Ilax
Optirized
Boiler &sh Loss T 1] 0.a0 1
0.42

In Setpoint and Constrained Variables screens (slider view), the optimum values are
marked with agreen arrowhead. 1n the example below, the optimum arrowhead is the
third one down from the top. Placing the cursor over the thermometer pops up a
balloon that displays the optimum value along with other values. In thisexample, the
optimum Mill E Exit Temp is66.8 C. For more information on using sliders, see
"Sliders" on page 4-11.

MillE E it Toaent 74 L

In Bar Charts screens, optimum val ues are shown by the bar on the right. The bar
representing the optimum isred on-line. In the example below, the optimum val ue of
MillA Finenessis 81.75%. The current valueis 75%. For more information on using
bar charts, see" Viewing Datain Bar Charts" on page 4-8.
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Optimum value is shown on
right- hand bar and isred on-
line.

MillA Fineness,2 200 mesh

What to Do If an Optimization Fails

If you get an "Optimization Fails!" message, the first thing to check is the Manual
Inputs folder. Inthefolder, check to make sure that both pieces of equipment in apair
have been turned off (example both FD Fans being off will cause afailure). If thisis
the case, turn one or more on and rerun the optimization. Also check to make sure
that reasonable values have been entered for both the Inputs and Setpoints tables. |f
any values are suspect, change them and rerun the optimization.

The next thing to check isthe Setpoints folder. The optimization is highly dependent
on the settings for the setpoints. Check to make sure that minimum/maximum
constraints are not set too tightly or that setpoints are not fixed at conflicting
conditions. Make the same checksin the Constrained Variables folder if you still
have not found a problem.

Next check the Measured Variables folder. The optimization uses some measured
variablesin its calculations, and if these values are not getting to the optimization
properly, it can fail. If any of the measured variables have values of "N/A", thisisthe
most likely reason for the failure.

Another potential cause for an optimization failureisif too much unknown coal is
being sent to BANCS from CBAS. This can be caused be a Server problem as well or
if coal receipts are not being entered.

If afailure occursthat you cannot fix, write down the circumstances and contact
Praxis Engineers at:

email: support@praxisengimneers.com
phone:  408-934-3703 fax: 408-263-2821
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BANCS Technical Description

Overview
This section outlines how calculations are made in BANCS. It coversall of the major
systems modeled by BANCS and gives abrief overview of how each systemis
modeled, including the type of modeling used. A detailed description of simulations,
optimizations, and important manual inputsis also presented.

Simulation

Simulation Techniques

A simulation is amathematical model of the performance of the plant. All of the
important performance variables are predicted by the simulation.

The goal of the simulation istwofold. First, it should provide an accurate calculation
of current plant variables, to show that its predictions are valid in comparison to the
on-line measured data. Second, it calculates important quantities that are not
measured on-line, including Net Power Output, Net Plant Heat Rate, and plant costs.

To makeits calculations, the simulation uses mathematical models guided by on-line
measured data, empirical constants, and manual inputs. The models used include
models based purely on physics aswell as modelsthat rely on on-line data to make
their predictions. The most important on-line data used are setpoints. Setpoints are
critical control parameters that dictate how the plant is operating and have a
significant impact on the results of a simulation.

The different types of modeling techniques used in the simulations and setpoints are
discussed in the following sections.

Modeling Techniques

Three different types of modeling are used in BANCS: analytical, adaptive analytical,
and neural.

Analytical modeling is based on physical or empirical modeling. The model does not
need to be updated over time because the performance of the device being modeled
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does not change or changes only very slowly. An example of adevicethatis
modeled analytically isafan unit.

Adaptive analytical modeling, on the other hand, is also based on physics but
contains modeling constants that can be updated. Thisisused for systems that
change over moderate time frames and for which sufficient on-line dataare available
to assign the changes. An exampleistheair heater, where the updated value of the
heat transfer coefficient is used in the modeling.

Neural modeling is based entirely on measured dataand is used for quantitiesthat are
difficult to model analytically. Neural modeling computationally mimicsthe nervous
system of the human body. The system uses inputs (stimuli) to predict outputs
(responses) based on the training of the system. Training is done by using historical
data. Stimuli consist of control setpoints and known inputs, while outputs are what is
being modeled. NO,, CO, and unburned carbon are examples of quantitiesthat are
modeled neurally in BANCS.

Setpoints

Setpoints are operating control parameters that BANCS uses as inputs for its
simulations. Setpointsinclude most of the variables controlled on the board,
including excess oxygen, mill bias, and fan bias.

Setpoints can have a significant impact on the results of asimulation. For example, as
excess oxygen isincreased for a particular load, fan settingsincrease, boiler
performance changes, and emissions and L Ol are impacted.

Most of the setpoints used by the simulation are read directly from the plant data
highway. However, several are not measured on-line and must be entered by hand in
the Manual Inputs folder of the software.

Optimization

Optimization Techniques

An optimization is the calculation of setpoints that result in | east-cost operation of
the plant while meeting safety, environmental, and operating constraints. The
optimization also calculates all of the resulting plant performance variables for the
optimal setpoints.

The goal of an optimization isto help the plant operators run the plant at lower costs
without violating any constraints (called constrained variablesin the software). Itis
designed to be flexible, so that the user can adjust plant constrained variables or
place restraints on setpoints as needed.

The optimizer performs a series of simulations, each with a different set of setpointsin
an intelligent and efficient fashion, moving toward the optimal set of setpoints. The
methodology used by the optimizer to arrive at the optimum setpoints relies heavily
on Genetic Algorithms (GAs). GAs are an optimization technique that mimics
evolution and natural selection. In essence, GAs create computational “families’ that
are allowed to cross-breed and randomly mutate, with the genes of the strongest
families of each generation being passed on to the next. Over time, the most
dominant or optimum family of setpointsis determined.
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GAs are used primarily for their unique ability to randomly search the entire
computational space for the optimum, which makes this technique the most likely to
find the global optimaand not get trapped at alocal optimum. To help speed up the
process, BANCS employs a unique hybrid optimizer that uses conventional analytical
techniques once the GA gets close to the optimal solution.

Constrained Variables

Constrained variables represent important plant parameters that must be maintained
between prescribed limits for safety, environmental, or operational reasons. An
example of aconstrained variableis opacity, which must fall below a set regulatory
limit or aderate occurs. Another example of a constrained variable is the superheat
steam exit temperature out of the boiler which must be kept below a certain value
because of thermal limits on the turbine blades.

Constrained variables impact the optimization by placing an economic penalty on the
proposed setpointsif they violate either the minimum or maximum limit. However,
unlike the constraints placed on setpoints, constrained variable limits can be violated
by the optimization. For example, if the user lowers the NOx upper limit to avery low
value, the optimizer may find a solution with NOx higher than the upper limit, smply
because the system cannot possibly produce NOx any lower.

Manual Inputs

Manual Inputs are important data used by both the Simulations and Optimization
entered by hand by the user. Manual Inputs represent values for variables that are
not measured on-line or specify important modeling constants. Manual Inputs
include Inputs, Setpoints, Unit Costs, and On/Off Status. Each are discussed in detail
in the following sections.

Inputs

Inputs are important data for several pieces of equipment that are not measured on-
line or vary only over long time periods. These include the following:

Mill Air Fuel Ratio - the ratio of primary air flow to coa flow into the mill.
This should only be changed if significant maintenance has been done
on mill air dampers.

Trisector Leakages - the three types of |eakage from the trisector. These
leakages are fractions on a per gas flow into the trisector basis. These
should be changed whenever the |eakages are measured.

Mill Fineness - the coal fineness produced by the mill on a% 200 mesh
basis. This should be updated whenever it is measured, particularly
when the mill comes back on line after maintenance.

Outside Air Percentage - the ratio of outsidetoinside air used for the
fans. This should be changed whenever the value is changed at the
plant. The user can also check the impacts of thisterm be changing it
and recording the results.

Outside Air Pressure and Relative Humidity - these terms should be
changed daily.
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Inside Air Temperature, Pressure, and Relative Humidity - these terms
should be changed only when a significant change has been noticed in
the boiler room.

Seal Air Split - the amount of mill seal air taken from the cold tempering
air flow. Thisterm should only be changed if asignificant increasein
seal air is needed.

Setpoints

Setpoints are values for setpoints that are not measured on-line and must be entered
by hand by the user. These are used only be the Simulation. The setpoints that must
be entered are:

Primary Air Temperature - controls the amount of economizer bypass
Fan Air Inlet Temperature - controls the amount of recirculating air
Fan Biases - controls the bias between one fan and the other

These values should be updated only when significant changes have been made in
these setpoints. They should be checked daily.

Unit Costs

Unit Costs are costs on a $/kWh or $/tonne basis that are used by BANCS to
calculate plant costs on a$/hr basis. Unit Costsinclude coal unit costs (fixed and
incremental), ash unit costs, lab and water treatment unit costs, environmental unit
costs, administrative unit costs, maintenance unit costs, and overhead unit costs.
These values should be changed by the utility on aweekly basis.

On/Off Status

On/Off Status represents whether a piece of equipment is on or off. Every piece of
equipment at the plant hasits on/off status cal culated by key on-line data, but since
datais never absolutely accurate, the user can override the value given by BANCSin
thisfolder. This section should be checked at the beginning of each shift and after
any piece of equipment has been turned on or off.

Plant Equipment Models

Overview of Equipment Models

Each piece of equipment contained at the plant is modeled by BANCS. The
individual models for each piece of equipment are then computationally configured
together based on how they are arranged at the plant. Control systems are used to
operate groups of equipment that work together to produce specified setpoints. The
entire package is used for each simulation.

The plant is divided into the following systems:

A coal handling model supplied by CBAS that provides the coal quality entering
each of the feedersin real timeto BANCS. A mill model calculates how the coal
is pulverized before entering the furnace.
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An air handling model that contains all of the equipment necessary to supply the
air to the mills and furnace.

A gas handling model that contains all of the equipment necessary to transport
the gas from the boiler out through the stack.

A furnace and boiler model that cal culates combustion and heat transfer related
variables occurring within.

A steam cycle model that contains all of the equipment in the steam cycle
necessary to produce the steam power. The primary purpose of the steam cycle
model isto calculate the net turbine heat rate and net turbine power for the
current conditions.

Models for major pieces of equipment contained in these systems are described in the
following sections.

Mills

The performance of each mill is modeled individually in order to predict the effects of
varying coal quality between the bunkers. The mill model estimates the capacity of
the mill and the total power required based on the specified mill outlet temperature.
Both mill capacity and mill power are functions of the moisture contained in the coal,
the coal hardness, and the desired coal fineness.

In addition, amass and energy balanceis performed on the mill to determine the
required cold air to produce the specified mill outlet temperature, or to calculate the
mill outlet temperature when its specified maximum cannot be achieved even without
tempering. The amount of drying of the coal done by the mill, which has afairly
significant impact on the mill energy balance, is assumed to be a constant based on
measured data.

All of the relevant streamsincluded in the mill modeling are shown in the following

diagram.
Hot Air
[—— - - -~ A
I |
Cold Air Primary Air | I Coal + Air
——> EE———
| [
| [
______ |
Seal Air

Coal

Schematic of TermsUsed in the Mill Massand Energy Balance

Fans

The fan performance model calculates changesin the pressure, temperature, and
density of the fluid through the fan as well asthe power draw of the fanitself. In
addition, the model calculates the inlet vane position required for the specified
system resistance, and checks if the fluid volumetric flow iswithin the operating
range of the fan.
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The inputsto the fan model include the inlet composition, pressure, and temperature
of the fluid, the volumetric flow rate through the fan, and the system resistance that
must be overcome by the fan. The model uses empirical datato construct a curve fit
for the static pressure rise through the fan as a function of flow rate and system
resistance to calculate the change in total pressure through the fan. The temperature
changeis cal culated based on the pressure change assuming no heat losses. The
power draw of the fan isthen calculated by conservation of energy, with imposed
efficiencies for the shaft and motor included.

Trisectors

The performance model for each trisector estimates the amount of heat transferred
from the hot flue gas to the cold primary and secondary air streams. The regenerative
trisector is modeled as a simple counter-flow heat exchanger including the effects of
air leakage. An energy balance and a heat transfer equation are combined to calculate
an overall effectiveness for the trisector. The inputs to the model are air and flue gas
inlet temperatures and flow rates, flue gas composition, air leakages, and physical
constants for the trisector including geometry and design heat transfer coefficient.
Based on the inputs, the model cal culates the outlet temperatures and flow rates, both
corrected to account for leakage, and the effectiveness of the trisector.

Air leakage can have asignificant impact on the calculation of trisector performance.
Air leakage occurs from both air streamsinto the gas stream and also from the
secondary air stream into the primary air stream. Air leakages are entered by the user
in the Manual Inputsfolder.

The model is designed to be adaptive to the current condition of the trisector itself by
using the on-line measured temperatures to adjust the design heat transfer
coefficient. Inthisway, the effects of fouling can be accounted for.

Electrostatic Precipitators

The model of the electrostatic precipitator (ESP) predicts the effects of coal
composition and operating conditions on particulate emissions. Opacity is
determined first based on aneural model. ESP collection efficiency isthen calculated
based on the opacity and the known inlet particle concentration, accounting for the
impact of the inlet temperature of the gas entering the ESP, and the amount of
moisture and sodium contained in the gas stream.

The main variables that impact the stack opacity neural model are:
Coal quaity
Sodium content of the gas stream
Inlet gas temperature
Load
Excess oxygen
Mill on/off status
Mill biases
Coal fineness

Burner tilt angles
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Stack

The stack is modeled as a simple mixer of gas streams. In addition, the pressure
change through the stack due to buoyancy is calculated and used in the fan models.

Furnace

The modeling of the furnace consists of amodel for the combustion process
occurring within the furnace walls, amodel for the furnace heat transfer, and models
for the principal components of incomplete combustion, namely carbon monoxide,
nitrogen oxides, and unburned carbon.

Combustion

The combustion mass cal culations performed in the furnace model are based on
chemical stoichiometry. Stoichiometry determinesthe excessair that must be
supplied to the furnace based on a chemical balance between the reactants (coal and
air) and products (only principal species are considered, namely, N,, O,, CO,, and
water since trace species are negligible) and the setpoint of excess oxygen. The
excessair can then be converted to an actual flow rate of air that must be supplied to
the furnace accounting for any inleakage that may occur in the furnace walls. Note
that thisair flow rate isless than what must be supplied by the fans because of
leakage occurring at the trisectors.

The combustion model also cal culates the adiabatic flame temperature for the
combustion process. Thistemperature represents the hottest possible combustion
temperature assuming no heat losses. It is calculated by assuming complete
combustion and performing an energy balance on the relative amounts of coal and air
supplied to the furnace and the resultant products. The adiabatic flame temperature
isused in the furnace heat transfer model.

Furnace Heat Transfer

The furnace heat transfer model is based on a2-D model of the furnace. The furnace
iscut into rectangular zones over its height, and mass, energy, and momentum are
solved simultaneously for each zone as a function of time. Combustion occursin the
zones near the burnersthat are on, with burner tilt taken into account by shifting the
combustion zone up or down accordingly. Combustion is modeled as an exothermic
heat rel ease process, with oxygen depletion and fixed carbon burnout taken into
account.

A detailed radiation model is used to account for the gas and particle radiation as well
astheradiation from the furnace walls. Theradiation from the wallsis dependent on
wall cleanlinesswhich is estimated based on measured data.

Thefinal output of the model is a mass-averaged temperature profile over the height
of the furnace and the radiation absorbed by the water in the furnace walls. The
furnace exit gas temperature is passed onto the remaining sections of the boiler to
initiate the boiler heat transfer calculation.

Unburned Carbon (UC)

The unburned carbon model, which represents the incompl eteness of the combustion
process, is based on the same 2-D model of the furnace used for the furnace heat

transfer. Coal particle momentum and energy equations are solved simultaneously in
aseries of computational rectangular zones which together comprise the geometry of
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the furnace. Carbon burnout and oxygen depletion are calculated kinetically for each
zone based on the temperature and fluid mechanics determined for that particular
zone. The sum of the remaining carbon particles that have not burned out and that
exit the furnace represents the total unburned carbon. This can then be readily
converted to Loss On Ignition (LOI).

The unburned carbon model is highly dependent on the properties of the coal
entering the furnace, in particular the heating value, as well as the amount of excess
air supplied, the fineness of the coal, and which burners are being used.

Nitrogen Oxides (NOy) and Carbon Monoxide (CO)

Both NO, and CO are model ed neurally based on measured plant data. Several
months of performance data taken from the plant was used to train neural modelsfor
each. The main variablesthat impact NO, and CO include:

Coal quality

Load

Excess oxygen

Overfire air damper positions
Mill on/off status

Mill biases

Coal fineness

Burner tilt angles

Boiler

The modeling of the boiler consists of adetailed boiler heat transfer model and a
model for boiler efficiency.

Boiler Heat Transfer

The boiler heat transfer model performs a series of energy and heat transfer balances
on each section in the boiler starting from the furnace and ending with the
economizer. Both radiation and convection are accounted for in each section with
heat transfer coefficients based on design conditions and tuned using measured data.

A global iteration is performed to ensure that the setpoints for superheat and reheat
temperatures are met. Each section uses the inputs from the preceding section to
calculate exit conditions for the section, including temperaturesin particular. Furnace
exit gas temperature is thus back-cal culated and compared to the value determined in
the furnace model.

The economizer has avariable gas bypass that is accounted for in the modeling. The
economi zer bypassis calculated based on meeting the primary air temperature
setpoint.

Boiler Efficiency

The boiler efficiency is calculated based on the ASME PTC Heat Loss method. This
method calculates all the system energy losses and credits from the fuel energy input.
Thelosses consist of the thermal energy in the wet and dry gases |eaving at the
trisectors, the formation of CO and NOX, incomplete combustion in the form of
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unburned carbon, losses due to the heating of the bottom and fly ashes, losses due
to blow down, losses due to pulverizer rejects, and heat losses due primarily to
radiation. Credits consist of the sensible energy of theincoming air, water, and fuel.

Turbines

Turbines are modeled based on a calculated turbine efficiency. The turbine efficiency
isused to calculate turbine exit conditions. The exit enthalpy of theturbineis
calculated by first calculating the isentropic or 100% efficiency exit enthal py based on
the turbine inlet conditions and the calculated exit pressure. Then the turbine
efficiency is used to back-calculate the actual exit enthalpy. All other thermodynamic
variables can then be calculated as afunction of pressure and enthal py.

Turbine efficiencies are cal culated based on measured plant data and are updated on-
line. Turbine exit pressures are cal culated based on the design expansion line for
each turbine.

Turbine power produced is dependent on how much steam has been bled off to the
feedwater heaters during the turbine expansion. The amount of steam extracted to the
feedwater heatersis determined based on an empirical curve fit dependent on flow
rate and grossload. Once the flow rate through each section of the turbineis known,
turbine power is simply the product of steam flow rate and steam enthal py change
through the section.

Feedwater Heaters

Feedwater heaters are model ed using mass and energy balances with a characteristic
heat transfer equation that depends on the type of feedwater heater. Drain cooler
feedwater heaters use the design drain cooler approach temperature, which
represents the difference between the drain condensate temperature and the inlet
feedwater temperature, while standard feedwater heaters without drain coolers
assume saturated conditions for the condensate.

All of the feedwater heatersin the chain, including the deaerator, are linked together
with the drain condensate being passed back in succession to the condenser. Each
feedwater heater receives extraction steam from various stages of the turbines for the
feedwater heating. The amount of extraction steam required for each feedwater heater
is calculated based on empirical curve fits dependent on gross load and flow rate.

Condenser

The condenser is model ed using standard HEI practices which involve mass and
energy balances and a heat transfer equation that is dependent on the geometry of
the condenser itself. However, determination of the inlet steam conditionsis highly
dependent on the condenser back pressure. Since the condenser back pressureis
dependent on the cleanliness of the condenser and the temperature of the cooling
water available to the condenser, its value is taken directly from the on-line measured
valuefor the calculations. Based on the back pressure and with the assumption that
the condenser exit conditions must be saturated liquid, all of the condenser exit
conditions for both the feedwater and cooling water can be calculated. The current
heat transfer coefficient and log mean temperature difference can also be estimated
from aheat transfer analysis and the geometry of the condenser.
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Pumps

Pumps are modeled similarly to turbines relying on a pump efficiency to determine the
enthalpy change through the pump. Combined with the known pump exit pressure,
all of the thermodynamic exit variables can then be calculated including exit
temperature. The pump power required is then calculated proportionally to the
capacity of the pump.
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Glossary of Terms

balloon

abox that appears when you place the mouse pointer over asensitive area. The box
displaysinformation about the item over which the pointer islocated.

BANCS

Boiler and NOx Control System. The module of PECOS that models the boiler and
makes | east-cost-setpoint boiler operation recommendations, while maintaining or
reducing emissions.

bar chart

agraphical tool which displays current and optimized values side by side as
rectangular bars proportional in size to the magnitude of the values.

button

small markers on the toolbar or on other dialog boxesthat carry out commands when
clicked with the mouse. They are usually small squares or rectangles with pictures or
words ("OK", "Cancel") on them.

CBAS

Coal Blend Automation System. This module of PECOS tracks the coal from the yard
to the boiler. It also makes coal blend recommendations to the operator.

Constrained Variable

performance variables that must be kept between set limits because of operational,
performance, or safety constraints. (Example: Opacity must be kept below a
regulatory limit.) BANCS' constrained variables are displayed and edited in a screen
in the System Overview folder.
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current value

the instantaneous val ue of a performance variable. Thisvalue can either be taken
from the on-line measured value or is based on the results of the most recent
simulation.

data range

the bounding range for data as presented in a bar chart or trend graph. The user can
adjust the data range as desired.

dialog box

awindow that either requests or providesinformation. Many dialog boxes present
options to choose from before performing an action. (Example: When starting
PECOS, window appears reguesting user name and password. That window isa
dialog box.)

edit mode

mode in which data can be entered. The Start Edit command puts PECOS modules
into edit mode. The Save Changes and Cancel Changes commands gets PECOS
modules out of edit mode.

Edit Mode Timeout

time period of inactivity while in edit mode that causes awarning dialog box to
appear. The warning reminds the user that changes have been made but not saved.
Users may change the amount of time that PECOS waits before prompting by using
the Edit Mode Timeout command in the Options menu.

edit session

the time that a PECOS moduleisin edit mode. An edit session begins when the user
clicksthe Start Edit command and ends when the user clicks either Save Changes or
Cancel Changes.

fixed

In BANCS, "fixed" refersto a setpoint that the user has held at a particular value
rather than allowing an optimization to calculate a value for the setpoint. The user
may fix asetpoint because of equipment problems or maintenance schedul es.
(Example: Mill bias may be fixed for a particular mill based on the knowledge that
mai ntenance has just been completed.)

folder

amain category inthe Tree View Window. Folders are a grouping mechanism, much
likeamanillafolder in afile cabinet. Foldersinthe Tree View Window hold groups of
related screen icons. Folders are represented by yellow iconsthat look like manilla
file folders, which may be either open or closed.
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gray button

adeactivated button. Buttons on the toolbar, dialog boxes, or other windows are
shaded gray when the associated action is not available. Clicking on agray button
does not execute any command or action.

icon

asmall picture on the desktop or in a PECOS window that represents a minimized
window or screen that is not currently displayed. When one "opens" anicon,
usually by clicking or double-clicking on it, the associated big window appears.

Log Window

anarrow window at the bottom of the PECOS display that spans the width of the
display. It displaysinformation about recent PECOS events, such as asimulation
completing or an edit session starting. The most useful information displayed in the
Log Window isalisting of the edit changes which is posted to the window after the
Save Changes command is given.

Main View Window

the biggest window in the PECOS display. It can display many different screens
which provide data and recommendations to the user. Users select which screenis
displayed in the Main View Window by double-clicking on screeniconsin the Tree
View Window.

manual input

data used by the simulation and opti mization that are entered by the user into a
PECOS screen. These values are entered by hand because they are not available from
the plant's on-line data acquisition system.

measured value

avaluefor avariablethat is obtained from the plant's data acquisition system. Values
that are not obtained from the plant's data acquisition system are cal culated by
BANCS and called "simulated" values.

menu bar

ahorizontal gray bar near the top of the PECOS display with File, Edit, View, Options,
Equipment, and Help appearing on it. Each of these words has an associated menu.
Click on aword to get the associated menu to appear. All PECOS commands are
available in these menus.

module

apart of the PECOS program which may be run separately from other parts of the
program. A PECOS installation includes one or more of the three modules, CBAS,
BANCS, and SCYCLOPS.
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on/off status

for apiece of equipment, the on/off status indicates whether or not that piece of
equipment is running or not running.

on-line help

provides assistance in using PECOS and is accessible from the Help menu. Thisisan
on-line user manual that provides search capability and hyperlinksto cross-
referenced sections and glossary definitions. Use the Contents command on the
Help menu to start on-line help.

optimization

acalculation of control setpointsthat (if enacted) would result in least-cost operation
of the plant while meeting safety, environmental, and operating constraints.

optimized value

avaluefor a performance variable calcul ated by the optimization.

pane

aview inthe Tree View Window. The Tree View Window can display adifferent

pane for each PECOS module that isinstalled at your site. The PECOS modules are
CBAS, BANCS, and SCY CLOPS. To display the pane for a particular module, click on
the tab near the top of the Tree View Window for that module. (Example: To display
the BANCS panein the Tree View Window, click on the tab near the top of the
window labeled "BANCS".)

password

asecret word that PECOS requires users to enter to start PECOS and get accessto
various PECOS capabilities, such as editing data. See your system administrator or
contact Praxis Engineers, Inc. regarding any questions about passwords.

PECOS

Plant Environmental and Cost Optimization System. Thisisthe program which may
include any or all of the CBAS, BANCS, and SCY CLOPS modules.

screen

in PECOS, the displays that appear in the Main View Window and their associated
iconsinthe Tree View Window. (Example: The System Overview folder inthe Tree
View Window containsa Trend Graph icon which when double-clicked, displaysthe
Trend Graph screenin the Main View Window.) Thisword isalso used to refer to the
viewable display portion of the computer monitor.
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scroll bar

avertical or horizontal bar that appears at the right side or bottom of awindow. It has
arrows at either end. When the window contains more information than will fit in the
viewable area, the scroll bar can be used to move the viewing area up or down, right
or left. Toscroll, click and hold down on one of the scroll bar's arrows.

SCYCLOPS

Steam CY CLe OPtimization System. This module of PECOS makes | east-cost setpoint
recommendations for the operation of the steam cycle.

setpoint

avariablethat is controlled on the board by the operator. (Examples: excess oxygen,
mill bias) In BANCS, setpoints are available in separate screens which may be
displayed from the Tree View Window.

setpoint maximum

the upper limit on a control setpoint. In BANCS, the maximum can be set by the user
by editing a Setpoints screen. The maximum isthe largest value that is considered by
the optimizer when calculating least-cost setpoints.

setpoint minimum

the lower limit on a control setpoint. In BANCS, the minimum can be set by the user
by editing a Setpoints screen. The minimum isthe smallest value that is considered
by the optimizer when calculating least-cost setpoints.

simulation

acalculation of plant performance variables based on current conditions. A
simulation calculates boiler-related variables. Some of these variables, such as air
heater temperatures, are also available from the plant's on-line data acquisition
system. Other variables calculated by the simulation, such astotal plant costs, are
not available on-line.

slider

agraphical depiction of a setpoint or constrained variable the mimics an analog dial
gauge with arrows. It looks like athermometer. A slider shows the current, optimized,
minimum, and maximum value for a setpoint or constrained variable. The term "dider"
is used because the user can change the minimum or maximum values by clicking,
holding down, and "sliding" an arrow up or down to the desired value.

status bar

the horizontal gray bar at the bottom of the PECOS display just below the Log
Window. The status bar displays one line of information about what PECOS is doing
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right now. It can also display information about what various toolbar buttonsdo. To
get adescription of atoolbar button, place the cursor over that button.

tab

protrusions at the top of the Tree View Window that ook like the tabs on manillafile
foldersused in filing cabinets. Clicking on atab causes the associated paneto be
displayed. The Tree View Window has atab for each PECOS moduleinstalled at your
site. There may be atab for each of CBAS, BANCS, and SCYCLOPS. Theon-line
help system also has tabs labeled "Contents”, "Index", and "Find".

task bar

abar normally displayed across the bottom of a monitor that contains buttons for
each of the programs currently running on the computer. Thisbar is part of the
Windows 95 or Windows NT operating system. Itisnot part of PECOS or BANCS.
This bar always contains a button labelled " Start” with the red, green, blue, and
yellow Microsoft icon displayed onit. Thisbar may also be displayed vertically
along theright or left edge of the monitor.

time period

the range of time over which data can be presented in atrend graph. The user can
adjust the time period from one hour up to 25 hours.

toolbar

aset of buttons that appears near the top of the PECOS display just below the menu
bar. The buttonsin the toolbar provide a quicker way to execute some of the
commands in the menu bar's menus. Thetoolbar may not bevisible. If itisnot, click
on the View menu to pull it down and then click on the Toolbar command.

Tree View Window

the window on the left side of the PECOS display which contains a hierarchy of
folders and screen iconsthat can be viewed in the Main View Window. The Tree
View Window is used to control the display in the Main View Window. Double-
clicking on ascreeniconinthe Tree View Window causes the screen to be displayed
inthe Main View Window.

Trend Graph

agraphical tool that allows the user to plot any variable contained in BANCS over
time.

unit cost

an incremental cost used by the software to calculate costs on a$/hr basis. Unit
costs are entered by the user in aBANCS screen. Example: A coal unit cost in $/ton
isused to calculate total costsin $/hr.
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PECOS’

Plant Environmental and Cost Optimization System
Version 1.5

How do | bring up thedata | want to see?

When PECOS dtarts up, you will see that the main PECOS window is divided into three sub-windows:

Main View window—takes up most of the screen and displays the data, diagrams, graphs and
advice. The user decides what is displayed in the window through the Tree View window. The
user aso has some control over how the data are displayed (using the View M enu).

Tree View window—Iocated on the left side of the screen. Through the Tree View window, the
user defines what is seen in the Main View window.

Log window—Iocated at the bottom of the screen. The Log window displays information on what
PECOS is doing. A typica example of a Log Window message is “Receiving 1000 tonnes of
Seam 4 in syntron 9...” followed by “Transaction completed”.
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To bring up datain the main view window, click on the folders and itemsin the Tree View window:

1. Click onthe“+” signin front of afolder to expand it and display the items for viewing.

praxis

Praxis Engineers, Inc.

2. Double click on an item to display it in the Main View window.



PECOS’

Plant Environmental and Cost Optimization System
Version 1.5

How do | get more information about the coal in a bunker?

First, bring up the Bunker Overview in the Main View window:

1. Click onthe“+” infront of the “Bunkers’ folder to expand it.
2. Double click on the “Bunker Overview” item.

The Main View window is showing al of the bunkers, the amount and type of coal in the bunkers by color
coding, the status of the high and low level lights for each bunker, each bunker’s feeder speed, and the
properties of the cod being fed to the boiler. The layers represent the cod as it will be discharged from
the bunker. If abunker gateis closed, thiswill aso be shown in the display as a bar across the top of the
bunker.

To get more detailed information about the cod in each layer of the bunker, move the mouse so that the
arrow sitson top of alayer of coa. A baloon appears which lists the properties of that layer of coal.

Unit 1 Bunkers
76% 74%

® O

ed Prope|Jpacity Potential 14.8%
Mitrogen: 0.8%

—

If you are interested in even more detail about a bunker, double click on the bunker which you would like
to examine more closely. Or you can open the view of the bunker in the Main View window using the
Tree View window:

1. Click onthe“+” in front of the “Bunkers’ folder to expand it.

2. Double click on the “Bunker A” item (or “Bunker B” or ...).

Now the Main View window is showing Bunker A in more detail. The propertieslisted below the bunker
reflect the cod feeding the boiler from Bunker A only.

praxis

Praxis Engineers, Inc.



PECOS’

Plant Environmental and Cost Optimization System

Verson 1.5

How do | close a bunker gate?

Unfortunately, PECOS does not automatically read the signal that indicates that a bunker gate has been
closed. Therefore, it isnecessary for a person to enter this information into the program. If thisis not
done, the Cod Tracking model will fill the cod into the wrong bunker.

To tell PECOS that the bunker gate feeding bunker C from the Scraper Conveyor West has been closed:

1. Click on the Equipment menu in the menubar.

2. Click onthe Bunker Gates command.

3. Inthe“Bunker Gates’ dialog box, click on the box to the right of “West Closed” in the Bunker C row.

An “X" appearsin the box.

BunkerA: ™ iEast Closed! [ West Closed
BunkerB: [ EastClosed [ West Closed
BunkerC: [ EastClosed

BunkerD: [ EastClosed [ West Closed
Bunlker E: [ East Closed [ West Closed

Cancel

4, Clickon OK.

The west gate to Bunker C isnow closed. The “Bunker Overview” diagram and the “Bunker C” view
show a blue line across the top of half of Bunker C.

2%
——
O

e

O

The “Coa Handling System Overview” diagram aso shows the Bunker C west gate as closed.

praxis

Praxis Engineers, Inc.



PECOS’

Plant Environmental and Cost Optimization System
Version 1.5

How do | get advice on which syntronsto use?

The Cod Blend Advisor is continualy updating its cod blend and cod handling system operation
recommendations. The results of the calculations are displayed in the Main View window on the screen
with the cod pile. To view the Blend Advice:

1. Bring up the cod pilein the Main View window: Click on the “+” in front of the “Bunkers’ folder to
expand it. Then double click onthe “Pile 1" item.

2. Click onthe Blend Advice button in the bottom left hand corner.

Blend Recommendations Table

Calculation Time: 16 September 1997 17:03
Blend Target Dpacity Potential, Accounting for ESP Conditioning: I'IB-U -4

Fuels | Syn A [Synctph] |Syn B [Syn:tph] [Spn C [Spn:tph] |Opacity Pot. [%]| HY [Btu/lb]
6220 5:220 152 2143
6220 4:220 156 2161
5,220 4220 154 2214
6220 7220 14.6 an7a
5220 7220 143 2130
6220 8220 14.1 2094
4320 7220 14.1 2148
5220 a:220 138 2148
4220 8:220 136 2166
G220 9220 13.1 8142

54% 100% 0% /6%

Coal Table I ‘Options Recalculate I

The first number in the first three columns represents the syntron from which to pull. The second number
is the amount to pull. There may be two or three syntrons specified.

Up to ten blends are listed. They are ranked by the opacity potentials of the blend. The blend with the
highest opacity potential that still meets the dl the criteriaislisted first. Moving the mouse pointer above
any row in the blend table brings up a baloon which lists al the properties of that blend.

The Options button alows the user to specify the terms of the Blend Advice calculation. The
Recalculate button tells the Coa Blend Advisor to renew the recommendations immediately.
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How do | enter a coal receipt?

Since coal receipt is not automatically measured, it is necessary to enter the data manually. The data that
are entered include the seam number, amount, and loading location. It isimportant that the coal receipt
data be entered close to the actual time of coal receipt.

To enter coal receipt data

1. Frst bring up the Coa Pile in the Main View window: click on the“+" in front of the “Coa Piles’
folder to expand it. Double click on the“Pile 1” item.

2. Make sure that the Coal Pile Tableis displayed. If the Blend Recommendations Table is on the
screen, click on the Coal Table button in the bottom left hand corner of the Main View window to

bring up the Coal File Table.

Enter edit mode by clicking on the Start Edit button on the toolbar.
Click on the Coal Receipt button. The “Seam Number Selection” dialog box appears first.
From the drop down list, choose the seam that has been delivered and click on the OK button.

Seam Number Selection

0K

Cancel

6. The“Coa Receipt” didog box appears. Specify the loading point by clicking on the left or right arrow
until the appropriate loading point number is displayed in the “Load Point” edit box. Click on OK.

7. Typeinthe amount of coal loaded at the location. The didog box should look like something this:

Coal Receipt
Seam 1:

3000 tonnes
'

Load Puint:la_ 4 | 2 |

(continued)
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How do | enter a coal receipt? (continued)

8. Toload the same seam of coa at another location, click on the left or right arrows again to move the
next loading point and enter the tonnage delivered to the second location.

9. Clickon OK. (continued on the next page)

10. Now that the data entry is complete, it isimportant to exit the edit mode and to save the changes.
Thisis done by clicking on the Save Changes button or by selecting the Save Changes

command from the Edit menu. |i|

The coal receipt data entries are listed in the Log window.

The coal receipt does not appear on the screen immediately after the Save Changes command is given.
The command to load the coa onto the pile isimmediately sent to the Coal Pile Model, but the results of
the coal receipt may take up to 30 seconds to return to the user interface.
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BANCS®

Boiler and NOx Control System
Version 3.5

What do | need to do before running an optimization?

Before running an optimization, the user must make sure all of the inputs used by the optimization are set up properly.
The things to do before running an optimization include:

1. Set Setpoints minimumy/maximum

The minimum and maximum values are constraints for the setpoint that the optimized value must be between. If a
setpoints constraints need to be changed, choose the setpoint and change the minimum or maximum
accordingly.

—

6

2
Excess Dupgen &

2. FixSetpoints
If asetpoint needsto be at a particular value, you should fix that setpoint.

ZE

[

2
Fucess Oupgen i

3. Set Constrained Variables minimum/maximum

The minimum and maximum values are limits for the constrained variables that the optimized value tries to be
between. If the optimizer cannot produce a solution for which a constrained variable is between its set limits,

4. Edit Manual Inputs
Ela bl anual [nputks

- Setpoints

Manual Inputs are important data that impact the opti mization must be entered by hand by the user. They

should be updated at |east at the beginning of each shift.
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Boiler and NOx Control System
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How do | usethe Manual Inputs?

Manual Inputs are important data used by both the Simulation and Optimization which are entered by hand
by the user. Manud Inputs are either important modeling constants or represent values for variables that
are not measured on-line. Manud Inputs include Inputs, Setpoints, Unit Costs, and On/Off Status.

Inputs

Inputs are important data for several pieces of equipment that are not measured on-line or vary only over
long time periods. Inputs impact both Smulations and Optimizations. Inputs include the following:

Mill Air Fue Ratio - the ratio of primary air flow to coa flow into the mill. This should only be
changed if significant maintenance has been done on mill air dampers.

Trisector Leakages - the three types of |eakage from the trisector. These |eakages are fractionson a
per gas flow into the trisector basis. These should be changed whenever the |leakages are
measur ed.

Mill Fineness - the coa fineness produced by the mill on a % 200 mesh basis. This should be
updated whenever it is measured, particularly when the mill comes back on line after
maintenance.

Outside Air Percentage - the ratio of outside to inside air used for the fans. This should be changed
whenever the value is changed at the plant.

Outside Air Pressure and Relative Humidity - these terms should be changed daily.

Inside Air Temperature, Pressure, and Relative Humidity - these terms should be changed only
when a significant change has been noticed in the boiler room.

Sedl Air Split - the amount of mill sed air taken from the cold tempering air flow. This term should
only be changed if a significant increase in seal air is needed.

Setpoints

Setpoints are values for setpoints that are not measured on-line and must be entered by hand by the user.
These are used only be the Simulation. The setpoints that must be entered are:

Primary Air Temperature - controls the amount of economizer bypass
Fan Air Inlet Temperature - controls the amount of recirculating air
Fan Biases - controls the bias between one fan and the other
These values should be updated only when significant changes have been made in these setpoints.

They should be checked at the beginning of each shift.
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Boiler and NOx Control System
Version 3.5

How do | usethe Manual Inputs? (cont.)

Unit Costs

Unit Costs are costs on a $/kWh or $/tonne basis that are used by BANCS to calculate plant costs on a
$/hr basis. Unit Costs impact both Simulations and Optimizations. Unit Costs include the following:

Coal unit costs (fixed and incremental)

Ash disposa unit costs (fly and bottom ash)
Lab and water treatment unit costs
Environmenta unit costs

Administration unit costs

Maintenance unit costs

Operating unit costs

Company use unit costs

Unit Costs should be changed on a weekly basis.

On/Off Status

On/Off Status represents whether a piece of equipment is on or off. Every piece of equipment at the
plant has its on/off status calculated by key on-line data, but since datais never absolutely accurate, the
user can override the value given by BANCS in thisfolder. This section should be checked at the
beginning of each shift and after any piece of equipment has been turned on or off.
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BANCS®

Boiler and NOx Control System
Version 3.5

What should | do if an optimization fails?

If you get an "Optimization Failed!" message, do the following:
1 Check the Manual Inputs folder

Make sure that both pieces of equipment in a pair have not been turned off (example both FD
Fans being off will cause afailure) in the On/Off Status window.

FD Fan & On/Off Status OFF YES
FD Fan B OniOff Status OFF YES

Make sure that reasonable values have been entered for the Inputs window.
2. Check the Setpoints folder

Make sure that minimum/maximum constraints are not set too tightly

Make sure that setpoints are not fixed at conflicting conditions
3. Check the Constrained Variables folder

Make sure that minimum/maximum constraints are not set too tightly
4. Check the M easured Variables folder

Make sure no measured variables have values of "N/A"

Wanable itz Mlin Current
Optiradzed
Lrabient &ir Terap deg C -50 2258
Mid
5. Contact Praxis Engineers, Inc.

If afailure occurs that you cannot fix, write down the circumstances and contact us at:
email: support@praxisengineers.com
phone: 408-934-3703
fax:  408-263-2821
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BANCS’

Boiler and NOx Control System

Version 3.5

What should | doif an smulation fails?

If you get an "Optimization Failed!" message, do the following:
1 Check the Manual Inputs folder

Make sure that both pieces of equipment in a pair have not been turned off (example both FD
Fans being off will cause afailure) in the On/Off Status window.

FD Fan & On/Off Status OFF YES
FD Fan B OniOff Status OFF YES

Make sure that reasonable values have been entered for both the Inputs and Setpoints
windows.

2. Check the Setpoints folder
Make sure that minimum/maximum congtraints are not set too tightly
Make sure that setpoints are not fixed at conflicting conditions
3. Check the Constrained Variables folder
Make sure that minimum/maximum constraints are not set too tightly
4. Check the M easur ed Variables folder

Make sure no measured variables have values of "N/A"

Vanahle Uitz InTin Churrent
Optirized
A robient Air Terp dez C =50 2458
s
5. Contact Praxis Engineers, Inc.

If afailure occurs that you cannot fix, write down the circumstances and contact us at:
email: support@praxisengimneers.com
phone: 408-934-3703
fax: 408-263-2821
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BANCS®

Boiler and NOx Control System
Version 3.5

How do | fix a setpoint?

What is a fixed setpoint? When a setpoint has been fixed, the BANCS optimizer uses the fixed value for that setpoint
and does not consider any other possible values for the fixed setpoint while trying to find the best overall operating
conditions for the plant. Fixing a setpoint has no effect on asimulation.

To fix asetpoint:

1. Select the setpoints screen from the System Overviewfolder of the BANCS tree view.

Ela Systemn Overview |
CeBE Schematic

b ¥ Setpoints

2. Click the“Start Edit Mode” tool button on the toolbar. ﬂ
3. Click the small box located in the upper |eft hand corner of the slider box containing the variable to be fixed.

v 50
[ -
[l
45
FD Fan Bias, 2

4. Inthebox labeled “Apply to Fixed” typeinthe desired value and click on the button. After clicking on the
button simply click on “OK” to remove the window.

|5|] Apply to Fixed

5. Atthispoint there are two options, the changes can be saved and used by the optimizer or discarded and they
will have no effect.

- Tosavethe changesclick on the “ Save Changes” button located in the toolbar. w

- Todiscard the changes click on the “Cancel Changes” button located in the toolbar. Iﬁl

- If the changes are saved, a message will appear in the Log Window confirming the changes have occurred.
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BANCS Acceptance Test Plan for Keephills Plant

The following document describes the proposed plan for the BANCS Acceptance Test. The
Acceptance Tett is outlined in the following table:

Sequence | Task Duration
1. Smulation Testing 3 weeks
2. Praxis Update of BANCS Based on Smulation Test Results 1 week
3. Off-line Optimization Testing 3 weeks
4. Praxis Update of BANCS Based on Optimization Test Results 2 weeks
5. On-line Optimization Testing 4 weeks
6. Fina Acceptance Report Based on On-line Optimization Tegting

Results

A brief description of each task is presented below.

1. Smulation Testing

During this phase of the acceptance test, scheduled to last for three weeks, operators and shift
supervisors will run BANCS smulations every hour and recording any comments, questions or errors
on log sheets. The principa areas of interest are the accuracy of the cdculated data presented by
BANCS in comparison to measured data or experience and the agppearance, ease of use and flexibility
of the software. Obvioudy, any software bugs should be reported aswell.

The log sheets will be faxed dally to Praxis for review and andyss. Emall can dso be used to make
comments if desired. A set of ingtructions for this phase of the test, including key data to observe, as
well as acopy of the proposed format for the log sheets, isincluded with this document.

This phase of the acceptance test will last for three weeks during which every crew will have a chance
to review and make comments on the software. At the end of this three-week period, Keephills will
replace the data tape in the BANCS server and mail Praxis the old tape containing the data covering the
test period.

2. PraxisUpdate of BANCS Based on Simulation Test Results

After the three-week amulation testing period, Praxis will analyze and review the responses and correct
any obvious bugs or errors in the caculaions. Desired changes in software functiondity or gppearance
can be discussed a thistime.

The updated verson of BANCS will then be ingtaled remotdy onto the server machine at Keephills and
new clients, if needed, will be sent to dl usars.

This phase of the acceptance test will take approximately one week to complete, depending on how

many changes need to be made to the software.
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3. Off-line Optimization Testing

During this phase of the acceptance test, operators and shift supervisors will run BANCS optimizations
every hour and record any comments, questions or errors on another set of log sheets. The principa

aress of interest are the vaue and bdievability of the setpoints presented by BANCS in comparison to
experience, the calculated amount of savings in cost and heet rate, and the gppearance, ease of use and
flexibility of the software. Users should aso test the impacts of changing congraints on the optimization.
Note: The operators should not use the recommended setpoints to operate the plant. This phase
of the testing is off-line only, to ensure that the optimization will not produce results that may be
detrimental to the operation of the plant.

The log sheets will be faxed daily to Praxis for review and andyss. Email can aso be used to make
comments if desired. A set of ingructions for this phase of the test, as well as the proposed format for
the log sheets, will be sent to Keephills one week before the optimization testing begins. This phase of
the acceptance test will last for three weeks during which every crew will have a chance to review and
comment on the software. At the end of this period, Keephills will replace the data tape in the BANCS
server and mail Praxis the old tape containing the data covering the test period.

4. PraxisUpdate of BANCS Based on Optimization Test Results

Following the three-week optimization testing period, Praxis will analyze and review the responses and
correct any obvious bugs or erorsin the optimization calculations. In particular, if the optimization is not
producing believable results, the optimization program can be recdibrated or updated to improve its
accuracy. Desred changes in software functiondity or gppearance can be discussed at thistime.

The updated verson of BANCS will then be ingtaled remotely onto the server machine at Keephills and
new clients, if needed, will be sent to dl users. This phase of the acceptance test will take gpproximately
two weeks to complete, depending on how many changes need to be made to the software.

5. On-line Optimization Testing

During this phase of the acceptance test, operators will run BANCS optimizations every hour and use
the recommended setpoints to operate the plant. The operators should use the recommended vaues
fathfully, unless they fed that the plant will be put a risk or its performance unnecessarily degraded.
Log sheets will again be provided for users to write down any instances of problems that occurred that
were attributable to BANCS, or occasions when recommendations were not followed and the reason
why. As before, the log sheets will be faxed daly to Praxis for review and andyss. This phase of the
acceptance test will take place over afour-week period.

6. Final Acceptance Report Based on On-line Optimization Testing Results

After completion of the on-line optimization tests, a finad acceptance report will be written documenting
the experiences and benefits accrued while usng BANCS over the entire test period. Heat rate
caculations taken from both BANCS and the hesat rate monitor can be used to estimate any gains in
heet rate. The monthly cod inventory analysis can aso be used to gpproximate any savingsin coa used
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BANCS Simulation Testing I nstructions

The purpose of this document is to provide an outline for how the smulation testing should be
performed on BANCS. The stepsin the procedure are listed in order.

1. Peform asmulation every hour during your shift.

2. Before running a smulaion, make sure that the data contained in the Manua Inputs folder is
correct. In particular, make sure that the following values are correct:

PA Temp in the Setpoints window

Fan Air In Temp in the Setpoints window

Ingde Air Temp, Pressure and Relative Humidity in the Inputs window

Outsde Air Relaive Humidity and Percentage in the Inputs window

Mill Finenessin the Inputs window (if amill fineness test has been done recently)
Trisector Leakages in the Inputs window (if aleakage test has been done recently)
Bailer Blowdown On/Off Status in the On/Off Status window

3. Look over the caculated data presented by BANCS for any errors or discrepancies. Use
measured data or experience to judge the accuracy of the calculation. Some key data to observe
indude:

Data contained in the Performance folder especidly the vaues for Heat Rate-Net Plant, Heat
Rate-Net Turbine and Net and Auxiliary Power.

Data contained in the Economizer schematic especialy the vaues for Bypass, Gas In Temp, and
Gas Exit Temp.

Data contained in the Trisector schematic especidly the values for PA Exit Temp, SA Exit
Temp, and Gas Exit Temp.

Data contained in the Mill folder, especidly Mill Air In Temp and Mill Cod Feed Rate.

Data contained in the Stack folder, especialy Stack Opacity, Stack NOx, and Stack SO2.
Data contained in the Steam Cycle folder, especialy Feedwater Temp and Total Feedwater
Flow.

4. Write down any comments on the log sheets concerning the accuracy of the caculated data
presented by BANCS in comparison to measured data or experience and the appearance, ease of
use and flexibility of the software. Enter your name and the date a the top of the sheset. In the table,
enter the time you ran the smulation, whether you noticed in problems or errors with any data
vaues (“Data OK?’), any comments you have on the data vaues, whether you noticed any
problems or weaknesses in the software (* Software OK?), and any comments you have on the
software itslf.

5. Faxthelog sheet to Praxisdally.

praxis

Praxis Engineers, Inc.



Praxis Engineers, Inc.

January 1998

BANCS Acceptance Test Plan
Page 4

Operator Name;

BANCS Simulation L og Sheet

Date:

Time

Data OK™~

Comment

Software OK %

Comment
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BANCS Off-line Optimization Testing I nstructions

The purpose of this document is to provide an outline for how the off-line optimization testing should be
performed on BANCS. The stepsin the procedure are listed in order.

Before taking part in the Off-line Optimization Testing, every operator and shift supervisor should go
over the BANCS manual or use the on-line help to get up to speed on the functiondlity and usage of
BANCS. If anyone is ill unclear on how to use BANCS or has any questions concerning this part of
the BANCS Acceptance Test Plan, fed free to contact Praxis by phone at (408) 934-3730 or by e
malil (support@praxisengineers.com or andrew@jraxisengineers.com).

Note: Under no circumstances in this phase of the test, should operators use the setpoints
recommended by BANCS.

1. Perform an optimization every two hours during your shift. The optimization will take approximately
5 minutes to complete. The software will inform you when the optimization is finished. Before
performing an optimization, make sure to perform a smulation. This will ensure that the
amulation vaues contained in the software will be current when compared againgt the optimized
vaues.

2. Before running an optimization, make sure that the data contained in the Manud Inputs folder are
correct. This will only need to be done once at the beginning of a shift. In particular, make
sure that the following values are correct:

Insgde Air Temp, Pressure and Rdlative Humidity in the Inputs window

Outsde Air Relaive Humidity and Percentage in the Inputs window

Mill Finenessin the Inputs window (if amill fineness test has been done recently)
Trisector Leakages in the Inputs window (if aleakage test has been done recently)
Boiler Blowdown On/Off Status in the On/Off Status window

3. In addition, before running an optimization, make sure that the min and max condraints for the
Setpoints and Constrained Variables are vaid.

4. Look over the caculated optimized data presented by BANCS for any erors or discrepancies.
Thingsto look for include:

If avaueisnot shown (indicated by N/A) or is outsde the displayed min/max bounds (it will be
highlighted in red).
If a value does not seem accurate based on ether your own experience @ corresponding
messured values off the board.
If the look, fed or functiondity of the software is not right in your opinion or if a software bug is
found. Fed free to experiment with the software to make sure it isto your liking.
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5. For every optimization, operators should check over the Setpoints window and the Cogts table. For

the Setpoints window, operators should use their knowledge and experience to assess whether the
recommended setpoints are redistic and feasible and whether they fed the recommended setpoints
make sense. In addition, operators should note if any recommended setpoint would produce unsafe
operation of the Unit. For the Costs table, operators should check to make sure the optimized costs
are lower than the current costs. Any comments on the recommended Setpoints or Costs should be
entered on the log sheset.

. In addition, the operator should check over the results of the optimization in comparison to the
current vaues. The operator should note if the optimized vaue isin error onitsownand dsoif it is
subgtantidly different from the current value. To reduce the amount of time needed to check over
the results of an optimization, a schedule has been devised for the part of the BANCS optimization
that you are responsible for checking over during your shift and the day of the week. There are 7
main data categories to check:

Data Categories

1. Performance folder (especidly Heat Rate-Net Plant, Heat Rate-Net Turbine and Net and
Auxiliary Power)

Fan schematic

Economizer schematic (especidly Bypass, Gas In Temp, and Gas Exit Temp

Trisector schematic (especialy PA Exit Temp and Gas Exit Temp)

Mill folder (especidly Mill Air In Temp and Mill Cod Feed Rete)

Stack folder (especiadly Stack Opacity, Stack NOx, and Stack SO2)

Steam Cycle folder (especialy Feedwater Temp and Total Feedwater Flow)

NoOahs~WDD

During your shift, you will be responsble for investigeting only one of the above categories. The
schedule for checking the above 7 categories of datais asfollows:

Schedule

Monday, Day Shift: Category 1
Monday, Night Shift: Category 2
Tueday, Day Shift: Category 3

Tueday, Night Shift: Category 4
Wedneday, Day Shift:  Category 5
Wednesday, Night Shift:  Category 6

Thursday, Day Shift: Category 7
Thursday, Night Shift: Category 1
Friday, Day Shift: Category 2
Friday, Night Shift: Category 3
Saturday, Day Shift: Category 4
Saturday, Night Shift: Category 5
Sunday, Day Shift: Category 6
Sunday, Night Shift: Category 7
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7. Write down any comments on the log sheets concerning the accuracy of the caculated data
presented by BANCS in comparison to measured data or experience and the appearance, ease of
use and flexibility of the software. Enter your name and the date at the top of the sheet. In the table,
enter the time you ran the optimization, whether you noticed any problems or errors in the Setpoints
window or Cogts table, whether you noticed in problems or errors with any optimized data vaues
on their own or in comparison to current vaues (“Data OK?’), any comments you have on the
optimized data vaues, whether you noticed any problems or weaknesses in the software (“ Software
OK?"), and any comments you have on the software itsdlf.

8. Fax thelog sheet to Praxis daily.
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BANCS Off-line Optimization L og Sheet

Day Shift Operator Name: Date;
Night Shift Operator Name:
Time Setpointsand Costs OK? Data OK? Comment Software OK ? Comment
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