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INTRODUCTION

Dairyland Power Cooperative is a relatively small utility located in Western Wisconsin.

Dairyland has seven coal fired units ranging in size from 20 MW to 360 MW.  Total

output capacity is approximately 1,000 MW.  Dairyland services 28 cooperatives in

Wisconsin, Minnesota, Iowa, Illinois and the upper part of Michigan.  The primary load

for the system is rural.  Hence, the daily load curve features a double peak; one at 7:00

AM and one at 7:00 PM.  All of Dairyland’s units are load following and will drop to

lower loads at night.

Of the seven units, three are 20 MW peaking units, which were built in the 1940s.  All

three of these units are located at the Alma Station.  Except for yearly capability tests,

there is no performance monitoring done on these units.  The remainder of Dairyland’s

generation fleet is comprised of a 60 and 90 MW unit, both located at the Alma Station, a

360 MW unit located at the John P. Madgett (JPM) Station and another 360 MW unit at

the Genoa Station.  All four units have PMAX systems on them for performance

monitoring.  Dairyland is in the process of converting the PMAX systems from VAX

based to NT based platforms.  It is estimated that the conversion will be complete by the

end of summer in 1999.

Dairyland maintains a staff of six people involved with performance monitoring.  The

performance staff is made up of two engineers at the corporate office, a computer

technician at the corporate office (to maintain the various performance programs), and a

performance technician at each of the Alma, JPM and Genoa Stations.  The plants are all

within 50 miles of the corporate offices.  Data from each of the plants may be accessed at

any of the plants as well as the corporate offices.

Dairyland has developed several tools, which enable the performance staff to conduct and

evaluate performance information at all four units.  Three of these tools will be discussed

in this paper.  These are:
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 1).  A set of auto-test calculations on each of the PMAX systems.

 2).  Use of Excel spreadsheets to assist in the analysis of test data.

 3).  Use of a data validation program in conjunction with PMAX.

PMAX Auto-Test

The four major units in Dairyland’s system are all subject to load following.  This means

that each unit must be tested at several points in order to develop an accurate heat rate

curve.  For JPM and Genoa, a total of eight test points for each unit are needed to develop

a full load range heat rate curve.  Alma #4 and #5 both need six test points to develop

their heat rate curves.  The result is a total of 28 heat rate tests, which need to be

performed during the course of a year.  This does not include additional tests conducted

to get seasonal heat rate curves.  Combine these heat rate tests with other specialized tests

throughout the year and you end up with an awful lot of tests to conduct and analyze.

Dairyland would need a much larger performance staff to accomplish just the testing and

analysis, not to mention the day-to-day activities.

We developed a tool utilizing the PMAX system to help collect test data whenever the

unit is at a “stable” condition.  A stable condition is achieved after the unit has achieved

the desired load and has reached thermodynamic equilibrium.  During a stable condition,

the load may fluctuate slightly.  The amount of load fluctuation allowed is different with

each unit.  Utilizing the new Sequence on a Clock function available on PMAX, each

PMAX system will automatically determine if the unit is at a stable condition and collect

test data.  Once the data is collected, it is stored in a test archive file for easy retrieval.

Two sequences per unit are required to conduct the automatic testing.  Figures 1 and 2

show flow charts for each of the two sequences.  The first sequence determines the

stability of the conditions and calculates the test values.  The second sequence stores the

test values to the archive file.
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Figure 1
PMAX Auto Test Flow Chart

CAP 1 Calc Del ta MW
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ARCHIVAL  CHECK SEQUENCE
(Runs every hour)
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Figure 2
PMAX Auto Test Archive Flow Chart
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Sequence on a Clock is a new function in the PMAX NT system.  This function allows

the user to start a given sequence at a given time interval.  The user may specify the time

intervals.  This function allows and replaces the CAL function from the VAX based

PMAX system.  At Dairyland, we are using this function to also create logs for the

various plants.  In some of these logs, we are taking pulse counter and/or totalizer

readings at specific intervals.

The steps, which make up the calculation sequence, are:

• Raw data is averaged on five-minute intervals.

• Every five minutes, PMAX compares the actual MW output with a “test” value.

• If the absolute difference between actual MW and test MW is less than or equal to

a constant, then a counter is incremented and the actual test values are summed.

•  If the absolute difference of actual MW and test MW is greater than the constant,

the counter and test data sums are reset and the actual MW becomes the new test

MW for comparison.

• Prior to resetting the counter and test data sums, the program looks at the value of

the counter.  If the counter is greater than or equal to 12, the program divides each

test data sum by the counter to give an average for the time period.  The averaged

test data is then moved to a separate archive location.  After performing the test

averages, the counter and test data sums are reset.

• If the counter is less than 12, the counter and test data sums are reset.

The steps for the archival sequence involve moving test data to a separate archive

location on an hourly basis.  After the data has been archived, the archive locations are

reset to a value of zero.

A set of generic values is created for each unit.  These values are shown in Figure 3.  The

methodology is the same for each unit, only the data locations are changed.

Using this method, one can search the archive file for test MW values greater than zero.

Any values that show up indicate a time period when the unit was at a “stable” condition.
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Figure 3
PMAX Auto Generic Values

JPM Alma 4 Alma 5
Target Delta MW 5 2 2
Target Min Counter 12 12 12
Calc Seq 10 10 12
  Delta MW 10-1 10-1 12-1
  Sum Test 10-2 10-2 12-2
  Avg Test 10-3 10-3 12-3
  Init Test 10-4 10-4 12-4
  Dummy 10-5 10-5 12-5
Arch Seq 11 11 13
  Move Cntr
  Zero Arch
MW Search 10692 18686
Counter 10900 18900 19900
Test MW 10901 18901 19901
Delta MW 10902 18902 19902
Final Counter 10903

Old Counter 10908 18908 19908
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The value of the test counter in the archive file tells how long the unit was at that

condition.  Over the course of a month, several data points may be collected at multiple

loads.

Test Data Analysis

The PMAX auto-test function described above has the potential for creating a lot of test

data.  How does one evaluate this data in an efficient manner?  PEPSE is a good program

for determining unit performance, but does not do a good job if there are problems with

the test data.  A preliminary examination of the test data must be done prior to submitting

the data for analysis with PEPSE.  Dairyland Power Cooperative has developed

spreadsheet templates which will evaluate the test data, submit the data to a PEPSE deck,

and store the data and results in a database for future reference.

The spreadsheets developed at Dairyland involve using Excel 97, an add-in program call

ENDRESULT, and the PMAX to Excel interface.   ENDRESULT is a program add-in,

which enables Excel to calculate steam table and gas table calls plus curve fitting.  This

program is available from SEGA Inc. in Kansas City.  The PMAX to Excel interface

allows the user to directly transfer data from a PMAX system to an Excel spreadsheet.

Knowing the test date, the time the data was archive, and the duration of the test enable

the user to download the appropriate data to the spreadsheet.  Figure 4 shows an example

of a test data spreadsheet.

The spreadsheets are templates.  After data is entered, the spreadsheet is saved with a

unique name that encrypts the unit being tested and the date of the test.  An example

would be J5699A.XLS would indicate the test was performed at JPM (J), the date is

5/6/99, and A indicates this was the first test of the day.  There may be other tests for that

date.  These would end with a B, C, etc.
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Figure 4
Example of Spreadsheet Input
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Test data may be entered one of two ways depending on the way the auto-test was set up.

If auto-test is being used to just provide a test MW and counter value, test data will have

to be averaged.  In this case, the user enters the start time and date and the end time and

date or duration for all of the test data required.  A separate page of the spreadsheet can

be used to average test data.  If the auto-test was set up to provide test averages for all test

data, then the user simply brings over the data from the test date and archive time for one

time period.  Either way, once averaged data obtained, it may be copied into the data

section of the template.  It is best to have the spreadsheet calculate on a manual basis

rather than automatic.  On automatic, every time a new item of data is entered, the

spreadsheet will recalculate.  This is not only time consuming but can get very

frustrating.

Once calculations are completed, the data may be viewed to determine its validity.  If the

data is valid, a macro may be activated to create a PEPSE deck.  With the newer versions

of PEPSE, the PEPSE run can be activated right from Excel.  With older versions, the

PEPSE run is activated manually.  Figures 5 and 6 show examples of the PEPSE Input

Deck developed by the spreadsheet, calculations available, and the test summary page.

Advanced Calibration Monitoring (ACM)

Advanced Calibration Monitoring (ACM) was installed at the JPM Station in 1998.  This

is a program, which looks at the incoming data and analyzes it for validity.  This may

sound like PMAX’s Input Validation Module, but is actually quite different.  Whereas the

Input Validation Module looks at input data for validity, it is based on a given range of

operation and curves.  This does not account for any changes in operation or gradual

changes in the instrument.  ACM, on the other hand, compares how one piece of data is

performing compared to all of the other inputs that are modeled.  ACM is more dynamic

and much more sensitive.  We have tied ACM into the Input Validation Module on

PMAX for both checking and replacing of values.  Marcus Caudill of Performance
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Figure 5
Example of Spreadsheet Calculations and PEPSE Deck
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Figure 6
Example of Spreadsheet Summary Page
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Consulting Services, Inc., presented a detailed paper on the functionality of ACM at the

1998 Heat Rate Conference.  We will also be installing ACM on the Genoa PMAX

system, once the conversion to NT is complete.

When we first started using ACM, the intent was to help the instrument technicians in

reducing the number of periodic calibrations.  We were finding several pieces of

instrumentation that were being calibrated when they didn’t need to be.  What was really

needed was a tool to assist the instrument technicians in determining when a piece of

instrumentation needed calibration and if the instrument was starting to fail.  To this end,

we implemented ACM with approximately 260 input values.  Each of these values was

being scanned on 15-second intervals and analyzed over a 24-hour period.  We found that

the 24-hour period gave a good indication of failure or improper operation, it did not

provide much information on long term trends.

Shortly after installation of ACM at the JPM plant, one of the performance staff noticed

that one of the feedwater flow transmitters had failed.  The plant had noticed the same

thing and was trying to determine the time of failure.  Using PMAX, a trend of both flow

transmitters was displayed (Figure 7).  The trends in Figure 7 show that one transmitter

began to “straight line,” thereby indicating the time of failure.  Figure 8 shows a graph of

the same data from the ACM program.  The green line represents the failed transmitter

and the yellow line represents the expected value as calculated by ACM.  In this case, we

would have been able to fill in appropriate data from ACM to backup the failed

transmitter.

Another example of the use of ACM involved the West Primary Air Flow Transmitter at

JPM.  The plant had been experiencing some problems with this transmitter for several

days.  The operators claimed the unit was operating strangely at lower loads. A look at

the ACM plots for the previous few days showed the West Primary Air Flow transmitter

to be fluctuating between 200 KPH and its maximum of 531 KPH. The predicted value

did not show this fluctuation, neither did the East Primary Air Flow Transmitter.  Shortly

after this fluctuation was noticed, the transmitter failed completely.  This again is shown
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Figure 7
PMAX Trend of Two Feedwater Transmitters

Figure 8
ACM Plot of Feedwater Transmitter

JPM FW Flow Transmitter Failure
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in Figure 9.  At this time, we were just learning how to use the new system and didn’t

know what to be looking for.  This incident showed how valuable a tool ACM can be,

even with such definitive input as “the boiler is acting strangely at low loads.”

ACM will not tell you what is wrong, but that something has changed.  It is up to the

experience of the operations, instrument, and performance staffs to determine what

caused the change.  This was illustrated when the operators took a heater out of service.

We had not modeled any conditions with heaters out of service.  As soon as the heater

was taken out of service, we started getting discrepancies on feedwater outlet and drain

outlet temperatures, as well as steam pressure.  ACM didn’t know what had happened,

but knew a change from its modeled values had occurred.  Looking at the data, we could

tell exactly when the operators took the heater out of service.

We are currently in the process of developing several ACM models for trending.  These

models encompass three different time frames: every 24 hours, one to three months, and

six months to one year.  The 24-hour model is used to look at operational changes and/or

tuning changes made within a couple of days.  This information is helpful in identifying

the effects in operational and instrument changes.

The modeling range of six months to one year is used to look at long-term trends.  We

expect to see indications of instrument drift and problems and be able to react to them

prior to failure.  The modeling is the same, but data is sampled once a week and then

analyzed on a monthly basis.

The modeling range of one to three months is for intermediate effects and to closely

monitor long-term indications.

We are also in the process of developing ACM models for performance indices.  These

will be used on both the intermediate and long term ranges.
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Figure 9
ACM Plot of Air Flow Transmitter

JPM Primary Air Flow Transmitter
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