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HydropowHydropow
Of the 6 7 B people in the orldOf the 6 7 B people in the orldOf the ~6.7 B people in the worldOf the ~6.7 B people in the world
without electricity.without electricity.

P l ti i t d t h 9P l ti i t d t h 9Population is expected to reach 9Population is expected to reach 9

By 2020, global electrical energy By 2020, global electrical energy 
b 76% (US E I f A )b 76% (US E I f A )by 76% (US Energy Info Agency)by 76% (US Energy Info Agency)

Currently about 20% of the worldCurrently about 20% of the world
h d C tl d dh d C tl d dhydropower. Currently under devhydropower. Currently under dev
will deliver 153 million KW. will deliver 153 million KW. 

Th l t Th G illTh l t Th G illThe largest, Three Gorges, will aThe largest, Three Gorges, will a
development is occurring in 80 codevelopment is occurring in 80 co
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wer Factswer Facts
at least 2 B people no li eat least 2 B people no li e, at least 2 B people now live , at least 2 B people now live 

9 billi b 20509 billi b 20509 billion by 2050.9 billion by 2050.

consumption is projected to grow consumption is projected to grow 
))))

s power is produced by s power is produced by 
l t 500 j t th tl t 500 j t th tvelopment are over 500 projects that velopment are over 500 projects that 

dd 18 2 illi KW b t h ddd 18 2 illi KW b t h ddd 18.2 million KW, but hydropower dd 18.2 million KW, but hydropower 
ountries. ountries. 
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New #1: Three Gorges Dam in ChinaNew #1: Three Gorges Dam in China

Beginning in 2009, 26 turbines with a Beginning in 2009, 26 turbines with a 
capacity of capacity of 18,200 megawatts18,200 megawatts will will 
produce on average 84.7 terawatt produce on average 84.7 terawatt p gp g
hours a year, which corresponds to hours a year, which corresponds to 
the performance of 16 atomic power the performance of 16 atomic power 
plants, and will negate the burning of plants, and will negate the burning of 
4040--toto-- 50 million tons of coal annually.50 million tons of coal annually.
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Benefits of HBenefits of H
Hydropower is the dominant source Hydropower is the dominant source 
global concerns regarding greenhousglobal concerns regarding greenhous
climate change. In 1997, for exampleclimate change. In 1997, for example
fossil fuels resulted in avoiding emisfossil fuels resulted in avoiding emisfossil fuels resulted in avoiding emisfossil fuels resulted in avoiding emis
what all the cars on the planet wouldwhat all the cars on the planet would

Further many hydropower projects areFurther many hydropower projects areFurther, many hydropower projects are Further, many hydropower projects are 
supply, irrigation, recreation, and navigasupply, irrigation, recreation, and naviga
included in a project. For developing coincluded in a project. For developing co
to economic development plans and a gto economic development plans and a g

d d f li id d f li istandard of living.standard of living.

And for those responsible for maintaininAnd for those responsible for maintainin
provides an important means of regulatiprovides an important means of regulatiprovides an important means of regulatiprovides an important means of regulati
plants that use fossil fuels, hydropower plants that use fossil fuels, hydropower 
decrease the amount of electricity beingdecrease the amount of electricity being
always maintain an exact balance with dalways maintain an exact balance with d
i t t Th ti t f thi t t Th ti t f th
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important. The operating costs of these important. The operating costs of these 
fossil fuels.fossil fuels.

ydropowerydropower
of renewable energy and addresses of renewable energy and addresses 
se gas emissions and global se gas emissions and global 
e, using hydropower rather than e, using hydropower rather than 
ssions that were the equivalent tossions that were the equivalent tossions that were the equivalent to ssions that were the equivalent to 
d have produced for that year.d have produced for that year.

multipurpose Flood control watermultipurpose Flood control watermultipurpose. Flood control, water multipurpose. Flood control, water 
ation are other benefits that may be ation are other benefits that may be 

ountries, these benefits can be critical ountries, these benefits can be critical 
eneral desire to raise the population’s eneral desire to raise the population’s 

ng the electrical grid, hydropower ng the electrical grid, hydropower 
ing the flow of electricity Unlikeing the flow of electricity Unlikeing the flow of electricity. Unlike ing the flow of electricity. Unlike 
facilities can quickly increase and facilities can quickly increase and 

g generated. As electric systems must g generated. As electric systems must 
demand, this “peaking” ability is very demand, this “peaking” ability is very 

l t l l th th il t l l th th i
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Concerns abouConcerns abou
D lD lDeveloDevelo

But like any energy resourcBut like any energy resourcBut like any energy resourcBut like any energy resourc
and other concerns that mand other concerns that m
concerns include barriers tconcerns include barriers t
d fi hd fi hdownstream fish passage downstream fish passage 
quality, habitat condition, oquality, habitat condition, o
moving downstream. Inundmoving downstream. Inundmoving downstream. Inundmoving downstream. Inund
and villages, and the preseand villages, and the prese
are also significant concernare also significant concern
storage projectsstorage projectsstorage projects. storage projects. 
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ut Hydropower ut Hydropower 
ttopmentopment

ce there are environmentalce there are environmentalce, there are environmental ce, there are environmental 
ust be addressed. These ust be addressed. These 
to upstream and to upstream and 

d hd hand changes to water and changes to water 
or the flow rate of water or the flow rate of water 
dation, relocation of peopledation, relocation of peopledation, relocation of people dation, relocation of people 
ervation of cultural heritage ervation of cultural heritage 
ns when developing large ns when developing large 

838/5838 838/5838 Slide #Slide #66



Types of HydroTypes of HydroTypes of HydroTypes of Hydro
RunRun--ofof--riverriver
no usable storage; power is function ono usable storage; power is function o
storage (called storage (called PondagePondage) available w) available w
power production. Requires adequatepower production. Requires adequate
navigation projects, diversion dams fonavigation projects, diversion dams fog p j ,g p j ,
delivery to irrigation projects or water delivery to irrigation projects or water 
StorageStorage
multimulti--purpose; have seasonal regulatipurpose; have seasonal regulati
ReRe--regulating (afterregulating (after--bay)bay)
receives fluctuating Q from u.s. large receives fluctuating Q from u.s. large 
smooth pattern smooth pattern 
P d StP d St ( ff t( ff tPumped StoragePumped Storage (offstrea(offstrea
convert low value offconvert low value off--peak energy to hpeak energy to h
at night/weekends and generating at pat night/weekends and generating at p
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opower Plantsopower Plantsopower Plantsopower Plants

of flow. There may be a small amount of of flow. There may be a small amount of 
with daily fluctuations to allow peaking with daily fluctuations to allow peaking 
e flow year around. Can be utilized on e flow year around. Can be utilized on 
or irrigation, and canals and pipelines for or irrigation, and canals and pipelines for g , p pg , p p
supply. supply. 

ion capabilityion capability

hydro peaking plant and releases d.s. in hydro peaking plant and releases d.s. in 

i t “i t “ b k”)b k”)am or instream “pumpam or instream “pump--back”)back”)
high value onhigh value on--peak energy by pumping peak energy by pumping 
peak hours.peak hours.
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Typical layout of a Typical layout of a 
hydroelechydroelechydroelechydroelec
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“concentrated fall” “concentrated fall” 
ctric plantctric plantctric plantctric plant

Tailrace or 
T il tTailwater

Draft Tube
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DividedDivided--fall dfall d

Water is carried to the powerhouse at a co
through a canal tunnel or penstock Withthrough a canal, tunnel, or penstock. With 
realize a high head even with a low dam. W
the reservoir may be small compared with 
operate near optimum head (peak efficiencoperate near optimum head (peak efficienc
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evelopmentsevelopments

onsiderable distance from the dam 
favorable topography it is possible tofavorable topography it is possible to 

With this arrangement, head variations in 
the total head, and the turbine can 

cy) at all timescy) at all times. 
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Pumped StoPumped Sto
Water is carried to the powerhouse at a co
through a canal, tunnel, or penstock. With g p
realize a high head even with a low dam. W
the reservoir may be small compared with 
operate near optimum head (peak efficienc
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orage Facilityorage Facility
onsiderable distance from the dam 
favorable topography it is possible to p g p y p

With this arrangement, head variations in 
the total head, and the turbine can 

cy) at all times. 
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Pump Storage Pump Storage –– DinorwiDinorwi
““one of the world's most imaginative eone of the world's most imaginative e

Dinorwig is comprised of 16km Dinorwig is comprised of 16km 
b l Elidi t ib l Elidi t ibelow Elidir mountain. below Elidir mountain. 

The station's six powerful generThe station's six powerful gener
l tl t d Adjd Adjlargest manlargest man--made cavern. Adjamade cavern. Adja
valve chamber housing the planvalve chamber housing the plan
through the turbines. through the turbines. 

Dinorwig's reversible pump/turbDinorwig's reversible pump/turb
maximum generation in less thamaximum generation in less tha
electricity the six units are reverelectricity the six units are reverelectricity the six units are reverelectricity the six units are rever
from the lower reservoir, back tofrom the lower reservoir, back to
the fastest "response time" of athe fastest "response time" of a
world world -- it can provide 1320 Megit can provide 1320 Meg
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p gp g

g (Wales) Power Stationg (Wales) Power Station
engineering and environmental projectsengineering and environmental projects””

of underground tunnels, deep of underground tunnels, deep 

rating units stand in Europe's rating units stand in Europe's 
t t thi li th i i l tt t thi li th i i l tacent to this lies the main inlet acent to this lies the main inlet 

nt that regulates the flow of water nt that regulates the flow of water 

bines are capable of reaching bines are capable of reaching 
an 16 seconds. Using offan 16 seconds. Using off--peak peak 
rsed as pumps to transport waterrsed as pumps to transport waterrsed as pumps to transport water rsed as pumps to transport water 
o Marchlyn Mawr. Dinorwig has o Marchlyn Mawr. Dinorwig has 

any pumped storage plant in the any pumped storage plant in the 
gaWatts in 12 seconds. gaWatts in 12 seconds. 
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Dinorwig PumpDinorwig PumpDinorwig Pump Dinorwig Pump 
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Storage FacilityStorage FacilityStorage FacilityStorage Facility
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Mt. Elbert PumpMt. Elbert Pump
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ped Storage PP ped Storage PP 
FryingpanFryingpan--Arkansas Arkansas 

ProjectProject

Moves 69,000 AFMoves 69,000 AFMoves 69,000 AF Moves 69,000 AF 
water from water from 
western slope western slope 
(Roaring Fork) to (Roaring Fork) to 
the Arknasasthe Arknasasthe Arknasas the Arknasas 
Basin on Eastern Basin on Eastern 
Slope.Slope.

450 ft drop450 ft drop

Generates Generates 
200,000 KW200,000 KW

22--138 000 HP138 000 HP22--138,000 HP138,000 HP
generatorsgenerators
(170,000 HP (170,000 HP 
pumps)pumps)
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Estimating EnEstimating En
The power (in terms of electrical output) that can bThe power (in terms of electrical output) that can bThe power (in terms of electrical output) that can bThe power (in terms of electrical output) that can b

time interval can be computed using the powertime interval can be computed using the power

Where: Where: QQ is the turbine discharge (flow ais the turbine discharge (flow a
HH is the net headis the net head
ee is the plant efficiencyis the plant efficiencyee is the plant efficiencyis the plant efficiency

Gross headGross head is the difference between the u.s. and is the difference between the u.s. and 
Net headNet head is the actual head available for power geis the actual head available for power ge

intake structures penstocks and outlet worksintake structures penstocks and outlet worksintake structures, penstocks and outlet works.intake structures, penstocks and outlet works.
For planning purposes, the head losses and plant For planning purposes, the head losses and plant 

of .6 to .7 is typically used. Hence of .6 to .7 is typically used. Hence kW = 0.06 QkW = 0.06 Q
To convert the power output to energy, this equatioTo convert the power output to energy, this equatioTo convert the power output to energy, this equatioTo convert the power output to energy, this equatio

and H vary with time.and H vary with time.

KWH = 0.06KWH = 0.06∫∫Q(t)H(t)Q(t)H(t)
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Note that Tailwater varies with Q and headwater isNote that Tailwater varies with Q and headwater is

ergy Potentialergy Potential
be produced by a hydro plant during a specifiedbe produced by a hydro plant during a specifiedbe produced by a hydro plant during a specified be produced by a hydro plant during a specified 
r equ:r equ:

available during the timestep)available during the timestep)

d.s. water surface elevations.d.s. water surface elevations.
eneration, accounting for head losses due to eneration, accounting for head losses due to 

efficiency can be combined. An overall efficiency efficiency can be combined. An overall efficiency 
QHQHgg (for overall (for overall eepp = .7) can be used.= .7) can be used.
on must be integrated overon must be integrated over time, where both Qtime, where both Qon must be integrated overon must be integrated over time, where both Q time, where both Q 

)dt)dt
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HydropowHydropow
Avg annual energy:Avg annual energy: ti t fti t fAvg annual energy:Avg annual energy: estimate of avg amounestimate of avg amoun
project in a year, based on emination of a long project in a year, based on emination of a long 
Firm (primary) energy:Firm (primary) energy: energy that can be energy that can be 
that can be produced through the critical periodthat can be produced through the critical periodthat can be produced through the critical periodthat can be produced through the critical period
Secondary energy:Secondary energy: generated in excess of generated in excess of 
time.time.
(Installed) Capacity:(Installed) Capacity: maximum power that pmaximum power that p(Installed) Capacity:(Installed) Capacity: maximum power that pmaximum power that p
Dependable (firm) capacity:Dependable (firm) capacity: capacity that capacity that 
Hydraulic capacity:Hydraulic capacity: max flow that plant canmax flow that plant can
i i t t d h d)i i t t d h d)is maximum at rated head).is maximum at rated head).
Plant factor:Plant factor: ratio of average energy (over soratio of average energy (over so
For example:For example:

Sept 9, 2008Sept 9, 2008 CVEN 48CVEN 48

wer Termswer Terms
t f th t ld b t d b h dt f th t ld b t d b h dnt of energy that could be generated by a hydro nt of energy that could be generated by a hydro 
period of historical streamflows.period of historical streamflows.
produced on an assured basis. This is the energy produced on an assured basis. This is the energy 

d in the historical streamflow recordd in the historical streamflow recordd in the historical streamflow record.d in the historical streamflow record.
firm output; interruptible but available > 50% of firm output; interruptible but available > 50% of 

plant can deliver at any given timeplant can deliver at any given timeplant can deliver at any given time.plant can deliver at any given time.
the plant can contribute to peak power demandsthe plant can contribute to peak power demands

n use for power generation. (varies with head and n use for power generation. (varies with head and 

ome period) to installed capacity.ome period) to installed capacity.
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Estimating FEstimating F
Three Basic approaches for determining enerThree Basic approaches for determining enerThree Basic approaches for determining enerThree Basic approaches for determining ener

1. Flow1. Flow--duration curve method duration curve method –– uses flowuses flow--
develop a powerdevelop a power--duration  curve. H variesduration  curve. H varies

2 Sequential streamflow routing (linear res2 Sequential streamflow routing (linear res2. Sequential streamflow routing (linear res2. Sequential streamflow routing (linear res
storage, outflow and power generation. Tstorage, outflow and power generation. T

3. Simulation 3. Simulation –– automates the modeling prautomates the modeling pr

Flow Duration MethodFlow Duration Method
Typically firm energy is considered as the Typically firm energy is considered as the 
time. Hence, it is based on flow that is equtime. Hence, it is based on flow that is equ
EXAMPLE (Mays and Tung, HydrosystemEXAMPLE (Mays and Tung, Hydrosystem

A runA run--ofof--river hydro plant is proposed at the Liriver hydro plant is proposed at the Liy p p py p p p
available at the site is 30ft and the plant efficieavailable at the site is 30ft and the plant efficie
be expected.be expected.

For 1 cfs of flow passing through the proposedFor 1 cfs of flow passing through the proposed
U i thl ti t ( i t f fiU i thl ti t ( i t f fi

Sept 9, 2008Sept 9, 2008 CVEN 48CVEN 48

Using a monthly timestep  (appropriate for firm energUsing a monthly timestep  (appropriate for firm energ
1 AF/mo will produce 21.502 kWH1 AF/mo will produce 21.502 kWH

Firm EnergyFirm Energy
rgy potential of a proposed hydropower site:rgy potential of a proposed hydropower site:rgy potential of a proposed hydropower site:rgy potential of a proposed hydropower site:
--duration curve of historic streamflows to duration curve of historic streamflows to 
s only with Q. Good for runs only with Q. Good for run--ofof--river projectsriver projects
servoir routing)servoir routing) l th d f d lil th d f d liservoir routing) servoir routing) –– manual method for modelingmanual method for modeling

This is required for storage projects.This is required for storage projects.
rocess.rocess.

energy that can be delivered 90energy that can be delivered 90--97% of 97% of 
ualled or exceeded 90ualled or exceeded 90--97% of time.97% of time.

ms Engineering and Management, p.283ms Engineering and Management, p.283--5)5)
ittle Weiser River near Indian River, ID. The head ittle Weiser River near Indian River, ID. The head 
ency is about 0.70. Determine the firm energy that can ency is about 0.70. Determine the firm energy that can 

d plant, Power is d plant, Power is kW = 0.06 QHkW = 0.06 QHgg = 1.778kW/cfs= 1.778kW/cfs
l i t di ) d i AF/ itl i t di ) d i AF/ it
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Flow Duration Method Flow Duration Method –– Example cont’d Example cont’d 
(Mays and Tung)(Mays and Tung)

The monthly flow duration data is given The monthly flow duration data is given 
by the figure. by the figure. 

The firm yield of the basin is 283 AF. The firm yield of the basin is 283 AF. 
Hence the firm energy is Hence the firm energy is 

283 x 21.502 = 6085 KWH283 x 21.502 = 6085 KWH

The secondary energy is energy that The secondary energy is energy that 
can be provided at least 50% of the can be provided at least 50% of the 
time. The 50% exceedance value is time. The 50% exceedance value is 
2800 AF/MO. Hence the energy that 2800 AF/MO. Hence the energy that 
can be delivered at least 50% of the can be delivered at least 50% of the 
time is time is 

2800 x 21.502 = 60,206 KWH2800 x 21.502 = 60,206 KWH

The secondary energy is the energy in The secondary energy is the energy in 
addition to the firm energy that can addition to the firm energy that can 
be delivered at least half the timebe delivered at least half the timebe delivered at least half the time.be delivered at least half the time.

Secondary energy = Secondary energy = 
60,206 60,206 –– 6,085 = 54,121 KWH6,085 = 54,121 KWH
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Estimate FEstimate F
Sequential Routing Method: Like linear reservoir roSequential Routing Method: Like linear reservoir roSequential Routing Method: Like linear reservoir roSequential Routing Method: Like linear reservoir ro

spreadsheetspreadsheet--like fashion. This can be complex like fashion. This can be complex 
of reservoir storages.of reservoir storages.

But firm energy is based on critical period.But firm energy is based on critical period.
Possible assumptions:Possible assumptions:Possible assumptions: Possible assumptions: 

Consider a critical drawdown period (reservoir Consider a critical drawdown period (reservoir 
Project demands and releasesProject demands and releases
Assume constant TW elevation H=f(storage)Assume constant TW elevation H=f(storage)( g )( g )

otherwise H = f(storage, Q)otherwise H = f(storage, Q)
Note that by considering critical period, you Note that by considering critical period, you 

don’t have to consider flood flows.don’t have to consider flood flows.

S(t) = S(tS(t) = S(t--1) + Inflow 1) + Inflow –– Outflow Outflow –– LossesLosses
Outflow = Firm Flow (design firm draft or yield)Outflow = Firm Flow (design firm draft or yield)
Energy(t) = eff/11 81 * Outflow * H(Storage) * dtEnergy(t) = eff/11 81 * Outflow * H(Storage) * dtEnergy(t)  eff/11.81  Outflow  H(Storage)  dtEnergy(t)  eff/11.81  Outflow  H(Storage)  dt
Firm Energy = minumum Energy from this computFirm Energy = minumum Energy from this comput

Can calculate firm energy for various storageCan calculate firm energy for various storage

Sept 9, 2008Sept 9, 2008 CVEN 48CVEN 48

gy ggy g
Capacities and reliabilities.Capacities and reliabilities.

irm Energyirm Energy
outing, i.e., it is “simulation” in a sequential outing, i.e., it is “simulation” in a sequential outing, i.e., it is simulation  in a sequential outing, i.e., it is simulation  in a sequential 
if you have to model the operations over a range if you have to model the operations over a range 

full to minimum to full again)full to minimum to full again)

ationation
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Estimate FEstimate F
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irm Energyirm Energy
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Need to consider HydNeed to consider Hyd
and Ecoand Ecoand Ecoand Eco

Load: Load: demand for electricity, as average or cdemand for electricity, as average or c
For planning: For planning: 

capacity demand capacity demand –– expectedexpected
energy demand energy demand –– average anaverage an

Load factor: Load factor: ratio of avg load to peak load ovratio of avg load to peak load ov
period (daily, weekly, monthly or yearly)period (daily, weekly, monthly or yearly)

Load factor in an industrial area may be as high asLoad factor in an industrial area may be as high as
and as low as 30and as low as 30--40% in a residential area.40% in a residential area.

High load factor High load factor unit cost of power is low b/cunit cost of power is low b/c
operates near capacity (hence near best efficieoperates near capacity (hence near best efficie
most of the time If load factor is low the genermost of the time If load factor is low the gener
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most of the time. If load factor is low, the genermost of the time. If load factor is low, the gener
capacity of the system will be idle much of the tcapacity of the system will be idle much of the t

dropower Operations dropower Operations 
onomicsonomicsonomicsonomics
capacity (peak) demandcapacity (peak) demand

 maximum annual peak load maximum annual peak load
nnual energy requirementnnual energy requirement
ver some ver some 

s 80%s 80%

c systemc system
ency)ency)
ratingrating
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HydropowerHydropower
Combined System:Combined System: d ti td ti tCombined System:Combined System: a power production systema power production system

power (gas, coal, oil, nuclear). In the thermal sypower (gas, coal, oil, nuclear). In the thermal sy
to meet the load are selected based on the valuto meet the load are selected based on the valu
to turn the units on and offto turn the units on and offto turn the units on and off.to turn the units on and off.
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r Economicsr Economics
th t i l d b th h d d th lth t i l d b th h d d th lm that includes both hydropower and thermal m that includes both hydropower and thermal 

ystem (without hydro) the combination of sources ystem (without hydro) the combination of sources 
ue of the power being produced and the ability ue of the power being produced and the ability 
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HydropowerHydropower
Hence the value of energy produced by thHence the value of energy produced by thHence the value of energy produced by thHence the value of energy produced by th

of use. Hydropower can be turned on aof use. Hydropower can be turned on a
producing it is very low. But hydro is (oproducing it is very low. But hydro is (o
economical use of it is for peaking poweconomical use of it is for peaking poweconomical use of it is for peaking poweconomical use of it is for peaking pow
expensive units of thermal energy. The expensive units of thermal energy. The 
cost of producing thermal energy.cost of producing thermal energy.
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r Economicsr Economics
e hydropower plant varies with the typee hydropower plant varies with the typee hydropower plant varies with the type e hydropower plant varies with the type 
nd off easily and quickly, and the cost of nd off easily and quickly, and the cost of 

often) the least available. So the most often) the least available. So the most 
wer where it replaces the the mostwer where it replaces the the mostwer where it replaces the the most wer where it replaces the the most 

value of hydropower is in the avoidance value of hydropower is in the avoidance 
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HydropowerHydropower
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r Economicsr Economics
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HydropowerHydropower
Thus hydropower cannot be produced just anytimThus hydropower cannot be produced just anytimThus, hydropower cannot be produced just anytimThus, hydropower cannot be produced just anytim

purposes. The benefits of hydropower depend purposes. The benefits of hydropower depend 
be used as needed in conjunction with the othebe used as needed in conjunction with the othe
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r Economicsr Economics
me water happens to be released for otherme water happens to be released for otherme water happens to be released for other me water happens to be released for other 

on having an energyon having an energy--producing capacity that can producing capacity that can 
er sources of energy.er sources of energy.
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HydropowerHydropower

The installed capacity is too great for the 
amount of water available to produce 
power The dependable capacity is less

Sept 9, 2008Sept 9, 2008 CVEN 48CVEN 48

power. The dependable capacity is less 
than the installed capacity.

r Economicsr Economics

Here the amount of water is adequate to 
produce the total energy, but the timing is 

t d t t d th
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not adequate – cannot produce the power 
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Firm EnergFirm Energ
Fi P h 2 CFi P h 2 CFirm Power has 2 ComponFirm Power has 2 Compon

Energy, MWhEnergy, MWh
Capacity, MWCapacity, MW

A firm power (energy) planA firm power (energy) plan
How much energy can be produHow much energy can be produ

li bilit f 97%li bilit f 97%reliability of ~97%.reliability of ~97%.
The capacity (power) that can beThe capacity (power) that can be

This analysis requires simulation toThis analysis requires simulation to
water processes (storage, lossewater processes (storage, losse
production (capacity and efficienproduction (capacity and efficien
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production (capacity and efficienproduction (capacity and efficien

y Revisitedy Revisited
ttnents:nents:

nning study must determinenning study must determine
ced annually with ced annually with 

e produced by the plant reliably.e produced by the plant reliably.

ools that can model the water and ools that can model the water and 
s, tailwater, etc.) and the hydropower s, tailwater, etc.) and the hydropower 

ncy varying heads peaking power)ncy varying heads peaking power)
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ncy, varying heads, peaking power)ncy, varying heads, peaking power)



Operating RulesOperating Rules
H d idH d idHydropower guide curves Hydropower guide curves 
operations in the conservaoperations in the conserva

d d t t id d t t ipower demands at certain power demands at certain 
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s for Hydropowers for Hydropower
id f fl ibilit fid f fl ibilit fprovide for flexibility of provide for flexibility of 

ation pool to meet higher ation pool to meet higher 
ti f thti f thtimes of the year.times of the year.
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FERC ReFERC Re

All hydropower plants areAll hydropower plants areAll hydropower plants areAll hydropower plants are
FERC. Many plants areFERC. Many plants are
They must consider theThey must consider theThey must consider theThey must consider the
the projects, including ethe projects, including e
recreationrecreationrecreation.recreation.
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elicensingelicensing

e subject to licensing bye subject to licensing bye subject to licensing by e subject to licensing by 
e now being relicensed. e now being relicensed. 
e multiple objectives ofe multiple objectives ofe multiple objectives of e multiple objectives of 
environmental flows and environmental flows and 
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Year


