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INTRODUCTION

A water constraint system is necessary in the operation of a complex water system (in this
case consisting of a dam and reservoir, powerplant, and afterbay reservoir) to assure that
limits on upstream and downstream water Re‘vels are not exceeded. Some type of sySiem
must be employed to monitor these levels and to operate the generators and the gates and
valves controlling the flow of water in such a manner as to maintain the levels w1thm
desired limits. The principles of the water control and constraint system may be executed
in several different ways. Water control may be done manually ‘Some of the control may
be performed by a hardwired system using water-level detectors and some type o;f:w
indication device (strlp charts, annuncrators) A third method is to use a computer to
control functions such as loading of generators (generator load and voltage algorithms are
described in a companion report) and actuating sprllway gates or outlet valves. The
computer may also be used to perform the water'constraint function. This report describes

a system for monitoring water constraints to interact with both the powerplant operator

and the load control programs. The river control is assumed automatic and is controlled

by a special river control algorithm operating in the same computer.

The Yellowtail Unit is part of the Pick-Sloan Missouri Basin Program and consists of
Yellowtail Dam and Bighorn Lake, the powerplant, the switchyard, and Yellowtail

Aftarbay Dam and Reservoir. See figure 1.

Yellowtail Dam is located near the mouth of Bighorn Canyon on rhe Bighorn River, about
34 kilometers (21 mi) due north of the Montana-Wyoming State line and 72 km (45 mi)
southwest of Hardin, Ment. The powerplant is located immediately downstream from the
dam and houses four 65 789 kV-A (kilovolt ampere) generating units, giving a total plant
capacity of 250 megawatts. The afterbay dam is located about 3.6 km (2-1/4 mi)
downstream from Yellowtail dam. It was constructed to provide a uniform, daily dis'eharge
to the Bighorn River, level the peaking power discharges from the poWerplant, andiprovide

for the water requirements.of the Bighorn Canal.




The proposed PPGC (Powerplant Generation Controller) for the Yellowtail Powerplant
will be a minicomputer-based system. This system will allow the plant operator [via a CRT
(cathode ray tube) screen.\:zfit the powerplant] to monitor the status of the powerplant,
control generator load and voltage for the four generators, and control the discharge of

water 1o the Bighorn River and the Bighorn Canal at the aftérbay dam.

The PPGC will also have a communication link to the PSCC (Power System Control

Computer) at Wateriown, S. Dak. This computer - vill be programed to maintain and

schedule load for the Upper Missouri power system. It will be capahle of controllmg the

plant load at Yellowtail along with other powerplants in the Uppe[r:;?_Mlssoun Region.

\ A h
'ﬁm AGC (Automatic Géﬁération Control) program in the PPGC at Yellowtail is required
i 1o operate within the water system limits already existing at the plant. The water constraint
p()‘r>l>i;)n of the algorithm is designed to perform that function. Periodic checks are made
to ensure that the level limits on Bighorn Lake, the afterbay reservoir, the Bighorn River,
and the Bighorn Canal have not been exceeded. The algorithm will activate an alarm if
any of these limits are exceeded. Also, if the afterbay reservoir has exceeded levelllimits,
the algorithm will not allow the AGC system to continue changing the load on the

powerplant in such a way as to cause the afterbay to further exceed the limit.

At Yellowtail, these water constraints may have a day-to-day effect on the plént loading.
To control the plant load, the plant operator must have some means of predicting when
the water limits will be reached. Also, in emergency power system i':oading situations where
full plant capacity is needed, the operator will need to predict how long the plant can
operaté before a water constraint is reached. The predictor portion of the algorithm

performs these tasks.
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~ these predictions.
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CONCLUSIONS

The water constraint and. prediction algorithm proposed for the Yellowtail Powerplant
provides for detection of maximum and minimum level censtraints for the afterbay
reservoir, the Bighorn River, and the Bighorn Canal. The algorithm also prbvides for
detectien of maximum rate of level-change constraiﬁts, which in’clude forebay level
drawdown, a}.!ii river level rates during ice-free conditions, ice-formation conditions, and

ice-cover condiusns,

The algorithm allows the powerplant operator to perform two prediction funciions: the
afterbay level for 10 hours in advance, and the amount of time available before the afterbay

will exceed level limits. The algorithm uses a c;osed-loop-corrééted water model to perform

o~

"APPLICATIONS

The algorithm as outlined applies directly to the Yellowtail Unit. The water mo;iel used
by the algorithm is unique to Yellowtail because of the afterbay reservoir. The water model
predicts maximum and minimum constraints for ‘the afterbay reservoir level. Therefore,
the principles of prediction used in the algorithm would be applicable only to other projects
which have an afterbay reservoir. However, the concepts of water"copstraint detection
used by the algorithm could be applied to any water project. )

_ ) |
The algorithm may also be adapted to operate in a central dispatch computer such as the
Watertown PSCC. The required water levels, gate positions, and generator outputs would

have to be telemetered to the PSCC.




ALGORITHM CONCEPTS

Load Constraint

The main purpose of the Yellowtail water algorithm is to constrain the plant load controller
from causing the afterbay reservoir. to exceed high and low elevation limits. In one day

of opefaiion, the afterbay at Yellowtail can vary as much as 8.2 meters (27 ft) between

minimum and maximum elevatlons The algorithm will detect when either limit has been

reached. When the maximum limit is encountered, the a]gorlthm provides alarms to the

cperator and sets.a flag to the AGC to stop the generator loads from i increasing. When

a minimum hmlt is found, the algorithm agam alarms and sets a “flag to stop the generator

load from decreasing. The algorithm will detect and alarm to the ope rator other exceeded
* limits such as: excessive forebay level drawdown rate, river level maximum and minimum
/

elevations, excessive river level rates of change, and canal maximum and minimum

elevations.

Afterbay Level Scheduler

,v."'he algorlthm will also aid the operator by predlctmnr the-water condmons at the plant
'Q:;“rfor 10 hours in advance. The operator ¢z “enter a/10-hour plant loadmg schedule and
determine whether this’ scheda:e would cause the afterbay to exceed level limits at any
point during the sc nedule period. If he finds that the loading schedule will cause the
aftetbgyr,,%{f‘“g}h to limits, he can adjust his loading schedule and rerun the pre»chctlor}numll

_Le'finds a schedule that wilif_;ryork. In this way he can.know the capability of the plant.

The operator may create any type of condmons for the water system overa 10 hour period

and obtain a pr edlctlon of the level of the afterbay in 1-hour increments for that 10-hour

period. For examp]e, }w may enter a 10-hour schedule for the total plant load (10 data
entries, one for each hour) and then he may assume all other water conditions remain
constant at present actual values (gate positions, river elevatlon, canal elevation). With

this mformatlon, the algonthm will generate an afterbay level schedule If at any time the

Lt B .
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Executive ’ ' -

algorithm predicts the afterbay to be exceeding a limit, an alarm message is displayed. In
addition to plant load, the operatbr has the option to enter several other plant conditions
for other predlctlons He may enter. different gate positions, forebay elevation, or canal

elevatien 1o be used by the predictor. He may also enter a 10-hour river elevation schedule

- The algornhm will also use the next 10 hours of scheduled plant load as indicated by the '

Watertown area control computer for the 10-hour load schedule, if it is available. In all
instances, the" algorithm predicts what the afterBay level will do over the next 10-hour

period, given the conditions entered by the operator through a CRT dlsplay o

i

Time to Limit Prediction

Another portion of the algorithm will allow the operator to predict how much time he |
has to run the plant at a certain load hefore an afterbay limit is exceeded. /The operator
may enter any total plant load to make the predlctlon He may also enter V?lmes for forex,\ay
elevation, gate posmons, and the canal elevation. However, the tiver elevatlon is always
taken-as the present actual value. This portion of the algonthm is mtended for short-term
time predictions of less than 5 hours where more accuracy is desired. The longer
time-oriented predictions can be made with the 10-hour scheduler previously described.
The algorithm also indicates the operation time to an afterbay limit for normal plant
capacity and emergency plant capacity. The maximum or minimum type of limit

encountered is also shown

INTERFACE'

o
iy

N

The flow charts of the Water Constraint algorxthm are found in flgures 2 through 10 of
this report. Flgure 2 defines some of the standard symbols used w1thm the ﬂow charts

The interface requirements for the water algorithm are shown in figure 3. fFlgures 4 through -

IUshow the processes of the algorithiﬁ in flow chart form. Appendix A gives an alphabetical




list of all the variables used in the‘ élgorithm flow charts, with a brief definition of what
each variable represents. The algorithm is made up of fh;ee separaté programs in order
to acédmplish the three difgéient tasks outlined above (Load Constraint, Afterbay Level
Schedule, Time to Limit Predictor). The Water C.‘onstraint program must be called on a
periodic basis by the ~"Executive”'~(see fig. 3). The timing of this call is not critical. The
maximum time betweeﬁcﬂg!}l"s deﬁends upon the water system. It should be called often

enough that changes in the water system can be detected accurately. A calling time ranging

from every 5 to 15 minutes would be acceptable at Yellowtail. The Executlve must also ‘

supply the Water Constraint program with the actual computer time. When a power-up
occurs, the Executive must not' call the Water Constraint until the operator has initialized
the computer time. A flag, “power-up predictor,” must be set by the Executive to indicate

a power-up ‘has occurred.
Buffers

All the programs use a buffer sjstend to isolate the running program from the data base
(see fig. 3). The programs use buffered data so that they can’be interrupted during their

operation without affecting the data being used during that particular pass. Buffers are

required for hardware input, software (format) inputs and outputs, and alarm cutputs.

CRT Formats

The operation and layout of the CRT férméts*that.suppmt the algorithm are shown on
figures 11 through 20. The CRT formats proposed for the PPGC at Yellowtail employ
a “question and answer”’ method on the bottom tﬁree lines of the formats to operate them.
Figure 11 shows the general flow of the “questions and answers” used by each format.
The computer supplies the first question in the control tree area (bottom three lines) of
the format. When the operatbr wishes to change the format, he responds to the question
in order to direct the computer to a certain area of the format. The computer continues

to "ask” questions, with the operator supplying the answers until the, particular quantity

- 0 = mn em B
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to be changed has been determined. The particular questions (first question, second
question, etc.) and the possible operator answers for each question are shown following
each of the CRT layout drawings. For example, figure 12 shows the layout for the time
and water substitution format. The figﬁre also shows thé definitions for each quantity on
the format. Figures 13 and 14 show the particular questions and answers to be used to

enter the operator changeable quantities on that format.

‘This method of CRT operation is slower than other methods such as using a light pen or

joy stick for cursor positioning. However, the faster methods require more sophisticated

and expensive CRT equipment and software.

There are four formats required to support the algorlthm Fi 1rst, an alarm format is requlred
(see alarm buffer on fig. 3). The three other formats are: the Time and Water Substltutlon
format as shown on figure 12, the Water Predictor format shown on figure 17', and the

Load Time Limit predictor shown on figure 15.

T e
e 2,

Hardware Inputs

- The hardware inputs required by the algorithm are shown in figare 3. All water flows in

the system must be calculated. So, all gate and valve positions, levels, and unit loads must
be supplied to the algorithm. Some quantities may be operator entered. For (example, the
spillway gate and outlet works valve positions are entered by the operator via the Time
and Water Substitution format (fig. 12). There are no transducers monitoring those gate
and valve positions. However, the aéchracy of the algoﬁthm relies on the accuracy of those
inputs. Thus, the operator must be sure he makes a new entry whenever a gate or valve

position is changed.




Calibration System

A calibration system is necessary to calibrate the algorithm. Data quantities must be
able to be displayed and changed by this system. The calibration system consists of a
CRT format to be designed hy the system supplier and eight channels of D/A (digital
to analog) converters. The format ‘will allow examination and changlng any memory

cell containing data. Also thP scaling, offsets, and data addresses used in the D/A

converter system should be controlled by the format. The D/A outputs will be used to

drive an eight-channel strip chart recorder. This system permiis the display of trends
for various inputs and outputs of the model predictor system and the adjustment of

constants within the model for best operation.

DESCRIPTION OF ALGORITHM OPERATION

Each of the three programs in the water algorithm use either or both of the routines
" MODEL and WCON. The operation of these routines will be described first, followed by
an explanation of how the three programs use these routines to accomplish their different

tasks.

MODEL~The routine MODEL contains all of the equations for turbine discharge, spillway
discharge, outlet works discharge, river discharge, and canal discharge. These equationé
were created using curve-fitting fechniques from design and test curves. All of these are
used to model the Yellowtail Afterbay Reservoir. Given ali of the water levels, gate

positions, and unit loads, the total water discharge either into or out of the afterbay can

be calculated. See figure 21 for a simplified diagram of the MODEL routine. The MODEL

routine is always supplied with a value of time for prediction. Given this time and the total
discharge calculation, the routine predicts what the afterbay volume will be after that time
has expiré‘d-assuming the discharge is constant. An equation is used to convert that

afterbay volume to a predicted afterbay level.

.
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WCON-The routine WU'ON searches for afterbay and river constraints that are beihg
exceeded. Maximum and minimum limits on the afterbay, river, and canal are cheéked.
Also, a 30-minute predi::tion for the afterbay level is made from its present'rate of change.
If this predictioﬁ exceeds a limit, the operator receives an alarm, giving him some indication

of an approaching limit.

The particular water con;traints which are currently applicable at Yellowtail are shown
in appendix B. In addition to these constraints, the WCON routine also checks the canal
for minimum and maximum levels. These limits aré not specified and can be set to any
desired value by the computer progfarqmer. The level constraints for the afterbay and the
river change according to the seasons (irrigation and nonirrigation). Also, the river
rate-of-change constraints change with different ice conditions (ice-free, ice-cover, and ice
formation or breakup). The operator enters the season and the ice conditions via the time

and water substitution format (fig. 12) so the algorithm can apply the correct constraints.

The forebay level drawdown and river level rate of change is checked by ﬁsing software
filters. This technique is necessary because of the loﬁg rate-limit times. For example, the
forebay limit onzldrawdown is 1 meter in any 24-hour period. The computer storage
capability is insufficient to store 24 hours’ worth of data taken at 10-minute increments
(the interval neéessary for this‘limit to be constantly checked); therefore, software filters
are used to detect these limits. The derivation of one of these filters is shown in figure

22. Figure 22A shows the Laplace form for the filter, with time domain sketches shown

for a constant increasing level rate. Figure 22B is a simplification of the Laplace form so -

it can be used to create a digital filter. Figure 22C shows the digital form used by the

computer and the equations used by the forebay-level filter. The filtered rate outputs of

these software filters contain the time information necessary to detect different rate limits.

Given the filter time constant, the output of the filter will indicate how long the level has

been changing at a certain rate.




Water Constraint-The Water Constraint program is called by the computer Executive

approximately every 10 minutes. The program sets up and calls the MODEL routine, ..

settmg the prediction time for 10 minutes. Every time the Water Constraint program is
called it determines whether the predlcted value for the afterbay level made by MODEL
on the last pass (10 minutes earlier) is equal to the actual level. The MODEL routine is
_then continually corrected in a proportional fashion according to the error in its prediction.
The Water Constraint program also calls the WCON routine. Any flags set by WCON are

used to sex ‘the necessary alarms and stop allocation flags.

Water Predictor~The Water Predictor program is called by the Water Predictor formgt

which the operator is using to run the 10-hour scheduler with. Whenever the operator has
set up the water conditions he wants the program to use in making the 10-hour afterbay
level schedule, he executes the Water Predictor. ;’I'he program then calls the MODEL
routine, setting the prediction time for 1 hour. It also calls WCON to check for limit
conditions exceeded by any of the predicted quantities. This process is repeated 10 times

in order to create the 10-hour afterbay schedule.

Load Time Limit-The Load Time Limit operate; in much the same way as the Water

Predictor described above. The Load Time Limit program is executed by the Load Time
Limit format which the operator is using to create the water conditions he wants the
program to use. When the program is executed, it in turn calls the MODEL routine, setting
the prediction time for 12 minutes. However, the Load Time Limit does not call the WCON
routine. It simply checks the predicted”afterbay level for an exceeded limit. The program
keeps'f'éxecuting the process-in a loop until a limit is exceeded or it has iterated through
10 hours of predkiction time. If it has not found a limit for 10 hours in advance, it

terminates.

10
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SIMULATION

The Water Constraint portion of the algorithm was tested using actual water-level charts
and power charts sﬁpp]ied by the Yel]i)jwtail Project Office. Input data necessary to run
the program for a 24-hour period was used. The afterbay level generated by the MODEL
routine (variable ALNEW) agreed to within 5 percent of the actual afterbay level recorded
for that period. This result is very good considering the inherent errors of the water model
used. The actual discharge curves used for turbine discharge, spillway discﬂi‘@ge, river
discharge, etc., have a certaih degree of error. Also, the curve-fitting tgqhniqliza‘;::ﬁgéd to

formulate discharge equations induce error.

, o J N
The software filters used to detect level-rate constraints were also tested. For the shorter oy
time constants of up to 3 hours, rate changes to be detected in a 3-hour period or'less,'{%
the filter accurately (within 10 percént) alarmed the rate limits. For the longer time=- - -
constants, the filter accuracy decreased (up to approxitﬁately 25 percent) and would detect
falsely on fluctuations in the level. However, since these filters are used only for alarm
purposes, the inaccuracy during level fluctuations is acceptable and in some cases may be

desirable.
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. R : ] /N -
N o " EVACUATION OUTLET POS XXX % ( B \ ) :
TAVER TCE MODE, © TCE XXXXXXXX o o | A E VALUE THA RITHG US meomc.’ “VSPILLMAY GATE POBITION', *IRIGATION OUTLET PO5!
— P o : . 'VALUE USED' - THE YALUE THAT THE ALOOR) 3 N . 2 4 Y GATE i 'y TIRRI X ' v
: b ‘ SPRING FLOW . XXX CM/S | THE QUANTITY WAY BE SUBSTITUTED 87 THE OPERATOR IN CASE OF TVACUATION OUTLET pog?,'1SPRING FLOW', 'RIVER CORRECTION! Gy |9 VU OF 1CE OPERATION o4 :
. N . - a L LY
TRRIGATION SEASON, XXX \ , - | TR FAILE ENTCRED POINTS FOR THE GUANTITIER WHOI THE KLLORITIN IGE FEE - 40 IGE ON RIVER
‘ C M ‘ RIVER CORRECTION . SX. XX M ' " | . 'VALUE MEASURED' - THE VALUE THAT IS CALCULATED FROM FOREBAY AND i USE. . THE CONPUTER HAS MO MEANS F WEASURING THESE ICE COVR - COLPLETE ICE COVER ON THE
: ‘ , : : IR - TAILBAY TRANSDUCER VALUES. (FOR PLANT HEAD) , G e PERATOR ENTERED QUANTIFY WHICH 1S USED e romt T En e ‘.
] . T ) : IPITATION'- T "
TIME XX/ XXTXX XEXX: XX : S BY THE DALY SUMMARY. ! ICE BRAK 1S URSTABLE.
e B CANAL CORRECTI ON X.XX M _ :
' : ) PLANT HEAD —= (2UB GROS3 HEAD)L (GROSS WEAD)L
DAILY PRECIPITATION, XXX X MM LY ——o (8008) F (oo} F
8 - IRRIGT 108~ 1) 7
S . \ EVACUATEON —o F
. B : R " ‘ / $PRING ——= (SFLOM) £
REC : ‘ R » W 4 RIVER C0R—(RLEOR) F
. , : . - 8 . , ] ¢amAL con—(CLeoR) £
: ’ ' 'TIME! 18 THE CURRENT TIHE OF DAY AND DATE WITHIN THE 3 :
y : o o : : COMPUTER, - THE DISPLAY 13 ACCURATE TO & 2 SECONDS SINCE 'IRRIGATION SEASON' WAS A 'YEB' OR 'NO’
s . PR UPDATE TIME 18 SLOW. ENTRY, T 18 USED IN TME CALCULATION
. : ' : o~ ' ! OF MINIMUM AFTERBAY LEVELS
' 3°LINES ' .ARE FOR CONTROL TREE - -
R S ) ] ! g:tﬁuuno n (IRRF) F ,
X N TIMEX =
, NOTES .
Z B : L L Indicates-data from load control F indicates dota from
g . : format control tree only.
i Sed
I e "\ )
. Figure 12.-Time And Water Substitution format layout. Drawing 459-PS-2423
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QUESTION

”
"
WATER SUBSTITUTION FORMAT =
) . . - : - MOTES B .
FIRST QUESTION IS AUTOMATI CALLY ENTER SUBSTITUTE POINT - SP (SPILLWAY POS), IP (IRR POS), EP (EVA POS), SF (SPRING FLOW), RC (RIV COR), CC (CAN COR), iM {ICE WODE), I} SEE DWG. NO. 459-PS-2413 FOR ERROR MESSAGE NO. 1.
ASKED BY COMPUTER - - " | T (TIME), N (HEAD), D (DATE), 1S [IRR SEASON),OP {DAILY PRECIPITATION) ? . 2) SEE OWG. NO. 459-PS-2414 FOR ERROR MESSAGE NO. 4.’
: . ‘ - « 3) SEE DWG. NO. 459-PS-2415 FOR ERROR MESSAGE NO. 3.
w : OPERATOR ENTERS ONE OR T80 / o .
. " LETTER CODE : ‘ o . 0
“ ] N B N
» N N N N\ \ N\ "
. B N . ,:‘""y !
FIRST DATA : . : } : '
TABLE - > -l £ 3£ £ L 1R ) 1 i€ i3 IH oe
FIRST FLASH - e x? e il : XK ) COXXKY : LK 1K, XX* *ICE XXXXXXXX' SXKXKXX® XXX . T XxIxxe XXX XXX.X R
TABLE T "{spos) ~ {pos) - (EPOS) (SFLOW) . (RLCOR) (CLCOR). {1CMD) {TIME) (SUB GROSS HEAD) (0ATE) {1RKF) '{DAILY PRECIPITATION)
J B ‘ J | J J : ” ;
4 5 ~ : B : ! : C
L oL secomd . : B R SECOND SECOND SECOND i SECOND SECOND SECOND " "
‘Jﬁglg“"—- QUESTION ; - L . QUESTION . QUESTI0M QUESTION QUESTION QUESTION QUESTION . \
. : TR : Lo ; : %0. 2 na. 3 NO. W . § X0. 6 NOd
- 15 UTPUT ! : i : © IS UTRUT 15 OUTPUT 1S OUTPY .15 QUTPUT 1S QUTPUT 1S QUTPUT
3 : . i f <
. W
SECOND QUESTION No.| . ' SECOND QUESTION No.2
ENTER DATA - (M, PERCENT, CM/S,mm)? IR - T ENTER MODE - FREE (ICE FREE), COVR [ICE COVER), FORM (ICE FORMING), BRAK (ICE BREAKING)? -
(X x ) C : LAXNK -
OPERATOR ENTERS DATA IN uinwc/ ' " OPERATOR ENTERS FOUR LETTER CODE — N i
. sencenr—A _ ows / » ,W7
, : . A :
. ; N - - B SECOKD =
' SECOND LIMIT FOR 3P FOR RC, €C - FOR i?, EP ~ FOR SF FOR DP .. . ACCEPTABLE MODE————=  FREE COVR FORM BRAK
TAILE o< XX <2Im  -10< 2 XXN< 1D . 0sxxsT L0 XXXZ1000 0 XXXX< 1000 mm ‘ TARE o —l " —"l, —')
SECOND 1 . .
. OPERATIOKS ———o {CND-—ICE FREE : 10— I CE COVER . 1CMD »— [ CE FORMING
SECOND ,;” * wﬂ:' %x £0R 1P - FoR ¢ FOR DP TABLE ’
SPOS ——=XX. X RLCOR~—2X, XX . : SF o
orzrn‘mm —_ 198 == XX i SFLOW-— XXX DP=-XXX.X J ‘
E P FOR EP !
CLCOR-—$X. XX IS EPOS~—X¥ . ) ) )
- ‘ SECOND : 10
. ) J/ PATH ——— FIRST
R TABLE QUESTION ‘
SECOND : T . .

Figure 13.-Time And Water Substitution format control tree (shest 1 of 2). Drawing

459-PS-2424
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f
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SECOND QUESTION Na 3 SECOND QUESTION No.4 v . L
ENTER TIME [N WOURS: SECONDS? P EATER DATA - (M), ACT (ACTUAL DATA)? = . _ NOTES .
' ] . Ve : R - g L SEE DWG. NO. 459-P52414 FOR ERROR MESIAGE KG. 4.
. , 2 SEE DG NO.450-PS2485 FOR ERROR MESSAGE N0, 3, ‘
XXXK: XN i XXX . ’ )
. g . OPERATOR EXTERS PAESENT TIME — r OPERATOR ENTERS SUBSTITUTE — , : L.
: (1: SECONDS) (ours) : ) NUMERIC DATA OR 'ACT' ' - R
° o (SECORDS) ; : .
L : ) R w \
. v : FOR (MOURS) - -
S w RE “°$','°u§"‘" ——> 0< xxxx < 2000 : . . .
: R ; FOR (SECONDS) :
. 0< X< 60 SECOND i SECOND
. , ACCEPTABLE————  ACT LINITS — = 106,5 m< XX <139,6 m
R - : ' o MODE TABLE : TABLE :
Y x ' l
~ . N ;
: SECOND HOURS SECOND aR0S: — { :
OPERATIONS —————  TINED _—omfxxxx,))u o PERATIONS————— ° ":::,:E:'E",, » SUB OROSS HEAD~—XXX
TARLE - (sEcoms) TABLE CLEMR SUB OROSS . SET SU8 GROSS HEAD FLAG
l - : HEAD FLAG ’
SECOWD R .
PATH > -FIRST e ‘ :
TABLE QUESTION - L ‘ !
© o secom T0 )
e FIRST > FIRST
TABLE QUESTION QUESTION
Al g
_ SECOND QUESTION No.5 : _ = ’ SECOND QUESTION No.8
ENTER DATE [N MO-DA-YR? R , S ENTER SEASOW - TRRG (IRRIGATION SEASON], WIRR (WOT LSRIGATION SEASON)T
- XX/ X0/ xx S ' ; XX XX
OPERATOR (ng::_::fm‘r pA:rE f (oAY) (YEAR) L : ; ) . OPERATOR ENTERS CODE FOR ;
- , {woNTH) . ‘ SEASON :
FOR (MONTH) : . ' , ' r
SECOND LiMIT %ron (o ) ‘ ‘ '
LN FOR (DAY :
L TABLE o<:xs;| ’ _ SECOND o ) . ) . [
© EOR (YEAR) ' <" ACCEPTABLE ————— _TRRG . . : R . B '
S - . G< XXM . . T MODE TABLE ALy : N
. g ey y ‘ ‘ SECOND l : : .
] i ’ OPERATIONS - ' TRRF+—YES IRRF~— N0 S
: ; : : : TABLE ‘)
R (MONTH) (YEAR '
Stcon g:::é"““—-—— men~—xx.xx,xx,r?us ‘ )
(130 - : : ' ) 4
: ’ ' ' SECOND T0
AT = FIRST
: TABLE QUESTION : : v
SECOND 0 : : . RO ) - ' * B
PATH ————— > FiRST . , S ' ' i
TABLE QUESTION , " : _

e

P

; S e s _ . o : ' Figure 14.~Time And Water Substitution format control tree (sheet 2 of 2). Drawing . B8
R . : 45952425 ' .
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YITETTE TEIT6TEE TOAD TTWE CTWiT FREDTCTOR PAGE T8 ALARW X
PROGRAM RUNNING LIMIT XX EVENT
PLANT GEN LIMIT TIME LINIT
(uw) (HR) TYPE  FOREBAY ELEV XXXX.XX M
DES 1RED XXX XX . X N SPILLWAY. GATE POS XX. XX M s
NORM CAP XXX XX X MAX IRRIGATION OUTLET POS XXX %
EMER CAP XXX XX . X MAX E i
EVACUATION OUTLET POS XXX %
CANAL ELEVATION XXXX.XX W

BOTTOM 3 LINES FOR CONTROL TREE

: rmn TIME LIMIT msmcrorl

.

(

1

*PLANT GEN' - THIS QUANTITY .IN THE

CASE OF DESIRED MAY TAKE OM TWo VALUES.
THE OPERATOR MAY ENTER A VALUE wWHICH

HE WOULD LIKE THE ALGORITHM TO CALCULATE
A'TINE LIMIT FOR OR THE PRESENT PLANT
GENERATION MAY BE USED. FOR MORM CAP
AND EMER CAP, THE PLANT NORMAL CAPACITY
AXD EMERGENCY CAPACITY. ARE USED
ASSUMING ALL ¥ GEN ARE ON LINE IF
AVAILABL

TLINIT TINE' - THIS QUANTITY
IS TINE CALCULATED BY THE
ALGORITHN FOR AN AFTERBAY
LIMIT TO BE ENCOUNTERED FOR
ALL THREE CASES OF 'PLANT GEN'
(1% HOURS)

'LIMIT TYPE! - THE TYPE OF AFTERBAY LINIT
ENCOUNTERED BY THE ALGORITHM. (3 RESPONSES)

MIN = MINIM
MAX - MAX MM
NOXE ~ LIMIT TINE > 10 HOURS

)
PLT NCAPM)
PLT ECAPM)

(MESS 1)

MESS 2)

tTIHE 1} . NESS 3)
TIME 2) - .
C(TME 3 !

-

YFOREBAY ELEV' 'SPILLWAY QATE POS', *IRRIGATION

OUTLET POS’, 'EVACUATION OUTLET POS®, 'CANAL

ELEVATION' - THESE QUANTIT{ES MAY TAKE ON TwO
- YALUES, THE OPERATOR MAY ENTER A VALUE TO BE

USED 8Y THE ALGORITHM OR THE PRESENT CONDITIONS
“ RAY BE USED :

(TeL)
(T8r08)
iTl POS

TCL)

o,

)

'PROGRAM RUNNING' WILL NOT BE DISPLAYED -
UNLESS THE PROGRAM |S REQUESTED TO RUN.
WHILE THE PROGRAM 1S EXECUTING THE
'PROGRAM RUNNING' WILL FLASH.

{LTLR)
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LOAD TIME LIMIT PREDICTOR FORMAT ~ ‘ ‘ ‘ | NOTES

. - ‘ 1) SEE DWG. No. 459:P5-2413 FoR ERROR ™0, /
FIRST QUESTION IS ASKED ——— | ENTER FORMAT CONTROL - A(ALL ACTUAL OATA), G(GAANGE DATA), R(RUK PROSRAK). D(DELETE LAST ANSWERS)? ) 0. M0. 439:,25-2413 FoR ERRO MESSAGE:W0.1 e
AUTOMATICALLY BY COMPUTER ‘ \ , . ‘ v 2) SEE DWG. NO.439-P5-2415 FOR ERROR MESSAGE NO.3-
TPO—TOT PLT MW : — L : : ' B
TSPOS=—-SPOS, -T1POS-~—IPOS : : / ) _ .
TEPOS-+—EPOS, . TCLe—CL  OPERATOR ENTERS ONE LETTER g E . R .
TFl-—FL CLEAR FLTL ‘ CONTROL CODE
N . . - : . !
( S | N |
‘ ‘ FIRST DATA TABLE = 4 4 ‘ < & « 2 : ’ ] : S S N .
BLANX MESSI, MESS2, WESS3 : : . , : ' -
BLANK TIME |, TIME 2, TIME 3 ——@ ’ : : ) ' : .
BLANK PLT NCAP, PLT ECAP : o ' .. , .
NOFIRST , ; ‘ . .-
FLASH TABLE ) . - ) k R
‘ -
FIRST PATH TABLE ~—————» (" "{0ap 352‘;:',’0. SET LTLR f:',‘l'; , ‘ 8-
ACTUAL CALL _ . . ‘ _‘ =
N o LOAD TIME BLANK o ; ‘ .
RETURN 1S ouTPUT LIMIT 3 RETURN ! = .
T0 . o
FIRST RETURN \-See ORAWING NO. :‘,’m
QUESTION . . FIRST 459~P5-2466 - QUESTION
i QUESTI0M i
4 . ’ . . | . - . £
- , SECOND QUESTION NO. I . C , THIRD QUESTION NO. |
: / 0S), EP(EVAC POS), CE(CANAL ELEV), FE(FOREBAY ELEV), i
?('RTE: gmgfn :)x:u OR RUN - P(POWER DESIRED), sp(sptL}wAy POS). 1P{IRR POS), EP(EVAC POS), CE(CANAL ELEV), FE(FOREBAY ELEV) EXTER DATA - (W, W, PERCENT)  ACT(ACTUAL OATA)?
; Y , X *
/ ’ : : PERATOR ENTERS MMERIC DATA = )
OPERATOR ENTERS ONE OR Two ‘ : 0 T IC DAT
LETTER CODE . : OR“ACT.
( r ' N . ; N
P s ® J2] < CE FE i FORP - FOR FOR IP, EP THIRD ‘
SECOND DATA —— -50M ° ) » ACCEPTARLE ————————p AT
THIRD LIM)T TABLE —— <XXX< <KX, X< <xXxX< MODE
T woo 2m 100 TADLE ’
NO SECOND MODE R : , o : : .
FLAG TABLE - : . . . : . o FORGE FOR- FE
. : : . 990 m ,
l - : . 950.4 m <XXXX.XX<952,5m <XXXX. XX< . :
v , ‘ : 1098 m S - ‘ : S
SECOND FLASH Xy XX, XK XX e XXX XK 1o ety . . s S
TABLE (1pG) {15p03) (T1p0s) {TeP0S) {TeL) ~ (TFL) . PR A e T S : - D
J J J J J FOR P ".FOR 3¢ FOR IP ) FOR P~ - FOR 3P FOR IP oo . )
) ) - TPGeXXX TSPOSe-XX, X TIPOSe—iXX © TPGeTPT PLT WM TSPOS+SPOS TIPOS—1P0S : Co
THIRD OPERATIONS — _,  SET FLTL . S A
I ‘ THIRD ' i ' SET LTLR TABLE . - . For £2 For CE FOR L
! SECOND PATH —= o0esT )00 - : FOR EP FOR GE FOR FE ‘ TEPOS—EPOS TeL—CL TE—FL
TABLE M CALL TEPOSe—XXX TFLe=XXXX. X% )
15 ouTPUT LOAD TIME .
/ s TCLe—XXXX. XX ’ . . .
SEE DRAWING RETURN . ’ s
s NO. 459 -P5 ~2466 T0 ) - T
FIRST
QUESTION
o

THIRD PATH TABLE - SECOND -
T " QuESTIoN
- N0, |
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09/12776 18:3

[ XXX

|
. 2
3
4
5
6
7
8
v
9 XXX
10 —_—
FOREBAY E

6:26

“TIME' PLNT GEN
{HR) . (MW) ALARM [ M)

EMER

EMER

BAD

LEV

SPILLWAY GATE POS
CANAL ELEVATION

AFTBAY ELEV

WATER PREDICTOR
PROGRAM RUNN ING

ALARM

XXXX.XX MAX

| :
XXXX.XX MAX:

XXXX XX M:
XX . XX N
XXXX. XX M

RIVER ELEV
(FT)
XXXX.XX IHR
3HR

2HR

: ¥
XXXX., XX

"IRRIGATION OUTLET PoS
EVACUATION OUTLET POS

ALARM

WEEK

30DA.

‘PAGE |9

ALARM X
LIMIT XX

EVENT

XXX% i
XXX% 0

e

L WATER

PREDICTOR

e

{

L

Y

'TIRE' IS THE TIME.

14 HOURS EROM THE
OPERATOR iIiITIATED -
START OF THE
WATER PREDICTOR.

( THESE NUMBERS ARE
FIED. )

:,"'PL!IT GEN {w)*

1S ENTHER THE
ACTUAL TOTAL PLANT
POWER SCHEDULE
FROM THE PSCC
WITH THE ACTUAL
TOTAL PLANT POWER
AT TIME §

T OR ¢
ANY SCHEDULE OF
PONER THE OPERATOR
ENTERS.

(?6{d) THRY PG{9))

TPLNT GEN ALARM!
IS THE COMPUTERS
ANALYSIS OF THE
SCHEDULE. - IF

THE DATA ENTERED
15 GREATER THAN
NORMAL: CAPACITY,

- EMER'. WILL BE
“SHOWM. IF. THE
DATA IS GREATER -
THAN EMERGENCY
CAPACITY OR LESS
THAN ZERO, 'BAD'
WILL BE PRINTED,
AND EMERGENCY. OR
# WILL BE USED.

- IF DATA IS IM RANGE,
THE ALARMS WILL BE
BLANK,

CALCULATION OF
FROM THE 'PLNT

SCHEDULE. * -

OR ENTERED BY
THE OPERATOR

. 'AFTBAY ELEV(FT)’
IS THE COMPUTER

< THE- AFTERBAY. LEVEL

GEN': SCHEDULE MND -
THE 'RIVER ELEY".

-THE FIRST AFTERBAY
* LEVEL'MAY BE ACTUAL .~

B

(ALE(Y), THRY ALE(9)) -

- CAUSE THE ALAR: ,

- THAXE ORCTRINT WILL ),
- " BE DISPLAYED R

LY

TAFTBAY ELEV ALARM?
18 THE COMPUTER
ANALYSIS OF THE
CALCULATED. AFTERBAY
LEVEL. " NORMAL..
LEVELS witL -

T0 BE BLANK. * -
WHEN A LEVEL i5:
EXCEEDED, EITHER .

~{TALA($) THRU TALA(3))"

f

i

'RIVER ELEV (FT)' IS

ARE THE.SANE)
: TR

AMY SCHEDULE OF

RIVER LEVELS THE OPERATOR;

. ENTERS,- " - .7

EITHER THE ACTUAL RIVER ~
LEVEL (ALL.TEN LEVELS

{RLE(#) THRY RLE(S))’ )

THICOV!, CHAMGE > .15m

G

'RIVER ELEV ALARM®'

IS THE COMPUTER

ANALYSIS OF THE . -
RIVER LEVEL SCHEDULE
ENTERED. SHEN :

THE RATES OF
_ RIVER CHANGE EXCEED
‘PRESET LINITS, ‘THE
APPROPR | ATE' MESSAGE

IS GEMERATED, -~ .
MIN', RIVER IS AT MUK ELEV
VINST',  CHANGE > 158,
T HR',  CHANGE >..182/MR. .
'2 HR', CHANGE > 2im/2 HR.
13 HR', CHANGE > .24/3 HR.
'300A',” CHANGE > 720 /30 DAY -
WHEN 'ICE CONDITIONS

ARE PRESENT

'WEEK', CHANGE > .03m/WK.

WHEN ICE FORMATION
IS PRESENT .
VICEF' CHANGE > 030 ™
(VF- FIRST ENTRY 15
“ACTUAL LEVEL, THEN
ALARMS ARE DiSPLAYED
USING THE ACTUAL -
RISTORY OF THE

RIVER LEVELS,

ICE CONDITIONS ARE
ALWAYS ACTUAL

{TRLA (6) THRU TRLA (9))

(TGPA(9) THRY TGPA(9))

{

[

by

'FOREBAY  ELEV', -*SPILLWAY GATE POS®
- "IRRIGATI OB OYTLET POS',
"EVACUATION OUTLET. POS! o
'CANAL ELEV' - THESE QUANTITIES
MAY-TAKE ON TWO VALUES, " THE
OPERATOR MAY ENTER A VALUE
T0-BE USED BY THIS PROGRAM
ORTHE PRESENT COMDITIONS
MAY BE USED. ' .
THE VALUES ARE ASSUMED
CONSTANT | FOR_THE . 10 HOUR
SCHEDULES ":°

(VFL)

(TsPOS)

{T1POS)
TEPOS)
ToL)

Y

THE WATER PROGRAM IS

N USE." IF THE WATER -

. " FLASHING
TPROGRAM RUNKING' INDICATES

PROGRAM 1S MOT -I¥ USE,
'PROGRAN RUNNING' WILL NOT

APPEAR

{LTLR)




'WATER PREDIGTOR FORMAT

FIRST QUESTION IS ASKED ENTER FORMAT CONTROL - A{ALL ACTUAL DATA), c(annaE DATAL R{RUX PROGRAM); ‘D(DELETE ust AISHERS)?
AUTOMATICALLY - BY CO“PUTER———'—F /v .

X S
g o

OPERATOR ENTER ONE LETTER /

CONTROL CODE

_Pa(o) THRU  PG(9) —-[sres(g)l‘ Spaw (pg : k EE . 4

[SrE(3) + SPow (9 .
- BLANK TPAA (O) mu TPaA (8) . I
ALE (§) = . FIRST OATA TABLE—————————% &
BLANK ALE (|) THRU ALE (9) . :
RLE (#) THRU RLE (9)-—RL (ALL Eumes) Do : : :
BLANK TALA. (#) THRU TALA (9) - . NO FIRST C
“BLARK-TRLA @) THRU TRLA (9) FLASH TABLE — . .~
TFL =FL, T5P0S=- SPOS, mos "« IP0S; .
,Tms--ms TeLw-CL

“¥ATER . . SECOKD : SET LTLR - w:ré;
ACTUAL . o : : BLANK
RETURK® : : REDICTOR C RETURN
() . g RETURN : . 10 -

. . FIRST . : 0 : . FIRST

‘ ) L . QUESTION . : : FIRST QUESTION

BLANK TPOAY (#) T™HRU TPBA 19) A : » C QUESTION
BLANK ALE (13 THRY ALE' (9 : co : - : : k ;

“ BLANK TALA {§) THRU TALA m

|5 BN TRLA {6) THRU TRUA (9

FIRST PATH TABLE

ENTER CHANGE AREA OR RUN-P(POWER SCH}, Az(mzmv ELEV) rrs(mvsa scu) SP{SPILLWAY Pos,. n‘(m P0S), EP(EVAC POS), CE(CANAL El.zv),
FE(FOREBAY" ELEV),  R{RUN PROGRAW)? i

XX -

. OPERATOR EATERS ONE'OR rno/
LETTER CODE —_—

* SECOND DATA'TABLE ———

M0 SECOND
" WODE FLAG TAMLE,

“seconp susn mL:—-————p'rm esu- g XK. XX° IRIVER ELEY" e : ' X *XXRK, XX RN, XX
, W) oo o L s o ) : (tety. TRy

2

¥

AN T e iR L THiR : , o ‘ . : EERTE S e
SECORD PATH THBLE———————+ urarion : " QUESTION : : ’

0. i . ‘N0, 2 ’ ", 1.” LN, : . . L ’ . e
IS oUTPUT ) : 18 outauT 13 9UTPUT - : PREDICTOR

S!E DHVING HO.
S9=03-2446

QUESTION

Figure 18.-Water Predictor format control tree (sheet 1 of 2). Drawing 459.PS-2429




THIRD QUESTION Noi

ENTER DATA-TEN WUNBERS SEPARATED BY COMMAS, ACT
XXXX, XX, XXXX, XX, XXXX.XK, XXXK.XX, XXXX.XX, XXXX.X¥, XXXX.XX

(ACTUAL DATA) = (IF TEM MUN. ARE NOT. ENTERED

LAST: ENTRY REPEATS) 2 XXXX.XX, - XXXX.XX, XXXX.XX,

OPERATOR ENTERS TEN NUNBER SCHEDULE —

A

o8 ‘ACT.
NUNBER .
BMRY — )
THIRD FRP . FOR 28
LINIT ~50MW
TABLE < xxx €

L 94652 < XXXX, XX <951.0n

: FOR ALL
SEE NOTE (1)~ ENTRIES

THIRD

ACCEPTABLE MODE

TABLE

‘ ' FOR P -
———— 3 PG {#)~— [SPGE(®) + SPIN(®)]
: s oo - THRU
Pa_(9) =—— [SPGE(9) *+ SPow(9)]

3
o
—

FOR R
RLE -{#) <= AL
THRU
RLE {8) =— AL

THIRD - - FOR P FOR RS
OPERATIONS -———p PG (@) — XXX -
TABLE THRU
PG (9) =—— Xxx :
’ RLE {8) ~— XXXKLXK
'RLE {9) = XXXX. XX
A AR
THIRD ‘ "Jo o
A, SECOND
TABLE S QUESTION

THIRD QUESTION No.2
ENTER DATA-(FT, PERCENT),ACT (ACTUAL DATA) 7
; XXx
. OPERATOR ENTERS NUMERIC DATA _—¥
: ORACT, )
. N ~
PERCENT———¢
\ THIRD
HOR AE. FOR FE FOR 12, P | ACCEPTABLE o o1
< THIRD : 990m 0 g MODE TABLE —
LIMIT <xoxxx< < <
TABLE 946,50 <XXXX. XX < 9585 1038 . 100
B L T 2 i FOR.CE ’
o< <2, TR
$504n< XXXE.XX < 9525a
.
o FOR AE FOR FE . FOR 1P FOR AE FOR FE
OPERATIONS TFL~— XXXX. X2 TIP0S == XXX ALE (#)=— AL TFL~—TFL
TABLE * ;
T ALE (#) ~— XXXX. XX FOR CE FOR £7 FOR SP FOR CE
FORSP TEPDS ~— XXX ,, TAPOS=—3R03 TeL—— oL
TSPOS ~— XK. X TOL =— XXXX. XX e FOR 1P FOR EP
/| TIPOS ~—1POS TEPOS ~—EPOS
i :
ks g“'
THIRD PATH . R .
TARLE —_— T
SECOND “
- QUESTION

NOTES

1}~

2)

49

IF BLANK BLTWEEN COMMAS OCCURS

AS ENTRY, DO NOT ENTER NEW DATA
FOR THAT VALUE. IF NOT ENOUGH
ENTRIES WERE MADE, REPEAT LAST
ENTRY FOR REMAIMING ENTRIES. IF
TOO MANY ENTRIES WERE MADE. 1GMORE
EXTRA ENTRIES.

SEE DWE. NO. 459-PS-2415 FOR ERAOR
MESSAGE ¥0O. 3,

Fiyure 19.~Water Predictor format contral tree {sheet 2 of 2). Drawing 459-PS-2439
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: : i ‘ NOTES
SEE NOTE I ; I , )

f. ALARNS "_. PAGE 3
g - ‘ ALARMS 2 —= PAGE 4
057 T2/76 T8 36 2% ATARWS X PACE XY —ATARM X : ; ALARMS 3 — PAGE 5
. ALARNS ALARMS 4 —e PAGE §
LIMIT XX EVENT : ) —_— ALARMS 5 —e PAGE 7
) . ' - ’ ’
% DATE TIME DESCRIPTION ( 1Y '
| . - y . - '
09/12/76 18:36:26 UNIT t THRUST. BRG RTOD ’ ) oATE . » SESCRIPTION
09/12/76 48:36:26 © UNIT 2 STATOR A RTD | DATE OF ALARM OCCURENCES TINE OF Al.é:uzoccumc:s T0 THE 7. DESCRIPTION GF ALARMS
‘ ) ' NEAREST SECOM :
09./12/76 18:36:26 UNIT .2 UPPER GUIDE BRG
1 I
: ALARMS [ i
# o
FIRST QUESTION . PRESS SPACE BAR 70 SILENCE
AUTOMATICALLY OUTPUT — o BELL .
8Y QUESTION A = ACKNOWLEDGE R = RESET
= X
OPERATOR ENTERS \ '
ONE LETTER RESPONSE s
MORE ALARMS ON NEXT PAGE (CONTROL - F) |
THREE LINES FOR"
. o 'CONTROL TREES —_—
o —_— : ' - FIRST OATA SPACE A ®
D , : - - e — ’ - : T
‘. - SILENGE i ) " DELETE ALL ALARMS TNAT ARE
" Coo FLioT OPERATIONS - geLt & CHANGE ALL STEADY INTENSIFIED (CLEARED)
) ) B . i R - . - S : o S TABLE FLASHING ALARNS AND’ NOT FLASHING,  RESEQUENCE
» . . e » SN : . : : o o : ‘ To STEADY:. LIST 0 ELININATE BLANK LINES
@ : ‘ R S R ‘ : ‘ BN : J
- E ‘ ) : "V ‘ R o

: : ~ ‘ T : IR ' ~ ‘ FIRST QUESTION -
i o o o . o e . IS OUTPUT

51



P

.

\

]

- . L .
. E T . . .

Afterbay
level

m—— -

Equation to
calculate
afterbay
volume

2

Generatom ol

head. .-
Generator
power

Equation to
calculate
turbine
discharge

(Same calculation
is nerformed for

all four generators)

Irrigation
outlet
position

Equation to
calculate
irrigation
outlet
discharge

Evacuation
outlet
position

Equation to
calculate
evacuation

outlet

discharge

Spillway
“ gate
position

erm———y

Equation to
calculate
snillway gate
discharge

River
level

Equation to
calculate
Bighorn River
discharge

Canal
level

Equation to
calculate
Bighorn Canal
discharge

, Kf;resent

afterbay
voTlume

‘Total

o

et

Predicted
afterbay
level
outnut

Equation to
calculate
afterbay
level

Predicted
afterbay
volume

Prediction
time
integqration

discharge

" into
afterbay

Figure 21.-Simplified flow of MODEL routine.
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FLR —e— (FLM-FL@-FINT)/FLTC ‘Initialization
FINT <— FINT + (FLR X DTIM) - FLR = FLM
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Figure 22.-Derivation of rate filters.
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FLOW CHART VARIABLE DEFINITIONS

APPENDIX A

AL

ALE (0)

ALE (1) through ALE (10)

ALM

ALMLD

ALMN
ALMNW

ALNEW

ALOLD
ALP

AM 1 through AM 16

AV

Transducer measured afterbay level (meters)

Initial afterbay level for 10-hour scheduler. May be

present actual value or operator entered (meters)
10-hour pre&icted afterbay level schedule (meters)

The afterbay level used by the MODEL routine

(meters)

Afterbay level on the last pass used by WCON routine

(meters)

Afterbay minimum level calculated by WCON (rﬁéters)

Afterbay level predictéd by MODEL routine (meters)

 Corrected value for the predicted thé;rbay level

(meters)

Valug' of the 'afterbay level fof the last pass (me;cet;s)
30#11in_u_te afterbay level prediction by WCON (meters)
Alalfm‘ ﬂags set by the :.WCON ,fputinc

Afterbay volume calculated by MODEL (cubic meters)

/]
i
e
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BREAKER STATUS Status, open 6r closed, of the unit breaker

C2, C1, Co Equation constants to calculate Bighorn Canal watér
discharge._CO = 22.21; C1 = -18.88; C2 = 3.9

Bighorn Canal discharge calculated by MODEL (cubic

meters per second)
Transducer-measured Bighorn Canal elevation (meters)

The correction factor used to calculate canal discharge

(meters)
CLM | The Bighorn Canal elevation used by MODEL (meters)
CONST Correction ’constant'used to correct model
DTIM * Time since last pass of algorithm

E4, E3, E2, E1_ . Constants for calculating evacuation outlet discharge.
E4 = 0.53; E3 = 0.028; E2 = -0.45; E1 = —-0.025

Calculated unit emergency capacity (megawatts)
Evacuation outlet discharge (cubic meters per second)

Evacuation outlet position (operator entered) (percent

open) /

Evacuation outlet i)osition used by the MODEL

routine (perccut open)
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GEN A, GEN B, GEN C

GEN A EC, GEN B EC,
GEN C EC

GEN A NC, GEN B NC,

GEN C NC
GEN MW
H

HDM

Forebay level integration I’
Transducer-measured forebay level (meters)
Initial forebay level value used for integration (meters)

Forebay leve! used by MODEL routine (meters)

Filtered forebay level rate of change (°neters per

~ minute)

Forebay level filter time constant (minutes)

Flag to indicate to "Load Time Limit” that plant load

is belng entered by the operator
Constants used to calculate unit capacities

Constants used 10 calculate unit emergency capacities.
Constants used to calculate unit normal capacities

Transducer-measured unit power (megawatis)

Constant used in turbine discharge calculation

Plant head used by MODEL routine (meters)
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I4, 13, 12, 11

L2,L1, L0

L2A, L1A, LOA

L2B, LI1B, LOB

' L2C, LIC, LOC

Constants used to calculate irrigation outlet discharge.

I4 =0.57; 13 = 7.5 x10"3; 12 = —0.489; I1 = -6.2 x 10-3
Water system ice mode (operator-entered)

Water system ice mode used by the operator ‘display

equipment
Irrigation outlet discharge (cubic meters per second)

Irrigation outlet pdsition (operator-entered) (percent

opeﬁ)

Irrigation outlet position used by MODEL routine

(percent open)

Flag to indicate irrigation or nonirrigation season
Constant used to calculate afterbay {;ol_tlme |
Constants used to calculate predicted afterl)tai;)»"vlevel

Constants used to calculate predicied afterbay level.

L2A = 3.4x 10-7; L1A = 1.46 x 10-3; LOA = —0.24

Constants used to calculate predicted-afterbay level.

L2B = -3.9x10-% L1B = 2.6x 10 LOB = 2.712 .~

Constants used to calculate predicted afterbay level.
L2C = —9.8 x 10-10; L1C = 2.08 x 104 LOC = 3.12
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Time prediction made by “Load Time Limit”

Flag used to keep.any of three main progfams from

executing at same time.
MES * Contains limit message code for “Load Time Limit”
MESS] Limit message code for entered plant load

-MESS2 Limit message code for normal plant capacity

A - ST e - .
Do L L g et L e YT ook - AT

MESS3 L Limit message code for emergency plant capacity

MINIF S Initialize flag for the MODEL routine

MOD GEN BKR _ Unit Breaker Status used by MODEL routine

Counter for 10-hour ‘schedule predictor
Unit normal capacity used by predictdfs (mggéWatts)
Constant .used to calculate turbine discharge

PG (0) through PG 9 10- hour total plant generatlon schedule used by "Water _
‘,Predlctor i ‘

LA

PLANT ECAPM Total plant emergencyv capa city” used by MODEL

‘ routme (megawatts; .

PLANT NCAPM ”’Total plant normal capac1ty used by the MODEL

routine (megawatts)

L. "M.<: . g "4. e . ) N . . - - . N Y, o T ) LR ’




POWER-UP PREDICTOR
PTIME

R2, R1, RO

RG2Z, RG1, RGO

RINTI through RINTS -
RL
RLI0 through RL60

RLCOR

RLE (0) through RLE. (9)

Power-up flag for algorithm |

Prediction time used by MODEL routine
[

Constants used to calculate river discharge.

R2 = 0.058; R1 = -0.047; R0 = 0.02

Calculated Bighorn River discharge (cubic meters per

second)

Constants used to calculate afterbay level minimum

from radial gate discharge. RG2 = —0.018;

- RG1 = 0.458; RGO = 3.02 -

Calculated radial gate discharge (cubic meters per

g ’second)

River level integrations

- Transducer-measured river level (meters)

Initial river leyel used for integrations (meters)

- River level correction factor used in calculating:river

dischargé (meters)

10-hour river level schedule used by the “Water

P}redivcto"'r” (meters)

' Bighorﬁ ~YRiV‘er lével used ‘by the MODEL routine

(meters) -

L




River level for the previous pass as used by the WCON

routine (meters) z
RLMN Minimum river level used by WCON routine (meters) - - *
RLOLD Value of the river level for last péss of algorithm
| N
g Lz , ) N

i I RLR1 through RLRS . River level filtered change rates (meters per minute) i

",- i RLTC1 through RLTC5 River level filter time constants (minutes) \’ .'

l RTU STATUS : Status, either up or down, of the afterbay dam RTU ' :
:‘-fj ! 54, 83,82,81 Constants for calculating spillway discharge. S4 = 2.8;
S3 = 2.03; S2 = —2.51; S1 = -2.16 y

SD Calculated spillway discharge (cubic meters per second)

. E SEL Flag to indicate time limit calculations for entered .

X I plant load, normal plant capacity, and emergency plant

G - . Vi,

L capacity

Mr SF2, SF1, SF0 Constants to calculate free-crest spillway discharge.

i I SF2 = 3.98 x 103; SF1 = -8.5 x 103; SF0 = 4.5 x 103

e I SFLOW Spring flow into afterbay (operator-entered) f(cubic .

meters per second) ' B
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SLG2, SLG1, SLGO

SPGE(1) through SPGE(9)

SPGW(1) through
SPGW(9)

SPOS

SPOSM

STOP ALLOCATE
DOWN

STOP ALLOCATION
UP

T1 through T9

TALA(0) through
TALA(10)

_hours) (megawatts)

Constants used to calculate afterbay level minimum

from sluice gate discharge. SLG2 = 65.93;

SLG1 = 42.5; SLGO = 2.29

Total plant genération scheduled to the east (next 10

hours) (megawatts) |

Total plant generation scheduled to the west (next 10

G
SRNY

Spillway gate position {operator-entered) (pexjéent open)

Spillway gate position used by the MODEL routine

(percent open)

" Flag to AGC to stop load decreases

Flag to AGC to stop load increases

Constants used to calculate turbine discharge.
T9 = 0.0025; T8 = —0.0073; T7 = 0.0055;
T6 = -0.0047; T5 = 0.0088; T4 = 0.0018;
T3 = 0.0085; T2 = -0.022; Ti = 0.020

Afterbay alarm message outputs
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RLMLD

RLMN

RLOLD

RLR1 through RLR5
RLTC1 through RLTC5
RTU STATUS

S4, S3, S2, S1

SD

SEL

5

SF2, 8F1, SFO

SFLOW

River level for the previous pass as used by the WCON

routine (meters)

Minimum river level used by WCON routine (rr;eters)

- Value of the ri&er_level for last pass of algorithm

(metefs)

River level filter(?d change rates (meters per minute)
River level filter time constants (minutes)

Status, either up or down, of the afterbay ‘dam RTU

Constants for calculating spillWay dischai;ge. S4 = 2.8;
3 = 2.03; 2 = -2.51; S1 = -2.16

‘Calculated spillway discharge (cubic meters per second)

Flag to indicate time limit calculations for entered
plant load, normal plant capacity, and emergency plani :

capacity =

Constants to calculate free-crest spillway discharge.

SF2 = 3.98 x 10%; SF1 = -8.5 x 10%; SF0 = 4.5 x 103

Spring flow into afterbay (operator-entéred) (cubie

meters per second)
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SLG2, SLG1, SLGO

SPGE(1) through SPGE(9)

SPGW(I) through

SPGW(9)
SPOS
Az SPOSM
o

STOP ALLOCATE
DOWN

2 STOP ALLOCATION
‘ UP
‘ F:': T1 through T9

TALA(0) through
TALA(10)

Constants used to calculate afterbay level minimum-

from sluice gate discharge. SLG2 = 65.93;

- SLG1 = 42.5; SLG0 = 2.29

Total plant generation scheduled to the east (next 10

hours) (megawatts)

Total plant generation scheduled to the west (next 10

hours) (megawatts)
Spillway gate position (operator-entered) (percent open)

Spillway gate position used by the MODEL routine

(pércent open)

Flag to AGC to stop load decreases

Flag to AGC to stop load increases

i .
el

Constants used to calculate turbine discharge.

T9 = 0.0025; T8 = -0.0073; T7 = 0.0055;

“ T6 = =0.0047; T5 = 0.0088; T4 = 0.0018;

T3 = 0.0085; T2 = -0.022; T1 = 0.020

Afterbay alarm message outputs
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TD1 through TD4

TEMP

TEPOS

Bighorn Canal elevation used by the prediction

programs (meters)
i

Turbine discharge calculated for units 1 through 4 by

MODEL routine (cubic meters per second)

A temporary storage variable

Evacuation outlet position used by prediction programs

(p‘(:rcenit’ open)

Temporary storage for variable ¥ INT
7
Y

Forebay level used by predi;:tioh prog;ams (meters)
Temporary storage for variable FLO

Predicted time to afterbay limit for total plant
generation entered by operator (calculated by “Load

Time Limit”)

Predicted time to afterbay limit for normal plant

capacity (calculated by “Load Time Limit™)

Predicted time to afterbay limit for emergency plant

capacity (calculated by “Load Time Limit™)

Computer time initialization variable entered by

operator on power-up




TOT PLT MW

TPGA(0) through
TPGA(9)

TRINT 1 through
TRINT 5

TRL 10 through TRL 60

TRLA(0) through
TRLA(9)

Actual computer time from executive

Irrigation outlet position used by prediction programs

(percent open)

Transducer-measured tailwater elevation (meters)

Time of last pass of water predictor

Total discharge into the afterbay (calculated by

MODEL routine) (cubic meters per second)

‘Total plant load as calculated by the AGC system

(megawatts)

Total plant generation used by “Load Time Limit”

routine (megawatts)

Alarm messages for plant generation schedule entries

Temporary storage for variables RINT 1 throug;‘;\iu
RINT 5 \ o

Temporary storage for variables RL 10 through
RL 60 '

Alarm messages for entered 10-hour river level schedule




TSPOS Spillway gate position used by prediction programs

(percent open)

VO through V3 Constants used to calculate: afterbay volume given
afterbay level. V3 = -1370.5; V2 = 6.96 x 10%;
V1 = -1.22 x 105 VO = 4.3 x 10*

! .
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APPENDIX B

WATER CONSTRAINTS FOR THE YLLLOWTAIL UNIT
(Data as of July 1976)

I. Bighorn River Level Rate Constraints

A. For ice-free conditions:
(1) Change greater than 0.15 m at any instant.
(2) Change greater than 0.18 m during any hour.
(3) Change greater than 021 m during any 2-hour period
(4) Change greater than 0.24 m dufing any 3-hour pefiod.
(5) Change greater than 0.73 m during any 30-day period. ‘~
B. For ice-cover conditions:
(1) Change greatef than 0415 m duri"ng‘comple‘te time.
(2) Change greater than 0.03 vmvduring any“wet/ak. e
C. For ice-formatif)n or breakup conditions: '

% - 'Change »gr‘é'a ter than 0.03 m during complete time.

II. Bighorn Lake Constraint

(1) Drawdown greater than 0.3 m dﬁring ariy, 24-hour period.
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ITI. Bighorn River Level Constraints

A. During irrigation season:

(1) Minimum level 962.56 m (discharge of 33.98 m3/s).

B. During nonirrigation season: -

(1) Minimum level 962.41 m (discharge of 28.32 m3/s).

IV. Afterbay Rgservoir Level Constraints
Ai. During irrigation season:
(1) Minimum elevation 967.74 m
(2) Maximum elevation 972.92 m.
" B. During nonirrigation season:
(1) Minimum elevation 963.78 m.

(2) Maximum el_gi?htion 972.92 m.
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ABSTRACT |

Bl The operation of the computer algorithm used 1o detect constraints on the water system at Yellowtail
§ Dam and Powerplant, Mont., including the afterbay dam, is explained. The algorithm is also shown
@ in flow chart form. In addition, the two segments of the algorithm which allow the powerplant operator
to predict water system conditions are discussed. The first segment will allow for Yellowtail Afterbay
Reservoir level predictions up to 10 hours in advance. The second segment’ predicts the permissible
time of operation of the four generators at given:loads before an afterbay level limit is exceeded.
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ABSTRACT
The operation of the computer algorilhlfi used to detect constraints on the water system at Yellowtail
Dam and Powerplant, Mont., including the afterbay dam, is explained. The. algorithm'is also shown
in flow chart form. In addition, the two segments of the algorithm which allow the powerplant operator

¥ predict water system conditions are discussed. The first segment will allow for Yellowtail Afterbay )

§ Reservoir level predictions up to. 10 hours in advance. The second segment predicts the permissible
time of operation of the four generators at given loads before an afterbay level limit is exceeded. .
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ABSTRACT

The operation of the computer algorithm used to detect constraints on the water system at Yellowtail
Dam and Powerplant, Mont., including the afterbay dam, is explained. The algorithm is also shown
in flow chart form. In addition, the two segments of the algorithm which allow the powerplant operator

to predict water system conditions are discussed. The first segment will allow for Yellowtail Afterhay - [

Reservoir level predictions up to 10 hours in advance. The second segment predicts the permissible
ation of the four generators at given loads before an afterbay level limit is exceeded.
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ABSTRACT

The operation of the computer algorithm used to detect constraints on the water system at Yellowtail

.-Dam and Powerplant, Mont., including the afterbay dam, is explained. The algorithm is also shown -

in flow chart form. In addition, the two segments of the algorithm which allow the powerplant operator
lo predict water system conditions are discussed. The first segment will allow. for Yellowtail Afterbay
Reservoir level predictions up to 10 hours in advance. The second segment predicts the permissible

time of opsration of the four generators at given loads before an afterbay level limit is exceeded.
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