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INTRODUCTION

The improvement of an energy control center is initiated for many reasons including improved
marketing management, improved security of the power system, more economical operation,
and improved system control performance. Such improvements are usually centered around a
digital computer complex which allows rapid access to the large quantities of data required for
improved performance. The algorithm described in this report is designed to provide the real-
time, closed-loop control normally designated as AGC (automatic generation control) for such a
computer-oriented complex. This report does not describe the related programs such as
resource management; power, energy, and generation scheduling; or man-machine interface,
although the requirments of each related program for proper AGC operation are discussed. The

powerplant controller is described in a separate report [3].!

The theory of AGC is not complicated if viewed as only a basic control concept. However, AGC is
used as a tool for energy marketing and resource management, and the additional
embellishments to the basic theory create a complex controller. This report does not describe
the theoretical aspects of AGC although the concepts are implicit within the equations and flow
charts. A companion report entitled Automatic Generation Control - Notes and Observations
discusses the theory of AGC [12]; it also presents an extensive bibliography if additional explana-

tion of the AGC concept is desired.

ALGORITHM APPLICATION

The general concepts of the algorithm are applicable to any energy control center. The
algorithm described is specifically for the Watertown PSCC (Power System Control Center) in
South Dakota. Specific routines may be deleted or added to provide the desired control for the

energy marketing and resource management concepts in use in a specific control center.

' Bracketed numbers identify references listed in the Bibliography.



The algorithm is presented in modules which are as self-contained as possible for clarity. Every
variable or constant used has a unique name. The discerning programmer will recognize that
the various modules may be grouped differently and the initializing of variables may be ex-
ecuted by a separate routine. Many of the variables may be temporary and the same memory
location may be used for several variables; it is expected that liberties of this nature will be taken
to reduce storage or decrease execution time. However, the basic functions of the algorithm

must not be changed.

The concept of ‘“‘algorithm’ used in this report refers to the concise statement of a series of
logical and mathematical steps to accomplish a specific task. This concise statement is presented
as a series of flow charts. The algorithm is divided into a series of ‘““modules’ which describe
specific subtasks within the algorithm. ‘““Subroutines’ are used to clarify logic flow within a
module. ‘“‘Programs,”” as discussed within this report, refer to algorithms external to the AGC
algorithm and such “‘programs’’ are not flow-charted. “‘Routines’” are also external algorithms
utilized for input and output of data and are not flow-charted. The “executive’’ is an external
program which provides the necessary timing of the AGC algorithm (as well as the many other

basic machine tasks) and is not flow-charted.

ALGORITHM PURPOSE

The PSCC at Watertown, S. Dak., has the responsibility to *‘provide suitable automatic genera-
tion control equipment and maintain responsive generation in reserve under the control of this
equipment at all times in order to meet its obligation to system and interconnection
requirements.”’[1] The ECC (energy control computer) to be installed at the PSCC will have
provisions for a suitable automatic generation controller. The primary purposes of the con-

troller are to:

e Continually balance the control area generation against the control area load.



e Maintain the net loading of the tie lines with other areas to agree with the desired schedul-

ed net interchange, plus or minus the frequency obligation.

e Assist neighboring control areas during major disturbances.

® Assist the overall interconnected power system in maintaining accurate time.

e Effectively and efficiently utilize the available generation and other resources within the

control area.

These concepts are basic to all AGC systems. In implementing these purposes, the AGC should
not attempt to control the interarea power oscillations or reduce the ability of the generator
governors to damp power disturbances. Further, the AGC should minimize the activity of the
mechanical equipment associated with the governor. The algorithm described in this report is

an implementation of these basic concepts.

The purpose of providing the algorithm in flow chart form is to show, in sufficient detail, not
only the major mathematical relationships but also to indicate the operation of the various
modes and the selection of the various constants. The success of the algorithm frequently de-
pends more on these less obvious interactions than on the more obvious and generally known
mathematical relationships. The algorithm is not simple and it requires a substantial investment
in computer memory and time. Specifically, the ‘‘failure detection module’ will use approxi-
mately 80 percent of the total time for algorithm execution to process the information tables.
The memory required for the algorithm will consist mostly of the many and large tables used by
this module. Although this data processing section seems small in flow chart form, the impor-
tance of providing adequate time and memory for the module cannot be overemphasized. The
entire algorithm is the most important power application program the computer must execute

and thus should be given the necessary memory and time allocations.

The algorithm is written in an effort to minimize interaction between modules rather than to

minimize programming. The variables are all named uniquely. The observant programmer will



realize many variables are temporary and the total memory space need not be as large as the
variable count indicates. Since this algorithm was prepared before a specific computer system
was chosen, the concepts remain very general. The systems designer should feel free to modify
the software sequences to improve the displays and execution and to use specific computer

system advantages.

SUMMARY OF THE ALGORITHM

The AGC algorithm described in this report follows the basic tie-line bias with time deviation

equation to form the area control error. The formula is?
ACE =(PAS - PS)— 10B[(FA - FS)+ KTYTA - TS)]

where ACE is the area control error in megawatts; PAS is the sum of the actual, measured tie-
line power in megawatts; PS is the scheduled tie-line power in megawatts; B is the frequency bias
in megawatts per 0.1 hertz; FA is the actual, measured system frequency in hertz; FS is the
scheduled system frequency in hertz; KTS is the time deviation sensitivity in hertz per second;
TA is the actual measured time from system frequency in seconds; and TS is the standard time
from WWYVB?2 in seconds. Positive ACE implies excessive generation and causes a reduction in
generation. Positive PAS and PS indicate the power is flowing out of the control area or the
resulting energy is being sold. The bias, B, is always a negative number, and the sensitivity,

KTS, is always a positive number.

2 Variables are normally italicized and/or subscripted in most service reports but are written in
single line and capital letters in this report to correspond to the flow chart equations and the
computer algorithm format.

3 National Bureau of Standards time standard radio station - Ft. Collins, Colorado.




The control has at least five modes. The equation for the “tie-line bias with time-error bias”

mode is the one previously given. The equation for the “tie-line bias’ mode is

ACE =(PAS — PS)— 10B(FA - FS).

The equation for the ‘‘constant frequency’” mode is

ACE= —10B(FA—-FS).

The equation for the ‘‘constant net interchange’ mode is

ACE =(PAS - P9S).

The “‘suspend control”” mode allows the ACE to be calculated and monitored in any mode, but

control of powerplants is not permitted.

After the ACE is calculated, it may be filtered by one of three methods:

® A probability filter to remove random load fluctuations and to accentuate the slow changes

of ACE [2].

® The integral of ACE added to ACE along with a simple smoothing filter to reduce the

faster random load fluctuations within the ACE.

¢ No modification of the ACE.

The resulting ACE is then allocated to the plants through a constant gain allocator using par-
ticipation factors. The plants in baseload are also allocated to allow gradual loading and
unloading of a plant. The maximum loading and unloading rates of a plant limit the ramping of
the plant. The entire allocator is permissive in concept and will control a generator only when an

ACE requires the control. However, mandatory ramps for plant loading will be allowed if the




dispatcher desires. Such ramps will be counterramped by the allocator to minimize ACE distur-

bance if possible. Thus, any plant may have four modes:

¢ Automatic allocation of ACE.

Baseload allocation with ramps to accommodate basepoint changes only when ACE would

benefit.

¢ Ramp control for forced generation changes with counterramping of automatic or baseload

control.

Off AGC control.

The plant controller may be implemented by a different manufacturer at the powerplant and
power requirement or set point will be sent to the plant over a communication channsl [3]. If
there is no controller at the powerplant, a closed-loop power controller is included in this
algorithm. The algorithm will send raise and lower pulses to the plant to control the power to

the required set point.

The overall control may be summarized as a permissive, constant gain, predictable time
response AGC system. The system is designed to reduce activity by filtering ACE, allocating
reasonable changes to a plant, and by using a plant response predictor. If ACE becomes large,
the ACE filters are bypassed to improve the speed-of-response of the control, but the allocators

and plant controllers remain the same.

FLOW CHART CONCEPTS

Because the purpose of this report is to present a specific computer based algorithm, the re-
maining report sections deal with the specific algorithm equations and the interactions with

other computer programs and systems. The flow charts describe explicitly the algorithm logic




needed to develop computer code. The text supplements this logic with concept development to
allow the programmer to grasp the needs and reasons which dictate the logic. Neither the report
nor the flow charts stand alone and yet the flow charts are more than an illustration of text
information. Indeed, the text discusses only the most important concepts, leaving much of the
logic unexplained. In many cases, specific flags and variables are explained much later in the
text to keep the concepts as uncluttered as possible. As an example, the flag FLAGSC in the
power schedule module is explained near the end of the report in the Buffers section. The
theory of AGC is not discussed directly in either the text or the flow-charts, and references [12]

should be consulted.

This algorithm contains not only the basic concepts but includes all the parts to make a working
system, and many concepts which are nice but not necessary. Although the algorithm is design-
ed for the Watertwon ECS, the final program may not contain all of the algorithm shown in this
report. However, other installations may need some of the parts which the Watertown ECS will
not use. Therefore, all the algorithm is presented; it will be reduced as specific needs are ad-

dressed with the actual use of the control system.

The first flow chart, figure 1, shows the entire AGC control system in a signal flow or block
diagram form. The power system governors and plant controllers are developed in references
[7, 12]. The entire diagram explains the control theory and can be used to understand the
theoretical limits of the control. However, the diagram is used as a roadmap through the

algorithm, and the actual control theory is not addressed.

The AGC algorithm, as it relates to the computer, is shown in the first sheet of figure 2. Here,
the interaction of the various programs is diagramed to provide a roadmap of external program
interaction. The actual order of the modules within the AGC algorithm is shown in the second
part of figure 2. The flow charts of the modules are assembled in the same order as shown on
this diagram so the logic between modules may be traced. The descriptions in the text do not
follow that same order because concepts, rather than logic patterns, are grouped. The following

list is provided to cross-reference the flow charts by figure number and caption to the Contents.




Figure 3.-Typical data transfer techniques - Buffers, and Initialization of Constants.

Figure 4.-Power schedule module - Total Schedule.

Figure 5.-Ramp test module - Perturbation and Response Analysis.

Figure 6.-Failure detector module - Data Failure Detector, and Analog Inputs.

Figure 7.~Intertie power module - Intertie Power Measurements.

Figure 8.-Frequency module - Frequency Bias.

Figure 9.-Time error module - Time Error and Sensitivity.

Figure 10.-Instantaneous inadvertent module - MAPP Signals.

Figure 11.-MAPP coordination signal module, and figure 12, MAPP power bias module -
MAPP Signals, and Plant Communication Link.

Figure 13.-ACE formation module - Summation.

Figure 14.-SHADE preparation module - Total Schedule.

Figure 15.-Emergency assist module - Emergency Assist Detector and Alarms, and Limiter.

Figure 16.-ACE integral and smoothing module, and figure 17.-Probability filter module -

Filters.

Figure 18.-AGC gain module - Gain Stage.



Figure 19.-Plant data module, figure 20.-Powerplant communications link, figure 21.-Joint-
owned unit data module, and figure 22.-No-response detector module - Powerplant Data

and No-response Detector, Joint-owned Units, and Plant Communication Link.

Figure 23.-Ramp allocator module - Ramp Allocator, and Perturbation and Response

Analysis

Figure 24.-Baseload allocator module - Baseload Allocator.

Figure 25.-Participation factor calculation module, and figure 26 Automatic allocator module

Automatic Allocator.

Figure 27.-Assist allocator module - Assist Allocator

Figure 28.-Plant control module - Pulse Controller With No Feedback, Pulse Controller With
Power Feedback (PID), Closed-loop Plant Controller, and Plant Pulse System.

Figure 29.-Joint-owned unit output module - Joint-owned Units.

Figure 30.-Plant response specifications - Closed-loop Plant Controller, and Plant Com-

munication Link.

Figure 31.-Margins calculation module - Margin Calculations.

Figure 32.-NAPSIC criteria module - NAPSIC Criterion.

Figure 33.-Standard deviation module - Standard Deviations, and Frequency Domain

Analysis.

Figure 34.-Generation control format module - Control Formats, Margin Calculations, and

System Disturbance Detector.




Figure 35.-Strip chart output module - Engineering Evaluation Outputs and Inputs, and Per-

manent Strip Chart Outputs.

Figure 36.-Terminal module - Buffers, Initialization of Constants, Engineering Evaluation

Outputs and Inputs, and Spare ASCII Ports.

Figure 37.-Suggested format for AGC signal flow - Control Formats.

Figure 38.-Flow chart symbol definitions - (No text discussion.)

FORMATION OF THE AREA CONTROL ERROR

The area control error is formed according to the equations given in the Summation section.

The details of each quantity used by the equations are given in the following.

Total Schedule

The Intertie Schedule and SHADE

The schedule prepared by the Power and Energy Scheduling program and checked or modified
by the dispatcher is

PSCHEDULE = PSCHED + SHADE + IISCH + IDISPAD]J

where PSCHED is the set intertie schedule which is the sum of the power to be bought and sold
over an hour or any other period desired by the dispatcher. The value is in megawatts and is
positive for power sold or leaving the control area. This sum is generated by the Power and
Energy Scheduling program every hour or as the dispatcher makes entries. The Power and
Energy Scheduling program will provide the AGC system with the current schedule desired

(PSCHEDULE), the ramp time in minutes (usually 10 or 20 min) and the time desired to start

10



the ramp. The AGC system will then generate a ramp from PSCHEDULE previous to
PSCHEDULE desired, starting at the desired time of day and executing the ramp in the period
specified. The ramp generator is capable of calculating new ramp rates if the desired
PSCHEDULE is changed during the ramp. Further, if the dispatcher desires, a derivative value
of the schedule may be calculated to modify ACE before the allocators; see the Gain Stage

section.

The Power and Energy Scheduling program also calculates SHADE. A calculation flow chart is
included in figure 4 although the AGC algorithm does not calculate SHADE.

Basically, SHADE is the integral of the inadvertent interchange due only to metering errors
divided by the time the inadvertent was measured, and then also divided by the hour period
used for each schedule setting. A SHADE setting added to the schedule produces a specific
amount of energy (in megawatt hours) for every hour the setting is used. This number should
balance (or be opposite to) the energy (in megawatt hours) inadvertently being interchanged
because of the various system metering errors. If this balance occurs, then the inadvertent inter-
change due to these errors becomes zero and the integral of this inadvertent interchange

(SHADE) becomes steady.

The errors are caused by inaccuracies of the frequency and power transcuders and also
telemetry equipment and A/D converters. The actual energy readings (the megawatt hour

readings) at the end of each hour for each interchange point is assumed perfect in the calcula-

tion of SHADE.

Because the metering errors are not directly measurable, they must be calculated. The directly
measurable quantity is inadvertent interchange. This inadvertent interchange is due to errors of
many kinds and includes metering errors as one component. The other components include
errors in settings, errors in ramping, and the interchange resulting from attempts to restore fre-

quency and time.

T
SHADE = s (— I +IISCHED + TIMEAD] + FREQAD]J + PSRAMPS + MAPPAD]J)dt
0

11




where T is the period of the calculation. This period is normally 1 hour but may be as much as
24 hours depending on the selections of the dispatcher. The integration is approximated with a
rectangular integration technique iterating once each hour. The hour period is most convenient
for measuring the energy readings (MW -h) of the inadvertent interchange, II. The II is
calculated from actual energy readings and schedules, and is corrected for dynamic schedules.
The IISCHED is the average scheduled inadvertent interchange over the hour used to pay back
previous inadvertent accumulations. The subtraction of II and IISCHED is the energy which is

unintentional inadvertent and is not scheduled in any way.

The FREQAD] is a calculation of the energy exchanged in an attempt to return frequency and
time to normal and is the average frequency schedule set point due to frequency offsets and
time error corrections. The TIMEAD] is a measure of the returned energy that was unused from
FREQADJ because the time was actually corrected on the system. The PSRAMPS is the calcula-
tion of the energy error resulting from the ramping of the actual schedule as opposed to the use
of no ramps on the schedule when calculating II. The MAPPAD] is the inadvertent interchange
due to a MAPP power bias.

In summary, SHADE is the integral of the unaccounted energy due to metering and equipment

errors as compared to the metered energy, with adjustments for time correction efforts and

dynamic schedules. SHADE is in megawatts.
SHADE =(SHADE — ADJACE) -1 hour.
Also,
ADJACE =11 - TIMEAD] - FREQUADJ — PSRAMPAD] — IISCHED + MAPPADJ
where ADJACE is in megawatt hours. The inadvertent interchange, 11, is calculated at the end of
each hour just after the energy readings (MW -h) are received from the intertie points. All

interchange readings are required, and if any are missing or contain possible errors, an alarm

should be generated so that the proper adjustments may be made by the dispatcher before

12




calculated. It is a good practice to verify every reading each hour. The quality of the reading is
also detected by the tie line calibration function of the AGC. The procedure uses the total
energy of the tie line accumulated over the hour by the calibration routine; then, the Power and
Energy Scheduling program reads the accumulations after the hour is completed. The ac-
cumulation is compared to the metered energy readings and if the error is larger than plus or
minus 2 percent, an alarm is generated. The equations are described in the Intertie Power

Measurement section. And

II=(IMDEL — IMREC) - [(PSDEL —~ PSREC)x 1 h]+ (¥ IJOUEXT — Z IJOUINT)

_ ¥ IPLOADS ext int
JOU JOU

where II is in megawatt hours and positive energy is leaving the control area. The quantities
IMDEL and IMREC are the summation of the energy readings (MW -h) delivered and received
for every interchange point. The dispatcher should have the opportunity of verifying these
readings and making substitutions if desired. The quantities PSDEL and PSREC are the total
power scheduled to be delivered and received across the interties in magawatts. The joint-owned
units (JOU) transfer energy across the control area boundaries which is not part of the schedule.
The energy readings for external joint-owned units (JOU not in the control area boundaries) is

calculated by integrating the power received from each unit over 1 hour, or

PJOU x TIMESLP
3600

IJOUEXT = X

1 hour

where IJOUEXT is in megawatt hours, PJOU is the power signal received from the external
“‘operating’’ utility every 2 seconds to create the dynamic schedule and TIMESLP is the time
since the last pass of the AGC algorithm in seconds. Thus, IJOUEXT is calculated by the AGC
algorithm and used by the Power and Energy Scheduling program. It is important to use the
calculated value for IJOUEXT because use of the actual value may cause inadvertent
interchange due to computer accumulation errors in the AGC computer used by the operating

owner [4]. Further, if it is possible to obtain the same quantity calculated by the operating utility,

13




a comparison can be made to prevent inadvertent interchange accumulation for either area. The

IJOUINT quantity is also in megawatt hours and is calculated as

z L PJOU x TIMESLP

external owners |1 h 3600

IJOUINT = 1JOUT -

where IJOUT is the hourly energy reading from the joint-owned unit internal to the control area
and PJOU is each external owner’s share of the power which is transmitted from the AGC
algorithm. The summation is named PJOUS in the AGC algorithm. The IJOUINT calculation is
made by the Power and Energy Scheduling program. Again it is important that the calculation
errors between the energy scheduled and the energy metered be absorbed by the operating
owner (with the JOU internal to the control area) to eliminate inadvertent interchange. The
IPLOADS is the measured energy for each internal or external dynamic load or generation, and

is positive for external load or internal generation.

The frequency adjust quantity is calculated from the average frequency set point and average
time error over the hour. Because inadvertent interchange is calculated once an hour, the best
accuracy can be achieved by calculating the frequency set point and time error over 1 hour in-
tervals. If the time error is used in the calulation of ACE, such as in the tie line bias plus time er-

ror mode of operation,

FREQAD]J = (— 10B(FSAVE — 60)— KT(TEAVE)) X 1 hour

where FSAVE is the frequency schedule average for this hour (the hour now ending or recently
ended). The TEAVE is the average time error for this hour, B is bias in megawatts per 0.1 hertz,
and KT is time bias in megawatts per second. The FREQADJ is positive for positive frequency
schedules (the negative sign on the calculation is due to the negative sign inherent in B and KT.)
The TEAVE should be calculated only when the time error is used in forming ACE. The FSAVE
should be calculated only when the frequency error is used in forming ACE. Both quantities will

be available from the AGC algorithm.

14




If MAPP bias is used in forming ACE, then this inadvertent interchange components should

also be eliminated from the quantity forming SHADE. Again the average MAPP bias over 1

hour should be used to form

MAPPADJ = KMB x MAPPAVE

where KMB is the MAPP bias constant. The MAPPADJ will be available from the AGC

algorithm.

To remove the unused interchange, which has instead caused a time correction (because all
utilities participated in the interchange), a time correction adjustment is made. The calculation

is

TIMETH — TIMELH

3600 X 60

TIMEADJ = + 10B

where TIMETH is the time error recorded at the beginning of this hour and TIMELH is the
time recorded at the beginning of last hour. The 1:60 ratio (60/3600) is obtained from

Frequency set point — 60-Hz reference

X 3600 s/h =time correction in seconds per hour
60-Hz reference

providing all control areas use the same frequency set point. The dispatcher should be able to
enter TIMETH and TIMELH into the Power and Energy Scheduling program if actual data is

not available. The actual data will be available from the AGC algorithm.

The adjustment of inadvertent interchange for ramping across the hour is made by

j= (DPSE x TIMESCIL)—-(DPSB x TIMESCLP)
8 x 3600

PSRAMPAD

where PSRAMPAD] is in megawatt hours. The quantity DPSB is PSCHED at the beginning of
the last hour minus PSCHED at the end of the hour before the last hour, and DPSE is PSCHED
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at the start of the present hour minus PSCHED at the end of the last hour. The quantity
TIMESCIL is the length of the ramp time in seconds used in the ramp between the hour before
the last hour and the last hour, and TIMESCLP is the ramp time between the last hour and the
present hour. The ramp times are assumed symmetrical about the end of the hour. The quantity

PSRAMPAD] is used with calculations of SHADE based on first hour’s energy readings.

The dispatcher may choose to calculate SHADE over other time periods than 1 hour. These

‘

periods may be over ‘“‘on peak’ and ‘‘off peak’ periods or over 24 hours. The integrations
given for the components of SHADE may be summed over the necessary number of hours re-
quired by the dispatcher and divided by the same number of hours. The Power and Energy

Scheduling program will provide these calculations for SHADE.

Finally two entries may be made by the dispatcher to manually provide schedule corrections.
The first is the scheduled inadvertent interchange. The quantity IISCH is entered by the dis-

patcher into the Power and Energy Scheduling program. When SHADE is calculated,

)l:}IlISCH x TIMEBCI
_ 1 hour
IISCHED = 3600 X 1 hour

where TIMEBCI is the time interval between changes in the inadvertent schedule in seconds as
calculated in the Power and Energy Scheduling program. The second entry, IDISPAD], is the
dispatcher error correction for any errors that are not otherwise accounted for. The entry is

through the Power and Energy Scheduling program.

To summarize the calculations made by the Power and Energy Scheduling program, the pro-
gram must be executed every hour just after all energy readings are available, and as required
by the dispatcher. (The AGC algorithm takes care of the ramps and dynamic schedules requiring
execution every 2 seconds.) The program should present the next hour schedules to the dis-
patcher at least 15 minutes before the hour. Then the dispatcher should go through a procedure
to enter inadvertent schedules (when needed), frequency set points, and other pertinent infor-

mation. When the dispatcher has approved of the data, a flag FLAGSC is set by the Power and
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Energy Scheduling program indicating to the AGC algorithm that the data are valid. The AGC
algorithm then watches the start time of the ramp and when the start time TIMESC equals ac-
tual system time TIMEREAL, the data is transferred to the AGC algorithm variables, the ramp
begins and FLAGSC is cleared. If changes are made by the dispatcher before the ramp starts
within the AGC algorithm, the new data replace the old data and the old data are lost and never
executed. Changes may be made any time during the hour using the same process through the
Power and Energy Scheduling program. See the Buffers section. The use of the flag is one sug-
gested method from many possible methods to transfer data between a program that runs on de-
mand and an algorithm that executes every 2 seconds. The details of the variables used in the
Power and Energy Scheduling program are not complete; only information sufficient to under-
stand the interaction with the AGC algorithm are given in this report. It is assumed that the

Power and Energy Scheduling algorithm will be designed by others.

The equation for the ramp generated in the AGC algorithm is

(PSCHEDULE — PSCHEDX) X TIMESLP
TIMERIR

DPSCHED =

where PSCHEDULE is the schedule to be used by the AGC control from the Power and Energy
Scheduling program and PSCHEDX is the schedule used during the last execution of the AGC

algorithm. Also,

PSCHEDX = PSCHEDX + DPSCHED.
The quantity TIMESLP is the time in seconds since the last execution of the AGC algorithm
(usually 2 seconds) and TIMERIR is the time remaining in seconds to complete the schedule

change. If TIMERIR is zero, then DPSCHED is set to zero and

PSCHEDX = PSCHEDULE.
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The Dynamic Schedule

The dynamic schedule, PDYNAMIC, is in megawatts and is positive for power leaving the con-
trol area. This power is a continuously varying measurement from joint-owned powerplants [4].
There are two cases of control of a joint-owned plant; the plant is outside the control area, and
the plant is inside the control area. The equation for the plant outside the control area is

PJOU = PJOUT ( PJOUR )

LPJOUR
all

owners

where PJOU is telemetered continuously to the AGC system from the operating utility. The

equations for the plant inside the control area is

PJOU = PJOUT(1 PJOUR )

“ZPJOUR
all

owners

The quantity PJOU is in megawatts and is the contribution to the dynamic schedule. It is the
power received from the external joint-owned units as one owner’s share. However, it is not the
power received for an internal joint-owned unit but rather the sum of all other owner’s share or
the power which crosses the area boundary toward the other owners. The quantity PJOUT is the
actual power generated by the joint-owned unit. The quantity PJOUR is the power requirement
of one owner. Unless noted otherwise, PJOUR always refers to the requirement generated by
the AGC algorithm. The summation is the PJOUR for all owners. The details are described in

the section, Joint-Owned Units.

The dynamic schedule is then

PDYNAMIC =X PJOU-X PJOU+X PLOAD.
internal external

JOouU Jou
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The data for the dynamic schedule is actually calculated in the section, Joint-Owned Units,
which is associated with the allocators. Thus, the dynamic schedule for the present pass is

caluclated in the previous pass of the AGC algorithm.

The dynamic schedule may also be used to account for loads or generation completely owned by
another utility but surrounded by the control area. The accounting of the energy of this isolated
equipment should be done in the Power and Energy Scheduling program according to the
terms of the contractual arrangements. Thus, the term PLOADS accounts for internal loads and
external generation by using the positive sign, and external loads and internal generation with a

negative sign. Finally,

PS=PSCHEDX + PDYNAMIC

where PS is the total schedule used, PSCHEDX is the actual set schedule including ramping,
and PDYNAMIC is the dynamic schedule.

Data Failure Detector

Refer to figure 6. A common program to many of the routines within the algorithm is the failure
detector. Any time data are entered continuously into the computer system, the validity of the
data must be checked, the quantity scaled and limited, and alternate sources of data provided.
The system must be very flexible because many data types will be used from many sources. Also,
the use of the data may change as the power system network is modified. New data points will be
added as new facilities are commissioned and old data points will be removed. Therefore, it is
most important that a convenient method of making changes and altering data usage be
developed. The system should be designed primarily for the engineer because the dispatcher

will not want to know the detail necessary to manipulate the data.
The data failure detector is described as part of the AGC algorithm although it could function as

a separate program. Because the AGC algorithm is extremely dependent on real time data and

the problems created by erroneous data or incoherent data (all data not sampled in the same
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time frame) are great, the AGC algorithm dictates the primary requirements of the failure detec-
tor. Also, the program must be executed shortly before the AGC algorithm for best algorithm
operation. Each computer system will have individual characteristics which favor one type of
error detector over another. The detection system described here is one of many types. It is
described to convey the principal characteristics required for a detector and also define the in-
teractions of the failure detector with the AGC algorithm. Although the failure detector could be
called when needed by the AGC algorithm, the method described processes all data at the start
of the AGC algorithm.

The Data Gathering Process

The first process of the detector is the gathering of the data. This raw data must be read from
the various inputs and converted to engineering units for the failure detector program. As the
data are gathered, the error flags for the data should also be gathered. The data types include
data from the A/D converters for local telemetered data and local transducers, data from local
BCD (binary coded decimal) inputs, data from ASCII communication links with other computers
such as the PPGC (Powerplant Generation Control) systems collecting data for the Watertown
ECS. The computer routines for collecting this data are not included in this report and are not

trivial. However, the routines will depend heavily on the specific computer.

The data from the A/D converters should be multiplied by a separate constant (may be greater,
equal, or less than one) for each input point. The constant should convert the data to engineer-
ing units and the offset provide for transducer or telemeter offset. Normally, the offsets will be
zero but occasionally, the offset provides the only method of correcting a transducer reading.
The data should be obtained and scaled even if the equipment indicated an error in transmis-
sion has occurred. Along with the A/D data, the “carrier failure’’ contacts on all the telemeter
equipment should be scanned and the state of the contacts stored in an array similar to the con-
verted data. The array should have each failure flag set if a failure is detected, and the flag
cleared if the equipment is correct. The failure detector will set all flags as a final step of the
routine so that the failure to update the data can be detected and the continuous update of data
is ensured. The local transducers have no failure contacts, and the failure flags should be

cleared when the data are read.

20




The BCD data from the time-error equipment should be read every 2 seconds. The data should
then be converted to engineering units and stored in the array for process by the failure detec-
tor. The contacts indicating the data are not accurate should be read into the array as any other
failure detection contacts. The actual hardware will dictate the precise method of reading the
data. Although the multiplying constant is not needed except to adjust the decimal point, an off-

set should be available.

The ASCII communication system should be implemented with two concepts. First, the data to
and from the PPGC systems assume the ECS is the master of the half duplex channel. The
PPGC will transmit a return message only after the ECS has sent a message. Communications
with the other control areas for joint-owned units (JOU) may also be in ASCII. For JOU’s exter-
nal to the control area, the ECS acts as the slave and responds with messages only when a

message is received. For JOU’s internal to the control area, the ECS acts as the master.

The ECS transmits to all PPGC’s data converted from a data buffer immediately after the AGC
algorithm has completed execution. When any ASCII data are received, the data are decoded
using offset amd multiplier constants and are stored into the data array for the failure detector.
When the data are put into the data array, a flag is cleared indicating the data are new since the
last pass of the AGC algorithm. When the failure detector processes the data, the flag is set, and

if the detector processes again without new data, the flag will indicate the error.

The data from the PMSC systems will be processed in large blocks determined by the design of
the communication link. There are no flags available to indicate a failure has taken place. Sim-
ply receiving the data from the PMSC master will not ensure that the data have been updated by
the PMSC remote terminal unit (RTU). A possible solution is to attach a square-wave generator
of very simple concept to one of the spare A/D inputs at each RTU where the data originate for
the AGC algorithm. For a 2-second scan rate at the RTU, the square wave would have a frequen-
cy of 0.25 Hz and have an input voltage of plus or minus 5 volts. When this data is received into
the ECS, this channel is checked for a sign change. If a sign change is present, each datum point
from that RTU should have the failure flag cleared. If no change of sign is detected, each datum

point has the failure flag set. The failure detector program sets all failure flags after using the
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data, and if any failure flag is still set at the next pass of the failure detector, the data has not

been updated.

The Raw Data Errors

When the failure detector begins to process the data, two types of errors, other than communica-
tion errors, are examined. Each value in the data array is compared with an array of data saved
after the last pass. If any rate of change of a datum point exceeds an individual preset limit for

that datum point, the corresponding failure flag will be set. This rate of change is calculated as

DATUMOLD — DATUM
TIMESLP

RATEFAIL =

where DATUMOLD and DATUM are the individual datum points from last pass and this pass,

respectively. The failure flag for that datum point is set if

|RATEFAIL| ) RATEFMAX

where RATEFMAX is the maximum rate. The errors detected include noise bursts in the data

and failure of the A/D converter for one sample.

The second type of error are the failure limits. If DATUMMIN ( DATUM ( DATUMMAX for
each datum point, no failure is assumed. If DATUM lies outside the range of the minimum
datum value, DATUMMIN, or the maximum datum value, DATUMMAX, the failure flag is set.
This detection is for failed transducers which have gone to the extreme limit. The rate and the
limits should be coordinated to detect a transducer failure because the analog filters on the A/D
inputs may allow several samples of high rate before the limit is reached. The failure should be

detected at the start of the first large rate.

The data array from the last pass is updated with the new data after the two failure checks are

made, even if a failure flag has been set.
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The Detector

The failure detector functions to ‘“‘freeze’’ the datum point if a failure is detected. If the
““freeze’’ remains for a preset time, action is taken to alert the dispatcher and allow manual up-
dating. The failure detector should function every pass of the algorithm for every datum point

even though a specific datum point is not being used because of manual entries.

The detector is based on a single timer per datum point. The timer is limited to work between
zero and a maximum time. If the computation with the time increment drives the timer beyond
these limits, the timer is reset to the applicable limit. Thus, if TIMEA( 0, then TIMEA is set to 0,
and if TIMEA)TIMEAMAX, then TIMEA is set to TIMEAMAX. This limiting is done at the

end of this failure detector section of the algorithm.

If the failure flag is set for any cause for a datum point, the timer is calculated

as TIMEA=TIMEA+ TIMESLP. If the failure flag is clear, then TIMEA=TIMEA
_H{VISEﬂ_ The unbalanced timing allows extra time for the ‘‘thawing’” process to ensure that
the failure is not continuing or ‘“‘chattering.”’ If the failure is intermittent, the timer will

eventually time out rather than remaining in the timed state indefinitely.

After the new time is calculated, and the timer is limited, all the failure flags are set for every
datum point. This ensures that the lack of new data in the data array will be detected, because
the entry of new data will clear the failure flag.

The Data ‘‘Freeze’ Process

This section of the failure detector works with the mode of operation for each point. The dispat-

cher should be able to select the following modes for any datum point:

1. “Off” mode to set the final datum point to a fixed value, usually zero. Some points may be

set to other values such as 60.0 Hz for frequency.
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2. ““Man” mode for manual dispatcher entries. The final datum value is entered by the dispat-

cher and the datum remains at that value until another entry is made.

3. ““On’’ mode for primary channel mode. If the primary channel is available for the data, the
primary channel data is placed into the final datum point. The primary channel will always be
used if the primary channel TIMEA is zero. If TIMEA is not zero, the alternate channel
datum is used for the final datum point. When the TIMEA of the primary channel again

becomes zero, the primary datum is again used.

4. “Alt” mode for the alternate channel. This mode forces the alternate channel datum for
the final datum point. The timer and datum for the primary point is ignored. This is used

when the primary channel is being tested or repaired.

5. “Pri”’ mode for using primary datum only. This mode is used if there is no alternate chan-
nel or if the alternate channel is being tested or repaired. The alternate channel timer and

datum point are ignored.

The “‘freeze section transfers the raw datum to the final datum without disturbing the raw
datum. This transfer is done under the control of the mode, the timer, and the alternate channel

map data.

If the mode is ‘‘off,”’ the preset value for the datum is put into the final datum and the timer and
raw datum are ignored. If the mode is ‘“‘man,” the manual entry by the dispatcher is used and
the timer and raw datum are ignored. The manual value is initialized to the last value of the final
datum before the mode becomes manual. If the mode is “‘pri,” the primary timer is checked. If
the timer is zero, the primary raw datum is transferred to the final datum. If the timer is not
zero, the final datum from the last pass is used and the raw datum is ignored. If the mode is
““alt,”’ then the alternate timer is checked. If the timer is zero, the alternate raw datum is used

for the final datum. If the timer is not zero, the final datum from the last pass is used.
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If the mode is ‘‘on,” then the primary timer is checked. If it is zero, the primary raw datum is
used for the final datum. If the timer is not zero, the timer for the alternate datum is checked. If
it is zero, the alternate raw datum is used for the final datum. If it is not zero, the final datum
from the last pass is used. If no alternate datum channel is specified, the operation is the same

as for ““pri”’ mode.

Provisions should be made for creating either primary data, alternate data, or both using several
of the raw data readings. A table may be used to allow several raw readings to be added or sub-
tracted to obtain the final value. These tables should allow a variable number of combinations to
form any one datum point and allow either addition or subtraction. Further, the total table size
should allow at least two combinations for every datum point. If any one timer from all the com-
bined data points is not zero, then the composite timer is not zero. If any one timer from all the
combined data points is at maximum, then the composite timer is at maximum. This imposses
heavily on memory but allows needed flexibility to modify the AGC data as the power system ex-

pands and grows.

The Mode Changer

The mode changer section looks at the timers referenced in the previous section and decides if a
mode change is necessary. If the mode is *““off”” or ““man’’, no action is taken. If the mode is
“on’’, “‘pri”’, and ‘‘alt”, the timer is checked. For the ‘““on’’ mode, if the alternate timer exceeds
the maximum time for the individual channel, the mode is switched. If no alternate channel ex-
ists, the primary timer is checked. For the ““pri”’ mode, only the primary channel timer is check-
ed. For the “‘alt” mode, only the alternate timer is checked. The mode is always switched to
“hold’’ and an alarm is generated. The ‘‘hold”’ mode is not available to the dispatcher entry.
The last final datum is used for the new final datum. The dispatcher may change the mode as is
desired. If the dispatcher changes to the ““on”, ““pri”’, or “‘alt”” modes and the timers are at the
maximum, the mode will immediately change to ‘‘hold’’ again. In the ‘‘hold”” mode, if the
primary or alternate timer returns to zero, an alarm is generated to alert the dispatcher that the

data is ready for service. Only the dispatcher can change the mode to “‘on’’, “pri”’, or “‘alt.”

The “time out’’ alarm and the “‘return’” alarm should not be sent to the dispatcher more than
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once every 30 seconds, in the event that several data points time out or return within the 30

seconds.

The “Soft’’ Limiter

The soft limiter detects when any final datum is greater than limits provided by the dispatcher.
If the final value exceeds either the upper or lower limit, the value used in the CRT display
blinks and an alarm is generated. Again, the alarm should not be output more than once every

30 seconds to avoid confusion if many channels exceeded limits within a short time.

The “Jump’ Detector

If a raw datum point suddenly changes because of noise and then returns, the rate of change
detector will be activated, the timer will time for a short while, and the signal will return to nor-
mal. However, the same effect may be present for the tripping of an intertie and the failure
timers would not detect the problem. Thus, a final jump detector alarms the dispatcher and
flashes the value on the CRT. This jump detector places the final value in a special array for
every datum point where the timer is zero. The “off”’, ““man”’, and ‘‘hold’’ modes are not in-
cluded. The timer may be either primary or alternate depending on the mode. If the timer is not
zero, the data in the special array are not updated. When the timer returns to zero, the data in

the special array are compared to the present final value of the datum. If the difference exceeds

a preset amount, an alarm 1s generated and the value is flashed on the screen.

Table Characteristics

The constants for raw gain, offset, ‘‘off”’ value, maximum time, maximum rate, maximum limit,
minimum limit, and maximum jump are set by the engineer. The tables for combining the raw

data and for alternate channels should be constructed by the engineer.

The dispatcher should have available on CRT displays the final datum for each datum point and
the mode of the datum. If the mode is ‘‘hold’’, the mode display should flash. Appropriate col-

ors should be chosen for the remaining modes. If the dispatcher selects a specific datum point, a
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separate format displaying the raw datum, the mode, the limits, and the timers should appear.

The ability to change modes, limits, and enter manual datum should be provided.

The failure detector requires many tables and arrays to function but the insurance of consistent
and coherent data is provided with a minimum amount of dispatcher interaction. Fortunately,

the total amount of AGC data required is not excessive.

Intertie Power Measurements

Failure Detector Characteristics

See figure 7. The sum of the iniertie power measurements are required to form PAS. The
method of selecting which interties are to be monitored must be versatile and able to be chang-
ed as system conditions, metering points, and the number of interconnections change. Initially,
only the telemetered analog readings will be used for the intertie summation, but provisions are
made in the failure detector to use the data from the three PMSC systems as alternate sources of

the readings in the future.

Several constants are used by the failure detector module. The first constant is the limit for
failure detection, RATEFMAX. Initially the limit can be set to the initial slope of a power ex-
ponential decay with a time constant of 3 seconds and an initial value of 30 percent normal
capacity. Thus, if the line normally reads 100 MW, the limit would be 10 MW/s. The next con-
stants are the failure limits. These limits should be set to a little less than the maximum and
minimum signal available from the transducer or telemeter channel. The maximum timer limit
should be set to 12 seconds. If the data is bad for more than 12 seconds, an alarm is generated.
Should the failure contact be restored in 11 seconds, it would take approximately 30 seconds
for the timer to time out and then time back. The amount of *‘jump’’ allowed during the timing

process should be about 20 percent of the normal tie line flow.
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Alternate channels for reading the intertie power may be available. These alternate channels
must be sampled each execution of the algorithm although the data are not used. The same
failure detector must be operative. If the primary data source times out, then the alternate
source is automatically used unless it is also timed out. If the the alternate data originates from
the PMSC systems, the data may have a maximum transport delay of 4 seconds through all the
computers and communication lines and a measurement delay of 2 seconds maximum at the
RTU. The total time from the actual sampling of the data at the transducer to the use of the data
within the AGC algorithm must be less than 6 seconds. Delays longer than this create serious

phasing or incoherent data problems in the AGC control.

Data Delay Limits

Difficulty arises in processing data through several computing systems connected in series.
Each computer must store the data as the data passes through, and passing data between the
processors usually must wait on scan times. Thus, the limit of delay times for a signal become
important. As the requirements demand short delays, the cost of equipment rises quickly. The
6-second limit prescribed in this report is based on the errors in coherency on a l-cycle-per-

minute signal (see Timing Constraints section).

If two identical signals with an amplitude of 1.0 per unit and no phase shift are added together
(similar to summing tie line power) the resultant signal has an amplitude of 2.0 per unit and no
phase shift. If one of these signals are delayed by 2 seconds, the resultant signal has an
amplitude of 1.989 per unit with a phase lag from the first signal of 6 degrees. For a 6-second
delay, the amplitude is 1.902 per unit with a phase shift of 18 degrees. This is an amplitude er-
ror of 4.9 percent. An 8-second delay results in an amplitude of 1.826 per unit with a phase shift

of 24 degrees and an error of 8.7 percent.

At this frequency of 1 cycle per minute, the amplitude need not be extremely accurate since only
control is needed and the effects of the errors will average out for the marketing and accounting
procedures. A 5-percent degradation of signal and the addition of approximately 20 degrees are
a reasonable tolerance within the control loop, and no more than 6 seconds of delay should be

allowed.
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If all signals are delayed the same amount, the amplitude will not be affected, but a phase shift
within the control loop will occur. The shift will be 36 degrees for a 6-second delay and 48
degrees for an 8-second delay. In this situation, the 36-degree shift is almost a burden to the

control system.

Tie Line Calibration System

A system for automatically correcting the calibration of each intertie reading will be used. Each
intertie reading will be individually integrated to obtain megawatt hours. At the beginning of
each hour, the integrations will be saved and the integrators reset to zero. The results of these
integrations will be compared to the energy data (MW -h) for the intertie by the Power and
Energy Scheduling program before calculating SHADE. If the absolute difference between the
readings is less than a preset limit (initially set to 2 percent of the normal interite power level
times 1 hour), a calibration factor is formed. If the difference exceeds the limit, an alarm is
generated indicating a suspected bad energy reading with the intertie specified and the SHADE
calculation should not be performed until the energy readings are verified. If the channel
providing the readings has timed out during the past hour, no alarm or calibration factor should
be generated. The integration should be made using the data after the failure detection logic.
The calculated energy value (MW -h) should be available for analysis even though it is not used
in the calculations. The final calibration factor should be the weighted average of the hourly

calculated factors.

The calibration range of each channel should divide the power scale between the maximum
power limit and the minimum power limit into 10 zones with 11 boundary values, PABOUN.
Each hour the calculated energy reading should be divided by 1 hour to obtain the average
measured power over the entire hour. The zone for this average power should then be found. If

the flag to detect the hold mode, FPAILH, is not set, a calibration factor should be calculated as

Energy measured for the tie line

KCALX = PAILH ,

KCAL =KA(KCALX) + KB(KCAL),
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and the value placed into the zone location. The quantity PAILH is calculated by the AGC
algorithm and is the tie line energy for the last hour. These constants are calculated by the
Power and Energy Scheduling program. Then, for every execution of the AGC algorithm, every
intertie reading should be assigned to the proper zone (after the failure logic) and the reading
multiplied by KCALN of that Nth zone. The resultant adjusted reading is then used for the tie
line summations. The KCAL for all zones of all interties should be initialized to one. The

calibration constants should be available for change by an engineer. The constants KA and KB
are calculated by assuming T, the sampling period, is one hour. The time constant, 7, is 10 hours

and the d-c gain is 1. Because

KA =d-cgain(l1— e~ Tiy

and KB =e~ 1",
Then,
KA =0.095
and KB =0.905.

This selection of constant allows the calibration to be changed very slowly over a period of days
and weeks, and the error in any 1 hour operation will not seriously affect the channel

calibration.

Summation

All interties should be summed together to give a total metered interchange in megawatts. Final-
ly, a manual entry for ‘‘unmetered interties’’ should be provided for the dispatcher and added
to the total metered interchange to create the total interchange power for use by the ACE. The
intertie readings may be summed according to utility groups for use by the Power and Energy

Scheduling program using the tables in the Failure Detector module. There is no need to pro-
vide averaging of filtering of the summation because the failure detector efficiently removes

large excursions.

A summation of the tie line powers in the ‘“‘off’’, ““man’’ or ‘“hold” mode is calculated for
display to give the dispatcher an indication of how much interchange is not being currently

monitored.
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Frequency Bias

Refer to figure 8. The frequency measurement, FA, is obtained from either a transducer near
the ECS computer to monitor the ‘‘east’’ system frequency or the time-error equipment. The
reading of the transducer is sampled by the A/D converters just as for the telemetered tie lines.
The frequency deviation from the time-error equipment is in BCD. The same failure detection
logic should be used as for the tie lines. The frequency for the ‘‘west” system may be
telemetered. The same failure logic as for the tie lines should be used. Another source for the

“west”’ frequency may be from communication with the Yellowtail powerplant generation con-

troller (PPGC).

The same versatility to use alternate channel for both east and west should be provided as for tie
lines. The failure rate limit should be initially 0.03 Hz/s and the maximum and minimum fre-
quency limit should initially be 60.2 and 59.8 Hz. Two checks should be made on frequency
before the failure detection logic. First, if the raw frequency on the primary data channel (or
alternate if the alternate was used last pass) exceeds 60.1 Hz or goes below 59.9 Hz, an alarm
should be generated indicating a frequency disturbance. If the raw frequency exceeds 60.2 Hz
or goes below 59.8 Hz, the AGC should be switched to the “‘suspend’” mode and an appropriate
alarm generated. There should be no digital smoothing of the frequency signal and no
calibration curve need be used. (The smoothing filter on the flow chart is for droop calculations.)
The analog signal may have a filter which is equal to or less than a simple 3-second filter. All
limits for the frequency and selections of modes and alternate paths should be provided as for
the tie lines. A manual substitute entry should be provided when the frequency is “‘man.”
However, the control can be also changed to ‘‘constant net interchange”” mode by the

dispatcher should a sustained loss of frequency signal occur.

The frequency schedule, FS, should be a manual entry in hertz for the dispatcher through the

Power and Energy Scheduling program.

The bias, B, is a value determined once a year from AGC operational information and is entered

manually. The bias is in megawatts per 0.1 hertz and is always negative. The bias is normally set
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to approximately 2 percent of the yearly peak generation. Exact calculation procedures are
presented in the NAPSIC manual [1].

Time Error and Sensitivity

Refer to figure 9. The system time, TA, and the scheduled time, TS, are normally determined us-
ing hardware. This hardware compares the system time determined by a clock connected to the
system frequency, and the standard time decoded from WWVB signals. The output of this
package is usually time error in seconds where a positive error indicates that the system is faster

than the standard or that a sustained overgeneration has occurred. Thus

TIMEER=TA-TS.

Since the equipment usually requires a long warmup and stabilization time, a contact indicating
when the equipment is operating correctly is normally provided. The dispatcher can change the
mode to “‘tie line bias with time error’’ at his convenience. The data are normally input into the
computer as binary coded decimal (BCD). A method of manually entering the current time error
into the hardware package should be provided so that when the equipment is initialized, the

time error can be set to a value provided by a neighboring utility.

The equipment often develops a frequency deviation signal in BCD as well as time error. Such a
frequency deviation signal can be used by the AGC for the frequency input but an alternate
source of frequency signal (or redundant time error equipment) must be provided. The same
limits and failure detection logic should be used for the BCD input as used for the analog fre-

quency transducer.

The time error is usually limited to a maximum or minimum value to ensure that a large time er-
ror does not unnecessarily bias the ACE. This limit is usually set to plus or minus 5 seconds but
should be adjustable. The limit theoretically should be the same for all AGC systems that share
interties to keep the inadvertent interchange from accumulating. The time-error constant, KT,

converts the time error to megawatts and has the units of megawatts per second. This quantity
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KT is the product of the bias, 10B, and the sensitivity, KTS, in hertz per second, and is always
negative because B is negative. All interconnected areas should use the same sensitivity to avoid

inadvertent interchange.

If a 3-second time error is to be corrected in 5 hours,

(Time error in seconds) (60 Hz/s)
(Hours for correction) (3600 s/h)

KTS=0.01 Hz/s.

KTS=

MAPP Signals

Refer to figures 10, 11, and 12. The Mid-Continent Area Power Planners (MAPP) coordination
center in Minneapolis, Minn. may send signals to the ECS computer in the future. These signals
will come over computer-to-computer links using ASCII aynchronous transmission. The actual
signals have not yet been specified but two possible signals should be recognized for future-

implementation.

Inadvertent Interchange and Time Error Coordination

The first signal is an inadvertent interchange and time-error coordination signal that is in hours
[5). The modules described for this signal will not be included in the algorithm. The description
and flow charts are included for future reference. The signal should be sent every hour and the
failure of the signal should be determined by the fact that it had not been received by 15
minutes after the hour. A manual entry should be provided to allow the dispatcher to use a
number provided by phone. The useful signal limits should be 1 hour minimum and 24 hours
maximum and be adjustable by the dispatcher by hours. If a zero is either transmitted or
manually entered, the signal processing logic (to be described below) should be removed from

the summation of the ACE.
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The signal would be used to automatically calculate the time error sensitivity as

10B

= 60KMapPP MWh

KT

where KMAPP is the MAPP coordination signal.

Also the signal would be used to provide a bias for inadvertent interchange. The inadvertent in-

terchange would be continuously computed from the integral of the difference between the ac-

tual interchange. Thus
IIC =f(PAS — PS)dt

where IIC is the computed, instantaneous inadvertent interchange in megawatt hours and dt is
in hours. Positive IIC implies that excess generation has taken place. The quantity PAS is the
sum of the intertie measurements after the failure detection logic and metering correction fac-
tors. The metering correction factors are extremely useful in this computation. The value of PS
is the actual schedule including the dynamic schedule and SHADE. When the inadvertent inter-
change is calculated by the Power and Energy Scheduling program (as soon after the hour as
possible), the value should be substituted into the integral to reinitialize it. The value of the in-
tégral should be stored at the end of each hour and when the inadvertent interchange is
calculated, the present value of IIC (which is several minutes into the hour) should be subtracted
from the value of IIC at the start (or end) of the hour. Then this difference is added to the value
of II. This dynamic II should be divided by the MAPP signal KMAPP giving a power bias to
ACE.

The coordination signal depends on the mode sent by the MAPP coordination center. As a part
of the message from the MAPP center, the mode of the signal should be transmitted. The two

modes are ‘“‘off’”’, implying the signal is not for use, and ““on”’, implying the signal is ready to be

34




used. The ECS should transmit back to the MAPP center any information required by MAPP
and the mode of the use of the signal which may be ““off”” implying the signal is not in use and

““on”’ implying the signal is in use.
Power Bias

The second signal type which may be sent from the MAPP computer is a power bias. This bias
would be directly added to the ACE, and would represent a continuously changing loading bias
for the control area in relation to other areas. The signal would be transmitted every 2 seconds
from MAPP and monitored by the normal failure detector. A mode of “‘off’”” and ““on’’ would
also be transmitted. The signal would be limited and multiplied by a constant, KMB, before be-
ing used by the ACE. The MAPP bias signal would then be

PMB = KMB(PMAPP)

where PMAPP is the transmitted bias in megawatts and a positive value will lower generation. It
should be realized that special accounting procedures would be required with this signal

because the signal forces inadvertent interchange to occur.
Summation

Refer to figure 13. The general equation for ACE for “‘tie line bias with time error’’ mode is

I1C

_ I\ . 1
ACE=( PAS—PS+ poiiiss| — 10B (FA - FS) 10}3(

60 KMAPP) (TIMEER)

where PAS is the sum of the interchange readings after the failure detection logic (and
calibration, if provided,) and includes a manual entry for ‘‘unmetered interties.”” The value of
PS includes the fixed schedule, the dynamic schedule, and SHADE. The value IIC is the integral
of PAS minus PS. The value KMAPP is the MAPP coordination signal. The bias, B, is negative
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and in megawatts per 0.1 hertz. The value FA is the actual system frequency after failure
detection logic, FS is the frequency schedule set by the dispatcher, and TIMEER is derived
from time-error equipment.

If the MAPP signal, KMAPP, is zero, then

ACE =(PAS — PS)— 10B(FA — FS)—- KT(TIMEER)

where KT is the time sensitivity factor in megawatts per second. If MAPP sends a power bias

signal instead of the KMAPP, then

ACE =(PAS - PS + PMB) - 10B(FA — FS)~ KT(TIMEER).

If the ‘‘tie line bias” mode is selected, then

ACE =(PAS — PS + PMB) - 10B(FA — FS).

Notice that if time error is not calculated, the MAPP coordination signal cannot be used. If the

MAPP bias is not being received, then

ACE = (PAS — PS)— 10B(FA - FS).

For the ‘“‘constant frequency’ mode,
q y

ACE = — 10B(FA - FS)

and no MAPP signals are used. For the ‘‘constant net interchange’ mode,

ACE=PAS-PS

and again, no MAPP signals are used. When the ‘‘suspend’’ mode is used, ACE is calculated ac-

cording to the last active mode in use (initially the ‘‘tie line bias’> mode) as a monitor of activity.
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No generator controls are sent to the plants. Finally, an “out-of-service’”” mode should be
available to completely disable the algorithm from execution. This mode should be used only by
the software maintenance personnel to allow making changes in the program without totally

removing the algorithm from the executive queue.

The value of “raw’” ACE should be displayed for the dispatcher and also recorded on a strip
chart as a permanent record as suggested by NAPSIC. Also recorded on strip chart recorders
should be the “Net Interchange’ or PAS, and system frequency (this may also be recorded
directly from the transducer). The modes of ACE may be selected from a CRT display which in-
dicates the various paths that can be used to form the ACE. Symbols similar to breakers in a

switchyard allow the various paths to be used.

MODIFICATION OF THE AREA CONTROL ERROR

After the “‘raw’” ACE is formed, some detection systems, modifications, integrations, and gain

adjustments should be performed.
Response to Area Control Error

The generators are required to respond to two activities of the area control error. The first ac-
tivity is the slow system movements due to average load shifts as the power system loads and
unloads in a daily cycle. These shifts are usually slower than the variations found in a 2-minute-
per-cycle sinusoidal variation. Normally the governors can follow these variations without dif-
ficulty. The second activity of the area control error which requires a response is the sudden
shift in ACE due to loss of a large load, tie line, or generator. These disturbances may require
that several governors respond together to obtain a rate of change of power sufficient to
reasonably offset the disturbance. The number of generators responding should be reduced as
soon as the area control error begins to return to normal. This is usually called ‘‘emergency
assist.”’ The nature of ACE during a disturbance is usually a sudden large offset. The most that

can be expected of the governors (with dashpots bypassed) is a substantial response in 15 to 20
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seconds. This is approximately equivalent to the initial rise in a sinusoidal waveform of 1 cycle

per minute.

Emergency Assist Detector and Alarms

Refer to figure 15. The emergency assist level of “raw’” ACE should be set above normal raw
ACE activity but within range of a serious disturbance. An initial setting will be plus and minus
twice the maximum allowable ACE* under normal conditions as suggested by the NAPSIC
operating criteria [1]. When the raw ACE exceeds the limits, the gain (used later in the

algorithm) should be changed as

ACE

ACE level for emergency assist switch

GAIN = GAINN

where GAINN is the gain used for normal activity. This gain equation essentially provides a
square of the error control. It is important that ACE not be increased so that the filters and
predictors that have been selected for use will respond in a normal manner. An alarm should be
generated indicating an emergency assist is in progress. Also, a flag should be set to indicate to
the filters and the allocators that the emergency assist is in progress. The flag may be cleared at

the beginning of each algorithm execution.
Limiter
Refer to figure 15. After checking for the emergency assist, a maximum limit should be placed

on the ACE. This limit serves the purpose of limiting the maximum gain on the system and also

limits the dynamic range required by the filters. When raw ACE exceeds this limit, then

* The maximum allowable ACE is designated as Ly by NAPSIC and is equal to 0.025 times the
greatest hourly change in the net system (native) load with 5 MW added after the product is

formed. This value is determined annually.
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ACEA =ACEMAX

depending upon the sign of the ACE. Otherwise,

ACEA=ACE

The limit will initially be set to 2.2 times the ACE level for emergency assist or 4.4 times the
maximum normal ACE suggested by NAPSIC. The limiting ACE will provide generation change
five times stronger than the change at ACE level for emergency assist. An appropriate alarm

should be generated.

Filters

Refer to figures 16 and 17. Three possible paths are available for the ACEA as chosen by the
dispatcher. They are:

1. No filtering.
2. Digital smoothing filter with the integral of ACE.
3. Probability filter.

These filters are available to reduce the activity of the governor commands by removing the ran-
dom load disturbances. The filters do not provide any “‘improvement’ of the overall control ef-

fort but do provide for varying amounts of activity of the governors. With no filtering, the activi-
ty is at a maximum.

The Digital Smoothing Filter

The digital smoothing filter is useful for removing rapid, random load variations that are

reflected in the ACEA. The time constant should be set to about 20 seconds and the gain should

be set to one[2).
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The equation is

ACEB = (gain)(1 — e~ T')(ACEA)+ (e ~ T'")(ACEB)

where T is the time period between algorithm executions in seconds, and 7 is the time constant

in seconds [13]. For, gain=1, T =2 seconds, 7=20 seconds. Then
ACEB = (1 —e ~22%(ACEA)+ (e ~ 220 (ACEB).

The quantity TDSF is e~ U7 and if TDSF is set to zero, the digital smoothing filter is removed.
A dead band for ACE is also used ahead of the filter, although the dead band will initially be set

to zero.
When the emergency assist flag is set then

ACEB =ACEA.

This condition should remain for at least 120 seconds after the emergency assist is cleared
before the filter becomes active again. This allows the control to recover from the emergency

assist gain change before filtering out random noise again.

It is often beneficial to use the integral of ACE with ACE to form a composite signal. Although
the integral of ACE has the same composition as the MAPP coordinated inadvertent inter-
change and time-error correction for ACE, the limits and reset functions used with the integral
of ACE add to the control flexibility. The integral of ACE should be limited by a non-windup
limit so that sustained offsets due to time errors or frequency errors are limited and respond im-
mediately to trends opposite to the limit. Also, the integral of ACE should have a windup limit
set about 0.75 times the non-windup limit. The integral should then be multiplied by a constant.
If the constant is zero, no integral of ACE is used. A reset is also provided for the integral of
ACE to allow the integral to return to zero if the integral is offset for long periods of time from

some abnormal condition. The reset time is calculated as
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T
TIRS=—
-

where T is the sampling period in seconds (2 seconds) and 7 is the reset time initially set to 900

seconds (15 minutes). If TIRS is set to zero, the reset function is removed.
The Probability Filter

The probability filter [2] is a most difficult filter to understand. However, a correctly tuned filter
can greatly reduce governor activity with only a small increase in ACE magnitude. The filter at-
tempts to recognize three types of ACE signals that need control and tends to reject the remain-
ing ACE signals as ‘“‘probably not needing control.”” For these rejected signals, the ACE natural-

ly returns toward zero and needs no control. The three types are:

1. The ACE which does not cross zero after a preset time.
2. Average signals which move away from zero at a medium rate and have a larger amplitude.

3. Slow moving averages of ACE about zero which require correction.

The setting of the filter is somewhat arbitrary since the benefit cannot be measured in “‘better”’
control but rather in ““quiet’’ control. Unfortunately, each person has a different idea of what
these terms mean. Each of the three elements which detect the three different types of signals
work independently. The output of the filter is simply switched on and off by these elements.
Thus, the filter elements determine only when the filter is open (ACEP = ACEA) or closed,
(ACEP =0). Since the predictor stages and allocators would not benefit from gain changes (i.e.,
ACEP =2 ACEA for some conditions), only a gain of one need be provided for all three
elements. Each filter element is independent and several elements may be open at a given time.
However, the output for the total open filter remains ACEP = ACEA. Each element closes by

sensing a ‘‘zero crossing’’ of the controlling variable.

The first element opens when ACEA does not cross zero for a specific length of time, and closes

when the ACE has just crossed zero. The timer will initially have a limit of 60 seconds.
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For the second and third element, the integral of ACE must be formed. The integral is
IACEP = | ACEA dt where the integration may be the rectangular type, dt is in seconds, and

ACEA is in megawatts. This integral is not reset except when it is initialized to zero at power-up.

The integral has a limit. The limit stops the “‘windup’ action of the integral and acts as a
hysteresis effect for the filter. When IACEP exceeds the maximum or minimum limit, IACEP

itself is set to the limit and the integral is stopped until ACEA reverses.

Both of the remaining elements are constructed the same but have different constants. Each ele-

ment generates the equation

A=K(ACEA)+IACEP.
The A is compared to AMAX as

|A] YAMAX

and when |A| exceeds AMAX for a preset time limit, the filter opens. The filter closes when A
changes sign. The elements are initialized as though A has just crossed zero. It is important that
IACEPM, the integral of ACE limit, is never larger than the AMAX of either filter element.
When an emergency assist is flagged, the filter is opened and is closed a preset time after the
flag is cleared. This allows the emergency assist system to stabilize before being blocked by the
filter. The time limit will initially be set to 120 seconds.
The initial constants for the filter elements are:

1. Element 1, time limit of 60 seconds.

2. Element 2, for moderate ACE changes; K, =30 seconds; AMAX =100 Lj megawatt

seconds; time limit =4 seconds.

42



3. Element 3, for slow ACE changes; K, =50 seconds; AMAX =100 Ly megawatt seconds;

time limit = 10 seconds.

4. The integral limit is 60 Ly megawatt seconds. The value of Ly is found from the informa-
tion in the NAPSIC manual [1] for operating criteria. See footnote 4 in the Emergency Assist

Detector and Alarms section.

ALLOCATION OF THE AREA CONTROL ERROR

The allocation of the area control error is the most difficult concept in the AGC system. The
reason for the difficulty does not lie in control theory problems or implementation of any con-
cept but rather in the contradictory operational requirements of the generators and the AGC.
The control concept for AGC indicates that the best control can be obtained if no generator
changes output unless required to do so by the area control error. However, some generators
operate more efficiently if the generation can be quickly moved through a certain load range
and then maintained at a constant level. There may also be conflicts between water re-

quirements of the Missouri River and the rate of loading of the plants.

Many methods have been used to resolve this conflict, but the results remain essentially the
same. If a generator is forced to change generation when ACE does not require the change, the
ACE will be disturbed unless a generator with identical characteristics moves in the opposite
direction at the same time. This ‘‘counterramp’ or opposite movement is possible to realize in a
powerplant where two generators of very similar type and response can be ramped opposite one
another. The concept can be extended somewhat if a power controller which forces a predictable
power response is used on generators of different types. Such a concept has been designed for
Grand Coulee Powerplant in Washington [6, 7], and can be used by other powerplants as well [3,
14]. The same concept can be used among several powerplants but the response of the plant can-
not be as completely controlled because of communications limitations, and thus, some ACE dis-

turbance will result.
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Other constraints also enter into the allocation process which hinders the completely permissive
AGC system. The dashpots on the hydroelectric governors are usually bypassed for generation
changes from AGC. It is not good for the stability of the power system to have more dashpots
bypassed than necessary because the bypassed governor system relies on other governors in the
system for damping energy. (This concept is also true if a governor is adjusted for faster
response than the governor can tolerate for an isolated load.) Thus, the allocator should attempt
to have a minimum of dashpots open at any time. The dashpots close after a preset time follow-

ing a pulse or a power requirment change. The closure time is usually 20 to 30 seconds.

The operational desirability of maintaining a generator at a ‘‘baseload’’ generation value also
constrains the allocator. If the generation at a plant drifts below the baseload because of a head
or fuel fluctuation, and the ACE requires primarily decreasing generation, the generator will not
be returned to the basepoint for a long period of time. Some operators consider this a sign of

poor AGC control.

In view of these examples, the allocation process to be implemented in the algorithm is built
around four allocators, each using a different allocation technique and each serving a different
purpose. Ahead of the allocators is a gain stage to control the overall gain of the AGC system.

The four allocators are:

1. The allocator for mandatory ramps and set point control with counter ramps from other

plants.

2. The allocator for baseload units which may be ramped as ACE requires.

3. The allocator for plants on automatic control which utilizes participation factors.

4. The emergency allocator to take care of ACE which cannot be assigned to a plant by the

first three allocators.
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These four allocators are executed in order. The modes for the plant control are:

1. “Ramp”’ for plants requiring mandatory ramps and basepoints. A power basepoint, ramp

length, and ramp start time are entered by the dispatcher through the Generation Scheduling

program.

2. “Baseload” for plants which may be ramped as required by the area control error. The
power basepoint, maximum and minimum ramp rates, and basepoint change time are entered

by the dispatcher through the Generation Scheduling program.

3. “‘Automatic’’ for plants designated to control the area control error. These plants “‘par-

ticipate’’ in controlling the area control error using participation factors.
4. ““Off”’ for plants that are not to have any control or allocation.

A possibility exists to add a ‘‘standby’’ mode in the future for plants that are “‘off”” but can be
switched to ‘‘automatic’’ during an emergency. Present operating practices do not require the

“standby’’ mode.
Gain Stage

Refer to figure 18. Before the filtered ACE can be used in the allocators, a gain control must be
added. The use of the speed-level motor as the integrating stage has been eliminated by the use
of closed-loop power controllers around the plants. The concept of the power controller is
presented in the Plant Control section. Because the integration stage is necessary to the AGC,
the integrator must be placed elsewhere in the control chain. In this algorithm, the integrator is
incorporated at the front of the plant controllers. Another function of the speed-level motor in
early AGC systems was to provide the ‘“‘gain.”” Thus, a certain number of megawatts of ACE
would be converted to a number of megawatts-per-second change in plant power. The closed-
loop power controllers also remove this gain effect and the new integrators have a gain of 1 sec-

ond. Thus, the gain stage essentially converts the ACE from a megawatt error signal to a
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megawatt-per-second signal, or the rate of change of power for the plants to satisfy the area con-
trol error. Adjustment of this gain changes the response time of the AGC system. If the gain is
low, the response will be sluggish. If the gain is too high, the AGC system may cause oscillations.

Thus, the gain is a very important variable. The equation is

ACERATE = — ACE x GAIN

where GAIN is the gain with the units of 1 per second. The emergency assist detector changes
the gain during period of high ACE. An initial gain of 0.033 per second gives a change of
generating power of 2 megawatts per minute for each megawatt of ACE. The resulting
ACERATE is allocated to the generators. The change of sign provides for the fact that positive

ACE must produce a reduction in generation.

The feed forward of the schedule ramps is included in the gain routine. The rate of change of
the ramp is calculated and added to the ACERATE. After all possible plants have been
allocated, no more can be done and the remaining allocation is discarded. If the remaining
allocation is larger than the AGC system minimum rate, an alarm is generated indicating the

allocator is at the limit of operation.

Powerplant Data and No-Response Detector

Refer to figures 19 through 22. Before the powerplants generation can be allocated, the data
coming from the powerplants must be updated. This is done by checking for the powerplant

controller type and updating data according to the type. The various types are detailed later.

1. The pulse controller and PID controller must have the plant power updated. No other in-

formation is available.

2. The closed-loop controller is associated with a computer system at the powerplant, usually
referred to as the PPGC (powerplant generation controller). If the data for maximum and
minimum plant rates and capabilities are not available from the PPGC, the values are entered

by the dispatcher through the Generation Scheduling program.
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The no-response detection for each plant is based on error integration procedures. An error is
formed by subtracting the actual plant power from the plant reference after the plant reference
has been filtered by a 20-second filter (to approximate the response of the plant). The resulting
error is then filtered by a 10-second filter to remove noise and add a small delay; the absolute
value is determined. The result is an error from the plant expected generation. The direction of
the error is determined and the error is integrated with the direction used to change the integra-
tion direction. Increasing errors increase the error integral and decreasing errors decrease the
integral. If the error remains within a dead band of 2 percent of the plant maximum capability,
the error integral is set to zero. If the error integral becomes greater than five times the max-
imum plant energy capability per second (units of megawatt-seconds), allocation to the plant is
stopped until the plant controller can correct the situation. If the error integral becomes greater
than 50 times the maximum plant energy capability per second, an alarm is generated and the

plant is set to the “‘off”” mode.

A special case occurs for the plants with a pulse controller and no feedback. The allocator does
not use a reference and errors cannot be detected with a difference from reference. Therefore,
the desired plant rate is used as a reference and the actual rate of change of power is used as in-

puts to the no-response detector.

Ramp Allocator

Refer to figure 23. The ramp allocator is first in the series of allocators because any activity in
this allocator requires a counter-response of the remaining allocators. The ramp allocator is bas-
ed on the assumption that a generator must be held at a constant set point or ramped at a cons-

tant rate and cannot participate in any way with the area control error.

The ramp allocator should be used as little as possible because such generation movements do
cause the ACE to change. The plant responses for the ‘‘counter movement’ are never identical
to the ramping plant. The mode is very useful for testing plant response, communication links,
and other maintenance problems as well as maintaining a plant at a given set point because of

water, fuel, or generator auxiliary equipment restrictions.
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The allocator 1s simple in concept. At the time requested for the start of the ramp, the plant
power requirement (not the actual generator power), PREQ, is compared to the set point,

PSTPT, and the generator rate given to the plant controller is:

PSTPT — PREQ

PRATE = —rmpT

where the sign of the desired rate is set positive if the set point power is higher than the present
plant power requirement. This continues until the ramp time in seconds, PRMPT, changes sign.

Then the PRATE is set to zero. The rate for the remaining ACE allocation is

ACERATE = ACERATE — PRATTOT

where PRATTOT is the total rate found by summing the rate for each generator in the ‘“‘ramp”
mode. This produces the necessary counterramp. Some limit checks are included to maintain

the ramps below the normal maximum ramp rates and the normal plant power limits.
Baseload Allocator

Refer to figure 24. The baseload allocator is the second allocator because the ramps for the
baseload plants should be accommodated before the plants on automatic are asked to change.
This reduces the activity of the ‘‘automatic’ plants. The baseload plants can participate in the
counterramps.

The dispatcher, through the Generation Scheduling program, provides:

1. The minimum desired loading or unloading time. The actual time will be much longer and

depend on the ACE available.

2. The new basepoint desired.
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3. The time when the basepoint should change.

The allocator first checks for the raise or lower inhibit based on the direction of ACERATE and
ignores plants with the inhibit set. Then the plant reference (not plant power) is compared to the
basepoint. If a movement in the correct direction is possible, the percent of power error com-
pared to the normal plant capacity is calculated; then the necessary rate is calculated. The plant
farthest from the set point is selected. If the dashpot or dashpots at the plant are open, the plant
has a higher priority than a plant with the dashpots closed. This maintains a minimum of open
dashpots. The chosen plant is then allocated a share of the ACERATE up to the maximum the
plant can use, a new plant requirement is calculated, and the ACERATE is reduced. If emer-
gency assist is in progress, the emergency rates are used. Each plant on baseload is used once in
this procedure. Any remaining ACERATE is handed to the ‘“‘automatic’ allocator. The maxi-

mum rate allowed for each plant is calculated from an inverse solution of the plant rate filter.

Automatic Allocator

Refer to figures 25 and 26. The allocator for the plants on automatic use participation factors to
distribute the remaining ACERATE. These ‘‘participation’ factors are used to define the
starting point for the allocation. They are used to allow the plant farthest from a limit or the
plant that dispatcher wishes to favor to have the most allocation. This also allows for future eco-
nomic and water dispatch algorithms to have a method of controlling the allocation. The
participation factors are provided by a manual entry from the dispatcher though the AGC
Display Input program or by the following algorithm. The following algorithm allows the plant

allocation to “‘float.” Allocation is on the basis of the plant farthest from the limit.

The upper and lower normal power limits of each plant are subtracted to provide the power

range available to the plant. Then the raise participation is
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UPPER POWER LIMIT - PLANT REF
UPPER POWER LIMIT - LOWER POWER LIMIT

UPPER POWER LIMIT - PLANT REF
plants on  JPPER POWER LIMIT - LOWER POWER LIMIT

auto

PARTR = E

where the PLANT REF is the present plant power reference in megawatts, and the limits are
provided by the Generation Scheduling program, the dispatcher or data from the various plant

computers. The participation factor for negative ACERATE is:

PLANT REF - LOWER POWER LIMIT
UPPER POWER LIMIT - LOWER POWER LIMIT

PARTL= Y
PLANT REF - LOWER POWER LIMIT
plants on UPPER POWER LIMIT - LOWER POWER LIMIT

If after calculation, the PLANT REF — POWER LIMIT term is negative or the upper power
limit minus the lower power limit term is zero or negative, the contribution to the sum should be
zero and the PART for that plant should be set to zero. If the PART for all plants is zero, an
alarm should be generated, and the remainder of this allocation bypassed. During the calcula-
tions, if the raise or lower inhibit is set for a plant, the appropriate PART should be zero and the
plant data should not be included in the sum. When the participation factors are entered by the
dispatcher or another computer program (‘“‘man’’ mode), floating calculations are still made to

ensure the plant-does not exceed a power limit.

The appropriate participation factors should then be used to dividle ACERATE among the
plants on automatic. The total allocation is then summed after checking maximum rates (which
may reduce the participation of a plant). Any remaining ACERATE is passed to the assist

allocator.

Assist Allocator

Refer to figure 27. The final allocator is the ‘‘assist ”’ allocator. Normally the dispatcher will pro-

vide adequate capacity to take care of the fluctuations of ACE. However, there may be times
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when the plants on automatic may all have inhibit flags set or may be operating at the maximum

rate.

This allocator creates arrays of all plant rates available for allocation. Plants unavailable include
plants “‘off’’ allocation or in the ‘‘ramp’’ mode, plants not responding, and plants which already
have maximum allocations.

The arrays arrange the plants into the following order:

1. Rates of plants on ‘‘auto’ with dashpots bypassed from the smallest rate to the largest rate.

2. Rates of plants on ‘“‘auto’ with dashpots normal or closed from the smallest rate to the

largest rate.

3. Rates of plants on ‘‘base’” with dashpots bypassed from the smallest rate to the largest rate.
4. Rates of plants on ‘‘base’’ with dashpots normal from the smallest rate to the largest rate.

If an emergency assist is in progress, the emergency power and rate limits for each plant are
used. The order is from smallest rate to largest rate because plants with little rates left usually
have already been allocated and overall plant activity is reduced. Further, the use of plants with
dashpots bypassed before plants with normal dashpots maintains a minimum number of

dashpots bypassed.

PLANT CONTROLLERS

The plant controller section of an AGC algorithm always forms the weakest link in the system.
This weakness is a direct function of the communications link with the powerplant and the abili-
ty of the powerplant to communicate to the AGC the constraints of the generators. There are

three basic types of plant controllers. The AGC algorithm will operate with any of the three
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systems. In all three systems, the plant controller determines if the plant requirement exceeds

the plant maximum and minimum power and sets the appropriate inhibit flag.
Pulse Controller with No Feedback

Refer to figure 28. The system with the poorest control characteristics but the simplest com-
munication is the pulse controller with no power feedback. This system uses the speed-level

motors in the plant as the integrating element in the AGC concept.

A “‘plant allocator’” which allocates the pulses to the individual generators usually exists from
previous AGC systems. The greatest problem with this control is that the gain is not constant for
every pulse. The governor dead bands, speed-level motor hysteresis, or changes in gain of the

water columns or boiler characteristics produce an unpredictable amount of power change for

each pulse.

However, many plants have such controllers, and conversion to the more predictable controllers
cannot be made immediately. Therefore, a plant controller for this type of system is necessary to
include in the AGC algorithm. Such plants must transmit the total plant generation back to the
master AGC algorithm over a telemeter link. The same concept for determining the validity of
the data is applied to this transmission as is used for tie line data. The plant requirement is
always the same as the plant generation. The pulse is generated from the PRATE developed by

the allocator as

PULSLEN = PRATE x GAINSLM

where PULSLEN is the length of the pulse, PRATE is the rate allocated, and GAINSLM is the
gain of the speed-level motors. The speed-level motor gain is determined emperically by ramp
tests on the plant. The minimum rate used by the allocator forms the dead band of the pulse.
The maximum rates are determined by a maximum pulse length. Positive pulse length is for

raising the generation and negative pulse length is for lowering the generation.
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Another problem with this controller is the inability to detect a no-response or slow-response
condition. Before any response can be detected, the governor must be allowed to open the gates
or valves. However, during this process, many pulses may be sent for which there is no response.
This greatly reduces the effectiveness of the AGC system, regardless of the careful filtering and
allocation used within the AGC. It should also be noted that the control is permissive since
PRATE never opposes the ACE (except in ramp mode). The dispatcher must manually enter the
maximum and minimum power for both normal and emergency plant operation. The dashpot
bypass flag should be set any time a pulse is sent to the plant and should be cleared when no
pulses have been sent for a time equivalent to the dashpot reinsertion time. Since the system is
completely permissive, no ACE should be used at the plant allocator hardware located in the

plant. If it is used, the ‘‘ramp’’ mode for the plant is totally useless.

Pulse Controller with Power Feedback (PID)

Refer to figure 28. The next level of control is the use of power feedback around the plant. The
advantage is that limits may be easily sensed without waiting for the governor response. Also,
some of the change of gain from water columns or boiler characteristics is eliminated. However,
the response characteristics of the plant change as the various generators in the plant respond
to the pulse. The plant allocator should attempt to allocate the pulse to one generator only at a
time so that the gain remains essentially constant. Sudden gain changes cause the derivative
terms to be large and the control is poor. Unfortunately, most hardware plant allocators do not

have these characteristics.

This restriction does limit the speed of response of the plant. For the emergency assist, an
emergency signal may be sent to the plant to allow all generators in the plant to respond to a

pulse.
The PID algorithm does not use the speed-level motor as an integrating element for the AGC

system. Instead, an integrating stage is placed ahead of the controller to convert PRATE to a

plant power requirement. Thus,
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PREQ = PREQ + PRATE (TIMESLP)

where PREQ is in megawatts and PRATE is in megawatts per second. The PREQ is initialized
to the present plant power at mode changes and after a transmission failure is reset by the
dispatcher. Another term providing frequency regulation compensation for the plant should be

calculated. This term allows the governor droop to operate unhindered. The term is

FAD (PPEMX)

PDROOP = {r56507 60 My

Where FAD is the system frequency difference in hertz, the 60 in the denominator is the base
frequency in hertz which converts the frequency deviation to per unit (pu), DROOP is the
generator droop in pu frequency per pu power (usually 5 percent, or 0.05 per unit), PPEMX is
the maximum plant capability in megawatts as entered by the dispatcher, and PDROOP is in
megawatts. The droop is usually based on the maximum gate or full throttle which is sometimes
more than the PPEMX and the droop should be adjusted to 3 or 4 percent as required. This
droop compenstion should be used for all modes of plant control including basepoint and

automatic modes.
The actual plant requirement then becomes
PREQ=PREQ + PDROOP.
The plant error is then
PRATP =PREQ— PPLT — (GAINDER x PPDER).
Where PREQ is the requested power, PPLT is the actual power, GAINDER is the gain of the

derivative and PPDER is the actual power derivative. The algorithm also filters the derivative.

The actual plant power is the total power signal received from the plant by telemetry of PMSC
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signals. After these calculations, the pulse control subroutine (used for plants without power

feedback) is used to provide the proper pulses.

Closed-Loop Plant Controller

Refer to figures 28 and 30. The best control that can be obtained is to close a power feedback

around each separate generator with a predictor-corrector system. This allows:

1. The gain and the response time of each generator to be predicted.

2. The constraints of each generator to be detected, such as gate limit, load rejection, and

separation of the plant from the rest of the system.

3. The plant operator to have a better control and oversight over the operation of the in-

dividual generators.

This type of control depends on having a powerplant generation control (PPGC) computer
located at the plant. Such a computer is recommended at least for the plant that normally is us-
ed to control ACE. Examples of such controllers is given in references 3, 6, 7, and 14. These

references provided indepth discussion and description of the closed-loop plant controller.

The PPGC should have the normal error detecting equipment to ensure its proper operation.
Therefore, there is no need to check for slow- or no-response of the plant. The no response will
be signaled by the lack of a transmission signal from the plant every 2 seconds. If a correct
transmission is not received for 30 seconds, the inhibit flags are set and an alarm is generated.

The signal sent to the powerplant is

PREQ = PREQ + PRATE.

There is no need for compensation with frequency because the PPGC should care for that con-

cept. The PPGC should transmit in return the plant power, and also the number of dashpots
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bypassed, the maximum and minimum plant limits, and perhaps the maximum and minimum
plant rates. Thus, the constraints are generated at the plant itself rather than interpreted by the
dispatcher. The message formats are discussed under the subheading The Plant Communica-

tions Link.
Joint-Owned Units B

Refer to figures 21 and 29. The concept of joint-owned units seems rather simple at first glance.
The requirement of each owner is summed to produce the total requested generation. Then the
actual generation is divided according to the percentage of the request. This concept is contrary
to permissive AGC control because the joint-owned unit would be adjusted according to the unit.
Also, the operating owner must be able to absorb loss of any owners request and still have con-

trol of the unit.

It is assumed that joint-owned units external to the control area will operate in the allocators like
any other plant. The power and rate limits are the limits of the share of power determined by the
contract. No special programming is necessary. For joint-owned units internal to the control
area, the allocation of power must be treated in a special way. Limits for all owners are entered
by the dispatcher and the requests from other owners are modified to fit into the available

power. The allocation is then established as for any other plant, except the minimum power limit

is the sum of all requests.

After the plant controllers have sent signals to the internal joint-owned unit, another special
subroutine divides the output and transmits the output and limit data to the external owners.
AGC FOR THE WEST AREA
Although the ‘‘west” area for AGC is much smaller than the “‘east’ area, and the complexity of

operation is less, the preparation of a separate algorithm may require much duplication of the

present algorithm without large benefits in computer memory space or execution time. The
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same algorithm is recommended for both systems with different tables used for each area. The
additional programming would include a routine to switch between the two tables. It should be
realized that a specific powerplant may be addressed by both routines. The powerplant should
not ever receive control from both routines during the same period of time, but rather, the con-
trol should be able to be derived from both routines. Also, telemetered data may be used by

both routines simultaneously.

If a second separate routine is desired, the elements of the present algorithm may be used. As
modules are omitted, care should be exercised to ensure the initialization or calculation re-

quired for later routines is not inadvertently omitted.

ASSESSMENT OF CONTROL CAPABILITY AND QUALITY

The asssessment of control capability is important to the dispatcher so that adjustments to the
allocator may be made to avoid moving all plants to their limits. The dispatcher may elect to
have generators started and stopped to maintain desired margins of control. The control quality
of the AGC is a more difficult concept because the definition of “‘good’’ control does not have a

universal interpretation.
Margin Calculations

Refer to figures 31 and 34. To allow the dispatcher to adequately operate the AGC allocator,
several margins should be calculated. The first margin is the theoretical automatic margins for
increased loading and decreased loading. The margin is calculated by subtracting the PLANT
REQ of each plant on automatic from either the normal upper power limit and normal lower
power limit. These subtractions are then summed to give the total margin available. Plants
which have a raise inhibit flag set will have the upper plant power limit set to the PLANT REQ
until the inhibit flag is cleared. Likewise, if the lower inhibit flag is set, the lower plant power

limit will be set to the PLANT REQ.

o7



The second set of margins required is the base assist margins. The very same calculation,
previously given, is used, except all plants on ‘“‘basepoint’ and ‘‘automatic”’ are used with
normal plant limits. Plants that have the inhibit flags set are treated as previously described.
The final set margins calculations is the emergency margins. The same calculation is performed
except all plants not on “off”’ are included and the emergency limits are used rather than the

normal limits. Again, plants with the inhibit set are treated as previously described.

For each of the six margins, a margin level is entered by the dispatcher. If any of the margins

calculated are less than the entered margin levels, an appropriate alarm should be generated.

Other reserve calculations, such as spinning reserve or operating reserve, are not used by the
AGC but are used for system security. Spinning reserve and load calculations are included in

the Generation Control Format module.

System Disturbance Detector

Refer to figure 34. The detection of system disturbances outside the control area can alert the
dispatcher to possible external problems that may require action if the problem is not corrected.
The calculation is a prediction method and, therefore, will create occasional false alarms.
However, the alerting of the dispatcher to these alarms will not be a disadvantage if the alert is

not too often.

The method used is to generate an equivalent ACE of the external system using the equation
EXTACE = — (PAS - PS)—-10B (FA-FS)

where PAS, PS, FA, and FS are all measured or calculated as for the normal ACE. This formula

assumes all the power leaving the area is entering the external area. Likewise, the schedule for

the external area is the same as for this area but reversed in sign. The contribution of the fre-

quency bias does not reverse sign because the external area must use the frequency in the same

way the local area does. If the external area is assumed to be a sister system in size, the same
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bias may be used as for the local system. It is immediately obvious that this assumption is not
true in reality, however, the ability to use the monitored tie lines for frequency compensation is
not directly associated with the external system size. Therefore, relative to the ties monitored,
the frequency participation strength can be considered approximately the same as the local

system.

The alarm is not generated unless the EXTACE exceeds a preset limit for either positive or
negative excursions. This limit can be tied to the Ly of the local system (because the external

system is assumed the same size) and could be initially set to 4 L.

Another problem that exists in a geographically large control area is the possibility of system
isolation during a disturbance. Initially, the data from the PMSC systems will be used to detect a
system breakup, however, plants that have a PPGC could transmit local frequency. If the system
frequency monitored at the ECS is compared with the plant frequency, and the comparison ex-
ceeds a preset level in either direction, then an alarm would be generated indicating a possible

system separation. This concept may be implemented in the future.

NAPSIC Criterion

Refer to figure 32. The NAPSIC operating manual [1] describes a minimum operating perform-
ance criterion. This criterion should be monitored with the measurements of raw (unfiltered)
ACE. The measurements are to be taken over a 10-minute period and each hour of operation is
divided into six 10-minute periods beginning at the start of the hour. The summary of the
measurements should be logged at the end of each day. If any of the criterion is violated, the

violation should be alarmed.

The zero crossings of raw ACE should be counted and added for each 10-minute period. Also,
the maximum time between zero crossings within the 10-minute period should be recorded
along with the time at the start of the maximum zero crossing. If a zero crossing does not occur

within 10 minutes, an alarm should be generated.
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The raw ACE should be summed for each full 10-minute period and the average calculated as

LY (ACEA X TIMESLP)
600 seconds

AVERAGE =

The summation should be restarted at the beginning of each 10-minute period. If the
AVERAGE exceeds Ly, an alarm should be sounded.

The maximum and minimum deviation of ACE must be determined for each 10-minute period.
The number of times the absolute value of ACE exceeds 3 L4 should be determined for each
10-minute period. When the maximum ACE exceeds 3 Lg4, the length of time until the ACE
returns to 90 percent (or other adjustable value) of the maximum should be recorded in the
10-minute period when the return occurred. This will provide information for the l-minute

response to a disturbance.

Standard Deviations

Refer to figure 33. Another way of determining the ‘‘goodness’ of AGC control is to examine
the standard deviations of selected quantities [9,10,11]. Because this is not a NAPSIC require-
ment, these measurements need not be made except at the request of an engineer and the time
period of the averages should also be entered by the engineer. The data should be logged at the
end of the time period on the engineering programming console to allow hard copy to be made
if desired. All integral summations should be zero at the start of the period desired. The first

quantity is

\[ 1 ¢TT
SIGACEA = T_TSO (ACEAYdt

where SIGACEA is the standard deviation of ACE and ACEA is unfiltered ACE. The integration

may be done in rectangular form as
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N
i_E_JI(ACEA)"’
N-1

SIGACEA =

where N is the number of 2-second intervals (or number of executions of the AGC). The maxi-

mum time limit will be 2 days for the calculation of a standard deviation. Other standard devia-

tions are:
N
SIGACEB = i§1(ACEB)2
N-1
N
SIGACEP = . ):JI(ACEP)2
1:
N-1
N
SIGFREQ = i=El (FS-FAY
N-1
N
SIGINT = i§1(PS_PAS)2
N-1
N
SIGGEN = \/ iEI(Z PREQ-X PPLTY
N-1
and

61




N
SIGGENR = i=EI(E PPDERY
N-1

Another standard deviation which is useful is the filtered interchange deviation where
INTFIL=(1 — ¢~ T")(PS — PAS) + INTFIL (e ~ T'7)

where T is the sampling period in seconds (2 seconds) and 7 is the filter time constant in seconds

(600 seconds). The filter should be initialized to zero. Then the standard deviation is

N
SIGINTFIL= | L (INTFILy

N-1

Several integrals should be available over the same period as the standard deviations. These
integrals should be initialized to zero at the start of the period. If the integral overflows, the

error should be noted in the log of the data. The integrals are:
N
IISPEC =KII. EI(PAS —PS)
1=
where KII is 1/1800 if N is 2-second intervals and IISPEC is in megawatt hours.
N
IACESPEC =KIA EI(ACEA)
1=
where KIA is also 1/1800 and the IACESPEC is in megawatt hours, and

N
MUTUALAID = KMAi EI(FA —FS) (PAS-PS)
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where KMA is one over the reference frequency in hertz and the number of seconds per hour or

KMA= 553600)

and MUTUALAID is in magawatt hours. The mutual aid helps determine the mutual benefit
between control areas; as the MUTUALAID takes a negative direction, responsible control is
indicated. If the MUTUALAID takes a positive direction, irresponsible control is indicated. A
positive MUTUALAID shows the external control areas are helping the local control area. For
smaller systems, the square root may be omitted and the square of the standard deviation may

be displayed.

These quantities should be recorded during various operating conditions and used as compari-
sons when filter constants, plant controller constants, or allocator constants are changed. Also,
some of the charts from operations using the analog control equipment with some of the stan-

dard deviations and integrals manually calculated may be valuable in this comparison process.

The definitions of the various variables used in the previous equations are as follows:

ACEA Raw ACE in megawatts.

ACEB Filtered ACE in megawatts.

ACEP ACE from the probability filter in megawatts.
FA Actual frequency in hertz.

FS Scheduled frequency in hertz.

i Index of summation.

IACESPEC The special integral of raw ACE in megawatt hours.

IISPEC The special inadvertent interchange in megawatt hours.
INTFIL Filtered interchange in megawatts.

KIA Constant for the IACESPEC summation.

KII Constant for the IISPEC summation.

KMA Constant for MUTUALAID calculation.
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MUTUALAID  The mutual aid in magawatt hours.

N The number of executions of the AGC algorithm over the period TT.

PAS The summation of actual interchange power.

PPDER The actual power plant derivative for each plant not in “‘off”” mode in
megawatts per second.

PPLT The actual power plant total generation of each plant not in “‘off”” mode
in megawatts.

PREQ Powerplant requirement of each plant not in “off”” mode in megawatts.

PS The interchange schedule in megawatts.

SIGACEA The standard deviation of raw ACE in megawatts.

SIGACEB The standard deviation of filtered ACE in megawatts.

SIGACEP The standard deviation of probability-filtered ACE in megawatts.

SIGFREQ The standard deviation of frequency deviation in hertz.

SIGGEN The standard deviation of the total generation of the powerplants in
megawatts.

SIGGENR The standard deviation of the rate of change of generation in megawatts
per second.

SIGINTFIL The standard deviation of the filtered net interchange error in
megawatts.

T The average time period between AGC program executions in seconds.

t Time in seconds.

TT The total time interval in seconds.

T Time constant in seconds.

Frequency Domain Analysis

Refer to figure 33. The previously mentioned standard deviations are valuable in determining
control ‘‘goodness.”’ However, the deviations are monitoring all the action of the control system.
Some of the higher frequency action is not controllable nor should control be attempted.
Therefore, a measurement of these standard deviations using data filtered for various control

frequencies to eliminate the higher frequency action may demonstrate the control ‘‘goodness”
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more accurately. Furthermore, the measurements would show that the higher frequencies are

not controllable as desired.

There are several possibilities in developing this data. The concept of Fast Fourier Transforms
would be useful but the size of the data block is limited and not easily varied. Another method is
to implement several bandpass filters to sort the raw data into several frequency zones. Band-
pass filters with wide bandwidths and without sharp peaks would sort the information

sufficiently.

A suggested filtering system can be used that approximates the various bandpass filters without
the excessive calculation of bandpass filters algorithms. This system creates three simple filters

to create data for frequencies above three specific cutoffs. The raw data is filtered as
FILTERDATA=(1 — ¢~ T"YRAWDATA + (¢~ Iy FILTERDATA

The filtered data will use T as 2 seconds, and will always be initialized to zero. The three 7
values may be set as desired by the engineer but initially will be 60, 180, and 300 seconds. Quan-
tities calculated or measured elsewhere in the algorithm should be filtered for each of the three
time constants. The standard deviations of the output of each filter and for raw data are

calculated as:

N
SIGDATA = i=).*,I(FILTERDATA)"’
N-1
N
SIGRAWD = iEI(RAWDATA)2
N-1

The standard deviations for the very slow signals can then be calculated as

SIGVSLOW = / (SIGRAWDY — (SIGDATA., _ 500
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The result is an approximation but will provide useful comparative measurements. Continuing

with the remaining time constants:

SIGSLOW = / (SIGDATA, _ 300F — (SIGDATA, _ 150

SIGMED = / (SIGDATA, _ 150 — (SIGDATA. _ oo

and

SIGFAST =SIGDATA, _ -

Using these intermediate standard deviations, the effects of changing gains or time constants on
the filters that modify the actual ACE, or the effects of modifying the allocator or generator con-

troller can be compared.
The standard deviations calculated should be:

. raw ACE, ACEA

. filtered ACE, ACEB

. probability-filtered ACE, ACEP

. interchange error, PS— PAS

. generation error, Z PREQ — X PPLT (plants not in ““off’’)

. generation rate error, L PPDER (plants not in ““off”’)

(= N2 B~ U N

Perturbation and Response Analysis

Refer to figures 5 and 23. Determining if the control is performing correctly is always desirable
in any control system. In an AGC system, the normal operation of the system usually cannot con-
clusively demonstrate the correctness of control. Therefore, a method of forcing the control to
respond to a prescribed disturbance is necessary. The disturbance best suited to AGC is the
ramp since it is most like the normal method of operation. The ‘‘ramp’’ mode provided for the
generators allows a single plant to be observed during a prescribed ramp while the remaining

plants in the control area can counterramp without large disturbances in ACE.
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A ramp disturbance for the entire AGC system requires that inadvertent interchange or time
error must accumulate. To minimize this error, a ramp must first increase from zero to a positive
maximum, then reverse with the same rate to a minimum, and then at the same rate, return to
zero. The completion of the entire test in 8 minutes would be satisfactory, and the maximum
schedule should be about Ly. The ramp must be used on the total power schedule; also
remember that the neighboring AGC areas will fight the change. The use of the test ramp, the
start time, its rate, and its maximum power level should be entered by the engineer. The desired

variables should be monitored on strip chart recorders.

COMPUTER REQUIREMENTS

Because specific hardware and operating system requirements have not been chosen, the con-
straints that the algorithm place on the hardware and the operating system must be discussed.
Relationships to memory size, speed of execution, and data base size are directly related to pro-
gramming techniques and language structures. The guidelines are discussed in the following

paragraphs.

Timing Constraints

Refer to figure 2. Because of the rectangular integration and differentiation algorithms used for
most of the digital filters, the AGC algorithm should operate at 2-second intervals as much as
possible. The interval may be as short as 1.0 second or as long as 3.0 seconds. The intervals
between algorithm calls must have no worse than a normal distribution (Gaussian Distribution)
centered at 2 seconds with a standard deviation of 0.33 second. The optimum condition is to
have a standard deviation of zero. The absolute minimum interval between algorithm passes
should not be less than 1 second because of the problems in calculating derivatives. The ab-
solute maximum time between passes is 6 seconds when the remaining functions of the com-
puter are in an emergency overload condition. This must not occur more than five times a day

because the algorithm may become unstable depending on the power system configuration.
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The choice of 2-second execution time is based on an important control philosophy. Most digital
control system designers have found that the Nyquist frequency for a specific system should be
at least 10 times faster than the frequency at phase or gain margin crossovers. In actual AGC
systems and specifically, in the North and South Dakota areas, increase in gains usually result in
a crossover frequency between 1 and 1.5 cycles per minute. For 1.5 cycles per minute, the Ny-
quist frequency should be 15 cycles per minute, and the number of samples per minute should
be 30. The 2 seconds per sample ensures good phase and gain control of a 1.5-cycle-per-minute

frequency component.

Analog Inputs

Refer to figure 6. The algorithm requires that all inputs of tie line power, frequency, time,
dynamic schedules, MAPP inputs, and plant power be sampled previous to the execution of the
algorithm. Although a 4-second transport lag can exist as described in the Tie Line Power sub-
section, the data must never be dormant (i.e., continue without an update) when the algorithm
actually uses the data. If the data are monitored asynchronous to the algorithm, the algorithm
not be executed unless the data have been sampled after the start of the previous AGC

algorithm execution.

The data should contain no more than a 0.5-percent error at rated transducer output and should
not exceed more than 1 percent of the actual value for any reading. The exceptions are the
frequency and time which have been discussed in previous sections, Frequency Bias and Time
Error and Sensitivity. This accuracy must include the accumulated errors in the transducer, the
sampler, the analog-to-digital converter, any round-off error in the various algorithms, and any
communication errors. Thus, the data stored in the data base used by the algorithm must have
this accuracy compared to the actual quantity in the primary monitoring circuits of the power
system. The data should have between 1 and 3 seconds of simple analog filtering to avoid

aliasing [13].

PMSC systems, PPGC systems, or any other computer-to-computer link must be treated the
same as analog data. The data must not be dormant and must have the required accuracy. The

MAPP computer is an exception because data will not be required on a regular basis.
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Plant Communication Link

Refer to figures 13, 19, and 20. Communications with the PPGC computers should be imple-

mented in an ASCII format on a 1200-baud communications link. The message should contain:

1. An SOH (start of header) symbol

2. A data identifier

3. The data defined by the data identifier
4. A checksum identifier

5. The checksum

6. An EOT (end of transmission) symbol.

Items 2 and 3 may be repeated as often as necessary to send all the data required. The total time
for transmission to the PPGC and the response from the PPGC should not be more than
2 seconds. The identifiers may be any capital or lowercase letter, or a pair of any capital or
lowercase letters. The data should be in numbers with the “minus’’ and “‘period”’ being the

only symbols. The identifiers are assigned as follows for data to the PPGC.

1. ““B,” the status identifier. The number following means: (a.) 1 - control is available to use or

is in use (b.) 0 - control is not available. This must be transmitted every 2 seconds.

2. *C,” the plant requirement identifier. The number following from one to four digits is the

plant power requirement in whole megawatts. This must be transmitted every 2 seconds.

3. “Dn,” the plant schedule identifier where n is a letter describing the time location of the
schedule. The schedule is from one to four digits indicating plant power in whole megawatts.

Negative power is not used. The letters substituted for n are:
a. “‘a’” through “‘x’’ means the hours 0 through 23 respectively.

b. “‘y”” means the extra hour in the daylight savings time change.

c. ““A”’ means the present hour.
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d. “B’’ means the next hour.

The plant schedule is transmitted only as needed. If the PPGC does not use schedules, this

information need not be transmitted.

4. “E,” the emergency assist identifier. A one (1) transmitted after the E indicates an emer-
gency assist is in progress. A zero (0) transmitted after the E indicates no emergency assist
procedures are being used. This is used by the plant algorithm as described previously and is
optional.

The identifiers for the data from the PPGC are assigned as follows:

1. ““P,” the status identifier. This must be transmitted every 2 seconds. The number following

means:

a. “‘0”” - PPGC not controlling generators (‘‘off”’ mode).

b. ““1”’ - plant operator controlling generators through the PPGC (“‘plt’’ mode).

c. “2” - the ECS computer controlling generation with the plant requirement (‘‘pscc”

mode).

d. “‘3” - Stop allocation up or the powerplant controller algorithm should set the inhibit-up

flag (‘““stu’” mode).

e. ““4” - Stop allocation down or the powerplant controller algorithm should set the inhibit-

down flag (‘‘std’’ mode).

2. “Q,” the total plant power identifier transmitted every 2 seconds. The number following

from one to four digits is the total net plant power in whole megawatts.
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3. “Rn,” the maximum values identifier. These may be transmitted as needed. The data
following is one to four digits indicating the power in whole megawatts. The “‘n’” may have

the following letters substituted:

46,7

a. ‘“‘a’”’ means the maximum normal plant power limit.

b. “b” means the maximum emergency plant power limit.

66 %

c. ““c’”’ means the minimum normal plant power limit.

d. ““d”’ means the minimum emergency plant power limit.

4. “‘Sn,”’” the maximum rate identifier. These may be transmitted as needed. The data follow-
ing is one to three digits indicating the rate of power change in whole megawatts per minute.

€6 29

Negative rates are not used. The ““n’’ may have the following letters substituted:

66,99
a

a. means maximum normal loading rate.

b. b’ means maximum emergency loading rate.

[TPR 1]
Cc

c. means maximum normal unloading rate.

d. ““d”’ means maximum emergency unloading rate.
[XPRL]

e. ‘‘e”’ means minimum rate for the plant.

5. “T,” the dashpot bypass identifier. The number following is the number of dashpots that

are bypassed in the plant.

6. “Un,” the individual unit power identifier. The letter following indicates the generator

number and the number following is the number of megawatts to the nearest whole megawatt
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66 9?

with sign. The ‘“n’’ may be

““a’ for generator 1, “‘b” for genrator 2, etc. This data is not used

by the AGC algorithm directly but may be used in ECS displays.

7. ““Vn,” the individual unit status indentifier. The letter following indicates the generator

46 99

number and the number following indicates the status. The ‘‘n’’ may be “‘a’’ for generator 1,

(X3

“b” for generator 2, etc. The numbers following the “n”” mean:
a. “‘0” - generator off line and unavailable.
b. ““1”’ - generator off line and available.
c. ““2” - generator on and running.
d. ““3”’ - generator on and condensing.
This data is not used by the AGC algorithm directly but may be used in ECS displays.
8. “Wmn,” the individual unit limit identifier. The first letter following indicates the genera-

tor number, the second letter following indicates the type of limit and the number following

the two lower case letters is the limit in whole megawaits with a sign if negative. The *“m”’ may

$6_ %

be “‘a’ for generator 1, b’ for generator 2, etc. The letters substituted for ‘‘n’’ are as

follows:

a. “‘a’”’ means maximum normal generator power.
b. “b’’ means maximum emergency generator power.
$6 .92

c. “‘c”’ means minimum normal generator power.

d. ““d”’ means minimum emergency generator power.
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The data are not used by the AGC algorithm directly but may be used by other ECS func-
tions. These generator quantities are sent along with plant totals. It is not necessary that these
totals match with plant totals since station service or other power may not be accounted for.

The information should be sent every 2 seconds when the plant is on AGC control.

The transmission is half-duplex in nature. The PPGC acts as a slave and ECS acts as the master.
The PPGC need never respond with a message unless a valid message is received from the ECS.
The PPGC should respond within 1.5 seconds of the receipt of the ECS message. If a valid
message is not received from the PPGC, the normal failure detection system described in the In-
tertie Power Measurements section should be used. The minimum message is the ‘‘control not
available”” from the ECS and a return of ‘‘plant status’ and ‘‘total net plant power”’ from the

PPGC.

The checksum consists of an exclusive ‘“OR’’ function on the 7-bit ASCII codes from and includ-
ing the SOH through the Z. Even parity is attached to all ASCII characters as the eighth bit, in-
cluding the checksum. If the calculated checksum does not match with the transmitted

checksum, or if a parity error is detected, the message is not considered valid.
The MAPP communications is not yet defined but it will probably take the same form.
Plant Pulse System

Refer to figure 28. The pulses from the AGC plant controllers for plants not having PPGC
systems are telemetered to the plant as a raise signal or a lower signal. The relays at the plant
must respond to the signal within 0.5 second after the transmission is initiated at the ECS. The
timing of the relays will be to the closest 0.1 second. The maximum pulse length is 1.8 seconds
allowing 0.2 second of no pulse. This allows the plant allocators to function properly. If the plant
allocator does not need the dead time, then the pulse may be as long as desired. However, the
pulse length from a previous pass of the AGC algorithm must not be added to the pulse length
of the next pass. This “‘integration’’ may cause instability in the rate feedback controller. The
overall pulse time accuracy should have an error of less than 0.05 second for any pulse length

measured at the output of the plant relays.
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Permanent Strip Chart Outputs

Refer to figure 35. The most visible and easily understood display system for the dispatcher con-
sists of large, wall-mounted strip chart recorders running 25 to 150 mm/h (1 to 6 in/h) (adjustable
on the chart), with two pens per chart. Analog outputs to drive at least 32 pens should be provid-
ed so that 16 large charts may be used. The assignment of 24 pens (12 recorders) should be
made by the engineer using the calibration system for constants. The remaining eight pens (4
recorders) should be available for the dispatcher to assign to any tie line power, schedule,
dynamic schedule, frequency, raw ACE, generator power, generator reference, or load calcula-
tion. Also, summation of tie line powers forming certain important area net interchanges should

be available.

Engineering Evaluation Quputs and Inputs

Refer to figures 35 and 36. An extremely valuable tool for the engineer in evaluating and “‘tun-
ing”” an AGC control system are strip chart recordings using a general purpose strip chart
recorder with speeds of millimeters per minute, as well as millimeters per second. Provision
should be made for 8 channels of plus or minus 10-volt outputs and 2 channels of relay outputs.
These outputs should be available near the engineering or programming console so the
engineer may connect the recorder of his choice. The outputs should allow the engineer to
select any one of the variables in the AGC algorithm or any of the inhibit or alarm flags. Also,
the engineer must be able to change the relationship scale of the variable to the output voltage,
and also include an offset added to the variable. A mask should be included for alarm and in-

hibit flags.

Eight analog inputs for a plus or minus 10-volt signal generator should be provided. Two logic

inputs should be provided.
These inputs and outputs should have the capability of operating simultaneously on any chan-

nel and should have multipliers, dividers, and offset for the input; separate offset, multipliers,

and dividers for the output; simultaneous display of the output and input; and the ability to
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enter an input using the keyboard when the analog signal is not being driven by a signal genera-
tor. The logic inputs and outputs should be treated the same except a mask should be used. Any

data should be available for display in integer, floating point, or octal (or hexidecimal) formats.

Addresses should be in octal (or hexidecimal) and should include a bias for the program or table,
and an offset into the program or table as found in the program listings. The data must be up-
dated at least as often as the AGC algorithm runs and preferably, the priority for calibration

should be higher than the AGC algorithm priority.

There should be a separate calibration system for AGC constants to allow at least 10 constants to
be changed or displayed simultaneously. This format should be similar to the variable calibra-
tion, previously described, for ease of operation, except the analog inputs and outputs would not
be present. The constants would be read on demand and continuous scanning would not be re-
quired. The format should allow the constants to be simultaneously entered into the program, if
desired. Disc update is automatic within the AGC algorithm. The format should allow multiplica-
tion, division, offset, and masking of all data. Also, the data should be available in integer,

floating point, and octal (or hexidecimal). Addressing should include bias and offset.

A third calibration system may be provided to care for other programs than the AGC algorithm.

Spare ASCII Ports

Refer to figure 36. An extremely valuable tool in debugging data from the ASCII ports is to
allow manual entry and display of any ASCII port data using a spare ASCII port with a variable
baud rate, full or half duplex, and selectable parity. The calibration format should be used to
allow at least five data values to be entered, each after the identifiers P, Q, R, S, and T. The data
should be capable of being stored into any place in the input data tables and the corresponding
fail flag set. No parity or checksum checks should be required and carriage returns and line
feeds should be ignored. Another five data values should be capable of being output in a
message with the identifiers A, B, C, D, and E. No checksum should be generated, no parity us-
ed, and the EOT character should be followed by a carriage return and line feed. This would

allow a normal CRT terminal to simulate an ASCII link.
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DISPLAY REQUIREMENTS

The display requirements are provided as a minimum requirement for use with the algorithm.
There is no attempt to completely define the display as many hardware and software factors play

a part in the generation of displays.

Buffers

Refer to figures 3 and 36. The algorithm must not have the data used during the execution
changed by any source until the algorithm is complete. It is possible through careful evaluation
of the variables and constants within the algorithm to ““turn off’’ any other software and hard-
ware system that may change the variable or constant until the algorithm is finished with the
variable or constant. This has the advantage of reducing buffer sizes but creates problems when

the programs are later modified to accommodate changes in the power system or AGC concepts.

A more acceptable method is to set flags indicating new data are available so that it may be
introduced at the proper place in the algorithm. The description of the typical buffer transfer is

shown on flow charts, Typical Data Transfter Techniques; all transfers use these techniques.

Transfers of data into the AGC algorithm from external programs rely on a flag and a time.
Within the flow charts, each flag is designated by FLAG followed by two or three identifying let-
ters. The associated time is TIME followed by the same identifying letters. The flag must be
cleared by an executive program before the AGC algorithm runs. The external program sets the
flag when the data are ready for transfer and are cleared by the AGC algorithm after transfer is
complete. The time is set by the external program when the flag is set. The time allows the data
to be transferred at a future time so that schedule changes, mode changes, etc. can be preset to
execute at the beginning of the hour or when desired. Normally, schedules will be set only 1 or 2
hours in advance. The time variable allows transfers to be scheduled 23 hours and 29 minutes
ahead. The 30 minutes test allows the time which is passed (normally only 1 or 2 seconds) to be

executed immediately, and 30 minutes are allowed to give maximum flexibility. The data to be
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transferred are used by the program within 2 seconds of the set time. The program can begin ex-
ecution without transfers by using the power-up initialized values of the data. If constants are
transferred (as opposed to schedules, modes, etc.), the initialized value is updated so that the

new constant will be used on the next power-up.

Transfers out of the AGC algorithm are the same as transfers in, except time is not used. All data
from the AGC algorithm may be used immediately when the flag is set. The external program
should clear the flag when the data are transferred. Often, the AGC algorithm does not check
the flag before setting the flag because the algorithm may not require that the data be used, and

is producing the data for the convenience of other programs.

Alarms are also handled in a buffer concept. The alarm buffers are cleared at power-up. A tem-
porary alarm buffer is cleared at the start of each AGC algorithm execution and each alarm is set
as needed. At the end of the algorithm, the alarms are transferred to the actual alarm buffer us-
ing timers. Each alarm may be adjusted using the alarm constants-to remain clear until time
passes with the alarm set, or the alarm may be blocked so that it cannot repeat in less than a set

time.

Control Formats

Refer to figures 34 and 37. The formats for allowing the dispatcher to monitor and control the
AGC algorithm are as important as the algorithm itself. Studies have shown [15,16] that the dis-
patcher must be able to observe changes from his entries and from power system data input
within a maximum of 4 seconds after the dispatcher entry or after the data have been sampled at
the actual source. Otherwise, the dispatcher will assume the computer is slow, and his decision
process is interrupted. Because the data are sampled on a 2-second period, the maximum ‘‘age’’
of the data from the action on the power system to the display observed by the dispatcher is 6
seconds. This includes all sampling, communication links, and software manipulation to present

the data to the dispatcher.
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The required formats include:

1. East AGC signal flow (2 pages).

2. West AGC signal flow (2 pages).

3. System data monitor (several pages) including tie line power, dynamic schedules, and
frequency.

4. Plant data monitor (several pages).

5. Schedule entry and generation scheduling (used by the Power and Energy Scheduling and

Generator Scheduling programs).

These formats do not replace any other control or summary format, but are in addition to the

other formats that may be specified. Formats for the engineer must include:

e Calibration and data change format for use with the eight-channel recorder, signal genera-

tor, and ASCII parts.
® NAPSIC and standard deviation summary formats.
¢ Constants entry formats similar to calibration.

These formats have rather complicated interaction procedures and it is recommended that a
conversational mode of data entry be used. The use of the light pen at a given poke point should
provide a control or entry tree at the bottom of the display. The control trees may be used to call
new control trees as the sequence progresses but some method must be provided to remind the
dispatcher of the previous control trees so that the location in the control sequence is always

known.

The formats should use line diagrams similar to single line diagrams to indicate the ‘‘flow” of
control paths. Colors of the lines should indicate the modes of the various control elements.
Changes in the flow of control should be initiated by addressing special ‘‘breaker’’ symbols on

the flow diagram. Pertinent data should be displayed with minimum explanation and the flow
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diagram should be used to interpret the data as in switchyard single-line diagrams. Formats
must be designed with much interaction of the dispatchers as well as the engineers. A sample of
a data preparation module is included in the algorithm as well as the format description. This is
only a suggestion and modifications should be made to suit. Also, a suggested format for AGC
signal flow is given with no sample module supplied. Formats are not trivial in size of computer
memory or processing time; great effort should be made to reduce the necessary data shown on

the formats.

INITIALIZATION

The initialization and testing of the AGC algorithm provides many challenges. The initialization
divides into two categories, the initialization of the algorithm for mode changes and the initiali-

zation of all the constants used by the algorithm.
Initialization of the Algorithm

When the algorithm is first executed by executive software, the initialization will be referred to
as ‘“‘power-up’’ or cold start. The data in the memory is not good and the memory must be
refreshed or reloaded with tables from a nonvolatile storage. The mode of the AGC will be “‘sus-
pend”’ where all quantities are active and monitoring but the plant controllers do not function.
All plant requirements are continually set equal to the plant’s actual generation and no pulses
are sent to the plant. For the first pass, all values required from the previous pass will have pre-

sent pass values substituted so that all filters will be initialized.

A ““warm’’ start assumes that the data in the memory are good and that no refresh or reload is
needed. Even if the algorithm is interrupted in the middle of execution and restarted within 6
seconds, no initialization is required. If the algorithm is not executed for more than 6 seconds
for any reason, a complete power-up initialization should take place and the AGC should be in

the ‘‘suspend’” mode. An alarm should be generated indicating the AGC is suspended.
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The ““mode-shift” initialization should be done if any of the AGC control paths are changed
during normal operation. This includes changing plant modes, allocator modes, filters for the
ACE, the method of generating the ACE, or the change of a tie line mode. Each mode initializa-
tion should strive to minimize the disturbance and, as far as practical, the previous modes

should continually provide initialization for the next mode.

Initialization of Constants

Refer to figures 3 and 36. During the final stages of software development of the algorithm, all
constants required for the algorithm should be provided. Also, all initial values of all plant limits
and other dispatcher entries should be provided. In this manner, the software development
engineeer need not make decisions on constants by default. As the dispatcher or engineer enters
new constants or plant limits, the value should be properly stored in the mass storage media. If a
power-up initialization or ““‘cold” start occurs which uses the nonvolatile storage media as a
source, the algorithm will function with the latest constants. The disc update concept used

throughout the AGC algorithm will provide this feature.
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APPENDIX

(Constants used in flow diagram of fig. 1.)

Mechanical time constant
System damping

Synchronizing coefficient

Speed level motor gain
Governor servo gain time (s)
Droop

Temporary droop

Recovery time (s)

Hydraulic gain

Water starting time (s)

Equivalent governor time constant (s)

Frequency bias (MW/0.1 Hz)

Time error sensitivity (MW/s)

MAPP power bias coefficient
Inadvertant interchange coefficient (1/h)
AGC system response time constant (1/s)
Digital smoothing time constant

ACE gain

Pulse generator gain

Power derivative gain

LaPlace complex frequency

One delay period of sampling
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Figure 2.—AGC algorithm (Sheet 2 of 2).
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EXECUTIVE \
FOWERUP ROUTINE
s EXECUTED BEFORE ANY OTHER
PROGRAM USING BUFFERS
“__OR DATA TABLES
USE FOR *COLD' INITIALIZATION. !
THE ALGORITHM MAY BE RERUN (
FOR *WARM' INITIALIZATIONS :
IF DATA FROM THE LAST PASS |
15 NOT LOST |
|
i

SET POWERUP

EXECUTIVE i

EXECUTIVE = EXTERNAL PROGRAMS

DATA FROM

ANALOG. KWH. AsCtl
SAMPLE OF A PROGRAM

AGC ALGORITHM

i

!

|

|

AGC INITIALIZATION DATA TaBLE :
© CONTAINS STARTING YALUES 1
OF DATA |
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s DATA SHOULD BE ABLE TO 8E 1
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|
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|
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|
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BUFFER DATA TABLE

« TRANSFERS DATA FROM
EXTERNAL PROGRAMS TO
AGC ALGORITHM

o CONTAINS ALL DATA FOR
A0C DATA TABLES PLUS
FLAG AND TIME

AGC DATA TABLE
® USED EVERY 2 SECONDS
MUST BE INITIALIZED
* LOANED WITH NEW DATA
AS EXTERNAL PROGRAM REQUIRES
® WANY TABLES ARE USEQ
BY THE VARIOUS MODULES
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OR SEVERAL HUNDRED DATA

I
1
I
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AGC ALGORITHM | ONERUP | | —L — !
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1 | VARIABLES WITHIN THE MODULE FOR CLARITY.
| | THESE TRARSFERS MAY BE GROUPEC TOGETHER
3 1 GNE SUBROUTING AND THE FLAGS AND

SAMPLE OF A PROGRAM SECTION USED

IN MANY OF THE AGC ALGORITHM MODULES.
€ACH MODULE HAS A POWERLIP FOR VARIABLFS
WITHIN THE MODULE FOR CLARITY. THESE
MAY ALL BE GROUPED INTO ONE SUBROUTINE
IN THE ACTUAL ALGORITHM.

TIMES GROUPED FOR MOST CONVENIFNCE
IN THE ACTUAL ALGORITHM.

[ —

{ CLEAR FLAG }7—

[

TYPICAL DATA TRANSFER TECHNIQUE

EXTERNAL PROGRAM 1O AGC ALGORITHM

AND GTHER PROGRAMS
SEQUENCE THAT SHOULD BE USED
IN THE VARIOUS EXTERNAL PROGRAMS
PROGRAM oaTa LOAD BUFFER — —
EXTERNAL TO AGC JANDLER WITH DATA SET TIME SET FLAG —
UTES ON OEMAND, 45 MEEDED —
— - i J— | TIME- TIMEREAL
INCLUDES ! i (‘PFZESENY—;IEMHY
o POWER AND ENERGY SCHEDULING i | D LA
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® AGC INPUT ROUTINES 1 |
! L
| - -
1 I
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| i | MODULE USE A TIME VARIABLE.
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Figure 3.—Typical data transfer techniques (Sheet 1 of 2).
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EXECUTIVE

POWERUP ROUTINE

@ EXECUTED BEFORE ANY

OTHER PROGRAM USING
BUFFERS OR TABLE:

BUFFER FLAGS

USE FOR 'COLD' INITIALIZATION,
THE ALGORITHM MAY BE RERUN
FOR *WARM INITIALIZATIONS
IF DATA FROM THE LAST PASS
15 NOT LOST.

EXECUTIVE

SET
POWERUP FX
FLAGS

EXECUTIVE

@

AT ALGORITHM

AGC ALGORITHM

® EXECUTES EVERY

EXTERNAL PROGRAM,

INTTIALIZATION DATA TABLE

« CONTAINS STARTING VALUES OF DATA

@ VALUES ARE FIXEQ BY PROGRAMMER

© PROGRAMMER SHOULD BE ABLE TO MODIFY
VALUES WHILE PROGRAMS ARE IN OPERATION
(0ISK IMAGES SHOULD BE UPDATED)

PROGRAMS H
EXTERNAL TO AGC {
o, A

@MAY EXECUTE ON DEMAND,
ON INTERUPT, OR 1
ON_TIME INTERVAL

INCLUDES +

@ PULSE DRIVE PROGRAMS.

® ASCIT OUTPUT PROGRAMS.

® DISPLAY OUTPUT PROGRAMS

& POWER AND ENERGY SCHEDULING

® CENERATION SCHEDULING

» CALIBRATION PROGRAMS

* PERMINANT STRIF CHANT OUTPUT PROGRAMS

INUTTALIZE
OATA TABLE

=

DATA
TRANSFERS

PROGRAM DATA TASLE

® USED AS NEEDED
* MUST BE INITIALIZED
# MAY CONTAIN ONE DATUM
OR SEVERAL HUNDRED DATA

TRANSFER
DATA

CLEAR
FLA®

TYPICAL DATA TRANSFER { ECHNIQUE

AGC ALGORITHM TO EXTERNAL PROGRAM

A SAMPLE OF A PROGRAM SECTION
USED IN MANY AGC ALGORITHM MODULES.

PLACE DATA ——
INTO

AS NEEDED

THE AGC ALGORITHM MAY CHECK

THE FLAG ALS0, WHEN THE

FLAG CLEARS, THE DATA HAS

BEEN USED.

| I

THE OATA FROM EACH MODULE IS SHOWN
WITH INDIVIDULE FLAGS FOR CLARITY.

THE TRANSFEAS MAY BF Manf wITH
CONVENIENT FLAGS WETHIN ONE SUBROUIINe
AT THE END OF THE ACTUAL ALGORITHM.

AGC_ALGORITHM

PR FLAG
r -
t
] AGC BUFFER TABLE
| L, ® TRANSFEAS DATA FROM AGC ALGORITHM TO
! EXTEANAL PROGRAM
! ® CONTAINS ALL DATA FOR THE TABLE
! PLUS THE FLAG
L
1
[
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| | .
[
[
|
b
B
|
1
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t
4

CLEAR
POWERUP FX

AT VERY END
OF PROGRAM

SAMPLE OF A PROGRAM SEOUENCE
THAT SHOULD BE USED IN THE
VARIOUS EXTERHAL PROGRAMS

EXTERNAL PROGRAM

TaLvars THINC SAFETY

R eI
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Figure 3.—Typical data transfer technigues (Sheet 2 of 2).
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s 4 DYNAMIC ADJUST WATTHOUR
23 METERS
=3
')
H
it METERED MWH ACTUAL
4 INTERCHANGE
- o
““““““““““ emTTTT T T COMPENSATION OF SHADE
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USING THE POWER AND ENERGY SCHEDULING PROGRAM
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Figure 4—Power schedule module (Sheet 1 of 2).
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TIME FOR RAMP OF SCHEDULE

TIMEREAL -—
TIMEACT

SEE NOTE 3 1

SCHEDULE RAMPER

R

/\ SEE NOTE ¢
PONER / TIMERIR=—0 3
F Trveri 4 oo For AL
soeouLe POWERGP FLAGSC APSEHED~—0 POYNAM 0 { roINTS IN
\’/ PSCHEDX =— PSCHEQULL DYMAP \W-‘”
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TIMERIR = O N, — -
R0 TvgRedl 30 oPSCHED - (PSCHEDULL escreon X TMESLP anmmc POYNAM T+ anwr
Niistineg NOTE: PSCNEDX+ PDYNAM!C
FRiatse, =0 THE CROSSING OF < PSCHEDK =— PSCHEDX + OPSCHED
e A OAY IN TIMEREAL FIMERIR <— TIMERIR — TIMESLP
oA MUST BE TREATED
{3 CORRECTLY
nEFLA

PSCHEDY = O
TIMELP == TIMEACT
T2 see PSCHEDULL=— PSCHEDULE
TIMERIR = TIMESCL
FLAGSC = false

TIMEREAL —30 MIN
¢
TIMEPSC

< TF

TIMEREAL

. k
MODEAGC =—
FLAGPSE =-0

HOTE
DO NOT STORE
MODEAGC OM 0SSC

FLAGPSC

2 bypass’

TERMINAL
MODULE

N
BYPASS ENTIRE
AGC ALGORITHM

TIAESLP w—TINESLAM
MODEAGC =" suspend’

T

* EXCFSSIVE
DELAY OF AGC
CALCULATION"

MODEAGCD

TIMESLP =

TIMEREAL — TIMELP

ALARMS

NOTEs
TIMESLE SHOULD
TRUNCATED TO D. 1 SECOND

'~
“SEE NOTE §

CALCULATION FLOW CHART FOR SHADE TO CORRECT THE AGC STSTEM

FOR INTE
USING TH

RTIE POWER TRANSDUCER ANU TELEMETERING ERROR
€ POWER AND ENERGY SCHEDULING PROGRAM

PDYNAM=—-POYNAM

nvser
e POYNAM=—PDYNAM -+ DATUMF

DATUMF

NOTES

I. TIMEREAL Is the actual time at the start
of the algorithm truncated to | second.
1+ ts constant throughout the algor tthm.

2. DYMAP contaglns address pointers to every
DATUMF vaoiue used 'n the dynamic scheduls,
These may consist of the power output
from external Jolnt-owned-un!ts or dynomle
logds within the area. OYMAP alsc allows
polnters to DYSIGN, a varlabie for
agch DATUMF that aliows the sign of
the oddltton to bs determined. The DYMAP
array and DYSIGN both shoutd be avallagbie
for ehange by an anglneer whiie the
aigorithm 1s operating.

3, Powerup Inltlallzing concepts are sxpmlned
tn the text sectlon *Inttlaltzation. '

4, FLAGSC and TIMESC concepts are explained

1n the text sectlon *The Buffers' and

In Flgure 4.

Alagrms are discussed In the text sectlon

* The Buffer
Al Integrals (Li] with HR (hour reset)
gre sampied +he end of the hour
and are then set to zero.

The tntegrats have a galn aof |

megawatt-hour for 1 megawatt for
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Figure 4,—Power schedule module (Sheet 2 of 2).
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POWERUP

DEVMAX =— OEVMAXT
TOTTIM =—TOTTIMI
HTIMa—HTIME
FLAGRTA =-0
FLAGRTB +-0
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FLAGRTD =-0
FLAGRTE -0

FLAGRTE
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HOLDTIMG =~ HOLOTIME — TIMSLP

\ — DEVMAX — PRTST: X TIMESLP
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Figure 5.—Ramp test module.
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DATA ACQUISITION

THE DATUMX AND FAILX
ARRAYS ARE UPDATED 8Y
THE DATA INPUT PROGRAMS,

_RATE_CHECK

THE DATUMX AND FAILX
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ONCE IN THE AGC PROGRAM

THEREFORE THE INPUT PROGRAMS
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DISABLE INTERRUPTS.
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RATEFAIL TIMESLP
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®
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TIMEA~— O

LIMIT CHECK TIMER
N
oaTuMIIN .
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ATMAAX

FOR DETECTION OF
FAILURE TO UPDATE
DATA BEFORE NEXT

PASS OF THE MODULE
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TIMEA =~ TIMEAMAX
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06 FOR EALH
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=
)
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M
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Figure 6.—Failure detector module (Sheet 1 of 6).
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FAILURE DETECTOR
MODULE
CONTINUED P

DATA UPDATE DATA FREEZE

FROM DNG.
486-EP-9

€
PONERUP

FLAGDM == 0 (DATUMF =— DATUMOFF] DATUMF = TEMP3 FLAGDE =3

DATUMF <= DATUMOFF

MODEDATA ~+—MODEINT MODEDATA ~— MODERATAD FTZPRI=— ! FTZPRI= | FLAGDB =0
DATUMFMN =~ DATUMEMHT TEMPY =—DATUMENTD FTZALY == FIZALT =1
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FLAGDC =1

FLAGDB =0
DATUMFL =~ DATUMF

FTMALT = |
FLAGOC =0
FLAGOB =0
DATUMFL=— DATUMF
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OATUMFMNT o DATUMFMND

DATUMFMXT == DATUMFMXD
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DATUMFL=— DATUMF

FREEZE
DATUMF

NOTEs The TIMEDM associated with DATUMF = DATAALT
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soon as FLAGDM is set.

MODE CHANGE

F

MODEDATA

thotd!

FREEZE DATUMF

FUAGDC =3
FLAGDE = O
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DATAMF == DATAPRI
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T0 DoW.
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Figure 6.—Failure detector module (Sheet 2 of 6).
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FAILURE DETECTOR
MODULE
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SOFT LIMIT JUMP_DETECTOR

oATUMEM x(/\w "
é T | DATUME — DA
D‘LWF iy 2 DATUMFL == DATUMF

DATUMEM
70 WG, 466-EP- 10

FROM PRECEEDING

One or more AGC
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One or mors AGC
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exceeded 1Imits

FLAGOB ~-2

NOTEt In MODEDATA = *hold',
DATUMFL and DATUMF are frozen

SE—
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£ T I InTgRjoR
Ao LA TN
£ ICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISS [ON OV ISION - SOUTH DAKOTA

WATERTOWN AGC

L TECAWICAL APPROYAL _

CHECKED _ . _ e
inir, CEETRICA S

TR, CoLoRA0 T ] 466- EP- 11

Figure 6.—Failure detector module (Sheet 3 of 6).

105



FAILURE DETECTOR DATA FLOW
POWER MONTTORING HARDWARE
» TIELINES AT COMPUTER
* PLANTS
@ DYNAMIC SCHEOULES
E‘{WMS]
POWER TELEMETER o
TRANSDUCER H =
H CARRIER 4
3
28
sE
&
&
H
gz
g8
38
L 2
POWER TELEMETER <
TRANSDUCER T
T
-4
FREGUENCY
TRANSOIICER
TIMEr TIME ERROR)

FREQUENCY DEVIATION

= READY CONTACTS

POWERPLANTS AND JOINT- OWN!
PPGC MODEM

E0 UNITS

" M

MARP SIGNALS

SIGNALS FOR JOINT- OWNED-UNITS AND
o

YNAMIC SCHEDULES

FMSC SYSTEMS

INTERCOMPUTER
LINKAGES

JAMES-
TOWM
PHSC

WATER
TOWN
PMSC

BCD
CONVERTER
HAROWARE

RS - 232 INTERFACES

PMSC DATA RECEIVERS

® SAMPLES CARRIER FAIL
CONTACTS

8CD CONVERTER PROGRAM

SAMPLES READY CONTACT

ASCIT DECODE PROGRAM

® REMOVES DATA

CHECKSUM AND PARITY USED AS FAILURE
INDICATOR FOR FAILX

PSM DATA PROGRAMS
« EXECUTES WHEN DATA IS TRANSFERED

® TRANSFERS EACH DATUM

* DETECTS ERRORS FROM SQUARE WAVES

THE SQUARE WAVE GENERATORS aT EACH RTU
ODETERMINE THE FAILX FOR DATA FROM
THAT ATU

SQUARE WAVE

IS APPROX. 0.25 Hz

® EXECUTES EVERY 2 SECONDS
® SAMPLES EACH DATUM POINT

A - D SAMPLE PROGRAM
DATUMX FOR EACH POINT
I

» EXECUTES EVERY 2 SECONDS
SAMPLES EVERY DATUM POINT

EXECUTES AS MESSAGE [S RECEIVED

CLEARS FAILX FOR ALL DATA IN MESSAGE

DATOMX

© VIELINE PONER
» PLANT POWER

* DYNAMIC SCHEDULES
* SYSTEM FREQUENCY

EXECUTIVE
POWERUP ROUTINE

® EXECUTED BEFORE DATA

INPUT PROGRAMS ARE RUN

USE FOR *COLD" INITIALIZATION

POWERUP VARIABLE

® CLEARED AT END OF
AGC ALGORITHM
® TRUE = POWERUP

*SET 10 TRUE

CLEAR EVERY DATUMX VALUE

FAILX FOR EACH POINT
1o = 0Ky

DATUMX ARRAY

o

® RAW INPUT DATA IN BINARY FORM WITH SIGN
* ANALOG FILTERING OF OATA MUST BE LESS THAN
AN EQUIVALENT 3 SECOND SIMPLE TIME CONSTANT

DATUMX
® TIMF FRADR

o TIME
® FREQUENCY DEVIATION

FAILX SAME FOR ALL DATUMX

DATA ACQUISITION
i PART OF
. FAILURE DETECTOR
MODULE
EXECUTES EVERY 2 SECONDS

DATUM ARRAY
DATA SCALED TO ENGINEERING UNITS WITH SIGN
ACCURACY OF BETTER THAN 0.5 PERCENT OF FULL
SCALE READING
MAXIMUM TIME DELAY OF 6 SECONDS FROM ACTUAL
SAMPLE FROM THE POWER SYSTEM TO THE
UPDATE OF TRIS TABLE

TO NEXT
SHEET

SET ALL FAILX FLAGS
TO *1* OR FAILED STATE

£0 = READY]

DATUMX

» PLANT POWER
LANT DATA

MAPP SIGNALS
JOU SIGNALS

KDATUM ARRAY

® CONSTANT TO MULTIPLY DATUMX TO SCALE 70O
ENGINEERING UNITS  ~

* ONE CONSTANT FOR EACH VALUE OF DATUMX

® AVAILABLE FOR ONLINE CHANGE FROM PROGRAMING

XDOFFSET ARRAY

|
CONSTANT TO ADD TO DATUMX TO CORRECT FOR

TRANSOUCER OFFSET

ONE CONSTANT FOR EACH VALUE OF DATWMX
AVAILABLE FOR ONLINE CHANGE FROM PROGRAMING

CONSOLE

FAILX ARRAY

ONE FAILX FLAG FOR EACH VALUE IN DATUMX
COR DATUM) ARRA

0 = DATA MAS BEEN UPDATED FAOM AN ACTIVE
SOURCE. IT IS ASSUMED RELIABLE

12 DATA NOT USEFUL

TO NEXT
SHEET

DYNAMIC SCHEDULES
SYSTEM FREQUENCY

FAILX SAME FOR
ALL DATA IN EACH
SEPARATE MESSAGE

[0 = MESSAGE GOODJ

DATUMX

® PLANT POWER
® TIELINE POWER

© DYNAMIC SCHEDULES
® SYSTEM FREQUENCY

DATUMX

Falx FOR ALL DATA
FROM EACH RTU

L0 = SOUARE WAVE CHANGE DETECTEDI

FAILURE DETECTOR

DATA FLOW

@ ALvaYs THINK SAFETY
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Figure 6.—Failure detector module (Sheet 4 of 6).
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FAILURE DETECTOR DATA FLOW
CONTINUED

OATUMOLD ARRAY
® CONTAINS THE LAST VALUES OF DATUM ARRAY
. USED TO CALCULATE RATE OF CHANGE OF DATUM
ROM ONE SAMPLE TO ANOTHER
 UROATE FROY OXTUM ARRAY AFTER RATE CALCULATION

RATEFMAX ARRAY
ONE VALUE FOR EACH DATUM

.

RATE.

PROGRAMMING CONSOLE

CONTAINS THE CONSTANT VALUE FOR THE MAXIMM
CHANGE ALLOWED EVERY 2 SECONDS

VALUE IS (0 PERCENT NORMAL CAPACITY PER
SECOND OR 10 PER CENT FULL SCALE PER SECOND
AVAILABLE FOR ON LINE CHANGE FROM

TIMEA ARRAY

ONE VALUE FOR EACH DATUM

co»mus mz CURRENT TIMEOUT TINER FOR
THE OA

IR+ INDICATES DATUM 15 USEFUL

0 ¢ TIMEA ¢ TIMEAMAX INDICATES DATUM IS

TIMEAMAX ARRAY

ONE VALUE FOR £ACH DATUM

CONTAINS THE CONSTANT VALUE OF THE MAXIMM
TIMEOUT VALUE BEFORE THE DATA CHANGES MODE
VALUE MAY BE ABOUT 12 SECONDS FOR MOST DATA
VALUE SHOULD BE A MULTIPLE OF 2 SECONDS
AVAILABLE FOR ONLINE CHANGE FROM PROGRAMING
CONSOLE

=h

(W )—
A

FROM DATUM ARRAY
OH FREVIOU3 JHEET

FROW FAILX SIGNALS RATE CHECK PART LIMIT CHECK PART
ON PREVIOUS SHEET F
FAILURE DETECTOR

ULE

OF
FAILURE DETECTOR
MODULE

!

v | 4

TIMER PART

FINAL PRIMARY AND
ALTERNATE nun GENERATN

OF
FAILURE DETECTOR
T
MODULE F AILUF::’ Dlii CTOR

FAILFLAG MAY BE UPDATED
DIRECTLY FROM INPUT

HANDLER PROGRAMS

FROZEN
TIMEA - TIMEAMAX INOICATES DATUM MODE SHOULD

DATAALT ARRAY

ONE VALUE FOR EACH FINAL DATUMF
CLEARED JUST BEFORE LOADING sv DATAMAP
(TO ALLOW ADDING DATUM POINT

CONTAINS THE ALTERNATE snuncz VALUES OF
THE FINAL DATUMF

IF ALTERNATE SOURCES ARE NOT AVAILABLE.
REPEAT PRIMARY VALUE IN THIS ARRAY

DATAPRI ARRAY

ONE VALUE FOR EACH FINAL DATUMF

cumzo JUST BEFORE LDAMNS 5\« DATAMAP
T0 ALLOW ADDING DATLM P

CONTAING THE PRIMARY ALUES OF THE FiNaL

DATUME

TO MNEXT
SHEET

FTZALT ARRAY

FTZPRI ARRAY

ONE FLAG FOR EACH FINAL DATUMF ® ONE FLAG FOR EACH FINAL DATUMF

CLEARED JUST BEFORE LOADING 8Y DATAMAP ® CLEARED JUST BEFORE LuAmNc BY DATAMAP
(10 ALLOW *OR® OF FLAGS) (TO ALLOW 'OR‘ OF FLACS.

SET If TIMEA OF THE DATUM POINT IS NOT 2ERO o SET IF TIMEA OF THE nnuu POINT IS NOT ZERD

USE TIMEA OF PRIMARY DATUM IF NO ALTERNATE
EXISTS

.

I

FAILFLAG ARRAY

® CONTAINS A FAILFLAG FOR EACH DATUM VALUE
IN SAME ARRAY ORDER AS DATLM

® AFTER PROCESSING THE RATE CMECK, MINIAM
AND MAXIMM CHECK, AND TIMEA CALCULATTION,
ALL FAILFLAGS ARE SET TO *I' OR FAILED

OATUMMIN ARRAY
ONE VALUE FOR EACH DATLM

EQUIPMENT RANGE MON

. Slate
SHOULD BE CLEARED AND SET BY FAILX SIGHALS

ONLY WHEN DATUMX IS ACTUALLY UPDATED CONSOLE

CONTAINS THE CONSTANT MINIMM VALLE OF
DATUM WHICH 1S VALID FROM THE TRANSDUCER
VALUE IS THE MINIMUM ( OR MAXIMUM NEGATIVE)
VALUE OF THE YRANSDUCER nmcs R

AR RHEE £h ONLIE CHANGE FROM PROGRAMING

DATUMMAX ARRAY DATAMAP ARRAY

ONE VALUE FOR EACH DATUM

CONTAINS THE CONSTANT MAXIMUM VALUE OF DATULM
WHICH IS VALID FROM THE TRANSDUCI

VALUE 1S THE MAXIMUM ramsnucen Fance on
EQUIPMENT RANGE MONITOR

AVAILABLE FOR ONLINE TRANGE FROM PROCRANING
CONSOLE

DATUM VALUES mm APPROPHXHE DATAPRY
AND DATAALT A

DATA IS ADDED TSGLTHER USING DATASION ARRAY
OFFSET PAIRS OF DATUM. orrsn AND DATAPRI
(OR DATAALT) ARE SUGGEST!

AVAILABLE FOR ONLINE cmnug FROM PROGRAMING
CONSOLE

CONTAINS GROUPS OF ADDRESS OFFSETS TO COMPOSE

THE DATAMAP AND DATASIGN MAY BE USED TO
GENERATE PRIMARY AND ALTERNATE SUMMATIONS
OF VARIOUS GROUPS OF INTERTIES WHICH
MAY BE DESIRED FOR SPECIAL DISPLAY AS
NELL AS SEPERATE INTERTIE MEASUREMENTS.

THE DATAMAP COULD AE GENERAL IN NATURE SO
EACH ENTRY WOULD INCLUDE ADDRESS TO DATUM.

TIMEA, TIMEAMAX, DATASIGN, DATAPRL

DATAALT, FTZPRI, FTMPRL FRZALT

ANO FTMALT ARRARYS THIS IS VERY COMBERSOME.
A SUGGESTED ALTERNATE IS TO CREATE THE DATUM.

DATASIGN ARRAY
® CONTAINS THE FLAG TO INDICATE ADDITION OR

TIMEA, TIMEAMAX, [AND ALSO FAILFLAG. SUBTRACTION OF EACH OFFSET PAIR IN DATAMAP
DATUMOLD, RATEFMAX. OATUMMIN, DATAMAX, 0= A0D
DATUMX, KDATUM, KDOFFSET} ARRAYS * | = SUBTRACT

ALIKE SO THAT ONE OFFSET VALUE WILL LOCATE
THE DATA RELATIVE TO A SPECIFIC DATUM
POINT IN ALL ARRAYS, LIKEWISE DATAPRI
FTZPRL, AND FTMPRI SHOULO BE ORDERED

THE SAME AS SHOULD DATAALT, FTZALT,

AND FTMALT,

THE ACTUAL DATAMAP SHOULD WAVE THO DISTINCT
SECTIONS, ONE FOR DATAPRI AND ONE FOR
DATAALT. THEN EACH ENTRY CAN BE AN OFFSET
PAIR, THE DATUM OFFSET (WHICH REFERENCES
ALL DATUM RELATED ARRAYS) FOLLOWED

BY THE DATAPRI OFFSET (OR DATAALT

OFFSET FOR THE SECOND TABLE SECTION).

THE DATLM ARRAY SHOULD ACCOMCDATE THE NUMBER
OF FINAL DATUMF POINTS TIMES 4 TIMES

2 WORDS PER OFFSET PAIR.

FAILURE DETECTOR DATA FLOW
CONTINUED

FTMALT ARRAY

ONE FLAG FOR EACH FINAL DATUM
CLEARED JUST BEFORE meNs B oaTar
(TO ALLOW *OR' OF FLAG!

SET IF TIMEA OF THE TATOM POINT EOUALS TIMEAMAX
® USE TIMEA OF PRIMARY DATUM IF NO ALTERNATE
EXISTS

FTMPRI ARRAY
ONE FLAG FOR EACH FINAL DATUMF
CLEARED JUST BEFORE LOADING BY DATAMAP

(T0 ALLOW *OR® OF FLAGSY
SET IF TIMEA OF THE DATUM POINT EQUALS TIMEAMAX

aLwAYs THINK SAFETY
TR

PICK-SLOAN MISSDL/RI BASIN PROGRAM
YRANSMISSIUN DIVISION - SOUTH DAKOTA

WATERTOWN AGC

068 10WED TECHNICAL APPROVAL _ _
RN ___ sumtrres_
cmeckED L ApeROVED_

TEWER, COLORATD

T |

466 EF’

Figure 6.—Failure detector module (Sheet 5 of 6).
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FAILURE DETECTOR DATA FLOW

AGC DISPLAY OUTPUT

CONTINUED
ROGRAM
* EXECUTES AS NEEDED
* LOWER PRIORITY THAN
- —_— AGC ALGORITHM
RN ——— . —e S
FLAGDC FLacDE MODEDATA ARRAY MODEINT ARRAY DATUMFMN ARRAY DATUMMEMX ARRAY OATLME ARRAY DATUMFL ARRAY
® NDIcATES * INDICATES ® ONE MODE FOR EACH DATUMF VALUE ® OME MODE FOR EACH DATUMF VALUE ® ONE VALUE FOR EACH DATUMF ® ONE VALUE FOR EACH DATUMF CONTAINS FINAL VALUE OF ® CONTAINS VALUE OF DATUMF FROM THE LAST
COLOR PATTEAN BLINKING PATTERN * MODES ARE * CONTAINS INITIAL MODES USED AT FOMERUP ® CONTAINS MINDKUM OR NEGATIVE MAXIMM) © CONTAINS MAXIMM LIMIT OF DATUMF POWERPLANT POWERS o UNFROZEN PASS
FOR DATUMF FOR DATUMF . . . . fed MITS ONE VALUE FOR EACH DATUMF
DISPLAY DISPLAY ot AVAILABLE FOR ONLINE CHANGE FROM PROGRAMING o (LMY OF DATUME ENTERED BY DISPATCHER o POWERPLANT L
* mant CONSDLE AND FOR DISC UPDATE ENTERED BY DISPATCHER . POV(ERP;:NT RATE LIMITS . S
hord INIT POWERS
® ONE FLAG FOR EACH DATUMF VALUE ,;‘3:‘,’ —_— . ‘:leu»nz ovess _— =
|__ USED ONLY BY AGC DISPLAY OUTPUT PROGRAM cam { ® DYNAMIC SCHEDULES ALARM ARRAY
. *ont + FREQUENCY DEVIATIONS © CONTAINS ONE FLAG FOR EACH TYPE OF ALARM
: ol rone © AL DATUMF VALUES SHARE THE SAME ALARM FLAG
~ WAPE LUDKUINA ) IUN ® 41 ARUARRAY 1S €I FARED AT START OF AGC
ALGORITHM
FROM PREVIOUS SHEET ALL & - ® SET FLAG INDICATES AN ALARM
S nteent AR I 3 |
* Frzept
o FTePRI ———
DATAALT
* FTZALT " BATA UPDATE DATA FREEZE o
* et SOFT LIMITER JUMP DETECTOR
c AT AND MODE CHANGE oART OF PART OF
FAILURE DETECTION FAILURE DETECTION FAILURE DETECTION FAILURE DETECTION
MODULE MODULE
MOQULE — MODULE
FROM PREVIOUS
SHEET

TO REMAINING
AL ALCORITHM

OATUMFMXT ARRAY DATLMOFF ARRAY

DATAJUMP ARRAY

. FLAGOM MOOEDATAD | DATUMENTD | OATUMFMND | DATUMFMXD DATUMFMNT ARRAY
POWERUP ROUTINE * oNE FLAG ® ALL MODES | ® NEW VALUE ONE VALUE FOR EACH DATUMF ONE VALUE FOR EACH DATUMF * ONE VALUE FOR EACH DATUMF ONE VALUE FOR EACH DATUMF
® EXECUTED BEFORE AGC FOR EACH EXCEPT ONLY IF ® CONTAINS THE INITIAL VALUE OF DATUMFMN ® CONTAINS THE INITIAL VALUE OF OATUMFMN * CONTAINS THE INITIAL VALUE OF DATUMF USED CONTAINS THE MAXIMUM ABSOLUTE VALUE OF THE
INPUT PROGRAM CLEAR DATUMF * hotd MODE 15 USED AT POWERUF USED AT POWERUP AT POWERUP OR IN "off* JUMP AFTER FREEZE
FLAGM | * cLeaRtp Ay 8e *mant ®  AVAILABLE FOR ONLINE CHANGE FROM PROGRAMING ©  AVAILABLE FOR ONLINE CHANGE FAOW PROCRAMING © AVAILABLE FOR ONLINE CHANGE FROM PROGRAMING SET T0 20 PERCENT OF MAXIMUM NORMAL ABSOLUTE
P ENTERED CONSOLE AND FOR DISC UPDATE CONSOLE AND FOR DISC UPDATE CONSOLE AND FOR DISC UFDATE VALUE OF DATUMF
DO NOT UPDATE WITH PRESENT DATA FOR STORAGE AVAILABLE FOR ONLINE CHANGE FROM PROGRAMING

ON DISC FOR NEXT POWERUP

THE ARRAY FROM THE AGC ODISPLAY PROGRAM
SAME AS INTERACTION BETWEEN AGC AND EXTERNAL
PROGRAMS EXCEPT THE TIME IS ALNAYS ASSUMEO
A5 PRESENT UPDATE DISC WHEN
FLAGOM ARRAY IS CLEARED BY EXECUTIVE AT POWERUP FLAGOM IS SET

ALL DATA IS TERMINATED WHEN FLAG IS SET. THE AGC
DISPLAY PROGRAM MUST INSURE ALL DATA FOR
EACH FLAG 1S CORRECT

S

SET FUAGDM
WHEN DATA
15 READY

AGC GISPLAT INPUT

.

PROGRAM
EXECUTED AS NEEDED
AFTER_AGC_DISPLAY OUTPUT

T @ ALVAYS THINK SAFEW
i DF;FRET&%ANJFJ‘ o8

PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISSION DIV ISION - SOUTH DAKGTA

WATERTOWN AGC

QESIGNED_ .. _ . _ ... _ . TECHITAL APPROYAL _
Do suBerrreD_
_ appROvED _ _

ey, xR caL B

BEw7ER, COTomED TETEE] 466- EP- 14

Figure 6.—Failure detector module (Sheet 6 of 6).
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_[x

padER Ny
00 FOR
ALL vALUES) b 7 ot s
(B&D'g\m < DATUMF X KCALNEN)

FLAGCALA == 0

PAAS <~ PAAS + [PA

PASUM == PASUM+-P.

PASUM ~— PASUM-+ P

INTERTIE PASM =0 -
F F P A PAl DATUM
POWER PAMS =~ 0 PONERUP FLAGEAL +
MODULE ] 3600
PABQUN( N+1) ABORT
DATUMF AND MODEDATA DO LOOP

PAAS +- D

T ARE_FOR INTERTIE
INVERCHANGE POYERS

THERE ARE TEN VALUES OF KCALN AND
ELEVEN VALUES OF PABOUN FOR EACH
DATUMF POINT IN TLMAP

TIMEREAL - 30 min
¢
TIMECAL

PaM=— FAM + DATIME

FLAGDISC ~ |
FLAGCALA =1

PABOUN = PABOUNL

| KCALN =~ KCALNT}

KCALN =~ KCALND

PAS— Xm?\c,u PAILH=— :AI
F £ PASUM + PAUMETL PAL =~
POWERUP FLAGUM FLAGPA =~ | nuz;:“ FPAILH = FPA
X011 00 FPAL=—0

|pr EXCESSIVE DATA
IN HOLD, MANUAL OR OFF

MODE — CONTROL SUSPENDED x59100. SCHEDULING®
Lea T FLAGEH~ 0
TIMEREAL LAGP:

xx591 59
F

DATA READY FOR THE 'POWER AND ENERGY
e PROGRAM
FLAGEH = 0

TLMAP NOTES: The table used to provide the
varlous values of DATUMF for the tlelines
should allow alteration of the table by -
on enginesr while the algor(thm !s operating.
The table should provide Informatlon to locate
sach DATUMF for every tleilne and aiso
TLSIGW tu dutwrming Hhw styn which shivuld
be used to add the DATUMF to the summatlon.
Other tabies to assemble spacial totals
for subareas or Interchangss with specific
compantes or utliities may be needed
and should also contdln a polnter to each
required DATUMF and the necsssary slgn.

The DATUMF Itself may be added to one total
and subtracted from another so the sfan
Information must be contalned In the

tables. also the table must contaln a
pointer to MODEDATA assocloted with each
datum polnt, The arrays PAl, FPAL PAILH,
FPAILR, PABOUN, KCALN, and PA are assoclated
to TLMAP for stze and sequence

of ontrisa.

THEREAL ~30 i
TIHEWM >L—
Trucheat \

PAUMETL = PAUMET
FLAGIM =0

THE CROSSING OF A DAY
IN TIMEREAL MIST B MO0 AGE =" mitapandt®
TREATED CORRECTLY

FLAGEH = !

aLwars THINK SAFETY
s
ol P R

PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISS ION DIV ISION - SOUTH DAKOTA

WATERTOWN AGC

Figure 7.—Intertie power module.
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e

-
MODEDATANE
Lottt

FREQUENCY
MODULE

DATUME
AND MODEDATA
ARE FOR

STSTEM
FREQUENCY
FARMIN FAAMIN
4 F F
DAT:PRI OATAALT
<
FAMAX ﬂ% % FAMAX
T ¢ T
MIN
/,FA; ~ . /FAEAXN\
\nﬂéwm DaTAALY
T FAMAX FAMAX
T

T

MODEAGC =" suspend’

FLAGFSC

TIMEREAL JO\th
TIMEFSC
TIMEREAL

3

FAFT -—FAFTO
8= B0
FLAGFSC=—0
FLAGDISC ==~ |

poweRUP
e

FSL=--60.
FAF=—60.0 .
FAFT=—— FAFTI |

B-—81 |

FAS
FAF «—FA

TIMEREAL — 30 min

<TIM%FS>

IMEREAL NOTE, THE CROSSING
oF THE DAY IN

FA =—— DATUMF

~— 1058 (FA—FSL)

f o+ (FA-VFAF) *x TIMESLP
FAFT

FAD=——FA ~ FAF

FLAGFA =1 _

i TIMEREAL MUST

BE TREATED C

FSL-F5 |
| FLAGFS=—0_j

DRRECTLY

- aLvavs THINKG SAFETY
——TNITED STATE,
o Bl "
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSM 1SS 10N DIV ISION - SOUTH DAKOTA

WATERTOWN AGC

_ TECHNICAL APPROVAL _ . __

oES1GHED _
oRam__
cwexED _ APPROVED _
o, ST
TCWER, COLORADD T T P | 466- EP- 3

Figure 8.—Frequency module.
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AN

POERUP

TIME
ERROR
MODULE

TIMEER = DATUMF
IMEERROR =— OATUMS
DATUMF IS THE TIME ERROR SIGNAL

KT = K71
TIMEERMAX =— TIMEERMAXT
TIMEERMIN == TIMEERMINT

RN

FLAGTEC

TIHERERL =30 gl
F
nus%m: P |

TIMEREAL

KT = KTD
TIMEERMAX == TIMEERMAXO |
TIMEERMIN o~ TIMEERMIND
FLAGTEC =0

FLAGDISC =~ {

IMEER == TIMEERMAX]

TIMEERMIN

TIMETC == KT = FIMEER
FLAGTE = |

“aivars TINK SAFETY

EP, T OF, INTERTOR

of rEais
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISSION DIVISION - SOUTH DAKOTA

WATERTOWN AGC

I
_ SUBMITIED
_ PPRIVED

Des1GNED
oaaw__

anecrio __
i AL P
DEMVER, COLORAZO JUNE 1y !!Y!I 466- EP_ |7

Figure 9.—Time error module.
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INSTANTANEOUS
INADVERTANT
MODULE

THIS MOOULE IS NOT
NECESSARY UNLESS THE

MAPP COORDINATION SIGNAL

MODULE IS USED

(00700,
TIMEREAL
ol

POWERLP

FLAGIIC

0

xx§91 00 e = ¢
3 FLAGIIC + 0
nc—0 TIMEREAL ou
FLAGIIC == 0 xzf.g-;s
T

FLAGHC == |

THE *POWER AND ENERGY SCHEDULING' PROGRAM MUST EXECUTE ONCE AN HOUR:
® READ ALL MWH READINGS OF ALL INTERTIES

® CHECK MWH READINGS WITH CALCULATED MWH FOR EACH TIE AND ALARM IF ANY DIFFERENCE

IS GREATER THAN 2 PERCENT OF NORMAL OR RATED INTERTIE FLOW

® ALLOW DISPATCHER TO CHECK READINGS AND SUBSTITUTE READINGS WHEN NECESSARY

© WHEN DISPATCHER IS SATISFIED, CALCULATE THE ME.ERED ENERGY INTERCHANGE LESS THE
ACTUAL SCHEDULED INTERCHANGE INCLUDING RAMPS.
1A=~ ( IMOEL ~ IMREC) — (PSDEL — PS REC){ | hr) + (I IJOUEXT -~ I

ALEXT J06 AL

WHERE THE VALUES ARE THE SAME AS FOR SHAOE

® WHEN THE CALCULATION IS COMPLETE, FLAGII == 1, AND TIMEIl<— TIMEREAL

TSOUINT) + PSRAMPADY
T J0u

TIMEREAL =30 min

T fy o
TIMEREAL TIMEREAL

T T
e ~iia - TIC = 1160

FLAGHD

TIMEREZL —30 min

CI1C = TICLH)
FLAGIT =~ 0

FLAGHD =

05

f1eK - 11C

TIC = 1iC + PAS
k2

PS

TIEA = KIICIICKY
FLAGIIO == !

TICX =~ TICMX

avavs THINK SAFETY
oEPAR T oR

e e LT T
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISS 10N DIV ISION - SOUTH DAKOTA

WATERTOWN AGC

DESIGNED _ TECHMICAL APPROVAL __ .o
oRam SumeITIED,
CHECKED . o APPROVED _ _ _ _ -
i, T By
TEWER, COLORN TORE T, 1977 466- EP- |

Figure 10.—Instantaneous inadvertant module.
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TMIS MODULE REQUIRES

OUTPUT FROM THE TIME

ERROR MODULE AND
THE INSTANTANEOUS
INVERTANT MODULE

POWERUP

TIMEMTG = 10BL TIMEER?
60( KMAPP)

Hew= TIcx
KMAPP

FLAGMCS

TIMEREAL —30 min
[

TIMEMTC = O
TIcH - 0

KMAPP =~ KMAPPA
FLAGMCS == 0

NOTES_ON COMMUNICATION PROTOCOL

—— DATA SHOULD BE SENT
DATA SENTs ONCE_EACH HOUR

THE VALUE OF THE MAPP SIGNAL IN HOURS
SIONAL MAY RANGE FROM I HR TO 24 KR
A ZERO SIGNAL IMPLIES THE CONTRIBUTION
TO ACE 1S ZERD FOR TIME-ERROR AND
CALCULATED INADVERTANT

A
COMPUTER

DATA IS SENT ON HALF-DUPLEX
CIRCUIT AT ANY REASONABLE BAUD.
THE MAPP COMPUTER IS THE MASTER
OF THE DUPLEX CHANNEL THE ECS

IS THE SLAVE AND RETURNS MESSAGES

e
MODE OF MAPP SIGNAL *on OR oft."

] ONLY WHEN 1T RECEIVES A MESSAGE

TYPICAL MESSAGE (ali characters have even parity)

€07 CHECKSUM z 3 ! ] A SO FIRST CHARAGIER
€D OF ALL T 81T 7 MEANS ONE OR THO B MEANS A MEANS START OF
MESSAGE LEVELS OF THE CHECKSUM oI6ITS THE SIGNAL THE MODE HEADER
ocTAL 4 ALL CHARACTERS FOLLOWS BETWEEN 0 VALUE FOLLOWS oCTAL 1
FROM SOH NG 22 wITH FOLLOWS
THROUCH 2 THE UNITS
ARE_EXCLUSIVE OF HOURS
OR TOGETHER |
FIRST - —
- son 1 [ T z T CHECKSUM E07
START OF N MEANS = ton 2 MEANS ALL T BIT €0 OF
HEADER THE MODE FOR “prit, IHE CHELKSUM LEVELS OF ME3SAQE
ocTAL 1 FoLLOwS caltt OR FOLLOWS ALL CHARACTERS ocTAL 4
vont FROM SOH
0 = ot THROUGH 7
FOR *Potd, ARE_EXCLUSIVE
“mant OR OR TOGETHER
"ottt
2 = tnvalld
meseaos
racelved

DATA INPUT IS PROCESSED BY THE POWER AND ENERGY
SCHEDULING PROGRAM BEFORE THE MODULE IS

USED, THE FOLLOWING PROCESS SHOULD BE

DONE BY THE ASCII MESSAGE PROCESSOR

KMAPPA =~ VALUE OF MAPP SIGNAL

WHENN & VALID MESSAGE IS RECEIVED AND THE
MAPP MODE IS *on'.

FAILX =~ 0

MODEEXT = * on®

WHEN A VALID MESSAGE IS RECEIVED AND THE
MAPP MODE IS *off*,

FAILX =)

MODEEXT == *off*

WHEN A PARITY CHECK FAILS OR THE CHECKSUM

FAILS, FAILX=- ). A MESSAGE SHOULD BE

SENT TO MAPP WITHIN 2 SECONDS OF RECEIPT

OF THE MAPP MESSAGE AND SHOLLD CONTAIN

ANY DATA MAPP DESIRED AND THE MODE

AS FOLLOWS:

MODE ~—*on* IF MODEOATA = ‘on®, ‘pri' OR alt®
MODE =-* of#' 1F MODEDATA = “hotd*, *mon’ OR *off®
MODE =—* try agaln' IF MESSAGE RECEIVED IS NOT VALID

THE DATA SHOULD BE IIANDLED BY THE ' POWER
AND ENERGY SCHEDULING' PROGRAM THROUGH
THE SAME DATA HANDLER AS THE MMH READINGS

ALWAYS tnlﬁﬁTY
T g ion
M o e A BN

PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISSION DIVISION - SOUTH DAKOTA

WATERTOWN AGC

oES JNED
DAan_
cuecren

APPROVED _ _

i e
T 7] 466- EP- 19

TEFER, COLORADD.

Figure 11.—~MAPP coordination signal module.
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MAPP
POWER
BIAS

MODULE

POWERUP

FLAGMPC

PMAPP = DATUMF

PMB = KMB { PMAPP)|
FLAGPMB ~ |

DATUMF 1S THE MAFP
POWER 81AS SIGNAL

PMAPPAX = PMAPPMXT TIMERERL 30 min

< TX’MiMPC >—rﬁ

TIMEREAt

PMAPPMN - PMAPPMNI
KN - KMBI

PNAPPMX =~ PMAPPMXD
PMAPPMN <= PAPPMND
KMB = KMBD

FLAGMPC = 0
FLAGOISC = (

NOTES ON COMMUNICATION PROTOCOL

OATA SENT: MODE OF MAPP POWER BIAS SIGNAL
or

n * OR *off'. THE VALUE OF THE MAPP
POWER BIAS SIGNAL IN MW.

]

_J OATA INPUT IS PROCESSED BY THE FAILURE DETECTOR MODULE. BEFORE THE MODULE IS
USED . THE FOLLOWING PROCESS SHOULD BE DONE BY THE ASCI] MESSAGE PROCESSORs
MAPP DATUMX o YALUE CF MAPP POWER BIAS

COMPUTER WHEN A VALID MESSAGE IS RECEIVED AND THE MAPP MODE IS "or',

FAILK ~-0,

OATA SHOULD BE
SENT ONCE EACH

2 SECONDS

MODEEXT = * on'

FAILX =1,

WHEN A VALIO MESSAGE IS RECEIVED AND THE MAPP MODE IS *off',
MODEEXT = * of *

DATA 15 SENT ON A HALF-DUPLEX CIRCUIT AT WHEN A PARITY CHECK FAILS OR THE CHECKSUM FAILS,
ANY REASONABLE BAUD. THE MAPP COMPUTER FAILK =1

IS THE MASTER OF THE DUPLEX CHANNEL.

THE ECS IS THE SLAVE AND RETURNS MESSAGES

ONLY WHEN IV RECEIVES A MESSACE.

A MESSAGE SHOULD BE SENT TO MAPP WITHI I.S SECONDS AFTER RECEIPT OF THE MAPP
MESSAGE AND SHOULD CONTAIN ANY DATA MAPP DESIRED AND THE MODE AS FOLLONS:
MODE =~ ' on* IF MODEDATA ='on*, ‘pri* OR *alt'.

MODE ~-*off' IF MODEDATA ='hold', ‘man* OR ‘off',

NOTEr MODEEXT IS EXPLAINED IN THE PLANT DATA MODULE.
MODEDATAL =~ of *
DATUMOFF =~ 0

TYPICAL MESSAGE (alt characters have even parlty)

.. FIAST CHARACTER
EoT CHECKSUM z L | o i © [ _son — s
[ ALL TBIT T MEANS \ ! ! /| o MeAns 1= tont C MEANS | START oF
MESSACE LEVELS OF THE CHECKSUM THE MAPP 0 o THE MODE | HEADER
0CTAL 4 ALL CHARACTERS FOLLOWS | BIAS FoLLOWS ocTAL 1
FROM SOH THE MAPP BIAS FOLLONS
THROUGH 2 VALUE =27 MW,
ARE EXCLUSIVE
OR TOGETHER
B b —
ALvaYS THINK SAFETY
FIRST CHARACTE DEPARN ENVTprF THE INTEROR
e SOH P i z CHECKSUM EOT AT P e e in T
PICK-SLOAN MISSOURI BASIN PROGRAM
START OF | P MEANS 1 tent 7 MEANS ALL 78IT E€ND OF TRANSMISS ION DIVISION - SOUTH DAKOTA
HEADER THE MODE FOR “pri*, THE CHECKSUM LEVELS OF MESSAGE
ocTaL + FOLLOWS air R FOLLOWS ALL CHARACTERS oCTAL 4 WATERTOWN AGC
*on FROM SOH
0z off THROUGH Z
FOR 2'hota’. ARE_EXCLUSIVE
Tmart OR OR TOGETHER peag—
atfr.
EAY
- | S cureren = -
7
T R RT3 266-EP- 20

Figure 12.—MAPP power bias module.
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ACE
FORMATION POWERUP FLAGACE

MODULE

MODEPES = MODEPESI ACE~ ACE— TIMETC -
TIMEREAL =
MODEFR == MODEFAL ugnem 30000 ACE -+ ACE—FaS _ [ACE =~ ACE +110u— TIMEMTC|
Thabace WODEMAPP = * of

MODETE - MODETEL . |

MODEI ~—MODEI TIHEREAL

MODEMB = MODEMBL T

P <= MODEMAP
FLAGOISC = )

MODEPES -=— MODEPESD
MODEFR =~ MODEFRD
MODETE = MODETED
MODELT =+ MODELID
MODEMB -+ MODEMBD

FLAGACE ~—0

MODEMAPP ~— MODEMAPPY

ECTLY

THE * AGC DISPLAY' PROGRAM
ETED

SHOULD NOT ALLOX 4OD!
AND_MOOEMAPPD TO
on* SIMULTANEOUSLY

aLvars THINK SAFETY
or

of i
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISSION DIVISION - SOUTH DAKOTA

WATERTOWN AGC

oES 16NED _ _ TECHICAL AFFROVAL
oRawn__ _ SUBNITTED_ _ . .
cugcKen _ apAOVED . ___

i, eleora . S
TEwER,  COLORAD0 T TR 466- EP- 21

Figure 13.—ACE formation module.
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PREPARATION POWERUP
MODULE

1

FSAVEX =0
TFSAVE == 0
FREQADJ = O
TEAVEX =0
TTEAVE =0
MAPPAVE == 0
THAPPAVE = 0
MAPPADY =~ 0
TIMEADY - O
TIMELK =0
FLAGFH =0

x$$9:°00

<
<'MNEAL .
wush fs

FSAVEX = FSAVEX— [0 = Bl FSL— 60! TIMESLI
TFSAVE = TFSAVE+ TIMESLP

TEAVEX = TEAVEX— TIMETC x TIMESLP
TTEAVE == TTEAVE + TIMESLP

TEAVEX = TEAVEX—TIMEMTC T TIMESLP

TTEAVE =~ TTEAVE +TIMESLP

MAPFAVEX =~ MAPPAVEX + PMB X TIMESLP
TMAPPAVE == TMAPPAVE + TIMESLP

xogron

TIMEREAL

woteso
F

FREQADY =~ 0
MAPPADJ == O

TIME TH = TIMEER
480 FIMETH~ TIMELW)

TIMELW == TIMETH

FLAGFH=- 0
FSAVEX = 0
TFSAVE =0
TEAVEX == 0
TTEAVE = O
MAPPAVEX == 0
TMAPPAVE == 0
FLAGFD == |

F F

FREGAD = FREQADS + FSAVEX| | [FREGADI =~ FREQADJ 4 TEAVEX
TFSAVE TTEAVE

MAPPADJ =~MAPFAVEX
TMAPPAVE

NOTEs SHADE 1S CALCULATED BY THE *POWER AND ENERGY SCHEDULING' PROGRAM EACH HOUR.
SHADE =~ SHADE— ( IMDEL—IMREC) + ( PSDEL — PSREC) -~ Z1JOUEXT +I( 1JOUT — 2PJouS)+ZIPLOADS +TIMEADY +
EXTERNAL  INTERNAL EXTERNAL DYNAMIC LDAOS
FREGADS — MAPPAD + PRAMPSAD.S + 1SCHED. Jou Jou OWNERS ~ OR GENERATION
WHERE IMDEL, IMREC, PSDEL, PSREC, 1JOUT, IPLOADS AND PRAMPSADJ ARE PROVEDED BY THE "POKER AND ENERGY
SCHEQULING' PROGRAM AND 1JOUEXT, PJOUS, TIMEADJ, FREQADJ AND MAPPADJ ARE SUPPLIED ATTHE END OF EACH HOUR BY
THE AGC ALGORITHM.

@B rivars T SAFETY

O AT P AT TN
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISS 10N DIVISION - SOUTH DAKOTA

WATERTOWN AGC

oesjoED_ _ _ . TECHICAL APPROVAL _ _ _

B SuBMITTED

[ S

cHeeED L AeRNED P
AT ol R

TR, COLoRA T 466- EP- 22

Figure 14.—SHADE preparation module.
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EMERGENCY
ASSIST
MODULE

POWERUP

ACERMIN =~ ACERMINI

ACEEAL = ACEEAL!
TIMEREA = 0

TIMEREAX == TIMEREAD

ACERMIN 1S USED
IN ALL ALLOCATORS.

["ACERMIN =~ ACERMIND

FLAGMA

£
FLAGEA = 0
TIMEREAL 30 min
< F
nus;m

TIMEREAL
T

ACEEAL =— ACEEALD
FLAGENA = O
FLAGDISC = 1

TIMEREAX -+ TIMEREAD

W

{HMEREA - TIMEREAX FIMEREA ~ TIMEREA— vruzsu'
FLAGEA =~ |

* EMERGENCY PLANT
LIMITS IN USE*

ACEA == ACE

ACE AT MAXIMUM
LEvEL”

Py B

acenrs Wk SAFETY
oer g 07 ITFEI

PICK-SLOAN MISSDURI BASIN PROGRAM
YRANSMISSION DIVISION - SOUTH DAKOTA

WATERTOWN AGC

ES 16ME0 _ TECANICAL APPROVAL

oRaw_  SumerTreD_ __
eHECKED _ wpRoveD _ _ _
i, LT
T ] 466- EP- 23

DEWIER, COLORAD

Figure 15.—Emergency assist module.
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INTEGRATION
TACE =- TACEL + ACEA( TIMESLP)|
3600

POWERUP

ACE
INTEGRAL
AND

SMOOTHING
MODULE

JACEL =0 TIMEREAL —'30_min
ACEDB - ACEDSI
TOSF == YDSFI TIMEREAL
TACEW = TACEWT T
IACEH =~ IACEH TPy
KIACE = KIACEL
TACEH = TACEHD
TIRS = TIRSI
KIACE =~ KIACED
TIRS = TIRSD
ACEDB == ACEDBD
TOSF = TOSF0
FLAGIAC =~ 0
FLAGDIS

DEADBAND FOR ACE

ACE8 = ¢ {— TDSF ) ACED+YDSF( ACEBLY
ACEBL = ACEB
FLAGSMD =- 1

ACED =~ ACEC+IACEZ

ACEC~- 0

INITIAL SETYINGS

ACEN = 60 MWH

TACEH = 45 MWH

KIACE = 0.5

TIRS = 0.0022¢ 300- SECOND RESET)
ACEDI

LIRS
TOSF = 0.983( 120~ SECOND FILTER}

NON- WINDUP
LIMIT FOR
TACE

EACEY = —TACEW

TACEY ~— IACEW

‘ Ll

FACEY = 1ACE

WINDUP LIWIT
FOR IACE

IACEY = —IACEH

TACEY =~ IACEH

CONSTANT AND
RESET FOR TACE

TACEZ = KIACE( IACEY)
ACEC = ACEA
TACE =— [ACE — TIRSUIACEL}
ITACEL =— IACE :

ALvAYS THING SAFETY
T
oo o R

[
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISS TON DIV ISION - SOUTH DAKOTA

WATERTOWN AGC

DES 10NED.
DRan_
cecken

T, Lo ICaL A

466-EP-2

TEWER, COLORATD TR T |

Figure 16.—ACE integral and smoothing module.
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* ZERD CROSSING OF ACE' ELEMENT WITH TIMER
AND e e NS (THE GATE OPENS IF ACE HAS BEEN AWAY
LIMIT OF INTEGRAL FROM ZERO FOR MORE THAN TIMDFAM)

IACE £SLP N
TACEP IACEP + ACEA( TIMESLP) //\ / \ N
TacFe 3 TACEP ¢ ARFPFYCACFREL ) £

~

nw:n

PROBABILITY MOEPFL = ACE] F
FILTER POWERUP rEPFL CEre Y TIMPFA =— TIMPFA + TIMESLP
ACEPF =-ACEA 1ACEPM —IACEPM 5 oo
MODULE
GATEA=—0
N ;r T
- - n Am\-— I
IACEF— 0 GAINA=—— - GAINAL N TACEP ~— IACEPM IACEP =———JACEPM TIMPFA = -0 WEP“ ——TEPEa
ACEPF =—-0 TACEPM ~— IACEPMI N
TIMPFA =0 TIMPFEM ——TIMPFOMI ye ’ .
TINPFE ~—0 GAING ~— GAINBI 7 b
GATER =—0 KWACER—— KWACEB] T
WACES =——0 WACEBM~— WACEBMI TIMPFAM =—— TIMPFAMD  TIVFFCM ~— TIMPFCHD
WACEC =-—0 TIMPFCM ——TIMPFCMT TIMERERT 30 min GAINA =— GAINAD GAING =— GAINCD
GATEC +—0 GAING ~— GAINCT iere ; IACEPM —— IACEPMD  KWACEC ==~ KMACECD
TIMPFC =—0 KNACEC~— KWACECT TIMPFBM +— TIMPFEMD WACECM ~— WACECMO
TIMPFAM ——TIMPFAML  WACECM=- - WACECMI TIEREAL GAING ~— GAINED FLAGPFC +— 0
T KWACEB = KWACEBD  FLAGDISC ~— !
WACEEM =— WACEBND

MEDIUM SPEED ACE MOVEMENT ELEMENT

WACECL +— WACEC
WACEC ~— ( KWACEC) { ACEPF) + ¢ TACEP

WACEBL =— WACEB
WACEB ~— ( KWACEB) ( ACEPF) + ( IACEP)|

TIMPFB =— TIMPFE 4 TIMESLE

F TIMPES =— 0

GATE ~—

(wafEB) (WACEBL)

TINPFE - 0
GATEB =—0

GAIN DETERMINATION

SLOW SPEED ACE MOVEMENT FILTER ELEMENT
~.

- /nwrc
TIMPFC ~— TIMEPFC+ TIMESLP) = ACEP

- \mrcu -
' R 4
oarec = -1 [szr —sceer coamo ] |5 RS —

TIMPFC =— 0
GATEC =—0

aLvays THINK SAFETY
BT

PICK-SLOAN MISSOURI BASIN FPROGRAM

-
INITIAL SETTINGS TRANSMISS JON DIV ISION - SOUTH DAKOTA
TIMPFAM = 60 G TIMPFBM TIMPFCM = 10 8 WA TERTOWN AGC
GAINA B GAINB GAINC = 1.0
Kaaces XwACEC 7 50 s
TACEPM = 840 MWs = 60Ld WACEBM = 1400 mMws = lo0Ld WACECM = 1400 Mws = (00Ld
e roved L recmion seemovat
-y
P
i e
TR T TET ] 466- £P- 25

Figure 17.—Probability filter module.
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POWERUP

A’L

KRMPCHG =— KRMPGHCI Tiegesl =30 min

<

MODEDS +— * OFF* MODEDSI TIMEH
MOOEPF =— ' OFF* MODEPFI
GAINN =— GAINNT
OPSCHEDL »— O
NPLT =— NPLTL

TINEREAL

KRMPCHG +— KRMPCHGO.

MODEST =~ MODESTD
MODEDS ~— MODEDSO
MODEPF =— MODEPFD
GAINN = GAINND
FLAGGN =— O
FLAGDISC =— 1
NPLT =— NPLTD

EMERGENCY ASSIST

ACERATA == = ACEA( GAINN) (e

FLAGEA

ACERATA ~——

F MODEDS F
=

ASSUME.
MODEPF = 'ON'

ACEA ( GAINN) ACERATA +— — ACEB ( GAINN} ACERATA =— —ACEP ( GAINN}

DPSCHEDL =~ OPSCHED
FLAGAR =— |

— (DPSCHED— DPSCHEDL)
ACERATE ACERATA + KRMPCHG FIMESLP

aLWaYs THING SAFETY
DEPAR

DP AT
P ICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMSS 10N DIV IS ION - SOUTH DAKOTA

WATERTOWN AGC

FEED FORWARD Of SCHEOULE RAMP

oEsIoNED .
oeamy_
cuecheD -
s AT, A
T ER, CoLORADS TE 5] 466- EP- 26

Figure 18.—AGC gain module.
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PPCC
COMPUTER

WITHIN 1.5 SEC.
® MESSAGE RECIVED HAS
PARITY OR CHECKSUM

« PPGC IS NOT OPERATING

IF A MESSAGE IS NOT
RECIVED WITHIN 20 SEC.
THE *PSCC MESSAGE FAIL®
FLAG SHOULD BE SET.

L.

MESSAGE SHOULD BE RETURNED

FLAGPP ~— 0
FLAGOISC =— |

FLAGPD =— 1
FLAGPPD *—1

D0 FOR
AtL
PLANTS
ENPLT)

PONERUP

PLANT DATA
INITIALIZE

MODEPP = MODEPPY
P —0

PFLAGS +— PFLAGS

NOTE « THE CROSSING
F THE DAY In
TIMEREAL WUST BE
TREATED CORRECTLY

F PLANT DATA
CHANGE

FLAGPPA ~—1

TJOUEXTX ™ O

1JOUEXTX =— 0 J

PLANT DATA
UPDATE

MODEDP ~—

THE PLANTS WITHOUT DASHPOTS ARE

ALLOCATED WITH PLANTS HAVING DASHPOTS

BYPASSED, THIS MINIMIZES THE
NUMBER OF DASHPOTS BYPASSED.

fooept

Coftr oR *pitt

PPLT = DATUMF

TELEMETERED

ASSUME MPP-' PULSE"

MODEEXT = — MODEPP
MODEPL T~ MODEPF]

PPLT =— DATUMF
PREQ =— PPLT

TELEMETERED
POWER

PREQ =—— PPLT
PPLTO =— PPLT
PRATE~—0

FLAGH =—0
FLAGLIOU ~— [

xxoB: 09
< 00 FOR
REAL ALL
< PLANTS
M L

PREQ w— PPLT
PPLTO =— PPLT
PRATE<— ©

TJOUEXTX=— TJOUEXTX
4 PPLT » TIMESLP
TIOUEXTX = TJOUEXTX

1JOUEXT == LIOUEXTX]
TIGUEXT

LIOUEXTX ~— 0
TIOUEXTX>— 0

NOTES ON COMMUNICATION PROTOCOL

DATA 15 SENT AND RECIVED ON A HALF DUPLEX
CIRCUIT AT 1200 BAUD.

THE ECS COMPUTER IS THE WASTER OF THE CHANNEL
THE PPGC IS THE SLAVE AND RETURNES MESSAGES
ONLY WHEN IT RECIVES A MESSAGE.

THE ANSWER SHOULD BE RETURNED I§ 1.5 SEC. OR LESS

I

£CS COMPUTER LOCATED AT PSCC

ALL DATA INPUT IS PROCESSED BY TRE FALLURE DETCTOR
MODULE. BEFORE THE MODULEIS USED, THE FOLLOWING
PROCESSES SHOULD BE DONE BY THE ASCIE PROCESSOR

o WHEN A VALID MESSACE IS RECIVED AND THE PLANT MODE IS
DATAMOOE=~- * of 'y FAILX-=— O, MODEDATAX =~-'off'
DATAMODE =— * pi1*y FAILX =— 0, MODEDATAX =—*pit*
DATAMODE =— *psce' s FAILX =— 0, MODEDATAX = psco’
DATAMODE =— " gy FAILX*— , WODEDATAX=— 'pscc’
DATAMODE +— * etd” s FAILXw— 0O, MODEDATAX ~—*pscc’

THE FAILX FLAG APPLIES 7D ALL DATA
ON THE CHANNEL

FIRST CHARACTER TYPICAL MESSAGE ( ALL CHARACTERS HAVE EVEN PARITY )
B | T c TTz]lo[olajif3loJolx[ajx 7 | CRECKSUM | _EQT |
== ;
START OF | STATUS |STATUS ur_‘ PLANT  |PLANT REQUIREMENT|  PLANT PLANT SCHEDULE | PLANT PLANT | CHECKSUM| aLL 7 BIT | END OF 7;‘5;.55.” ,L:’,:%:?E:ms
MESSAGE [IDENTIFIER |  ECS  [REQUIREMENT, MW SCHEDULE. MW SCHEDULE | SCHEDULE [IDENTIFIER | LEVELS OF | MESSAGE DATA INTO DATAMODE
1- CONTROL{ IDENTIFIER FOR PRESENT| FOR THE PRESENT | FOR THE | FOR 2300 ALL CHAR, | OCTAL 4 THEN THE ASCIT HANDLER
AVAILABLE HOUR 2300 ™MK FROM SoH SETS MODEDATAX ACCORDING
0+ CONTROL IDENTIFIER OUR THROUGH Z To THE CHART
INOT AVAIL. IDENTIFIER
EXCLUSIVE- OR;
TOGETHER
TYPICAL MESSAGE ( ALL CHARACTERS HAVE EVEN PARITY ) FIRST CHARACTER
EOT ] CHECKSUM 2 5] 6] 1 T2]R[3 ] 211 Q 3 P [ _SOH e
END OF ALL 7 BIT CHECKSUM NORMAL PLANT MAXIMUM NET PLANT POWER PLANT STATUS OF| STATUS START OF
MESSACE LEVELS Of [IDENTIFIER POWER LIMIT ALUE INMW POWER PPGC IDENTIFIER | MESSAGE
OCTAL 4 ALL CHAR, INM W [IDENTIFIER {123 MW IDENTIFIER 0CTAL
FROM SOR 185 M W) FOR NORMA!
THROUGH Z PLANT
POWER
EXCLUSIVE- DR, LT
TOGETHER

» WHEN A PARITY CHECK OR CHECKSUM FAILSs FAILX =—!
DATAMODE ~—* 0f ' MODEDATAX REMAINS FROZEN,
A MESSAGE SHOULO BE INITATED EVERY 2 SECONDS OR JUST
AFTER PROCESSING THE AGC ALGORITHM

ALvays THING SAFETY

257, i, 0R

of nedtuid
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISSION DIVISION - SOUTH DAKOTA

WATERTOWN AGC

oEsIGMED  _ _
DA susarTTED.
cwEckeD APPROVED _ _ L . -

orier, ACTR ALt

ToLomAo0

TEWER,

T ] 466- EP- 21

Figure 19.—Plant data module (Sheet 1 of 3).
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PLANT DATA
CHANGE
SUBROUTINE

MODEPP ~— MOOEP!
PFLAGS — PFLAG!

PPEMX— PPEMXD

rvpsw_ PPEMND RATEEEUM =— RATEELMD

PPNUX =— PPNMXD

PPAMX +— PPHNX
PPAMN = PPN
PPEMX =— PPEMXI
PPEMN = PPEMN]

RATEEUM =— RATEELMI _>®
RATEEOM = RATEEDMI
RATENUM = RATENDMI
RATENDM =— RATENOMI
RATEMNw— RATEMNI

PLANT DATA
INITIALIZE
SUBROUTINE

RATEMN = RATEMNO

[Fareon — nursem)

RATENUM ~— RATENUMD)

NOTE

THE VARIABLE PFLAGS HAS THE PONERPLANT CONCERNING
THE TYPE OF PLANT AND SOURCE OF PLANT DATA.
PFLAGS ALSO CONTAINS INFORMATION FOR SPECIFIC
GENERATORS IN GENERATION CONTROL DATA FORMAT
MODULE AND OTHER MODULES.

INDIVIDUAL GENERATOR “PUANT
GENERAL PLANT DATA POWER LIMIT DATA FROM PLANT RATE LIMIT DATA FROM PLANT scHEDULE To PLaNT|™NOTUIOUAL SE e T | FREQ
EMMER, ASSIST| NORMAL NORMAL EMERGENCY | EMERGENCY NORMAL | NORMAL | EMERGENCT | EMERGENCY GENERATOR | GENERATOR | FREQUENCY
TYPE OF | JOINT-OWNED | PR
e | ot s | of e |t o] FLAG SENT To| waxtMe | MiNTMM MAXIMUM MINIMUM UPWARD | DOWNWARD UPHARD Domuwanp | MINBAM | NEXT HOR o STATUS |POWER OUTPUTIBIASING STPT
PLANT poweR | poweR PONER PONER AATE | RaTE RATE RATE TRANSMITTED | TRANSMITTED | AT PLANT
wer WJov OASHFLG OASHFD EAFLG PraKE PNWNF FEMXE PEMNE RNUF | RNOF REUF, REOF A SN SaLLE USTAT UGEN FRFLG
*rot yesTy ol L yost \yast Cyest Lyost Lyosr vms | tyest Lyesr Cyos . < yos < yos ©as ‘yest +yost
 ppact oo no' yos’ yas yos: ve yos yeat | yes yos yos *yes yos yos yos' yes' o5
A feo} — ot “not “hot “rot “rot Shet 4 tror “net ot “not Chot “not rot “hot ot
1
! . I
rorat J— " yes® ‘yss' i
p1d e R |
no* ‘et ot ot het ) e “not “no * 6ot *not *not * o’ *Yes' not
+putse’ " your ‘yos® 1
o “not ] [
1 aLvaYs THINK SAFETY
Dee, F JOR

WD oF m EEwi ST
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSM 1SS ION DIV ISION - SOUTH DAKOTA

WATERTOWN AGC

oes 1GHED TECHRICAL APPROVAL _ . oo
orae
crecxen

T SACTRCk P 4
TEWER, ORI TS| 466- EP- 28

Figure 19.—Plant data module (Sheet 2 of 3).
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MODEEXT =~ MODEDATAX
MODEPLT = DATAMODE
imesagge Ident!fler-P)

PLANT OATA

UPDATE UA;’;EZ’:[
SUBROUTINE _MoEDP [
ALLOCATORS USE PLANTS WITH
NO DASHPOTS JUST AS
THOUGH THE DASHPOTS
ARE ALWAYS BYPASSED

TUMF
(mesaage 1dentifler-Q)

PPNMN = DATUMF

PPEMX = QATUMF
(message Idantifier-fic) Rb:

(meseage Ident (fler

PPAMX ~— DATUMF
(message 'dentifier-Ra)
T

MODEDP ~—DATUMF
(measage 'dent(tler -T)

TEMN — DATUMF
age Idsnt]flersSe)

.

RATEEOM ~—DATUMF
{messags ident(fler-sd)

RATEEUM *~—DATUMF
(mesacge !dedt|fter=Sb}

PPEMN ~—OATUMF
*mensage 1dentfier-Rd)

RATENUM =—DATLMS
(mesaage Identitisr-Sa)

RATENDM = DATUMF
tmeaadgs Identiflar=sc)

THE VALUES OF DATUMF ARE DERIVED FROM THE ASCII INPUT DECODING
AND PROCESSED BY THE ' FAILURE DETECTOR MODULE*., IF THE DATA IS
NOT SENT FROM THE PLANT FOR TEMPORARY REASONS, MANUAL DATA MAY
AE ENTERED THROUGH THE *FAILURE DETECTOR MODULE'. THIS DATA DOES
NOT REQUIRE AN ALTERNATE CHANNEL EXCEPT FOR PPLT OR MODEPLT
AS DESIRED.

ALWAYS THINK gm
e, Wi TES I

o
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISSION DIVISION - SOUTH DAKOTA

WATERTOWN AGC

DESIGMED _
bR
cngcreD

BERTR. COLORALD TET [ 466- EP- 29

Figure 19.—Plant data module (Sheet 3 of 3).
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POWERPLANT COMMUNICATIONS LINK CHARACTER

MALE FEMALE
™2 2 1x
A TS R

POWER SYSTEM CONTROL CENTER oo 7) [ ['7 oo WODEM
ENERGY CONTROL SYSTEM crs s 5 cre FREQUENCY 4 WIRE, L OUPLEX, VOICE
L 3 . FuL X.
(gcs) RTS 4 T RIS SHIFT-KEYED [ TELEPHONE LTNK
AT CAR DET 8 & CAR DET
WATERTOWN, SOUTH DAKOTA DTR 20, O
0SR & 6 DSR
- CHANNEL CHARACTERISTICS

ARE 1200 BAUD, ASYNCHRONOUS,
BOTH CARRIERS CONTINUOUS OPERATION,

? LEVEL (7 BIT) ASCII CODE. EVEN PARSTY,
1 STOP BIT ¢ 10 BIT WORDI.

OPERATING CHARACTERISTICS

RS-232-C CONNECTION
FOR FULL DUPLEX
CHANNEL OPERATION

ISTICTS FOR THE AGC ALGORITHM

MOOEW

FREQUENCY-
SHIFT-KEYED

GRADE

POWERPLANYV E?ENERATOR CONTROLLER
(PPGC)

POWERPLANT CONTROL SYSTEM
{PPC

FULL DUPLEX,

RS-232-C CONNECTION
FOR FULL DUPLEX
CHANNEL OPERATION

ARE HALE DUPLEX MESSAGE ANSNERING BETWEEN

COMPUTERS TO SIMPLIFY SOFTWARE IN BOTH
COMPUTERS, HOWEVER,
WILL ALLOW MESSAGES TO OVERLAP WHN
NECESSARY TO SIMPLIFY TIMING.

MESSAGE CHARACTERISTICS
THE ENERGY CONTROL SYSTEM SENOS THE VARIABLE
LENGTH MESSAGE EVERY 2 SECONOS,

ASCI CHARACTER cor | cuecks|  z wotartt | icoetn | stotert 3 1atetT? ) sow
OCTAL CODE 204 136 132 267 261 063 303 26) toz 201
(me2,2 START OF
TRANSMISSION) HEADER

ECS ERROR PROTOCOL

IF A VALID MESSAGE 1S NOT RECEIVED FROM
THE PPGC AFTER 20 SECONDS, ( 10 MESSAGES
SENT FROM THE ECC), THE CHANNEL SHALL
BE ASSUMED DEAD, WNEN THE FIRST INVALID
MESSAGE IS RECEIVED (PARITY OR CHECKSUM
ERROR) OR WHEN NO MESSAGE IS RECEIVED
IN 4.5 SECONDS, THE FAILX FLAG FOR THE
DATA IN THE MESSAGE SHALL SET, SEE THE
FAILURE DETECTOR MODULE FLOW CHART. WHEN
A VALID MESSAGE 15 RECEIVED, THE FAILX
FLAG SHALL 8E CLEARED,

MESSAGE CONTENTS - BOTH MESSAGES
EACH MESSAGE SHALL START WITH *SOH' AND END WITH *EOT"
IDENTIFIER | MEANING

MESSAGE CONTENTS -
IDENTIFIER

ECS MESSAGE
MEANING

CHECKSUM - AN EXCLUSIVE-QR OPERATION ON
THE 7 BIT ASCIT CODES OF EACH CHARACTER
RECEIVED INCLUDING * SOK® THROUGH *

EVEN PARITY I35 THEN ATTACHED.

ECS STATUS - 0 - off (ND COMTROL AVAILABLE)
| = ©n (CONTROL AVALLABLE)
PLANT M REQUIREMENT FROM £CS IN WHOLE
MEGANATTS

]
¢ REQUIRED
EVERY 2 SECONDS)

z
{REQUIRED)

c
 REQUIRED
EVERY 2 SECONDS)
PLANT SCHEDULEs @ - FIRSI HOUR, b - SECOND
HOUR, © - THIRD HOUR, . % « 23rd HOUR,
y = ADDITIONAL HOUR FOR DAYLIGHT SAVINGS,
A - PRESENT MOUR, B - NEXT H

- NO ASSIST
EMERGENCY ASSIST STATUS ,"7 N »:gms'srugmm

]
€OPTIONAL)

FOR INCREASED SECURITY, THE OPTIONAL

DATA WHICH IS SENT AT INTERVALS

GREATER THAN 60 SECONDS SHOULD

BE INCLUDED IN AT LEAST THREE

CONSECUTIVE MESSAGES.

€
(ORTIONAL)

THE FULL DUPLEX HARDWARE

MESSAGE CHARACTERISTICS

THE POWERPLANT GENERATOR CONTROLLER RESPONDS
ONLY WHEN A VALID MESSAGE IS RECEIVED.

THE RESPONSE MUST START IN LESS THAN

§.5 SECONDS AFTER RECIEPT QF THE LAST
CHACTER OF THE MESSAGE. THIS 1S TG INSURE
THE MESSAGE INTERCHANGE WILL BE COMPLETED
WITHIN 2 SECONDS.

FIRST
CHARACTER B
£ { 3 201617 300161 | 1tDIGITY | SCDlGITy z CHECKSUM|  £OT ASCII CHARACTER
201 (z0 063 261 065 132 131 204 OCTAL CODE

PPGC ERROR PROTOCOL
IF INVALID MESSAGES ARE RECEIVED ¢PARITY
OR CHECKSUM ERROR! OR IF NO MESSAGE IS
RECEIVED FOR 20 SECONDS, THE CHANNEL SHALL
BE ASSUMED DEAC. NO MESSAGES SHALL
BE SENT TO THE ECS UNTIL A VALID MESSAGE
IS RECEIVED. AFTER THE 20 SECONDS, THE
*PSCC CARRIER FAILURE® FLAG SHALL BE SET
FOR THE LOAD CONTROL ALGORITHM EVEN THOUGH
THE ACTUAL CARRIER MIGHT STILL AE
PRESENT. THE 'PSCC CARRIER FAILURE' FLAG
SHALL NOT BE CLEARED UNTIL A VALID MESSAGE
IS RECEIVED.

MESSAGE CONTENTS - PPGC MESSAGE

MESSAGE CONTENTS -

PPGC MESSAGE ( CONT. )

IDENTIFIER MEANING IDENTIFIER I MEANING
P L0AD CONTROL STATUS - O - off u THE STATUS OF EACH GENERATOR
(REQUIRED P it (OPTIONAL) @ GEM 1. b . GEN 2, ECT.
EVERY 2 SECONDS) 2 - psec 0 - GEN OFF LINE AND UNAVAILABLE
3. sty I - GEN OFF LINE AND AVAILABLE
4. std 2 - GEN ON LINE RUNNING
a TOTAL PLANT POWER IN WNOLE MEGANATTS 3 - CEN ON LINE AND CONDENSING
CREQUIRED
EVERY 2 SECONDS) v | THE MEGAWATT OUTPUT OF EACH GENERATOR
MAXIMUM AND MINIMUM PLANT MEGAWATT LIMITS o GEN I, b - GEN 2, ETC.

R

COPTIONAL) WHICH MAY BE AVAILABLE FROM LOAD CONTROL
OR OTHER ALGORITHMS

O - NORMAL MAXIMUM

b+ EMERGENCY MAXIMUM
MAXIMUM AND MINIMUM PLANT MEGAWATT/MINUTE
RATE LIMITS WHICH MAY BE AVAILABLE FROM ALGORITHMS
MAXIMUM NORMAL LOADING RATE

© - NORMAL MINIMUM
9 - EMERGENCY MINIMIM

s
COPTIONAL)

b+ MAXIMM EMERGENCY LOADING RATE
© + MAXIMM NDRMAL UNLDADING RATE
@ - MAXIMUM EMERGENCY UNLOADING RATE

& - MINIMS LOADING OR UNLOADING RATE

T THE NUMBER DF DASHPOTS BYPASSED IN THE PLANT
{OPTIOAL !

EVERY 2 SECONDS)

(OPTICAL
EVERY 2 SECONDS)

ALvavs THINK SAFETY
%rs T
oergs i O g
ICK-SLOAN MISSOUR! BASIN PROGRAM

P
TRANSMISSION DIV ISION - SOUTH DAKOTA

WATERTOWN AGC

TECHNICAL ARPROVAL

chEcKED _ _ AppRVED

LTy

R, LN T 66- EP-

oo,
T 3

[o]

Figure 20.—Powerplant communications link.
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Figure 21.—Joint-owned unit data module.
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Figure 22.—No-response detector module,
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Figure 23.—Ramp allocator module.
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Figure 24.—Baseload allocator module.
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Figure 25.—Participation factor calculation module.
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Figure 26.—Automatic allocator module.
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Figure 27.—Assist allocator module (Sheet 1 of 2).
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Figure 27.—Assist allocator module (Sheet 2 of 2).
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Figure 28.—Plant control module (Sheet 1 of 4).
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Figure 28.—Plant contro! module (Sheet 2 of 4).
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Figure 28.—Plant control module (Sheet 3 of 4).

165



CLOSED- LOOP

F 3

TIMERQF = TIMEREAL
PRATE =—0
PREQOUT = PPLT
PMODOUT +—0
{cantrot mot avallabley

FLAGRO=—set
DASHTIM~— TIMEREAL + DASHIT

i phatel e
4 : T PREQ-=—PREG+ PRATE x TIMESLP
PRATC =—PRATE
RATEMN
5 PRATE= 0
v
PRATC+—0

NOTEs WHEN THE POWERPLANT MODE RETURNING
FROM THE PLANT IS ' man*
MODULES SET PREG~—PPLT,

OR *pIt', PREVIOUS

PRATE=—0

AND SET STOPUP AND STOPON.

FLAGRQ

NOTEs NEGATIVE PUANT REQUIREMENT IS

GRIAS ~——FAD x PPEMX
DRODPX 60Kz

PREQOUT= -~ PRED—
GRIAS

PHODOUT +—~1
(control avaliabie)
FLAGRO=— 56t

GBIAS ~—0

NEVER TRANSMITTED

TIMEREAL — TIMERQ

PULSLOWD~—-clear|

PULSRASD~—olear|
FLAGPUL ~—a0t

(CL
CONTROLLER =
SUBROUTINE <+ gunpand®
T
PULSLOWD ——cloar
PULSRASD =—olear
FLABPUL ~— 86t
2a
A PRATC
<o
PULSLOWD=— set

PULSAASD=+—— clear
FLAGPUL =— g0t
DASHTIM =— TIMEREAL

PLUSLOWD~— otaar
PULSRASD ~— 8ot

DASHFD F

F

PLANT COMMINICATIONS
DRIVER DEAD

NOTE» THE CROSSING OF THE
DAY IN TIMEREAL MUST NOT
PROGUCE NEGATIVE NUMBERS WHEN
TIMERQ OR DASKTIM IS
SUBTRACTED,

€AFLG F

FLAGPUL=—— 38t
DASHTIM ~—TIMEREAL

TIVEREAL— DASHTIM

DASHTL T

(3

MODEDP=— 1 L

MODEDP =—— _}

‘ yos'

FLAGEA

e e

ALVAYS THINK SAFETY
(¥ TAIL.
el T oo
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISSION DIVISION - SOUTH DAKOTA
WATERTOWN AGC
P pr——
iy
cuscrss
T

Figure 28.—Plant control module (Sheet 4 of 4).
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JOINT OWNED 20 FOR

UNIT ouTPUT

PDYNINT =— ALl
PLANTS

NOTEs PDYNINT 15 USED
IN THE POWER SCHEDULE
MODULE ON THE NEXT PASS
OF THE ALGORITHM.

B NOTE: PPLTM = pit !s not used.

FOR ENTIRE PLANT

/\
- MODEPPI_ ¢

ottt

PPLTJ = - PPLT % PERCS
PPLIM = pscct

PRLTY == 0
PRLTM =— ' psce’

PPLTY
PPLTM <

off:

PPLTHMX == PMAX
PPLTEMK =— PUMAX
PPLINMN =— PUMIN
PPLTEMN =— PUMIN
RPLTNUM =— RATENM ¥ PERJMX

massage Identiflsr

JTOTO - 4TOTO + PPLTY

I PPLTM = " atu* ‘ I PPLTM =—" std"

l PPLTM == stu" [ PPLTM =— * st

RPLTNOM ~— RATENDM X PERJMX
RPLTEUM =— RPLTMUM

L 1

RPLTEDM —— RPLTNOM

] J

PPLTJL=— PPLT — JTGTO
POYNINT +— PDYNINT + JTOTO

percaL — ESTYl

PERCIL +— O

RPLTMN =— RATEMH_x_PERJMX

FLAGJOU =— set
JOUTIM “— TIMEREAL

/\ 3
FOWERUP FLAGJOU

TIMREAT 30 min

<
< TIMESOD
<

TIMEREAL”

FLAGJOU =— clsar
JOUTIF ~— JOUTIFX
JOUTIM +— TIMEREAL

T

FLAGJOD ~— ©
JOUTIF =— JOUTIFD

JOU OUTPUT DRIVER DEAD

PPLTM =— * stdt PPLTM =t * stut

T PPLTJ 1s datum for message daentlfier
¥PLIM 18 datum for message Identlfler = P

3

sivavs THIK GAFETY

ol eI oo

T
REAL O
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISS ION DIVISION - SOUTH DAKOTA

WATERTOWN AGC

CECKED L ____ .

TEWER, COLORADD.

Figure 29.—Joint-owned unit output module.
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RESPONSE SPECIFICATIONS FOR A COMPUTER- BASED
POWERPLANT GENERATION CONTROLLER
COORDINATED WITH
THE WATERTOWN POWER SYSTEM CONTROL CENTER

PSCC MW REQUEST

CLASSICAL MODEL OF A HYDROELECTRIC GOVERNOR AND GENERATOR

GENERATOR POWER

PSCC M REQUEST

Ra

GOALS OF RESPONSE

I, THE DOMINANT LAPLACE POLES SWALL BE REDUCED
TO ONE REAL POLE TO ALLOW INCREASE GAIN
IN THE OVERALL AGC CONTROLLER. THIS
SHALL BE DONE WITHOUT MODIFICATION OF
EXISTING GENERATING EQUIPMENT IF POSSIBLE.

. THE PLANT SWALL RESPOND TO CHANGES IN THE
PSCC MW REQUEST AS SMALL AS Pa/100 IN
€ITHER DIRECTION, NON-LINEARITIES AND
BACKLASH OF THE SPEED LEVEL MOTOR AND
GOVEANOR SHALL BE COMPENSATED AS MUCH
S POSSIBLE. THIS INSURES THAT CORRECTIONS
FOR ACE WILL ALWAYS BE INITIALIZED.

3. NO ADDITIONAL CONSTRAINTS OF RAMPING THE
GENERATORS SHALL BE PLACED ON THE RESPONSE
BY THE COMPUTER, ONLY THE CONSTRAINTS
IMPOSED BY THE GOVERNOR VALVES ENCOUNTERING
STOPS (INTERNAL OPEAATION OF THE GOVERNOR
BECOMAING LIMITED), THE HEATING RATE
OF THE STATOR, OR RIVER CHANGE LIMITATIONS
SHALL BE A VALID RESPONSE CONSTRAINT.

ONLY THE CONSTRAINTS IMPOSED BY THE

GOVENOR VALVES ECONTERING STOPS (INTERNAL
OPERATION OF TRE GOVENOR BECOMING LIMITED), THE
HEATING RATE OF THE STATOR, OR RIVER CHANGE
LIMITATIONS SHALL BE A VALID RESPONSE
CONSTRAINT.

SPEED GATE T
Kyl - Tg) TAL PLANT
ALLOCATOR GENERATOR REF. LEVELS postTion | g T TSUWERP‘;U
{TOTAL GAIN IS 1) KnTeKsy B 1+ GENERATOR psce
SPEED LEVEL GATE LIMIT PONER
MOTOR
TEMPORARY
DROOP
10 OTHER TR
FROM
GENERATORS DASHPOT OTHER
BYPASS | GENERATORS
GENERATOR La—ul
SPEED o
[ TYPICAL POWERPLANT GENERATION CONTROLLER | TEMPORARY DRODP GOVERNOR MODEL | WATER COLUMN PLANT
™~ AS TN "DIGITAL LOAD CONTROL FOR HYDROELECTRIC POWERPLANTS® | | TURBINE AND [
RESEARCH REPORT REPORT REC-ERC-77- 10 GENERATOR /
PLANTS WITH TWO OR MORE DIFFERENT TYPES
OF GOVERNORS SHALL PROVIDE RESPONSE
EQUIVALENT AS THOUGH THE 1/( 14 Tgg) FOR EACH
MODEL GOVERNOR WERE IN PARALLEL. INDIVIDUAL
GENERATOR PONER OUTPUTS SHALL BE SENT
To THE PSCC.
RAMPS FROM -
P,/ 100 PER MINUTE %
0 -
T0 x
/8 PER MINUTY
" TS, PSCC 9
z
ALL OTHER FACTORS OF S SHALL BE LESS &
THAN 8 TIMES SMALLER THAN Tp 3
5T
TezE5 4T 2
z
- IF FREQUENCY OF THE SYSTEM DEVIATES AND e
CAUSES A CHANGE OF PUANT POKER OF MORE e
THAN Pr/100 DUE 10 GOVERNOR DROUP, THEN TE
5 USED FOR DEMONSTRATION OF RESPONSE T PG R D e errect
TO ALLOW THE PROPER DROOP. THE EFFECT THE RESPONSE SHALL BE WITHIN THE TOLERANCES
SMALL BE TRIANGULAR FUNCTION SIGNALS OF DRODP ON THE PSCC MW REQUEST SHOULD e 80w I i RESPONSE MOVES
TH A A T P L ek it BE RESET DR WASHED-OUT ON A 10-MINUTE QUTSIDE THE BOX. A STOP ALLOCATION SIGNAL
:z: 22'::5,?::5: I::rlr:séos reR mrg;s. VIME CONSTANT. SHALL BE SENT TO THE PSCC WITHIN
8€ Pas2s A SSHALL A T SECONDS OR 30 SECONDS, WHICHEVER
3 1S LONGER,
DEFINITION OF SYMBOLS EXAMPLE
Ky — THE EFFECTIVE GAIN BETWEEN GATE POSITION FOR GARRISON POWERPLANT)
AND TURBIME POWER OUTPUT. P 2400 MW, P,z 40 MK REFERENCES
K5, — THE EFFECTIVE GAIN OF THE SPEED LEVEL MOTOR. Tq =31 SECONDS. (DASHPOTS IN SERVICE) Glan, W.8., *DIGITAL LOAD CONTROL FOR HYDROELECTRIC
P, — THE TOTAL RATED CAPACITY OF ALL GENERATORS THE RAVPS NOULD BE FROM 0.4 MW/MIN TO POWERPLANTS', Repor® REC-ERC- 77-10, August 1977.
ON AGC CONTROL. 50 MW/MIN WITH A PEAK-PEAK AMPLITUDE Gleh, ¥.8., T.R. Whittemore,U. MIlano, °GRAND COULEE
Py — THE RATED CAPACITY OF THE SMALLEST GENERATOR 133 MN. FOR RAMPS BELOW 0.08 MW/MIN, THIAD INTERIM CONTROLLER PROTOTYPE OIGITAL LOAD
ON AGC CONTROL. THE AMPLITUDE ¥ILL ALSO BE | AND VOLTAGE CONTROL!, Réport REC-ERC-76-8, Juty 1976.
To — FHE OPEN LOGP GOVERNOR RESPONSE TIME. THE TOLERANCE 80X WOULD FOLLOW THE REQUEST Gish, W.B., *LOAD AND VOLTAGE CONTROL ALGORITHMS
Ty — THE DOMINANT GOVERNOR CLOSED-LOOP RESPONSE BY 31 & 3.8 SECONDS WITH AN AMPLITUDE FOR GRAND COULEE POWERPLANT', Report RFC-ERC-78-3,
TIME IN SECONDS. THE TIME IS MEASURED ERROR OF 0.4 W, Marcn 1976, P —
AS THE TIME TO 63 PERCENT OF THE FINAL EXPLANATION OF RAMPS Glsh, #.B.. 5.C. Stitt, T.R T femore — ————
POWER OUTPUT FOR A STEP INTO THE GOVERNOR LOAD AND VOLTAGE CONTROL ALGORITHMS FOR YELLOWTAIL @ans i SAFETY
SPEED ADJUST. THE RANGE OF RAMPS WAS CHOSEN TO DEMONSTF POWERPL ANT®, Report GR-78-9, October I975. o o
CAPABILITY OF THE CONTROLLER [0 FOLLOW Glsh, W.B., *AUTOMATIC GENERATION CONTROL-MNOTES EPART) rrfr TEE TNIERIOR
2 e e e e e SR o BT T
.= ATER STA TIME. DUE T0 THE ALLOCATION OF ACE BY THE AGC. . . PICK-SLOAN M.
Gish, W.B.. *AUTOMATIC GENERATION CONTROL ALGORITHM
S — LA PLACE VARIABLE (COMPLEX FREQUENCY). THE SLOW RAMPS DEMONSTRATE THE ABILITY 70 CENERAL CONCEPTS AND APPLICATION T TRANSMISS ION DIVISION - SOUTH DAKOTA
§ — THE TEMPORARY OROOP. CORRECT 7IC SLOW ONITTS IN ACE. THE ASTER THE WATERTOWI! ENERGY COWTROL CCUTEN', WATCRTOWN AGC
o — THE PERMANENT DROOP RAMPS DEMONSTRATE THE ABILITY 70 CORRECT Report GR-80- 6. June [980.
FOR LARGE LOAD OR GENERATION CHANGES Ramey, D.G. and J.¥. Skoogiund, *DETAILED HYDROGOVERNOR
WITHIN THE SYSTEM. THE AMPLITUDE OF THE REPRESENTATION FOR SYSTEM STABILITY STUDIES'.
RAMPS ARE ALLOWED A VALID DEMONSTRATION e mo, 1. Jam. 1970, op 106- 112,
AITHOUT EXCEEQING CAPACITY OR ENTERING AR DES IGNED _ TECHMICAL APPROVAL _ _
INTO ROUGH ZONES. oo 7
THE LOW AMPLITUDE RAMP OEMONSTRATES THE cecren z N
ABILITY TO OVERCOME BACKLASH. 3 - oot 1o
BERER, Lo ST 5] 466- EP- 44

Figure 30.—Plant response specifications.
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VARGAU —
MARGAD =~
CALCULATION ARG~

WOOULE MARGBD =~—
MARGEU +—
WARGED =

oooooao

NOTE+ THIS IS A SAMPLE OF THE VARIOUS MARGINS
AND RESERVES WHICK MAY BE CALCULATED, SPINNING
RESERVE AND OPERATING RESERVE ARE TWD EXAMPLES
OF RESERVES NOT INDICATED ON THESE FLOK CHARTS
BUT WHICH MUST BE INCLUDED IN A SIMILAR MODULE.

POWERUP

EXTAUM = EXTAME

MARGEOL - MARGEDLI

TIMEREAL' = 30 min

< : >E.
TIMEMAR
<

FLAGMAR =— 0
EXTAS

20 FOR

ALL
PLANTS

PS — PAS — FAS

EXTAUMD

-

MARGAD =— 0

MARGBU +— MARGBU + PPNMX — PRED
WARGBD =— MARGED — FPMMN + PREQ
MARGEU =~ MARGEU + PPEMX — PRED
MARGED ~— MARGED — PPEMN + PREQ

MARGAL =— MARGAU + PPNMX — PREQ
MARGAD ==~ MARGAD — PPNMN + PREQ

SToPUP

INSUFFICIENT AUTO

INSUFFICIENT ASSIST INSUFFICIENT ASSIST INSUFFICIENT EMERG.

FLAGMAD ~— set

INDICATES MARGAU, MARGAD, MARGBU, MARGED.
MARGEU, AND MARGED ARE READY FOR DISPLAY.

aLwAYS THIMC SAFETY
e O TR

PICK-SLOAN MISSOURI BASIN rlocram
TRANSMISSION DIV ISIGN - SOUTH DAKOTA

WATERTOWN AGC

_ TEGHVICAL APPAOVAL
_ symITTED_
approvED

cwECKeD

i, AT S

R, T L] ’466- EP- 45

Figure 31.—Margins calculation module.
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NAPSIC
CRITERIA
HODULE

POWERUP I

FLAGNC

TIMEREAL > 30 min

acE2— TIMFREAL

TIMEREAL —ACEZT

* NAPSIC CRITERIA

ACEOLD ~— ACE

ACEAVET —— ACEAVET + TIMESLP

ACEAVES ~— ACEAVES +(ACE)( TIMESLP)

ACEAVE =— ACEAVES
ATEAVET

ACETEN - ACETENI <
LTHREE =— L THREEI TIMENG
TeD
ACEMPC =— ACENPCI < VIOLATED!
twgszL
T
‘ [xcezmM = acEzT— TiMEREAL L——————’
- ACEZTA =— ACEZT
ACEML =0 ACEOLD - ACE ren ACEZT = TIMEREAL
ACEMLT =— TIMEREAL  ACEZC =— 0O A s —
ACEMLTL =— TIMEREAL ACEZTM == 0 ACETEND
ACEMTD = 0 ACEZT = TIMEREAL R o
FLAGNTC =— O ACEAVET =— 0 LTHREED
ACEAVES =~ 0 e
ACEZTA = TIMEREAL
FLAGKC =+— 0
FLAGDISC =— | ACEZC = ACEZC F 1
ACEMF =0
ACEMC =0
ACEMA <0
ACEMT = TIMEREAL
ACEMTL =— TIMEREAL
ACEMAX =~ 0
ACEMAXT = TIMEREAL
ACEMAXTL =~ TIMEREAL
N SN -
|ACEAVE} TACET ACEMT— ACEMTL ¥ 3 _/
2 ACEMF B
LTHREE ¥ LsuBb
TO NEXT
SHEET

VIOLATED'

*NAPSIC CRITERIA

ACEMF = |

o~ N

/| ACEy\ F ACEMT — TIMEREAL
——— < H >
ACEMA ® ACEMPC 2

ACEML ~— ACEMA
ACEMLT +— ACEMT
ACEMLTL =— ACEMTL
ACEMTD =— ACEMT—
ACEMTL

ACEMA ~—TACEL

ACEMAX =— ACEMA
ACEMAXT == ACEMT
ACEMAXTL =— ACEMTL

ACEMC =— ACEMC +1
ACEMF =~ 0
ACEMA ~— O

ACEMT =— TIMEREAL

ACEMTL=— TIMEREAL

ACEMT ~— TIMEREAL
ACEMTL =— TIMEREAL

*NAPSIC CRITERIA
VIOLATED*

] seour Y —

awars THING SAFETY

TRANSMISSTON DIVISION - SOUTH DAKOTA

e P TR

PICK-SLOAN MISSOURI BASIN PROGRAM

WATERTOWN AGC

cHEcKED

- .. TECRVICAL APPROVAL _ _
LA ST SUMITTED
_ wPPROVED _

TE R,

WP A66-EP-46 |

ToTORAC

Figure 32.—NAPSIC criteria module (Sheet 1 of 2).

175



NAPSIC
CRITERION

MODULE
CONTINUED

ACEAVE =— 0
ACEZTM =— O
ACEZTA = TIMEREAL
A o

ACEAVED =~ ACEAVE
ACEZTMO =— ACEZTM
BCEZTAD = ACEZIA

zc

g ACE2CO =— ACE. p

oG] JAomeo — Ao AcEwa T~ TIMEREAL
TIMEREAL - ACEMLTL ~— TIMEREAL

o ACEMLTLD =— ACEMLTL ACEMTD ~—

x50 Of ACEMTDD =— ACEMTD ACEMAX = 0

FROM ACEMAXD = ACEMAX -
owG. F F ACEMAXTD =— ACEMAXT ACEMAXT TIMEREAL
466-EP- 46

ACEMAXTL = TIMERFAL
FLAGNET = 0
FLAGNCD ~— | !

ACEMAXTLD =— ACEMAXTL

aLwATS THINK SAFETY
1T TATES
cerganiin % M JEson

3
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISSION QIVISION - SOUTH DAKOTA

WATERTOWN AGC

oes joveD _ . TECHNICAL APPROVAL
R __ _ sumTTED
CMECKED _ _ __ .. APPRNED _ .
ALY
DERER, COLORATD TET ] 466- EP- A7

Figure 32.—NAPSIC criteria module (Sheet 2 of 2).
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STANDARD
DEVIATION
OULE

PONERUP

FLAGSTOX =~ 0
FLAGSTOF =— ©

SLONT = SLONTIL
VSLOT =~ VSLOTI
MEDT =— MEDTI
FREPEAT =0
TIMESTOM =— TIMEREAL
FLAGSTDE ~— 0

L.

FLAGSTD

TIMEREAL — 30_min

<
TIMESTOD

nu\:fiEAL

T

TIMESTOM =— TIMESTOMD

FLAGSTDX ~— !
FLAGSTD = 0
STACEA =~ 0
STACER = 0
STACEP = 0
STFREQ =— O

STINT =- 0
STGEN =— 0
STGENR ~— 0

STINTFIL = 0
HSPEC =— 0

IACESPEC =— 0

MUTUALAID =- 0

STTIME ~— 0
FILVSACEA = 0
FILSACEA =— D
FILMACEA =— ©
FILVSACER =+ 0
FILSACER = ©
FILMACER =— ©
FILVSACEP = 0
FILSACEP =— 0
FILNACEP - O
FILYSINT = 0
FILSINT == 0

FREPEAT=— FREPEATO

e

FILMINT =— 0
FILVSGEN =— 0
FILSGEN == O
FILMGEN — ©
FILVSGENR =— 0
FILSGENR =— 0
FILMGENR =— 0
STCOUNT == ©
STFYSACEA = 0|
STFSACEA ~— ©
STFMACER = 0
STFVSACER = 0
STFSACER =— 0
STFMACEB =— 0
STFVSACEP =~ O
STFSACEP = 0
STEMACEP — 0
STEVSINT =— 0
STFSINT =— 0
STFMINT = 0
STFVSGEN =— 0
STFSGEN =— 0
STFMCEN =~ ©
STFVSGENR = 0|
STFSGENR ~— O
STEMGENR =— 0

[

TiMEREAL — 30 min

<
< TIESTC >L>

TIMEREAL

FLAGSTC = 0
INTFILT =— INTFILTO
KIL = K1
KIA =~—KIAD

KMA =— KMAD
SLOWT = SLOWTD
VSLOKT = VSLOWTD
MEDT =~ MEDTD
FLADDISC =~ |

- STACEA = STAGAT (ACEAN
STACEBE@=— STACB+ (ACER)?
STACEP =——STACEP + (ACEC)?
STFREQ = STFREQ -+ {FSL — FA?
STINT = STINT + (PS — PES)Z
STINTFIL == (1 — INTFILTIPS — PES) + CINTFILT)( STINTFIL)
[ISPEC ~- IISPEC + KII(PES- PS)
TACESPEC =— 1ACESPEC -+ KIA! ACEA)
MUTUALAID = MUTUALAID + KMACFA — FLS){ PES — PS)
STTIME +— STTIME 4 TIMESLP
FILVSACEA =— (1 — VSLONT)LACEA) + ( VSLOWT) (FILYSACEA)
FILSACEA =~ (1 — SLOWT}{ACEA) + (SLONT) FILSACEA}
FILMACEA =— (1 ~ MEDT)(ACEA) + (MEDT) (FILMACEA)
FILVSACES ~— (| — VSLOWT)( ACEB) + (VSLOWT){FILYSACER)
FILSACEB =~ { | — SLOWT){ACEA) -+ {SLOWT}( FILSACES)
FILMACES =— (1 — MEDTI(ACEB) -+ (MEDT){ FILMACER)
FILVSACEP =~ ({ ~ VSLOWI){ ACEP} + { VSLOWT)t FILYSACEP)
FILSACEP = (| — SLONTICACEP) + ( SLONT)( FILSACEP)
FILMACEP =+— (| — MEDTI(ACEP) - (NEDT)( FILMACEP}
FILVSINT = ( |~ YSLOKT){P5 — PES) + (VSLOWTH FILVSINT)
FILSINT - (| — SLOWT}PS — PES) + ( SLONTI(FILSINTI
FILMINT =— (1~ WEDT} (S ~- PES) + (MEDT)( FILUINT
STCOUNT ~— STCOUNT +1

NOTE: THE CALCULATIONS SHOULD BE DOME IN
FLOATING POINT, THUS THE PROCESS SHOULD
HAVE FLOATING POINT HARGWARE.

aLvars THive SAFETY
R £ TR TR 0
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISSION DIVISION - SOUTH DAKOTA
WATERTOWN AGC
prommr— R m——
B oI
.
TEWER, COLOMALD TE TR [ 466- EP- 48

Figure 33.—Standard deviation module (Sheet 1 of 2).
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SUMGEN =— 0 "‘:L‘LW
SUMGENR =— O

PLANTS

STGEN -~ STGEN -+ ( SUMGEN)?
STGENR =~ STGENR + ¢ SUMGENR)®

FILYSGEN == { | — VSLONT){ SIMGEN) + ( YSLOWT)( FILVSGER)

FILSGEN == { | — SLONT}( SUMGEN) + { SLOWTIC FILSGEN)

FILMGEN =— (| — MEDT){ SUNGEN) -+ { MEDT){ FILMGEN)
FILVSCENR == (i — VSLOWT}{ SUMGENR) -+ ( VSLOWT)( FILYSGENR)

FILSGENR == ( | — SCOWTIC SUMCENR) + ( SLOWTIC FILSCENR)
FILMOENR ~— (| — MEDT)( SUMGENR) + (MEDT)( FILMGENR)

SUMGEN ~~ SUMGEN - PREQ — PPLT

SUMGENR =— SLMGENR + PPDER

(™ 30_min

PN
- ngsmuf—@

TIYEREAL

STFVSACEA =~ - STFVSACEA + ( FILYSACEA}?
STFSACEA =— STFSACEA +(FILSACER)
STFMACEA =~ STFMACEA +( FILMACEAY

STFVSACEB =— STFVSACEB + (FILVSACES) ?
STFSACER ~- STFSACEB +( FILSACE®)
STFMACED =~ STFMACER + ( FILMACER)?

STFVSACEP =~ STFVSACEP + ¢ FILVSACEP) ¥
STFSACEP = STFSACEP + ( FILSACEP)®
STEMACEP ~— STFMACEP + ¢ FILMACEP)®
STEVSINT == STFVSINT + ¢ FILVSINT) *

STFSINT = STFSINT + (FILSINT; 2
STFMINT =~ STFMINT + (FILMINTI?
STFVSGEN =— STFVSGEN + ( FILYSGEN)
STFSGEN ~— STFSGEN + ( FILSGEN) *
STRMGEN ~+— STRMOEN + ¢ FILMGEN) *

STFVSGENR =~ STFVSGENR -+ ¢ FILVSOENR} 2
STFSGENR =— STFSGENR + ( FILSGENR)
STFMGENR =— STFMGENR + ( FILMOENR)

SIOACE = ¢ STACER/STCOWT) 2

STGACES = ( STACER/STCOWNT)

SToACES o £ STACER/STCOND ' ¥

StoFARq = ¢ sTFREQ/STCOUNTY/ 2

SIONT ST/ sTeoun 2

S160EH =— 1 5T0EN sTCOWNT /2
2

172

SIBGENR = t STGENR/STCOUNT)"”
SIGINTFIL =t STINTFIL/ STCOUNT) /2
SIOVSACEA =—T(STACEA — STEVSACEAI/ STCONT) 2
SIOSACEA = (X STFYSACEA — STFSACEA)/STCONTY'” 2
SIACEA = C{ STFSACEA — STPuACEA/STCOUNM /&
SIGFACEA=— sTRUATER STCOUNT /2
SIGVSACED = [ STACES — STFVSACEB/sTCOUNT) 2
SIGSACEB =~ C{ STFYSACE® — STFSACES/STCOUNTT'Y
SIGMACER =~ £ (STFSACER — STFMACEB)/STCOINT) /2
SicFacER= « sTuaceR/sTCOU) ' 2
SIGYSACEP ~—£(STACEP — sTFysacer/sTCOUNT) 2
SIGSACEP = C{STFYSALER — STFSACER)/ sTcoNT'” 2
SIMACER = (¢ STFSACER — STAMACEPH/STCONT: /2
$IGFACER m STFMACER/ STCOUNT /2
SIGYSINT = C( STINT —~ STFYSINTI/STCOUNT
SIGSINT == C{ STFYSINT — stesTi/ steounny'’ 2
SIGNT =— C(STFSINT — STRENT)/STCouNT) /2
SIGFINT = sTRMINT/STCOUNT) 72
SIGYSGEN =+ L4 STGEN — STFYSGEN)/STCOUNTT
SIGSGEN »— [( STFYSGEN — STFSOEN)/STCOUNT)

STOMGEN = CCSTFSCEN ~ STFMGEN)/STCOUNTI
23

12

vz
102
172
SUGFGEN =t STEMGEN STCOUNTY
SIGYSTENN =— | STGENA — STFYSGENR)/STCOUNT1 7 Z
SIGSCENR == {(STEVSGENR  STRSGENR)/STCOUNY'” 2
SIGHGENR <— C(STFSOENR  STrMoERR)/STCOUNT) 2
SIGFOENR = STRMGENR/ STCOUND) /2
FLAGSTOP =— |

FLAGSTDF
FLAGSTDE

FLAGSTOE

FLAGSTDF =— 0

FREPEAT

TMETEMP = TIMESTON — TIMESTO
TIMESTD == TIMESTOM
TINESTOM <— TIMESTOM + TIMETEW®
FLAGSTD =— 1

NOTEs FOR SMALLER SYSTEMS, THE STANDARD
DEVIATION WAY BE DISPLAYED AS (STANDARD
DEVIATION)? AND THE SQUARE ROOT NEED
NOT BE IMPLENTED.

aLvays THINKG SAFETY
0P, A TRRIOR

o melt
PICK~SLOAN MISSOURI BASIN PROGRAM
TRANSMISSION DIV ISION - SOUTH DAKOTA

WATERTOWN AGC

TECHNICAL APPROVAL _
sumrTTED,

R

-EP-49

Figure 33.—Standard deviation module (Sheet 2 of 2).
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GENERATION
CONTROL

FORMAT

MODULE

11 USTATY = 0y then
USTATI =~ open white N
It USTATY = Iy then e

USTATI = sotld gre
1f USTATY = 2y then PLTSPINRES
USTATI = solld red
If USTATY < 3; then
USTATI =— s0itd ysllow

TOVSPINRES = O
LOAD == { —PAS)

/

PONERUP

PLTSOINRES =~ 0

POWERUP

PLTSPINRES + UNITCAP

FLAGUNN =~ ©
NGEN =~ NGENI

USTATY == USTATX

Uni+ otf ond unavalioble
ATV - "
FLAGUNK bt DATM Unit off but avaliable
Unlt on and generating

Unit on ond condensing

i

FLAGUNN = ©
FLAGUN = 0
FLAGOISC =~ |

FUAGUNN == 1
NGEN +- NGEND

Tf MODEPPY = *off' or *auto’,
RAMPY =~ 0, TIMERAWP — ©
ona the cofor of both |s black

Tf MODEPPY = ‘ramo',

MODEPPY = WODEPP
11 MODEPPY = "off'y
the color la apen white
It MODEPPY = * ramp*
the color le of

If MODEPPY = off"
PBASEV~— 0 and
the color !s black

e = P
PPNMNY =~ PPNMN

o and the color ot Aapy =~ PRT rucnaay = TivePR
1 WODEPPY = basers PBASEV~ PSTPT and and the cofor of both 15 Fed T CALCULATIONS MOT DIRECTLY ASSOCIATED
he color I8 opsn yallov the color (s red It MODEPPV  *boss®, WETH THE GEWERAIION CONTROL
. 1¢ MODEPPY = * outo*s It MODEPPY = * base' PBASTD
he color 18 open red PBASEV =~ PBASE and APy =

TIMERAMY == TIMEFB
tha color I ysilow

MODEPPY =~ MODEPP

If MODEPPY = *off'y

the cotor Is ml!d white
it MODEPPY

1f MODEPPV = * auto’
PBASEY =~ PREQ and
the cotor 1s orean

on. <color 1s -ol!d oresn
It MODEPPY = * base's

the cater 12 sold yoliow
It MODEPPV = * aute®

+ho color 1s s01ld rod

ONE DR MORE PLANTS HAVE
EXCEEDED LIMITS

PN ~ s

MODEFTR ond MODEPES JooEr TR e HoDET o )

> M = = AGCMODE =~ " auspen
2

60.02 Hz poke potnt| [59.98 Hz poke point| [60.02 Hz poke polnt( |59.98 H2 poke polnt
Is soild red ts sond od i anl!d graen Is soild green

¥

60,00 Hz Doke Dclnr
Is sl

Mm{PES and MODETE

Rematning poke points ars soild
white for EAST and solld magenta

CONSTART NET INTERCHANGE
poke point MAGC poke polnt MAGC poke polnt MAGC poke point MAGC
Is sotld red 15 solld red Is eolld red Is solld red
T T

6 J
Remalning poke polnts MAGC are solld

white for EAST and solld magenta
for WEST

TIE LINE BIAS ONSTANT FREQUENCY
poks polnt MAGC
Is sottd red

“TUB TIME ERROR BIAS SUSPEND CONTROL

TIMEFSV =+ TIMEFS .
sV 8

aLvars THIRK SAFETY

T

oR

()
P ICK-SLOAN MISSOURI BAS IN PROGRAM
TRANSM IS5 ION DIVISTON ~ SOUTH DAKOTA

WATERTOWN AGC

__ TECHWICAL APPROVAL

HEXT SHEET

cHECKED _

i,

SR, COLORAL TR

466- EP-50
Figure 34.—Generation control format module (Sheet 1 of 3).
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GENERATION
CONTROL FORMATION

MODULE
CONTINUED
v Fx o~
ACEY = ACE TnosIoH [
PSCHEDULY = PSCHEDULL FLAGHOV AL DA = ol = WD ¥ 0ATME

MTNDMAP TRt

TIMESCLM == TIMESCL
Olsplay In yeitow T

Oispiay TIMESCLM
n red

MTNDY == MTND.
Dispiay tn yellow

NSSIGN

NS+ N5 F DATUWE_ el

*positive

F

. _ B i T B
= NS S— DATUME |-
Otsplay In_yeliow

/ALL DATUM L,

POINTS IN
[

.
DESIGN ™ ¢
2 el

: A
*positive®

T DATUME__Heed

T o o¢ >0
’ Display In yeiiow
FLAGGCD = |

NOTE: THIS FORMAT MODULE IS AN EXAMPLE OF
THE MOOULES REQUIRED FOR THE MANY DISPLAYS.
€ACH FORMAT SHOULD HAVE & SIMILIAR MODULE
DESIGNED TO SERVICE THE REAL TIME AGC DATA.
CARE SHOULD BE TAKEN TO INSURE THE DATA IS
VALID AT THE POINT OF THE MODULE. SUCH
VARIABLES AS ACERATE, PRATE, PREQ, ETC.
EHANGE FROM MODULE TO MOOULE.

[ € eLvers T SAEETY

oo O A
PICK-SLDAN MISSOURI BASIN PROGRAM
TRANSMISSION DIVISION - SOUTH DAKOTA

WATERTOWN AGC

oes 16MED.
oram_
cHecneD _

TR, I i | :66’ EP- 51

arprOvED

Figure 34.—Generation control format module (Sheet 2 of 3).
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6. If MODEPPY = *off' or 'outo’, RAMPD entries are 10. When PSCHEDULS !s entered, the *POWER and
(VARIABLE) = THE DISPLAYED VARIABLE Tlegal. If MODEPPY = *romp’, then RAMPD =~ entry) ENERGY SCHEDULING' program must be colled
CVARIABLEY = THE VARIABLE ENTERED BY THE DISPATCHER EAST AND WEST DATA ARE SUPPLIED BY DIFFERENT (¥ PBASES — PPLTV » 0, PRMPTD — PRMPD 2 801 to recttfy accounting procedures with a manual entry.
b DATA BASES USING VARIABLES BY THE SAME NAMES. If PBASES — PPLTY < O, PRMPTD ~- —RAMPD x 60 Then PSCHEDULE ~ PSCHEDULS, FLAGMOV = set.
. PBASES — v TIMESCL ~ TIMESCLS x 60, FLAGPES ~ set
VAW/DD/YY e b S5 GNE-LINE © AA S BB < CC Furtnery 1f Ratewwxy > PRASERCIRPLIY 5 garenuny ond TIMESC = TIMEREAL.
PAGE 1 OF 3 <& ALARM O LIMIT < EVENT then the entry shall be excepted. Otherwlss If TIMESCLS = 15 not entersd before EXECUTE
GENERATION CONTROL the entry shouid be declared Iliegal. Js pushed, TIMESCLS = 10,
t 2 3 a5 & 1 8 MODE BASE _ ABOVE  BELOW _ RAMP__ START If MODEPPY = *base', then RAMPD = entry. When RESET fs pushed, the 'POWER ond ENERGY
1 I PBASES — PRLIV > O, PBASTD~ RANPD = 60 SCHEDULING' program must calculate
CF I¥ PBASES — PPLTV < 0, PBASTD = —RAMPD 'x 601 the correct schedule and FLAGMOY = ctear.
YTE = (USTATD) (MODEPPV)[ | (PBASEYV) | (PPNMXV) | (PPMAW) | (RAMPY) [{ TIMERAMY! Further the test for rate ilmits above apply.
YT = [USTATS] [MODEPPD]| [ [PBASES] { [PPNMXD) | EPPNMND) | CRAMPD) |L TIMERAMP)] Finatly If PRMPTD or . PBASTD are tooded and
SEE NOTE | executed before TIMERAMP !s loaded thern
TIMEPR ~ TIMEREAL, FLAGPR = Set when MODEPP = *r
;25 i SEC NOTE 4| SEE ROTE | SEC NOTE § [ SEE NOTE & | SEE NOTE 7 and TIMEFB « TIMEREAL, FLACPB ~- set wher MODEPP = *bose’
oA e 7. If MODEPPY <*off' or *auto’, TINERAMP entrles
on are !flegal. If MODEPPY —~-* ;;Jmp fhan
TIMEPR = [IMERAMP and FLAGPR -+ W 10
BG xx If MODEPPY == "base’ then TIMEPB «—UMERAMP GENERAL NOTES
and FLAGPS = set. This drawing Is on example of the design
R which must be acoomplished for each format.
o 8. When FSP pokepoint Is seiected, FS =-59,98 Hz, Each format should have the flelds
or §0.02 Hz depending on which pokepotnt described whers real time daota supplied
Is addressed. If ENTER key Is depressed and used by the AGC algorithm Is Invoived.
Lo before TIMEFSD Is entered, then
LR TIMEFS = TIMEREAL and FLAGFS~— set, If TIMEFSD
W ts entered befors the ENTER key Is
pressed, then TIMEFS =~ TIMEFSD and
ov FLAGFS = set.
Ll 9. When the pokepolnt MAGD Is sslectsd,
e s I the point Is TIELINE BIAS, MODEPES—ofi,
x or noTE 2 xggge— *on', MODETE =~ 'off'., and
-on’.
Img CORRECTION CONTROL MODE CONTROL. AR:A SCHEDULE O it 15 LB - TIME ERROR BIAS. MODEPES = *ont,
st wesT FREn 1 o
FRE0 T v I MODEFR = *on', MODETE == ‘on'. and
OFF-SET s NEF scH e[ow ] MODEAGC = *on’ .
WD) | CHaco) 1f the polnt |s CONSTANT FREQUENCY, MODEPES = 'off*,
TUB - TIH ERROR BLAS SER A DATA IN TS AREA ¥ MODEFR =-'on®, MODETE = *off",
SEE NOTE 8 4 IS FROM " PONER AND MODEAGC = ‘on'.
SEEROTES | Comstant FrevueNer sHaDE ENERGY SCHEDULING' I the polnt Is CONSTANT NET INTCH, MODEPES = on'.
PROSRA acE MODEFR = off', MODETE ='off', ond
MODEAGC ==*on'.
ST T fm:::: CONSTANT MET ITCH had € If the polnt Is SUSPEND CONTROL, only MODEAGC = *suspend'.
In a} cases FLAGACE = set and TIMEACE =— TIMEREAL.
BIAS: . Hz (B} (80) (BY) [BD) SUSPEND CONTROL. SET (PSCHEDULY) | ¢ PSCHEDLRLY) v LACEY)
TPSCHEDULS) '/ TPSCHEDRS)
IS M- W n-s[_thw ] oc [ 1o RaP (TMESCLO | cTovESCLMT |
[YMStLS)\y[ TDESCLSY <> CONTROL
SEE NOTE 10 OEIEEN L,JIANTEA
SCHED
INDEX
< PAGES |
NOTES
I, USTATI Is determined by the *AGC Algorithm' . 3. The sost and the west part of the powerplants o. If RAMPD has not been sntered after PBASES
USTATS 1s used by the display Input which may have generatlion alther east and before ENTER le pushed, but TIMERAMP
control program. Each polnt must be checked or west are treated as seporote powerpiants, has been entered:
for USTAT. If It Is "no', the USTATS However, the USTATS of a generator east When MODEPPY = ‘ramp', RAMPD =~ (0 (See Note 6),
maybe transiated from the type of symbol having a non-zera value must foroe the TIMEPR == TIMERAMP and FLAGPR =-set.
ond color entered to USTATD numbers. west USTATS to zero. This should be done Whan MODEPPY = 'BASE', RAMPD — 10 (See Note 6),
An open white symbol In USTATS means USTATD=- 0, in the format display output program. TIMEPB + TIMERAMP and FLAGPB =~ set.
a solid green USTATS means USTATD =- 1, a solid d. If PPNMXY > PBASES > PPNMNV, then the entry
red USTATS means USTATD = 2, a solld yellow 4. PBASES must be sorted Into the proper varldbie should be declared IMagat.
USTATS means USTATD = 3. depending on MODEPPY, When MODEPPY = *off
1f USTAT = 'yes', then the MODEDATA for PBASES !s fllegal. When MODEPPY = 'ramD . 5. If MPP = ‘ppgc’ and PNMXF  ='yes', then
that DATUMF polnt must be chonged to "man' PSTPTD =- PBASES. When MODEPPV = *base’ an entry Into PPNMXD wlll cause the value
and the value of USTATD above must PBASED =~ PBASES. When MODEPPV = 'auto’, to be 1n DATUMF, MODEDATA wiil be set
be ptaced Into DATUMF as the entry. PBASES Is tllegal. 4o *man’, DATUMF wiil blink yellow and
Also, set the alarm ' ONE OR MORE AGC DATA a. If TIMERAMP and RAMPD have rot been entered on alarm wiil be set (See Note 1).
CHANNELS HAS CHANGED MODE' and bllnk the after PBASES and before the ENTER Is pushed; Also, the plant labsls wlll change color
DATUMF value In *yellow' untii the atarm Wnen MODEPPY = *RAMP', TIMEPR - REALTIMK, as In Note 2. If MPP = ‘ppgo' ond PNMX = "no’ aLwars THING SAFETY
1s acknowledged. FLAGPR =— set and RAMPD == [0 (See Note 6. or 1f MPP % *ppge’, then PPNMXD < value, -y
When MODEPPV = *BASE', TIMEPE ~ REALTIME, TIMEPP ~ TIMEREAL and FLAGPP -~ set o O e IO
2. If MPP = 'puise® or 'ped’, or If USTAT = *no’, FLAGPB = set and RAMPD = IO (Ses Note 6), The tdentlcal conoept Gpbiles o PRNMNF, PICK-SLOAN MISSOURI BASIN PROGRAM
PNMXE = *no® and PNMNF = 'no', then b. I TIMERAMP has not been entered after PBASES and PPNMND. TRANSMISSION DIVISION - SOUTH DAKOTA
the color or the plant labsi should be magerta. and befors ENTER Is pushed but RaMPV
15 USTAT, PR, o PAMNES - * yos Gnd the MODEDATA* hos been enterad: WATERTOWN AGC
for any of the DATUMF Is "man’, When MODEPPY = *ramp'., TIMEPR — REALTIME,
“off', or 'hold', the cotor of the plant FLAGPR = set and RAMPO Is treated os note 6,
label should be green. If USTAT, PNMXF, When MODEPPV = *base', TIMEPB = REALTIME,
and PNMNF = *yes' and afl MODEDATA for FLAGPB = set and RAMPD Is treated as note 6. _ TECHWICAL APPROVAL _
the gemerators are 'on’, ‘pri*, or *alt', SumerTTED,
than the plant labal should be colored red. CHECKED _ APPROVES .
i, TR
TR, COTORA T ] 466- EP- 52
Figure 34.—Generation control format module (Sheet 3 of 3).
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o

STRIP CHART

OUTPUT POWERUP

MODULE

RECADD == RECADOI
MAXSCAL =~ MAXSCALI
CENSCAL = CENSCCALL

P
/ € Do FOR v
FLAGSTC FLAGSTP
- CHANNELS
- -
7
T X

TIMEREAL™ 30 min
F
TIMESTC
L

IMEREA!

FLAGSTC - 0
FLAGDISC = 1

TIMEREAL ™30 min

£ ONCF
TIMESTP

FLAGSTP = O
FLAGDISC = |

3 €
c DO FOR x 3 DO FOR x
CHANNELS CHANNELS
I THRU ® 9 THRU 32,
L

RECADD =— RECADDD
MAXSCAL == MAXSCALED
CENSCAL =~ CENSCALD

NOTEsTHIS IS ENTERED
FROM DISPATCHER DISPLAY,

RECADD =- RECADDD
MAXSCAL == MAXSCALD
CENSCAL = CENSCALD

NOTETHIS 1S ENTERED BY
THE ENGINEER THROUGH
CALIBRATION FORMATS.

RECDATA _ CENSCAL
WiA;

RECOUT -

RecouT T -~ i
> RECOUT ~— 1.0000
~.1. 0000, S— —
~.

[

.~ RECOUT
<

\ 0009~

NOTEsRECOU!
FULL SCALE POSITIVE AN

~1 FOR FULL SCALE NEGATIVE.

AL¥AYS THINK SAFETY

TEL (3
oerg BN U L R0
PICK-SLOAN M1SSOURI BASIN PROGRAM
TRANSMISSION DIVISION - SOQUTH DAKOTA

WATERTOWN AGC

TECHNICAL APPROVAL L __ ____
SUBMITTED.

apPROVED _ _

i, GTATIRICH, SN
TEWER,  COLORA00 TR ] 466- EP- 53

Figure 35.—Stripchart output module.
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ALARKE £
w0y
o
B
"TRESTHEDULE THE ALGORTTHM
o P . FOR EXECUTION
RMINAL SCHTIME FROM NOW
MODULE PONERUP FLATALe FLAGDISC RUNTIME = TIHEACT— TIMEREAL
SCHTIME = RSCHTIME — RUNTIME
TIMELLP = TIEACT
T N NOTE» SCHTIME SHOULD BE AU s AL
TRUNCATED TO ONE FENTH AR o
TIMEREAL 30 min TRANSFER ALL PRESENT OF & SECOND.
PONERUP = 0 S VALUES OF CONSTANTS
RSCHTIME =- RSCHTIMEL MEALC TO THE POVERUP [
- INITIALIZE TABLES £ ALARME
TMEREAL ON DISC SO THAT < AUARM - 0
THE NEW VALUES WILL 0
8E USED on THE
NEXT POWERUP.
00 FOR FLAGDISC =- 0
aLL
sy rEE T
ALARMD = 0
FLAGALC = 0 ALARMD <- O ALARNC = O
FLAGOISC = | -
RSCHTINE =
RSCHTIMD
ALARMO
ALARMX = ALARMXE
AUARMP =~ ALARMPL
ALARMC =~ ©
S o~ 1|
ALARMP = AUARMP
CALBDATO — CCALBADD?
FLaccaLs by Wil FLAGCALD = |
CHANNELS
7 .
). A—0 INPUTS SHOULD HAVE THE ABILLITY THE CALIBRATION SYSTEM SHOULD CONTAIN
TIMEREAL 30 min T0 MULTIPLY, DIVIDE, AND OFFSET. (. & SYSTEM TQ EXAMINE, DISPLAY, RECORD ON A LABORATORY
£ 2. LOGIC INPUTS SHOULD HAVE THE STRIP CHART RECORDER, ENTER FROM AN ANALOG INPUT, AND MODIFY
TIMECALB MASK CAPABILITY. FROM A KEYBOARD ANY VARIABLE IN THE AGC ALGORITHM DATA BASE.
< 3. D—A OUTPUTS SHOULD HAVE OFFSET, . EIGHT CHANNELS OF ANALOG OUTPUT AND INPUT SHOULD
TIMEREA OIYIDE. AND MULTIPLY. 8E PROVIDED.
. LOGIC OUTSUTS {RELAY CONTACTS) SHOULD . THO CHANNELS OF LOGIC OUTPUT ANO INPUT SHOULD
HAYE A MASK CAPABILITY. 8E PROVIDED.
C. THE ROUTINE TO SERVICE THE ANALOG AND LOGIC
5. ADDRESSES SHOULD WAVE THE PROGRA
e ristt Eapao ey OUTPUTS AND INPUTS. THE DISPLAY AND KEYBOARD SHOULD
I OCTAL {OR NEXIDECIMAL) GE OF ONE PRIGRTY HIGHER THAN THE AGC ALGORITHM.
FLAGDISC = FLAGDISCO : THE CALIBRATION INPUTS AND OUTPUTS SHOULD BE UPDATED
6. DATA SHOULO BE AVAILABLE IN FIXED
CALBAOD] = CALBDATD POINT BASE 10, FLOATING POINT BASE 10 FASTER THAN ONCE EACH 2 SECONDS.
FLAGCALB — 0 ¢ A SECOND CALIBRATION SYSTEM SHOULD BE USED TO
It Ao ALLOW THE THE SETTING OF AT LEAST TEN AGC
B Mol vy e CONSTANTS SIMULTANEOUSLY WITH SYSTEM | ABOVE.
T R N os VieTUAL 08 DISC 3. A THIRD CALIBRATION SYSTEM MAY BE PROVIOED 10 MAX
MEMORY ).

PROGRAM PATCHES OR TO MODIFY OTHER THAN AGC DATA BASES.

aLvAYS THINK SAFETY
ergR,

o el L wid I

;
£4) i
PICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISSION DIVISION - SOUTH DAKOTA

WATERTOWN AGC

oESIGHED _ - -
oRamy_ - -
cHECKED _ _ . _ P
i, SRR
GERVER, COLOMAS T | 466- EP- 54

Figure 36.—Terminal module.
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WOD/YY . HHe W SS . MA/DD/YY  HHeM S5 ONE LINE <> 4A 8B O CC
PAGE 1 OF 3 A€ ROUTE SELECTION - EAST ‘Z;EAE':&% T & ey PAGE 2 OF 3 AGC ROUTE SELECTION- EAST & ALARMS LIMIT O EVENT
SUMARY DISPLAY SELECTORS AL > O_Ajc:zx:ﬂé ASSIST ALLOC
MUL X XX l{
. RATE 4 X, XX 30 xx £ xk 0K + xhoxx + Xk xx
A
RAMP ALLOC
e 3 O SET PT | S | S | A— XXX Xxx [ K
LENGTH xx XX XX XX xx
x;i;;:‘::“ ﬁ‘:ix o o TIME xXxX XXXX XKRX XXX XXKK d XXXK
EMERG ASSIST o] S BASE ALLOC
e LIAT 4 X I © BASE i T o T o T T T xx
BIAS + + ACE RATE LENGTH xx XX P P X% X%
+ X0 AX LIMIT - ok ) XX XK TIvE YRKX 000K 00K XXX XXKX XxKX
£ +xxx s
| GAIN XX, XX AUTO atLoC ——
O PAR FACT T T xx T o ] x T T x
PAR MODE.
FLOAT
ALLOC RATE +xxx 4 %0Xx % XX % xx Ex. X% t x.xx
I — O SUSPEND
SCHEDULE TIELINE DYNAMIC FREQUENCY TIME ERR WAPP B1AS MAPP COORD ”’;“5 XXX XXX XXX XXX XXX Xxx
NET NER P XXX XXX XXX
EMER DN xXx XXX XXx
PRESENT PRESENT PRESENT W 6lAS MY BIAS v BIas W Bias XXX xxx XXX XXX XXX XXX
1 xxxx £ oo + 00 & xxx + x0x  xxx + 0 i xXx XX XXX XK XKk
TIME BIAS NORM DN
SCHED DISP ENTAY LoAn ACTUAL HZ TIME ERR SIONAL £ e xxx Xxx xx% XXX Xxx XXX
O & ooxxx < xxxx + xxxx XX, XX + Xxe XX + xxx INADY BIAS RE?E;R“E":,EN' XXX XXX XXX XXX XXX XXX
Rawp xxx BASHPOTS xxx NOR Nem BYP NOR NOR
xx TOT MAN JOU SHARE SETPOINT
TIME OATA EXTERNAL S xxXX CooRD SIG REMOTE TYPE ePoC PuL PID 10 PUL PUL
XX XX £ xxxx + oo XX HR REMOTE WODE LT oN oN oN OFF oFF
INTERNAL UP—DOWN a|n oo [=11=] ajo oo =]
SCHED 1NAD WLt WLt
+ xxx BUS XXX X XX SUMMARY &
SHaDE XX Yie PE oA on FR o
+ xx T Lt
DISP ADs + X0 XX + Xxx
& xxx — XX XX —xxx PRESENT
NET ScHEo & soMED 00 FREQ XX, XX ToT GEH EXXXX AcE xxx
o < NET XXX T ERRE XX, XX TOT LOADE XXXX EMER ASSIST O
. < L
<
<& MAPPCOEXXKX
SUMMARY DISPLAY SELECTORS TOT GENAXXXX  TOT LOADE xxxXX <> SUSPEND <> CONTROL
<> CONTROL O GHANGE AT TIME XXXX < SCHED
TOT GEN £ XXXX  TOT LOAD F XXXX g lS:l”?‘EE: S mnasix
< CHANGE AT TIME XXXX & SusPEND L s S PASE &

SUGCESTED FORMAT STYLE FOR AGC SIGNAL FLOW
COLORS, DATA, AND CONTROL DETAILS ARE
LEFT FOR THE MUTUAL AGREEMENT BETWEEN
THE GOVERNMENT AND THE CONTRACTOR.

DestorEn -
o _ wre sumersTeo_ .
cHECKED e APPROVED__

SO, B e
TEER, COLORADD 7T BT 466- EP- 55

@ ALvAYS THING SAFETY

”"MJF% 5559!&5«[‘#3’ on
P ICK-SLOAN MISSOURI BASIN PROGRAN
TRANSMISS ION DIVISION - SOUTH DAKOTA

WATERTOWN AGC

_ TRCHRIEAL AFPROYAL

Figure 37.—Suggested format for AGC signal flow.
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DRAWING SYMBOLS

START

OF
SUBROUTNE

00 LooF

E ENTRY
L LooP

C  CONTINUE
X EXIT

CALL NAME SUBROUTINE CALL
SUBROUTINE RETURN
OR EXIT
INDICATES AN ALARM
MUST BE SET

OPERATION MUST
TAKE PLACE

DECISION
MUST BE MADE
SUBROUTINE FLOW IS
CONTINUED ELSE WHERE WITH
AN IGENTICAL LETTER

MATHEMATICAL SYMBOLS

ADDITION
SUBTRACTION
MUL TIPLICATION
DIVISION
SoUARE
SOUKRE ROOT
REPLACEMENT
REPLACE WITH 1

REPLACE ¥ITH ©

VALUE OF *NAME" FOR
THE PRESENT FaSS

DECISION SYMBOLS

TAUE

eaLse

FourvaLENT

SREATER TiaN

LESS THAN

GREATER THAW OR EQUAL

LESS THAN OR E0UAL

NOT EOUAL

PosITIVE

NEGATIVE

ABSOLUTE vaLLE

VARIABLE SQUAL To |

VARIABLE €0UAL 10 ©

LOGICAL INCLUSIVE OR

LosicaL a0

oL To 1

cauaL 10 0

@ ALWAYS THINK SAFETY

D ok nd K edp P
P ICK-SLOAN MISSOURI BASIN PROGRAM
TRANSMISS ION DIVISION - SOUTH DAKOTA

WATERTOWN AGC

oestovED

SR s,

EWER, CILORADO TET T 466- EP- 56

GPO 831~743

Figure 38.—Flow chart symbol definitions.
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