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Annex 1

Area and capacity of the Cocoli reservoir
versus ground level
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Annex 2

Drawing LO-001

General Layout



Annex 3

Ponds water level variation for
the 3-lift locks system
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Annex 4

Description of the recycling circuit components



Number of in locks Diameter e fow] e
pumping networks i’:‘npm: configuration Numberof W58 Coutiohent Type jquantity L;n’n"m e I:n"d" o inm Ry e m;":::"k i z’;klllﬂ i !P’:C’ﬂﬂ = ) elaciy
in m3/s inmi/s
Main culvert concrete circular 2390 2390 29 /! I 1 ! 20.0 3.0
valve (upstream pumping station| ! i 29 ! / ! /I 200 3.0
grid circular bars I / ! ! I 0.02 01 200 7
no WSB 90
bend circular bend [+ | ¢ / 29 29 5 ! / 200 30
30
3-ift
Main culvert concrete circular 2390 2390 18 ik i /s / 80 3.1
valve (upstream pumping station) butte / / 18 ! / 7] ! 8.0 31
grid circular bars 1 fi [ / / 0.02 0.1 8.0 /
3wss i | 90 »
bend circular bend I [ ! 18 18 45 / / 80 34
== 30
direct
Main culvert concrete circular 2390 2390 3.2 i / ! ! 250 31
Valve (upstream pumping station butterfly T T 32 i T T ] 250 34
circular bars ! ! ! 1 / 0.02 0.1 250 il
noWsB | %
bend circular bend 4 ! / 32 32 45 ! i 250 31
2-lift
Main culvert concrete circular 2390 2390 23 I / i i 13.0 31
valve (upstream pumping station) butterfly I/ 23 1 / | / 13.0 3.1
grid circular bars /! I !/ / 0.02 0.1 13.0 I
2WsB 90
bend circular bend 4 / ! 23 23 45 / ! 130 31
1 30
Main culvert concrete circular 3470 3470 29 / / I i 200 3.0
valve (upstream pumping station) / [ 29 / ! L I 200 3.0
no WSB grid circular bars 7 I I 7 ] 0.02 0.1 200 7
bend circular bend — ! ! 29 29 ;g ! i 200 3.0
e T A A | T S e S A R S T A A
Main culvert concrete circular 3470 3470 18 i / ! Ji 8.0 31
3 pumping networks valve (upstream pumping station butterfly / ! 18 / ! 1 i 8.0 31
3wse grid circular bars 1 I 1 / /! 0.02 0.1 80 I
bend circular bend BRI / 18 18 - ! / 80 31
v T e v e e T S i S| SR e T R S S T e |
Main culvert concrete circular 3470 3470 32 I / ! ! 250 3.1
valve (upstream pumping station) butterfly /! ! 32 /; / ! ! 250 31
no WSB grid circular bars 7] il 2 [ i 0.02 0.1 250 I
bend circular bend — ! /! 32 32 g /i 't 250 31
2-lift
Main culvert concrete circular 3470 3470 23 ! I /! 2 13.0 31
valve (upstream pumping station) but / ] 23 ] I ! T 130 31
2wss _grid circular bars ! ! i i / 0.02 0.1 130 !
bend circular bend ISt / 23 23 ;: | / 130 31
e N o = e CORIE o e 2y S SN R S O 15 3 QR e LA P S S R N e e R |
Main culvert concrete circular 2500 2500 29 I I [ i 20 3.0
Valve (upstream pumping station) butterfly T 7 29 T 7 7 T 201 30
no WSB i circular bars ! /! ! i i 0.02 0.1 20,4 !
bend circular bend / / 29 2.9 45 / / 20.0 3.0
3lift
Main culvert concrete circular 2500 2500 18 fi ! il 31
valve (upstream pumping station butterfly ! /1 18 i I / 31
3wse grid circular bars i / 0 ! /S 0.02 0.1 X !
bend circular bend / / 18 18 45 / il 8.0 3.1
pond to pond
Y Main culvert concrete circular 2500 2500 32 1 l /I ! 25 31
valve (upstream pumping station i 1 32 ! [ / ! 25 31
wss circular bars / / I ! ! 0.02 01 25 !
bend circular bend / g’ 3.2 32 45 / / 25.0 3.1
2lift
Main culvert concrete circular 2500 2500 23 ! i /i i 31
valve (upstream pumping station butte i 1 23 ! ! li ! 31
2WSB _grid circular bars 1 I [] ! ! 0.02 0.1 X 1
bend circular bend J. I 23 23 45 / / 3. 3.1
Main culvert concrete circular 2390 2390 21 ! i ! 11.0 3.2
valve (upstream pumping station butts Vi i 21 s ! i 110 32
grid circular bars / I I ! 0.02 0.1 11.0 7l
direct 920
bend circular bend & | / 21 21 45 / / 1.0 32
30
2 pumping networks 3ift 3wsB Main culvert concrete circular 3470 3470 21 i i I 11.0 32
valve (upstream pumping station) butterfly ! ! 21 / /1 ] 11.0 i32
semi direct o Gircular bars 7 7 T 7 002 01 1.0 ]
bend circular bend — ! ! 21 21 ;g ! B U 1.0 32
[
Main culvert concrete circular 2500 2500 21 / ! i /i 10 32
valve (upstream pumping station but ] ! 2.1 ! 1 I ! 1.0 32
pond to pond grid circular bars 1 ! ! ! / 0.02 01 10 /
bend circular bend i [ 21 21 45 I i 1.0 32




Annex 5

Drawing LO-002

Lower reservoir to upper reservoir pipe
Longitudinal profile



Annex 6

Drawing LO-003

Lower reservoir to Gatun lake pipe
Longitudinal profile



Annex 7

Drawing LO-004

Pacific ocean to Gatun lake pipe
Longitudinal profile



Annex 8

Network curves

Annex 8.1.1
Pond to pond pumping - 3-lift locks system



Pond to pond pumping
3 identical pumping networks

General data
MNumber of lock chamber : 3
Number of WSB : 3

Pumping station flow rate range inm®/s :  0to24
Pumping network flow rate range in m%s : OtoB

Number of pump per network : 1
Culvert diameter inm : 1.80
Network curves data
Flow rate in Total head Geometric head in m Total manometric head in m
m’/s losses inm | minimum mean maximum | minimum mean maximum
1 0.2 31 32.5 34 312 32.7 342
3 1.3 31 325 34 32.3 33.8 35.3
5 36 31 325 34 346 36.1 376
7 6.9 31 325 34 379 394 40.9
9 11.3 31 325 34 42.3 43.8 45.3

Annex B.1.1
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ift locks system wi
3 identical pumping networks

Network curves - Pumping network N°1
Culvert diameter 1.80 m

Total flow rate in m%/s

Total manometric head in m

0 3 6 9
Network flow rate in m%/s

—A— maximum —A—mean === minimum
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3-lift locks system with WSB
3 identical pumping networks

Network curves - Pumping network N°2
Culvert diameter 1.80 m

Total flow rate in m®/s

Network flow rate in m%/s

—A— maximum

—A—mean

==f==minimum
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Total manometric head in m

3-lift locks system with WSB
3 identical pimping networks

Network curves - Pumping network N°3
Culvert diameter 1.80 m

Total flow rate in m3/s

3 6
Network flow rate in m%/s

—A— maximum

—A—mean === minimum




Pond to pond pumping
2 identical pumping networks

General data
Number of lock chamber : 3
Mumber of WSB : 3
Pumping station flow rate range in m’/s : Oto 22
Pumping network flow rate range in m’/s : Oto11
Number of pump per network : 1
Culvert diameter inm : 210
Flow rate| Total head Geometric head in m Total manometric head in m
inm’/s | lossesinm minimum mean maximum minimum mean maximum
1 0.1 31 32.5 34 311 32.6 41
3 0.6 31 325 34 31.6 33.1 346
6 . 24 31 32.5 34 334 34.9 36.4
9 5.2 kil 32.5 34 36.2 37 39.2
12 9.2 3 325 34 40.2 41.7 43.2

Annex 8.1.1
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Total manometric head in m

3-lift locks system
2 identical pumping networks

Network curves - Pumping network N°1
Culvert diameter 2.10 m

Total flow rate in m3/s
6 9 12 15
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Network flow rate in m®/s
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Pond to r

2 identical pumping networks

Network curves - Pumping network N°2
Culvert diameter 2.10 m

Total flow rate in m’/s
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General data

Number of lock chamber :
Number of WSB :

Pumping station flow rate range in m’/s :
Pumping network flow rate range in m’/s :
Number of pump per networlk :

Culvert diameter inm :

3
0

0to 60
0to 20

2.90

Network curves data

Pond to pond pumping

3 identical pumping networks

Flow rate in| Total head Geometric head in m Manometric head in m
m*/s losses inm minimum mean maximum minimum mean maximum

1 0.0 31 33 35 31.0 33.0 35.0

5 0.3 31 33 35 3.3 33.3 35.3

9 1 3 33 35 321 341 36.1
13 22 £l 33 35 33z 35.2 37.2
17 38 31 33 35 348 36.8 38.8
21 5.7 3 33 35 36.7 38.7 40.7

Annex B8.1.1
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Pondto g pumping
ift locks sysiem witho
3 identical pumping network

Network curves - Pumping network N°1
Culvert diameter 2.90 m

Total flow rate in m®/s
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Pondto Zd pumping

Total manometric head in m

25

3 identical pumping networks
Network curves - Pumping network N°2
Culvert diameter 2.90 m

Total flow rate in m®/s
30 35

10 1%
Network flow rate in m%/s
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Total manometric head in m

45

3 identical pumping networks
Network curves - Pumping network N°3
Culvert diameter 2.90 m

Total flow rate in m%/s
50 55

10 15
Network flow rate in m%s

60

20

65

25

—A— maximum

—A—mean
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Network curves

Annex 8.1.2
Pond to pond pumping - 2-lift locks system



General data

Number of lock chamber : 2
Number of WSB : 2

Pumping station flow rate range inm’/s:  0to 39
Pumping network flow rate range in ms : Oto13
Number of pump per network : 1
Culvert diameter in m : 2.30

Network curves data

3 identical pumping networks

Pond to pond pumping

Flow rate Total head Geometric head inm Manometric head in m
in m3/s lossesinm | minimum mean maximum minimum mean maximum
1 0.0 an 32.5 34 31.0 325 34.0
3 04 3 32.5 34 31.4 32.9 34.4
6 1.5 31 32.5 34 32.5 3.0 35.5
9 3.4 31 32.5 34 344 359 37.4
12 5.9 31 32.5 34 36.9 38.4 30.9
15 9.1 31 32.5 34 40.1 416 43.1

Annex 8.1.2
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2-lift locks s ssygem with WSB o
3 identical pumping networks
Nework curves - Pumping network N°1
Culvert diameter 2.30 m
Total flow rate in m%/s
3 6 ' 9 12 15

45.0

440 |-

43.0 -

42.0
¢ 41.0
c 400
T 39.0 |
o
2 380 |
';: 37.0
g 36.0 -
€ 350
E 340
g 33.0 -

32.0

31.0

30.0 |

29.0 £

28.0

3 6 9 12 15
Network flow rate in m*/s
—A— maximum —A—mean == minimum
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2-lift locks system w B 4

3 identical pumping networks
Nework curves - Pumping network N°2
Culvert diameter 2.30 m

Total flow rate in m%/s
13 16 19 : 22, 25 28 31

Total manometric head in m

0 8 6 9 12 15 18
Network flow rate in m®/s

—A— maximum —A—mean === minimum
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Total manometric head in m

2-lift locks system with WSB

3 identical pumping network
Nework curves - Pumping network N°3
Culvert diameter 2.30 m

Total flow rate in m%/s
29 32 35

3 6 9
Network flow rate in m*/s

38

12

41 44

15 18

—A— maximum —A—mean

=0==minimum




General data
Number of lock chamber : 2
Number of WSB : 0

Pumping station flow rate range inm¥s: 0to75
Pumping network flow rate range inm¥s: 01025

Pond to pond pumping

3 identical pumping networks

Number of pump per network : 1
Culvert diameter in m : 320
Network curves data
Flow rate in | Total head Geometric head in m Manometric head in m
m3/s lossesinm | minimum mean maximum | minimum mean maximum
1 0.0 31 33.5 36 3.0 335 36.0
5 0.2 3 33.5 36 31.2 33.7 36.2
10 0.8 3 33.5 36 31.8 34.3 36.8
15 1.8 31 335 36 328 35.3 37.8
20 3.2 31 33.5 36 34.2 36.7 39.2
25 5.0 31 33.5 36 36.0 385 41.0

Annex 8.1.2
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2-lift locks system without WSB
3 identical pumping networks

Nework curves - Pumping network N°1
Culvert diameter 3.20 m

Total flow rate in m%/s
0 3] 10 15 20 25 30

Total manometric head in m

0 5 10 15 20 25 30
Network flow rate in m%/s

—A— maximum —A—mean === minimum
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2-lift locks system without WSB
3 identical pumping networks

Nework curves - Pumping network N°2
Culvert diameter 3.20 m

Total flow rate in m%/s
25 30 35 40 45 50 85

Total manometric head in m

0 'S 10 15 20 25 30
Network flow rate in m®/s

—A— maximum —A—mean === minimum
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Total manometric head in m

2-ift locks system without WSB
3 identical pumping networks
Nework curves - Pumping network N°3
Culvert diameter 3.20 m

Total flow rate in m®/s
50 95 60 65 70 5 80

0 5 10 15 20 25 30

Network flow rate in m%/s

—A—maximum —A—mean == minimum
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Network curves

Annex 8.2.1
Semi direct pumping - 3-lift locks system



Semi direct pumping
3-lift locks system with WSB
3 identical pumping networks

General data
Number of lock chamber : 3
Number of WSB : 3

Pumping station flow rate range inm®/s:  0to24
Pumping network flow rate range in m¥/s : Oto8
Number of pump per network : 1
Culvert diameter inm : 1.80

Network curves data

Flow rate in Total head Geometric head in m Total manometric head in m
m®/s lossesinm | minimum mean maximum | minimum mean maximum
1 0.2 30 3 32 30.2 3.2 32.2
3 1.7 30 3 32 N7 32.7 33.7
5 4.7 30 AN 32 347 35.7 36.7
7 9.0 30 31 32 39.0 40.0 41.0
a 14.8 30 31 32 44 8 458 46.8

Annex 8.2.1



) Semi dir. pumping JAnnex 8.2.1

3-lift locks system with WSB
3 identical pumping networks

Nework curves - Pumping network N°1
Culvert diameter 1.80 m

Total flow rate in m3/s

Total manometric head in m

0 3 6 9

Network flow rate in m%/s

—A— maximum —A—mean ==0==minimum
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Total manometric head in m

3-lift locks system with WSB
3 identical pumping networks

Nework curves - Pumping network N°2
Culvert diameter 1.80 m

Total flow rate in m®/s

3 6

Network flow rate in m%/s

—A— maximum

—&A—mean
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Total manometric head in m

3-lift locks system with WSB
3 identical pumping networks

Nework curves - Pumping network N°3
Culvert diameter 1.80 m

Total flow rate in m®/s

3 6

Network flow rate in m®/s

—A— maximum

—&—mean

=== minimum




Semi direct pumping
3 identical pumping networks

General data

Number of lock chamber : 3
Number of WSB : 0

Pumping station flow rate range inm®/s: 01060
Pumping network flow rate rangeinm’s: 01020
Number of pump per network : 1
Culvert diameter inm : 290

Network curves data

Flow rate in Total head Geometric head in m Total manometric head in m
m3/s lossesinm | minimum mean maximum | minimum mean maximum
1 0.0 30 31.5 33 30.0 31.5 33.0
5 0.4 30 31.5 33 304 31.9 334
9 1.4 30 N5 33 31.4 329 34.4
13 29 30 31.5 a3 329 344 35.9
17 4.9 30 3.5 33 34.9 36.4 37.9
21 7.3 30 31.5 33 37.3 38.8 40.3

Annex 8.2.1
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Total manometric head in m

43.0
42.0 -

41.0

40.0 -
39.0 -
38.0 -

37.0
36.0
35.0
34.0

330 |

32.0

31.0 -
30.0 -

29.0
28.0

3-lift locks system without WSB
3 identical pumping networks

Network curves - Pumping network N°1
Culvert diameter 2.90 m
Total flow rate in m%/s
5 10 15 20 25

5 10 15 20 25

Network flow rate in m*/s

—A— maximum —A—mean === minimum
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3-lift locks system without WSB
3 identical pumping networks

Network curves - Pumping network N°2
Culvert diameter 2.90 m

Total flow rate in m%/s

20 25 30 8 40 45
43.0 2

42.0
41.0
40.0 -
39.0
38.0 -
37.0
36.0
35.0
34.0
33.0
32.0
31.0
30.0 -
29.0 1=

28.0 - — ~ -
0 5 10 15 20 25

Network flow rate in m®/s

Total manometric head in m

—A— maximum —A—mean === mjinimum
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Semi dit. ‘pumping

Total manometric head in m

40

45

3 lift-locks system without WSB
3 identical pumping networks

Network curves - Pumping network N°3
Culvert diameter 2.90 m

Total flow rate in m%/s
50 a5

10 15

Network flow rate in m®/s

60

20

65

25

—A—maximum

—A—mean
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Network curves

Annex 8.2.2
Semi direct pumping - 2-lift locks system



Semi direct pumping Annex 8.2.2
3 identical pumping networks

General data
Number of lock chamber : 2
Number of WSB : 2

Pumping station flow rate range inm¥s :  0to 39
Pumping network flow rate range inm¥s:  0to 13

Number of pump per network : 1
Cuivert diameter in m : 2.30
Network curves data
Flow rate in |Total head I Geometric head in m Total manometric head in m
m'/s fnm minimum mean maximum | minimum mean maximum
1 0.1 30 3 32 30.1 3.1 321
3 0.5 30 kil 32 30.5 315 325
6 2.0 30 31 32 32.0 33.0 34.0
9 44 30 kil 32 34.4 35.4 36.4
12 77 30 kLl 32 wT 38.7 39.7
15 11.9 30 31 32 41.9 42.9 43.9
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total manometric head in m

2-ift locks system with WSB
3 identical pumping networks

Network curves - Pumping network N°1
Culvert diameter 2.30 m

Total flow rate in m®/s
6 9 12 15

6 ) 12 15

Network flow rate in m®/s

18

18

—A— maximum
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Total manometric head in m

48.0

470

46.0
45.0
44.0

43.0 -
42.0

41.0
40.0
39.0

38.0 -
37.0
36.0 -

35.0

34.0

33.0

320"
31.0
30.0 -
290

28.0

16

2-lift locks system with WSB
3 identical pumping networks

Network curves - Pumping network N°2
Culvert diameter 2.30 m
Total flow rate in m®/s
19 22 25

28

31

18

3 6 9 12 15
Network flow rate in m%/s
—A— maximum —A—mean ==@==minimum
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Total manometric head in m

2-ift locks system with WSB
3 identical pumping networks

Network curves - Pumping network N°3
Culvert diameter 2.30 m
Total flow rate in m®/s
29 32 35 38 41

3 6 9 12 15
Network flow rate in m®/s

—A— maximum —A—mean ==@==minimum




General data
Number of lock chamber : 2
Number of WSB : 0

Pumping station flow rate range inm¥s: 01075
Pumping network flow raterangeinm’s: 0025

Semi direct pumping

3 identical pumping networks

Number of pump per network : 1
Culvert diameter inm : 320
Network curves data
Flow rate in | Total head & Geometric head jin m Total manometric head in m
m3/s fnm minfmum mean maximum | minimum mean maximum
1 0.0 30 31.5 33 30.0 3.5 33.0
5 0.3 30 315 33 30.3 31.8 33.3
10 1.1 30 31.5 33 314 326 34.1
15 24 30 31.5 33 324 33.9 354
20 4.1 30 31.5 33 341 35.6 3Tt
25 6.4 30 31.5 33 36.4 37.9 30.4

Annex B.2.2
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2-lift locks system without WSB
3 identical pumping networks

Network curves - Pumping network N°1
culvert diameter 3.20 m

Total flow rate in m®/s
0 S 10 15 20 25 30

Total manometric head in m

0 5 10 15 20 i3] 30
Network flow rate in m®/s

—A—maximum —A—mean ==Q==minimum
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total manometric head in m

25 30

2-lift locks system without WSB
3 identical pumping networks

Network curves - Pumping network N°2
culvert diameter 3.20 m

Total flow rate in m®/s

35 40

45

50 55

0 2] 10 15 20 29 30
Network flow rate in m®/s
—A— maximum —A—mean ==@==minimum
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Total manometric head in m

55

2-lift locks system without WSB
3 identical pumping networks

Network curves - Pumping network N°3
culvert diameter 3.20 m

Total flow rate in m%/s
60 65 70 75 80

10 15 20 25 30
Network flow rate in m%/s

—A— maximum

—A—mean === mjinimum




Annex 8

Network curves

Annex 8.3.1
Direct pumping - 3-lift locks system



Pumping station flow rate range in m/s :
Pumping network flow rate range in m¥/s :
Number of pump per network :

Culvert diameter inm :

Number of lock chamber :
Number of WSB :

General data

3
3

Oto 24
OtoB

1.80

Network curves data

Direct pumping
3 identical pumping networks

Flow rate in Total head Geometric head in m total manometric head in m
m'/s lossesinm | minimum mean maximum | minimum mean maximum
1 0.2 24 26 28 24.2 26.2 28.2
3 1.3 24 26 28 25.3 27.3 29.3
5 34 24 26 28 274 294 314
7 6.6 24 26 28 30.6 32.6 34.6
9 10.8 24 26 28 34.8 36.8 38.8

~ Annex 8.3.1
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Total manometric head in m

3-lift locks system with WSB
3 identical pumping networks

Network curves - Pumping network N°1
Culvert diameter 1.80 m

Total flow rate in m’/s

Network flow rate in m%/s

—A— maximum

—A—mean

=== minimum
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3-lift locks system with WSB
3 identical pumping networks

Network curves - Pumping network N°2
Culvert diameter 1.80 m

Total flow rate in m%/s

Total manometric head in m

Network flow rate in m3/s

—A— maximum —A—mean === minimum
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Total manometric head in m

3-lift locks system with WSB
3 identical pumping networks

Network curves - Pumping network N°3
Culvert diameter 1.80 m

Total flow rate in m®/s

Network flow rate in m3/s

—A— maximum

—&—mean

==g==minimum




Direct pumping
3 identical pumping networks

General data
Number of lock chamber : 3
Number of WSB : 0
Pumping station flow rate range inm’fs: 01060
Pumping network flow rate range inm¥s:  0to 20
Number of pump per network : y
Culvert diameter in m : 290
MNetwork curves data
Flow rate in Total head Geometric head in m total manometric head in m
m’/s lossesinm | minimum mean maximum | minimum mean maximum
1 0.0 24 26 28 24.0 26.0 28.0
5 7 0.3 24 26 28 243 26.3 28.3
9 1.0 24 26 28 25.0 27.0 29.0
13 2.1 24 26 28 26.1 28.1 30.1
17 3.6 24 26 28 27.6 20.6 31.6
21 5.5 24 26 28 29.5 31.5 335

Annex 8.3.1
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3-lift locks system without WSB
3 identical pumping networks
Network curves - Pumping network N°2
Culvert diameter 2.90 m
Total flow rate in m®/s
20 25 30 35 40 45

37.0

36.0

35.0

34.0
g 33.0
&=
3 320
8 310
(3]
£ 30.0
-
£ 29.0
2
& 28.0
£
§ 27.0
 26.0 -

25.0 -

24.0 -

23.0 8

22.0

0 5 10 15 20 25
Network flow rate in m®/s
—A— maximum —A—mean =Q==minimum
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Total manometric head in m

3-lift locks system without WSB
3 identical pumping networks

Network curves - Pumping network N°1
Culvert diameter 2.90 m

Total flow rate in m®/s

10 15

10 15

Network flow rate in m%/s

20

20

25

—A— maximum

—A—mean

e=@==minimum
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Total manometric head in m

40 45

3-lift locks system without WSB
3 identical pumping networks

Network curves - Pumping network N°3
Culvert diameter 2.90 m

Total flow rate in m%/s
50 55 60

10 15 20

Network flow rate in m®/s

65

25

—A—maximum

—A—mean === minimum
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Network curves

Annex 8.3.2
Direct pumping - 2-lift locks system



General data

Mumber of lock chamber :
Number of WSB :

Pumping station flow rate range in m'/s :
Pumping network flow rate range in m"/s :
Number of pump per network :

Culvert diameter inm :

2
2

0to 39
O0to13

2.30

Network curves data

Direct pumping
3 identical pumping networks

Flow rate in Total head Geometric head in m total manometric head in m
m’/s lossesinm " minimum mean maximum | minimum mean maximum
1 0.0 24 26 28 240 26.0 28.0
3 0.4 24 26 28 244 26.4 284
6 1.4 24 26 28 25.4 274 20.4
g 3.2 24 26 28 27.2 29.2 31.2
12 5.7 24 26 28 29.7 3.7 33.7
15 8.8 24 26 28 328 348 36.8

Annex 8.3.2
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Total manometric head in m

42.0
41.0
40.0
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32.0
31.0
30.0
29.0
28.0
27.0

26.0 -

25.0
24.0
23.0

22.0 A

2-lift locks system with WSB
3 identical pumping networks

Network curves - Pumping network N°1
culvert diameter 2.30 m

Total flow rate in m%/s
6 9

12

15

18

3 6 9 12 15
Network flow rate in m®/s
—A— maximum —A—mean ==@==minimum
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Total manometric head in m

2- lift locks system with WSB
3 identical pumping networks

Network curves - Pumping network N°2
culvert diameter 2.30 m

Total flow rate in m®/s
16 19 22 25 28 31

3 6 L 12 15 18

Network flow rate in m®/s

—A— maximum —A—mean === minimum
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total manometric head in m

2-lift locks system with WSB
3 identical pumping networks

Network curves - Pumping network N°3
culvert diameter 2.30 m

Total flow rate in m%/s
26 29 32 35 38 41 44

0 3 6 9 12 15 18

Network flow rate in m%/s

—A— maximum —aA—mean === minimum




General data

Direct pumping

3 identical pumping networks

Number of lock chamber : 2
Number of WSB : 0
Pumping station flow rate range inm¥/s: 0to75
Pumping network flow rate rangeinm¥s:  0to 25
Number of pump per network : 1
Culvert diameter inm : 320
Network curves data
Flow rate in Total head Geometric head in m total manometric head in m
m3/s losses in m minimum mean maximum | minimum mean maximum
1 0.0 24 26 28 24.0 26.0 28.0
5 0.2 24 26 28 24.2 26.2 28.2
10 0.8 24 26 28 248 26.8 288
15 1.8 24 26 28 258 27.8 29.8
20 3.1 24 26 28 271 28.1 311
25 4.9 24 26 28 28.9 30.9 329

Annex 8.3.2
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0 5 10 15 20 25
Network flow rate in m%/s
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2-lift locks system without WSB
3 identical pumping networks
Network curves - Pumping network N°1
Culvert diameter 3.20 m
Total flow rate in m®/s
5 10 15 20 25 30
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Total manometric head in m

30

2-lift locks system without WSB
3 identical pumping networks

Network curves - Pumping network N°2
Culvert diameter 3.20 m

Total flow rate in m*/s
35 40

45

50

55

30

5 10 15 20 25
Network flow rate in m®/s
—A— maximum —A—mean === minimum
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2-lift locks system withou WSB
3 identical pumping networks
Network curves - Pumping network N°3
Culvert diameter 3.20 m

Total flow rate in m*/s
50 55 60 65 70 75 80

Total manometric head in m

0 5 10 15 20 25 30
Network flow rate in m%/s

—A— maximum —A—mean ==@==minimum
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Direct pumping
3 identical pumping networks

General data
Number of lock chamber : 2
Number of WSB : 0
Pumping station flow rate range in m's : 0to75
Pumping network flow rate range in m's : Oto25
Number of pump per network : 1
Culvert diameter in m : 3.20
Culvert absolute roughness in mm : 0.025
Network curves data
Geometric head in Total manometric head in
Flowratein | 7. s/ head losses in m i L
my/s minimum mean maximum minimum mean maximum
i 0. 4 26 28 4.0 26.0 26.0
E 0. 4 26 28 4% 26.2 282
10 0. 4 26 28 24, 26.7 28.7
15 Z 26 28 25 27. 296
20 2, 4 26 28 26. 28, 30.8
25 4.4 /4 26 28 28.4 30.4 32.4




Direct pumping
3 identical pumping networks
General data
Number of lock chamber : 2
Number of WSB : 1}
Pumping station flow rate range in m'/s : 0to75
Pumping network flow rate range in m'fs : 0to25
Number of pump per network : 1
Culvert diameter inm : 3.20
Culvert absolute roughness in mm : 0.1
Network curves data
Flow Geometric head in m Total manometric head in m
e n1 Total head iosses in m
minimum mean maximum minimum mean maxirnum
1 D.( 4 26 28 4.0 26.0 280
E 0.2 4 26 28 4. 26. 28.2
10 0. Z 26 28 4, 26. 28.
15 1 4 26 28 25, 27. 28
20 El 4 26 28 27 29, 31,
25 4.6 24 26 28 28.¢ 30.9 32.€




Number of lock chamber :
Number of WSB :

Pumping station flow rate range in m"s :
Pumping network flow rate range in m/s :
Number of pump per network :

Culvert diameter inm :

Culvert absolute roughness in mm :

Direct pumping

3 identical pumping networks

General data

2
0

0to75
Oto25
1
320
0.3

Network curves data

Flow rate in Total head o Geometric head in m Total manometric head in m
mi's minimum mean maximum minimum mean maximum
1 I 4 26 28 24 26.0 280
5 v 4 26 28 24.2 26 28
10 : 4 26 28 24, 26. 28,
15 X X 26 28 26.0 280 30.0
20 24 26 28 276 206 316
25 1 24 26 28 206 3.6 33.6




Total manometric head in m
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écluse a 2 sas sans bassin d'épargne
3 réseaux de pompage identiques

Network curves for one pumping network
Culvert diameter 3.20 m

35.0
34.0 - - = e s - -~ 3
33.0 -
32.0

31.0 -
30.0 -
29.0 -
28.0 A—
27.0 -
26.0 -
25.0 '
240 - A—
23.0
220 | . ‘ | | |
0 5] 10 15 20 25 30

Network flow rate in m%/s

»

— -A — maximum head - roughness 0.025 mm — -A — mean head - roughness 0.025 mm — A — minimum head - roughness 0.025 mm

—2#——maximum head - roughness 0.1 mm —2A—mean head- roughness 0.1 mm —#—— minimum head - roughness 0.1 mm

- = < - -maximum head - roughness 0.3 mm - - 4 - -mean head - roughness 0.3 mm - = 2 - -minimum head - roughness 0.3 mm
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General data
Number of lock chamber : 2
Number of WSB : 0

Pumping station flow rate rangeinm’s: 0to75
Pumping network flow rate range inm’/s: 01025
Pump flow rate rangeinm®s: 0to25

Pond to pond pumping
3 identical pumping networks

Mumber of pump per network : 1
Culvert diameter inm : 3.20
Network curves data
Flow rate in| Total head Geometric head in m Manometric head in m
m3/s lossesinm | minimum mean maximum | minimum mean maximum
1 0.0 3 33. 36 31.0 335 36.0
5 0.2 31 33.5 36 31.2 33.7 36.2
10 0.8 31 33.5 36 31.8 34.3 36.8
15 1.8 31 33.5 36 328 35.3 37.8
20 3.2 31 33.5 36 34.2 367 39.2
25 5.0 31 33.5 36 36.0 38.5 41.0

Annex 10



Pond to pond pumping

3 identical pumping networks

General data
Number of lock chamber : 2
Number of WSB : 0
Pumping station flow rate range inm’/s:  0to75
Pumping network flow rate range inm’s: 0to25
Pump flow rate range inm’/s: 010 12.5
Number of pump per network : 2
Culvert diameter inm : 320
Network curves data
Flow rate in| Total head Geometric head in m Manometric head in m
mi/s losses inm | minimum mean maximum | minimum mean maximum
1 0.0 N 33.5 36 1.0 335 36.0
5 0.3 N 33.f 36 31.3 3.8 36.3
10 1.1 N 33.f 36 2.1 4.6 37.1
15 2.1 31 33.5 36 33.1 35.6 38.1
20 34 31 33.5 36 34.4 6.9 394
25 5.0 H 33.5 36 36.0 38.5 41.0

Annex 10
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3 identical pumping networks

Network curve for 1 and 2 pumps per pumping networks
Culvert diameter 3.20 m

45.0
44.0
43.0
42.0
41.0
40.0
39.0
38.0
37.0

—A—maximum - 1 pump
—aA—mean - 1 pump

~—#——minimum - 1 pump

- - 4 - -maximum - 2 pumps
- - o - -mean - 2 pumps

- - < - -minimum - 2 pumps
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Drawings LO-005, LO-006, LO-007, LO-008
Connection between reservoirs and lock
chambers Longitudinal profiles of filling and
emptying culverts
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Connection between reservoirs and lock
chambers

Graphics flow rate versus time
and water level versus time

3-lift locks system
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Connection between reservoirs and lock
chambers

Graphics flow rate versus time
and water level versus time

2-lift locks system
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Annex 17

Pump cutout — Pump stop on proper inertia —
Valve closure in 30 sec - Cavitation simulation



Pump cutout - Pump stop on proper inertia - Yalve closure in 30s - With cavitation simulation
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Annex 17.3

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation
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Annex 17.4

Pump cutout - Pump stop on proper inertia - Yalve closure in 30s - with cavitation simulation
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Annex 17.5

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation
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Annex 17.6

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - with cavitation simulation
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Annex 17.7

Pump cutout - Pump stop on proper inertia - Yalve closure in 30s - With cavitation simulation
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Annex 17.8

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation
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Annex 18

Short inclined surge shaft - optimization



Annex 18.1
Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation - Short inclined surge shaft - optimization
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Pump cutout - Pump stop on proper inertia - Valve closure in 30s
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Pressure at Node Level <bars

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation -

Pressure at point B
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Pump cutout - Pump stop on proper inertia - Valve closure
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Annex 18.5

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation - Short Inclined surge shaft - optimization
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Pump cutout - Pump stop on proper inertia - Valve closure in 30s - W
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Annex 18.6
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Pump cutout - Pump stop on
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Annex 18.8
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Annex 19

Long inclined surge shaft



Annex 19.1

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation - Long inclined surge shaft - Without surge chamber
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Annex 19.2

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation - Long inclined surge shaft - Without surge chamber
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Pump cutout - Pump stop on proper inertia - Valve closure in 30s
Pressure at point A

Annex 19.3

- With cavitation simulation - Long inclined surge shaft - Without surge chamber
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Annex 19.4

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation - Long inclined surge shaft - Without surge chamber
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Pump cutout - Pump stop on proper inertia - Valve closure in 30s

Pressure at point C

Annex 19.5

- With cavitation simulation - Long inclined surge shaft - Without surge chamber
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Annex 19.6

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation - Long inclined surge shaft - Without surge chamber
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Pump cutout - Pump stop on proper inertia - Valve closure in 30s
Pressure at point E
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Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With
Pressure at point F

Annex 19.8

cavitation simulation - Long inclined surge shaft - Without surge chamber
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Pump cutout - Pump stop on proper inertia - Yalve closure in 30s - With cay
Pressure at point G
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Annex 20

Long inclined surge shaft D=3.20 m Surge
chamber 100 m?



Annex 20.1

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation - Long inclined surge shaft - Surge chamber of 100
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Annex 20.2
Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation - Long inclined surge shaft - Surge chamber of 100
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Annex 20.3

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation - Long inclined surge shaft - Surge chamber of 100
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Pump cutout - Pump stop on proper inertia - Valve closure in 30s
Presure at point B

Annex 20.4
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Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With ¢
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Annex 20.5
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Annex 20.6

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation - Long inclined surge shaft - Surge chamber of 100
m®
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Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulatio
Pressure at point E
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Pump cutout - Pump stop on proper inertia - Valve closure in 30s
Pressure at point F
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Annex 20.8
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Pressure at point G
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Annex 20.9
Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation - Leng inclined surge shaft
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Annex 21

Long inclined surge shaft D=3.20 m Surge
chamber 100 m?
New closure law



Valve discharge
Je-=-a--=% Valve opening ratio

Pressure downstream valve
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Annex 21.2

Pump cutout - Pump stop on proper inertia - New law of valve closure - With cavitation simulation - Long inclined surge shaft - Surge chamber of
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Annex 22

Veertical surge shaft



Annex 22.1

Pump cutout - Pump stop on proper inertia - Yalve closure in 30s - With cavitation simulation - Vertical surge shaft
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Annex 22.2
Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation simulation - Vertical surge shaft
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Pressure at Node Level <bar>

Pump cutout - Pump sto
Pressure at point B

Annex 22.3

P on proper inertia - Valve closure in 30s - With cavitation similation - Vertical surge shaft
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Annex 22.4

Pump cutout - Pump stop on proper inertia - Yalve closure in 30s - With cavitation similation - Vertical surge shaft
Pressure at point C
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Pump cutout - Pump sto
Pressure at point D

Annex 22.5

P on proper inertia - Valve closure in 30s - With cavitation simulation - Vertical surge shaft
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Annex 22.6

Pump cutout - Pump stop on proper inertia - Valve closure in 30s - With cavitation similation - Yertical surge shaft
Pressure at point E
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Annex 22.7

Pump cutout - Pump stop on proper inertia - Yalve closure in 30s - With cavitation similation - Vertical surge shaft
Pressure at point F
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Pressure at Node Level <bar>

Pump cutout - Pump stop on proper inertia - ¥V

Pressure at point G

Annex 22.8

alve closure in 30s - With cavitation simulation - Vertical surge shaft

30

nd
tn

[
o

—_
m

YA

o
o

0.0

100

120

140 160
Time <s>

180 200 220




