
Case Study 
HPP Teles Pires, Brazil

Credits: EPE (2010)



Hydrologic 
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Teles Pires River Basin

Teles Pires 
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Adapted from EPE (2010)
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Hidrological 
data

Adapted from EPE (2010)
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• Principal rating 
curve

Adapted from EPE (2010)
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• Lack of data 
fulfilment

Adapted from EPE (2010)

• S t a t i s t i c a l 
regressions among 
nearby gauges
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• Criteria for the selection of 
the statistical regressions: 

-  
- MAPE 
- Nash-Sutcliffe
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• Rainfall Runoff Modelling
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•Flow transference information to the 
HPP site 

 Hydrologic Data Regionalization
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• H P P T e l e s P i r e s 
Streamflow Monthly Serie
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• Core information to the 
HPP design
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 Monthly StreamFlow Duration Curve

Inflows at HPP Teles Pires
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The curve’s slope gives some clues regarding the power generation marginal benefits

It is economic unaffordable designing the plant’s discharge for the complete hydrologic regime

F(x) =
x

∑
0

f(x) △ x



 Power preliminary Assessment  
(run-of-river approach)
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An initial tip for the hpp’s final discharge

Q20 = 3.505m3/s

Given a prospective head of 60m and an overall 
efficiency* of approx. 88%, the tentative capacity 
installed would be:

P = γηQh = 9800 × 0.88 × 3.505 × 60 = 1.814MW

HPP Teles Pires

HPP Sao ManoelEl
ev

at
io

n 
(m

)

Inventory Assessment

* Turbines: 92% / Electric Generator: 98% / Conveyance system 
(friction head loss): 98%

Q20 = on average, 20% of the time the plant’s 
discharge would be the maximum (there 
would be also overflow through the spillway) 

80% of the time the plant’s generation would 
be lower than its full capacity 



Hydraulic Studies  
(Backwater effect)
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Natural Flow Backwater effect due to the dam

Assessment of these impacts, among others: 
1) upstream hpp’s  hydraulic head 
2) upstream inundated area
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Hydraulic Studies  
(Hydraulics of the Tail Race) 
(HPP’s downstream head)

Q =
n

∑
i=1

VidiΔwi

Cota (cm) Vazão (m3/s) Área molhada (m2) Largura (m) Velocidade média (m/s) Profundidade (m) 
536 2331 1759 208,0 1,325 8,46 
581 2539 1946 212,4 1,305 9,16 
899 5392 5563 431,8 0,969 12,88 
813 4121 5053 432,3 0,816 11,69 
571 2351 4867 416,3 0,483 11,69 
519 2253 4662 416,8 0,483 11,19 
485 2055 4465 404,7 0,460 11,03 
401 1409 3551 370,6 0,397 9,53 
256 1015 1400 188,7 0,732 7,42 
237 932 1364 188,6 0,683 7,23 
170 768 1282 178,0 0,600 7,20 
204 858 1335 180,0 0,642 7,42 
170 691 1218 168,5 0,567 7,23 
220 889 1290 179,4 0,690 7,19 
190 817 1267 175,7 0,645 7,21 
248 1012 1342 184,0 0,754 7,29 
653 2853 4602 418,4 0,620 11,00 

 

Level (m) Flow (m3/s) Area (m2) Width (m) Velocity (m/s) Depth (m)

Adapted from EPE (2010)

In situ measurements
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Adapted from EPE (2010)

Independente 1º Grau 2º Grau 3º Grau 4º Grau 
1,6080002E+02 9,6652773E-04 4,7208084E-08 -7,3370752E-12 2.5575308E-16 

 

Final results: Linear Regression 
(polinomial approach)

Intercept 1st Degree 2nd Degree 3rd Degree 4th Degree

(With no backwater effect)



Hydraulic Studies  
(Hydraulics of the Reservoir) 

(HPP’s upstream head)

Final results: Linear Regression 
(polinomial approach)
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Level-Volume

Adapted from EPE (2010)

Level-Area

Numerical model of the ground

  Independente 1º Grau 2º Grau 3º Grau 4º Grau 
PVC 1,9522802E+02 1,0134648E-01 -1,9647091E-04 1,8358500E-07 -6,2522850E-11 
PCA 6,0165770E+04 -1,3492049E+03 1,1318202E+01 -4,2098450E-02 5,8587099E-05 

 

Intercept 1st Degree 2nd Degree 3rd Degree 4th Degree
PLV
PLA



Hydraulic Studies  
(Turbines)

Type Francis

Unit Power (MW) 309,5

Quantity 6

Design net head (m) 51,70

Maximum net head (m) 61,91

Minimum net head (m) 44,31

Average Efficiency (%) 93,5

Maximum Efficiency (%) 95,3

Design Discharge (m3/s) 653

Adapted from EPE (2010)

Hydraulic Studies  
(Head loss within the conveyance system)

Hl = kQ2

Average Head Loss (m) 1,4

Adapted from EPE (2010)

It strongly relies on the conveyance geometry 
and on its hydraulic efficiency design



Adapted from EPE (2010)

Other Parameters 
(Water other consumptive uses within the river basin)

• For the HPP Teles Pires, they were considered negligible 

Other Parameters 
(Reservoir water net evaporation)

Other Parameters 
(Hydraulic and Environmental constraints)

• Maximum Reservoir Level (Upstream Inundated Area): 220,0m

Mês Jan Fev Mar Abr Mai Jun Jul Ago Set Out Nov Dez 
Evaporação 

Líquida (mm) 40 35 44 6 6 9 15 30 39 6 40 57 

 

Net Evaporation 
(mm)

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Other Parameters 
(Generation Units Availability indexes)

Potência Unitária (MW) TEIF (p.u.) IP (p.u) 

até 29 0,02333 0,06861 

30 – 59 0,01672 0,05403 

60 – 199 0,02533 0,08091 

200 – 500 0,02917 0,12122 

501 – 699 0,06000 0,08000 

700 – 1300 0,00210 0,10000 

 

Unit Power (MW) Uncontrolled (pu) Controlled (pu)

Until 29



HPP’s Operational Simulation

Three main goals 

•Reservoir levels (max and min) setting 

•Total Capacity Installed and Units design  

•Hydraulic Available Heads 

Optimization Problem

s . t .

max
v,u

F ∀ t = 1,...,T i = 1,...,I

vt+1,i = vt,i + at,i + ∑
m∈Mi

ut,m + wt,m − ut,i − wt,i − et,i(vt,i, vt+1,i) − rt,i

vt,i ≤ vi

ut,i × ρi × ht,i ≤ Pi × δt

ut,i ≤ ui

ht,i = p1,i(vt,i, vt+1,i) − p2,i(ut,i, wt+1,i) − hl(t,i)

F × δt ≤
I

∑
i=1

ut,i × ρi × ht,i

Hydraulic Balance

Reservoir Constraint

Turbine discharge Constraint

Power Constraint

Net Hydraulic Head Equation

Firm Energy Constraint



HPP’s Operational Simulation

Maximum Reservoir Level  
• 220m = Environmental Constraint

Minimum Reservoir Level

HPP Teles Pires

HPP Sao Manoel

HPP Chacorao

HPP Jatoba(Local Storage + Downstream) gains vs. Local Head Loss

HPP S.L. Tapajos

Max. Level

Min. Level

Downstream 
level

Gross  
Head

Adapted from EPE (2010)

Teles Pires River

Tapajos River

Run-of-river Regime!



HPP’s Operational Simulation

Capacity Installed 
(EPE, 2010)  Currency: $1 / 5,4BRL

Economic Parameters
ERE (Energy Reference Cost) = $23,64/MWh 
O&M = $0,45/MWh 
Annual Interest Rate: 10% 
Interest Throughout the Construction: 14% 
Useful life: 50 years



HPP’s Turbines Selection HPP Teles Pires’  Estimated Hill Curve
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328 m3/s
6 Francis Units of 

309,5KW each



HPP Teles Pires’ Layout Optimization

Option 4

Option 2

Option 3

Option 5

Inventory

Adapted from EPE (2010)



HPP Teles Pires’ Layout Optimization (Option 1)
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Inventory axis
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Rockfill Dam with clay 
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Adapted from EPE (2010)



HPP Teles Pires’ Layout Optimization (Option 4)

Powerhouse
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Option 2 axis

Adapted from EPE (2010)

Option 1 axis

Subestation



Powerhouse

Spillway

Dam

Dam

Water Intake

Cofferdam

Cofferdam

Channel 3

Lock 3

Lock 2

Channel 2

Channel 1

Lock 1

HPP Teles Pires’ Final Layout



Project Design and Cost Estimate Cepel (2007)


