Generator Data
Reservoir Data

Appendix A

Software Algorithm

A.1 Program Flowchart

Inflow Forecast

Inflow Probability

Import Tariff

EXpO[' t Tariff —INPUT—P
Monthly Load

Load Profile

Maintenance Data

QUTPUT—® Maintenance Schedule

Maintenance Scheduling Program

General Data
Constraints
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Generator Data, Reservoir Data  J
Inflow Forecast, Inflow Probability
Import Tariff, Export Tariff
Monthly Load, Load Profile
Maintenance Data, General Data LOAD INPUT
Constraints

CALCULATE

DATA
SEARCH Maintenance

Schedule
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(o)

General Data, Constratints - LoadGeneral

DataGeneral

Generator Data —P- LoadGenData Generator

/ Reservoir Data

.

LoadReservoirData Reservoir

.

Import Tariff LoadImportTariff [mportTariffData

~
Export Tariff LoadExportTariff ExportTariffData &
Monthly Load, LoadForecast, LoadPeak
Load lfmﬁle LoadProfileData Mom.h]yEnergyForecast!
DailyEnergyForecast
/ Maintenance Data / »‘ LoadMaintenanceData —»Qaintenancelnfo C
Inflow Forecast, InflowForecast,
Inflow Probability ’{ LoadInflowForecast PMin, PMax (

CALCULATE
DATA
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LOAD INPUT

Y

Qeservoir, PMin, PMax 6&’ CalculateReserviorLimit 4’@3}&1{1‘1“, MinLirmnit C
i

vy

A ]
@woir, InflowForecast 6—>i CalculateWater AndEnergyLimit

Avarage, CalcPeriod,
Release, CapacityGen,
‘WaterRate




CALCULATE
DATA

: CaleulateCost
DataGeneral, Generator, ¥ /

Reservoir, Import TariffData, : .
ExportTarifaData, LoadForecast, ' Search -
Maintenance!nfo, InflowFarecast, i eare - ' —  TestConstratints

MaxLimit, MinLimit, Average, —
CalcPeriod, Release, WaterRate

GenState, GenOutage,
ProductState, WaterRelease,
SpillWater
Yy




DataGeneral
.StartDate
.EndDate
MaximumManPower
MaximumImportMW
MaximumExportMW
Use: DataGeneral

Generator
.UnitName
.Capacity
New_Status
.Retire_Status
New_Retire_Date
.kl

q
Use: Generator{generator#)

Reservoir
ReservoirName
InitialVolume
.EndedVolume
.MaxTurbineFlow
PeakOperation
MaxCapacity
InflowSeason
.TotalEvap
NumberOfGenerator
Va
Vb
Vo
vd
Ve
Vf

Use: Reservoir(reservoir#)

Maintenancelnfo
.MaintenanceCount
MinimumAvail
Maintenance(maintenance#)

Reservoir
UnitName
.PossibleStart
JPossibleFinish
.DaysNeeded
ManpowerNeeded
Use: Maintenancelnfo(generator#)
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InflowForecast

ReservoirName
Month(month#)

Use: InflowForecast(reserveir#)

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

Lse: CalcPeriod(reservoir#, month#)

GenOutage
StartDate
.StopDate

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

LoadForecast(day#, hour#)
LoadPeak(day#)
MonthiyEnergyF orecast(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#)



: "
- Reservoir(reservoir#)
- InflowForecast(reservoir#)

) CalouleteW Limi

- Average{reservoir#, month#)

- CalcPeroid(reservoird, calcP#)

- TotalCalcPeriod(reservoir#)

- Release(reservoir#, calcP#)

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

0

For each reservoir

LocalVariahle:

- Totallnflow(calcP#)
- HeadStart(calcP#)

- HeadStop(calcP#)

4—9—

For each month

-

Calculate Average for current month

No

2

months?

Yes

Define Calculation Periods

'

For each Calculation Period; .

=
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-— Calculate Totallnflow, Release,
HeadFunction HeadStart, and HeadStop
® | i 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?

All

reservoirs?
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Calculate Average for current month

Average(current reservoir, current month) =

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

Define Calculation Periods

caleP =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
CalePeriod{current reservoir, caleP).StopMonth = StopMonth
Exit Do
Else
Do unitl Average(current reservoir, StopMonth) <= Average(current reservoir, StopMonth + [}
StopMonth = StopMonth + 1
If StopMonth >= total number of manths Then
CalcPeriod(current reservoir, caleP).StopMonth = StopMonth
Exit Do
End If
Loop
End If
If StopMonth = StartMonth Then
If Average(cutrent reservoir, StopMonth) < Average(current reservoir, StopMonth + 1)
Do
StopMonth = StopMonth + |
If StopMonth >= total number of months Then
CalcPeriod(current reservoir, caleP).StopMonth = StopMonth
Exit Do
End If
Loop until Average(current reservoir, StopMonth) >= Average{current reservoir, StopMonth + [}
End If
End If
CalcPeriod{current reserveir, calcP).StopMonth = StopMonth
If StopMonth >= total number of months Then
Exit Do
End If
calcP =calcP + |
StartMenth = StopMonth + |
Loop until StopMonth >= total number of months

TotalCalcPeroid(current reservoir} = calcP  (save total number of calculation pericds of curcent reservoir)
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Calculate Release, HeadStart, and HeadStop i current Calculation Period

Totallnflow(current caleP) = Sum of InflowForecast{eurrent reservoir), Month(month#) from
menth# = StartMonth of current Calc ulation Periad to StopMonth of current Calculation Period

Select Case current calcP
Case current caleP is first period
Release(current reservoir, current calcP) = Reservoir(current reservoir).InitialVolume
+ Totallnflow(current calcP)
- Average(current reservoir, StopMonth of Current calculation Period)
- (Reservoir{current reservoir). TotalBvap * number of months in current Calculation Peroid)

HeadStart(current calcP) = HeadFunction(current reservoir, Reservoir(current reservoir). InitialVolume)

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

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

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

HeadStop(current calcP) = HeadFunction{current reservoir,
Average(current reservoir, StepMonth of current Caleulation Period))

Case current calcP is last period

Release(current reservoir, current calcP) = Average(current reservoir, StopMonth of previous Calculation Pericd)
+ Totallnflow(current caleP)
- Reservoir{current reservoir).EndedVolume
- (Reservoir(current reservoir). TotalEvap * number of months in current Calculation Peroid)

HeadStart(current caleP) = 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 generatar of current reservoir in current Caleulation Period

CapacityGen(current generator, current caleP) = CapacityFunction(current generator,

(HeadStart(current reservoir, current calcP)
+ HeadStop(current reservoir, current calcP)) /2)

WaterRate(current generator, current caleP) = WaterRateFunction{current generator,
(HeadStart(current reservoir, current calcP)
+ HeadStop(current reservoir, current calcP}) /2)
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A.3 HeadFunction
Output:
- Head value

- Reservoir Number
- Volume

Caloulte Head value with formula - Y =V, +V,x* +V.° + V%" +Vx +V,

Return Head = Reservoir(reservoir#). Va * Volume * Volume * Volume * Volume * Volume)
+ (Reservoir(reservoir#). Vb * Volume * Volume * Volume * Volume)

+ (Reservoir(reservoir#), Ve * Volume * Volume * Volume)

+ {Reservoir(reservoir#). Vd * Volume * Volume)

+ (Reservoir(reservor#), Ve * Volume)

+ Reservoir(reservoir#), Vf

~anacityFuncti

lnput: Quiput:
- Generator Number - Capacity value {MW)
- Head

. kxg xhead
Calculate Head value with formuls  Capacity= W

Capacity = 0
Capacity = (Generator(generator#).k| * 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

WaterRateFunetion

lnputs Outpyt:
- Generator Number - Water Rate
- Head
g %36
Calculate Water Rate with formula WaterRate= ——-——
Capacity

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




- PMin(reservoir#, month#)
- PMax(reservoir#, month#)
- Reservoir(reservoir#)
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| CalculateR Lim

Output;
- MaxLimit{reservoir#, month#)
- MinLimit(reservoir#, month#)

For each reservoir

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

r

For each of 2*Number of Months

I

Calculate NetHigh and NetLow for current month

All2* Number of

Manths?

Yes

For each month

Calculate MaxLimit for current month

No

All

Meonths?
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For each month

Calculate MinLimit for all months

All

Months?

Yes

For each month

Check MaxLimit and MinLimit and make adjustments

All

Months?

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). MaxTurbineF low (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 reserveir). PeakOperation(current month)

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

T

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) <

Calculate MinLimit for each month

MinLimit{current reservoir, current month) = 0
next month = current month + |
Bo
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

T

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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A Search

. . I Qcﬂ !fa['ahl:-
- DataGeneral - GenState(generator#, day#) - TotalPeroid(generatort, maintenance#)
- Generator(generator#) - GenOutage(generatord, maintenance#, day#) - VoidMultiple(generator,
- Reservoir(reservoir#) - ProductState(generator#, hourk) maintenance# - |,
- ImportTariffData - WaterRelease(reservoir#, month#) maintenance#)
- ExportTarifaData - SpillWater(months#) - VoidCrew
- LoadForecast(day#, hour#) - VaidReserve
- LoadPeak({day#) - Crew
- MaintenanceInfo(generator#) - Reserve
- InflowForecast(reservoir#) - MinReserve
- MaxLimit(reservoir#, month#)
- MinLimit(reservoir, month#)

- Average(reservoir#, month#)

- CalePeriod(reservoir¥f, month#)

- TotalCalePeriod(reservoir#)

- Release(reservoit#, month#)

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

For each generator

%

For each maintenance#
of current generator

r

Calculate all possible periods
in current maintenance#
of current generator

All
generators?




S0

Set MinReserve = capacity of the largest generator

Reset VoidMultiple, VoidCrew, VoidReserve

!

For each day
of Maintenance Schedule

Crew(current day#) = 0

Reserve(current day#) = DataGeneral. MaximumImpartMWw - LoadPeak{current day#)

!

For each generator

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

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

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

All
generators?

All days of

Maintenance Schedule?
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For each generator|

For each maintenance#
of current generator

period# = 1

- NewPeriod!

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

Set GenState{current generator, day#) = 0

f

Test constraints CheckConstratints

Yes

Satisfy
constratints?

Caleulate weight for each void cases according

to exit condition from CheckConstraints:

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

- VoidReserve

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

Reset GenState(current generator, day#) = |
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#)

+ Capacity Gen(current reservoir#, current calcP#)
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period#
<>

TotalPeriod(current generator,

current maintenance#)

Yes

peroid# = period# + 1

Y
NewPeriod |

maintenance# =|

Yes

f

maintenance# = maintenance# - |
period# = saved period#

Current generators

Y
Current generator# = current generator# -1
maintenance# = total maintenance#

of current generator
period# = saved period#

Y

Relax Constraints according to
weights in void cases

Y

CoenstraintRelaxation

Y

Startl

Y

Save Period for
cureent generater and current maintenance#

All
maintenance#?

generators?
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Calculate cost

CalculateCost

Save current cost in
BestCost and TempBestcost

Number9 )t

)

generatord =1

Number8

)

maintenance# =1

Number7? -

{)

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

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

Find current reservoird 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#)

Y

period# = |

NewPeriod2

StartDate of current period
is first day of month?

period# = period# + [
A

No period# is last period

in current maintenance#
of current gencrator#

v Numberd [
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PeroidStart = period#

Qumbrt >

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

Set GenState(current generator, day#) = 0

Y

Yes

Satisfy

constraints?

Test constraints CheckConstratints

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

Reset GenState(current generator, day#) = |
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#)

Y

period# = period# + 7

period# > total periods

Number5 of current maintenance#

StartDate of

current period#
is the end of month? No

L 4

P period! periodil - 7 L

Numberé
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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#)

— N >

umber6 >

Where day# from StartDate to StopDate in saved period4
of current maintenancei 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 reservor and current day#
Recalculate Reserve(curent day#) = Reserve(curent day#)

- CapacityGen(current reservoir#, current calcP#)




All
maintenance#
for current
generators?

All
generators?
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maintenance# = maintenance# + 1

L’ Number7

generator# = generator# + 1

\—D Number8

Set BestCost = TempBestCost

Find difference between TempBestCost and BestCost

Difference between

is greater than 0.01%

Set shifting step = 7

TempBestCost and BestCost

Yes
Number?

L

gencrator# = |

Numberl8

L

maintenance# = [

o

(Y ()
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Set Count = O

!

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

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#
for current generator#

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

period# = 1

Cumber s

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

Set GenState(current generator, day#) = 0
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Test constraints | CheckConstratints
\_

Satisfy
constratints?

CalculateCost 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 + [

period# > total period#
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 penerator, 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 maintenance# = maintenance# + | P Numberi7
current generator#?
21
A
No
All generators? generator# = generator# + | P Numberl8




Find difference between TempBestCost and BestCost

Set BestCost == TempBestCost

100

Difference between
TempBestCost and BestCost
is greater than 0.0001%?

Yes

Step=1

—

ﬁ Number20




Input;

- DataGeneral

- Generator{generator#)

- Reservoir(reservoirt)

- ImportTariffData

- ExportTariffData

- LoadForecast{day#, hour#}

- LoadPeak{day#)

- MaintenancelInfo{generator#)

- InflowForecast{reservoir#)

- MaxLimit(reservoir#, month#)

- MinLimit(reservoir#, month#)

- Average(reservoir#, month#)

- CalcPeriod(reservoir#, month#)
- TotalCalePeriod(reservoirit }

- Release(reservoir#, month#)

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

- LoadTemp(hour#)
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A6 Caleulate Cost
Output:
- Revenue
{ Start )
Y
Calculate Buying Price Flow for each
hour:

- Cost (from ImportTariff Data)
« FlowType = 'Import'
- Hour of the year

Y

Calculate Selling Price Flow for each
hour:

- Cost (from ExportTariff Data)

- FlowType = 'Export’

- Hour of the year

Y

Reservoird = 1

LocalVariable:

- SellPrice(hour#)

- BuyPrice(hour#)

- XLoadTemp(hour#)
- XLoadTemp] thour#)
- ReleaseAcc(l To 3, 1 To 12)
- ReleaseAccTemp

- ReleaseTemp

- MaxRelease{month#)}
- MinRelease(month#)
- WaterEnd(month#)

- OrderHour(hour#)

« OrderHour E(hour#)

- OrderGen(1 To 10)

- PowerGen(}

- WaterRateGen()

- Revenue

- Spacing

- SpillTemp As Double
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i<

Range# = 1

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

-

ReleaseTemp = Release(Reservoir#, Range#)

e

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

@7
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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#).EndedVolume
MinRelease(Month#) =
WaterEnd(Month# - 1) + InflowForecast(Reservoir#). Month(Month#)
- Reservoir(Reservoir#). EndedVolume

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 = O

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). EndedVolume)) / 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#t = |

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

If ProductState{OrderGen(Gen#), Flow(OrderHour{Hour#)).Hour) = 0
If FindMonthOf Year(Flow{OrderHour(Hour#)). Hour) = Month#

If LoadTemp(Flow(QOrderHour{Hour#)).Hour) > MaximumImpottMW

\ /

Yes

ProductState(OrderGen(Gen#),Flow(OrderHour(Hour#)). Hour) = |
LoadTemp{Flow{OrderHour(Hour#)). Hour) = LoadTemp(Flow{OrderHour(Hour#)}.Hour)
- PowerGen(OrderGen(Gen#),Month#)
XLoadTemp{Flow(OrderHour(Hour#)).Hour) = XELoadTemp(Flow(OrderHour(Hour#)). Hour)
- PowerGen(QrderGen{Gen#),Month#)
WaterRelease(Reservoir#,Month#) = WaterRelease(Reser voir#, Month) +
{ PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gend#), Month#) )
ReleaseAcc(Reservoir#,Range#) = ReleaseAcc(Reservoir#, Range#) +
{ PowerGen(QrderGen(Gen#},Month#) *
WaterRateGen(OrderGen(Gen#),Month#)} )
ReleaseAccTemp = ReleaseAccTemp +{ PowerGen(OrderGen(Gen#), Month#) *
WaterRateGen{OrderGen{Gen#),Month#) )

‘WaterRelease{ Reservoir#, Month#t)
=
MaxRelease(Month)

Hour# = Hour# +1

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

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

CalcPeriod

Goto
"Number7"

Goto
"Number7”

Goto
"Number10"
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Y

Hour# = |

Y
Find DayOfYear

Lt from
Flow(OrderHour(Hour#)), Hour

S

If GenState(OrderGen{Gen#), DayOfYear) <> 0
If ProductState(OrderGen(Gen#), Flow(OrderHour(Hour#)).Hour) = 0

If FmdMonthOerar(Flow{OrderHour(Hnur#)) Hour Monthit

=)

----------- F[ow(OrderHour Hour#)).FlowType = "Export"

Wit

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

- PowerGen(OrderGen(Gen#) Month#}
>( 1*MaximumExportMW) /

T

PreductState(OrderGen(Gen#) , Flow{OrderHour{Hour#) ), Hour)} = 1
Load Temp(Flow{OrderHour(Hour#)). Hour} = Load Temp(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(CrderGen{Gen#),Month#) )
ReleaseAcc Temp = ReleaseAcc Temp +( PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen{Gen#), Month#) )
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WaterRelease( Reservoir#, Month#)
D=

MaxRelease(Month)

Goto
"Number7"

Yes

Goto
"Number7"

ReleaseAccTemp >= RekaseTemp

WaterRelease( Reservoir#,Month#)}
5=
MinRelease(Month)

Goto
"Number10"

No

‘“JJF’_(Fl (OrderHour(H #))?\)?6‘::}-
ad | ¢l awiLrder nour( dout Lrlour
\_EE e

Yes

ProductState(OrderGen(Gen#),Flow ( OrderHour(Houe#)), Hour) = §
LeadTemp(Flow(OrderHour(Hour#)) . Hour) = LoadTemp(Flow (OrderHour(Hour#)).Hour)
- PowerGen(OrderGen(Gen#),Month#)
XLoadTemp(Flow(OrderHour(Hour#)).Hour) = XLoad Temp(Flow(OrderHour(Hour#)). Hour)
- PowerGen(OrderGen(Gen#),Month#)
WaterRelease(Reservoir#,Month#) = WaterRelease(Reservoir#, Month) +
{ PowerGen{OrderGen(Gen#),Month#) *
‘WaterRateGen(OrderGen(Gen#), Month#) )
ReleaseAce(Reservoir#, Range#) = ReleaseAcc(Reservoir#, Range#) +
{ PowerGen(QrderGen(Gen#),Month#) *
WaterRateGen{OrderGen(Gen#),Month#) )
ReleaseAceTemp = ReleaseAccTemp +H PowerGen{OrderGen{Gen#),Month#) *
WaterRateGen{OrderGen(Genif), Month#) )

@
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WaterRelease(Reservoir#, Month#)
o

MaxRelease{Month}

Yes
ReleaseAccTemp >= ReleaseTemp

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

| Hour# = Houe# +1

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

Calc Period

Hour# = 1

Goto
"Number7"

Goto
"Number7?"

Goto
"Numberl0”
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Y

Find DayQfYear

Y

from
Flow(OrderHour{Hour#)). Hour

52

No If GenState{OrderGen{Gen#), DayOfYear) < (

——-—-—-—-< If ProductState(OrderGen(Gen#), Flow(OrderHour(Hour#)).Hour) = 0

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

Yes
No
TN —=7" FindMonthOfYear(Flow(CrderHour{Hour#)). Hour)
\ Month#
Yes

ProductState{OrderGen(Gen#), Flow{CrderHour{Hour#)}. Hour) = 1
LoadTemp{Flow(CrderHour(Hour#)}.Hour) = LoadTemp(Flow(OrderHour(Hour#)). Hour}
- PowerGen(OrderGen{Gen#}, Month#)
XLoadTemp(Flow{OrderHour(Hour#)}. Hour) = XLoadTemp(Flow(QrderHout{ 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#) )
ReleaseAceTemp = ReleaseAce Temp + { PowerGen{OrderGen(Gen#), Month#) *
WaterRateGen(OrderGen({Gen#),Month#) )

WaterRelease{Reservoir#, Month#)
>= Goto
MaxRelease(Month) "Number7

Yes
ReleaseAccTemp >= RekaseTemp P

Goto
"Number7"
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ProductState(OrderGen{Gen#),Flow (OrderHour(Hour#)).Hour) = 1

XLoadTemp(Flow(CrderHour{Hour#)).Hour) = XLoad Temp(Flow{OrderHour(Hour#)). Hour)
- PowerGen(OrderGen(Gen#),Month#)

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

WaterRelease(Reservoir#, Month#)
e
MaxRelease{Month)

Goto
"Number7"

= Hour# = Hour# +1

No Hour# > Number of Hours from

Goto
Number20

current Month# until End of
CalcPeriod

All Gen# in current
Reservoir#?

Gen# = Gen# + 1 Gen# =1

Goto
"Number7”



12

Hour# = 1

v

Find DayOfYear

()

P! from
Flow(OrderHour(Hour#)).Hour

e

No If GenState( OrderGen(Gen#), DayOfYear) <> 0

—<__1If ProductState(Ordchen(Gen#), Flow(OrderHour(Hour#)) Hour) =0 >

I

iy Flow(OrderHour(Hour#)) FlowType = "Export"

S

(XLDadTemp(F low(OrderHour(Hour#)). Hour)

- PowerGen(Ordchen(Gen#) Month#)
T > (-1*MaximumExportMW) o

Sun1BndaduiBe

""-‘—‘:. FindMonthOfYear( Flow{OrderHour(Hour#)). Hour) = Month# :::>-

\

—_—
Yes

i
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22

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

WaterRelease(Reservoir#, Month#) = WaterRelease(Reservoirf,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#) *

LoadTemp(Flow(CrderHour(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#)

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

WaterRelease(Reservolr#!, Month#)
=

MaxRelease{Month)

No Yes
ReleaseAcc Temp >= ReleaseTemp —-|
| A . VY -
Y

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

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

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

WaterRelease(Reservoirf,Month#)
D=

Max Release(Month)

No Yes

Y

ReleaseAce Temp >= ReleaseTemp

Goto

"Number7"

Goto

"Number?"

Goto

"Number7"

Goto

"Number7"
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No

—
XLoadTemp(Flow(OrderHour(Hour#)) Hour) >0

> ol

A~ - — FmdMonthOerar(Flow(OrderHour(I—bur#)) Hour)

\ Momh# /
T

ProductState{OrderGen{ Gen#), Flow{OrderHour{Hour#)). Hour) = 1
LoadTemp(Flow(OrderHour(Houe#)). Hour) = LoadTemp(Flow(OrderHour(Hour#)). Hour)
- PowerGen(QrderGen{Gen#), Month#)
XLoadTemp(Flow(Order Hour(Hour#}).Hour) = XLeadTemp(Flow(OrderHour(Hour#)), Hour)
- PowerGen(OrderGen(Gen#), Month#)
WaterRelease(Reservoir, Month#) = WaterRelease(Reservoirt, Month) +
( Pow erGen(OrderGen{Gen#),Month#) *
WaterRateGen(OrderGen{Gen#), Month#) )
ReleaseAcc{Reservoir#, Range#) = ReleaseAcc(Reservoir#, Rangeff) +
{ PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen(Gen#), Month#) )
ReleaseAccTemp = ReleaseAccTemp +{ PowerGen(OrderGen(Gen#),Month#) *
WaterRateGen(OrderGen{Gen#),Month#) )

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

No Yes
ReleaseAccTemp >= ReleaseTemp -
] EE B W NN . B _F 1
h J

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

XLoadTemp(Flow(QrderHour(Hour#)). Hour) = XLoad Temp(Flow(OrderHour(Hour#)}.Hour)
- PowerGen{OrderGen(Gen#), Month#}

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

Goto
"Number7"

Goto
"Number7"
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WaterRelease( Reservoir#, Month#)
»=
MaxRelease(Month)

ReleaseAcc Temp >= ReleaseTemp

Goto
Number24

Y

- Hour¥ = Hour# +1

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

All Gen# in current
Reservoir#?

A

Gen# = Gen# + 1

WaterEnd(Month#) = Reservoir(Reservoir#).InitialVolume
+ InflowF orecast(Reservoir#). Month{Month#)
- WaterRelease(Reservoir#, Month#)
- Reservoir(Reservoirff). TotalEvap

A
29

Goto
"Number7"

Goto
"Numbet7"
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% >

WaterEnd{Month#) = WaterEnd(Month# - 1)
+ InflowForecast{Reservoir#), Month{Vionth#)
- 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 [0% of SpillTemp

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

L Goto
Start3
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Month#
<

StopMonth of Current CalkPeriod

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

) 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
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Reservoir#
<>

All Reservoirs?

Goto

Reservoir#f = Reservoir# + 1 f——M»
Start

Y

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

Retrun Revenue

End



Appendix B
Inflow Probability and Daily Load Profile

The Appendix B is divided into two appendixes B 1 and B2. The B 1
appendix is inflow probability of the Hydro power Plant reservoir which is already
included in the Chapter 4 by making into graphs. The B 2 appendix is Daily Load
profile for the whole year (12 months) this appendix is also included in the Chapter 4
by making into graphs too. The two Appendixes are shown into tables as below.
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Name and family Name:

Date and Place of Birth:

Education:

Employment History:

128

Curriculum vitae

PHOUMMY NETIBANEDITH

20 March 1958 at Phonemy Village, Viengkham District
Vientiane Province

From 1964 to 1970 studied at primary school in Phone

my Village, 1970 to 1974 studied at secondary school

in Viengkham District Vientiane Province.

From 1974 to 1977 studied at high school in Vientiane
municipality

From 1977 to 1983 studied at Polytechnic Institute of
Doetsk in Ukrain state former Soviet Union (Ukrain
country in present), obtained diploma of -electrical
engineering,

From 6 August to 7 September 1990 had participated in and
completed the International Training Program in the field of
Power System Control and Operation at Royal Institute of
Technology in Sweden.

From 4-6 June 1996 had participated in the training
workshop on Power System Dynamics, Control and
Operation at Asian Institute of Technology Bangkok,
Thailand,

From 4 May to 12 June had participated in the training
course on Integrated Watershed Management at Asian
Institute of Technology Bangkok, Thailand.

From 21 July 2002 to 27 March 2006 studied at Chiang Mai
University

From 1983 to 1986 worked at High voltage distribution
Department of EDL, in charge of maintenance and
installation electric station and sub-station,

From 1986 to 1997 worked at Nam Ngum Hydropower
Plant were deputy and manager of Generation and
Operation Department,

From 1997 to 2002 was deputy manager of Nam Ngum
Hydropower Plant in charge of Operation and Maintenance
work.

From 2002 up till now has been a manager of Nam Ngum
Hydropower Plant.



