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9.3.4

‘Due to the topographic and geological ¢conditions described above, three plans are

compared for the penstock layout; the opeh plan, the tunnel plan and a combination of the
open and tunne} plans.

The layout in each plan is shown in Fig. 9-11.  The longitudinal section is shown in Fig.

-9-12.  An extension of each plan is desctibed below. Comparing the construclion costs

for the three plans above, the tunnel plan of Route-2 provides the best economic factor,

Type of ._ «Leng;h (m) “Total Adit
Route Penstock |  Open Tunnel Length (m) (m)
Route1 | Open 1,595 | 400 1,995 0
Route 2 Tunnel 0 1,693 1,693 160
Roue3 |TunOpen | 450 | 1,225 1,675 100

Turbine Type

Judging from the plan data (net head 359.4 m, maximum discharge 27 m*/s), cither a
Francis or Pelton turbine may be considered. - As this site was selected to deal with the

- peak load, a Francis turbine which provides high maximum efliciency and large

maximum output is advantageous as shown in Table 9-15.
Optimum Development Plan

The previous study regarding a development plan on the Naranjo River confirmed as

follows.

s General layout of Los Llanos hydroelectric projcct.is as shown in Fig. 9-13.

* 62 m high gate type concrete gravily dam is constructed at the downstream axis with
effective storage of 653 x 10° m” allowing daily regulation as shown in Fig. 9-14.

¢  Peak running lime is § hours. '

¢ Maximum discharge is 27 m*/s as shown in Fig, 9-15.

¢ Power plant with 2 units 0f 42.5 MW is built on the left bank of the Paquita River.

¢ Compensation is estimated in the project cost in order to make up a poor African
palm harvest ewing to the decreased water caused by the project.
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Basic Conditions for Study
Annual Cost Method

In making examinations of the study for optimum development plan, the technique of
taking a standard type of thermal power station that would have been constructed if the
Project did not exist as an alternative facility and considering the cost of that thermal as
the benefit was used. ' ' '

The alternative facility selected was a combination of gas turbine and diesel engine power

plants that conld be considered as an alternative to Los Llanos Power Station.

In making the examination, market prices were used wifh the annual surplus benefit (B-C)
and the benefit-cost ratio (B/C) as indices. Cost (C) is the equalized annual cost for the
service life (50 years) of the hydro power facitities and Benefit (B) is the equalized cost of
the alternative thermal, ' '

The particulars of the alternative therimal power station are given in Table 9-16.
Annual Cost
The equalized annual cost of a hydropower facility consists of depreciation, interest and

operation and maintenance cost.. The cost is obtained by multiplying the constniction
cost by the annual cost factor.

!

Annual Cost = Annual Cost Factor x Construction Cost.
Depreciation + Inferest + Operation and Maintenance Cost

I

Depreciation + Interest = Construction Cost x Capital Recovery Faclor

Capital Recovery Factor*—; _i(_l.+_i) o
_ (1+i)" -1
where, n:  service life,
~ civil structure 50 yr
hydraulic equipment and facilities AR
electrical equipment and facilities : 35 yr

i:  discountrate, 12 ﬁercenl

9-15



()

Capitat Recovery Factor:

Civil structure " 12.0%

Hydraulic equipment and facilities 12.2%
Elecirical equipment and facilities 122%

Depreciation + Interest = Construction Cost x 12%

Operation and Maintenance Cost = Conslruction Cost x 1%

Therefore, Annual Cost = Construction Cost x 13%

Conceplion of Benefit

The benefit of the Project is to be the total of the overall depreciation, inferest,

niaintenance and administration cost, and fuel cost of the alternative thermal power

station. The oulput and energy pfoduction of the Project used for benefit calculations

are obtained according to the conditions indicated below.  These are respectively defined

as effective output and cffective electric energy. Transmission line losses are not

considered in the study below,

iii)

The effective output is the dependable peak output less the station power ralio of
0.3 peicent, accident ratio of 0.3 percent, and repair rati_o of 2.0'perc¢nt. The

‘dependable peak output is the average value of monthly minimum peak outputs

during the enetgy calculation period (25 years).
Effective Quiput = (1 - 0.003) x (1 - 0.003) x (1 - 0.02) x Dependable Peak Output

The effective electric energy is the annual energy production less the stalion service
ratio of 0.3 percent.

Effective Electric Energy = (1 - 0.003) x Annual Effective Energy
Furthermore, fimn electric energy is defined as the electric energy produced duting
the necessary equivalent peak duralion. The secondary electric energy is defined

as all other electric energy.

Benefit = Effective Output x kW Value + Firm Energy x Firm kWh
“Value + Secondary Energy x Secondary kWh Valuc .



(2)

(d)

Result

Based on project cost, firm power, firm energy and secondacy energy estimated for
optimum development plan, benefit cost relation {B-C) have been eslimated as shown in

Table 9-17.  The result reveals that Los Lianos ij_ect is feasible.

Optimum Development Plan

The projected outline for optimum development plan is as follows.

High Water Level EL. 4774 m
Low Water Level EL. 4700 m
Effective Storage Capacity 653x 10° m’
Tail Water Level “EL. 840 m
Gross Head 389.7m
Eftective Head 359.4m
Maximum Discharge 27 m'ls
Installed Capacity 85 MW
Firny Power Oulpﬁt 82.7 MW
Annual Available Energy 389 GWh
Firm Energy 107 GWh
Secondary Ehcrgy 282 GWh
Main Facilities _ _

Dam Concrete Gravity Type

Headrace

Surge Tank

. Penstock Tunnel Type
Powerhouse  Open Type

Francis Turbine

624mx114m

3.1 mx5,540m

80mx58m
30m-1.25x1,570m



i

=

ber T
- v

REPUBLIC OF COSTA RICA

.

Riverx

an Layout

oF
: bl !
sw e
e ]

-

Naranjo

Master P11
Y

1=

AR =
/ﬂ’u

N

e ww
[=re et

LOS LLANOS HYDROELECTRIC
POWER DEVELOPMENT PROJECT

B vt
wo X

S Sl NRLETS

I -
..,..‘r Ak

R S
P P

]
._.}\vus

A A
ya ¥
e

ek

i
)

E:
o

DT . A ie |
b e N e e o] S 20
PR %) f WAL Y A [ _w i
B ez NSRS S B ¥R ez m. /3 5)
; TR R S A7 ol = il 2k
T ; ,L\.M.‘ e 2l 2 o |l BN
. ; By SN o ey = S
i T R 3 b PRI Y = 5
O s SRS L l_ JE%e g '3
K A AN L D T | s R oms el Sl
P R R e e <
e f 5 ; N : e ) )
3 ; ] = i -
) Frarf, - X & 37 - nﬁ " ! “
: R T et gl it ‘ .
! 3 P J?r ,,..\‘_. . Plﬁ) Yiat \\w.\..,m
v i ! G
etnga i ¥ 5 h i o
2 Y o Gl o AN i £:
3 o i S 3, o aun e =4
w.. ...__ = a.. " ,ﬂ _ M_-l,m & , m..\m 5
G " H -mn 2 ; 75
0 N 531 Pl Sl 0 4 o PE Lt
w,.,w... = k] HEIan ¥ ol ..._ s T . T. ~
i [ ol 2.l liE P >
F imi 75 _ EICT TR =
| % s R X
: i 0 vrte b
U
A o3 ! X
s ey 4 .Da..\\ o
= 1

,) .
y A% ;//
T

P Ay

—-lepaciFic ocean ;i

ST

NOWPAICIRICK

A

D

C

O




2376 Wi

)

v -

COSTA RICA

HYDROELECTRIC

.os Llanos

Alternative Layout

REPUBLIC OF

POWER DEVELOPMENT PROJECT

LOS LLANOS

T

/2
il

£ /--“3‘
&
O
N

i o
Vo1 iy
! Ay 1 i |
o A
sleate O 5
s M \.rr‘ r
i S _\
Iy o W i i
[ : s ;
(SRS, = ; g
Ik tm wmw. gt ,_
i i A .
Ve g S A i el . }
e, ; S E . : !
= b S _mu’ h ..u - “
: o ?\g 3 v .mlw.._\p// i
) i £ ‘tv.ﬁ ¥ - ] 7] V.__-. B
o £ AT |
H | ) S G F.\’I}u‘%. A.!IIHI.
i 5! / : 13 |
o
O
: |
et WA B n
DA ° 27
: %ﬁ% "8 p
T i —h -
CEIPAS @ ar QO
AN = -
.mw AR PR u...umhw
257 B o
g 2 |
: 1 ; T
- M%_, ..,..‘\.:__.m. 2 |
=L e S (R A 7 1
S = !
Sl S
R N B
NG P Y B -
: TR ™ o8 | ]
s e (3 e, 1 E ] 4
¥y s . B —
g AR N
ho (] 5 M I S .
i P _ :
A X i
o i ! H
w S
o
g
_ = M
: . D ey
W | O .
’ [ - H]
! ﬁ “ £y
Nt R AT — = =
f Ry ‘_,.fmwx......)ﬁ&hk;h. : .hﬂﬁ«w/_.\?\ ; - | L
Cob R [ WA TN Eo ; i v ¥ - -
Myyﬁfm@ s T»T.u%@v.“\mﬁ- b X oo ! ! I )
Mk yn R I N 2 4 : PR Y, ; ﬁ . Lo i
Tl e e e i AN\ N 5 R Yo |
e e Rt o A Py - | K, VAR : m H
Ee e . SR N S I X~
mu,“.mWﬁ aéﬁm@nm%%mwwlf T _ .
e N S AR S S ! ; ,
a1 ﬂ@kx;sm\u l\tﬁ.ﬂ\ Ay ° . . ! Lo







|
|

¢B0T X 5722 Lzrovde) o8e103g

m

v
1

{2) souey] SO 1B UORBIACG JIOAI9SIY -6 "Bid _
_ 16861 "xdy 01 8851 A} : DOTIS!

naoﬂﬁ 08eIOAY ATYLUOK &

HIUOY
"xdy eci ey  uef 09 "AON 100 o 3deg  Eny me sy ARy
T Il ] T T T —T 719
’ ﬁ‘ : : , Yo y m _ 4 |
Vo a N, . \\.mmumnomﬂa 2TqRTITEAY \w i
\ ! K o - L] i
.IL.H..,- 7 ,ﬁ — w va \\\\ y, u m\.\_
= s e——— ¥ AN D R S s E T PR
: | o2xeyosTQ WxTy | |: . : g
- _ ! N ! e =
. (UMop T242T I212BM) | i ” 3 -
o133y A1ddn . , =
— poraag 41 _m — | =
| A0TFUT : ..m, .
1 R ﬁ 2
'S/, W00 TE=XEW) 93ILYSISTQ WNWIXEK / | | ! =
i i | oo
| i _
| \\ ! T
\W/ m Ve
Bo.m.wk@ A0 | $°TT .%uﬂoda.m.u a8exeoag
| !
}
|
— ‘ = PoTIDg 991028 i ﬁ .
, = 09

m@mgmnomﬂa_mﬂpmﬂwm>¢v | B
vaMOQ@MM SO MQ_GOﬁM@HQQQ Mﬂ@bHQme_

e | | s a

EEy



Unif Cost of Energy (g/kwh)

B/C

0.9}

0.8}

0.7

. it ]
10 20 30

Effective Storoge Volume (10%m*)

Fig. 9.4  Study on Reservoir Storage Volume at Los Llanos

&






SECTION A—-A

Dam gxis_
~ 5500
| ) " 6.00
i HW.Ly 523.40 .y 525.40
WLy 523.40

LWLy 506,00
o y
- }‘_.i_r?,é&,@,‘-_

- 3

§ Sadirentation e TN
i - 450 B S : Qrignat. ground suface
/ﬁ@{n i s ? . -1\-?7" D
— T . | ) ! - S
. . . | l \
} i D .
. ‘ : :
- |
| ;
L 400 i Curtoin grouting
i o
SECTION B—B
550"
%1 r
8
UPSTREAM ELEVATION <00
\ . Ciest length 20000 -
AN
8« "
r 550" \ ] i
L 523,40
r Spittwoy i .
b - 450 _Downstreom tofferdam
-
1 \ : [ 1435.00
\ S '
L.w.L 506.00 — = B
<00 e e o ' Cj.x 422,20
- Sedwrentation o 496 00 g ound sur foc 3 T T —
. = B T i Origingl, ground surfoce / Grginal ground surface it ——
- N / 1 . nat ground surface
} ’t . i.
) L 400 : :
1 SN Cuwtgin grouting
@» ; ﬁ\';uzte‘n groyting _ H '
: ¢ "
- 450 Diversian t 2 [ PR S 1 FUN S T |
Diversion turded Plan,Section
;
] N REPUBULIC OF COSTA RICA
i - 1 . : : : LOS LLANOS HYOROELECTRIC
' 5 - . ) POWER DEVELOPMENT PROJECT
-400 ! \ i ; _
: ' k R ;
Hl
“\ E::: / . ' Los Llanos Dam (Casel -2)
* gl . . . - -
' ?ﬂi :‘t : . ’ Plan and sactions
A(J B+J ? "
Fig.9-5% l



150

- 200M

Tocori feservoir

A

oLt b L
Ly woler reservoi (-
WE 105007 4T 7

DAM PROFILE

_..Dom crest tength 280,00

[

B

€L 10950 KWL }95.00 _I

——

s _HWL 4 105,00 _
w
oo -LMLw101.50,
|
1
5+ V1000

S =L /2000

Lsa

136000
2050.00

g
SECTION B—B

—-» 5= 1,/10000

[ Upstreon cofterdan

A Freer
ST gy ROCK

F hl
M
) o
- —_— oo

Origingl_groud swrface

i
. g'\c_t!t_qm_s_fggt_'m
P
EE |

Londres

500 000"
i P 1 I ] a4}
Plan
0 100 200"
FER RN B} ] 1 —d

Dom profite,section

REPUBULIC OF COSTA RICA

L0OS LLANOS HYOROELECTRIC
PONER. DEVELOPHENT PROJECT

Tocori Supply Water Facllity

.Plan and Seoctions

ng.g-e_. o ]







(31T@® WERDP WPIIISUMAOQ)
2/t aaznpy Kyyoedep-e2IV(1)L-6"57Z

(¢w,y01) Xayowded @2B®IORS

% L5t b ; 5 | o
( , } 4 1 L h " 1 t | | ] } L . N R , o_Nd.
vE _ _ _ _ _ US22% 13 . :
4 : o 0 eI o | .. ]
! 1 4 _
i 8 3 0¥
28 6 oY _
118 12 08Y T
434 9¢ 09¥ —F- og»
L O -1 | e g
€187 9¢1 sey =
£e¢ S 812 00S m
0L6 "¢ 0¥ LAY :
¥89 "94 S69 0SS -
(¢ € 0D | (2.2 £.00) ) _ =
£310ude) BalY UOTIRAD R . mEmnenn 0
’ IR )
TR '3
Erisne o I BN
e e 006
e _
[t — T rr— ) | Wh\“ﬂ, v R ~ 1 T
e e B R
A /rj - _H Atttk 3
L\...!kﬂ‘q f//r i
S -
| — . . — 05
Q 0s2 ‘ - Q0§ . - 0%L ‘ _ :

(;we0i) 98IV
E-£-5661

2 | I s ai



o i
nsw.wa ﬂﬁﬁ WRBILEUAOL )}
ele xnp A3toeded-eday :;h s§-51a
Amemoc N.««oumﬂu 2523035
€ A = t 0
.w 4 1 ! - ,
q m _ m o ‘mmw 0y 73 |
gtz to T
79 5 0bY bl
113 I8¢ 0s¥ B
6y . |9t 09¥ N T
| 681 18 SLy Pl j
2467 gzl ey L _
i A T I ¥4 608 i T _
016°21 100 345 _ A
¥99°97 $63 03¢ : _ AR
(2E g 01> | (2% €01 _ | _ R
£110wdey eazy UOT3RAD] “ ‘ L b
} M ! | H

SN SN, R

6+£'S66L

001 - ooz
(zWeCL) ®»oavW

]

v
-

00¢

o2 A

O¢v

(W) woyrvaety

00S

Css

g






Downstream Dam_Site

Upstream Dam Site

Otlginél ground surface

Middlestream Dam Site

- QO
-t
°%
/7]
e =
o oE
=g
stD
20 Q
Mev.
gy
I.S.t
-
-+
Ne N
Oo® | 7
» - -
o -
v | Z
fur

site

i IVIT

A
dam

HHL NI

)

) - A

o i - 1 ,.-

ot 15 PRy .

~ T gL
G ity L \
fj e »
~ . ...\\. -

Y
i

NOriginal g:ouﬁq‘su;face‘

y=13







aAITD 1ybToy weg~eaIv¥ UOTIVDS $S0ID 6-6°D5Ta

(zW) ©IIY UOTIDIS SSOXD

00085 . 000 v : (a]o]e by Qoo e Coc 1L | 0

!
]
|
_ ot

oz

o¢

ot

Cs

(u) ubyan wed

09

-y

08

o6

I9ITEWRT WesIISUM0] l....-ra.-ll....t.

IVLTSWRE WEIIYSOTPPTH — - m e — —
2 1sweq weaxasdn _

95



pr— . Los Llanos dam

o .“"'--_,‘"I _1' ",
-I- A""-"-’. /"‘ .
FA 4 Naranjo R.
s ,—I
: NN S .
/ ' J! ,-'-,J‘I\
. s, .
Paquita R. P Route-1
,’..I-”
s 7
7,
!’-::Il .
3
Pover plant I
. p
D {'
/ - Surge tank

Fig. 9-10 Headrace Tunnel Layout

Perg






e

Route—1
Open type

a
Downstream site '

powerhouse A
/ N\

N/
&% Upstream site powerhouse K

e
R O -

0 2000
: L | l. ]
Remarks
==s==mzc.Open section |
Penstock

Alternative |_ayout

Fig.9-11 [




o o ROUTE - A

Route—A is located on Route—-2 . -

-- 200

26500

iter line

Tunnel 425,00

P

" Tunnel-.... 425.00

Qriginol ground_§_urface

1628.886

§ v515,00.

HWL ﬁsgo\_;%}

}-200 -

[rreo s

- 205,00
. T

Tunnel 400.00_

205.00 |

195.00 [ T

ROUTE - 1

Original ground surface

Tunne'i:' : 400-40(-?.--",-‘"1_.,_-',,,.-

open  1595,00

0

YL = -1995.00m - - -

PRy S

esrie




&0“‘* A ‘
s Y - - -2
2 9, . | ROUTE
: o ELS515.00 /\
— 500 . .
. | i At

e - - — e 5.
- 400 1 K\J Woled
.\ £L421.60 500 _<ﬁ100 N\

J
3
iy
N
\\4-.
P
n
—-
N4
o
Of |
i
t
{
!
|
o
U
|
'
1
?
I
-

Original ground surface 2,

a2
| : _ <
- 300 ‘ | \ | (&
- 200 , \ 5 L=Tunnel = 1693.47n"
| - o . . o [ £L 86,00
: _ ' Penstock center line ' " -
- 100 | R WG / ' ' o : - \\\.
o EL87.79 N _ _E : ] ) . R A
' . < . _ ;
. ’ o 1:500 Ad‘t
140.00 210,00 . N
35000 299,93 | - £95.23 - =]

1405.16
J—
r~ 500 ~ \ -
\\.% y T : F?OUTE - 3
400 T '"’ Pen;s_t_qck__cgqt,er_line
- 300 ‘
. Originol ground surface
) - 200 . | | | Tunnel =1225.00 _ \
- Open = 45000 \
5L =167 5.00m _ \
- 100 : ' SN
: < Tunnel 425.00 : 4
| U Open Tunnel
- . 14000 | 28500 L 420.16 20000 | 500,00 X
N S, U : : _ - , :
b | A . - 1492.16 Fig.9-12(2) PROFILLE OF PENSTOCK

TUNNEL TYPE










GENERAL PLAN

DEVELOPMENT PROJECY

REPUBLIC OF COSTA RICA
LOS LLANGS HYDROELECTRIC POWER

L R >

o 5 O/w
{ i
\ !
.“.. %ﬂ\\\m




£z-4

P LU

i

tom caffer

LIRS
v hoan
i 3
O -
s *e
Ry

L)
/ A <

N
|
S

UPSTREAM ELEVATION

'-‘ -‘ ‘.‘ ‘._
- N\t e== B
oW o |
~500" ' _
: Crest tength 107.00 .
= A"‘“j N _
_ »'iﬂk—"—lliﬂdﬁ Spilwey _
r | - - - / S {/ x479.40
IR ARI AT
N 3 wtyar000 | :
-\\\ . _L____g?,_ — -
\\ T

ekl

- 450

Iy Diversion burcet
b LY
~ ’, \
IFZa
\
[ BTV S T 4
| '
L4 LY
’f \\\ ‘l‘
’
A - \ T ;
*u B - I
. 410 LI S \‘ IE:E: ',l
t
\ ] !
\\ H1 !
ey
£
\ |ll|= i

~-500"

HWL§4?7.40

LWLy 470.00
£

RIS

|- 4 50

SECTION A—A

—~410C

- 500"

HWL o 417,40

LWL v470.00
= 2466.75_ |
Sedimentation

- 4%0 .

- 410

l .
L]
©] N Gwrtein grouteg

D__ - ——
/—
&o0

i
I :
| SECTION B8

oM axis

AT b . 4
. L e

K
\ B
TN
K LAY LN Gal s o d
LRI ;

. B e
- A
i e rworr—
DA p 41200 X eniT]
et Ceiginal ground surface

Downsiream (afferdam
{Ruxitiar m

J_st3500

2.
p—
/ '

/..
Or1ginal geeund swrface
' s0 oo "
T SR SR S| i _}
Flan
. m
? , g
. Section -
REPUBULIC OF <COSTA RICA

LGS LLANOS BYDROELECTRIC -
PONER DEVELOPMENZ PROJECT

Los Lianos Dam

Plan and Sectlons

Flg.9-14




350}
& o
| © | 300}
9 .
O
I
m
250
2004
1,251
1 20]-
O
~
m
LIS
.10}
: | 1 . | 1
20

Sz~%

25 30 .35

_ Maximum Discharge {(m3/s)

Fig. 9-15  Study on Maximum Discharge



uOITSI vosTad uoRTag uonTeg uoaT3d suTIn FO °dAL
uadp uado usdo Cusds uado adi ssnoyIamod

W OSST ¥ W Z°T WOSTT X W GLTZ | W SOVT X W gL W ogoL'L X W ZUT w009 X wm g I TXaQ
uado uado . uadyg uado vadd adAr ¥ooasuag
yuel pedy W08 XWOTS WZeXWg yuel LesSH wge XWTIe {8 ¥ Q) uzy =bing

W 0087 X W pZ

00F‘2 X w 2 g

w go6‘s ¥ W oztg

WwHOQ‘Y X W pUg

W 009°E X W p g

(T X g) 2ovIoRdy

! W Q00T ¥ W 0T wWogeT X W ogg W S0T X W LS W QL ¥ w oT woOgg ¥ w gLl yabua x IybrTeR
AlTaRIs 238I0U0D A3TARIOH 232I2U00 | A2TARIS 232I0U0D Aytaexs e3azxduon TTTIADOY odAL weq
SOTITTIONL UTeN
I B A L ey 8756 g o0 £'¢d (W) Aayoeden parre3sul
2'9 0l 0°1g £79 g°0T (o9s/ W) °BIPUDSTC WnMITXER
e L9T 59¢ LLS 582 (W) PpesH 2ATIDSFIE
08y mmﬁ. TO¥ 029 c8e (w) "pwdy ss015
SET goe ¥8 069 009 (@ =1d) TOART Taney TTel
0 §°T 51 0 8°£Z (e ,0T) Aaroeded efeIols SATIDSIZE
ST9 SLY QLY 0TE'T 0v8 (W ~7Z) TLAST IInem MO
ST9 $8% §8% 01e’t . 088 (w =1¥) AT To3eM UBTH
20°¥ s0°81 S0°8T Y6°2 80°% {995/0:) MOTFUI Tenuuy-
0°8e LTE%T LTEYT 0°LZ 0°89 {AD) BRIV JUBWISIVD
vIXeN Y=-SOUrRyI SoO7] SOURT] TOT ozbeTIK sakoyg WY

uIseg JoARY ofueseN jo 2ulng oefold -6 DIQEL

~ . 7-29.



Table 8-2  Estimation of Electric Energy Generation
Item Unit Los Milagro Nara Los Los
Reyes Llanos Llanos-A
Average m'/s-d 6.08 2.94 4.08 18.05 18.05
Inflow .
Maxifaurn m’/s 10.80 6,30 6.20 31.00 31.00
Discharge :
Effective 10%n’ 23.80 0 0 1.50 1.50
Storage ' ‘
Capacity o
Available m*/s-d 6.06 2.85% 3.63 16,73 16.73
Dischaxge ' '
over Flow m/s-d G.02 0.09 0.45 1.32 1.32
10%m3 0.6 2.8 14.2 41.6 41.6
Firm ‘w/s-d 3,48 0.62 0.64 3,29 3.29
Discharge
Firm Power /s 10.80° 0.62 0.64 13.16" 13.16
Discharge ' '
Maximum MW 23.3 30.8 22.7 85,8 43,7
Output
Firm Power MW 22.1 2.9 2.3 3%.5 18.1
Annual GWh 108.9 120.9| * 115.3 448.7 205.3
Energy . Do
{Monthly
hase}
Available GWh 108.9 114.9 109.5 - 426,3 195.90
Energy ‘ .

Note: The value of firm discharge at Los Reyes is to be regulated by

reservoir operation.

P=rc
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Table 9-16 Study on Turbine Type

(¢/kWh)

Item | Pelton Turbine Francis Turbine
Maximum Discharge Q(m's) 27 27
Effective Head H (m) i356.9 3594
Installed Capacity (kW)  [9.8x27x3569x0.884 19.8x27x3504%0922
: P=9.8 QHning x 0971 = 81,000 x0971= 85,0_00
Firm Power (kW) 78.8 827
Annual Available Energy (GWh) 3711 380.4
Firm Energy (GWh) 102.3 107.3
Sccoﬁdary Energy . (GWh) 268.8 282.1
Iavestment Cost (10° 8) 12,122 11,652
© MainCivil Works  (10° ¢) 4360 4,498 (Surge Tank)
| 138
Electromechanical Eq  (10° ¢) 2,_1 86 1,697
Others (10%¢) 5,576 5,457
Annual Cost | (10° 8 1,669 1608
Annual Benefit (10° ¢) 2,053 2,155
Benefit Cost Ration _ (BIC) 1.23 1.34
BC) (10°¢) 384 547
Unit Cost Energy 4.50 413




Table 9-16 Standard Alternative Thermal Power Plant

ltem Unit Description
Type - Gas Turbine Diesel
' {Slow Speed Internal
_ Combustion Engine)
Installed Capacity MW 42 MW AOMW
. |Annual Plant Factor % ©30 30
Thermal Efficiency Y% 2123 3432
Annual Energy Production GwWh 110 280
Construction Cost $ 25,729,200 74,136,000
(Interest during Construction included) - '
Service Life | year ST 25
Construct ioﬁ Period year 2 2
Capital Recovery Factor . 0.14682 0.12750
Diesel Calorific Value keal/kg 10,243 ;
Bunker Calorific Value kcglﬂcg - 10,207
Fuel Consumption Rale . kg/kWh 0.308 0.246
860 kcal / kWh | "
[Thenﬁal EfficiencyxColarific Valuc] '
O &M Cost ' % - 358 2.02
Unit Fuel Cost $1 0.1478 0.0743
(1994 CIF) (Diesel) (Bunkeroil)
. - Diesel
Type Gas Turbine (Slow Speed Internal
_ Combustion Engine)
Annual Cost Unit | FixedCost |Variable Cost] Fixed Cost |Varable Cost
Capital Recavery 088 | 3778 . 9452 -
0 & M Cost 10°5 | 0.829 (90%) | 0.092 (10%) | 1.348 (90%) | 0.150(10%)
Fuel Cost 10°8 | - | eote? - 52122
Total 10°6 | 4.607 6.111 10773 | 5362
Annual Cost at Receiving end '
kW Cost $AW PP kW value 236,14 $AKW
kWh Cost $AWh [*  Firm energy value © 0.0313 $AWh
Secondary energy value  0.0204 $kWh




1) 110x 10°X0.308/0.832 x0.1478 = 6019x10°3
2) 280x 10°x0.246/0.982 x 0.0743 =5212x10°$
Adjustment Factor for kW & kWh

Item kW (%) kWh (%
Loss of Station Service 6 6
Loss of Stoppage 4 .
Loss of Repair 2
Loss of Transmission 0 0
1
KW Adjustment Factor = ~1.259
Justment Factor = G 06)x(L— 008X (1— 0.12)x(1-00)
1 .
KWh Adjustment Factor = - 1,064
Jurs ment Factor 006 x(-00)
| y
@ 'f':; :3;?133) E{I;O x 1.259 =236.14 $AW
. 362)x10°
(6(: 1l (l) : ;gg))):;‘;? x 1.064 = 0.0313 SKW
’ 5362x10°
202 1.064 =0.0204 SAW
) 280x10°

Finn energy value synthesized costs of both the gas turbine generator and the diesel engine generator.
The secondary energy value was estimated from the diesel engine generator cost considering reducing the
operation during high stream flow scason, because in this season, the energy will be produced by the
hydroelectric power stations instead of the diesel engine generator plants.

€54



Table 9-17 Result of Optimum Development Plan

High Water Level EL. 4774 m
Low Water Level EL.470.0m
Effective Storage Capacity 653x 10’ m’
Effective Head 3594 m
Installed Capacity 85 MW
Firm Power Ouiput 82.7 MW
Annual Available Energy 389 Gwh
Fiem Energy 107 Gwh
Sec@ndary Energy 282 Gwh

Investmeint Cost

151,763 x 10’ US$

Annual Cost () 19,729 x 10° US$

Annual Benefit B) 28631 x 10° USS
| Benefit Cost Relation (B-C) 8,002

Unit Cost of Energy 0.05 US$/kwh
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Chapter 10  Power Transmission Plan
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10.2.1

CHAPTER 10 POWER TRANSMISSION PLAN AND POWER
: SYSTEM ANALYSIS

Outline of Power Transmission System

The power transmission system of Costa Rica is a 230 kV system interconnected to that of
Nicaragua and Panama The system exchanges power on a mutual basis with certain
neighboring countries. -

The domestic power transmission system consists of 230 kV and 138 kV transmission lines.
As of January 1995, the total lengths were 880 km and 704 km respectively.

. ‘The transmission system in the central mountain area surrounding the city of San Jose, which

is the largest load area in Costa Rica, is a 138 kV ring system providing high system reliability.

However, there is a plan to form a farge 500 kV power lransmission system (SIEPAC)
interconnecting five central American countries and Panama This System is projected to-

come on line somewhere between the years 2000 and 2003.

' The projected SIEPAC route would pass along the Costa Rican Pacific coast and connect to a

substation to bc installed in the San Rafael arca at Pamita town near the Los Llanos
Hydropower Statien. It wili then be tinked to the metropolitan ring system via the Pirris
Power Station (to start operation in 2003). '

Fig. 10-1 shows the 230 kV and 138 kV power ransmission system (scheduled for 2015) in
Cosla Rica.

Power Transmission Line Route

Project Conditions

(1) The ICE plans to transmit the power generated at the Los Llanos Powef Station to the

metropolitan area of San Jose, the largest !oad cenlel in Costa Rica, via the Pirris
Hydropower Station {128 MW, scheduled for commissioning around 2003).

0.1
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(2) The 500 kV Central Amétican Interconnected Power Transmission Line (SIEPAC) is
scheduled for completion and interconnection with the Pirris Power Station via a 500 kV
substation at San Rafael Sur near Parrita town, around 2003 when the Pirris Power
Station is to start operation. As the Los Llanos Power Station is scheduled for
commissioning in 2004, completion of the SIEPAC project is expected when the Los
Llanos Power Station is in actual operation.

(3) In this way, the power transmission line from Los Llanos Power Station will be
connecled to the 500 kV Substation at San Rafael (Parita) becausg it is nearest to the
Los Llanos Power Station Site.

The power transmission from the projected Savegre Power Station (165 MW) is also to be

taken into consideration.
Fig. 10-2 shows the power transinission system in the vicinity of the Los Lianos Power
Station. .

Site Survey

Power Transmission Line Roule

For the tiansmission line route from Los Llanos Power Station to San Rafael (Parnita)
Substation, there are three altemmatives: * One is an almost straight route ¢rossing the Rio

Paquita at the power station and traversing the mountain areas (Alternative Route A).
Although the shoitest, it traverses a mountain area.  The other is a route junning o the right

of the Rio Paguita to the plains and te San Rafael (Parvita) and running parallel to SIEPAC is

also conceivable (Alternative Route B).

Another possible route is one that, afler amival at the plains, would traverse the palm

plantations, and run along National Highway 239 to San Rafacl (Parita) (Altemative
Route C). :

Switchyard Site

As the grazing land to the leR of the river downsiream from the projected power station is
sufticiently flat for its construction, a switchyard will be located there.”

106-2
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The transimission line would cross the Rio Paquita to the right bank. However, as the river is
only about 100 m wide, connection of the transmission line to this station is casy and there are
no topographical problems in locating the switchyard there.

Interconnection Substation Site (San Rafael Site)

Located midway between Paquita town and Damas town, this site is presently grazing.  Itis

- flat, situated approximately 10 ki from the Pacific Ocean and located on the SIEPAC route.

It is approximatély 2 km from the trunk highway to the mountains site.  For this reason, an
access road will have te be repaired from that highway, but no special problem is conceivable
for transporting heavy cbjecls to the site.

Although the details remain to be detcnnined, the substation will step down the voltage from
SO0 kv to 230 kV and be coanecied by two circuits to the Pirdis Power Siation (128 MW,
scheduled for operation start in 2003).

Selection of Transmission Line Route

The following factors were taken into consideration In the selection of the transmission line

route in view of the requirement to maintain harmony with the natural and social

environments and because of the technical feasibility involved:
a}  Marmony with the natural environment

No damage to the natural view such as natural parks and scenic pols
No trespassing into the growing areas of valuable animals and plants
Minimization of tree felling in natural and artificial forests

b)  Harmony with the social environment

No trespassing inlo residential and public facilities
. No trespassing into cultural pmpérlies and historic remains
No trespassing into high-productivity land and hard to recover land
(No trespassing into palm plantations)
- Coordination with regional development schemes

10-3
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¢}  Harmony with the technology

High facility safety
Low construction cost
»  Easy construction work
Work completion according to schedule
« - Easy maintenance
- Short ling length

In view of the above factors, considering the natural and social environments along the routes,
the following three alternative routes (A, 13 and C) were studied:

Fig. 10-3 shows the Alternative of Transmission Line Route.
Alternative Ronte A

‘This route connects the Los Llanos Power Station to the San Rafael (Pam'la) Substation by a
straight line. '

This route almost entircly iraverses steep mountain areas, and the construction involves many
problems including the transport of the construction materials and maintenance after
operation start,

This route provides the shortest length (approx. 20 km).
Alternative Route B

This route crosses the Rio Paquita at the Los Llanos switchyard and runs to the plains along
the night bank of the Rio Paquita. After crossing the Rio Paquita, the route immediately
climbs the mountain and runs through mountainous areas for approximaltely 6 fan,

Afier entering the plains, it runs along the foot of the mountains to San Antonio Village via
Parita, in order to avoid (raversing the palm plantation which extends into the plain, to
subsequently teminate at the San Rafael (Parrila) Substation.

The route fraverses the plains between Parrita and San Rafael in a siraight line, These plains
are farmland with no palm or banana plantations, or other objects requiring a delour.
Although there is no matenal transport road along the transmission line route, there are many
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roads allowing motor vehicle travel, so that both material transportation and maintenance afler

_ operation start of the line are consideted vety easy.

This alternative route provides a length for the transmission line of approximately 22 km.
Alternative Route C
With this altenative, the transmission line comes onto the plains along the same  route as

Route B. However, upan reaching the plains; it leads straight to trunk highway R239 which it
then runs along close to the San Rafael (Parrita) Substation for eventual connection to the San

- Rafael (Parrita) Substation. Since this route runs along the existing roads, it is the most

advantageous for material transportation and maintenance afler operation start.

However, it does traverse the palm plantation area and intersects the 500 kV transmissien line.
With this, its length is approximately 25 ki, the tongest of the three alternatives.

Comparison of the Alternatives

Comparisen of the three aliernative routes (A, B and C) is shown below.

Roule A - Route B ‘Route C

Transmission line length
Traversing mountain area
Transmission line intersection
Traversing palm plantation
Material transporiation
Maintenance convenience

Construction cost
(relative to Roule B )
Minimized felling of natural and -
~ afforestation trees
Short distance
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Overall evaluation

Rcsult of Study

On the basis of the overall study of the three routes, A, B and C, including the technical and
economical evaluations, Route B was selected as the route for the projected transmiission line.
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