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SUMMARY

I. Title

A Study of Tidal Power Development at Asan Harbour

II. Significance and Objective of the Study

Asan bay is located in the south of Kyunggi bay, and it is well known for high
tides and tidal power site in the west coast. Even if it is good for tidal power
development, it has not been designated for tidal power site because of it's conflict
with harbour development. Now the harbour development plan is fixed and construction

work is underway.

The purpose of this study is to investigate an optimal plant size utilizing the
remaining basin area. This effort is very desirable for identifying tidal power sites in

view of missing of good tidal power sites.

III. Contents and Results of the Study

The study consists of two parts: Part I- A Study of Asan Tidal Power
Development, Part II- State-of-the-Art of worldwide Tidal Power Studies and Revised

edition of Tidal Power Plants, published by KORDI, 1996 under separate cover.

Part 1 covers development and construction plans of Asan harbour, Asan tidal
power schemes identified by Sogreah and KORDI in 1970s, an optimized installed
scheme utilizing remaining basin after harbour development, optimized installed
capacity, annual energy calculation, etc. The study results show 200MW(443GWh) for
ebb generation, 120MW(225GWh) for flood generation. As substantial benefits of the



tidal basin, it could be used for flood reservoir and water front for recreation.

Part Il describes state-of-the-art of the worldwide tidal power studies of France,
UK, USA, Canada, Russia; In Chapter 2 La Rance tidal power station and Chausey
tidal power projects, In Chapter 3 Severn and Mersey tidal barrage projects, In Chapter
4 Passmaquoddy and Cook inlet, Fundy Bay and Annapolis tidal generating station, In
Chapter 5 Kislayaguba tidal power plant, Mezen, Tugur, Penzhin bays, and Kolsk pilot

plant project.

The Rance is a very successful tidal power project and Annapolis tidal station is
also succesfully operating now. At the moment, none of the tidal power projects in the
world is active. But global changes of climate and environment will push to alternative
energy resources development. In Korea with a poor energy resources, it is very

desirable to undertake a long term R&D program of tidal power development.
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o] olm} 1930 25H LA AR HEHAL, 19509k 19603
Holl= 3] et ddlo 2y BEF AE DANAE 93 dAZ A
29 u A3, 2 olF 1970 b= SogreahAH(1974), KORDI(1978) R iAo A%
747t ZJER v ok

SogreahAl o] Ajalgt x2ldkbd AlE oju] gIdA
oppyl, 72w, A4nt 2
Qhete] Hlw HEZ A3 opiduke zEWAA HHAR MRS 2y o
Al AR AAE A AL AR oukE: oln] WS T UAAT] Wi =Y
WA FHF NES SAld melskAl "HAUth wekA] opatwt FNE AlF e &
$o 7 SogreahAV} WA B4, It @ FHEA AR AR HESY

A1k Tidal power plant without harbour
A2¢t Tidal power plant with separate harbour
A|32t Harbour with separate tidal basin
#)4¢+ Harbour and auxiliary basin operated as paired basins
A|5<t Harbour connected té a basin
A6<t Whole bay used as harbour and tidal basin.
A7IA A1t 2R GEEteln YA HEL gk FEodetoln, o



oA HEAQ] A1t 622} /Wit E = Table 313 2o

Table 3.1 Asan Bay Tidal Power Schemes.

Sogreah KORDI
Scheme Asan Asan 6B Base
6
Scheme 1 Scheme Outer(6A) | Inner(6B) | Case 1
No of
Generating 30 12 44 30 24
Units
Generating Unit
. 15.4 4 15 15
Capacity(MW) 15 15
Installed
. 460 185 660 450
Capacity(MW) 8 360
Annual 1200 485 1740 1345 962
Output(GWh) '
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Fig. 3.1 Asan bay tidal power schemes, KORDI.
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Fig. 4.2.1 Performance curve of Escher Wyss 20MW turbine generator.
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Fig. 4.2.2 Variation of energy output according to starting head,
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o

F9l 4 (astronomical argument)S Table 4.2.19] AjAstgch £33 =323 L £

of AALE WlExe} A]ZHE Table 4.2.20] A A&

Table 4.2.1 Astronomical arguments of four major constituents in 1998.

Argument(Degree)

Start Date

M2 S2 K1 01
Jan. 14 185.86 0.00 30.82 158.70
Mar. 14 187.27 0.00 88.66 102.40
May 14 139.88 0.00 148.49 355.30
Jul. 14 92.56 0.00 208.35 248.21
Sep. 14 20.84 0.00 269.23 115.69
Nov. 14 333.53 0.00 329.15 8.51

Table 4.2.2 Computed amplitudes and phase lags of tidal constituents at

Asan Bay.
M2 S2 K1 Ol
Amplitude(cm) 302.53 111.27 36.70 25.86
Phase(degree) 73.37 196.02 85.40 83.85

T LE

F9Y ZARHL AN AT FAEFARE olgsteol BT 2y
AN 2ol B PR BFVEAES} glomz, JEe) AFBEA)
e 7t2YRY FHZFARE olgstel BFAWNY FRANN £ @
g $94 Zaugg Adste 2 g2 AeHAT =8 Y2 FAFY FH

A A% 123 cHTable 4.2.3).

L4



Table 4.2.3 Basin area according to the elevation of Asan Bay after tidal
barrier construction.

Basin
. -4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0
elevation(m)
Basin area
(k 2) 8.55 8.73 9.03 9.93 | 13.38 | 20.29 | 23.58 | 24.50 | 25.81
m

S5 2 $B 2420 A9 2 EHASEA
z FARYAE ol daAAR de 2% % B =429 A9,
BANF 9 AR Bastch o] shed AAWEE o X 2@l )
22 AMA WY OE o QARAY, FALRINY SHAFS S

~

# $AF P £59 53
2 474" AEE dPstclor g 19939 st Pw 2w
A AAERE B9 8 20MW FRAClE R FEAC:
HAY ABE B ATANE oL FEFBASY 528 02 AL
e Ao fFAFE F29 Sevem Bamage AIJolA HEF @e I ALE

stgem, 1 @& 74z 1783 1.270] ).

FE4, 2YT FRLAANY 55

IS

o
N
ra

&3 FadAre HEY 9R FALAVIEA, 72T HEE B
wE® A9~ Escher Wyss ALY 20MW7F A To] 714 43 Aoz ez B
AFA M A& THTable 42.4). 22y FF 344 A e 0o F42
a3t o FH FAEHVA B FEI 28 Aot

Escher Wyss A}9] Fx1ubd7)o] 459 Effake] @A 7 21
4.0184 + 314.8428 H— 75.5518 H> + 7.2860H°  H<4.452,

Qmils) = (4.2.16)
1818.4114 — 410.9436 H+ 28.0115H° + 0.0 H* H>4.452,



Table 4.2.4 Characteristic parameters of Escher Wyss 20MW turbine.

Unit Minimum Maximum Runner Rated Rated Rated
Capacity Head Head Diameter Head Speed Power
(MW) (m) (m) (m) (m) (rpm) (MW)
20 0.68 7.0 8.0 4.452 55.38 20.0
2o} wAge) BANL LD RrhFig 421 FZ).
—1.6416+1.5854H+ 0.9750H% — 0.0533H°  H<4.452,
P(MwW) = “4.2.17)
20.0 H>4.452.

3. ZHEMO] Mol ™

ZELHY HHI}E e slol ¥ 84 2 HAHF AAHS Fig 4239 =
ABFATE YA HE vie} o] Ao AHFEE W3te AT
g 2 Y UER BAGIIE HAU He AR 2R) RS dHe
L3l ol&

_‘—_'.
O

SR
o Nz BgAEe sy WEol 54 AWl i AHANATF
2E NFo2 7t 9AT Iy WS uSd HH3 zae 78
7] SiAE AAALA @ wEANYe] 2SS HIAE 5 el Uk =
@ UEEAT Ao A5 Hae AN EEHY ANE FAstelio}
o,

453

mlm

of 3}, &

FAEY TEGENS AHg3td Foi LA & FH FEEF 2 Fap2dr] 54
o el HHLAZH @ TAFE
< W3AIIEM AS Y. F
& AACA dojAE
ARG & e

S8
AP 984
ALYt F

HANLEF 4HL A3, WA AT 2AAYAN DAY & e UEF



Input Headpond
pon . Energy Value
Data Bathymetry Tidal Range (time-related)
Operating |  Effective
Mode > Head
>l
v r v
Design . . Installed Turbine
Variableg Sluice  Capacity Capacity Characteristics
|
Operating
Strategy
v Wyv
Other Costs Output _—
(Barrage ¥ Cost
Etc.) Value
Objective
Function

Fig. 4.2.3 Main inter-relationships among variables for optimizing a tidal
scheme.
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Table 4.3.1 Computed annual energy outputs for the turbine-sluice
combinations for the case of ebb-generation at Asan.

No. of No. of | Generation Time* | Computed Energy* Annual Output

Turbines Sluices (Hours) (MWh) (GWh)
0 126.1 9,257.4 2214

2 154.2 12,630.4 302.0

6 4 163.6 13,736.5 328.5
6 166.9 14,117.6 337.6

8 168.6 14,210.8 339.8

10 168.1 14,2442 340.6

0 116.8 12,1243 289.9

N 136.2 15,288.1 365.6

5 4 143.6 16,424.9 392.8
6 146.2 16,809.8 402.0

8 146.8 16,913.9 404.5

10 146.8 16,922.4 404.7

0 108.5 14,685.5 351.2

2 122.3 17,465.6 417.7

" 4 127.8 18,504.7 4425
6 129.5 18,810.1 449.8

8 129.7 18,922.7 452.5

10 129.7 18,925.8 452.6

0 101.8 16,917.5 404.6

2 114.4 19,269.1 460.8

i 4 115.2 20,078.1 480.1
6 116.5 20,426.4 488.5

8 116.5 20,461.5 489.3

10 116.5 20,462.3 489.3

0 95.7 18,822.1 450.1

N 102.4 20,747.8 496.2

1 4 105.1 21,287.7 509.1
6 105.6 21,615.5 517.8

8 105.6 21,674.3 518.3

10 105.6 21,674.4 518.3

£

Average of six 14.5 day-generations




Table 4.3.2 Computed ratio of the construction cost to annual energy
output according to the turbine-sluice combinations for the
case of ebb-generation at Asan.

Unit : $/kWh
Turbine
. 6 8 10 12 14
Sluice
1,034.0 902.1 837.8 808.0 798.8
0 (228,901.0) | (261,565.5) | (294,229.9) | (326,894.4) | (359,558.8)
[221.4] [289.9] [351.2] [404.6] [450.1]
807.8 756.7 740.6 742.1 755.1
2 (243,976.9) | (276,641.4) | (309,305.8) | (341,970.3) | (374,634.8)
[302.0] [365.6] [417.7] [460.8] [496.2]
788.6 742.7 733.0 743.6 765.5
4 (259,052.8) | (291,717.3) | (324,381.8) | (357,046.2) | (389,710.6)
[328.5] [392.8] [442.5] [480.1] [509.1]
812.0 763.2 754.7 761.8 781.8
6 (274,128.8) | (306,793.2) | (339,457.6) | (372,122.1) | (404,786.5)
[337.6] [402.0] [449.8] [488.5] [517.8]
851.0 795.8 783.5 791.3 810.1
8 (289,204.7) | (321,869.1) | (354,533.5) | (387,198.0) | (419,862.4)
[339.8] [404.5] [452.5] [489.3] [518.3]
893.3 832.6 816.7 822.1 839.1
10 (304,280.5) | (336,945.0) | (369,609.4) | (402,273.9) | (434,938.3)
[340.6] [404.7] [452.6] [489.3] [518.3]

() : Construction cost (million won) [ ]

: Annual energy output (GWh)




Won/kWh

1100.0

6 turbines
- 8 turbines ... ..
10 turbines
12 turbines
- 14 turbines
10000 = -\ A S
7000 T l T | T [ T
200.0 300.0 400.0 500.0

Energy(GWh)

600.0

Fig. 4.3.1 Characteristic optimization curve of ebb generation.



Table 4.3.3 Computed ebb tidal energy for 10 turbines and 4 sluices at
Asan in July 1998.

Tide Start Ending Generating  Start  Energy Cumulative

No. Time Time Time Head Per Tide Energy

(hrs) (hrs) (hrs) (m) (MWh) (MWh)
1 3.400 6.700 3.300 3.98 327.703 327.703
2 16.300 19.800 3.500 3.38  255.890 583.593
3 28.900  31.700 2.800 3.58 225.138 808.732
4 41.800  45.200 3.400 3.38  249.672 1058.403
5 54.100 56.900 2.800 348 218.196 1276.599
6 66.900  70.600 3.700 3.78  341.451 1618.050
7 79.100 82.200 3.100 3.88  306.287 1924.337
8 91.600  95.600 4.000 428 505797  2430.134
9 103.800  107.400 3.600 438 468318  2898.452
10 116.000  120.600 4.600 4.48 700290  3598.743
11 128.200  132.500 4.300 458 661.481 4260.224
12 140.200  145.500 5.300 428 857920  5118.144
13 152.500  157.500 5.000 438 819.584 5937.728
14 164.500  170.200 5.700 3.98 962982  6900.710
15 176.800  182.300 5.500 4.08 922.676  7823.386
16 188.900  194.900 6.000 3.78 1020.522 8843.908
17 201.300  207.000 5.700 3.88  973.085 9816.993
18 213.400  219.500 6.100 3.68 1036.070  10853.063
19 225.900  231.700 5.800 3.88 973.111 11826.174
20 238.100 244.000 5.900 3.88 1012.744 12838918
21 250.700  256.300 5.600 4.08 927.894 13766.812
22 262.900 268.500 5.600 4.08 946.805 14713.616
23 275.700  280.800 5.100 438  829.129  15542.745
24 288.000 293.000 5.000 4.58 828264 16371.009
25 300.800  305.400 4.600 438 674919 17045.928
26 313.100  317.400 4.300 4.58 655910 17701.838
27 326.000 330.100 4.100 4.18 490.588 18192.426
28 338.400  342.000 3.600 438 453.692 18646.119
TOTAL SUM 128.000 18646.119
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Table 4.3.4 Computed annual energy outputs for the turbine-sluice
combinations for the case of flood-generation at Asan.

No. of No. of | Generation Time* | Computed Energy* Annual Output

Turbines Sluices (Hours) (MWh) (GWh)
0 126.1 57712 138.0

2 1432 7,684.0 183.8

4 4 143.8 7,739.6 185.1
6 143.8 7,741.4 185.1

8 143.9 7,750.8 185.4

10 144.1 7,773.5 185.9

0 113.9 8,090.2 193.5

2 121.8 9,417.3 2252

4 122.0 9,434.5 225.6

6 6 122.0 9,433.6 225.6
8 122.1 9,455.5 226.1

10 1222 9,484.3 226.8

0 104.2 9,882.6 236.3

2 107.8 10,613.5 253.8

o 4 107.8 10,613.1 253.8
6 107.8 10,619.4 253.9

8 107.9 10,652.0 254.7

10 108.0 10,677.8 255.3

0 95.8 11,163.5 267.0

5 97.0 11,476.1 274.4

0 4 97.0 11,478.4 274.5
6 97.1 11,491.0 274.8

8 97.2 11,525.8 275.6

10 97.3 11,549.4 276.2

0 87.8 12,022.2 2875

2 88.1 12,117.1 289.8

2 4 88.1 12,116.0 289.7
6 88.1 12,142.2 290.4

8 88.2 12,182.4 2913

10 88.5 12,165.3 290.9

* Average of six 14.5 day-generations




Table 4.3.5 Computed ratio of the construction cost to annual energy

output according to the turbine-sluice combinations for the
case of flood-generation at Asan.

Unit : ¥/kWh
Turbine
. 4 6 8 10 12
Sluice
1,421.9 1,183.2 1,106.8 1,102.1 1,137.0
0 (196,236.6) (228,901.0) | (261,565.5) | (294,229.9) | (326,894.4)
[138.0] [193.5] [236.3] [267.0] [287.5]
1,150.0 1,083.4 1,090.0 1,127.1 1,180.2
2 (211,312.5) | (243,976.9) (276,641.4) | (309,305.8) (341,970.3)
[183.8] [225.2] [253.8] [274.4] [289.8]
1,223.2 1,148.2 1,149.4 1,181.8 1,232.3
4 (226,388.4) (252,052.8) | (291,717.3) | (324,381.8) (357,046.2)
[185.1] [225.6] [253.8]} [274.5] [289.7]
1,304.3 1,215.1 1,208.1 1,235.3 1,281.6
6 (241,464.3) | (274,128.8) | (306,793.2) | (339,457.6) (372,122.1)
[185.1] [225.6] [253.9] [274.8] [290.4]
1,384.1 1,279.0 1,263.6 1,286.3 1,329.1
8 (256,540.2) | (289,204.7) | (321,869.1) | (354,533.5) | (387,198.0)
[185.4] [226.1] [254.7] [275.6] [291.3]
1,461.1 1,341.6 1,319.6 1,338.2 1,382.8
10 271,616.1) | (304,280.5) | (336,945.0) | (369,609.4) (402,273.9)
[185.9] [226.8] [255.3] [276.2] [290.9]

() : Construction cost (million won)

(]

: Annual energy output (GWh)
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Table 4.3.6 Computed flood tidal energy for 6 turbines and 2 sluices at

Asan in July 1998.

Tide Start Ending Generating  Start  Energy Cumulative
No. Time Time Time Head Per Tide Energy
(hrs) (hrs) (hrs) (m) (MWh) (MWh)
1 0.000 0.300 0.300 3.28 0.551 0.551
2 9.800 13.800 4.000 428 219354 219.906
3 22.400 25.300 2.900 2.68 72.337 292.243
4 35.200 39.100 3.900 4.08 195.152 487.394
S 47.900 50.700 2.800 2.68 69.258 556.653
6 60.300 64.300 4.000 4.08 219.265 775.918
7 73.000 76.100 3.100 3.18  106.641 882.559
8 85.300 89.400 4.100 458 282.858 1165.417
9 97.800 101.300 3.500 3.88 180.042 1345.459
10 109.800  114.300 4.500 4.88 366.578 1712.038
11 122.500  126.300 3.800 4.68 275510 1987.547
12 134200 139.100 4.900 4.88  440.343 2427.890
13 146.800  151.200 4.400 488 374.818 2802.708
14 158.600  163.800 5.200 478  490.937 3293.644
15 171.100  176.000 4.900 4.88 453.679 3747.323
16 183.100  188.400 5.300 4.68 514.780 4262.104
17 195.500  200.700 5.200 4.78  504.601 4766.705
18 207.700  213.000 5.300 4.68 512.406 5279.110
19 220.000  225.400 5.400 4.68 529.301 5808.411
20 232,400 237.500 5.100 4,78  487.048 6295.459
21 244,600 250.000 5.400 4,68 527.992 6823.451
22 257.200  262.000 4.800 4,78 434342 7257.793
23 269.400  274.700 5.300 4,78 498270 7756.063
24 282.200  286.500 4.300 4.78 354.525 8110.587
25 294,400  299.400 5.000 4.98  442.695 8553.282
26 307.200  311.000 3.800 448 257.822 8811.104
27 319.600  324.100 4.500 5.08 363.561 9174.665
28 332.200  335.700 3.500 3.78 167.312 9341.977
29 344,900 348.000 3.100 4,78 266.576 9608.553
TOTAL SUM 122.300 9608.553




2

OF SLUICES

NO.

9609 MWh

6

ASAN
OF TURBINES

ENERGY GENERATED

SITE
NO.

6

T3IAIT NIsHE . (gHH) lflli]Nj
e —— S g T T ¥ TP
T 4NN L8t =T
CSE 4NN h9E =T
QE un 852 =]
< 4NN EhR o |
——
< MM SSE =
S NMM 88h T
CS' —
CE RLTET 1
C uNH 82§ dk
——
<—:—= MM LOA —
< KN 625 :‘
——
CC unmM 21§ —
— ~
< 4nu S0S C
—
<E uMu SIS [:k
<£ LU =]
<E CLTRT T ]
<—:£ umu L =
d LTI ]
— :
Ci 4nM9L2 P
< unm La€ =]
CES o081 |
YMH 4
QS yNu €82 =
CS uKK L0! -~
é unM 612 =
—
< YnH 89 P
—
< unm s6t =1
—
S o2t e
—
CE uNK 612 7t
13A37 IHELS - - [“3 Hgl Siﬂ?!NEH

13 14

12

10

DAYS
Fig. 4.3.4 Computed flood tidal energy at Asan in July 1998.




M58 28 & £9

22 ke % A UA) 98%E S0l SEsE duR AY Aol
. ARIME olgk B dUA dS JdEEe] AZAE 4, 198030 T
B x4 AY &2 AL 59, duA ARE ALE AP oo

4
1

o

ZIZolal vt AR 2 e nludt FHolh. oA el AlFA
g -2 v ol HA Ad BIeMz FasA dAEm glow o
TEd By AL nzde] mE wefe oy AA B B ool 3
Aol oA A gl Auyh ulste AR #7409 EACdE ZQg

flo

fr

(e

zHAUAE A AL 7ted Aoz e dAlduA 2AhF A L3
A R o] 7hsdtn =3 vludAgd FFe A duRoldt. I
gl vt As A7 A 2A 7 At 33 23 Y 2Ax 289 )
o F3tA Hol o] AAIFeEx: F <He EANEL AX=2 A Ut
HAY 22 FRA 9 AL gy AE A oigre A steAel N

2 Aoz yehd Qo ArE 2 FHYE AL HIe =AM 104km,
S@A 320km’e] 2 71X Uk a2y ol e dA FRAL F5 P
W F2 29 FI¢ 248 S22 digr AL Agel £1, S} opardt
A4 AYL 20119E HF EXAL R 4942 &, 3 Foln AR 29
Atgdel A Fof Ark. Frke] TAHL oiint YF BF o] MR YIS
Azt W 9 ZFel 724 g Az A Hol gl

> HE

B A7E @4 92 el d7el gl olixe) Fusl AFY AFoln ®
22 oAzt $2U7 RAS 483 75 Adelm ojargidl Wg xel
2 7bsA, 53 guae U s4e AR peed T zelue g
g4 AzFSE onldlA A=

HE 23 A AL obdd iFde g Y A zdd gyt

rle



120MW, dzF Sd e 225GWhE BAFE g 58 SHAAM Hx24 Edo] /3
g Roz et

=
e H3E 53l 22 H @gog A shEo AT WYL <’ WHFe=

AUA g AeE AuHez 87 RE IFE WA F7h 4dsor B
Rolth o ¢ AM e AN ARG £718 Rolv, TAs AAH BIA

T Sed] 2AFT neY BeEn gobd ot & ARAME TR ¥
& 2 e Aol FoF AN AsTF FENA YD AR TAHY BAA
HEE AFan

7 opwre] ZYWHAE AAY A4S ERAZ ¢ WRE AU g5z
oA oldEst Amsolde Wi 43e 2HUAL AYY 5 Aolok Bk
geha AALF AN F4AS £ He) BAS AES ol st B A7
£ oolo] Wg FAAY AEE A FATh & FAH] M) AMEFo] 43
am2 F44) on AEe) AW dusl A5EE 4E 9 £20 4 22
gole $5FS 323 MUY + A Aol

£ AhelA AAE a7 Adge o2 AU T xAdA e ZHALY
270 FAE d AL 483 AL FHAQ 1} ofdbwie thd AL JH5A
HE 712 A7 3L & ® FEA NEANdE F3 A5EMY G| Tte
Roltt.

ek



&1l

(Reference)

Sogreah Engineering Consultants. 1974. Tidal Power Schemes on the West Coast of
Korea, Pre-feasibility Report.

KORDI and Shawinigan Engineering Co. 1978. Korea Tidal Power Study 1978-Phase I.
Korea Electric Company.

FRALFA YA, FFFATA 1993 2R AL FE o] &S gF FHw






M25 Md&= xSEM AR 814



Rance Tidal Power Plant

Aerial View

Bulb Unit



islaya Guba Tidal Power Plant

K

View from Downstream

Floating Cassion



Annapolis Tidal Power Plan

View from Downstream

Straflo Unit




& ME

YL A4 B84 FE AYE =32, 93, v, Ay, gAlol § A
Az M e olu] 2 HFE AAHALHY, 12 Folx T, Ao}, futiolA
£ z3¥-d A (Tidal Power Plant, ©]8} 2Fx}2 TPP)7} &) 715 Folth. 181 v
o A& Passamaquoddy TPP AA FA} F Aldo] FEEH AN, FZoM ST Severn,
MerseyZt 3hpollA of2] Zteflol 2A B4 HE Ade]l A4 2wk Sk @R
zETAe] 7leAd EAe A o AFHUAY, BALSE LA & F Q=
AM2L ZleNeE f&dd o= 2 A& 9A Xt Ut

AR Y 7leMEe dAgA, Fa- G A, AIFH AR §9 Ropd

A e Aol AT TR 2rldle A% wHe] ABHER BEAY

Ao 712 Qe olu e ARE ZAuold o4

al L8
Rance ¥ Annapolis TPPT ZHE @ xAHolth £x1-LA7 e 583 bulb 319

rht
=
30

NE2 Gibrat7} 118 6-cycle mode & o] 7} ATt Bulb £xte zehdd i

b ohet A FYwAsdl de HFHo MY %F ARE ofF Aw
HAE bulb $AE 574G AR FAE gtk 2 F A2 AL staflo FAE

TAAe]l GRHoE ABH] WP $FHel Qn, A5H FE
7149 SAAE FHol VA, AR W2 ¢ol, by 1A 2 BA
g X 283 Aok FA-HHY) AAFPE 7HER] FYRTE caisson FHo|
BT ged HE AU TA, FAIL, AdAd wAE FIdF 58

a2

of wher AF & 4 ol sich
A71E AAZA AND Tl 4 AR zHwd AY AL 1S

FJ



M2 =gdA

T A g Ak sty FFo] Adtn RS U Hog g
Zol7} 400km o]AEn, HFRX} 44~8.5m, CotentinitTol|A FHjRile
Arcachon 52m, RanceZ 317 13.5m2 ZgdAd @& Uzts B £ A4 24

< 33 Ao

1737 Belidore 119] AN 42| FxM A% 7150l 5 24 Wolg 2
MEA T 204 7] Z¥F France®] Y= #5& & 94F2 vid 30~40Mtong
AbEt3, UmR] 20~25MtonS 43T o] @A) Fichot, Moreau, Defour 5-&
double & triple 2A & AUt & HHAL A =3Pt 19300 = zg
A FAl Houille Bleue, Pres La Brosse7} @& 5t A& Aol 2qd 19749 F
1100MW TPP 7p¢te I FAZE 493 Yr14d Wedoldey ddga %
). Aber-Wrach TPPY] E-ZZ|¢F AT 1719l AAB] wFd 225

l

=

MI1&E La Rance TPP

Gibraty= 23 A 5 Rance TPP 14 ou|HEAIYG 4=, olvw] sjtd
TPPEAIE HlZ HESIY 2L HZ PHE A= old 2L o|&H 7]
o] ol R FEEE2 THHO], a7t FAF cycle ooz TxA
TPPS] §F5A4 A= F2-TA7|7F AAHI, 6-cycle -9 HEAFT §FA U=
TPPEHo] 7l 28y o] 4 sizdde 208 B8 #3-7eAE9 =
o] tl. =, A Vantroys, R Bonnefille, A Allard, A Rouville, S Casacci, L
Kammerlocher, M Caquot, G Mauboussin 5-0)™, Gibrat®] FZ3}o] SEUM (Societe
des Etudes pour I’ Utilization des Mares)o] HA Fox v o] ZAFH1, T4 &
EDFE HYHIATH

oj@A st RanceZ 7= £ dux dFE AZFeE ARHJG
Rance7}& St Malo AMZo A thrgo gz s=2v, 7} 379 Zo] 21km, ZA|HF
4.75~22.06kit, ZAEF 3~13.5m283d F7] HUzA), FF2FA Sm, YFEA}



8.5m, B Z2}(mean equinoctial spring) 11.36mo]t}, 7 A |- dFL O
184Mm'/s, S 110Mm'/so]¥ /% W3} 18-9400m'/s o]t}

Rance TPPZiAd<¢he 18903 Dekertol]l 9JdjA X202 AAHNUD, 19200 =
F5arA o] A ATt 1925 Maier cycle, Defour cycle(3Z=])o] AP 1932
d Rance TPP 7J}3AHSOMARA)F AP E AT 19401d SEUM HA@go g tzxX

Rarere JZtE 1 194233 E @22 50MW J) e, 19461 Vicomte-Aguilles7hH-&
AA3E 360MWeto] HEEIQTH 1951 Cape Brebis 208MW(BMW =22 3=x}

260, 7 5.65m) 7ol FAF Fab-wAs|E SEUMY ©@x2A Efdde #
gt olw) $£HF Fa-FAE FEUAT 194397 A % AFGHA L FEle
A3 got #3435 NEE IRE ALEFT

19533 Gibrat= 533 Fapidez §E5A s TPPRA cycled WHEFT
1959%d 77 Ao A full scale 2} dA7|] AF3 FAEZFHQA 9+ A3} Rance TPP
AAAA gAAAN AFHATt FR- LR des S 0ddA 320, 225
2492 E4 2AHUT. HLE WEOEZ 4km 07} 3] BFoTRE B
& 3t} Brebis7tollA] Chalibert’d-& A Briantais?} 7+e] 750m-t7H(Fig. 2.1.1)f A}
HAFA 12m, 34 m2a, A, 20 A7t EFE HHF FA 5~6m,
ool e Im AEo|t}. H<QF Brebisztol] 225kV ¥ A A9 2HE(65 x 13m)o] Agtol)
A3t

Powerhouse(Fig. 2.1.2)& &o] ®l A concrete damTZE vault-type A&
13.3m A9 buttress-pier2 A APt FALdE AFOE bulby Fa-LHIE
AN FHPeH, FEHolE 6cycle ol HF3tA 8] £ 2 30.34m(5.67D), £
Zo g 232m(4.33D)oZ TPP A Aol da A&=He Adolth TH7E&EF
1I0MW, 431 24d19] 42374 D=535m, 47019 7pdE8 3 A D71 (n=93.75rpm,
runaway speed 320rpm)E £ Fmoded @z} -5° ~ +30 "2 Z1HAE 4 U bulb

e AUy 2barE fATT A7) WY 3.5kvoln] 3 cable2 A €
ASFPLE B39 §4 WHLE dZH AL e Chalibertd 2 AFYAI(Z 0]
163m x ¥o| 25m)E AAHY, o|RAL HF AA AA DANA 3 g7t 320
oA 248 Ha ZAHEUAM A FHE W97 AAA F2E Rt

=22 Chalibertid 7} Briantais7tg AZA3s}B(Fig. 2.1.3), & Zo] 115m, 6@



L \ nactive dike Operational
ok

i —t

= i

C. Brebis

Fig. 2.1.1 Bed profile of alignment and plan of the Rance TPP

structures.
! 38.2 —
p150 o
13.5 BE";‘ EI_ I/\lﬂ a1 '}:Eﬂ
110 INeFros B —— |
Basin Sea
Turbine I
_groom
: o 19.0 I
En LIH L~ == 0.0 |___
| I ¥ -5.75
- 10.05) Py | _9.88
i g Ii-u,g -12.65
A 53,54 4

Fig. 2.1.2 Cross-section of TPP powerhouse along generating unit
axis.



flat wheel gate(Z15m x Zo]lI0m)= 13.5m =5 3N T 715 EHA HdAHJL T

FFL Sm FF BtellA 9600m'/s, FE NAX L8 A2 A 10E, FAHA

AT,

SREN i
MW,
o AN )

B L G

S NG

3 7l \‘\“.‘.1015'-“”1
AT R TSR \
yiavacarz= g
(7] coﬂerdl
[‘\\\ &!- b "
Esl\/l;Y‘ide\—
Fig. 2.1.3 Plan of cofferdams: 1 - sheet-pile cells 19 m in dia: 2 -
sheet-pile cells 21 m in dia supported by reinforced-concrete
columns; 3 - cellular cofferdam: 4 - lock pit; 5 - concrete

cofferdam with crest elevation of +7 m.

1. Rance TPP AlS

HAA AR FAA Aol & M & BAe RAd g Fr)HeE ¥F
e ZF0~16000m/s)7 F-FZF(2.75m/s)e] 7§ BEd XA A|F Felx
gk o] At 53-8 85, $8F gARZ 5 B3 Al7le Caquote] AL
AA AFL AT AF &M ZAY FEE o HA A, O g5
BZ jlEdole] F4RE 2z PA AHL 19619 39 HF, 1962d 114
&2, $F 71Egole 19613 49FE AFHAch sHETo] Zo] 300m, %]
20mE 157]9] sheet-pile cell(Z7 19m)FALE 19633 Atzlo] it

B2 slEgoles FYR AME A% RelH i caissonZ]H & AHEE A 7t

o] Zo] 600m, VG +14m, FA *¥Z ¥ abutment 240mi= 107} sheet-pile
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cell(27 19mZ 5% 7hEgtolel vl&an, /1B wo| FU4X AWIE +26mz
FREZ ok WA UEA 36m sHEEelE 199 284 958 ¥z

concrete column(¥ 7 9m, WA F7) 0.2~0.33m, o] 17.2~24.6m)O2 TAE I, 5}
i Fx2Ae 959 FA(600~900ton) (Fig. 2.14), AE FTZAE= AT concrete

(150tom2 dag FPEE ZFoh. Column 3}%9] solid RC(F7A 0.4m), upper

3.2
110

-~ T

Fig. 2.1.4 Cofferdam 21 m in diameter: (a) pattern of "comb’
arrangement; (b) column-to-cell joint; (c) column foundation; (d)
pressure profile; 1 - reinforced-concrete floating column; 2 -
stoplogs: 3 - cells of metallic sheet piles; 4 - rock bed; 5 -
overweight block: 6 - temporary bridge: 7 - sand: 8 - support
projection for stoplogs: 9 - concrete slab under column shoe; 10 -

foundation concrete ring under column; 11 - concrete-lines slope,
3:1 conjugation.



removable metal cover= oQIA] F¥HE A FEH columnd 1962 A sirte
St Malo dry dockell A} Azt Atk R columne o g 4% oj(Fig. 2.1.5) &
AR AAAA A=, columnd  ZFuletel] wlg] AX)® concrete 7]& ol o Q)
ropeg E F JUEF HoJ vk Columnd 1962'd 49 13YRE 1Y 23971x] 4
AR, 10doE & ¢ A1 47 A=A A F column HEE =2
HZ AR, 2 ok 15ton F74 3 100ton span beamO. & Y} Column A%
% columnAlol= 20~80tone] AH concreted] stoplogS <YAZ X FY,
sheetpile A ] ¥ stoploge A| A= Aot

Fig. 2.1.5 Placing of reinforced-concrete floating column: 1 - air
bleeding valve; 2 - river bottom: 3 - Kingston valve for water
discharge:; 4 - two steel cables attached to bottom edges; 5 -
concrete pad fabricated in movable caisson:; 6 - column being
placed vertically; 7 - column in position; 8 - winch; 9 - concrete
foundation; 10 - anchored barge.

AA ¢ Fig. 2.1.6, A& FAHL Fig. 2.1.79) &2z A A} 1962:@ 10
4 14(Fig. 2.1.8) 117 columno] AXHUS o 54 @dH L FF pitgd &2
7FEHto] wing wallol] 2)s) Q(450m)e] HwE o]3}7} Ho o]d A JloA
7 AL columng] AT E Y8t sheetpile cell2 ThA] BASFATE 1963 2
4 6% columnzte] S7) gape] A|HE dHFHo] 25%E Z=AHWEA 1.5me FF3}
7b A713 s AEAR AT #E7bES AFEA =itk 2 23 19639 39
2599 thERAH(124m)Alo= ©A] 0.8me] F=F a7} WA ow, a3 HERIF
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April, 1962
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December, 1962

\
March, 1863

Fig. 2.1.6 Stages of estuary closing: 1 - seven sheet-pile cells to
be later connected by sheet piles along arc-like jig: 2 - same of
eight cells; 3 - same of six cells; 4 - same of three cells; 5 -
floating columns 9 m in dia and 19-27 m in height; 6 - concrete
foundations under columns; 7 - 19 columns: 8 - 7 closure channels
18 m long each; 9 - 11 closure channels 2t m each; 10 -
sheet-pile cells connecting columns into pairs: 11 - sluices are
open.
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Fig. 2.1.7 Closing schedule (a) and north cofferdam construction
sequence (b).

o 15me] =27t 44" & Tk 19639 39 259 29 AR o BE cell o]
AZFHAL, 79 209 HEF sHETol9 uiAT gaps AT F(Fig. 2.19) &0
gdAz HEAHo] 1549 FAAN By oA Rance s7E 7HE ol
2 Jelzny 943 A9y $AL Ad Aggol RAHY 7B o] FAte
AEF dREe AA A4ITHA= JAH FHoF AdXue} Qo] EYHAG
1963d 119 W& 7}E9o] sheet pile 565m7} Zuta, 1 Wj¥o] 10has] zdHo]
At 7}ETtolst REHE M FFRE Ao 13,000ton2] sheet piled A A
A FAM Q] 31%, 450,000m fill(9%), 132,000m’ concrete caisson column 7]3, 2000



Fig. 2.1.8 Sluicing ebb discharges after installation of 11 columns in
north cofferdam (Oct. 14, 1962). (Photo: EDF)

Fig. 2 .1. 9 The Rance TPP powerhouse construction in central pit.
(Photo: EDF)



m 4% concrete(42.5%), 71€} 17.5%°|t}.

196614 8¥ 199 S FANE Bulb 157)7F ©HAE /A8, 19673 129 4
A9 245 717} 7HEEAT). Rance TPP Ao+ 350,000m'] concrete, 16,000ton
o] ZA, 275,000 m'e] AFHo] A2 =HAchFig. 2.1.10).

Fig. 2.1.10. General view of the Rance TPP. (Photo: EDF)

2. Rance TPP 2& Ad

Rance TPP 7 9oj= AHA Hxe 48 TPPEA  Ranced] 50u] 722
Chausey TPP7}'2 A & <] prototypezt= Folth. 12ly Ag Chausey A E-& ©}3
HAE A@EA X33 ok Rance TPPE o] AU LA Lo, A AAFL
2 2d TPPE J8dvh =¥ 3=, &5, ¢, Canada, = 2 TPP HE A}



Jol] mapx LA3A Fste A7l vtEFch Rance TPPY A7 Adle
80Mfranco] EAH L, o] AL AA HAdue 10%E AT

Rance TPPS] 7} ZE3E AiE bulb Fx}p-udbA 7)) sizoldt. bulb unit-2
TPPe] AFEHoln ol Xy Ao AEEYen a2 F AGA} +9
WAy Hope] BFAIHE o}F Atk 109 A 74F F Fxke] chamber T H
g7lol cavitatione 712 e¥ster. 12019 FargAlel  Cu-Al FFo] AHFHA
1, SS17-4% runner'd 7N, hub, distributor, SS 18-8 runner ringd] 2zt A& EA7] o
ojt}.
E R A FEELS 95%E B AIEE HJTh 1973-74d¢] £ A
cycle  SEA Q= FA-2ALE APy 9@ Aotk 4% ¥HF
507GWh(net)y= gl d7 SEAE 2ASFATt AFHs A F AA &
ge = ggAw 771 BAE ofy:, wH] sbE F 1975974 ¥l F7171F
55503], 75003] H] E7]&H mode2 B 7| LA7|AA stator®} rotor7te] A7 A
zo0z A7} BASGEY. old £89 Alnte W FHYLAAME AT
T e Zde A9 A 72, damper winding 23 § @AHAoY tEsH
ZAHAG. o] AFLZ statore  3HY FAlA 7HEE FAANA @AHOER B
AQL AN} 71E FA ARS Ha23E7) AA e LAY stator key
% 2. o] 74zt FHEEE 12~8%E U] £4& H2HAT BT
27 77 F SRAEIYS) LA mode FAE sHsdth FE )
110Mfranc(1983d 717 713)e2 HAT7E 20% F5AAL, 19833 28 F &
ArE 4 £A Folth 2597 715 & AFE s$e e =3E FEE
A s, TzES WS crackeld wWEo] itk El 8~12m 739
concrete EHE Y7 9] concrete ZEE IE fFA8D, A 23 IHE 2]
vy o o43Ee A 2AE 4ok

1962-72, 1981-82d0ll = acrylic resin cement groutZ TZE W A2 ¥ FZE
o) ¥4Ze 5 Uminz WHE FHI AUTh Rumer Erfe] A2 PlAE B42

stainless steel® H43}3L, paint coating® Ew®|9 &4 Fee A7 Ao g A

M

rie

ok WAy WAl 3789 circuit(127)] titanium  anode) S 2 FAEW,  runner
chamber, distributor rim, stator ring®} access shaftol] A =) 5ot}



AA) R o2 37 system Z, cathodic protection, protected paint, steel quality® 3}
R Ao & Ut W4T concrete I bulb EAHY Y AE 2FL F

1He2 FeRrt nE T

3. Rance TPP & &N

flo

BHE F TPP 38 FAsiE] By 71 59 & A% 212 foAn
Gibrat cycle/'d-& 43 & 4 QA =HAow, &4 AAHL Table 2.1.13 gt}

Table 2.1.1 Operating modes of the Rance TPP.

, Head, Generating unit | Efficiency, | Flow rate,
Regime 3
m capacity, MW % m/s
Turbine : .
- forward (direct) 3-11 3-10 55 - 87 110 - 275
(from basin to sea)
- backward (reverse) 3-11 2-10 ' 60 - 73 115 - 275
(from sea to basin)
Pumping : .
- forward (direct) 1 -3 6 30 - 66 110 - 170
{from sea to basin)
- backward (reverse) 1- 3 6 25 - 58 108 - 200
(from basin to sea)

* The delivery head varies with tidal ranges. So, at A = 7 to 10 m it varies from
1 to 2.5 m, the basin level rises by 0.5 to 1.25 m; at A = 6 to 7 m, the
delivery head is 1.25 m, the basin level rises by 2.5 m; at A = 5 to 6 m, the
delivery head is 3.5 m, the basin level rises by 1.75 m.

Fig. 2.1.112 Tgg dA2(@74, 5754 € ¢5HE vehiy 93 =4,
ZA 59, dAESHEY g5A 28 AF ¥WEF FHo|vh. Bulb unitd Cumberland,
Cobequid, Tugur 5 e TPP EIFA ZHE At A3, Kislaya, Jiangxia
AY AL E A FHo v

Rance TPP uHA cycled Figs. 2.1.11 2 129} 2t} & 9x £&834 FA& 49
ZAE A, 21 @M distributor vaned FFHL AUE FHANE F U=EF

F3 3A&EEE 9rpmolA 60rppm EE 30mpmoz  YrEr} idle

IAA A7
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Fig. 2.1.11 Methods of the Rance TPP operation: (a) spring
period, double-effect operation; (b) single-effect operation with
pumping: (c) diversifying of single- and double-effect operation
as dictated by system loads: (d) power curves for case (a);
(e) same for case (b): FT - forward turbine operation; Wt -
waiting; BT - backward turbine operation; FS - forward sluicing
(filling) ; FP - forward pumping operation; BS - backward
sluicing (emptying); BP - backward pumping operation.



discharges 27 sk QJaj2be] 49 Aol WYL A&AAE AF hE 22X F4
Tyolth e dsig 2ANY FFAF LamHAE BAFDY @ Az,
+E28 W57 A5t A7t YrlAze] Bastth ¥4 moded]d G4 Al
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Fig. 2.1.12 Typical curves of the Rance TPP operation in the
spring and neap tides periods.
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HAY A modes vHHA FY SUEE FREZ V= ok 2R A
H(H L 7FA/AA 7HFo] 201)dle Bt Be £9U9E BERE A3, BAF
v 1FI}A gt
2) 1975-82d, Fp-wA7] BHyRgjo]l z#EE AAEID, YoA] units direct
turbine mode LAY A HO] TE A} 7)(1973-75, 1983-95)2] HHA modes} vlm 7}
%3} th(Table 2.1.2).

3) 1983-95d, 48] ¥ 24 mode AFo] HAE, YA A &F F7lo)
ugt A @rle 35~37centime/kWh, BHA 4L F¢ FUZE HEXE IFH
o BF52 2 EF wAdA FF R g2t 74 wE AFFHA &3 mode

r\l

oy



Table 2.1.2 Efficiency of TPP operation in different regimes for maximum
income optimization (for 4 weeks of 1983-95), %.

Maximum : minimum energy cost ratios

Regime Spring period Neap period

1 5.7 8.91 1 5.7

Single-effect (action) without pumping | 100 100 100 100 100
Single-effect (action) with pumping 109.7 116.2 121.7 | 1127 112.7
Double-effect {action) with pumping 111.56 123.1 132.1 112.9 126.5

AR BZsd 292 A GRS 1% F7HEY, BEFALS 1% 71380
Az 7bAE& AZtdelmel WFEE, £ FFA] LAY o
FAL 2-10% F7E0 FFa&S gag =2 F9o oet 100-157%

faloine

Table 2.1.3& H'd &AL 3 1990952 98% 7}EES AT d A3
olF =tk A7A 2% 7tF FA Qs B §A o) 5%, BlAFA] 2% FAH A
o BE 71Z0g AQEE e EL & Helx A 1040y Y 9 A -
3%2 WEEH oA 189 =M WETHF t4%EE Agdc. a2y ojeg
HELS F AUz 714 HEE 13 £Yo B tE Jo] gtk

N

fr

Table 2.1.3 Operation of the Rance TPP in 1990.

Turbine Pumping Net Percentage of operation | Usage, | Avail-
production, | consump- | production, | in various regimes hours | ability,
GWh tion, GWh No-load %
GWh DT |RT |DP |RP sluicing
579 81 497 56 |5 (18| 0 21 6530 98
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4. Rance TPP &I}

18903 Deckero]¥ dA)7}A] Rance TPPE= %3 Bolo Z /148 3 %2
o 283 7159 A o]ABE AUtk Rance TPP 70'd AAE Gibrate] cycle o] &
o oA SEA U= bulb sete] Az ALYt 22y TPP &4 THAL
2 A ok ol e AFe straflo FAMNME w7FAIR A Annapolis
TPPo] AX&]o] Fundy TPP9] prototype 7H& Folch. Z2iut o] unit> runner
bladee] pitch angleo] A E o] o] EHEHQ dFexol Evbssith.  wabA
TPPo] AL WojAn, 4=, AUThelA bulb unite] 3 31t} Bulb unite]
ol e ok =2 jdle discharge. runner blade ZtE ZAFol 9% ¥ AE Toly,
bulb unit TPP powerhouse’= =74 TPPe] Rwlo|t}. Rance TPP F2A el <
53 goln], oz @ Ad 7§ WY £ Y& A FRHAG A 259 3t
overhaule 213l prototype TPPEAE BHEAUT Al A AAIHe= <F 5000
7} AL dRAeR JHEHTD Utk olFA st Fa-EAY] A A2
g Aloli, AlZWE RE caissonFYP S 2 Kislaya TPPAlA A&7 vl o} 1A

v AE 7l ET o
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rlo

zA4Hch Rance TPPE WA 5 Azt & ZAAH & ol
A RS st 1960t el & Y] 480Mfranc(58% 7171, 14% 7HE =)o,
28% TZE), 3k FRad v@rhe] 2580 eu, 19733 580Mfranco 2 ARH]
7} AEAEQer. TPP WA w7t 9.67centime/kWh(O&M 3 ~4centime/kWh ¥ 3+

AMerstel WA} 12.06centime/kWhi ok A1, 94218 9.06centime/kWhe} 8] 5238ttt



19903 TPP ¢} Yx}a wawrh= 27h 19.5, 20.26centime/kWha ®]:3lch TPPo]
O&ME 4centime/kWhol| A 322 Z+AE A 1995d F8@A 7} 6.2centime/kWh
= 19739 3centime/kWhe] 202 53k ol g U 714 WE Fole
TTPol Al 2] 3tAl 2H&-3l it

Rance TPP:= AEjEA oz HAsln], TPP 24 ot A2 e s70] =
AR, 2 A7 G450 AR d2Fe gring /A od 2
g =go] Brittany A el & 79 #HAXE F7FSIZIE ok Rance TPPol| thgh
EDF9] #Hrl= FE23% mhalt}, &, TPPE o2 2HA9-E tiAlsly 98 ozt
AlF)aL, 200097kA A2k WA e 82 2A3E FFEALAIGW)S A4

=

Aol wa}, Rance TPPE 3HubdS A8 diAlstH, atd4

MI2Z Chausey TPP

P2 HPAE Loje] djFE TPP /e o2 M5 A= ATHFig 2.2.1).
St Malo #Z Cotentin{te ¢19H-2 44 20m ojloln] @2 A3t ¢x7F A3
Qi A= 2m gk o)F An &A1& dAse 2AES 2ASHH v EFS

100GWA S ) 23 AANA 7] Mel& o)Fo| A%35 TPP 7l d<ke A 3t

-

v} rt. &, Cotentin®l = ¢I¢te] ¢ #lolS 115kme] WzAZ H3 x5 942
s Aln]g-2 25,000MW(I0MW x 25000))), concrete 200Mn’, 7ZA] IMtono] £

' ARG AYer, TFA Ax AH§F 10,000MWel visbd FuA & af
2o},

walA] 1942-58 o) o8] 7HA] AFE NEghEo] HEHAY (Table 2.2.1). ©]
S AR 25km PERAR EAA] ARRY 2A 540~T30kE 23l FAL
FEURIA] 23 8me] el Jd¢r @ w2 udHrh o] AFY2 Coriolis
7F Agoz WS Aotg o), 1921 d Mayere] ExX|¢H 1942-47%d3 Caquot 2}
At Sol Yrk. 1955-621d= @A ¢to] AE YL, WAl WA, Fap- A
A AAZ garAck 19768 AAlGAE bub 42 A 73-L 5.35molA] 8.2mE F
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Fig. 2.2.1 Alternative TTP schemes of Saint Malo Bay and adjacent

water areas: 1 - Chausey TPP 1942-1947, double-basin scheme,
150 vertical-shaft generating units, N = 20 MW, E = 13 TWwh, L
sep. emb = 21.5 KM, Lman dam = 23.5 km, H = 36 m: = 540 km2:

2a - Chausey TPP, EDF 1955-1956, single-basin scheme S =730
km?, Laam = 37 km, Ninst = 12 GW, E = 28 TWh, 2b - Chausey
TPP, single-basin, Ldgam = 33 km, H =20 m, E =15 TWh; 3 -
Minquiers TPP, Lmain dam = 65 km, E = 50 TWh; 4 - Mel project,
Lman dam = 115 km, S = 4750 km?, 5 - Mel project, Lmain dam =
110 km, H =55 m, S = 3400 km? 6 - Jersey TPP, Lmain dam =
85 km, E = 70 TWh: 7 - Cotentin-Centre 1982, double-basin
scheme, S =200 km?, Ldam = 69 km, E = 5.3 TWh.



Table 2.2.1 General data on design of Chausey TPP, 1942-58.
Design. Basin |Length |{Sluices: Units: Installed |TPP Cost,
Periods area, |of number x |aumber x |power, |yield, | x 10? francs
(km? |struc- |overall capacity, (GW) (TWh/ [(1974 prices)
tures, |dimensions, {(MW) year) | Civil | Total
(km) [(m) work
Fleury, 540* 45 225 x 15 150 x 20} 3 13 10 12
1942-1947 x 14.5
Velut, 730 36 100 x 15 | 300 x 10** 8 8 8 12
1951-1952 x 16
Velut, 1953 730 40 - 580 x 10**| 5.8 15 8 15
Bouvier, 1953| 650 33 110000m” | 452 x 17 7.3 24 8 15
Velut, 1953 850 35 130000m* | 800 x 10 8 15 5 -
SGEF, 1955 | 600 38 0 1552 x 7 | 10.8 - 18 -
SGEF, 680 38 352 x 85 | 1232 x 7 8.6 - 18 -
1955-1956 ' x 7.1
EDF, 730 37 35000m* 1200 x 10| 12 28 16 34
1955-1956
SGEF, 1957 | 730 37 30000m* | 448 x 20 8.9 - - -
REH, 1958 730 37 146 x 12 | 600 x 20 12 23 18 40
x 10

" two-basin system;

B, WEA, Fa}-8

3 ZAl olm A

(Fig. 2.2.2)& concrete A 8 %

** vertical-shaft generating units.
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Fig. 2.2.2 Double-level design of the Chausey TPP units: (a) TPP
powerhouse - unit for 4 generating units (78.4 MW): (b) unit
including 4 sluices (400 m?).
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Fig. 2.2.3 Minquiers TPP project: 1 - TPP powerhouse: 2 -
sluices.
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Fig. 3.1.1 Severn TPP schemes: 1 - single-basin scheme of
Wilson (1968) (alternative A): 2 - single-basin scheme of Wilson
(1966) and Wilson-Bondi (1968) (alternative A), inner barrage; 3 -
double-basin scheme with enlarged basin (alternative B): 4 -
double-basin scheme of Shaw: 5 - single-basin external scheme of
Martin (1945) (alternative C): 6 - scheme of Russel; 7 - scheme
of Hooker; 8 - sluices: 9 - generating units.
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Fig. 3.1.2 Diagram of structures arrangement, project of CEGB: A -
upper pool; B - lower pool: 1 - reversible generating units 2.5 GW
in capacity; 2 - pumps:; 3 - embankments separating lower pool; 4
- reversible generating units 6 GW in capacity; 5 - tunnel; 6 -
bridge.

Bzz $AAYLe g g F 54z FRAGNALAE 2 oS 693
RZAGL5kE AMET F2Ad $AZIE AXF g 3~5d0 ZA 242
AzAo wA71E A7 F4 Aduls ok £8000M(1980d 7HA7|E)em &
A7) £2060M, WZA £2000M, HE L FE  £1480M, caisson £ 2260Mo]t}.
NEDECOA} HAEAT WzA AARZOZ £10500Me2 F7IE1, HAG/TE
6pence/kWh=2 Z7}= 1t} '

Fig. 3.1.3a& Haswello] A BFhZAH11.6m)e] B2 SAEA1972d +
Aeholth. A 8AIRE 2F 2A71A A3t BEA 3 AR FAJY. 2
e 2F AR F2AY sl 2 FHRH6.7Im—2.13m)2 LHET ojn Bz
Ae GRE olg, 35 Fdld uigdth oF IAREH A A7A BHEXA
wnite I F4En F£9E -18m7tA F A3, FEAE 2F 1244 Jg &

otk a2l 2 849 cycled WHE3L7] 43 dir|@th &3 cycled FA



N //\
2 4 A
8 G Py ] Q. G
6 = A g P
E 2
4 //-‘\\ \> ya \ = <
€ 1 ""* 'E): 0
s 2 \ ko 8 12 16 20 24 4 hn 8
¢ ol A1 11l A N VE . _ )
g \ 12 ,\,\16 29 24 \6 hd, g 8
= "\i~—-—H El 5
= 4 4 T2 \ 1 g I /
% - # < A
i>’—6 e N | \{\K 3-12 : z / /\
5 // ~ 3 [0 4 A A
_8 A o 5
’ T~ BN/
-10 -20 o 5
~12 —-24 / \

(a) 0

()

Fig. 3.1.3 Modified double-basin scheme: (a) course of levels L in
mean spring tide, tidal range of 11.6 m : (b) and (c) power N
values in generation (G) and pumping (P) modes; 1 - major
(upper) basin: 2 - auxiliary (lower) basin.
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Fig. 3.1.4 Turbine caisson of the Severn TPP. Design of 1989,
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PRE-CONSTRUCTION ACTIVITIES
Approvals, Assents, Finance
Barrage Design
Environmental Studies B [ [N (PSR GRS (U [ |-

CAISSION CONSTRUCTION
Prepare Yards (6 No.)
Build Caissions

DREDGING & FOUND'N PREPARATION

EMBANKMENTS

CAISSION INSTALLATION
Plain Caissons - -1 - .{ -q-
Sluice Caissons
Sluice Gates
Turbine Caissions

SHIPPING LOCKS

SUPERSTRUCTURE & PUBLIC ROAD

TURBINE GENERATORS
Prepare Facilities A & B
Manufacture Turbines
Install & Commission Turbines

POWER TRANSMISSION

English Side
Weish Side
System Reinforcement
KEY W 1 Decision to proceed ¥ 4 One lock operational w7 Power export to English side (144 units)
DATES : W 2 Final approval W¥ 5 Caisson closure (English side) ve Power export to Welsh side (32 units)
¥ 3 Site possession ¥ 6 Barrage closure starts v 9 Barrage fully commissioned (216 units)

Fig. 3.1.6 Construction schedule of the Severn TPP. Design of
1089.
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1990 R wo] 71F 4% XA Loughor(SMW), Wyre(63.6MW) 2
Conwy(33MW)oll Wt <HlElFAHE AA SR ConwyA| YL Wales 317
Z 150m, 2AWAH 55k, dlRa 6.5m, &z 38m, JARKF l4m's, HHRH
590 = AF@zol 2L W ol 71E $AMT Ayt /MR, A £8A%
T 7hgtth 39 Wyrex] -2 Liverpool 8% WyreZ 3}7-oll 9A18t0] /w4 450
i, BFGE 66mss, Blnd 2 ZHHEA8.2m, 2%AF 45m), ZAHE 96kn2
pilot TPP XA o2 o}F F& YAxAL ZFudvk FaAHA 62m, Au&H
63.6MW(15.9MW x 4, North site), SzH2dF 13IGWh(FAD), 420 £90M, &zl
thr}l 6.49pence/kWh(ZQ1-88%)oltt. F8 TEEL 270¢] concrete caisson, A
6.2m =3} 4], 8 103, o]k 274, F&d WA, A% sjgA el 317, control
building, visitor center, =71 G o]t}

o330l A Severn barrage, Mersey barrage 5 Ul-8-3F TPP 7l'ltol] A
A2 Hlwz Eglo] A& Wyret} Conwy pilot TPP FE| HAL Al&stes Zleo] ut
&4 sl
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M1 & Passamaquoddyft & Cook Inlet

1. Passamaquoddy TPP

o] TPP7)& Passamaquoddy TPP A}d(¥™ Quoddy Project)®} ##o] UL,
Eastporte] HFZ}E S48m(FU 2R 7.95m)E v]= FH diAd AddlN 73
=1, Passmaquoddy?ts} Cobscook¥H(Fig. 4.1.1)9] W& Zz} 355km, 9Skmo]Th.
1921'd D Coopert Passmaquoddy¥tell Decker cycleZ Bz 2} 9H(Passamaquoddy ¥t 1
%%, CobscookZt A Zx)L At 19259 B2k AlgA A4o] vl= W
A AgHRes, 7 & 1935de]E Cobscook¥roll ©Z ] ©F 4 #H(210MW)Rbo]
A== A

1935:349 t237)o) Public Works Administratione $37M9] d4ato 2 A&
253 01}, expensive whim, economic folly & W&o A4l ®l#-g L. F
30MW] firm capacityS 913 Adul-&=F 280MW, At wzA, & Fol Fad
oo, AMTI}L $2000kW, THG7} lcent/kWhe 8 AAG7}F $550kW, A G}
0.187centkWhe] suidch 1936 d HAAMFAL ZEHAS o, FAF 3ol 50007
& 583t AAEY campg} A ) Foll WAL oW Fx8 FHAoH,
% 19414, 1959-61d0 = A AEE v} Ut}

023 AUt ¥F ZAETY FEME G2 AT T 99 (International
Joint Commission)7} ZZ =1 $3.9Me} djito] viA o], 607] X HE& AE, Aul&
2 345MWZE, Rankin Rapids §-2'HA(460MW)St 3 At HEFO U 7
AR Ak o] BuA AE F &G el 1965359 Kennedy thE 32 A2l
FRTL, FFHES AU F ARE FRY IGWEFe=E FAA U=
Arete Sk 28y 1km #EA, 100m 44, 2000MW BEFS 7k3 23
o 345MW Bzt A A 7bsAel YA

19643 A} bulbF2E 423 tubular unito. 2 sl &F= IGWE 7]

ANHE

i
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) Pleasant )
@EQ)

Seward Neck

Lock,(G), Eastpo}?im {GC)

Filling stuices N, : !
(G) \‘Sj Vs : > < X
(GO) o~ Trit Island i . \  Letite Passage

Lock\b’ 3
{GEC) £

Fig. 4.1.1 Large international double-basin scheme of utilizing
energy of Passamaquoddy and Cobscook bays and alternatives: 1 -
filling sluices - 40 sluices and lock ,1959 and Cooper project,
1921; 2 - dams, 1959; 3 - dams, 1921; 4 - dam and lock, 1921;
5 - 50 sluices ,1959; 6 - 70 sluices,1959; 7 - lock,1959; 8 -
dams, 1959; 9 - sluices, 1921; 10 - lock,1921; 11 - dam and lock
,1959; A-B-C - small double-basin scheme,1941; | - small
single-basin single-effect scheme: G - Copper project, 1925-1935
(Cobscook Bay - power basin); C - Fleming's commission project,
1936 (Cobscook Bay - upper basin); GC and GEC - common to
both alternatives: Il - small TPPs in Cobscook Bay: 1 - Berg: 2 -
Gooz, 3 - Cable; 4 - Cooper; 5, 7 - Dadly; 6 - Half-Moon Cove.
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A WS AL F Au&F
1,794AMW, A7bddeF 3.6TWh, A A& 800km Wo]x New England2 £ &
AgolRnt. 23y AAEs) $610kWE 712 FeEdd AMWrtY 3-4uu} uH
Hlge] o] = ole BExA)Rlegs REFL FRI) o|f3A i,
A B2A, §FF5E, 345kW Ho $H A 800km X3} F ko] @sirh o]9}
Zo] dHAY gl EXxALS 1A 2 R B4 2] Aol =Y
BHE T8 AA 25l Y] WEelAdrk wakAd Quoddyt TPPAYS
=S ESe T4 Agsh dte] RAAYD Roosevelts} Kennedy ¥ A2 )EHE
o] ddF AZL JAE A EFyoh

19703 ) oA 94719 a9 2N ADE ARGS9 &7 FYol Quoddy
gk TPP AZEHAT. A71M % Ad whAl7] 5 w29 TPPARS XA ARd
BZ2A%E AAs 9097 Aol tid v @ BxAde HES 1979d F
R B Bz ddust Ug v g2 x| gko] A9 5 Atk Cobscook 3
WA 4ol 10km, du]&3 110MW, Azrdbdek 338GW, B/CH] 0.55-0.59, ¥HA ¢t
7} 6.8-6.3centkWhZ ZA|Ado] llen, 71Edo] 2] oz 1 AR o
< o3tAZ o

Pleasant Point Indian Reservation®] 500 7}7 FREL ) HAXRE 2 G o]&
e e #E& 714 f2ov, Half-Moon Coveoll thdh 43 TPP AMLE o}lAE AF
Zolth. o] A2 19813 Passamaquoddy Power Commissiono] HE 3+ u} gt} % <)

23 Dickey-Lincoln School 484k 4 9}

4z ¥

H

rlo

T 363mE AFste AhEHF 38GWh, Y] $34M(1979 7HEF71E), ALY}
$5700/kW, FHAGE7} 6 cent/kWhi Cobequid TPP $1580/kW, 2.7 cent/kWhels o}
HzHolrh. Z#y o] A9 diesel AT} 7.7 cent/kWhE Zotsld zZEwd g
128 4 9o Half-Moon Cove TPPXE pilot plantZA] 2u)E zHA & Ao|c}.

2. Cook Inlet

1961'd Bernshtein® Knik, Turnagain Arm TPP 7)¢g Atk A7) = ©he)
27], BF, zxah, A¥ FE 7]eo] v AR Sol Lt Cook Inlete F
21km, Zo| 370km, 3 3100kw, Turnagain Arm-2 Zo] 21kmo]t}. Port Grame]



TZX} 4.39m, Anchorage 7.65m, Kustantan-Nikishka 9.15m ojj\jx] Rz egro Z
75TWh o|t}. 19723 Wilsons} Swalest 12.5~18.6TWhZ FA &t} 1975 Stone
& WebsterAli= Cook Inlet 167} XA FoA 7ol ek 370 A H(AL, 750MW
@x7], A2, 2600MW TZX], A3, 2600MW E2Z|, Fig. 412 F2)S A% AES
A3 BAAol AAUth AHG7} $2600kW . Bradley S2ebd AAG7} $700kW
Hop vy, B3 233 AR, dY, oE 4], A9 £89) HT 5 AFHo
ARS8 2 oF 3 ALALA Y GFoiE AY, F4 AR F YA
thad] FAAZE L= F3hasist ATk F 19801d71A] Anchorage A A g
8 28TWh(ZI1E)E 298}7] 93] SustinaZ $ZPLAA(1.6GW, $5000M),
Bradley &+8¢d4 AMAY Fo] =d=HA} 1981'd Acre Americarl HE ZA3}
Al, 1.44GW(4.03TWh, $3800M), A3, 1.26GW, $4100M=Z HAA W7} $3440kWE 1977
d 2} vzttt Alaskad) A TPP 1AL of A9 AY 8¢ dFowy, o
Al e Caisson FHEYOZ FAHH LS AEstn AY 89 F&2 5
AU AEZ ozt

61— a4 N

IW.[Foreland;
1 Bayof
601 Chinitna (Kustaga
’ Nikishka\ 227
Kachemak Bay .~

]

59"

154 153 152 151 15

Fig. 4.1.2 Alignments of possible TPP construction in the Cook
inlet studied in 1977; A1 - Knik Arm; A2 - Turnagain Arm: A3 -
Turnagain-Knik (double-basin scheme).



K2E Fundyt

1. Fundy TPP-1969

Canada Al <4<t British Columbia®=¢] XX+ Portland 5m, Jervis{t 3.5m A%
o]}, BX €<t Hudson, Ungava, Forbisherqt ¥-mojA] Bz} 58-88m= AT}
U3 o] Fundy9he Zo] 265km, % 65km, B4 12,850ki=2 32 o=z 1+ g
T-olA 2= 0.6~15 moly Frlolde 16.2m= AA Huleldth. 19 BHE 7L
2 8C, 44 %7 45m, $11(1% &5) 8m o|t}.

o] o] Z&A/NLL 191213 Turnbullo] Memramcookd} Peticodiac}d 3}tol] AR
o] BzA sfuehE AP, 1944 AcreAbs AUEF 200MWE AR
1944'3d Nova Scotia Power Commisiong Maccan-Hebert 7}l 39MW E 22| ¢Hg- gt
k. New Brunswick 5= gH= o] 9] Mg oifx] A-4-E 73] Fundy
7 TPP Nwre] FEEA =HAth 1961 TrenholmE Shepody$r Cumberlandol]
1.8GW, Minas Basinell 3GW TPP 142 AIAIFITh ] 450MWH ©2A]4] TPP
o} R Al EALAHNE AtE ATk 19621 Shepody?t, Cumberlandgtol)
900MWo] AFE O F AFxA A3 18GW7HA F7HE A Fundy 92 7]
£ MIS System, Hydro Quebec System, New England X%} Q14 3}le] -8 TPP
Mol felstct & wt 97 Al sbd 77GW, Minas Basin Site 70 26GW, Site
39 64GWo]t}.

196613 89 Canada €'} X, New Brunswick 4% U Nova Scotia AR &
59 3 ATPPB(Atlantic Tidal Power Programming Board)E % 2], AFjid] $22Mo =7
Fundy?t Aol tigt 5 =4 2 Jid AAS 3le] 1969 Fundygt HiiA 695
Azt o] AHdeME 7 Adiel 237) AHEFig 4.2.1)2 AEIHoH, 7t 9
T2l Site 1~-4= Z¥ 2FS 2AEAQ Wt me dFol A7|wEl 712 E
i, g % 0]9] ShepodyRHA6, 1.62GW), Cumberland7HAS8, 0.97GW), Cobequid7HBY,
2.17GW) AF & g JF5HQ HEZ AT AA7IAe 31 Bd7] vHFe] A
B SR Bde] AsEHAT, TPP 8 A8 A5, A& 7% o v wHa



7} S.6centkWhi stedde] Fuluy slo] Aol AT E3 sHEeto] R e
e} o 2 CaissonFHHT 10% ©] v}

Annapolis Royat

N
)

o2
&0

. 2.1 Location of Fundy TPP sites: 1-7 - project of 1965;
, (.2, 8.1 - project of 1969; Al-A13, B1-BI0 - project of 1977.

2. Fundy TPP-1977

19739 AU stgog ntdd f7i7h 2604 3302 EFsle] MIS HAAE
o 48%%E A ek Mf slEude] duw HEdo] A4 Fundyst TPPE 2 AES
At o] ALY 42382 9}8}e] Tidal Power Review Board7} Z2Z =511 Can$ 3.6MOo. g
1975 12€ 39 2= 19770 1Y 9 o] Aol ME 1969 A B A7)
AMHEE D 2378 A Fo)lAM 370 A M (Shepody A6, Cumberland AS, Cobequid B9)
o] AU, GFA wAd ¥ HES A Cobequide] 7% 7.56TWho| A 12 TWh=
Z7bslol BRAH usaAT. w3 HEAe BCHE BIS 107914 081, A8
0930124 0812 Yoz thg WAN AHES 28ch B9 ¥ A8 Mulgae
Fab AAL R AR v1ed AW, dA $F, AAETe JHslz o AZL,



Caisson 2¥ o £go2 AAANL o /459t A8 TPP Powerhouse Caisson A
21e 54 x 47 x 41.05m(Fig. 42.2)0]8) Eol& F=Ald] wet Wt I TPPHYH S
MIS, Hydro Quebec, NEPOOL AT #Ysle AF A= AJEHAID.
TPP A& MISAZNE A% 88 @ 4 9o22 A F NEPOOLAZA &
Ast] YL HHEE STk TPP 28 WEo wet 38, 59, ¥R &
A SART ¥ BEAZ ok 19773 A ZEL Fundy TPP /e 7|&3 o2y
AAH oz BgAel o, HAdE ANSH TR FRAE WuE <&
G gol At

Basin

=R

| 1525 ffj |
= ¥

- 2

Fig. 4.2.2 Cumberland TPP powerhouse caisson.

3. Fundy TPP Updates-1982 & 1985

1977d HaANe FAAQ A8 TPP 4A, 71¢ A, ZAAL T AHdAntd
2 g3re =g}l = 1982 @0l NSTPC(Nova Scotia Tidal Power Corp)7} ¥ =



1, 19779 Ruae AAE 2 updater} UATH 19779 RaAMoAM AZY F $
82 MISo|il o} A& NEPOOLAZLZ FEEHAT F3 F7HEL 7|t
7%013t 2 3-3.7%°]th. ZAAR FFES A3t 157] 7MEAEE 3 2548 Ao
AB71n YeAle dAHeg 7HEAA, 7] 7HEoE AYH
t}. o] Al ME Severn TPP Al 9] MEE HAE At 3 FHo] F7tH
I variable speed® ZAEEATE Powerhouse AA oM E - LH7
a2t WP ez FaodAy) AAVE AR E WdE ZEHUC
A AulgFL 486GWGETMW x 128th)old, LA 7] d+E s2W THFL 7
AR, dAGslz o BaAEZ oggtez HHEA . Sraflo FIE
Annapolis TPP & ZA#E ¥4 & thA] HESVIE AT

Cobequid TPP(Site B9):= v &3 4.028GW (38MW x 106tH), Az AL

i)
P’
¥
2
o
K
)
e

12.26TWh, 719 distributor, &2 E7 runner 273 7.5m, A ZA3} A4 58.065rpm,
AA 2% 435m, A SASFF 1.66m, HA T 486m'/s, Caissond F3 3t A ]
33 4L 25mo|th. FZE uiX|E= Economy Point?} Cape Tenny 8km F-37hol]
powerhouseE A X|3}3, UmA] 3te] & caissony} WRAZE HXHB, 2AHA
2 & 264kro]th. Cumberland TPP(Site A8) AH] &2 1.147GWEIMW x 39t)), <
2 A 3083 TWhE 19779 H3A] Azbsh umE Table 42.10] EASo] ek,

Update 822] AZ92. 8 Cobequid, Cumberland TPP A2 71& 3, ZAAHCZ
alch o2 A ALY e B/Cul9} vlmalH TPP 2.58, €92+ 2.05, 38 1.470|1,
TPP 9 7532 39 30d Ro {3y, 87 A Fust o
b2 A4 gigte olyx] &ao] AT, 7t £4L AAAC o F
F Z A8 Wete] E 4 313 Hydro Quebecdt FZAEHE James
g n# & 4 Itk Cumberland TPPE £Folut ZAA WA
Cobequid TPP Rt} E2latxet 7 #E HAANS FH 2 QA Fdo]
g HolX 1 AT A £97F Bk 1 5 update 85  WZHIA}
ALCAN(Aluminum Company of Canada) FX 2 Site A8c] i3l 7|&3, ZAAZA A
S AEAA HESAUT. o] AlYdelA= CAES(Compressed Air Energy Storage)
System, ¥4 FELAL9 dAste WdE HEHUD. o 2IHAE AR 544
ol Stage 2 ZIE AAFPOoY f7) 3E, W9, 43 ALY s T BAA

ol
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Table 4.2.1 Comparison of Fundy projects of 1977 and 1982.

Cobequid Cumperland
Site (Site B9) (Site A8)
1977 1982 1982 1982
Year (Stage I) | (Stage I
Generating units;

- total number 106 106 128 37

- standby number 6 6 8 2
Number of sluices:

- shallow 60 6 70 -

- deep - 44 22 -
Length of alignment, km 8 8 8 2.5
Generating unit capacity, MW 38 38 38 31
Installed power, GW 4.028 4.028 4.864 1.147
Net power, GW 3.8 3.8 4.56 1.085
Annual power output, TWh 11.766 11.766 14.004 3.183
Capacity factor, % 35.4 35.4 35.1 33.5
Cost, million dollars:

- total direct cost 3432 3524 4011 1153.2

- direct cost (includirfg interest 5873 6017 7030 1879.3

for capital during the period
of construction)

- Annual charge (including 4.75% | 324.8 332.8 388.8 103.9

of investments and cost of

renovation with discount rate),
Cost of energy, cent/kWh 2.76 2.83 2.78 3.26
In prices as per 1976 1.79 - - -
Benefit-Cost ratio, R 1.2 2.45 - 2.01

Note: Cost indices are given in 1981

times.
subsequent inflation rates.

prices. To allow for inflation, the cost of the
1976 project, which was estimated in 1976 prices, had to be increased 1.6

10% annual

It should be noted that indicated cost does not take into account

With inflation rate the cost of

construction will become 4 times higher (with 12 year period of construction).
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4. Annapolis Pilot TPP

1961 NSPC(Nova Scotia Power Corp)> 37MW3 TPPZ Annapolis Royal 3]
71E wEAC Addste WS At dAdH "HolM & dHzel Ao
A % o 2y Fundy TPP B2 /g JFAFIL &R 20MW
Prototyped Pilot TPPS] #AAE 13 3tA HUch o] AFGE 19813 2 1984y §
9 259 z3gon, A4 FAPIE Can$ 46M(AWAHF ¥ Can$ 2SME
HE dd=dou AAlE Can$ 60MZ FA =)

WALE J1E S} FROE £zl A5etel FEA 2AY ¥4 3
FE BA ¥ F Ak o] RO =ML Y 2A 8.7m, HFZEAF 64m, LZ3} 4.46m

olt}. 7]&9] slide gate 2HL TEA|o] B8, BHHL FF 500m/s, o]E 80w
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Powerhouser= HogAl Zo] 30m 7}E=o] oA Al ZJAchFig. 4.24).
Powerhouse Z o] 46.5m, Straflo 2} (F7 7.6m, 14 7] 8)E Montreal =30l A
A, Z2YEo] HRF7A bargeZ FEFHUAT AT 71T 33, EEFAL 207449,
Fak AR 2 A 287190 289U AL 69kVE Nova Scotias A 8 A 5ol
AZAE 3 100km Fo}Z Milton control centers]x] A=t} Annapolis TPPE H) 2
TFEE ZAT prototyped Frpol= g o g Fundy TPP F3} AFA AFE 2
2 ATE 7 UL Aotk

Buolo A TPPAFY-S 19124 Amherst?t 22X%] 7)ot ola] Quoddy TPP A A}
d FEX71(1936d), 4+ zkoll 23 Fundy?t TPP 7§ €134 ZE, Annapolis TPP
FF(1984N)71A] 1 ARG AXNEA BExAH 4 S S@3Y. olA @xA]
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Fig. 4.2.3 Level variation curves in the basin (1) and in the sea
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Fig. 4.2.4 Construction of Annapolis TPP.
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HI5& ZAAIO

H1E He

Haloke AL AN F7] A gep BHUYE LAY Aejolh,
Chemobyl 9178 WAt ¥ AL F A28 BAANYE 47, Ao Fege
®oolue WAl Ay S Auto] Wi 165GW, = 907) LAAe £HO| FA

000kWhe] Fuwk A xo|t}. Chernobyl Al & A
a1 3 Fdo]l & Roln, o]A Aol AW YA
LAY iAo A AA2HA AEZHD Yot HFPLe He AL Y8 B
FHE &80 33, Fal 7tAE divldeg wEse )9S JEAT
gHAlobol A LMo R dUA FAE S AAY & AW G A
FAUAE ¢ £ FF NG 33 + Uk
2iAlolol A TPP7&& Lyaknitskyol]l o3 Xgo2 Ak, 19268 28RS =
THAME o5 &S aMst FU AT g0 dig dwrEe Ass
o83, 19383 Shuleyking 12 HA LGB oH Z&NLS L7}
oMY 2HPEL WS ZAL TES 71F F AAzdo] 9o v B
23ttt & Mezeno]u} Tugur®] BFZxa} 5.4my Cobequid 11.8m, Severn 8.3moi] H)
st W Woz zYsde FojEo] Hu Ut} o]y d@g FE3] 93
FEA FAL, FxRE AAVIeAME F FAFIY x=Fol AUAY. Lyakniskye
1935-40\def] A8 ALY AP Alge ddo g MIMHAE 1 19353 Peteryaknin

==

o] Mezeng AAPch 19353 FE]= BernshteinF =3}l Hydro Project Institue$}
VNIIEZ7} $HAGAL, AHA%, $- 247, Kislaya TPPA 4|, Kolskaya TPPAE A 5
& #78 gvh 2 ddzde W YFEYolw PFEAE Kolsky® 24m,
Lumbovsky®t 4.2m, Tri Ostova 4.65m, Mezen7}3} 7 6.6m7A T o]}, Okhotsk3l -2
Penzhinsk¥te] HZE X} 13.4m, 3% Tugursky9t 9ImE o}F & otk a8y



Fundyg} Moncton®] HthZx} 16.2m, SevernZ} 3t 14.5m, RanceZ} &7 13.5mo] H]
28 = Qo 2gu Aoty z2¥olUAl BREFL 270TWhE AAMA &%
o] 13%E AA|%Hc).

M2Z& Kislaya Guba TPP

Kislaya. TPPE 1938 Bemshteinoll 23] 2oz A(HAT. o AH
Murmansk £ Aol AAsS 712 $HFe) /Mg 2AFH S} AL ¥
2F He ugozry AFLAAL HHo] 7tk o] Yol= MurmanskAte]
zZte uho] Oid AEAT AAA, 71E $£3479] A W&o HAHHA

Kislaya Guba: Kolskyt =9 F& E5o| ¢ X3™ Murmansk 5%2.2 60km Lz}
o}d QITthFig. 52.1). o] X9 ZAE 1.1~-39mE Fa- 7] AP g H
5 guso) WA $AMAd BE o A APe] sheE, &2E MY
£ TPP A|A =9 Strangford-Lough TPPA &(HF %2} 3m), Annapolis TPP(thZ2}
6.4m), TlFE TPP 7| A3 Severn TPP(HFZ 8.3m), Cobequid TPP(H T3
11.8m) XMt} 2z}

Ura Guba %2 Kislaya Gubat Z 150m (ZtZA] 35m), Zo] 450m, GO
thA] ZEo] gold ZAWA Lik, 2A HulF4L& 35m ot o] AHL Az
= wny e8alx dgde AEsn ¢t gtk YT 04T, HuVE
300C, HA7)E -35C, AWF A4+Z S515mm otk EEXN HUFHLS 3~

3.68m/s(IL- A ZA 1.54), Hul4F oF 340m/s olth. 2AHL ¥ dF 2P0 R Y=

flo

=

2} 323m, FFRA 227m, AZF L6lmolty. Z2XAHLE ZHd we} 0.97~ 1.5k
2 W\EsS FFA 091k FA), LTi(EFAHE o 2A b @ d47=
WA Z BrRe gEoz ALdr AWEHA @A, ZAUE 60~70cm FAZ 2
WE YA, gk A4 F 50~100em FAE X9 RS AT A9
Aze n3E 494 HAZEY, A, shell-rock)F77F H) Tmoll ol=23 gk

o A o Y NBL RS FHE oF:, $HS 2IvY YolE o

23 Qo] 72E WX, 283 52 powerhoused 3], ot 7 HA WX A
ule] gttt % dotdls L9MAL, FAF, T3, FFE, BEA Fol AW
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Fig. 5.2.2 Layout of structures (a) and general view of the Kislaya
Guba TPP (b): 1 - TPP powerhouse: 2 - berth; 3 - water-level
recorder; 4 - storage tanks of fuels and lubricants; 5 - power
supply and communication lines to water-level recorders: 6 -
apartment for attending and research personnel; 7 - sport ground:
8 - children’s playground; 9 - vegetable storage; 10 - standby
diesel power plant; 11 - switchboard room; 12 - open distributing
device substation, 35 kV; 13 - external water-supply pipeline; 14 -
hydrometeostation; 15 - power supply and communication lines to
water intake and basin water-level recorder; 16 - storage:; 17 -
water-level recorder in internal basin; 18 - cathodic protection
anode: 19 - power transmission line, 35 kV: 20 - communication
line; 21 - abutment dams: 22 - gate storage platform; 23 -
internal roadstead berth; 24 - cathodic protection station.
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(Fig. 5.2.2). ¥4 Caisson A YL 36 x 183 x 1535mo|¥, A& 2 FA7] 2
g7t Ax" Aot 1571 B Neyrpic-AlsthomAl AFolx 2571 FUi
A 7hd £Ego AL AN Aot 2y 257] FEi7t A X &
ok %7 $d7] Age 157 A4 a5 qAsr2 24 e 2%
7] AE Z7ll= A7]7])7), Aojuke AXEHYR penstocke HZE F2E FLF

Cdbd A FERAE ey H 2 concrete box caisson(Fig. 5.2.3)0.2, vl slabd
183 x 36 x 02m=Z vldslab =9 7FAAE S HyPsin F MY 2 HEAAEE
et A Zolz AR WEE slabe 157 AR 7.5-8m FE Fold A Fo]
AT WEE AR slabole HHAEY 43X 2 FAS A% FHol Y2 2 ofd
WA D sbole LRI, AFA2D Sol AAGLh Skbuols BHAH %
A7 F27b e} Caisson WD 2 FRAAEL HAAu # R WIS 1
st} Adule) A B A, §ol@ 24, 1YW FTAYE AR FRA} IS
Ao Fzade 14 AW 9o BiUWe 2t 5Nz B YAt F
Aated 6 AW AL el Lolg ANE WUk FREL dY A @
"ol Mz AZ¥ 7234 49 ww 3349 P22 AAHUG. FRALWLS V Z
Viasovs] MEMSe] 9@ Aoz AW Wye) JL nAAAT A 17
& mz FE97) WRol wu Yo wye TAYch e My Waol
w99 7454 Yolgol Ber Jent o stk £3o AFE PRI of

wpe) exel 9@ Agdl W@ o&H, 494 A7E FYIAL ol
§ e=a HEd JEaue goltgos 20T LEAS st ARt

APRE Visovs] o2 LEFHE DAY 4 UES HFY Yoz 53
AT WolAge) ARSHL MPa =X HATh FREY FF I Lol
st 2o} FAo] /A Aol W $F WAl WP AF A% ANYF $Yol
025MPa =2 & ZSolT WAWGEL zelstd Aol WF Augol o
11-13% A= F718L & & Aok CaissondH-9] & AA3L7] st #A)
E 23 fads AZAFAE SeomE coating RIIIAT WA S A Akl
F713te] Aol FAHsFH FELTYE ALAT

Caisson-& 1965-680l Kolagt ¢t 2] oA A =5 it} Caissond FHAIHS
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Fig. 5.2.3 Longitudinal section of TPP powerhouse: (a) along
generating-unit axis; (b) along sluice axis.



AAA pitdl] E& N9 caissond Bol A4, olw) T4E 832m, WSES 5200t0n0)
R} Dock pite} Kislaya Guba ¢JF EEe¢] gte T4< 33171 93l pontoon
= F#3o] caisson®] E4E 6.5m7} HAt. 19683 8¢Y 28 winchs} g2 AlS-
dte]  AukAe) oIl F 2000018 AN 2H 3§ H o) 59 dUHo R 60mile
"ol A Kislaya Guba E.Htx]7}%] 19A]1ZF Q184 ThFig. 5.2.4). 18]l3 caissono]| &
| winch cableZ hyle] 1A H eyebolte] Foluit}. Caisson AANE Lo A
APt 5+ AAol vzl Fulg B 71z Yo 71}kl T water ballastS w2
2 AANG. 2A AY 23 o7 3% 2A84 A7 2 A gL A
AR olatgon o WEYL. = pit A4 F WA AFe e 3~4kNY A
A3l S7hE 0] 20kN7AR] Fkgl o HAA o3tk

Fig. 5.2.4 Caisson TPP powerhouse in the roadstead of the Kislaya
Guba.
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Kislaya TPPol] A x]® bulb unit®& Neyrpic-AlsthomAl A F (=2} A7 3.3m,
N=400kW)o.2 S¥ 7bid7l, 6-cycle H(F W TA, 5 2 wig)ol 7Hs3t
31, Rance TPP&}E €8 3} IAEE 72rpme FE7124 600mpmo g F4A)70

. %70 Kupprlk AFo|D] olF We $£5(05~25melNE &Ho| FhsH,
AASFE 128molth, Azt HAPLAF 12TWhs MAX) BTt 10% Bt 337
o] AA EEL AAX Rt I 71 HAk. & FT moded]A] Hd=1.28mA] &
He HZX 400kWE =73 410kWTh.

MI3&E Mezen TPP

MezenHFig. 5.3.1)& Ao} § At Fo Ao ¥ Y79 Hadh
zae 537m, ¥ FojolA 7.53m(FdZEA 10m) , Z2AWFH 6451k, FE
92TWhE 2"t} o3& olm 1926 Lyaknitsky w47t ZFHA ¢S Aoy}
AEE Ad 242, FHAE, AN AY F0 FFHoe o] Ak 7%
gk 2y FdA duisd, 44 Jleid, 19 2 F7kd wet o] A
A& 19353 Poteryakhino] &2 AA@ o] Tolstik-Pyya(2.2km)ol A of =2
Abramov-Mikhailovsky(90km) A A3 19833 wiz|o g AAHAG. e A
Z7A ZAbe AL Fubhaa #Estd AlFEJo 2§ 2TA A @
#E . A& ZAME Northern Hydrographic Expeditiono] Al&gs 1 H
Lengidroproekt7} A& o A7 WE £ RAE Sm, FojolX 7.5mE AR
S22 1~1.5m/s, Semzha-KamenkaZ }7olA HREZHE FE= Cape Mglao)A
5~30g/m’, Cape AbramovolA] 10~65g/m'E ZF71&1 sjie wf Sdwith 12~
15km o]E &l webA 164]7]o] AAHH MezenAle A& 2.5km W Fo| AT
th. A APFEEe AT W AF R JFS Fo] dxE TAL 9%, FE 5
A7 71802 HEH AL FEF TPPY 3FE FA HI FAe HAF ot
2" $a uwFo] Barrage 1X(1983-91)%to] ElE & A 2t} Powerhouser ZF&
g Aol Zurgglo) AAgus F4o] da fln 4 HAH e UBHE
AR o) 2Fe] Y FPo| AR TPP LHA 8L «F37] A8l A
z7 AN HAE o|F(Barage IX) FAEY Fe WEA| FFF(powerhouse)



C. Komushinskaya Korga
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¢ rerstny Y/ S0
. C.Mgla
. C. Kharin VI : L
; s _ R.Sémzha . -
C. Ba@!“,{ C. Karagovsky, St R £ e
o )
- C. Maslyany C.Elovv;; Scheme(Year} | Ly km | MW | Twh
C. Ryabinov. 1 (1935) 2.8 112 | 048w
, 11 (1940) 35 350 |1 ,
I (1940 - 250 | 0.67 i
IV (1950-62) 4 05 | 135
IVa (1960-62) | © 1 3 E“
VI & VIL (1976) | 50 8.8 25-30 g
VI (1976) &7 8.8 25-30 | ©
Bty i fees IX (1983-91) 663 | 152 asare| o
. Kamenka:Q d s ey . * Single-cfiect, ** Double-effect. m
O Mezen: L h e G - i o
Fig. 5.3.1 Evolution of the Mezen TPP alignment: | - 1935, Lu, = 2.8
km, 45 generating units and 40 sluices, double-effect operation, N = 112

MW, E = 0.48 TWh: Il - 1940, L.. = 3.5 km, single-effect operation,
350 MW, 1 TWwh; Il - 1940, N = 250 MW, E = 0.67 TWh; IV -
1960-1962, Lu. = 4 km, N = 0.5 GW, E = 1.35 TWh: Iva -
1960-1962, L., = 9 km, N =1 GW, E =3 TWh: V - 500 MW, 1.35
TWh: VI and VIl - 1976, L,, = 50 km, N~ = 8.8 GW, E = 25 to 30
TWh; IX - 1983-1991, L, = 66.3 km, S = 2640 km?, N =15.2 GW, E
= 45.87 TWh, 800 generating units, D, = 10 m, double-effect operation,
S =860 km’>, N=6GW, E =10 TWh, VIl - 1976, L., = 87 km, S =
2215 km?, 400 generating units, D, = 8.5 m, N = 8.8 GW, E = 25-30
TWh; IX - 1983 L. = 74.5 km, S = 2330 km?, N = 15.2 GW, E =
50 TWh, 800 generating units, - = 10 m, double-effect operation.



ol Mohe Wty glout Abmmovaistel:s EHo] A7tk & T of
A7b eErh Re priel AAsm PEA RRAS 5L ool sgtio] 9
HArke golth o] WL =7 E1 Kaskdlol Qs A% FHe 2go
2, oFo] Fa Aldsict 4 HiE 7] -1TC, 19 HHEr)L -12C, 79 g7
+126TC, AL 19 -46C, Hu71& 79 +33C, 4 HFF4E oF omss, A
34m/s o]t} Fils TRA] 8.1m, AXRA] 6.29m, £X] Y il 4m o]t} MezenhE
HEo] Yol wWla fre Aol Hj wE ZF} EF wFo A Rulo] FA
Hok. TPP F2ELS HIR4 2ms9] @ x 36kmS A AA =
Barrage IX: Z AW A 2640kr, Z o] 85.6km, powerhouse Zo] 19%kmz =M% HQ
b Ak A2, £ Z7] D tiSE Silakove] A48 Pogamo 2 4
HAa wAge BiHo] @RARYg 18% /MY HEEaE 5.66m, AW
2640kr9] 712A oUix] BEae SOTWIE, AHE2F 21GWIIMW x 11107])0]u}
dA 7] 800t Al 2 F7 F£Ao] ErHHIIE R 8007], 15.2GW E{FA(%)

2y
flo

HJ— Z

Mo

—_—

v @A 4537TWh, Bulb®d 42K A4 10m, 38mpm)= 7120 ARG 1IN
Alo] A= F2F A 7] 800t A A7 gle dolil conveyerd] o R
g AASIE 28%3A % H)-E§ HZE 7)Y Hth. Powerhouse caisson(105 x 93 x
90.8m)% 4712 WA 7|7} AX = W]t Drinsk GubaolA] #1ZF 480km Hol Rl
714 Q1€ ). Caisson A2} docke] =7]+& 1370 x 283 x 17m, v'd 207] A

¢

Z}, caisson o] 43.6m, 161,000ton, &< 16.5mo]t}. Powerhouse ¢+ B4 A
+ concrete}o 2 {lo xRyl RFIEHECT ARAMA Zo] 66.3km(AZE 34.2km, FZ
32.1km), A1 40m, ¥=o] 143.6-23m, <)% ZAAF 135, ZXZ 125, AAH S

A2 concrete} o HEEN BE{AA Ax=HTh Mezendt WA 31E-(20%Hon)S

T HA vjgoF HA A S A ¥ 5 Utk dHA dAdAR BEES
concrete 25W oty &A1 1349wk, fill 170 Tt oe g AMZFr], A890%8 5 FU}
AEIF Bg it} o] NHoA ZEMNELE 7|E A QdnFdouie} 8-F MLMd
o] Alg3litt.



HI4ZE Okhotskoll

Okhotsk3] Z2%H-& Kolpakov7}, Shantar®, Skeliklovih-g tido2 1961d 7]
= 22 g9 S o|&3l9 Bemnshteindl] 23] Loz AZHUD 197234

= Hgoz dARAGA AAFHADL AP 2A, 23 TS 738t Tugur, Penzhin
ohFig. 54.1)°] #¥8 ZIrAZ ASHJY. 1981-84d ApolA Tugurd

“.§ Petropavlovsk
/' Kamchatsky

e v )
100 0 100200 300400 km

Fig. 5.4.1 Location of the Tugur and Penzhinskaya TPPs.
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1. Penzhinskaya TPP

Shelikhovih& gt Q1o Huj4=4) 235m, 22} 24m= TPP /)2 7l5A4L Qo).
a2y BEEo2 HAlztd = oke] Phenzhin Gubag] ZA= ©S AA Povorotnyol
A 10m, Sredneyo| A& 134mol] o]t} HWFZA} 62m, ZAWUHL BE 6788,
‘W& 20530ky, Au|&Fe HZ35GW, AzrubA g 105TWh, ¥= 100GW, ¢7HatA
% 300GWholth iy ¢& MzAE REZS AR o|gslW Zslz oz
Aol Basity welA Penzhin TPP2] Powerhousel HHA 7] g 3202 3
FH AZL ice thrustE thuldle] arch® o2 MARCH Mu)ga 87.4GW(19.9MW
X 4416), AZPLAF 191.3TWhol®| B2 wrxAE 440 2L o HA 10m 4
AER7] S68TN(SE A7) &F 198MW), Aol FeRol A 7.5m 920u(TY )
B 1IMW) ¥ 214GW, At2d3F 71.4TWh Powerhousels 23 uj o]t}

S deth dgFre -6
5C, HA7]2 -40C ~ -50C, 9F 22097r9) =AAWCE 119744 §9oz
Aot o9 242 ERFPog BFHY YF2 AN 2 D7} 49 717} o2

Penzhinsk TP/ 7158 7%, ZHE A

= £™AN 227 Mg @Az} 134m), 24 F7)9 23
. Sednyzbe] 19| F7]9) & 5-13m2 WSk o WY $ax9} Ya
-}T:

ke WAE 19929 Belayevzh At @ wb Qich 19959 AAAN AE A
Penzhinskaya-Anchorage- -Chicago(10,000km)z+-8 &% 10-30GW AZHAELRo = o
Z23td Penzhin TPPE v3, vl &, = 5¢ TP I5AQ AYAEY
o] F4lol E & dov, v].2] &= Transcontinental A} 7} Berings] 2oz Hx

tunnel-g ¥4 & 79 Penzhin TPPS] AHS Hu g§og 4 ¥ 4 ok
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2. Tugur TPP

-—

Penzhin TPP 7)+& & 24 3}A|¢F Tugur TPPE= AlAo] a2t UA AF3
gAajote]  wWrAAdG e wFHA AFE FF AYeAMe ¢ AAsn. F dAY
PHA Add 2 JbEe @& A, Sakhalin EEF HAZE ALY oy,
Kansk-Achinsk€ 3 o] stgjubde gog 203047 Ay 98 FF AdFE o
AAT wEHE f3) stae A9 t7lE og LEAZT 1972-84d9] TPP
YA S AT A E FEHFO] ANFHJUR AQ 21 2N LA v
a4 s,

Tugurgh2 Okhosk HZo] $X3lx wre] =A7]= Zo] 74km, F 37km T+ Y
9] Shantar=& 9Hg I B33 dSFA= 1-2.5molar e ot 9 79
A Zae 23~59mEz W5 HIFRAE 474m, ¢ FY FL& RdMe
42-76mE AAI PYFEAE 538m, £AHL v dFxd . A HAVLLS
36T, 9F 25 ~ +20CE ¥MIY. 42 G828 dFF ot A7|dM e
370k (¢ =, EZ, Konstnantin Bay Neck)o] At ovt dZo] 71% uig3A st
ZAPHLE AAY 223 AM HHEFS A9 23 AFLS A Hwboln A
7] 4= Zoh thQhe. 2 Konstantin Bay Neck-& ¢z o] ZA|x}bo] m& 23z} 3.7~
288mE ol§3E ol ZA7E UR A3, woid 2HR(ASMm) HE A
ALz 2ot dAEA e w@ {2, EF2, Powerhouse= combined with sluice®}t
separateE H]lx ZAEFTE Bulbd F£x} A AL 7.5 8.5 10m ot} @FA9 Azby
AgFE 12TWh oy} B-F49 dAZFEA 5 743l combined layouts- )& &)
t}. Powerhouse Zo] 10.5km, & 7] 420t}, caisson 1057)°]t}. Caissong Popovyt
(Nakhodka A 9)ol #4213 A|Z7FoA A=) @7 = 1460mile o|th. o 1=
= caisson(Eo] 2m)dl= 4o} x-2A 77} AXE ™ caisson T4 15Sm, &8
147,000tono]t}. Nakhdokav HAHT 7|& X Ao £3 7| IAE, T2, 3ylo]
M=ol 9lo] concreteztdo]l 9 FAMHIE 12490)A 114%roubles(1989712) &
AZEID dd F7I= 13ddA 11de g d&dn. #de 457) caisson X F
FAA7]) 787] ANHYE AF AL AIPE el PP AEEE Y 4
At ¥ 2 Amur, Khabarovi} Primorsky, Transbaikal, South Yakutiga® < ¥t}
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o] N9l 7 wAHF
t}. TPP 71&E 6Mtone] 314 dgeol AHzro] 7hssin die AY 2%/ BL
AluminiumA ¥, F£4 AZ T A2 # Uk

ZA7] @A 5GW, 20108712 FISGWe] o] Ao]

rlo

HI5Z& Pilot-commercial Kolsk TPP

400kW3 Kislaya TPPE 23 A3 2wdis2v I 4TItz EAY Tugur,
Mezen 5 WETPP 7juF Ao Prototyped AAE Fd Ag &¢dL dAE AR
a7} itk Tugur TPP 71 o] A7 10m 3}, Step-up Gear, 74 EE HEE
A7), propellerd runner, orthogonal 3} A3 5 full-scale &<lo] g3t ol &
95 4] Barentsd] Murmask2x] Kolsk A]Zo] A=At o] G vjuzy & <l
Avg} B71, WAE DHFE AT 238F 7%, Addg A T dA=xA] B A
ARt S23lth LumbovskyD® tigte g AEHJOY vl g Hzh, WY HE
o] 7)1ZtElcth. Tulomsk, Teribert} 8@ 49l Kislaya TPPE & ot
Dolgaya Guba7} A= Ach o] % MurmanskZ A Teribertt 4207204 11km,
$A48, B4, 2, buskd 5 7¢sd 1golwrt. Dolgayad] & 35kV R
27 i, ZAWA Sk, ¥ YF 2o 2N, PFEA 2.36m(HEAF 3.3m, LEA
1.8m)& Ago| 7Fs3dict. A9 A7 6km x 0.6~0.8km, ukz A Zo] 1200m,

mn'.

N

O

=o0] 26m o|th HWZEA A|A Al F-L bottom-dump barge® S|HA 3 A filldti, F
AHE 07~1me] Aoz HEgth AT Tm, AA Brle Y8F 117, 2AF
120tk AAEFHE 7HE o] FYoE MurmanskZ Ao A2G FHIE ojgx
caisson 3F 7} A 93 Hu u{ Rgol WUFE A7] wWEFolt. Powerhousex
open pit2 ZAL 4-3F F2E AQ FEo AT FEH} ZA ATFA
A7)E 40 x 26.lmo|th. WAy BF 7|t Folx #AE EH dF £&o] JtE
Y AL 38 F2dA caissono g2 AFFHo AL MF] wix it FHELS
Az gxe egoz AAHn guiz vlo &do] s Fab-EAT)
W2 3 g 20MWFo g Y LEFHOF 6-cycle variable speed(30~41.7rpm) &

N

Aol 7bsslth 257 IO E step-up gear, runnerd] 7 10m, s 2N, LA R

vaiable speed® ¥ 3 Fo2 WA I|IE HlE7IE Ee YL E speed convertE
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7t 1Az 2EH AT

Dolgaya Gubad] AA4% 3mE Tugur TPPY Fwrolxwt £ A 7he FrobA
Tugure] 1/3(800A]Zhyelth. 28y} o] AL A7 10m runner] ¢S A s
zr3ic) w3 AWRA 9me Straflo unit bulbol]l H]3} concrete¥2 1/33 %(0.87
oA 0.53mAW)E AL = Yo TAFo] 63%=2 FaHol bulb F3 HE
o] 27193y, @AAuE 27} W] o] ¥k 175Mrouble (1984d 742), A
A7} 4840rouble kWi Tugur TPPS] 2.5u] ul®x|gh A3 RdsidE Mezen,
Tugur TPP AMH] A& 714 AT B9 A% ¢t} Runner A7 7.5mE 10m
2 AEE Tugur £xH]E 209rouble, step-up gear AMEE 4% rouble,
orthogonal §=X}AF&A] 25~30rouble H7& 4 33  concrete ARL 60%E A7t
2 5 glenz 2y BA AAA AE & Agoltt. o] d5E Kolsk TPP 4 H]
156Mroublex} gt wli=t} waly ZF71ZHQ AL QF, AR HAoldA 7HF F
2% BA 2 25 A9 AAMLd AFE FF T F Ao HEF Tugur,
Mezen TPP A& 7|&#Ho2 7Medln Hgdidue #7324, 7k Add

Axe WAz A4l dATE A AU Y HHoRE ofF wFA st
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Hod &=

o AT ZYEA A E AuEg.
ZHEA FoldllA 71 HdAFo g, oldE 240MWHF Rance TPPE

AA Ho qtRolth =g Ad 3049 7He) AFAHQ JHE, dHwste 924, 3
JEdads ZYAHA fAol Aok webr Rance TPPE 2 uwhd Bopolx a3
22 AENY 4Aol FHAUh 23y F£% Chausey TPP /| Aoz dAZAHZR
& Ao] F2Yoh Rance TPPY 508 #E o AL AML gt Exu] &
2, GWE Zdad AHASY 28 EAAENLY #¥ SFez o
Ay AsHer dZFHE AFS ¥ A7 Qo 28$d R&Do g3k 3t
& 39 Rance TPPE AAIAZ ZF2E o|AL 2o A 2= 29
A A F9 & F dAHE 2R FEHA HAL, bulb 3} AR £
BA7) AN & AvuE Byt

g2 Severn TPP 134 HEJ A7|7e] AAH & T8 Qou AY A
b Us Bdiste] Ay e FH45 & £ A Hoj ok a8y adAoes
Mersey TPPo|X MW 71d-g AEIFIOY dA7A BFHT 3, 48 pilot

2.2 Conwy, Wyre TPP 7i'do] R GAZ ul&3F 3|3 ol2x ¥ & 1A
ol gltt. HZ FFL A Ade WA uide] TPP AE 2 F7)30e 23
FAE 8% AMY 82 ol"A oo

o]% & Passamaquoddy TPP 4 A& FFEORE WX oy FE4
ZEH At Roosevelt I 5H ] FH= BFET FAVL 0" AL of$ ofg
o 2y ml=Ee 27| BlAS |, HAAXNY BExA e A3 Aol
Aol & A #rh

Authe] Fundy?t TPP 7iE % Fate] 23 B34 ZE 273 /Y 34
AF = N3, Annapolis TPPol| 20MWH prototype straflo =315 d X8l 10
ol 7tF Folth 23y o] AIE I Al AMReZ HEE EFFET.

2 Aol Kislaya Gubaol 428 pilot TPPE AAME A= 2 2 dAde I
o], caissonFTHE HFL2 EYIA AF HollA r1HA WAL o] FF v}
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tk. 7 ¥ Kolsk prototyped pilot plant A 1&g, WMol Mezen TPP,
Okhosk #12] Penzinsk ¥ Tugur TPP B}9A ZEE AAIth Chernobyl 943
AT 0)F Qi) W3 9FAe 2 TPP L A23 Todoluy I BA Al
e gtz 1AL WA Rk Aok 22y Tugur TPPE o|yA] o] Wef
3 25 A9Go|y, Beringd)l & HUA Hu] g FH}AY, =, A AHA
Ae Adste AR Agez 2A g rsAdRE UG

ZZe] g dgoe uvjFo £ o TPP/AAE AL oAe 8B4 HE ©
A& A prototypes pilot plantt 4 2 TAZA 9 Ut

2 Ul Mg 7H5d HF v Adeze 24, 2/, B, A
52 18 & 4 Utk 2FLAL AU dxrt ¥3 HAE F77F 4A ¥3,
SRR RE AP vssn AFE 1 Fo] An doy AT oS Yo
exa AL 9% "8Y =AU FAE @ & & FUIVF ¥ m, 40l 2
& A3 oA AUAA FHAE Aol 2z LA Al t2E R
400MWF TPP el A3 JRAZADE 253 UAT ok FAY A4 2
2 Atk H2Zo g TEFH AT Bdo] dde® AAHL U

zEdAY AAAG EA dAM B/CHIE Fole WHLEE HYBE 7%
AY, H&(C)L Fook $4tol Atk VY Fde TIFE =AY, THAET
Reoz dg WAAFAI} AR HZ ¥ AFHA BAZ ALHD AE
| Nifio @4, A7 edst 5 A7 BFEA/L 4204 229 24 2 WE
S AEA =9, AdxnHoz HEdd drie Fgo] AXA Hi ool met
zyEwHde Fudez fszch £ vjg AP AYe s AHHE FHste
uhoh, o QLS HEdo AM Fxne Y] FFE Sole Wt 24
Z+ & 4 At o1& YsldE AR Ao =M i FHT FAHY A
3 ArHez AF AL Al W AFHA FAF AojHes Fgsio

g2 AFgAM TPP AL AZo] ARz FAHe £ & X: gl 13
U 21471l e 2ol AR7E BHI AUA BA HEA 2 & @8 +

e Aoz Wt}

Ml
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