Building Hydroelectric Generation
IN Your System
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How It works Pelton Impluse
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How it Works-Francis Pressure
Drop
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Power Head

 Pressure or Elevation Drop at Machine
* Friction Loss/Pipe Size/Roughness
 Tailwater Level

* Forebay Elevation

» Area/Capacity Curves
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Typical Curves Of Turbine Efficiency Variation
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Electric Output

QH
= 74
KW 3 81 e(.748)
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Electric Output

KW = QH
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Penstock-
Flow/Penstock Size & Length
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Flow

Accurate Flow Data is Essential
Develop Design Criteria Flows
Run-of-the-River
Irrigation
Storage for Peaking
Environmental Releases
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Raw Data

e Ana River . Swmmir
Datc h‘::-.n Daily Days & Dican e D_"l"' Days  Increment c"“".: Exceodance T“‘"""‘H 15:.:3{:: - Syo. H""‘I 1:_‘::‘:‘ KW KW-HRS
Sorted Fi-1 3 EfE
<fs wfs £ = ofs > e £ fx

17171952 4.0 1 1610 1 OO0 1 CAOO5 10000 B9.9%% 92.0% 25 47.5 3326 150
1/2/1952 040 1 S5.0 1 S 2 OO 100,00 D 920% 2.5 47.5 3326 150
1/3/1952 o4.0 (] 1500 1 OAOSD 3 C015%% 1000 89,900 92,00 2.5 47.5 3326 150
1/4/ 1952 92.0 1 1500 1 OS5 4 L0219 1000 H9.9%4% 9200 2.5  47.5 3326 150
1/5/1952 o2.0 1 148.0 1 DS s OLOBE 1O 89,00 ozom. 2.5 475 3326 150
1/6/1952 oz.0 1 1440 1 OO05% & 00319 1000 BO.OnL o20% 25 475 3326 150
1/7 /1952 920 1 143.0 1 OOO52 - 003655 10000 8900 92OoMm 25 47.5 3326 150
1/8/ 1952 D00 1 143.0 1 OLOOSTL = a1 1O0L0 BO.0%. o209 25 475 3326 150
1/9/1952 89.0 1 143.0 1 0005 o OO 100,00 899 920 25 47.5 3326 150
1L/10/1952 B0 1 143.0 ] OLO0S% 10 OS2 1000 8O0 920%. 25 47.5 3326 150
171171952 B0 1 14200 1 OS2 1L OLOS T OO O BO_ O QD2 AN 25 47.5 3326 1540
BSN2/1952 890 1 1410 1 LRSS 12 O TOM O BO N Q2O 25 47T.5 3326 1500
1131952 BOO 1 140.0 1 000524 13 0067 OO0 8OO 0200 2.5 47.5 3326 150
12/4/2010 7.0 1 20.0 ] 0LO05Ne 19331 DO_BE1™ oo 657 B6O%L OO S0.0 0.0 o
12/5/2010 Tr.0 1 2000 1 OO05%% 19332 O0.866% o0 65T BE9%L OO S0.0 oo o
12/6/ 2010 78.0 1 19.0 1 OO0 19333 90.8T1% 000 657 869% 0.0 300 0.0 o
12/7 /2000 820 1 18.0 1 OO05% 19334 9V8TEY 000 65 7% 86.99% 00 SO0 oo o
12/8/2010 B1.0 1 8.0 1 GO05TG 19335 O0.8S1% o000 65T 86.9% L0 S0.0 oo o
12/9/2010 s1.0 1 8.0 1 CO05ME 19336 O0.886% 000 657 B6.9% 00 SO0 0.0 o
121072010 104.0 1 18.0 1 O005%. 19337 99.892% 000 65.7%% 86.9% 00 S0.0 0.0 o
12/11 /2010 12900 1 18.0 1 0.005% 19338 99897V oo 65T 86.9% 00 S0.0 oo o
12/ 12/2010 128.0 ] 8.0 1 OO0STL 19339 999029 o0 6579 BOO2L G0 SO0 00 o
1271372010 125.0 1 18.0 1 OO0 19340 90007 000 65TV 86.9% 00 SO0 00 o
12/ 14/20010 124.0 1 180 1 0.005% 19341 Vo012 000 65T BGONL OO0 SO0.0 oo o
12715/ 20010 1160 ] 8.0 1 QOO0S% 19332 99.917T% Lo 65TV RGO W0 SO0 oo o
12716/ 2000 1060 1 8.0 1 0005V 19343 99.923% 000 G5 T B6.9% 00 SO0 00 o
12,17 /2010 10000 1 180 1 OOOSa 19344 SO O2EVE o0 65T BEOTG 00 S0.0 oo o
12/ 18,2010 96.0 1 5.0 1 0.005% 19345  99.033% 000 65T BEO% L0 SO0 oo o
1271972010 os.0 1 14.0 1 OO05%e 19346 DV IIEVe oo GS TV B6G9%% OO SO0 0.0 o
12/ 20,2010 oz.0 1 14.0 1 D005 19347 999437 oo 65,77 B9 OO0 S0.0 oo o
12/21 /2000 oz 1 4.0 1 OOOSYE 19348 99048 o0 65T BEOW OO SO0 00 o
1272220010 o0 1 4.0 1 COOSTYE 19349 99.954% 000 65T BEOY OO SO0 00 o
12/23/2000 S0.0 1 3.0 1 OOO5Ye 19350 9D DS 000 G5 T BEIYe OO SO0 oo o
12/24/2010 PO 1 13.0 1 CO05Te 19351 L Lo 65 TV B6.9 OO SO0 oo o
12/25 /20010 1.0 1 1zZ0 1 CO05% 19352 9DRGIVe 000 65. 7% BO9% 00 SO0 L0 o
12/26/ 2010 91.0 1 9. 2 ODO05%% 19353 99.974% 000 657 8697 0O S0.0 0.0 o
12/27 /2010 910 1 6.0 1 0.005% 19354 99TV 000 65T BO9YE OO0 S0.0 oo o
12/2B/ 2010 °2.0 1 s.2 1 QD05 19355  9R985% Lo 65T BOIY 0 SO0 oo o
12729/ 2010 91.0 1 -7 1 CO05%e 19356 99900 000 STV B6.9% 00 SO0 00 o
12/ 30/ 2010 1.0 1 3.0 1 OO e 19357 b R e OO0 65.T% BG PV o0 S0.0 oo o
12/31 /2010 1.0 1 1.z 1 QO05% 19358 OO0 Lo 65TV BeO% 00 SO0 oo o
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% of Time Indicated Flow is Exceeded

Flow Duration Graph

1
i
L]
L]
i
i
'

:_}_
:
[
A
l
i
[}

———————
*
i
|
I
i
|
i

i
i
3
|
I
10% 15% 20% 25% 30% 35% 40% 45%

-

]

L]

L]

]

]

]

]

L]

]

]

¥

L]

L]

'

]

p )

L3

1]

]

L]

L)

L]

¥

L]

L}

5

¥

)

3

T

I |

¥ |

! ¢

' ]

| '

] i

L ]

.

i [}

| |

[ |

i I

| i
]

| |
|

| |

T t

(]
L]
L]
|
L]
|
i
L
]
1
|
L]
1
L]
|
i
"
}
"
1
]
1
|
it
+
1
i
.
I
!
|
9
|
i
|
|
i
|
|
|
|
T

0% 5%




SUNRISE



SUNRISE



;
ad
m




FLOW (CFS)

Increasing Flow

TYPICAL STREAM FLOW ALLOCATION CURVE

— FLOW ABOVE EQUIPMENT CAPACITY

MAXIMUM TURBINE FLOW
L~

/|

FLOW AVAILABLE FOR
ENERGY GENERATION

20 40
% EXCEEDENCE

MINIMUM TURBINE FLOW

30% of max. flow for Reaction
10% of max. flow for Impulse

FLOW BELOW
EQUIPMENT CAPACITY

MINIMUM FISH FLOW RELEASE
(doesn't enter pipeline)

80 100
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Alternative No. 1
Flow Allocation Curve
{One) 3.0 MW (80 cfs) Turbine/Generator - Turgo

| Flow above
Equipment
Capacity

8BoBEgEoREASERY

Flow cfs
5

180 Maximum Turbirie Flow 80 cfs
160 Flow below [ ——
140 ;! Eguipment
100 / Flow available || ___ Capacity

/s for Generation

b=
"

40 8 ofe Shutoff Flow \

'a“'ﬁii"'fs‘;"ﬂ'*’szg‘.' 0 @00 g o g0, gk gl gl g -'b';’dp SOy g g 'hﬁp@'%@*%&ﬂﬁp&&@bﬁéb&@*@

% of time that indicated flow is equalled or exceeded
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Alternative No. 2
Flow Allocation Curve
(One) 3.7 MW (100 cfs) Turbine/Generator - Turgo

Flow above

Flow cfs
28

Maximum Turbine Flow 100 cfs

180 : ; Flow balow =
/ Flow available Equipment \
120 7 7 for Generation Capacity 1

60 ' 10 cfs Shutofl Flow
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~ Alternative No. 3
Flow Allocation Curve
(One) 5.8 MW (150 cfs) Turbine/Generator - Turgo

Flow above
Equipment
Capacity

— Maximum Turbine Flow 150 cfs

/
/
= Flow below
Flaw Equipment N
available fo
G’uﬂﬂmﬂﬁ'i"f,'r Copodty | X\\
15 cfs Shuloff Flow \\
FEEE R R R R E R L L E L EE LR EEREERERE R R R R
SPeErtriniceeaatietaaaroreaiasnss
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Alternative No. 4
Flow Allocation Curve
(One) 6.5 MW (175 cfs) Turbine/Generator - Turgo

Equipment Capacity

$888885588888

220 Maximum Turbine Flow 175 ofs

e \ 7 available for mpmmm' \
. Generation Capacity \

g 17.5 cfs Shutoff Fiow —_ \
40 AN \
20

SELRBLEE

or exceeded

8838

83%

57%

5588
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Alternative No. 5
Flow Allocation Curve
(Two) 3.0 MW (2 x 80= 160 cfs) Turbine/Generator - Turgo

Flow above
Equipment
Capacity

T LS TTET

Maximum Turbine Fiow 160 cfs

Flow ; 4 Y\
140 — ot uipment
) | / available for Capacity \

RS R R EEE RS R i L R it i
% of time that indicated flow Is equalled or exceeded
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Alternative No. 6
Flow Allocation Curve
(Two) 3.7 MW (2 x 100= 200 cfs) Turbine/Generator - Turgo

540
520
500
460
420
400
380
m -
340 Flow above
420 Equipment
280
8 260
240 ——— Maximum Turbine Flow 200 ofs
220 Ve
200
180
160 —— | Flow available Flow below | ——
140 ' ;"- for Generation Equipmant \
120 / " Capacity
100 i \
80 \
80 . § \
0 10 cfs Shutoff Flow _,
20
£ R 2R L E 2R 2 2R e R £ £ £ R E L LR R E R R R P PR e
EREEfisr Rttt igierepigegadscs
% of time that indicated flow is equalled or exceeded
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Flow cfs
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Alternative No. 7
Flow Allocation Curve
(Two) 4.5 MW (2 x 125= 250 cfs) Turbine/Generator - Turgo

— Equipment
Z . Capacity
Maximum Turbine Flow 250 cfs
7
Flow available
7 Misptnsions ,
/ | Flow below —
/ Equpment [\
Cepaciy \
- \
12.5 cfs Shutoff Flow N x
ol - - 3 o = £ FEE S F = - ;R = = R
REEElCLEEEEeR e EEiEtppetsggdsese
% of time that indicated flow is equalled or exceeded
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Flow cfs

Alternative No. 8
Flow Allocation Curve
(Two) 5.8 MW (2 x 150= 300 cfs) Turbine/Generator - Turgo

Flow above
7| Eapment
= Capacity
Maximum Turbine Flow 300 cfs
Flow below

//— _ o Capacity _'-."_

yd ‘Generation |

; \

\

16 ofs Shutoff Flow -~ l‘i‘

N \

2R 2 2 £ # ; R ® B OE S e R e ® R R

EEEEEE R RSN SN S EER S E RS R RN AR RSN R AR
% of time that indicated flow is equalled or exceaded
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Flow cfs

Alternative No. 9
Flow Allocation Curve
(Two) 6.5 MW (2 x 175= 350 cfs) Turbine/Generator - Turgo

540

520

480 /" Equipment

480 i Capacity

pi :

420

400

280 ' Fiow 3

o —=Maximurm Turbine Flow 350 cfs

320

300

280

260 | Flow available

240 | fur Generation

220

200

180

160 Flow below

140 ‘Equipment i_ﬁ'i

120 Capacity |

100

80 ‘l

60 17.5 cfs Shutoff Fi

- e 1

e .
2 2 R R L E LR R LR R R PR LR R E R R EREEEELE
EREE e ettt dageggdtggeggese

% of time that indicated flow is equalled nrmmd
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Present Value vs. Plant Capacity
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Other Critical Issues

* Funding

» Water Rights

 FERC License or Exemption
« Concept Design

 Cost Estimate

e Power Purchase Agreement
* Interconnect /Wheeling

e Cash Flow Analysis SUNRISE
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4 Fatal Flaws

e Water Amount

* Diversion-Fish, Trash, & Screens
« Control Strategy

e Do It Yourself Method

“Expertise costs, lack of expertise
costs more”
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