Generator Data
Reservoir Data
Inflow Forecast
Inflow Probability
Import Tariff
Export Tariff
Monthly Load
Load Profile
Maintenance Data
General Data
Constraints

Appendix A

Software Algorithm

A.1 Program Flowchart

——INPUT—P>

Maintenance Scheduling Program

——OUTPUT—® Maintenance Schedule
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START

Generator Data, Reservoir Data
Inflow Forecast, Inflow Probability
Import Tariff, Export Tariff
Monthly Load, Load Profile

Maintenance Data, General Data LOAD INPUT
Constraints

CALCULATE
DATA

Maintenance
Schedule

SEARCH

STOP



General Data, Constratints

Generator Data

Reservoir Data

Import Tariff

Export Tariff

Monrhly Load,
Load Profile

Maintenance Data

Inflow Forecast,
Inflow Probability

START

o LoadGeneral 4}( DataGeneral (
l
- LoadGenData —->< Generator <
l
P LoadReservoirData 4}( Reservoir (
P  LoadimportTariff H(ImportTariffData <
P LoadExportTariff 4<ExportTariffData <
i LoadForecast, LoadPeak C
P  LoadProfileData MonthlyEnergyForecast,
DailyEnergyForecast
P LoadMaintenanceData H(Maintenancelnfo (
P LoadInflowForecast 4’( In;ﬁﬁfgﬁ::it’ <

CALCULATE
DATA




Reservoir, PMin, PMax
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LOAD INPUT

\ 4

CalculateReserviorLimit

Reservoir, InflowForecast

MaxLimit, MinLimit

v V

CalculateWater AndEnergyLimit

SEARCH

Avarage, CalcPeriod,
Release, CapacityGen,
WaterRate
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CALCULATE
DATA
CalculateCost
DataGeneral, Generator, v
Reservoir, ImportTariffData,
ExportTarifaData, LoadForecast, Search
Maintenancelnfo, InflowForecast, «— " TestConstratints
MaxLimit, MinLimit, Average,
CalcPeriod, Release, WaterRate
GenState, GenOutage,
ProductState, WaterRelease,
Spillwater
\




DataGeneral
.StartDate
.EndDate
.MaximumManPower
.MaximumImportMW
.MaximumExportMW
Use: DataGeneral

Generator
.UnitName
.Capacity
.New_Status
.Retire_Status
.New_Retire_Date
k1
q
Use: Generator(generator#)

Reservoir
.ReservoirName
.InitialVolume
.EndedVolume
.MaxTurbineFlow
.PeakOperation
.MaxCapacity
.InflowSeason
.TotalEvap
.NumberOfGenerator
Va

Vb
Ve
vd

Ve

VE

se: Reservoir(reservoir)

Maintenancelnfo
.MaintenanceCount
.MinimumAvail
.Maintenance(maintenancet)

.Reservoir
.UnitName
.PossibleStart
.PossibleFinish
.DaysNeeded
.ManpowerNeeded
Use: Maintenancelnfo(generator#)
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InflowForecast
.ReservoirName
.Month(month#)

Use: InflowForecast(reservoir#)

ImportTariffData
.WeekDay(month#, hour#)
.Hol_Sat_Sun(month#, hour#)
Use: ImportTariffData

ExportTariffData
.WeekDay(month#, hour#)
.Hol_Sat_Sun(month#, hour#)
Use: ExportTariffData

CalcPeriod
.StartMonth
.StopMonth
.StartHour
.StopHour

Use: CalcPeriod(reservoir#, month#)

GenOutage
.StartDate
.StopDate

USE: GenOutage(generator#, maintenance#, day#)

LoadForecast(day#, hour#)
LoadPeak(day#)
MonthlyEnergyForecast(month#)
DailyEnergyForecast(day#)
PMin(reservoir#, month#)
PMax(reservoir#, month#)
MaxLimit(reservoir#, month#)
MinLimit(reservoir#, month#)
TotalCalcPeriod(reservoir#)
Average(reservoir#, month#)
Release(reservoir#, month#)
CapacityGen(gerator#, month#)
WaterRate(generator#, month#)
GenState(generator#, day#)
ProductState(generator#, hour#)
WaterRelease(reservoir#, month#)
Spillwater(month#)



A.2 CalculateWaterAndEnergyLimit

Input: Output: LocalVariable:
- Reservoir(reservoir#) - Average(reservoir#, month#) - Totalinflow(calcP#)
- InflowForecast(reservoir#) - CalcPeroid(reservoir#, calcP#) - HeadStart(calcP#)

- TotalCalcPeriod(reservoir#) - HeadStop(calcP#)

- Release(reservoir#, calcP#)
- CapacityGen(generator#, calcP#)
- WaterRate(generator#, calcP#)

START

For each reservoir

[

For each month

%

Calculate Average for current month

months?
Yes

Define Calculation Periods

'

For each Calculation Period

b
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-« Calculate Totallnflow, Release,
HeadFunction HeadStart, and HeadStop
P> | in current Calculation Period

For each generator of current reservoir
in current Calculation Period

CapacityFunction \
Calculate CapacityGen and WaterRate
for current generator of current reservoir
/ in current Calculation Period

All
generators?

WaterRateFunction

Al No

Calculation
Periods?

No

All

reservoirs?
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Calculate Average for current month

Average(current reservoir, current month) =

(MaxLimit(current reservoir, current month) + MinLimit(current reservoir, current month)) / 2

Define Calculation Periods

calcP =1
StartMonth = 1 (or first month of maintenance schedule)
Do

CalcPeriod(current reservoir, calcP).StartMonth = StartMonth
StopMonth = StartMonth
If StopMonth = total number of months Then
CalcPeriod(current reservoir, calcP).StopMonth = StopMonth
Exit Do
Else
Do unitl Average(current reservoir, StopMonth) <= Average(current reservoir, StopMonth + 1)
StopMonth = StopMonth + 1
If StopMonth >= total number of months Then
CalcPeriod(current reservoir, calcP).StopMonth = StopMonth
Exit Do
End If
Loop
End If
If StopMonth = StartMonth Then
If Average(current reservoir, StopMonth) < Average(current reservoir, StopMonth + 1)
Do
StopMonth = StopMonth + 1
If StopMonth >= total number of months Then
CalcPeriod(current reservoir, calcP).StopMonth = StopMonth
Exit Do
End If
Loop until Average(current reservoir, StopMonth) >= Average(current reservoir, StopMonth + 1)
End If
End If
CalcPeriod(current reservoir, calcP).StopMonth = StopMonth
If StopMonth >= total number of months Then
Exit Do
End If
calcP = calcP + 1
StartMonth = StopMonth + 1
Loop until StopMonth >= total number of months

TotalCalcPeroid(current reservoir) = calcP  (save total number of calculation periods of current reservoir)
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Calculate Release, HeadStart, and HeadStop in current Calculation Period

Totallnflow(current calcP) = Sum of InflowForecast(current reservoir). Month(month#) from
month# = StartMonth of current Calculation Period to StopMonth of current Calculation Period

Select Case current calcP
Case current calcP is first period
Release(current reservoir, current calcP) = Reservoir(current reservoir).Initial\Volume
+ Totallnflow(current calcP)
- Average(current reservoir, StopMonth of Current calculation Period)
- (Reservoir(current reservoir). TotalEvap * number of months in current Calculation Peroid)

HeadStart(current calcP) = HeadFunction(current reservoir, Reservoir(current reservoir).Initial\Volume)

HeadStop(current calcP) = HeadFunction(current reservoir,
Average(current reservoir, StopMonth of current Calculation Period))

Case current calcP is between first period and last period
Release(current reservoir, current calcP) = Average(current reservoir, StopMonth of previous Calculation Period)
+ Totallnflow(current calcP)
- Average(current reservoir, StopMonth of Current calculation Period)
- (Reservoir(current reservoir). TotalEvap * number of months in current Calculation Peroid)

HeadStart(current calcP) = HeadFunction(current reservoir,
Average(current reservoir, StopMonth of previous Calculation Period))

HeadStop(current calcP) = HeadFunction(current reservoir,
Average(current reservoir, StopMonth of current Calculation Period))

Case current calcP is last period
Release(current reservoir, current calcP) = Average(current reservoir, StopMonth of previous Calculation Period)
+ Totallnflow(current calcP)
- Reservoir(current reservoir).EndedVolume
- (Reservoir(current reservoir). TotalEvap * number of months in current Calculation Peroid)

HeadStart(current calcP) = HeadFunction(current reservoir,
Average(current reservoir, StopMonth of current Calculation Period))

HeadStop(current calcP) = HeadFunction(current reservoir,
Average(current reservoir, Reservoir(current reservoir).EndedVolume)

End Select

Calculate CapacityGen and WaterRate for current generator of current reservoir in current Calculation Period

CapacityGen(current generator, current calcP) = CapacityFunction(current generator,
(HeadStart(current reservoir, current calcP)
+ HeadStop(current reservoir, current calcP)) /2)

WaterRate(current generator, current calcP) = WaterRateFunction(current generator,
(HeadStart(current reservoir, current calcP)
+ HeadStop(current reservoir, current calcP)) /2)
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A.3 HeadFunction

Input: Output:
- Reservoir Number - Head value
- Volume

Calculate Head value with formula Y =VaX5 +VbX4 +VCX3 +V, X +V.X +V,

Return Head = Reservoir(reservoir#).Va * Volume * Volume * Volume * Volume * Volume)
+ (Reservoir(reservoir#).Vb * Volume * Volume * Volume * Volume)
+ (Reservoir(reservoir#).Vc * Volume * Volume * Volume)
+ (Reservoir(reservoir#).Vd * Volume * Volume)
+ (Reservoir(reservoir#). Ve * \olume)
+ Reservoir(reservoir#). Vf

CapacityFunction

Input: Output:
- Generator Number - Capacity value (MW)
- Head

k,xq xhead

Calculate Head value with formula Capacity=
1000

Capacity = 0
Capacity = (Generator(generator#).k1 * Generator(generator#).q * Head) / 1000
If Capacity > Generator(generator#).Capacity Then
(NOTE: If the calculated value is greater than unit's capacity, use the unit's capacity instead)
Capacity = Generator(generator#).Capacity
End If
Return Capacity

WaterRateFunction
Input: Output:
- Generator Number - Water Rate
- Head
q x3.6

Calculate Water Rate with formula WaterRate= ;
Capacity

Return WaterRate = (Generator(generator#).q * 3.6) / CapacityFunction(generator#, Head)




Input:

- PMin(reservoir#, month#)
- PMax(reservoir#, month#)
- Reservoir(reservoir#)

A.4 CalculateReservoirl imit

- MaxLimit(reservoir#, month#)
- MinLimit(reservoir#, month#)

START

For each reservoir

LocalVariable:
- NetHigh(reservoir#, month#)
- NetLow(reservoir#, month#)

I

For each of 2*Number of Months

I

Calculate NetHigh and NetLow for current month

No
All 2* Number of

Months?

Yes

For each month

Calculate MaxLimit for current month

No

All

Months?
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For each month

Calculate MinLimit for all months

No

All

Months?

Yes

For each month

Check MaxLimit and MinLimit and make adjustments

No

All

Months?

No

All

reservoirs?
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Calculate NetHigh and NetLow for each of 2*Number of Months

NetHigh(current reservoir, current month) = PMax(current reservoir, current month) -
Reservoir(current reservoir). MaxTurbineFlow (current month)

NetHigh(current reservoir, current month + 12) = NetHigh(current reservoir, current month)

NetLow (current reservoir, current month) = PMin(current reservoir, current month) -
Reservoir(current reservoir).PeakOperation(current month)

NetLow (current reservoir, current month + 12) = NetLow(current reservoir, current month)

Calculate MaxLimit for each month

MaxLimit(current reservoir, current month) = Reservoir(current reservoir). Maxcapacity
next month = current month +1
Do
MaxLimit(current reservoir, current month) = MaxLimit(current reservoir, current month) -
NetHigh(current reservoir, next month)
next month = next month + 1
Loop Until NetHigh(current reservoir, next month) < 0

Calculate MinLimit for each month

MinLimit(current reservoir, current month) = 0
next month = current month + 1
Do
MinLimit(current reservoir, current month) = MinLimit(current reservoir, current month) -
NetLow (current reservoir, next month)
next month = next month + 1
Loop Until NetLow(current reservoir, next month) < 0

Check MaxLimit and MinLimit and make adjustments for each month

If MaxLimit(current reservoir, current month) > Reservoir(current reservoir).Maxcapacity Then
MaxLimit(current reservoir, current month) = Reservoir(current reservoir).Maxcapacity
End If

If MinLimit(current reservoir, current month) < 10% of Reservoir(current reservoir). Maxcapacity Then
MinLimit(current reservoir, current month) = 10% of Reservoir(current reservoir). Maxcapacity
End If

If MaxLimit(current reservoir, current month) < MinLimit(current reservoir, current month) Then
MaxLimit(current reservoir, current month) = MinLimit(current reservoir, current month)
End If
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A5 Search

Input: : LocalVariable:
- DataGeneral - GenState(generator#, day#) - TotalPeroid(generator#, maintenance#)
- Generator(generator#) - GenOutage(generator#, maintenance#, day#) - VoidMultiple(generator#,
- Reservoir(reservoir#) - ProductState(generator#, hour#) maintenance# - 1,
- ImportTariffData - WaterRelease(reservoir#, month#) . maintenance#)
- ExportTarifaData - SpillWater(month) - VoidCrew
- LoadForecast(day#, hour#) - VoidReserve
- LoadPeak(day#) - Crew
- Maintenancelnfo(generator#) - Reserve

- MinReserve

- InflowForecast(reservoiri#)

- MaxL.imit(reservoir#, month#)

- MinLimit(reservoir#, month#)

- Average(reservoir#, month#)

- CalcPeriod(reservoir#, month#)

- TotalCalcPeriod(reservoir#)

- Release(reservoir#, month#)

- CapacityGen(generator#, calcP#)
- WaterRate(generator#, month#)

( START )

A 4

For each generator

For each maintenancet
of current generator

Calculate all possible periods
in current maintenance#
of current generator

All
maintenance#?

Al No

generators?
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Set MinReserve = capacity of the largest generator

Reset VVoidMultiple, VoidCrew, VoidReserve

!

For each day
of Maintenance Schedule

Crew(current day#) =0

Reserve(current day#) = DataGeneral. MaximumImportMW - LoadPeak(current day#)

'

For each generator

Find reservoir# from current generator#
Find Calculation Period (calcP#) from reservoir# and current day#

Reserve(current day#) = Reserve(current day#)
+ CapacityGen(current generator#, calcP#)

GenState(current generator#, current day#) = 1

No

All
generators?

All days of

Maintenance Schedule?
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For each generator

Fa

For each maintenance#
of current generator

period# =1

P NewPeriodl

Where day# from StartDate to StopDate in current period#
of current maintenance# of current generator:

Set GenState(current generator, day#) = 0

\ 4

Test constraints CheckConstratints

A

Yes

Satisfy

constratints?

Calculate weight for each void cases according

to exit condition from CheckConstraints:

- VoidMultiple(current generator, previous maintenance#, current maintenance#)
- VoidCrew

- VoidReserve

Where day# from StartDate to StopDate in current period#
of current maintenance# of current generator:

Reset GenState(current generator, day#) = 1
Reset Crew(day#) = Crew(day#) - Manpower needed for current manintenance

Find current reservoir# from generator#
Find Calculation Period number (calcP#) from current reservoir and current day#
Recalculate Reserve(curent day#) = Reserve(curent day#)

+ CapacityGen(current reservoir#, current calcP#)




Yes

peroid# = period# + 1

Y
NewPeriodl

\ J
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period#
<>

TotalPeriod(current generator,
current maintenance#)

Yes

Current generator#

1

Relax Constraints according to
weights in void cases

Y
Startl

Save Period for

current generator and current maintenance#

maintenance# =1

A

) J

maintenance# = maintenance# - 1
period# = saved period#

A 4
Current generator# = current generator# -1
maintenance# = total maintenance#

of current generator
period# = saved period#

ConstraintRelaxation

All
maintenance#?

All
generators?



-]

Calculate cost

CalculateCost

Save current cost in
BestCost and TempBestcost

{f

generator# =1

Number8

{f

maintenance# =1

Number7 )«

+O

current generator# and maintenance#

Reset GenState(current generator, day#) = 1
Reset Crew(day#) = Crew(day#) - Manpower needed for current manintenance

Find current reservoir# from generator#
Find Calculation Period number (calcP#) from current reservoir and current day#
Recalculate Reserve(curent day#) = Reserve(curent day#)

+ CapacityGen(current reservoir#, current calcP#)

) J

period# = 1

NewPeriod2

StartDate of current period
is first day of month?

period# = period# + 1

Where day# is from StartDate and StopDate of saved period of ﬁ

Number6

A

A

No period# is last period

in current maintenance#

of current generator#

Number5 |«

13
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PeroidStart = period#

Where day# from StartDate to StopDate in current period#
of current maintenance# of current generator:

Set GenState(current generator, day#) = 0

—>
Test constraints CheckConstratints
|

Yes

Satisfy

constraints?

Where day# from StartDate to StopDate in current period#
of current maintenance# of current generator:

Reset GenState(current generator, day#) = 1
Reset Crew(day#) = Crew(day#) - Manpower needed for current manintenance

Find current reservoir# from generator#
Find Calculation Period number (calcP#) from current reservoir and current day#
Recalculate Reserve(curent day#) = Reserve(curent day#)

+ CapacityGen(current reservoir#, current calcP#)

v

period# = period# + 7

period# > total periods

Number5 of current maintenance#

StartDate of
current period#
is the end of month?

No

period# = period# - 7——®{ Number6
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Calculate cost CalculateCost

cost
<

TempBestCost

Yes TempBestCost = Cost
Save current period#

Where day# from StartDate to StopDate in current period#
of current maintenance# of current generator:

Reset GenState(current generator, day#) = 1
Reset Crew(day#) = Crew(day#) - Manpower needed for current manintenance

Find current reservoir# from generator#
Find Calculation Period number (calcP#) from current reservoir and current day#
Recalculate Reserve(curent day#) = Reserve(curent day#)

+ CapacityGen(current reservoir#, current calcP#)

I PN

umber6 >

Where day# from StartDate to StopDate in saved period#
of current maintenance# of current generator:

Set GenState(current generator, day#) = 0
Set Crew(day#) = Crew(day#) + Manpower needed for current manintenance

Find current reservoir# from generator#
Find Calculation Period number (calcP#) from current reservoir and current day#
Recalculate Reserve(curent day#) = Reserve(curent day#)

- CapacityGen(current reservoir#, current calcP#)
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All
maintenance#
for current
generators?

No
maintenance# = maintenance# + 1

\—V Number7

All

= +
generators? generator# = generator# + 1

.

Number8

Find difference between TempBestCost and BestCost

Set BestCost = TempBestCost

Yes

Difference between
TempBestCost and BestCost
is greater than 0.01%

Number9

Set shifting step = 7

)

generator# = 1

Number18

U

maintenance# = 1

21 23

&}
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Set Count =0

!

Where day# is from StartDate and StopDate of saved period of
current generator# and maintenance#

Reset GenState(current generator, day#) = 1
Reset Crew(day#) = Crew(day#) - Manpower needed for current manintenance

Find current reservoir# from generator#
Find Calculation Period number (calcP#) from current reservoir and current day#
Recalculate Reserve(curent day#) = Reserve(curent day#)

+ CapacityGen(current reservoir#, current calcP#)

'

Set day# = StartDate of saved period
in current maintenance# for
current generator#

(day# - (3 * Shifting Step))
>

StartDate of first period
in current maintenance#

period# = 1

for current generator#

period# = (saved period in
current maintenance for
current generator)
- (3 * Step)

Where day# from StartDate to StopDate in current period#
of current maintenance# of current generator:

Set GenState(current generator, day#) =0




CalculateCost
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Test constraints

CheckConstratints

No

Satisfy

N

constratints?

Calculate Cost

Cost
<

TempBestCost

TempBestCost = Cost

Save period for current maintenance#
for current generator#

Where day# from StartDate to StopDate in current period#
of current maintenance# of current generator:

Reset GenState(current generator, day#) = 1
Reset Crew(day#) = Crew(day#) - Manpower needed for current manintenance

Find current reservoir# from generator#
Find Calculation Period number (calcP#) from current reservoir and current day#
Recalculate Reserve(curent day#) = Reserve(curent day#)
+ CapacityGen(current reservoir#, current calcP#)
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period# = period# + Step

Count = Count + 1

period# > total period# in
current maintenance#
for current generator#

Nujmber15

OR

Count > 6

Where day# from StartDate to StopDate in saved period#
of current maintenance# of current generator:

Set GenState(current generator, day#) = 0
Set Crew(day#) = Crew(day#) + Manpower needed for current manintenance

Find current reservoir# from generator#
Find Calculation Period number (calcP#) from current reservoir and current day#
Recalculate Reserve(curent day#) = Reserve(curent day#)

- CapacityGen(current reservoir#, current calcP#) a

All maintenance#
for
current generator#?

maintenance# = maintenance# + 1——® Numberl7

All generators? generator# = generator# + 1——® Number18
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Find difference between TempBestCost and BestCost

Set BestCost = TempBestCost

Difference between Yes

TempBestCost and BestCost
is greater than 0.0001%?

Step=1

L

Number20

Number20
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A.6 Calculate Cost

Input: Output: LocalVariable:
- DataGeneral - Revenue - SellPrice(hour#)
- Generator(generator#) - BuyPrice(hour#)
- Reservoir(reservoir#) - XLoadTemp(hour#)
- ImportTariffData - XLoadTempZ(hour#)
- ExportTariffData - ReleaseAcc(1 To 3, 1 To 12)
- LoadForecast(day#, hour#) - ReleaseAccTemp
- LoadPeak(day#) - ReleaseTemp
- Maintenancelnfo(generator#) - MaxRelease(month#)
- InflowForecast(reservoir) - MinRelease(month#)
- MaxLimit(reservoir#, monthi) - WaterEnd(month#)

- OrderHour(hour#)

- MinLimit(reservoir#, month#)

- Average(reservoir#, month#) - OrderHour1(hour#)
- CalcPeriod(reservoir#, month#) - OrderGen(1 To 10)

- TotalCalcPeriod(reservoir#) ) W;:eerrRGaﬁggen

- Release(reservoir#, month#) R 0

- CapacityGen(generator#, calcP#) ~ Spacing

- WaterRate(generator#, month#) ~ spillTemp As Double
- Flow(hour#)

- LoadTemp(hour#)

Calculate Buying Price Flow for each
hour:

- Cost (from ImportTariff Data)

- FlowType = 'Import'

- Hour of the year

Calculate Selling Price Flow for each
hour:

- Cost (from ExportTariff Data)

- FlowType = 'Export'

- Hour of the year

Reservoir# = 1
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e

Range# = 1

For each hour# of the year:
XLoadTemp (hour#) = LoadTemp(hour#)

s

ReleaseTemp = Release(Reservoir#, Range#)

)

Month# =
CalcPeriod(Reservior#, Range#).StartMonth

@.7




103

Case Month# =1
MaxRelease(Month#) =
Reservoir(Reservoir#). InitialVolume + InflowForecast(Reservoir#). Month(Month#)
- MinLimit(Reservoir#, Month#)
MinRelease(Month#) =
Reservoir(Reservoir#). InitialVolume + InflowForecast(Reservoir#). Month(Month#)
- MaxLimit(Reservoir#, Month#)

Case Month# =2 To 11
MaxRelease(Month#) =
WaterEnd(Month# - 1) + InflowForecast(Reservoir#). Month(Month#)
- MinLimit(Reservoir#, Month#)
MinRelease(Month#) =
WaterEnd(Month# - 1) + InflowForecast(Reservoir#). Month(Month#)
- MaxLimit(Reservoir#, Month#)

Case Month# = 12
MaxRelease(Month#) =
WaterEnd(Month# - 1) + InflowForecast(Reservoir#). Month(Month#)
- Reservoir(Reservoir#).EndedVVolume
MinRelease(Month#) =
WaterEnd(Month# - 1) + InflowForecast(Reservoir#). Month(Month#)
- Reservoir(Reservoir#).EndedVVolume

Calculate
CalcPeriod(Reservior#, Range#).StartHour
and
CalcPeriod(Reservior#, Range#).StopHour
for current Reservoir# and Range#

Initialize OrderHour(Hour#) for each hour
in current Month# until the end of
CalcPariod(Reservoir#, Range#) in current Range#
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Sort OrderHour for
Current CalPariod(Reservoir#, Range#)
based on:

1. Flow cost
2. LoadTemp
3. Flow hour
4. Flow type

WaterRelease(Reservoir#, Month#) = 0

ReleaseAccTemp = 0

l

Set PowerGen(Generator#, Month#) and WaterRateGen(Generator#, Month#)
for all Generator# in current Reservoir# for current Month#
Case Month# =1

PowerGen(Gen, Month) = CapacityFunction((Gen + GenStartNumber) - 1,
(HeadFunction(Res, Reservoir(Res).InitialVolume) + HeadFunction(Res, Average(Res,
Month))) / 2)

WaterRateGen(Gen, Month) = WaterRateFunction((Gen + GenStartNumber) - 1,
PowerGen(Gen, Month))

Case Month# =2 To 11
PowerGen(Gen, Month) = CapacityFunction((Gen + GenStartNumber) - 1,
(HeadFunction(Res, WaterEnd(Month - 1)) + HeadFunction(Res, Average(Res, Month))) / 2)
WaterRateGen(Gen, Month) = WaterRateFunction((Gen + GenStartNumber) - 1,
PowerGen(Gen, Month))

Case Month# = 12

PowerGen(Gen, Month) = CapacityFunction((Gen + GenStartNumber) - 1,
(HeadFunction(Res, WaterEnd(Month - 1)) + HeadFunction(Res,
Reservoir(Res).EndedVVolume)) / 2)

WaterRateGen(Gen, Month) = WaterRateFunction((Gen + GenStartNumber) - 1,
PowerGen(Gen, Month))

Initialize
OrderGen(Generator#)
for current Reservoir#
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Sort OrderGen(Gernerator#) for current
Reservoir# based on:

1. WaterRateGen(Generator#, Month#)
2. PowerGen (Generator#, Month#)

For hour# from start of current month# to
stop hour of current CalcPeriod:

XLoadTemp(hour#) = LoadTemp(hour#)

Gen# =1

Number 20

\ 4

Reset
ProductState(OrderGen(Gen#), Hour#) = 0
For hour# from start of current month# to stop
hour of current CalcPeriod for current Generator#

Hour# =1

l

Find DayOfYear

- from
Flow (OrderHour(Hour#)).Hour
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If GenState(OrderGen(Gen#), DayOfYear) <> 0

No If ProductState(OrderGen(Gen#), Flow(OrderHour(Hour#)).Hour) = 0
< If FindMonthOfYear(Flow (OrderHour(Hour#)).Hour) = Month#
If LoadTemp(Flow(OrderHour(Hour#)).Hour) > MaximumImportMW
\ /
Yes

ProductState(OrderGen(Gen#), Flow(OrderHour(Hour#)).Hour) = 1
LoadTemp(Flow(OrderHour(Hour#)).Hour) = LoadTemp(Flow (OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#), Month#)
XLoadTemp(Flow(OrderHour(Hour#)).Hour) = XLoadTemp(Flow(OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#),Month#)
WaterRelease(Reservoir#,Month#) = WaterRelease(Reservoir#, Month) +
( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#), Month#) )
ReleaseAcc(Reservoir#,Range#) = ReleaseAcc(Reservoir#,Range#) +
( PowerGen(OrderGen(Gen#), Month#) *
WaterRateGen(OrderGen(Gen#), Month#) )
ReleaseAccTemp = ReleaseAccTemp +( PowerGen(OrderGen(Gen#), Month#) *
WaterRateGen(OrderGen(Gen#), Month#) )

WaterRelease(Reservoir#, Month#)
o=

MaxRelease(Month)

ReleaseAcc Temp >= ReleaseTemp

A A

Hour# = Hour# +1

WaterRelease(Reservoir#, Month#)
>=
MinRelease(Month)

Hour# > Number of Hours from
current Month# until End of
CalcPeriod

Yes

Goto
"Number7"

Goto
"Number7"

Goto
“Number10"
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Y

Hour# =1

A 4

Find DayOfYear
from

14

Flow (OrderHour(Hour#)).Hour

.

If GenState(OrderGen(Gen#), DayOfYear) <> 0

No

If ProductState(OrderGen(Gen#), Flow(OrderHour(Hour#)).Hour) = >
If F|ndMonthOerar(FIow(OrderHour(Hour#)) Hour) = Month#

I

----------- FIow(OrderHour(I—lour#)) FlowType = "Export"

e

(LoadTemp(FIow(OrderHour(Hour#)) Hour)

- PowerGen(OrderGen(Gen#) Month#)
> (- 1*MaxrmumExportMW)

T

ProductState(OrderGen(Gen#), Flow (OrderHour(Hour#)).Hour) =
LoadTemp(Flow(OrderHour(Hour#)).Hour) = LoadTemp(FIow(OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#), Month#)
XLoadTemp(Flow(OrderHour(Hour#)).Hour) = XLoadTemp(Flow(OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#), Month#)
WaterRelease(Reservoir#,Month#) = WaterRelease(Reservoir#,Month) +
( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#), Month#) )
ReleaseAcc(Reservoir#,Range#) = ReleaseAcc(Reservoir#,Range#) +
( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#), Month#) )
ReleaseAccTemp = ReleaseAcc Temp +( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#),Month#) )

A 4

\/
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WaterRelease(Reservoir#,Month#)
>=
MaxRelease(Month)

Goto
"Number7"

Goto

ReleaseAcc Temp >= ReleaseTemp "Number7"

WaterRelease(Reservoir#,Month#)
>=
MinRelease(Month)

Goto
"Number10"

No

mem(Flo (OrderHour(Ho r#)m>
W ur(Hour)). Hou
\p o 22

Yes

ProductState(OrderGen(Gen#),Flow (OrderHour(Hour#)).Hour) = 1
LoadTemp(Flow(OrderHour(Hour#)).Hour) = LoadTemp(Flow(OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#),Month#)
XLoadTemp(Flow(OrderHour(Hour#)).Hour) = XLoadTemp(Flow(OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#), Month#)
WaterRelease(Reservoir#,Month#) = WaterRelease(Reservoir#,Month) +
( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#),Month#) )
ReleaseAcc(Reservoir#,Range#) = ReleaseAcc(Reservoir#,Range#) +
( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#), Month#) )
ReleaseAccTemp = ReleaseAcc Temp +( PowerGen(OrderGen(Gen#), Month#) *
WaterRateGen(OrderGen(Gen#),Month#) )

12 11
13
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WaterRelease(Reservoir#, Month#)
>=

Goto
"Number7"

MaxRelease(Month)

Yes
ReleaseAccTemp >= ReleaseTemp

WaterRelease(Reservoir#,Month#)
>=

Goto

"Number7"

Goto

MinRelease(Month)

No

P> Hour# = Hour# +1

Hour# > Number of Hours from
current Month# until End of

CalcPeriod

Hour# =1

"Number10"
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?

Find DayOfYear

g from
Flow(OrderHour(Hour#)).Hour

S

If GenState(OrderGen(Gen#), DayOerar )<>0

% If ProductState(OrderGen(Gen#), Flow(OrderHour(Hour#)).Hour) = 0

If XLoadTemp(Flow(OrderHour(Hour#)).Hour)
> MaximumImportMW

e FlndMonthOerar FIow(OrderHour(Hour#)) Hour)

Yes

ProductState(OrderGen(Gen#),Flow (OrderHour(Hour#)).Hour) = 1
LoadTemp(Flow(OrderHour(Hour#)).Hour) = LoadTemp(Flow(OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#), Month#)
XLoadTemp(Flow(OrderHour(Hour#)).Hour) = XLoadTemp(Flow(OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#), Month#)
WaterRelease(Reservoir#,Month#) = WaterRelease(Reservoir#,Month) +
( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#), Month#) )
ReleaseAcc(Reservoir#,Range#) = ReleaseAcc(Reservoir#,Rangeff) +
( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#),Month#) )
ReleaseAccTemp = ReleaseAcc Temp + ( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#),Month#) )

WaterRelease(Reservoir# Month#)
>=
MaxRelease(Month)

No Yes

ReleaseAccTemp >= ReleaseTemp g

"Number7"

"Number7"

Goto

Goto




111

ProductState(OrderGen(Gen#), Flow(OrderHour(Hour#)).Hour) = 1

XLoadTemp(Flow(OrderHour(Hour#)).Hour) = XLoadTemp(Flow (OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#), Month#)

ReleaseAccTemp = ReleaseAcc Temp + ( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#),Month#) )

WaterRelease(Reservoir#, Month#)
>=
MaxRelease(Month)

Goto
"Number7"

Goto

ReleaseAccTemp >= ReleaseTemp “Number7"

P> Hour# = Hour# +1

No Hour# > Number of Hours from

current Month# until End of
CalcPeriod

All Gen# in current
Reservoir#?

Goto

Number20 [ —— Gen# =Gen# + 1 Gen# =1
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Hour# =1

v

Find DayOfYear

No

%

i

g from
Flow (OrderHour(Hour#)).Hour

e

If GenState(OrderGen(Gen#), DayOfYear) <> 0

If ProductState(OrderGen(Gen#) FIow(OrderHour(Hour#)) Hour) =0 >

I

-— —< FIow(OrderHour(Hour#)) FlowType = "Export"

e

XLoadTemp(Flow(OrderHour(Hour#)). Hour)

No
I

- PowerGen(OrderGen(Gen#) Month#)
> (- 1*MaX|mumExportMW)

el

FlndMonthOerar(FIow(OrderHour(Hour#)) Hour) = Month# >

\

—_—
Yes
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ProductState(OrderGen(Gen#),Flow(OrderHour (Hour#)).Hour) = 1

LoadTemp(Flow(OrderHour(Hour#)).Hour) = LoadTemp(Flow(OrderHour(Hour#)).Hour)

- PowerGen(OrderGen(Gen#), Month#)

XLoadTemp(Flow(OrderHour(Hour#)).Hour) = XLoadTemp(Flow(OrderHour(Hour#)).Hour)

- PowerGen(OrderGen(Gen#), Month#)

WaterRelease(Reservoir#, Month#) = WaterRelease(Reservoir#,Month) +

( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#),Month#) )

ReleaseAcc(Reservoir#, Range#) = ReleaseAcc(Reservoir#,Ranget) +

( PowerGen(OrderGen(Gen#),Month#) *

WaterRateGen(OrderGen(Gen#),Month#) )
ReleaseAccTemp = ReleaseAcc Temp +( PowerGen(OrderGen(Gen#), Month#) *
WaterRateGen(OrderGen(Gen#), Month#) )

No

WaterRelease(Reservoir#, Month#)
>=
MaxRelease(Month)

ReleaseAcc Temp >= ReleaseTemp

Goto
"Number7"

Goto
"Number7"

_____________________ -
Y

ProductState(OrderGen(Gen#),Flow(OrderHour(Hour#)).Hour) = 1

XLoadTemp(Flow(OrderHour(Hour#)).Hour) = XLoadTemp(Flow(OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#),Month#)

ReleaseAccTemp = ReleaseAccTemp + ( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#),Month#) )

WaterRelease(Reservoir#, Month#)
>=
MaxRelease(Month)

No Yes

ReleaseAccTemp >= ReleaseTemp L

"Number7"

"Number7"
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No

/ \
XLoadTemp(FIow(OrderHour Hour#) Hour) >0 _—

No /R

FlndMonthOerar(FIovv(OrderHour(Hour# ). Hour

\ Month# /
§e

ProductState(OrderGen(Gen#), Flow(OrderHour(Hour#)).Hour) = 1
LoadTemp(Flow(OrderHour(Hour#)).Hour) = LoadTemp(Flow(OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#),Month#)

- PowerGen(OrderGen(Gen#),Month#)

WaterRelease(Reservoir#, Month#) = WaterRelease(Reservoir#,Month) +

( PowerGen(OrderGen(Gen#), Month#) *

WaterRateGen(OrderGen(Gen#),Month#) )
ReleaseAcc(Reservoir#,Range#) = ReleaseAcc(Reservoir#,Range#) +
( PowerGen(OrderGen(Gen#), Month#) *

WaterRateGen(OrderGen(Gen#),Month#) )

ReleaseAccTemp = ReleaseAccTemp +( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#),Month#) )

XLoadTemp(Flow(OrderHour(Hour#)).Hour) = XLoadTemp(Flow(OrderHour(Hour#)).Hour)

WaterRelease(Reservoir#, Month#)
>=
MaxRelease(Month)

No Yes
ReleaseAccTemp >= ReleaseTemp —P>
e 1
A 4

Goto
"Number7*

Goto
"Number7"

ProductState(OrderGen(Gen#),Flow (OrderHour(Hour#)).Hour) = 1

XLoadTemp(Flow(OrderHour(Hour#)).Hour) = XLoadTemp(Flow(OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#),Month#)

ReleaseAccTemp = ReleaseAccTemp + ( PowerGen(OrderGen(Gen#), Month#) *
WaterRateGen(OrderGen(Gen#),Month#) )

) J

@
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WaterRelease(Reservoir#, Month#)
>=
MaxRelease(Month)

ReleaseAcc Temp >= ReleaseTemp

No

Goto
Number24

) J

P> Hour# = Hour# +1

Hour# > Number of Hours from
current Month# until End of
CalcPeriod

All Gen# in current
Reservoir#?

Gen# = Gen# + 1

WaterEnd(Month#) = Reservoir(Reservoir). InitialVolume
+ InflowForecast(Reservoir#).Month(Month#)
- WaterRelease(Reservoir#,Month#)
- Reservoir(Reservoir#). TotalEvap

A
29

Goto
"Number7"

Goto
"Number7"
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WaterEnd(Month#) = WaterEnd(Month# - 1)
+ InflowForecast(Reservoir#). Month(Month#)
- WaterRelease(Reservoir#, Month#)
- Reservoir(Reservoir#). TotalEvap

WaterEnd(Month#)
>

Reservoir(Reservoir#). MaxCapacity

SpillTemp = SpillWater(Month#)
SpillWater(Month#) = WaterEnd(Month#) - Reservoir(Reservoir#). MaxCapacity
WaterEnd = Reservoir(Reservoir#). MaxCapacity

Difference between SpillTemp
and SpillWater(Month#) is
more than 10% of SpillTemp

ReleaseTEmp = Release(Reservoir#,Range#) + SpillWater(Month#)
For Hour# from Start of CalcPeriod to End of CalcPeriod:
ResetLoadTemp and XLoadTemp

Goto
Start3
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Month#
<>
StopMonth of Current CalcPeriod

ReleaseTemp = ReleaseTemp - WaterRelease(Reservoir#, Month#)
Month# = Month# + 1

> Goto
Start2

Range# <> All CalcPeriods?

Range# = Range# + 1

'

CalcPeriod (Reservoir# Range#)+Stop month <> 12

Release(Reservoir#,Range#) = Release(Reservoir#,Range#) + WaterEnd(Month)
- Average(Reservoir#,CalcPeriod(Reservoir#,Range#). StopMonth

Goto
Startl
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Reservoir#
<>

All Reservoirs?

Goto

Reservoir# = Reservoir#t + 1 ———» Start

!

Calculate Revenue from
LoadTemp(Hour#) for all Hour#
and Sell/Buy Price

Retrun Revenue

End



