; S
SR G
p T

Wil S T P e B

s ?‘%&ﬁa#}vﬁf@iﬁ:{; A

et

t—:,'.:q g_.#‘;'@,*" L e

Sha S

(RS

R,

o5

o H Y«fi‘g

Eﬁﬁ‘é’.\ i Bty ]
iy’ f LA SRl
T R ]

A A

S %

It M Y
Aokl

0y
by
"l;‘.‘
A
o

0

3
W ie)
&

fiyeeEy 4
Tt
T %iﬁz;@..ﬂ o
PO N
S SR e G B b
g A L
R
Bl o :
e e el
oy Al L
. 5 ", Py Ty 50"
Y T TR Y
{3. SR ‘é;a.-‘u‘ Vi
Ny gw e TRy A
Tt A A T e,
. “b-‘ -“*,1 r'i"‘. o
] wad ST
R
piril i Ho
St Wity .‘ﬁf "
Ty ﬁ‘n X i, LA
roity . AT g ]
8 “.«‘.ﬂ’»&b i ws
) bl W
5 ?L{‘ A :
LSy !
CrEa et ts N
,x(‘%zw;&”ir SN AR, :
AR Ty T Y
LA e
O R ey
o e b e
R Ty’ .
AN N
R alds Y .
My wﬁ‘@g«-..ﬂ.‘& 2 Y
R nh g T
T L B el N
ux'k:f‘:ai‘}{:;ﬁ"i“"’fﬂ_ N
FRBL R S . - :
P e T e A o, " )
Zoval T Hettmul gL .- ¥ . ’
PR N i i L :
o e A :
O et Fe XA Gy Frea] \ «
Lo A s T Al . -
Y] < “5.": < o i , . . )
‘ . ]
i b : |
Feth 5
Faw s . i .
s ! 7. :
xS i 3
Jo s s ey A .
S R S B ,
R N e i M A o : e - . .
N T e ) A0 e e e
3.5 Tedriueti hn gt B bl Rk WS
Pl Sa R A e g : :
i1, Ty - .
= [
’ - - ' .
wi . - R
a3
e . . .
i :
£ :
I e 8, s . “ . . - '
SO eI 3 .
e LA v , .
st h 4 P .
b - . .
LR - ~o- . -
T RIS -
- b e - .
% S SE S - . .
PGt e e e S Sl ¥ - .
T SRR e ‘-3'5;-}“5‘:?3—‘& Yok .- - . -
y e A By e, - ACCH . . . . .
.-'1"5?'9'!3};‘“1‘?;;\*“" Yy b it - " ) ° -
A E e AT S . N .
H“l R wemt gy -t o = - " " _ _ _ _
. T L o .
=y P L

]

F#

Xy

L

¥
e ETR :‘Q‘- T R w7 - - -
s ey e s R T P - - - I -
A S TARRCIRas
T fw&’ aran
ShETTI AT

)
RS

Ka gyl

N
N

Tis
s

G ke
o __r't.:%“\"_ oy i . S &_,,%
ERn i S aatavral ¥ ﬂc.ﬂﬁfp
L, Pl N vy & £, B s A i, L e v gt 3
FRI A e L e i o e e T e e 3 R e S e
2 b&,@-’é@f S R T A ety B Rt S e - w3
sz en P Uy WS Lt T i g T b5 St e S LR A
p e S et sy Tt piate o i O b L MU F A D
S ST B e DACT el M el 0 : Sanak SRS ARG gy
o w;ﬁmﬁﬁf&%;ﬁmzﬂh SO S S (U
o w3 s A e AR L T S L2 SAiny X LI I LSty TE AN o
e B L e B B R s S Mo e T e R I S S T =




£ 8 HE FyhT a—HLL Y -ALaREEOREL

g.1 & ®E
‘l A MIKRECRTEERITRCONWTR, B2HCR~N e H—BRRERIES IS L2 2
5 7 BEKEEMBE TREEFH L HLOND, - THBAR, ZEARFTRTRERE
BRI AL T IR REHERRCE T ) —XCHRT 2HREBHC L 2 BEBKH
AT ELALZEBRERE, L, Frha7a3-Sr b re 2aftBCsh bt EL s
nd, G BHEOMH b TH%EZ (, MINOHHFIBOMED b REMRMOHR L 1kET T 2 45,
AZEERELEWML, Feh 73 —Sa bt rpro afEraACReEncit@Td 5,
Feh T IRMAOHBOKRH K OWTEBL, “2 5 FEELIUF~F b v -5
OHEEHEARE »Thdd, F+ 735 00UBRE VHEBHCEZRRE TS,
R, FEAKRERREALCL b EMPBEI A LHKRLEAL YV EMAREZOTH LERBL T
kb ey, BRAFHERD 20MWTEITS 5,
BWACPWTHESETHEFRL Ty 2R BRATHARET - 23T E T, #HAOETOH
FRWEEZWAD, SHEHAREINOKR TR ONETD 5, REFITEOLTRF v+ # 7
IRBHOBKELE S » b vo 2 F aOHKLLOM TKRAARELET 2D, &
ﬂﬁﬁ@%ﬁﬁ@OJAﬁTOME#Bﬁifﬁmﬁmﬁmﬁﬂ.Tﬁﬁ*ﬁifﬁ#%éﬁ
BLIHZOHGAALBoR bELonbid, ALy 2 HBEHTH L 2 hidikdi T+~ &
BRTh b,

4ty rhraaRBHORER, 275 v HoBETEESRD L, REBKED
CEMFARAROE» CEDEHBE L ELLN G, COBARTRIORREIFTILIFEN LG
EiAE T D, -

KTAOVA T Y POV TRIBERCRIN T EE D . TRREH, Hkek, RIAES
KK BFRVvAT O LEFEL LN D,

LisL, 4ty vhraxgaldd s5@EEKAR 3.500m secitd 5PLRBERR
AELOBBBTD B,

8.2 B B

FLBRRF + #73, 4ttt rirorfECay 27 4 47 aTHEE, 3 THRE
ﬁbﬁﬁﬁﬁf&mﬁﬁﬁ&ho*Eﬁi@ﬂﬁ@ﬁ@ﬁ:ciﬁ,ﬂyiv—bﬁﬁﬁﬁﬁ
KB 74 r 247 80%, FoaBROBRILET 2,

R, RERHICASDACHAF 2 XKBYFIV/ 7 Y F ECRFEROEL LEERE

._.60_.



BB EEDLL 5,

FrA7 AL LOMFLRDNT Y, T2 7 )= b £ u L THEESKYS L A0 NR %
EvHELLNBRTH D,

Fwbryahre AGUROBKBHMEAKE Wi, BTEBEL S hEifz I LT
1RCTEHmbHELbN D, BREAICK aRMBMEHT 545, KK <KL
BAIn DB LEFEN,

A= NAHBREZFHIMR2FoD, BRHNL 4, BHEASTIIOBI Ak 2 #H
MIch b8, FRRCTEOREI LR TLS, 2 2R KABABCEERLKE LRAEE S
haned, BTt ErLETLS,

3.3 TWI®E

8.3.1 F+#7aRMEH

F¢ 073 RUHCHT2THIRE, KBRS L Bbh s 5EHKE b > 2 2 LT 5
THIBES Bz ->Ted, 1BTCRL S AEAREZAANGEULBYEL S
Kﬂbﬂéo%*D%ﬁ&Rfﬁﬁﬁlﬁﬂwﬂmm%ﬁl$%ﬁbtQmﬁﬁ&ﬁféb
5o

e, 1BOEEMZFLTEBELAIRE: Fig—-8.1 LH Lz,

8.3.2 HabyhaaxBRBRH

Yrbrtahra aRBRRCHTH2INIEE, 2RCAFLBYLLEPNSE, TH
IROBREBELCHE->TH, 1BRZLSBFEFNLEXEOFEFLERACET L20hERE L
T, HMABBLUTEDARH Kt > 2o KB THTHRG6 ¥ BL - TWEHEIEIS
BARBETSD 5, COBMLH T REFOBBIHFIBARBIP LI h REREO
Rt THCELTHELETSD Y, 2+ | BOESERERLTRELATR% Fig —
g2EHLE,

- _.61_ -



Fig.—8.1 Construction Schedule of Chacabiuco Power Station

(May ~ August : Snowy Season)
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.Fig.-8.2 Construction Schedule of Salton San Carlos Power Station

(May ~ August : Snowy Season)
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Table - §, 1

Estimated Construction Cost (Chacabuco)

Item Description Cost
o 103 U.S.§
1. Direct Cost
(1) Land and Right 50
(2) Diversion and River Outlet Civil work 6, 230
(3) Spillway " 5,870
(4) Dam " 11, 140
(3) Headrace " 7,020
{6) Power Station " 8,730
(7) Permanent Equipment 72,200
(8) Expense for Construction Equipment 14,560
Sub-total 125, 800
IL Indirect Cost
(1) Engineering and Administration 15% 18, 980
(2) Construction Facilities 10, 430
Sub-total 29,410
III, Contingencies
{l) For Direct Cost 20% 25, 300
(2) For Indirect Cost 15% 4,300
Sub-total 29, 600
IV. Construction Cost without tax 184,810
. . 8 % for F.C.
V. Interest during Constr_ucnon 3@ for D. C. 44, 290
VL. Total Project Cost 229, 100
Note:  Excluding the cost of infrastructure and of the transmission line.
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(A) Civil Work (Chacabuco)

Item - 1 - Diversion Tunnel and River Outlet Work

Work Item Unit  Quantity Unit Cost Cost - Remarks
Us.$ 103US.$
Care of water L. S. 200. 00
Excavation open, rock m3 179,000 7.00 1,253.00

Tunnel excavation, rock  m3 78,100 30.00 2,343.00

ghaft excavatlon, rock m3 5,100 35.00 178.50 outlet work
Concrete, diversion tunnel m3 15,840 65.00 1,029.60 including plug concrete
Concrete, outlet work m3 4,700 65.00  305.50
Relnforcing steel ton 470 650.00  305.50
Grouting, backfiiling meter of 942 150,00 141.30
tunnel
Stop-log ton 30 2,000.00 60.00 2 sets
at the entrance of No. |

Misc. work L.S. 263.60
Construction facilities L.S. 150.00

Total 6,230.00
Note:  In case of the shotcrete is required, the lining concrete for the section of

shoterete will be eliminated.

Item - 2 Spillway

Work Item Unit Quantity Unit Cost Cost Remarks
- - Us.$- 100US.$
Excavation open, rock m3 237,000 7.00 1,659.00
Backfilling m3 11,700 2.00  23.40
Concrete, structures m3 36,300 65.00 2,359.50
Relnforcing steel ton 1,170 650.00  760.50
Grouting, consolidation m 1,200 25.00 30.00 including drilling
Grouting, curtain m 2,400 45.00 108. 00 "
Control room L.S. 200. 00
Stop-log ~ ton 50 2,000.00  100.00
Misc, work L.S. - 329.60
Construction facilities L.S. 300. 00
Total - 5,870.00




Item - 3 Dam (including 2ndary dam and coffer dams)

Weork Item

Unit  Quantity Unit Cost Cost
Uus.$ 103US.$

Remarks

Care of water
Excavation open, rock
Pmbankment, core zone
Embankment, filter zone

Embankment, pervious
zone

placing of rock material

L.S. 400. 00
md 150,000 7.00 1,050, 00
m3 298,300 2.50  745.75
m3 214,000 3.00  642.00
m3 1,253,000 3.30 4,134.90

m3 . 245,700 5.50 1,351.35

material from excava-
tion and quarry

Drilling, percussion . m 4,800 10.00 48.00
Drilling, Ex type m 9,500 30.00 285.00 ¢ 59 mm
Pressure grouting ton 358  600.00 214.80
Concrete, dental work m?3 500  60.00 30.00
Special treatment " L.S. 500.00 at the right abutment
Observation system L.S. 50.00
Stripping borrow area m3 50, 000 1.50 75. 00
Crest road m 390 300.00 117.00
Misc. work L. 5. 496.20
Construction facilities L.S. 1,000. 00

Total 11, 140.00




Item - 4 Headrace

" WorkItem .~ Unit " Quantity - Unit Cost Cost

Remarks
Us.$ 108Us.$
T Excavation open, rock ~ m3 355,800  7.00 2,490.60
Concrete, structures - m3 44,530  65.00 2,894.45
Reinforcing steel ton 1,350 650.00 877.50
Cut slope protection L.S. 100, 00
Mise. work _ _ L. 3. | 257.45
Construction facilities L.S. 400. 00
Total 7,020. 00
Item - 5 Power Station (including switch-yard)
Work Itemn “ Unit  Quantity Unit Cost Cost Remarks
U.s.§ 103US.$
Excavation open, rock m3 60,000 12.00 720.00 power house
Excavation open, rock m3 130,000 7.00  910.00 switch-yard
Banking m3 136,000 2.00 272, 00
Concrete, structures m3 40, 000 65.00 2,600.00
Reinforcing steel ton 1,800 650.00 1,170.00
Super structure ton 640 1,300.00 832.00
Architechtural work L.S. 1,000.00 including command
- building
Stop-log =~ tom 30 2,000.00 = 60,00 2 sets
at the tail-bay
Misc. work L.S. 466.00
Construction facilities L.S. 700.00 i
Total 8,730.00
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(B)  Permanent Equipment (Chacabiico)

Item Unit  Quantity Unit Cost Cost Remarks
_ us.$ 103Us.§

(1) Diversion Tunnel and River Outlet Work

Roller gate ton 60 4,000 240 2 sets
at the entrance of No. 2
Roller gate ton 100 4,000 400 outlet service gate 2 sets

emergency gate 2 sets
(2) Spillway
Tainter gate ton 360 4,000 1,440 4 sets
_ A at the weir crest
(3) Water Way

Steel grating ton 240 1,500 360  at the entrance of pen-
stock 4 sets

Roller gate . ton 480 4,000 1,920  at the entrance of pen-
stock

Penstock ton 1,260 2,000 2,520 4 lines

Sub-total (1)+(2)+(3) 6,880 CIF Price

(4) Power Plant

Turbine L.S. 17,600 4 x 97.50 MW
Generator L.S. 17,500 4 x 108 MVA
Transformer L.S. 4,700

Switchéear L.S. 6, 500

Aux, equipmenf L.S. 3,000

Misc, material L.85. 4,000

Sub-total (;;) 53,300  CIF Price
Total : 60,180  CIF price

Cost of Permanent Equipment = 60, 180 x 120% = 72,200, 10° U.S. §

(including import expense, inland transportation and installation)
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Table - 8,2 Construction Equipment

-_— .
Item - Unit Quantity Unit Cost Cost Remarks
Us.s 103U5.$
Q) Gravelplant . LS. 1,000,00 100 ton/hr.
(2) patching plant . L.S. | 500.00 mixer: 3 x 1, 50 m3
including cement silo
(3) Processing plant L.S. 200.00 300 ton/hr.
(4) Compressor - LS. 377.60 8 x 150 PS
(5) Bulldozer L.S. 2,400,00 2 x D-9, 12 x D-8
(6) Shovel L. S. 2,855.60 power shovel 3 X g mg
| tractor shovel : i g$g
(7) Dump truck L.S. 2,728.10 24 x 20 ton, 16 x 15 ton
(8) Sheeps-foot roller L.S. 188.80 2 x 20 ton
(9) Disk-harrow  L.S. 141,60 2 nos.
(10) Vibrating roller L.S. 165.20 2 x 20 ton
(11) Crawler tractor L.S. 165.20 2 x 20 ton
(12) Truck L.S. 236.00 10x 8 ton, 10 x4 ton
(13) Truck crane L.s. 470.80 3 x 30 ton
(14) Grader L.S. 118.00 2 nos.
(15) Crawler drill L. S. , 108.60 4 x 4 ton
(16) Drill jumbo . L.s. 708.00 4 nos with drilling machine
(17) Drifter : L.S. 47.20 10 nos,
{18) Trail.er S L.S. 165.20 1 x 30 ton, 1 x 40 ton
(19) Boring machine - L.S. 92,00 6x15ps
(20) Grout mixer with pump L.S. 35.40 3x10pg
(21) Concrete pump ‘ L.S. 177.00 3 x 40 m3/hr.
(22) Truck miﬁcer L.S. 212.40 10x3 m3
(23) Water truck N ‘ L.S. 35.40 2 x 190 ps
(24) Portable air compressor L.S5. 61.40 4 x 105 pg
(25) Road roller L.S. 47.20 2x 10ton
(26) Pumps L.S. 47,20
(27) Fuel truck & grease car L. S. 53.10 3 nos
(28) Other equipment - L.S. 1, 334.00
Sub-total 14,671.00 CIF price
Inland transportation L.S. 619.00 ;n?%ludiﬂg import expense
Total ' 15, 290. 00
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Table - 8.3 Estlmateq Construction Cost (Sulton San Carlos)

Description Cost
103 U.S. §
L Direct Cost

(1) Land and Right 500
(2) Diversion and River OQutlet Civil work 15,850
(3) Spillway " 11,520
(4 Dam " 57,020
(5) Headrace " 4,530
(6) Power Station " 26, 760
(7) Permanent Equipment 129, 460
(8) Expense for Construction Equipment 36,400
Sub-total 282, 040

IL indirect Cost
(1) Engineering and Administration 15% 42, 580
(2) Construction Facilities 17,240
Sub-total 59,820

[Il. Contingencles
(1) For Direct Cost - - 20 % 56,770
(2) For Indirect Cost 159 8,700
" Sub-total ; 65, 470
IV. Coastruction Cost without tax 407,330
V. Interest during Construction 8 % for F.C. 119,400

3% for D.C.

V1. Total Project Cost 526,730

Note: Excluding the cost of infrastructure and of the transmission line.



(A) Civil Work (Salton San Carlos)

Item - 1 Diversion Tunnel and River Outlet Work

Work Item Unit  Quantity Unit Cost Cost Remarks
us.s 108us.s
Care of water L.S. 400. 00
Excavation open, common m3 69, 100 1.50  103.65
Excavatlon open, rock m3 71,200 7.00  498.40
Tunnel excavation, rock m3 270,400 30.00 .8,112.00
shaft and tunnel excava- m3 26,400 35.00 924.00 outlet work
tion, rock
Concrete, diversion tunnel m3 45,200 65.00 2,938, 00
Concrete, outlet work m3 11,200 65.00  728.00
Reinforcing steel ton 800 650.00 520.00
Grouting, backfilling meterof 1,275 200.00 255.00 diversion tunnels
tunnel
Grouting, backfilling meter of 216 100.00 21.60 outlet work
tunnel
Stop-log ton 100 2,000.00 200.00 4 sets
at the entrance of tunnels

Misc. work L.S. 849,35
Construction facilities L.S. 300.00

Total . . 15, 850.00

Note: In case of the shotcrete is required, the lining concrete for the section of

shotcrete will be eliminated.



Item - 2 Spillway’

Work Item © Unit  Quantity Unit Cost Cost Remarks
Us.s 108us.s
" Excavation open, rock m3 720,000 7.00 5,040, 00
‘packfilling : m3 2,000 2.00 4.00
Concrete, structures m3 61,700 65.00 4, 010.50
Reinforcing steel ton 1,500 650,00 975.00
Grouting, consolidation m 700 25.00 17.50  including drilling
Grouting, curtain . m 1,300 45,00 58.50 " "
Control room L.S. 200,00
Cut slope protection L.S. 100. 00
Stop-log ton 50 2,000.00  100.00 1 set
Misc. work L.S. 514.50
Construction facilities " L.S. 500. 00
Total 11,520, 00
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Item - 3 Dam (including coffer dams)

T Work Item Unit  Quantity Ualt Cost Cost Remarks
USs.$ 103uUs.$
-_aare of water L.S. 1, 600. 00
Excavation open, common m3 150,000 1.50 225,00
Excavation open, rock =~ m3 150, 000 7.00 1,050.00
Embankment, core zone m3 1,230,000 3.30 4,059, 00
Embankment, filter zone m3 690,000 3.90 2,691.00
Embankment, pervious m3 7,350,000 4.80 35,280.00 material from excava-
zone tion and quarry
Placing of Tock material m3 462,000 7.00  3,234.00
Diaphragms wall - m?2 8,760 150.00 1,314,00
Drilling, percussion m3 5,000 10.00 50. 00
Drilling, Ex type m 13,000 45.00 585.00 ¢ 59 mm
Pressure grouting ton 450 780.00 351.00
Observation system L.S. 200, 00
Stripping borrow area m3 250,000 1,50 375,00
Crest road m - 560 300.00 168. 00
Misc. work L.S. 1,838.00
éonstruction facilities  L.S. 4,000.00
Total 57.020.00




Item - 4 Headrace

Work Jtem Unit  Quantity Unit Cost Cost Remarks
US.$ 103U.8.%
Excavation open, rock m3 127,000 7.00 889,00
Tunnel excavation, rock m3 36,700 35.00 1,284.50
Concrete structure & m3 25, 840 65.00 1,679.60
tunnel
Reinforcing sFeel ton 350 650,00 227.50
Grouting, consolidation m 6,000 30.00 180. 00
Misc. work L.S. 119.40
Construction facilities L.S. 150,00
_ Total 4,530, 00
Item - 5 Power Station (including tailrace, switch-yard,
- access, tunnel and cable tunnel)
Work Item Unit  Quantity Unit Cost Cost Remarks
us.$ 103058
Excavation open, rock m3 22,500 7.00 157.50
Tunnel excavation, rock m3 496,600 30.00 14,898.00
Banking ' m3 122,000 2.00  244.00 switch-yard
Concrete, structure & m3 76,900 70.00 5, 383.00
tunnel
Finishing concrete m3 1,550 80.00 124. 00
Reinforcing steel ton 3,000 650.00 1,950.00
Architechtural work L.S. 1,500.00 including command
building
Grouting, backfilling - meterof 1,900 150.00 285.00 tailrace & access tunnel
tunnel )
Grouting, backfilling meter of 150 250.00 37.50 power house
tunnel
Stop-log ton 50 2,000.00 100.00 1 set
at the outlet of tailrace
tunnel
Misc. work L. 8. 881.00
Construction facilities L.S. 1,200, 00
Total 26, 760. 00




(B)  Permanent Equipmenf (Saltan San Carlos)
- Item Unit  Quantity Unit Cost Cost Remarks
' i Us.$ 103U.S.%
-_(T) Diversion Tunnel and River Outlet Work
Steel grating ton 60 1,500 90  at the entrance of outlet
) : tunnet
Roller gate ~ ton 100 4,000 400  outlet service gate and
3 Sots each >
(2) Spillway
Tainter gate ton 390 4,000 1,560 3 sets
. at the weir crest
(3) Water Way - ]
Steel grating ton 450 1,500 675  at the intake
Roller gate ton 560 4,000 2,240 at the intake, 4 sets
Penstock ton 1,080 2,000 2,160 4 lines
Roller gate ton 440 4,000 1,760 4 sets
' of tarizace tungel "
Sub-total (1)+{2)+(3) 8,885 CIF Price
(4) Power Plant -
“Turbine L.S. 32,200 4 x 230 MW
Ge-nerator L.S. 32,200 4 x255 MVA
~ Transformer L.S. 12,900
Switchgear L.S. 9,700
" Aux, equipment L.S. 5,000
-- Misc. material- L.S. 7,000
Sub-total (4) 99,000 CIF Price
107,885  CIF Price

Total

Cost of Permanent Equipment = 107, 885 x 120 % %, 129,460 103 U.S. §

(including import eiﬁense. inland transportation and installation)
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Table- 8.6 Annual Cost at Receiving End

ttem -7 Unft _ River Mouth Caleta  Puerto

Pascua Tortel Chacabuco

Tq_nnual Cost of Power Stations 103US$ 73,119 73,119 73,119

Annual Cost of Transmission Line  109US§ 4, 871 3,323 17,495

Total 77,990 76,442 90,614

Annual Average Energy Production GWh 9,428 9,505 9,120

Annual Firm Energy Production GWh 8,400 8,470 8,131
Annual Average Unit Energy Cost mills US$/KWh 8,3 8.0 9,9
Annual Firm Unit Energy Cost mills US$/KWh 9.3 9.0 11.1
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Symbols

Vi-13
) \{t ;
Vmax i
Vmin |
Vit
VM
VL
Qo
Qmax :
Qu
QM
QL
QuL
F1
Qt
Q

(Unit ; m3/sec. day)

Storage at the end of previous day

Storage at the end of current day

" Maximum Storage

Minimum Storage

Standard upper limit of storage

Standard middle limit of storage

Standard lower limit of storage

Overflow in current day

Maximum discharge for power

Standard upper limitl of discharge for power
Standard middle limit of discharge for power
Standard lower limit of discharge for power
Minimum discharge for power

Inflow in current day

Discharge for power in current day

Temporary discharge for power in current day

Basic Formulas

Vmax = V(-1 + &t — Qt ——== Vit =Vi-1+F1-Qt

Vmax < Vi-1 + #t - Qt —= Vi = Vi-1 +F1—-Qt—Qo

Qo= Vi-1+Ft—Qt — Vmax

Operation Rulu

1. Vit 2 Vmax
(0 Vi = Vmax = Qmax == Q' = Qmax
(2) Qmax > Vi — Vmax = Qu —= Q' = Vi — Vmax

(3} Qu > Vit — Vmax —= Q' = Qu
2. Vi < Vmax
(1Y Vvi=vn

Vi — Vi =2 Qu —= Q' = Qu

Qu > Vi — Vi=ZQ —= Q' =Vt -V

QM > Vi—Vn = Q' = QM



‘ 20 Vu>VvVit=2VM

Vi — VM= QM —= Q'= QM

QN> Vi —VM2QL —— = Q'= Vi -y

QL > Vit —Vn —= Q'=QL

@ WS Viz v

Vi - VL = QL —_—= Q= QL

QL>Vt - VL=2QLlL ———= Q' =V - VL

QLL > Vi — Vg —= Q' = QLL
(4 VL >Vi — VL —=Q'= QLL

Vit —Q'=2 0.0 —== Qt= Q'
Vi —Q'< 0.0 —_— =Vt

! _,_86_



Fig.—9.3 Operation Rule of Tamango Reservoir

|

E __| 7 HWL _206.70 Month Va = vu — :Vl‘ - Constants
5 —— gt EL.m 10°m EL.m 10°m EL.m ¢| 10°m3
= 760m¥s T — 20om3/ " | apr. | 20570| 1905 | 20470| - o [ 20470 o Qmax = 760 mY¥sec
g 206 / 640m3/s\ \-‘\"“‘--.‘______‘ 7 May 206.19 2842 205.68 1874 204.70 0 Qu = 760 m¥sec Apr to May
2 / / \\ T Jun. | 20670| 3810 | 20670 | 3810 | 20570 1905 = 700 m¥sec Jun. fo Mar.
g 700 N “ Jul. | 20660 | 3622 | 20631 | 3063 | 20570 | 1905 Qw =700 m¥sec Apr. fo May
s \ 640 m¥s Aug. | 206.50 | 3428 | 20580 | 2291 | 20570 | 1905 _ s
600m¥s = 640 mYsec Jun, to Mor,

5 Augl6 | 20645 | 3334 | 20570 | 1917 | 20570 | 1905 _ ,
8| 205 » Sep. | 20640 | 3233 | 20550 | 1519 | 20549 [ (509 Qu =640 m7sec Nov. to May
5 —— Y LWL 204,70 oct. | 20630 | 3046 | 205.1 772 | 20501 | 772 = 600 m¥sec Jun. fo Oct.
g Nov. | 20620 | 2851 | 20470 o | 20470 0 Qi =600 m¥sec
8 Dec. | 20610 | 2663 | 20470 o | 20470 0

Jon. | 20600 | 2469 | 20470 o | 20470 0
Month Apr. [May {Jun. {Jul. [Aug. |Sep, | Oct. | Nov. | Dec.|Jan. | Feb. | Mar. Feb. 505.90 2275 204.70 o 204.70 o

Mar. | 20580 | 2099 | 20470 o | 20470 0

Fig.— 9.4 Operation Rule of Salton Gorge Reservoir

~ Month Vi Vi Vi Constants
E| 90 g HWL 2900 L EL.m | 10°m3 | ELm | 10°m® | EL.m .| 105m3
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Power Discharge

Fig—9.5 In-Flow Power Discharge and Reservoir Water Surface cf)f Tamango Power Station
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Fig.-9.6 In-Flow Power Discharge and Reservoir Water Surface of Sczll’ron Gorge Power Station
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Tab{e -9.3

Description of Tamango and Salton Gorge Projects

[tem

Tamango

Salton Gorge

Location
River
Catchment area
Design fiood discharge
Gross storage capacity
Effective storage capacity
Reservoir area
High water level
Available drawdown
Installed capacity
Maximum power discharge
Effective head
Annual power production
Dam

Type

Height

Crest length
Width of crest
Volume

Spillway
Type
Gate

Height x Width x Numbers

Length

[ntake

Structure (Height x Width)

Gate
Numbers

Penstock
Numbers
Length (Average)
Inner diameter.

Powerhouse
Type

Structure (Width x Length)

Tailrace

Type

Province of Aisen, Chile
Baker River

18,240 km?

3,200 m3/sec

3,810 x 100 m3
1,900 km2
206.7 m

2 m
720 MW

760 m3/sec

116 m
5,541 GWh

25,200 km?
8, 000 m3/sec

2,800 x 100 m3
1,900 x 106 m3

145 km?
9 m
17 m
440 MW
1, 040 m3/sec
51 m
3,035 Gwh

Rock{ill with center impervious core

170m (Assumed rock
surface E.L 42.0)
560 m
IZ m
13,500.000 m3

Ski jump type
Roller gate
I4m x 15m x 2

230 m

39m x 74.5m

Roller gate
4

4
445 m
7.00~6,00m

Semi-underground
36m x 115m

Open channel

70

288 m
10 m
1,430,000 m3

Ski jump type
Roller gate
14,5m x 15m x 5

313 m

39m x 72m

Roller gate
4

4
164 m
7.50 7.00m

Semi-underground
42m x i4lm

Open channel
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PROFILE OF DIVERSION TUNNEL No. 1
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PENSTOCK  PLAN

PROFILE OF PENSTOCK No.3
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Fig.— 9.15 Construction Schedule of Tamango Power Statil

Work _Ltem ' st —
[ : : Quopt.ny- '2|3|41516?8910|||2:2345:ngsslou|2|23452“;89:0“12123452'289101“21 34556”;’89I0II12|2
preparatory Work and Disarmament g‘;’gg‘r’;m“d ——s‘ﬂflﬁ’-‘ﬁ.—l—h :
Owersion Tunnel| Excovation Tunnel No. 1 { 189,000m3 [(L=1.440m) (,040m3D
z No.2 | 173,000m3| (L=1.310m) 950m¥ D
Concrete No. 1 39000m?3 ' 300m¥ 0
z Ne.2 | 36,000m3 350 m¥ D
Grouting Star1 of Construction
Gate and Stoplog
[Coffer Dam Closure Dyke
Excavation 177,000 m3 ™2, 270m¥%D
Embankment | 733000m?3
Do Excavation 625,000m3 3,450 m¥/D
{Including Foun— | Embankment 11,29000017
dotonTreatment)| Grouting
Concrefe lining 7100m? 55m¥
[Sprilway Excovation 504’00011-,3 1,620m /D
Concrete 47,300m3 5 m¥D
Gate
Intake Excavation 575000m? 1,850 m¥ D
Concrete 92,500n" 20m¥ D
0 Grouting
0 Gate, Screen
2|Penstock Excavation 984000m? 2,320m¥D
7 Concrefe 45400m° 145 m¥ D
Penstock
Power house | Excavation in P.H j77,000mM°
(Including Excavation in Tailrace 313 p00r 50 m*/0
Tailrace ) Concrete in P.H 42 ,900m?
Concrefe in Tailrace [2,600m
Crane -
Turbine (No.1, 2 )
Turbine [ No.3, 4}
Generator (No.1, 2
Generator (No.3, 4}
Auxi. Equipment
Test
Switchyard Civil Work
[ Electrical Work
Reservair Filling




uction Schedule of Tamango Power _‘SfGTion e . ( May~ August ; Snowy Season)

| 4 th 5th Gth 7 th 8 th Sth 10th
{ollojili2z| 1|23 (4|56 |7 |89 [ioft1]I12)1 [2|3|4]|5]6l7|8|S|lojl]l2]1|2|3(4[5|6[7]8[9]lO[ll|l2|I[2]|3[4]|5|6|7{8|9]l0jII[2]] 213145678 |9]ioftiji2|1|2i13t4a|s5|s|7(8|olicliilizl 1]2]3la]|5]8
Plug
—2,270m3.f0
3,450 m3/D —— ;
Max, 25,000m%D
55m3/0

T 1,620m /0

155 m¥D I Start of Operation No.i G. <p
T 1,850m¥ D

22om¥p | _| |
__2,320m¥D 1L

145 m¥ D A4
[ |_430m%0D
750 m/D
loom¥D | | | ] A I O I I N I N N N O O AN I A O P |
30m¥D | |
Noe.1 T
No.2 T No.3 T } . —
No 4T | —— ————
No.l G |r -
No.2GF No3G NS GE
No.aG — —t—




Table - 9.4 Estimateﬁ Construction Cost (Tamango)

p—

- ftem- - -

Description Cost
103 U.S. §
1. Direct Cost

(1) Land and Right 200
(2) Diversion Tunnel and Outlet Work Civil work 15, 800
(3) Spillway . ‘ " 8, 350
.(4) Dam " 72,700
(5) Headrace " 21, 980
(6) Power Station " 12, 600
_(7) Pefrnanent Equipment 132, 240
{8) Expense for Construction Equipment 43,680
Sub-total 307, 280

II. Indirect Cost
(1) Engineering and Administration 15% 46, 460
(2) Construction Facilities 17,870
Sub-total 64, 330

ill; | Contingencies
(1) For Direct Cost 20% 61, 930
(2) For Indirect Cost 15% 0,280
' " Sub-total 71,230
V. Construction Cost without tax 442,840
V. interest during Construction 8% for F. C. 137,280

3% for D.C.

VI. ‘Total Project Cost 580, 120

Notes:

-103—

Excluding the cost of infrastructure and of the transmission line.



(A) Civil Work (Tamango)

Item - 1 Diversion Tunnel

e

Work Item Unit  Quantity Unit Cost Cost Remarks
US.$ 10308
;{; of water _ L.S. " 300. 00
ixcavation open, common m3 18, 000 1.50 27,00
ixcavation open, rock m3 24,000 7.00 168.00
runnel excavation, rock m3 255,000 30,00 7,650.00
ihaft excavation, rock m3 11,000 35,06  385.00
soncrete, structure and m3 26,000 65.00 4,940.00 including plug concrete
tunnei lining
Reinforcing steel ton 1,050 650.00 682.50
Srouting, backfilling meterof 2,750 150.00 412,50
tunnel
Stop-log ton 60 2,000.00 120.00 2 sets, at the entrance
of No. 1 tunnel

Misc. work L.S. 815.00
Construction facilities L.S. 300,00

Total 15, 800, 00
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Item - 2 Spillway

rammp——

Work ltem Unit  Quantity Unit Cost Cost Remarks
' Us.§ 103U.S.%
“Excavation open, common m3 110, 000 1,50  165.00
Excavation open, rock m3 410,000 7.00 2,870.00
Backfilling m3 16,000 2,00  32.00
Concrete, structures m3 50, 000 65.00 3,250.00
Reinforcing steel ton 1, 000 650.00  650. 00
Grouting, consolidation m 900 25.00 22.50
Grouting, curtain m 1,600 45,00 72.00
Control room ' L.S. 200. 00
Cut-slope protectlonl L.S. 70.00
Slop-log ton 100 2,000.00 200,00 1 set, atthe approach
B=15m, H=13m
Misc. work L.S. 418,50
Constructioﬁ facilities L.S. 400, 00
Total 8, 350. 00
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Item - 3

e pmp—

Dam (including coffer dams)

Work Item Unit  Quantity Unit Cost Cost Remarks
US.$ 103U.s.%
E;e_of water L.S. 600, 0D
gxcavation open, common m3 180, 000 .50 270.00
gxcavation open, rock m3 820, 000 7.00 5,740.00
Concrete, structures m3 8, 000 65.00 520. 00
Reinforcing steel ton 180  650.00 117.00
gmbankment, core zone m3 1,770,000 3.00 5,310.00 2.50x 120% = 3.00
{Chacabuco)
gmbankment, filter zone m3 918, 000 3.60 3,304.80
Embankment, pervious m3 10,354,000 4.60 47,628.40 see below
zone

placing of rock material  m3 131, GOO 7.00  917.00
Drilling, percussion m 13, 000 10,00 130.00
Drilling, Ex type m 30,000  30.00  900.00 ¢ 59 mm
Pressure grouting ton 3,000 600.00 1,800.00
Observation system L.S. 200. 00
Stripping borrow pits m3 350, 000 1.50 525. 00
Crest road m 560  300.00 168. 00
Mise, work L.S. 1, 569.80
Construction facilities L.S. 3,000.00

Total 72,700.00

- for reference -

Volume of pervious zone including rock placing = 10,485, 000 m3

from quarry = 8,266,000 m3
from excavation = 3,170,000 m3 x 70 % = 2,219,000 m3

PRI T T e e <

2,219,000 _ 21%
= 8,266,000 79%

material from excavation
material from quarry

5.50 x 0,79 + 1. 00 x 0. 2!
4.35+0.21

4.56

4.60 U.S. $/m3

Combined unit cost =

n 1



Item - 4 Headrace

——

Work [tem Unit  Quantity Unit Cast Cost Remarks
U.Ss.5 103US.§
-E:cavatlon open, common m3 320,000 1.50 480. 00
Excavation open, rock md 1,240,000 7.00 8,680.00
Concrete, Structures m3 140,000 65.00 9, 100.00
Reinforcing steel ton 4,140 650.00 2,691,00
Cut-slope protection L.S. 100. 00
Grouting, consolidation m 1,500 25.00 37.50
Grouting, )curtain m 3,000 45.00 135.00
Misc, work L.5, 256.50
Construction facilities  L.S. 500. 00
Total 21,980.00
Item - § Power Swuation (including switch-yard)
Work Item Unit  Quantity Unit Cost Cost Remarks
. U.s.$ 103U.S.$
Excavation open, common md 110,000 .50 165,00
Excavation open, rock m3 440,000 10.00 4,400.00
Banking -~ m3 35,000 2.00 70. 00
Concrete, structure m3 56, 000 65.00 3,640.00
Reinforcing steel ton 2,000 650.00 1,300.00
Architectural work L.S. 1,300.00 including command
building
Stop-log ton 60 2,000.00 120.00 2 sets, at the tail-bay
B=8m, H=10m
Misc. work L.S. 605. 00
Construction facilities L.S. 1, 000. G0
12, 600. G0

Total
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(B)  Permanent Equipment (Tamango)

Item Unit  Quantity Unit Cost Cost Remarks
U.s.$ 103US.$

(1) Diversion Tunnel and River Outlet Work

Roller gate ton 60 4,000 240 2 sets, at the entrance
of No. 2 tunnel
B=4m, H=9m

Ring follower gate  ton 120 4,000 480 2 sets, at the plugged
portion of No. 2 tunnel

Howell-Bunger valve ton 50 6,000 300 2sets, « u »

(2) Spillway
Roller gate ton 660 4,000 2,640 2 sets, B=15m, H = 15m

3 Water-\bay

Steel grating ton 480 1,500 720 at the Intake
Roller gate ton 560 4,000 2,240 4 sets, at the intake
B =8m, H=10m
Penstock ton 7,330 2,000 14,660 4 lines, ¢ 7m
Sub-total (1)+(2)+(3) ) 21,280 CIF Price

{(4) Power Plant

Turbine L.S. 29,600 Francis Type
4 x 185 MW = 740 MW

Generator L.S. 29, 600

Transformer L.S. 10, 360

i Switchgear L.S. 10,360

x © Aux. equipment L.S. 4,000

Misc. material L.S. 5,000
Sub-total (4) 88,920 CIF Price
Total 110,200 CIF Price

Cost of Permanent Equipment = 110,200 x 120 % = 132,240 103 U.5. §

(including import expense, inland transportation and installation)

—108--




9.3 «HL b s A-SREH

9,31 X &

MpapaT, 74 NE—, Oy JOEDD S -~V CHHNARREIMPARET 4 2 &
rz.'cierao

Bt b Bk Bl 2 2.6, FH2A1 1 185TH5, FLORIBEMERLE 70 m,
FaRE 288m, & L TRSIHERKE 1,430,000mTH 5, (Fig—9.16, 9.178R)
9.3.2 KA

MAORS sERCRG, RER= 7 ) - BETH 72 m, HEI3IImTH5, RK
04— b %4 Py, Kt Lo40m sechtliKafELffETd 2, (Fig—9.188MH)

9.3.3 7KEHE

FoaEfcH AMAKOREHRL, GRS ~60moHE L 4 XBfT5, thbOF
HEZ164mTD D, HRE20~21mmTH 5, (Fig—-9188H)

9,3.4 BEKek

Bkii # aBCBY, 3y 2 V- BB ( vt Py ¥ TR) TH A, Bk sS -
FRAZE S 14.5m, HHM150moe—5— 4 — 5 FIRIL, BEHKER 6,600 m¥/sec
APk 8,000m seck KEWMTI L WHTH S, (Fig—9.198MH)

0.3.5 RWA

%mmﬂfAE&%Kﬁﬁbtﬁﬁfao¥mTK&Lm42m.Eés4m,ﬁéM1
mO%ﬁﬂ?ﬂU—bﬁﬁTééo%ﬁﬁmﬁ&ﬂlﬂmwKWDﬁﬂﬂfﬁymﬁéé?
¢ G4 130.000 kVA 50H0RTH 4 BERET 5, (Fig—0.20 8R)

9.3.6 KHEPIURMH

c@ﬁﬂﬁo%ﬁﬁﬁ%ﬁﬁsam.ﬂmm%ﬁl7m,mﬁlééboﬁkﬁ%mﬁu
som/scc Th B, CORECAHT AL LTR, LM T 7 ¥ KEFELTS S, K
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Fig-9.16 Salton Gorge Power Station
Altemative-1 (HW.L 90.00)
General Plan
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Fig.—9.21 Construction Schedule of Salton Gorge Power Station
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Tﬂble'9. 5

Estimated Construction Cost {Salton Gorge)

Item Description Cost
* ) 100 U.S. §
L Direct Cost
(1) Land and Right 350
(2) Diversion Tunnel Civil work 21, 800
(3) Spillway " 17, 300
(4) Dam " 7,790
{8) Headrace- " 19, 190
(6) Power Station " 18, 190
(7) Permanent Equipment 110,520
(8) Expense for Construction Equipment 29, 120
Sub-total ' 224, 260
I. Indirect Cosf
{1) En;gir;eering and Administration 15 % 33,860
| (2) Cénstrucﬁon Facilities 13,7901
Sub-total 47,650
~ III.  Contingencies
(1) For Direct Cost 209, 45, 140
(2) For Indirect Cost 15% 6,930
- Sub-total 52,070
IV. Couastruction Cost “without tax 323,980
V. °Interest during Construction 87 fo;‘ F.C. 84,230
& 3% for D.C.
VI. Total Project Cost 408,210

Notes: Excluding the cost of infrastructure and of the transmission line,
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(A)  Civil Work (Salton Gorge) .

Item -1 Diversion Tunnel

Work Item Unit 7 Quantjty Unit Cost Cost . Remarks
' " U.s.$ 103U.8.5
_-(-j—a_re of water L. S, 400
Excavation open, common m3 10, 000 1.50 15
Excavation open, rock ~ m3 120,000 7.00 840

Tunnel excavation, rock m3 344,000 30.00 10, 320

Concrete, structure and  m3 110, 000 65.00 7,150
tunnel lining ’

Reinforcing steel ton 1,520 650.00 988
Grouting, backfilling meterof 3,220 150.00 483
' tunnel ' '
Stop-log ton 120 2, 000.00 240 6 sets for three tunnel
Misc. work L.S,. 964
Construction facilities - L.S. 400
Total 21, 800

Item -2  Spillway

Work Item Unit  Quantity Unit Cost Cost Remarks
_ U.Ss.$ 103U.S.$
Excavation open, common m3 300,000 1.50 450
Excavation open, rock  m3_ 1,140,000 7.00 7,980
Backfilling ~  m3 " 2,500 T 2.00 5
Concrete, structures 1.'r13. | 88.000 65.00 5,720
Reinforcing steel - ton 1,800 650.00 1,170
Grouting, consclidation m 600-  25.00 15
Grouting, curtain m 1;200 45.00 54
Control room L.S. 200
Cut-slope protection L.S. . 100
Stop-log . ton ‘ 100 2, 000.00 200 1set, B=15m, H=13m
Misc. work . L.S. : 706
- Construction facilities L.S. . 700
Total 17, 300
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Item -3  Dam (including coffer dams)

[

Work Item Unit ~ Quantity Unit Cost Cost Remarks
US.$ 103U.5.%
" Care of water LS _ 400. 00
Excavation o‘pen. common m3 32,000 1.50 48.00 °
gxcavation open, rock m3 90,000 7.00  630.00
Concrete, structures m3 3,300 65.00  214.50
Reinforcing steel ton 70 650.00  45.50
Embankment, core zone  m3 195,000 3.30 643.50 3.30; as same as
Salton San Carlos
gmbankment, filter zone m3 132,000  3.90  514.80
Embankment, pervious m3d 1,000,000 3.00 3,000.00 3.30x90%=23.00
zone (Chacabuco)
Placing of rock material  m3 45,000 5.00  225.00
Drill.i_!gg, percussion m 3,000 10.00 30.00
Drilling, Ex type m 7,500  30.00  225.00 #59mm
Pressure grouting ‘ ton 700  600.00 420,00
Observatijon system L.S. - 50.00
Stripping borrow pits m3 30,000. 1.50 45.00
Crest road m 290  300.00 §7.00
Misec. work L.S, ) 411.70
Construction facilities -~ L.S. - 800.00

Total 7,790.00
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Item - 4 Headrace
" Work Item Unit  Quantity Unlt Cost Cost " Remarks
US.$ 103U.5.%
“Excavation open, common md 220,000 .50 330.00

Excavation open, rock md 800,000 7.00 5, 600.00
Concrete, structures m3 147,000  65.00 9,555.00
Reinforcing steel ton 4,350 650.00 2,827.50
Cut-slope protection L.S. 50. 00
Grouting, consolidation m 900 25,00 22.50
Grouting, curtain m 1,800 45,00 81.00
Backfilling m3 55, 000 2,00 110. 00
Misc. work L.S. 214.00
Construction facilities L.S. 400.00

Total 19, 190. 00

Item - 5 Power Station (including switch-yard)
Work Item Unit  Quantity Unit Cost Cost Remarks
Us.$ 103U.S.8
Excavation open, common m3 126,000 1.50 189
Excavation open, rock m3 500,000 10.00 5,000
Banking m3 35,000 2.00 70
Concrete, structures m3 113,000 "65.00 7,345
Reinforcing steel ton 3,900 656.00 2,535
Cut-slope protection L.S. 50
Architechtural work L.S. 1,000 including command
bujiding
Stop-log ton 75 2,000.00 150 3 sets, at the tajl-bay
- . B=7m, H=9m

Misc. work L.S, 851
Construction facilities L.S. 1,000

Total 18, 190
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(B) Permanent Equipment (Salton Gorge)

Item Unit  Quantity Unjt Cost Cost Remarks
us.s 103US.$
H)_f)iversion Tunnel and River Outlet Work -
Roller gate ton 60 4,000 240 2 sets, at the entrance
: of one of the tunnels
B=4m, H=9m
Ring follower gate  ton 120 4,000 480 2 sets
Howell-Bunger valve ton 50 6,000 300 2 sets
(2) Spillway
Roller gate ~ ton 1,650 4,000 6,600 5 sets, B=15m, H=15m
(3) Water-way
Steel grating ton 700 1,500 1,050  at the intake
Roller gate ton 700 4,000 2,800 4 sets, at the intake
B =8m, H=10m
Penstock - ton 2,660 2,000 5,320 4 lines, ¢ 7.50m
Sub-total (1)+(2)+(3) 16,790  CIF Price
(4) Power Plant
Turbine L.S, 28,200 Kaplan Type
4 x 140 MW = 560 MW
Generator L.S. 23,520
Transformer L.S. 7,060
Switchgear L.S. 8, 230
Aux. equipment L.S. 3,500
Misc. material L.S. 4, 800
Sub-total (4) 75,310  CIF Price
Total 92,100 CIF Price

Cost of Permanent Equipment

= 92,100x 120 %,

110,520 103 U.S. $

(including import expense, inland transportation and installation)
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Table -9.8 Annual Cost at Receiving End

Item

Unit

River Mouth Caleta Puerto

Pascua

Tortel Chacabuco

Annual Cost of Power Stations

Annual Cost of Transmission‘ Line

Total

Annual Average Energy Production
Annual Firm Energy Production
Annual Average Unit Energy Cost
Annual Firm Unit Energy Cost

10%Uss
103US$

GWh
Gwh

mills US$/KWh
mills US$/KWh

95,611
4,871

100,482

8,380
6, 820
12,0
14,7

95,611 95,611
3,323 17,495

98,934 113,106

8,447 8, 104
6,876 6,597
11.7 14,0
14.4 17.2
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“able -10. 1 Epicentral Regions of Major Historical Earthquakes in Chile, 1535 - 1955
(From Lamnitz, 1970)

Date Eii:;;;fal Origin Magpltude Remarks

-1-5;; October 28 So. Chile Apocryphal

1570 February 8 Concepcion Offshore 8 - 84 Destructive tsunami

1575 March 17 Santiago Coast Range 7-7 More than 100 km
from Santiago

1575 December 16  Valdivia Offshore 84 As in 1960

1604 November 24  Arica Offshore 8% -8,  Major tsunami

1615 September i6 Arica Offshore 73 Small tsunami

1647 May 13 Santiago Range Fault 8l Epicenter between

‘ Santiago - Valparaiso

1657 March 15 Concepcion Offshore 8 Major tsunami

1681 March 10 Arica Offshore 7-7% No tsunami damage

1687 July 12 San Felipe Aconcagua 7-7 Few data

: Vatley

1715 August 22 So. Peru Coastal 75 Damage in Arica

1730 July 8 Valparaiso Offshore 84 Major tsunami

737 December 24  Valdivia  Offshore, Val- 75 -8  Prob. tsunami

divia - Chiloe
1751 May 25 Concepcion Offshore 8% Major tsunami
[796 March 30 Capiapo Inland or near- 7} - 8 No tsupami
coastal
1819 April 3, 4, 11 Capiapo Coastal 8% - 8%  Large tsunami
1822 November 19  Valparaiso Coastal 8% Moderate tsunami
) geodetic charges

1629 September 26 Valparaisu Coastal 7 No tsunami

1835 February 20 Coﬁcepcion Offshore 8 -8%  Major tsunami

1837 November 7  Valdivia Offshore 8 Tsunami

1847 October 8 Illapel Near-coastal 7-7% No tsunami

1849 November 17 Coquimbo Offshore 75 Moderate tsunami

1850 December 6  Maipo Valley  Andean 7-~73 As in 1958

1851 April 2 Casablanca Range Fault 771 No tsunami

1859 October 5 Capiapo Coastal 75 - 7%  Moderate tsunami
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Epicentral

Date Origin Magnitude Remarks
region
1868 August 13 Arica Offshore 84 Major tsunami
1869 August 24 Pisagua Offshore 7-7% Aftershock
Moderate tsunami
1871 October S Iquique Coastal 7-7 Few data
1877 May 9 Pisagua -Offshore 8 -8k Major tsunami
1879 February 2 Magellan Near-coastal 7-7 As in 1949
1880 August 15 apel Coastal 75 -8 No tsunami report
1906 August 16 Valparaiso Coastal 8.6 Small tsunami; geo-
detic displacements
1918 December 18 Capiapo Coastal 75 Moderate tsunami
1922 November ;0 Huasco Coastal 8.4 Destructive tsunami
1928 December 1 Talca Near-coastal 8.4 Small tsunami; some
geodetic displacements
1939 January 24 Chillan Coast Range 8.3 No tsunami
Faulr
1943 April 6 Itlapel Coastal 8.3 Minor tsunami
1949 December 17 " Ppunta Arenas  Near-coastal 7% Minor tsunami
1953 May 6 Chillan Coast Range 73 As in 1939
Fault
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Table - 10,2 Barthquakes in Southernmost Area of Chile, 4505 - 5695

— Eplcenter li)at;a : beiath Magnitude Comments
Latitude Longitude (km)

T 4505 73.0 W 1960 May 27 0 0
'45.08 73.0 W 1960 June 25 0 0
4508  74.0W 1960 June 2 60 0
45.05 74.5 W 1963 January 31 33 0
45,05 75.0W 1960 May 24 0 0
45.0 8 75.0 W 1960 December 29 17 0

45,08 751w 1963 August 22 33 4.5
45.0S 75.5W 1960 May 26 60 0
45.08 76.0 W 1960 May 25 0 0
45.08 76.0 W 1960 .May 25 0 0
45.05 76.5 W 1960 June 15 0
45.08 77.0 W 1960 May 27 0 0
45.15S 76.7 W 1963 May 15 a3 4.8
45.5S 73.0W 1960 June 12 0 0
45.5 S 73.5 W 1960 June 6 60 0

. 45.58S 73.8 W 1965 February 4 a3 5.1
45.5 S 74.0 W 1960 May 26 . 0 0
45.58 - 75.0 W 1960 July 2 0 0
45.58 76.0 W 1960 August 1 0 0
45.5 S 77.0 W 1960 May 23 0 0
45.6 8 76.1 W 1969 April 13 33 4.6
45.6 S 73.4W 1962 December 6 33 0
578 _T12.6W 1965 November 28 33 5.8
45.8S 5.2 W 1964 January 22 33 4.7
45.8 8§ 76. I W 1965 December 4 33 4.8
45.9 S 75.3 W 1963 August 27 33 5.3
45.98 76.0 W 1965 February 15 33 4.9
46.0S 73.5 W 1960 June 6 0 0
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Epicenter

o Date Depth  Magnitude Comments
Latitude Longitude (km)
46.08°  74.0W 1960 June 7 60 - 0
46,0 74.0 W 1960 June 12 0 0
46.05 74.5 W 1960 May 28 60 0
46.05 5.5 W 1950 January 3 0 0
46,08 76.1 W 1965 February 14 33 4.8
46.3 5 74.8 W 1963 May 19 48 6.3
46.55  74.0W 1960 June 2 0 0
46.5 5 77.0 W 1960 May 23 Y 0
47.08 ‘75,0 W 1959 September 4 g 0
47.08 75.0W 1960 May 25 0 0
48.08 77.0W 1960 May 23 0 0
48.58 76. 1 W 1962 March 23 33 0
- 50.58 724 W 1966 September 29 52 4.7
50,55 73.0wW 1959 April 8 0
50.5 S 74.0W 1960 May 24 0 0
50.9S 3.6 W 1961 December 13 50 1]
52.55 72.0W 1973 April 13 11 5.1
53.58S L5 W 1950 Janpuary 30 0 0
54.05 71.0W 1949 December 17 0 0
54.05 71.0 W 1949 December 17 0 0
54.5S 70.0 W 1949 December 17 0 0
56.0S  67.0W 1930 July 13 0 0

L3
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Fig. -11-2 Block Diagram for Observation Procedure

Seismographs Automatic

(N-S component) )

Attenuation Recorder
(E-W component) Controller .
(Vertical component) .
{
Starter Seismograph Automatic Starter Time Signal GeneratorJ
AC Power Sources
}
Recharger Accumulator
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Table 11-1  Seismic Observation Equipment

Equipment _ Specification Unit Q'ty Remarks
(a) Electromagnetic Seismograph
Horizontal accelerometer For measurement pc, 2
Horizontal accelerometer For starting pc. 1
Vertical accelerometer For measurement pc. 1
(b) Automatic starter pc. 1
(c) Automatic attenuation For measuring pe. 1
controlier 3-component
acceleration
(d) Recording equipment
Recorder (Visigraph) 1  W/Paper spool
Galvanometer “Accesary to 10  6for measurement
recorder 2for time indication
) 2for recording
sensitivity
Tim-e indicating signal pc. 1
generator
Recording paper roll. 5
{e) Power supply unit
Recharger pc. 1 With shielded cover
- for induction voltage
Accumulator pe. 1
{f} Container ) Anti-corrosive pc. 1 Anti-freezing and
cabinet anti-frosting heater
contained
4]
Shielded vinyl cable 0.75mmZ;2cores m 10 For use with

seismograph
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Table 11-2

- Specification of Seismic Observation Equipment

- Equipment _Ttem Specification
(a) Electro magnetic Frequency fénge 0.3 30Hz
Setsmograph Max. measurable 500 gal
acceleration
Dampiné Electromagnetic
Working temperature range - 109C ~ +40°C
Working humidity range 10-809%

(b) Automatic starter

(c) Automatic Attenuation
Controller

{d) Recording equipment

Recorder

Time signal generator

Galvanometer

Type

Max. sensitivity
Sensitivity control

Working temperature range

Working voltage

Sensitivity control
Switching response time

Components

" Permissible error

Working voltage

Working temperature range

Components

Recording speed

Timing

Permissible error on speed
Working voltage

Ray Source

Working temperature range

Time signal

Working voltage

~ Working temperature range

Frequency range

Accelerometer type
1 gal

Variable

-10°C ~ +40°C

DC 12V

x 1, x 1/4, x 1/16
Within 10 m/sec

3

Within 2,59,
DC12V

- 10°C ~ +40°C

6

5 cm/sec and 10 cm/sec
1/10 sec

Within X5

DC 12V

Tungsten lamp

- 10°C ~ +40°C

Date, hour, minute
and second

DC 12V
- 10°C ~ +40°C
0 ~ 50 Hz
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512

"Equipment Item Specification
(e) Power supply unit
 Recharger ' _ . Input voltage - AC 220V
Qutput voltage DC 14V
Qutput current 4 A
Accumulator Output voltage DC 12V
Capacity 120 AH

(f) Container

{(g) Cable

Working temperature range

Interior finish

Containing

Mechanism

Standard

- 10°C ~ +40°C

Lined with adiabatic
materials

Automatic starter, auto-
matic attenuation con-
troller, recording
equipment, power supply
upnit and heater

Steel self-standing type

To JIS 3312
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Tabie 11-3 Tests of Construction Materials

) Material . Impermeable Concrete
Core Materlals Filter Materials Materials Aggregates
Mechanical tests Specific gravity  Specific gravity Sieve test
test test
Compaction test i Sieve test " Water absorption  Specific weight test
test
Triaxial compression = Water absorption Durability test Water absorption
test -7 test ] . and surface water
absorption test
Unconfined compres- Compression or' Compression Specific gravity
sion test ) consolidation test _ test ) test
Permeability test " Permeability test Shearing test Void ratio test
Consolidation test | T Fineness modulus

test

Impurity test

BL, LRIASORBHRPCOW TR, HEMASTABEEIL, HEDLBEFREIN
rERRGT SHAME Ly, Fig ~11LICTORBLBER L &,
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Fig.— 111  Schedule of Investigation Work . ( May~ August ; Snowy Season )

Item : Unit | Quantity 1 st end 3rd 4th
1) Selsmic Obsarvation Sovey { 2345678?101!12 11213415 (6|7|8|sllofnjiz|f1(2{3|a|5|s|7|glaiolithz|i [2]|3|a(5]6i7
Seismograph Facilities Place 3
Seismic Observation Survey LS |
2) Hydrological Investigation
Meteorological Observation Facilities Place 2
River Runefi=Chsérvation Facilities Place 3
Meteorslogical Observation LS |
River Runctf-Observation LS i
- Water Quality Test LS |
3) Geological Tnvestigation
Aerial Geological Survey LS [
Surface Geological Survey km?2 89
Sonic Prospecting Exploration Kkm 55
Seismic Prospecting Exploration km 42.5 e e e
Core Drilling Exploration m 5,230 — o e e
Permeability Test Time 503 —jm e —
Adit Exploration m 680
Bearing Test Time 23
4) Topographical Survey
Mapping from Aerial Photos { Additional)
Catchment ( Additional) 1/20,000 km? 100
Site /2,000 kme 57
Leveling Survey Km 334
Profile Leveling of River - -
( From Bertrand to Sea ) ' km 223 s
( From Ric Baker to Lago Cochrane)| km 19.5
5) Material Test
Core Material LS '
Filter Material LS '
Permeability Material LS I
Concrete Aggregate Material ' LS !

e Note : Breakdown of quantities for each scheme
S ' is summarized in Appendix~ 1
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Apperdix—1 BEIWMULRZ

Table-A.1  Summary of Investigation Works

Quantity
Item Unit  Chaca- Taman- Salton Saiton
buco go San Gorge Total
Carlos
TSelsmic Observation Survey
Seismograph Facilities place 2 - 1 - 3
Seismic Observation Survey L.S, 1 - 1 - 1
2) Hydrological Investigation
Meteorologlcal Observation Facilities place 1 - 1 - 2
Meteorological Observation L.S. 1 - 1 - 1
River Runoff Observation Facllities . place - 1 2 - 3
River Runoff Observation L.S. - 1 1 - 1
. Water Quality Test L.S. I - 1 - - 1
3) Geological Investigation .
Aerial Geological Survey L.S. 1 1 1 i 1
Surface Geological Survey S = 1/500 km? 0.5 1.5 0.7 0.8 3.5
“ " $=2,000 km? 1.0 2.0 1.2 1.2 5.4
Sonic Prospecting Exploration km - - 5.5 - 3.5
Seismic Prospecting Exploration km 7.1 13.1 12.8 9.6 42,6
Core Drilling Exploration m 1,330 1,610 2,040 730 5,710
Permeability Test time 228 186 35 54 503
Adit Exploration m 430 250 - - 680
Bearing Test time 11 12 - - 33
4) Topographical Survey
: Catchment 2
Mapping from Aerxa? Phutoe%s___I /20, 000; km 20 - 80 - 100
. " Site
o /2'000} km?2 ; 28 - 2.9 5.7
Leveling Survey km 144 - 190 - 334
Profile Leveling of River i )
7 (from Bertrand to Sea) km 223 - - - 223
(from Rio Baker to Lake Cochrane) km 19.5 - - - 19.5
3) Material Test
Core Material L.S 1 1 1 1 1
Filter Material L.S 1 1 1 1 1
Permeability Material L.S 1 1 1 1 1
Concrete Aggregate Material L.S 1 1 1 1 1




Fig— A1 Geological Investigation Plan

at
Chacabuco




~Table-A.2  Quantity of Investigation Works for Chacabuco Site

Item Description Unit Quantity
1) Seismic Observation Survey
Seismograph Observation Chacabuco Site place 2
Selsmic Observation Survey LS. 1
2} Hydrological Investigation
Meteorological Observation Facilities Chacabuco Site place 1
Meteorological Observation L.S. 1
Water Quality Test L.S 1
3) Geological Investigation
Aerial Geological Survey L.S. 1
Surface Geological Survey § = 1/500 km? 0.5
(Dam and Spillway Area) S=1/2,000 1.0
Seismic Prospecting Exploration Dam 3.6
o " L Spillway 1.5
Core Drilling Exploration (in Dam) 0
N-4,775,933 . N45" E
Location E- 672,043 EL 147m direction 459 dip m 85
N-4, 775,987 " N45° E .
E- 672,045 CL147m 60° dip 100
. N-4, 775,946 N N 452 E "
E- 672,120 DL 147m 450 dip 100
, N-4,776,022 y N45°E "
E- 672,108 CL 146m 60° dip 80
N-4,775,768 " .
E- 672,095 EL 200m Vertical 30
N-4,775,833 " "
B- 672,035 EL 176m do. 40
N-4,775,850 , " .
B 672,133 L 182m 40
N-4,775,895 N N "
B- 672,075 EL 170m 60
N-4, 775,917 . . "
: B- 672,017 EL 148m - 50
N-4, 775,925 . " =
E- 672,120 EL 1‘62m 50
N-4, 775,935 N
" E- 672,068 EL 142m 80
N-4,776,015 , .
" E- 672,055 EL 167m 80
- N-4,776,032 “
" E- 672,000 EL 186m 50
N-4, 776, 047 e
" * ' " " " 0
E- 672,100 DL 172m >
" N“L 776, 065 " " L1
E- 672,045 EL 18%m S0

A-3



Item Description Unit Quantity

N-4| 776’ 110 )
Locatlon E- 672,038 EL 210m direction Vertical m 30
" N-4,776, 162 o . ; ’
E- 672,027 EL 252m 65
N-4,770,172 B " i
E- 672,128 EL 223m ] 80
Core Drilling Exploration (in Spillway)
: N-4,776,612 ‘ ,
Location E- 672,203 EL 212m direction Vertical m 20
L N-4' 776’ 658 1] "t (1]
E- 672,180 EL 194m 30
1 N-4’ 776'727 " " (1]
E- 672,193 Dl 16lm 20
N-4,776, 680 " . .
\ E- 672,222 EL 157m ] 30
N-4, 776, 645 : . . .
E- 672,250 EL 156m 30
, N-4,776,580 " " .
E- 672,296 EL 155m 20
N-4,776, 667 " " .
E- 672,280 EL 191m 30
N-4,776,715 " . "
E- 672,262 EL 203m 30
Total 1,330
Permeability Test _ times 228
. N-4,775,924
Adit Exploration (Right bank) Portat: B- 672,070 EL150m m 220
N-4,775, 837 "
Portal: E- 672,085 EL178m 50
N-4,776,003 "
" (Left bank) Portal: B- 672,056 EL 160m 160
Total " 430
Bearing Test (in the adit) times 11
4) Topographical Survey -
‘Mapping from Aerial Photos
(Catchment 1/20, 000) Additional km?2 20
Leveling Survey ) ;
(from Tamango to Chacabuco) - km 20
(from Cha_cabuco to Bertrand) - " 33
(from Tamango to International Bench mark) " 91
Profile Leveling of River )
(from Bertland to Sea) km 223
(from Rio Baker to Lake Cochrane) " J19.5
5) Material Test o )
Core Material L.S. 1
Filter Material ' . " 1
Permeability Material " 1
Concrete Aggregate Material _ - " 1
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Table-A.3  Quantity of Investigétion Works for Tamango Site

Item Description Unit Quantity
1) Hydrological Investigation . . _
River Runoff Observation Facilities ‘Tamango Site times 1
River Runoff Observation L.S. 1
2) Geological Investigation
Aerial Geological Survey - : . L. 8. 1
Surface Geological Survey (Dam, . S§=1/500 km? 1.5
Spillway, Power Station Area) $=1/2,000 " 2.0
Seismic Prospecting Exploration (Dam, Right bank km 5.0
Spillway, Power Station Area) Left bank " 8.1
Core Drilling Exploration {Dam Spill- Core drilling with m 930
way, Power Station) ) permeability test
Core drilling " 680
Permeability Test Sm staging times 186
Adit Exploration (Dam Site) m 140
” " 110
Bearing Test (in the adit) times 12

3) Topographic Survey
Mapping from Aerial Photos Site S = 1/2,000 km?2 2.8

4) Material Test
Core Material LS.
Filter Material . "
Permeability Material "
Concrete Aggregate Material "

bt et =t e

Nate: Grouting Test

The practicable plan and method of grouting test will be recommended after reviewing
the results of permeability test of core drilling holes.
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Table-A. 4

Quantity of Investigation Works for Salton San Carlos Site

Item Direction Unic Quantity
1) Seismic Observation Survey
Seismograph Facilities - Cochrane place 1
Seismic Observation Survey L.S. 1
2) Hydrological Investigation )
Meteorological Observation Faclilities place 1
River Runoff Observation Facilities Mouth Lago Cochrane and  « 2
Nadis
Meteorological Observation L.S 1
River Runoff Observation " 1
Water Quality Test " 1
3) Geological Investigation
Aerial Geological Survey L.S. 1
Surface Geological Survey (Dam, Spill-  Scale = 1/500 km?2 0.7
way, Power Station) Scale = 1/2,000 " 1.2
Sonic Prospecting Exploration {on the River flow direction km 2.4
River) River cross direction " 3.1
Seismlic prospecting Exploration (Dam Right bank " 4.4
Spillway, Power Station) Left bank " 8.4
Core Drilling Exploration Core drilling with m 400
permeability test
(Dam, Spillway, Power Station) Core drilling m 1,160
Permeability Test Sm staging times 35
4) Topographical Survey
Mapping from Aerial Photos
(Catchment 1/20,000)  Additional km? 80
Leveling Survey
{from Sea to Salton San Carloes) km 85
(from Salton San Carlos, to Tamango) " 85
(from Rio Baker to Lago Cochrane) " 20
5) Material Test
Core Material L.S. 1
Fllter Materijal " 1
Permeability Material o 1
" 1

Concrete Aggregate Material
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Table-A,5  Quantity of Investigation Works for Salton Gorge Site

Item Description Unit Quantity
1} Geological Investigation
Aerial Geological Survey L.S. 1
Surface Geological Survey Scale = 1/500 km?2 0.8
(Dam, Spillway, Power Station) Scale = 1/2, 000 " 1.2
Seismic Prospecting Exploration (Dam, spillway, power m 9.6
station traverse line) ’
Core Drilling Exploration (Dam, Spill-  Core drilling with m 270
way, Power Station) permeability test
Core drilling " 460
Permeability Test Sm staging times 54
2) Topographical Survey
Mapping from Aerial Phots (Site S = 1/2, 000) km? 2.9
3) Material Test
Core Material L.§ 1
Filter Material " 1
Permeability Material " i
Concrete Aggregate Material " 1
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Precipltation STATION Pro. Alsen, ENDESA CATCHMENT AREA sis
HIVER, IN THE LASIN OF ELEVATION 10___ = anm mm 5 .45 240 o 72.42

ALAK Janm. Feh, Mar, Apr. May Jun, Jul, Aug. Sep. Oct, Nov. Dec, | *MusL
" 1931 206,0 269.0 99.0 179.0 235.0 |- 2710 | 24400 171.0 135.0 394.0 127.0 203.0 2543.0 ~
1932 241.0 209.0 3930 55%6.0 302,0 326.0 376.0 164.0 244.0 285.0 215.0 252.0 3560.0
© 193] 33,0 390.0 3.0 247.0 4750 387.0 294.0 4620 244.0 252.0 167.0 70,0 3650.0 4
194 20%.4 170,0 212.0 §45.0 242.0 11,0 481.0 28).0 $7.0 134.0 28.0 32.0 2142,0 .
" 1938 246.0 202.0 250.0 t6l.0 366, 0 352.0 192.0 276.0 160.0 175.0 416.0 395.0 3197,0
" 1936 238.0 89,0 262.0 242.0 183.0 278.0 423.0 210.0 2210 9.0 44,0 331.0 2606, 0 4
" 1937 25.0 311.0 33L.0 54,0 A67.0 544.0 58,0 245.0 152,0 149.0 KIS ] 184.0 3291.0 4
: 1938 281.0 to7.0 303.0 1420 285.0 152.0 333,0 324.0 213.0 257.0 462.0 226,0 3485, 0
. 1939 2690 233.0 179.0 19t.0 260.0 3t as0.0 397.0 105, 0 223.0 84,0 96,0 2726.90
. 1940 283.0 212.0 256,0 347.0 350.0 342.0 HLo 1600 172,0 61,0 220,0 205.0 2925.0 7
[ 1941 44,0 130.0 107, 0 221.0 217.0 251.0 222.0 308.0 231,90 172.0 255.0 329.0 2487.0 7
. 1942 2190 231.0 257.0 326.0 214.0 165.0 270.0 3030 208.0 124.0 132.0 223.0 2672.0 7
. 1943 BR, 0 180.0 247.0 14,0 364.0 179.0 194.0 9.0 283,0 87,0 127.0 09,0 2291.0 :
L. 1944 14.0 L0 0 102.0 114.0 226, 4 188.0 182,90 313.0 406, 0 J68.0 142.0 100, 0 2261.4
. 1945 £0.9 2.7 304.8 426.5 351.9 222.2 372.0 353.5 183.9 M2 233.3 172.0 3168.9
. 19486 193.1 211.6 48.3 264.6 350 1 i07.8 232.3 237.8 1807.0 238, 0 3720 196. 4 2615.0 |
|- 1947 345.2 251,7 129.4 121.6 3100 198.9 165, 0 312.8 253.9 175.1 [§2.6 179.8 2564.0 |
- 1948 158.2 150.7 209.9 184.9 376.8 S00,1 165 9 177.0 119.8 157.5 58,0 3l6.0 2580, 8
L 1940 185.3 286.0 409.0 258.5 362, 4 328,7 253.9 182.4 186.0 421 142.8 189.3 2826. 4 |
- 1950 Eb. 5 262.9 525.2 244.0 328.8 472.1 329.5 304.2 9. 0 ne 144.2 357.5 32550 |
- 1951 194.2 78.9 178.9 146.3 487.9 331.4- | 83,8 430.2 269.2 246,0 392.0 6t.7 3000,5 |
. 1952 227.9 135.5 | 419.¢ 2116 | 48,9 55.0 | 217.4 24,1 2407 | 1947 | 136.0 20,7 | 24241
L 1953 | 405.0 229.1 | 379.4 120.8 | -435.5 | 337.7 [ 337.0 56,3 22,9 | 123.4 97.5 89.2 | 3t64,8
- 1954 116.9 180.0 94.6 164.5 162. 4 1136 426,9 396.2 198.0 175.9 108.7 23.0 2431.7 4
I 1955 117.3 40.6 19,4 330.1 89.9 205.2 202.3 215.6 12,0 |° 4.9 98. 5 448,06 2232, 4 4
[ 1956 229.1 121.7 194.7 13,5 151, 3 2717 247.1 263.7 230.1 2139 105.9 152.2 2294.9 4
" 1957 278.8 164.0 401.2 87.0 443.6 179.1 5114 707.8 308.8 315,9 243.2 412.1 4076.9
" 1958 342.8 174.0 128.0 387.7 6117 281.8 1069.0 659.8 201.8 214.3 378.9 213 % 4666.5 4
" 1959 289.8 457.2 499.3 288.) 453.2 268,68 254.0 535.3 3. 16,2 166.2 142, 3 4081, 9
™ 1960 2126 293.3 132.6 281.8 436.9 30.7 . 1 500.0 3609 348.9 415.2 345.8 291.5 3980.2 1.

Precipitation STATION Po. Alsen, ENDESA  CATOMMENT AREA e
RIVER, IX THE BASDN OF ELEVATION 10 = s mm s 45 24" 72+ 427

YEAR jan. Feb, | Mar. apr. | May un, Ja. Avg. | Sep. | oOct Nov. Dec, | %M
" 1961 . M7.3 167.3 289.5 145.6 228.9 301.0 169.9 241.3 202.,2 224, 4 18%.3 120, 7 2023.4 1
[ 1962 14,7 35.1 1581 289.9 176.4 405.8 213.9 342.2 184.2 81.8 1411 200, 3 2419.57
" 1963_ 185.0 7.6 268, 4 557.5 325.4 349,7 393.9 178.4 2001 67.8 219.1 321.4 3161.3
™ 1964 I192.0 262,0 271.0 259.0 403.0 121.0 2520 315.0 210 139.0 24.0 269.0 2723.0
: 195 2320 2810 44,0 1.0 316.0 447.0 261.0 3.0 156, 0 266.0 443.0 181.0 3294.07

1966 99.0 53.0 223.0 1M4.0 755.0 286.0 6.0 198.0 168.0 152.0 303 0 300.0 3037.07
| 1967 219.0 |- 158,0 -] 123.0- 164.0 512.0 200.0 388.0 £17.0 175.0 156.0 276.0 277.0 3065.0 ]
. 1968 115.4 3532 148.5 113.4 202.0 179.1 379.7 266.8 346.9 183.5 242.2 3o1.6 2831, 7 :
. 1949 88.8 182.1 34,4 452.2 455.2 259.5 323.3 291 8 KV 243.2 59.8 125.4 2882.2 |
. 1970 158.&6 186.6 189.9 275.1 410. 8 5.3 4515 259.2 302.2 14,6 931.9 402.8 i
. 1971 286,2 151.9 149.6 256.2 185.2 138,06 | 443.9 358.4 3z o0 127.4 | 248.8B 327.4 3008 & _|
L 1972 273.1 325.1 185.4 257.4 375.5 193.4 383.8 146. % 2078 243.3 2.0 142.2 2755.1 4
. 1973 244.7 54.0 D D D D D D D D D 119.5 -
. 1974 328.5 132.5 1714 126.5 222,77 154.1 1.6 07,1 95.2 67.4 177.4 129.3 2278.6 4
. 1975 6.6 181.2 86.1 288.% 249.2 N3 o6 6 HO.5 283.9 172.5 IBL.o -
L. 1976 269.1 99.06 1284 63,0 47,7 3.0 50,0 i
8 . Dj3Norecord 4
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Precipltation STATION Pro. Chacabuco, DGA  eaTcHMENT AREA o le

RIVER, IN TIE BASIN OF ELEVATION 8 = U'NT min 5 A% 29" * 72. 50°

AEAR Jan. Peh, Mar, Apr. May . Jun. Jul, Aug, Sep. Oct. Nov. Dee. ANMUAL
[ 1965 D D " D n D D 253.8 | 427.9 | 220.3 251.9 | 459.2 | lou.8 ]
| 966 106, 2 D v} D D D D D 216.5 184.0 75,7 1 309.2 ]
. 1967 D D 126,0 100.0 458.2 | 2o8.4 LS} 399.9 | 199.7 o D D N
[, 1968 2t4.2 | 3821 | 1233 134.6 246,2 | 1695 429.9 | 275.6 | a83.2 156.9 | 294.8 | 318.3 | 3t34.06 1
. 1949 129,5 | 201t | 1001 442.6 458,0 { 3140 322.5 | 2945 | 60,0 289, 7 77.9 | 1533 | 3142.9
. 1970 177.2 | 209.5 | 185.2 350,2 4621 D 4] D 135.8 107, 02,2 | 348.6 7
. 1971 283,0 | 186,4 | 1855 24.0 2123 1 1934 $78.5 | 3945 | 319.8 1633 | 310.0 | 7.1 | 3405.7 ]
Cler2o b oasz | 339.6 | 1892 284, 8 3,6 | 2315 404.4 | 1985 | 248.0 64,3 29.4 | 12,9 | 3056,3 ]
. 1973 240,0 08,8 | 142,23 198.0 225,7 { Ins 128,5 | 329.3 35.0 7.9 | 109.9 359 | 2195.3 ]
. 1974 46,5 | 1685 | 197.2 265.2 308.0 | 246,0 s | 3ms5 | 139.5 100.8 | 1w7.4 | 2079 | 2819.7 ]
. 1975 64 | 2115 5.0 319.0 233.0 | 298.5 90,0 | 475.0 | 370.0 219.9 | 223.9 | 34,0 ] 3135.1 ]
. 1976 200.7 | K94 | 1455 242.4 305.0 -
i D;|No record i
A ]

Prec|pitation STATION Cojhajaque Alto, OMC  CATCHMENT AREA ™

—_—  RIVERIN THE BASIN OF e e oo o BLEVATION —mm_ = NT mm s _45- 29° M 1= 35"

YEAR Jan. Feh. Mar. | Apr. May Jua. Jal, Aug. Sep. Oct. Nov. Deg, | At
" 1969 8.2 27.7 2,6 54.9 57.7 | 321 97,0 6.0 07.5 18,6 D 6.5 b
" 1970 22,2 18.6 15.7 28.1 40,2 22,6 6.9 22.3 334 D 14.0 D 1
" 1971 D D D D D 8.8 72.9 31.8 12.0 3.0 24.0 .
[ 1972 27.7 21,0 17.5 14.9 71.2 1.9 4.0 14.7 2.0 13.3 15.4 9,8 263.1 1
" 1973 8.9 7.9 20,0 25.7 51,2 | 65.1 51,9 $2.3 18.9 22.3 D ]
1974 18,0 D D 50.0 79.0 | 25.% 24.0 72.5 19.2 17.5 19.0 Lo 1
. 1975 1.5 12.0 40,0 41.0 16.3 | 30.5. 45.5 3.7 20.3 15.0 59.8 47,1 37,7 ]
. 1976 370 26,7 29,5 29.7 35.0 D D i
- D:iNo record .

I B LR N L

i
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Precipitation

STATION

Colhalgue Bajo, OMC _ CATCHMENT AKEA

ER

RIVER, IN TIE BASIN OF ELEVATION (4 __ = UnT mm 5 452" W 71 403"

YEAR Jan, Feh. Mar, Apr, May Jun. ul. Aug. Sep Out, Nov. Dec, | MAUAL
1920 D D D . D - D D 67,2 132 2 b4 1.8 57.1 70 4 p
" 1921 95,7 51.2 29.8 13,8 194.0 192.8 93.6 292.3 62,1 5.5 42,7 173.9 1370.2
1912 6.9 52.8 89,4 25,2 27.4 107, 7 101, 1 173.0 913 4.8 21.3 20,8 7L 5 A
T 1923 45.1 126,5 249.9 12t.8 72 9 B8 O 30.6 68,3 38,4 36.5 78 8 44 6 1051. 4
" 1924 3.8 44.6 94.4 57.0 184.9 248. 105.6 169.7 313 23.7 26.3 79.3 1110, 7 A
. 1925 4.7 78.1 67.5 206, 4 217 278.3 50.0 256.5 | 117. 4 29,4 55.3 41.7 1417,0 7
. 1926 105.8 44.5 11).0 75.3 136.5 56,8 107.0 B! 28,1 48 1 204.0 i28.5 1075, 7 7
1927 75.5 38.2 69.3 240.3 131.2 81,2 . 54,1 1350 | S0.B 6.3 36,2 24.0 948.1 7
1928 54.8 b 951.8 7.3 53.2 241, 3 113.2 2197 29.6 1.2 63,3 230 0 I255.D:
1929 45.6 3.6 259 190.0 7.7 121.7 D D D D D D D |
. 1568 D 90.5 53,5 15.0 68.0 3.l 139.7 80.7 | §70.8 24,9 22,9 67,06 7o 7 ]
L, D {No record -

Prec_l_ptutiou STATION Cofhaigue, OMC CATCHMENT AREA syin
MIVER, I THE BASIN OF ELEVATION _25 a iwm mm s _45¢ 34 o 7i. 33

YEAR pri-n Feb, Mar. Apr, May Jum, Jut. Aug. Sep. Oct. Nov. Dec. | MAC
1942 D p D D o] D D »] 47.0 15.0 7.0 4.0 i
|~ 1943 23.0 6.0 44.0 28,0 124.0 50.0 75.0 20.0 i03.0 45,0 0.0 8.0 526,0 7
I 1944 8.0 19.0 45,8 81,8 63,6 177 80.8 72.% 112.2 99.2 .8 12,1 783.6
[~ 1945 7.6 60.9 126.5 |. 121.7 249.9 115.8 8.0 130.0 S4.4 123.9 39.3 25,1 1146.7 7
1946 19.1 62.2 17.2 75.0 210.1 43.8 156.3 92.2 48.3 BL.8 152.7 26.3 987,77
[ 1947 38.2 93.0 40.7 14.5 9o, 1 7.0 £2.7 419 9.2 52.9 20.2 4.9 599.3 7
| 1948 20.2 32,1 48.3 48.7 165.6 159.2 71.5 D D D D D :
|, 1950 21.1 5.0 194.1 0.8 134.3 70.2 D D D D p D R
194t 162.4 1.7 7.0 1 - 444 150.8 206.0 119.6 125.0 83.3 56.0 47.8 $7.0 | 1197.0 |
. 1962 514 1.8 110 162, 0 147.4 358.7 169.3 257.4 7.0 D.0 32.0 154.3 1516.3 |
| 1963 3.1 6,2 178, 8 475.0 181.0 356.0 88.2 121.1 145.0 53.0 53.0 2314 1914.9 4
. 1964 73.1 130.4 20.5 125.3 423.0 8.4 7.5 268.0 93.5 39.3 .0 132.7 1601, 7
L 1965 113.0 270.8 22.5 280.7 305.5 347.6 148.7 200.9 75.0 110,2 197.2 85.0 | 2216.2
. 1966 2.0 48,0 135.5 55.0 914.0 239.0 684.0 61.8 76.6 74.3 47.0 E26.3 | 2481.0 A
L1967 13t.0 40.0 60.0 81.0 358.0 124.0 171.0 216.0 97.0 55.0 159.0 95,0 | 1618.0 -
L. 1968 BE. DO 184,0 50.8 39,0 143.8 8.1 kL1 A 172.1 322.3 3.4 87.7 135.8 1602.3 ~
. 1969 12,9 23.06 4.0 114.3 162, 1 84.4 213.0 70.2 138.0 55.% 4.0 16,3 921.3
- 1970 ¢ 55.9 47.3 5.7 69. 6 177.1 87.5 206.9 65.3 103.9 1.4 15.7 108.7 -
- 1971 53.8 13.% 55.7 9.6 79.0 bo. 8 226.% 107.3 82.8 40,5 05.5 64.7 886.1 -
|- 1972 103.1 67.0 41.0 7.6 156.6 52,8 110.9 2.1 31.8 0.0 12.9 28.6 280.4 ]
- 1973 42.8 15,7 27.1 88.6 1002 108. 0 89.2 109.5 9.1 5.9 ‘184 b
- 1974 72,6 67.3 17.4 7.0 162.0 58.2 70,8 106.7 3.5 15.8 38.9 1.2 757.4 1
- 1978 8.3 51.8 40.9 68,8 75.6 50,9 72,2 129.6 “.0 52,1 133.7 113.1 897.4
- 1976 88.9 Jo.7 T 47 63.6 119.9 T8 135.0 1
N i
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Preeipitation STATION En Pra. Cristal, FNDESACATCHMENT AREA "™

RIVER, IN THE DASIN OF ELEVATION 215w uNIT mm g 46+ 38 o 724 22"
YEAR Jan, Feh, Mar, Apr. May Jun, l, Aug. Sep. Oct, Nov, Due, ASNUAL
: 1960 - 26,0 92,0 21,0 8.0 125.0 100.0 79.0 116.0 T 60,0 149.0 52.0 125,0 953.0 ]
. 1961 13,0 40.0 92.0 20,0 84.0 170.0 90.0 87.0 50.0 96.0 42.0 42,0 932,07
. 1902 .0 0.4 58.0 69.0 92.0 232,0 41.0 107.0 47,0 0.0 62.0 6b, 0 827.4
| 1962 330 10.0 79.0 16,0 97.0 D 155.0 76,0 60,0 24.0 8.0 0.0 D
. 1964 .0 50.0 7.0 121, 0 2450 20,0 88.0 115.0 80.0 3.0 2.0 73.0 938,0
. 1965 58.0 B5.0 .0 155.0 116,0 182.0 D 100.0 66,0 4t.0 245.0 D D
. 1960 D D D D D D D D D D D D o] :
. 1967 61.0 5.0 .o 8.0 255.0 22.0 i19.0 51,0 14.6 D D 61.0 [V
L. 1964 21.9 6B, 5 14.2 16.9 M.0 04,8 83.8 8l.2 217.4 44.3 91,7 55,2 843.9 |
- 1969 4.9 51.7 3,2 298.8 217.4 78,0 110.4 59.6 126,17 4.6 3.0 50,0 1092.5 |
- 1970 9.0 18.5 0.1 12.8 157.3 57.4 43.8 30.8 35,7 17 7.5 Bl1.6 525.2
L 1971 48.1 24.5 6.2 11,9 62.7 9.9 163.0 192.5 104.3 73.0 42,0 107. 8 B05,9 4
- 1972 107.8 E
- 1973 Abolisheg E
- D:[No record -
- s
Frecipitarion STATIOK JBuerto Bertrand, DGA  CATCHMENT AREA M
et e _BDVER, IN THE BASIN OF ELEVATION = UNR min g _47. 00" 72 50
YEAR jan Feb. Mar. Apr. May Jun Jul. Aug. Sep. Oci. Nowv, Dec. AsstaL
[ 1901 D D D D D D D D D D 129.2 80,0 D 7
[ 1962 35.0 D o] 28.8 75.9 83.1 87.5 | 165,0 75,6 D D 0.9 D
1983 67,5 D D 241.2 241.6 82.7 42,0 59.9 63.8 9.3 52.8 1660 D A
" 1964 67,0 120,48 D 189.9 202.0 89.7 189. 6 122,3 25.3 12.2 7.0 77.0 D
: 1963 101.0 121.2 47.0 170.5 182.4 205.8 176.9 130, 4 213.5 .7 2277 24.8 1692, 9]
. 1960 47.3 48.3 237.0 4.5 177.6 28.3 106.9 94.8 5.8 4.3 34.5 82.1 11067
. 1967 124,1 D D 69.1 Jon. 3 tol.1 217.8 293.5 544 4.0 147.5 165.9 D ]
1968 3.4 § 145 39,0 3.5 |. D 68.2 2423 147.7 194,06 75.4 157.3 126.0 D :
- 1969 ‘3.4 f 65,7 23.3 3s56.2 2314 15§3.0 132.8 1sf.1 210.8 135.4 22.0 52.4 1543.5 ]
- 1970 £4.2 100.2 135.9 120.6 D T 1ML -1 Y ) 52.4 144, 15.9 2.6 172.4 D
L. 19721 132,9 Jo.5 153.9 25,5 56,2 117.8 3231.2 2921 241.3 92.4 182.7 80.% 1734.7 ]
| 1972 219.5 175.3 107.7 128.6 40.4 124.3 15.0 22.2 145.5 7.1 1.0 172.4 1164.3
- 1973 1J0.9 3.5 23.9 1041 156.0 173. 4 84.9 .9 103.0 12.4 95.4 bo.6 1316, 0
- 194 158.8 70.2 98.9 157.9 82.4 135.2 7.7 275.8 89.6 66.3 100, 1 517 1500.1 2
1975 27.3 .y 9.7 115.7 521 4.5 75.7 250.7 137.9 to. 8 114.7 09.4 116064 )
1976 142.5 1021 87.3 |

B D: |[No record N
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#8 U Beker Pascua JI|ifiiR (Lt o—WL < )
iv) # R 1:2,000
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i) & R 1:60.000
f£ B 1974~19754E USAF
@ [B Baker NIER
iy # R 1:14,000
8 B 19744 SATF
$8 B Beker &R
() #4EWH, tofh
1) ENDESAfrifi@ I'Pr.oyecto de Desarfollo Hidroelectrico de Los Rios
Baker y Pascua |
it) ENDESAf##o [Produccion y consumo de ENDESA en Chile) 1974 -
iii) Instituto Geogr afiﬁo Militar sl o |_Altas Escolar de Chile con la .
microrregionalijacion det Pais) 1976

iv) Instituto Geografico Militar e @ I—Ali:as_ dé la Republica de ChiltaJ 1970
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