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3 : TYPE OF P-CT 2.0 . - - 

I .  . The p r o j e c t  is a b inary  c g r c l e ,  geotheraal gower . p l a n t  
ca~able of gekterat'i&g a gross  capaci ty  of 16-20. IS$. The 3 . .  
power a t .  h i  i y f i  composed gf 7 u n i t s  of 2 -0 PiV 

f- 
- - -  - - capac i ty  each and ' five u n i t s  of a r e l a t i v e l y  smaller  ' ., capaci ty  of 0.5 PFd each, are t o  'be i n s t a l l e d  . i n  ' f ive  

"I d i f f e r s a t  sites i n  Falayang Bayan, M a i t s ,  Axbay. 
T- 

TI333 PROJECT SETTING. 4 3.0 . - - - .  
Y 

-1 - . - 3.1 Decl&atiun znd Cbjec" ~ x v e  ' w-  
P . . 

. . - .  3 -  . . .- 

.The p r ~ j e c t  w i l l  SSe imgZmentec2 =under the E-dild-Transfer- - ' 

t .  
Operate IBTO) sche& whsrein - .  0rmkt.fnc. - - - -- - - w i l l  - --. - be - t h e  - - - - main- - - - - - - - -  _ __ _ -- - _ _  - - . - -  - - - - 

g con t rac to r .  
. . 

"I . - -  

. - -- - - ,- 

- - The 2 o h t r a c t 6 r  &iall - -  undekt~ l~e A t65 design, enginekring. 
..c ). -., - .  manZ'acture, supply , i i n s t a l  lat ion/$ect ion,  . - c iv i l .  worLc, t s s t i n g  and comfsiitning of -*he power. wits 

- -  - on a Turn-key bas i s . -  On& th? --project . is - already 
opera t iona l ,  NAPUCOR s h a l l  assume ownership of  the p lan t  a * 

r: 
i n  bshal f  o f  the Phi l ippine  gaverrment. 

- 

"]I . :  ' ormat I n  w i l l  Ee responsible  f ~ r  ' t h e  operz t ion  and ' 

r9 'maintenance [r38&'2 of t3e p l a n t  ufider a coeperat ion ~ e r i o d  

"1 of 15 yea r s  afterwhich t h e  plank w i l a  be  turned-over t o  - 

-NAPOCOX. free ?f chayge. - .  
. , * .  tz . . 

'This ~rcject was ccncieved to maximize the use of " 1 . .  availsble energy of the country's operating geqthermal 
fields uslng birrary cycle technolsgj.;. Ir, t h i s  projeci, . P . - -  .- -the u n i t s  dre intended t o - u t i l i z e  unused w e l l s - a s  wel l  'as - - -  -; 

"1 . . t h e  separated - b r i n e  from separa to r  s t a t i o n s  supplying 
stem fer the Eac-Man I Geothermal. Plan t... 

/ .  

. .  . . 
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Ei _ -_ .- - - -- - 
-- -Advantag&s --of-- the bir?arv csfele Fewer plant.- .-as . as 

1 ' -  : . 
fallows: - - -- -- -- - - -. -- - - - - - - - -  - 

r ' 
If a.  Enviro~isisntallv Sound Technology 

Binary c y d e  p6wer p lan t s .  @perz.te on c~,osed-loog . 
-- - -- - s ~ ~ s t e q .  p e  h e a t  source. 'geotherzal  brine. ccming f r o n  - - 

t h e  s e p a r a t o r s  passgs through the  v a p o r i z e r l p r e h e a b r  
and is guwed . t o  rein.$ection w e l l s .  TI-re -.process. does 

T"- no$ . allow p o l l u t a n t s  of Sny form to escape from the 
, . ... syst.em, - - - - 

* .  

. . b. Can Produce Power a t  Low Temrsrzhire from Wasts Heat 
SourcSs - 

. . 
Binarjr cyc le  power p l a n t s  csn  generste. eleekrie pcver 

. . . . - f r o m  geothermal f l u i d s  with teulgerature of as low as 94 ' 

, deg C; 

- - - c- Easy  t o  ~Cons t ruc t%lns%al l  - - 
' .  

*- I 

The- componentq ars self-corrtained. outdsor  type. - . 
compact and f a c t o r ~ ~ - i n t e g r z t e d .  Delikery 'period and 
construct50n lead t i m e  is aboxit lG.mnths .  . -.- 

. d, Easy Maintenance 
. .  

e power p l a n t  cemmnents a r e  co?pact-sized. hence, 
rggair and _gaiqsengtnge _ -call be  _gn%ert&~en- withgue using.  ' -_- - - - -A- 

- --- 
soph i s t i ca ted  l i f t i n g  devices.  Z q u i ~ ~ e ~ k  and 
a u x i l i a r e s  can be-  dismounted. c h a r e d . ,  . repai r3d  and - _  . . 

. . replaced i n  j u s t  few 'hours. - . 

. . 
. -- - - - .- - - -- 

. e. Reliabre-Operation . . 
- - - -  - . - - - - - - 

H i &  ' ava i l&i - l l ty  f a c t o r  of t h e  = n i t  car, be exgscted. 

1 f. Greater U t i l i z a t i o n  of Geotherinal Fouer i n  Bsc-Plan 
- - .- Field'- . . 

Flants .  

- -  - 
E l e c t r i c a l  enbrgy conswpt ion  i.3 Luzon ha?& grown a t  an - - - 

"1 - -  - . -  
, averkge rate of  6.3 X from 12.347 GWH i n  1936 t o  i7,159 
G W  i n  1990. The expansioh i n  energy demand reflects t h e  

- I 

. . 

I ' 

2 
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substanti& -incresse--in ehe number 'Gf e l e k t r i e i t y  i:.Sers - 

and t h e  more i n t e n s i f i e d  energy use  i n  the region. I n  , 
. - - - -' - - . - - - - - 

p a r t i c u l a r ,  tEe re la t i2e l -y-$ table  increase i n  r e s i d e n t i a f  
and commercial c o n s r & p t i ~ n ~  as  we'll . a s  t h e  ' s l i g h t l y  , 

e r r a t i c  b u t  nonetkrelg~s p o s i t i v e  growth i n  i n d u s t r i a f  use . 
have accounted f o r  t h e  o v e r a l l  h e a l t h y . p r o f i l e  o f  energy 

. consurnptioi~ .f p _Lmon.. Ths growth w a s  also .under poss ib le  
by t h e  vigbrous expansion and imprpvement of s e r v i c e  
f a c i 3 i t i e s  i n  urban Manila as wells as i n  t h e  provinces. - . . - 
I n  1-991 Poser-Eevelopmer,t P r o g r m  wherein t k e  enepgy sales - 
d a t a  are t r a n s l a t e d  to gsnerat ion load requirsments us ing  
c e r t a i n  assumptions"sn load f a c t o r s  a n d '  systen losses .  - 

Table 1 shows t h a t  t h e  g r e a t e r  denand f o r  energy f o r  . t h e .  
year  10131 h a s  l e d  t o  4.50 % i n c r e a s e ' i n  the gross  energy 
gener+tion of NAFOCOR from 17,801 Gk3! a t t a i n e d  i n  1990 t o  

- 18,402 g*% i n  1991. . 
- ,  

. J  . -- 
~ r o m  f 991 - t o ,  1995. the  prodected energy g9neration i n  - .  -3 - - - L ~ s o n  Grid incrsased  t o  -7'. 2 3- anxiual growth rste and - w i l l  
s l i g h t l y  increase  t o  9.2 ?i i n  t h e  following 5 gems b u t  

-3- w i l l :  taper . o f f  t o  7 -5. % . the q e s t  5 years-  The'. p w e r  

-T- ' g ~ n e r a t i o n  l e v e l  increased f r o m  3,013.MW.in 1981 $0 5,647 
-- - * MI$ i n  2005 assuming a load' f a c t o r  aild a system l o s ses , .  of 

89.72 % and 2.50 3, respect ive ly ,  bmon Grid dgmand and 
. energy f o r e c a s t  from year 1991 t o  2005 is shown i n  Tsble- 

3 
L.. - : -?--: : - -  * 

. . 

- -. - Based - - bn t h e  absire -- . . s t u ~ ~ , ~ ~ _ f g r e c a ~ $ - ~  --- - -- z y  _+dd$ ti,L?qal- ~apac.i"L- 
i -- - - - I s  e s s e n t i g l  t e  the system, he,-ice, %he inplementatiorrn of 

. . the  proposed Baa-Mari Binary Cyeke_F_lant s h a l l  Xikewise' be  

3 .  given t a p  p r i o r i t y ,  - - - - - - 
. . 

I -- - A- . -. - - -  . 

i . . 

-I - 
-. - 3.3 Economic Evqlua~ion . - . - . 

. d 
I . 
I The eiralua%fon is do& h3~ asses ing  t h e ' g r o j e c t s ' s  Econ~rnic 

:I I n t e r n a l  ' Rate of  Retz;rn fEIRRf, wherein t h e  . c o s t s .  are 
conpared . t i i th  the -costs tbe consum&s~ are w i l l i n g  t o .  pay 
[ a  This  W c r i t e r i o n ,  com~uted  a t  2.95,fkiwh f o r  Luxan 

-1. . 
Grid. w a s  based on t h e  ICC-teohniasl s t a f f ' s . e s t i ~ a t e  f o r  
the consumers,,  c o s t  of electrical power s u b s t i t u . t e s .  

f assumed are kerosene f a r  residential cufismers m d  self-- . 
I provided ' d i e s e l  generators fo r  comerc ia3 , f indu6t r ia l  

cus tozers .  

- - -  - - , . - C - -  - - -  
. . - -  . . . 



* .  -- - ---- - - - - - - - - - . - -- -- The cost streams inclu.%s t k ~ d f :  - -  -- 

- - -  - -. - 

=- a.- Ir~vest~~iint  tzost- : - $- 28.752.'17%j,00 and- 
1 g 119,370,457 -00 

:I Total Cust : E 284,679,233.00 at . . - 
- -% 27,,'$1,00 e:-:cl~&nge rat2 

n 
. . 

:I b- 8ri-ne Fee : .Q ;2P.5,;7.3-h based on 50 ;$ - of t h e  e x i s t i n g  s t e m  price - . -  
k . - - - f o r  Bc-Man I - - 

- .  
- "1 ' c. O Sc M C G E ~  : $ '550,000/yr. based sn t5s .. 
.‘i proposal. by t h e  opera tor  f a r  ' . .  

MakLEul Bin+ry P ro jkc t  "1 7- - - 
:* The ccst strexis are t r s n s l a t e d  i n  its present  va lues  by . . . . Q 

"I 
applyirrg t h e  social. . iliscouriting r a t e  o f  15 X ,  The . 
d i f fe rence  o r  t h e  netflow i n  t h e  c o s t  streams de te rh ines  

T- t h e  EIRB, , _I t  . is _assumed -3n ltfie analysis .'that Ths' 
r r l  

. mope-rat ion period is 15 years- F 

'1- ' . .  

. - 

v Tile r e a ~ l t  o f - t h e  evaluatfor, indica';es thaz t h e  prt?ji?ct is . - , 
;:; [ A  , .economically acceptsble ,  The EIER obtained is ' -20.74-' %. 

"1. . and i s  mre than th? rsqxi red  25 . X r e tu rn .  '33% NPV 
r e g i s t e r e d  .a ~ o s i t i v e  P253 ~ i l > i . s n  in b e n ~ f i t ~ ,  ~3voring 

3 
.3 . . of the ecenomu. m e  economic analysis is s h o ~ n  i n  Table 8. ' 

"I - . - -- .. 
. - . - - .  - - _ _ -_ _ _ _ _ _ _ - - -  - _  - 

4 1-0 - - - ix3HEm&-LI;YOrn L . .  I * -. 

- - . . 

~ i s r s .  sites a r e  being -. c o g i b e r e d  f o r  t h e  facati&s b f  t he - .  - 

rn - , ' p,larrts. namely.: - - - - . - -  --- -- 3 

"1 . . a.. FAL-16 - - . -  - 
b. PAL-7 

5 2 .  c. PAL-6 !&, . 
: d .  FAL-1 

- - - -  e. FAD-XA - .  
,'* 1 '; 
7 

=*I 
F,iguye 1 shows &he l o c a t i c n  sf %e preposed s i $ e s  Ghoss . . - .  geograph%oal location i r e  distributed albng %he producttion 

.. - .  and r e i q j e c t i o n  lines fsk the. 2 s 5.5 W& main ~ u w e r  .p lant_ . 
...- d.4 && 

I ' 

PAL 16 
-z% 
-e: k3 - - This-si-te -is located.  adS=ent t o  and soukh-of SS No, I. - It - - .  

- is 'character ized by 8: r e l a t i v e l y  r o l l i n g  t e r r a i n  i .  an 
area of approximately 506 sg. rn. 

cg. 
.+< ;1:: . . 

',"r 4 .  
i:. t..--* 

- 4.:- : & .  . " : - - .  < ,. /" - .  . . *  -- - ..- . " , = , . 
' .  . . 

-I.. 1 -". ..-. _ ---..----IL-- +- ,- - - *..-..-e., ' .-. V--  .-. - ~"."'-ir....=.----"~-,- -- -- -,- - 



f - I '  , I 

- -  - - - - - - - - - -- - ---- - -PAL 7-- :---- 
- .- - - This- s i t e  is a l s o  e h a ~ a c t e p ~ z ~ ? j  51: -- a - re la t i i>eIy  ' r o l l i n g  - I 

t e r r a i n  wsst of SS Nos. 1 and 2 near tBt c o r r i d o r  f r o m  
Pressure Redrrcing' Stafcipn to Low Eroint S t s t i o n .  I t  use  i n  

1 .. 
'area of approsimately,I ;000 sq, n. - - - ? - - - .- -- - - .. 
.. PAL '6 . 

--I . P- The s i t e  has' an arza of appyosimately 2,008 sq. m- l o c a t e d .  
f : on t h e  wes%ern s i d e  of $'he Gayong River SE of $ 3 1  Low 

_ I . .  , . . .  
. Foin't S t a t i o n  af t h e  i!S+ysam g s t l ~ z r i n g  s57stem . fo r  Zac-Man I 
.plant. The grsposed ste is charac ter ized  b$ a rGJativels. 
r o l l i r ~ g  t2rraiz-i- 5 - 

- - .FAL- I 
?z-- , . .  
I: . k 

"I . - 

TI..$ s i k e  is charac t s r i zed-by  a r z l a t i v e l y  _flat terrain 
loca ted  south of Eac-Man I near t h e  Cantrof Center of  
PNOC-ETf! Steam Gathsring SLsten axd m r t h  of  _ _  ste=,/%rir, . . i source  ell PAL 13.. ,- 

1 .  FAD ~ - 4  . . . .  B - . - - - .. . 

"I - . . 
The s i te  is charac ter ized  by a r e l a t i v e l y  f l a t  t e r r a i n  

.",- located i n  the western s i d g  o f  t h e  Pigsabangan River  and 

.$ 3.x-Man 1. ' I t  is near t h e  end-poir?"lZ. t h e  Bsc-Man I -- -L . . 
r e i n ~ e d t i o n  l i n e  and has an a r e a  oZ 'approximately 3,000 
sq. m -  - - - - --- - - - - 

q- -. - -  - . -  -'; . . . . 

"1 -- - 
4 , l  - Plant  Layout . -. - - 

. - ::< - - -  - - . - The main--structures and f a c i l i t i e s '  t ~ ?  be cons t ruc ted-  . 

-1- - - -  

- within the play& s i t e  are zhe f ~ l f m i n g :  - . - 
'z- - 
z,: . . . a.. b inary  cycle. gedthermal genra t ing  sets 

7 - -  - 
b. main and a u x i j i a r y  t ransfarmers  , 

c. forced a i r  coo le r  and t h e i r  r e fa ted  f a c i l i t i e s  
- ,  . 

F - d. swiZchyard and its related structcres and facilitias 

-1 e .  con t ro l  S u i l d i n g  xhich houses the c c n t r s l ,  t o o l  and 
.- . b a t t e r y  rooms 
- .- - - - f . -- - -  - - - - - 

- - - - -  

"I: . - 

'f. e levated  water  tank - 

*--- 



I - 
- -  - - * The contro-3- raom- s h a l l  be sTightlrv-elevat,e1-3 frorri the r e s t  

1 of t h e  s t r u c t u r e s  t o  provide good v i e w  of th& generat ing 
- -  - unii;s. The g e n ~ r ~ t x ~ g - i f ~ i t s  s E a l l  have .rftiSfsrced 

concre te  foundation r e s i i n g  on a 3.009 p s i  s o i l  bearing'  

. . eapaci t y  . 

- ' ~ n t r a s i t e  roadways s h a l l  be provided. ~~r ' conwenien t ; '  sccess 
wi th in  ths 'power pIar,t area, Uraifiage sysi;en.shall be of  ' 

reiriforced csnc re te  pipes konf~rining t o  . A S 3 3  s tandards  - -1 - .. . wi$h c o l l a r e d  j o i n t s ' i n d  sand Seddings. Sewage p i p e s -  
shall.  be FVC f o r  abousground s p p l i c a t i o n s  - with p r c p e r  . 
ancharage- and . joint  s e l l i n g ,  and cast irsr? f o r  embedded 

- pipings.  . . . 

. !i3-1& pipe r+ks ' for the b r i m - s  suppis  and diecl~arge s h a l l  
pass  between %he r Q w s  of t h e  DEC Gnits ,  with t h e  supply. 
I & '  coning from one si'de and the discharge going t o  t h e  
opposite: sids- ' The c o n t r o l  r s s n  w i l l  be s i t u a t e d .  on one 
end of;  t h e  ~ i t e ,  while. %the switckyard axd t h e  .motive f l u i d  

- - i n j e e t i q h  pumps-will be in'between t h e  geners t ing  sets and . . . . . . t h e  c o ~ $ , r u l  room- . . 
. 8 .  

. . 

3 . .  

7 .  . . 
The motive f l u i d  s t a r s &  tenks w i l l  be.& . thz opposite erid 
~f ' t h e  - i n j e c t i ~ n  .prmps w h i l e  a i r  coo le r s  w i l l  -be i f i s t a l l ed  

-1 'in s t r u c t u r a l  f r s n e s  a5ove the generat ing stts. 
- <a 

331s pswer t o  bs .genera ted  by t6e prswsed p l m t s  s h a l l  be 
. . fed -through 13.9 KV. s i n g l e  c i r c u i t  - t rasmissi-on . l i n e  t p  a 

7 .. : - ..-  - - central. - s t a t i o n  a t  PAL-i where a 20 MVA, 13-8- KV /69 XI! 
. . . - -  - - --- -- - - - - . - - - - 

power t r a n ~ f o ~ e k  is pr6p6sed t o  bs i n d t a l l e ~ , ~ - ~ i s -  w i l l  
be. tapped t o  the existing E? XY Tap Tublijo'n - Bac-Man .I 

7 . . -  

- -- - .  - - .- - 
- .  - 

l i n e  .then 56 -%he EB KV SC T/L g?ing t o  , usraga S(S f u r  
. feedizg'  t o  t3e .L~zorr Grid. ' 

- *  - .- - - --- 

TI- - -  - -  
- - - ---- . - - 

4.2 Const-kuction &tails . . 

-1 
. .  - The prclject iinplfiirrentation schedule is shcvn. in Figure 2. 

Technical an9 o o ~ ~ e r c i a l  nego%iaCions s h a l l  start by mid 
- A u g ~ s t  and s h a l l  end by a i a  Serztezi&er, Contract  approval - 

and e f f e c t i v i t y  is t a r g e t t g d  by =id OctLi5er  1092. . . .  --,, -1 . . Upon the con t rac t  effectivitx~. design worfrs s h a l l  cmzmence . ' 

* and will'have a duration sf six iilonths. . 
-I 

. . The contrac,tor shall also s t a r t  t h e  p6ocurem~nt of .all 
. . -  - needed materials. - Manufactur-ing - s h U  comment-e one month- - 

- - 
a f t e r  s tar t  of procuremzn-l arrd w i l l  have a - . d u r a t i o n  of 
eleven months. 



- -  - 

-- Por4e-r pf ant- o ~ n s t r t ~ c  t ion shz-l l cormence by - ai-d - 1933 a 

'arid shall lsst . f o r  11 irionthf;. Shipment of c l l l  eguiment 
and X&Xerials sh..aLZ- cr>sm&nce three %16?ith-s S f t e r  t he  s t z E t  

. . of constr;ucti~?n and wi l l .  be co~;plet&d i n  .fiv& months.' 

Start-.up ~ f . .  ths p l a n t  shal l  comieiiee mid ~ a n u a r y  1994 .up 
. t o  mid Mzy -1994. Tsrgetged comnissioning of  t h e  p l a n t s  . . , 

5 s h a l l .  be f Porn li!li!id May t o  mid June 1994. 

. - 4 ; 2.1 - Safety Pleasures -- 
1 . . . .  ;p-r S t r i c t  implementation of s a f e t y  r u l e s  and r e g ~ l a t i o n s  ' .  

s h a l l  'be enforced during t h e  cons t ruc t ion '  s tage ,  A21 ' 

working personnel s h a l l  be provided .wj.k3 agpropr ia te  . . -1 . . . . .  safeZy gadgets such as halrd h a t s ,  s s f e Z y  skrces and - b e l t s ,  
T- gas masks, gloves. e a r  . .plugs.  and p t h e r  p r o t e c t i v e  

-1 
, . . dsvices ,  They s&sl1 be given ss-fety ' i k s t r u e t i o n s  

regarding ~?ccupatiorsal  safety and heal'ch h-raaares as p a r t  
*- , of  the3r o r i e n t a t i o n  o r  sehinar .  

. : 

&I - San i t a ry  fzcilities; ~ a t ~ 5 l e  drinkifig x a t z r  and.  gar3age 
T .  facilities sha l l -  be ,  provided. -Mediaal ' staff  and - 

facili t ies s h a l l  3e s t a t i o n e d  within t h e  compound t o  -- 

9:- - .  ensure adequate medical 'care t o  in jured  workers, 
-.." 
,.j . • . - . Propzr s e c s r i t y  el-tal 1. be ingassd &id the whole 'p rcJec t  ' 

b'& area s h a l l  Oz proyided w i t h  firef ight ing  eq9ip;ns~rt . f o r  
alarm &d c o n t r o l .  - - - --- -- - - - - - -  - -- I . . -  -; - - - - - - - - - - - - - - -- - - - - m- 

- 

'% .. . . - - 
.h. ' - i . "1- - *  

. - . -- . -- - - .  
- 4-2.2 .~p&ial  ~~t~&&.--$sat%es - . .  _ - .- - - 

-I 
. . 

?PI - - -.. --, To miri.ini=--t&e advzrse '-environmental impact, t h e  proposed . 

"1 power- p l a n t  s h a l l  be .constructed . w i t h  t h e  f ~ l l o x ~ i n g  desigrr - - -  

featrzres . 3 . . . .  
-3 
$, 

. . - Reinjec t ing  t h a  used geothernzal bfine,/steam condensate . -  
into t%e grwdnd. - -  . 

2J& - use sf , 'c losed-loop n?ot ive . f lu id  systeii! - 
-.,I - 

q ' - ~tilizatibn of air for caoling . .  

"a. . - use of compact and f u l l y  closed components t o  rnikimiae. 
. . 

e ndise  
- - -- - - - I .  - . -- -- - - -  - . - -- 

3 - h r o r e r  s e l e d t i o n  o f  materials f o r  corrossion and erds ion  
r e s i s t a n t  

--T -: . . 



; I The binary  cyc le  p ro jec t  i g  based en t h e  Xznkine Power 
- Cycle which uses  organic  f l u i d  a s  no t ive  f l u i d .  ' H e a t  
.. - supply f o r  t h e  motive f l u i d  oa$ be '  der ived -frm t h e  

:-I ? geat'heraal stem I f lashed stern 'heating)' and/or b r i n e  
{ d i r e c t  b r i n e  hea t ing) - .The  brine,/steam c o l l e c t e d  from t h e  

C : s e p a r a t o r s  flows thrL?u& t h e  pipe s i d e  .of t h e  vaporizer .  
- - The m ~ t i v e  f l u i d  which flows i n  t h e  s h e l l  a i d e  of the 

'I ' . 
vapor izer  is vaporized as %he h e a t ' i s  t r a n s f s r r e d  d i r e c t l y '  

-,- ,from the b r i n e  .dr, stew. The r e s u l t i a g  mot i ie  f l u i d  vapor 
es&mdsas- it passes through t h e  turb ine  which is d i r z c t l y  

3 . coupled t o  t h e  ger rera tor ' tha t  prsd.+cas 3-phase electrical 
. power. 73s exhaust va~ lo r  is subsequently condensed i n  t h e  

% *  .air-cooled condenser. The condensed f l u i d  accum~l r ; t e s '  a t  

-1 . . t h e  h o t  u s ~ l l _ ~ d  then flows t o  t h e  feed pump suc t ion  i n l e t  
**- 

by gravit-y and . then ' pwtped . . bacl: . t d  t h e  
- ... - . - -. hre'heater,/vai~~?rizer. The recycled m t i v e  f l u i d .  e n t e r i n g  

'7 . :  & . .  

+,he prehea%er is heated whileTf1owing i n  t h e  s h e l l  s i d e  by 
t h e  'orine,fsteam condensats lea.;Cing the' v a p o r i z e r -  w3ickr  

7 f l o w s  through . t h e  pipe' side of t h e  preheater ,  Tkre ., 
ii - - br ine / s t em condensate 'ool lected a t  ?ha-preheateras o u t l e t  . 

3 is r e i n j e c t e d  i n t o  t h e  i n j e c t i o n  wells . .  F igz res  3a and 3'0 - 
. . w t h e  'fl& d i a g ~ . ~  sf %he f fasxed steaa .' arid d i r e &  

bz . - b r i n e  b inary  cycle .  process,  
- - . . 

. _  . - -  - - - --- -- - --- - -  -- - 
- 5.2 . &Idaterials and kurces - 

_ - _ - -  ___- -- - - - -  . -- 
5.2.1. . ~eot&&i&l 3ri;e ' - - . . 

. .. , . - - -  - Tkre B Z C G P D  geo%hermal. reseyrce-%Ss sIioU5 f ivi t  (5)' 
- s e p a r a t o r s  g r o u g d  ' into -two i 2 f . aa te1- l i te  s ta t - ions  - 

. . S a t e l l i t e .  s t a t i o n  No- 1 is compused of  s e p a r a t ~ r s '  53, S4 
and S5 while satellite s t a t i o n  No, 2 is composed of  . - 
s e p a r a t o k s .  ST and S2. These separa to r s  s h a l l  operake a t  
pressures  ranging. frofa 1 - 0  t o  1.25 MPa * l a'bs) , .yel lhead 

1- Fressures  ranging from 1.03  t o  1.25 'MPa [ahs)  and 
- tem_zieratura of about 191) "C. Separated water f r o m  these  - .. 

-segara%ors shall have a flaw rate of approximately -1,782 
. - 

tons,/hr. 

Gaothsmal Steam 5.2-2  - . -  - - -  - -  - - - .- - - - - -. -- 
- - + EaconLManito rgsource has- four  (4)  &nused G e l l s  IFAL- 

1, FAT-EX$. PAL-D. PAL 16f:t.j which were hot planned t o  be 
hboked up , f o r  t h e  operat ion o f  t h e  11b PM Bac-T/lari-.I power 

, . . ' .  
8 . . 

I . . 
.>.'- 

4 - *  . ' .  .-' . - . . , ...' . - . . . . 
>&e:.;-l(:: : ?- ,. :2- w .  .- " 

"..> : :,-/ ..-. . % .  . .  
, - - - - , .. - .. -...-. , - .& .-.: . : - -:* nm;lr*=.-' a;h.lm."r.. . ,.A.-.,w*-.r ..--.r.-- 



- ' t 
. . i 1 

' I . 6 ,  

1 
: r 
2 i . 

- - - - -  -- 
A d  Th.Es2 oS'ilS-arf: low sn"lelpif-~el18 'which ~ r e -  not - P l---~*- 

capzb le .  of s u s t a i n i n g  enough pressures  t o  d r i v e  the 
-- - I 1 -  --  - - --- - - .  - - 

~ b n ~ e r i t i b n a l  - t u rb ine  u n i t s .  The wused-. - wells have- . v 

pressures  ranging from 0.29 t o  1.1 MEt& and temperature of  

3 
about i33 "C ko -185 "C. The NCG con ten t -o f  these  wells +- 

ranges from 0 t o  2 - 2  &rcent .  The. s t s a m  from these  w e l l s  
" 

1- s h a l l  hava a p ~ o d u c t i c n  -rate L?f appm,t:imately - 83.3 tons,43~ . - % 

' w h i l e  $ 3  w a t e r  s h a l l  have .a-flow rate of. abouk 275:2 ..- 
I. - - 

. ' t o r r s , a % r .  The b a s e l i n e  kater and gas chenis+,ry of . .. Bac-Man . 5 I 

W e l l s  is pr&s&nted 2n Tzble '4 .  - .  - L - - 
- - - - - - r: 

1 - 5 . 2 .3  H b t i v e F l ~ l d  ( N a r & l = e r x t h a ~ . e ) ,  
c+ 

. . 

- 
. Narral Pen3ane is e l z ~ s i f i e d  as a rzm-toxic' b u t  flmmabl& . ., F 

1. - .  - 
. . 

organic  fluid. '  Ddring the i n i t i a l  stage o f  ~?pe ra t . i un ,  the c. i 

metive flr?id w i l l  be del ivered on each p r o j e c t  site b37.the 
' c o n t r a c t o ~  (C)R%4T). A pr&ssuqized tad< w i l l  be constructed . +  

3 - .  

. - . ' r, : 
t o  s t o r e  the. motive f lu id . ,  

- - - . - -- . - - -> - - - - 5 '  
i 

I 
e .  

Water Supply . . " I -  

1 - . 
- . 5..2.4 . , i - 

: P 

Each' p r o j e c t  :,sites sill be provided with deem-kll to - . ; $  - - 8 
. supply the w z t e r  t o  be -used fbr Tire eqtinmisl.,ing and . . Z  : z .. dbnrestic needs. .. . . . : = . . X . . ! f 

- - i l 
1 %  

- N o i s e  Wsstes,-_ mif;sZo:s ancj -BfZ'_IIiteg$s - _  - :a 
" 5;3 - - . --- - -- - - ------ --- --- 7. ' - . - .  . 

* 

- - - - -  -- -- - ---;I -- 
- .  . - - . . 

- 1 

jk' 
5.3.1 Noise .- --. - - ._ -- . - .  . - -- - . - t 

7. -. 
- -  - . - -  - -  . . 

Thza.noise l e v e l  a6 - the p l m t  is i s w c t e d  t o  b2 w i l l  wi%hin .' it . - r E 
- -- - 

' . . t h e  st=dmdc r&g.lrl&tion. s i n c e  it :is equipped with -- e ~ m J j a c Z  : 
- - - - - ' .5. 

7 :  - - and closed-type components. - . - -  B . . 4 
- 

% l i t 2  WastesmT$luents 1 . .: 5.3.2 . - - -- - . - r 

s o l i d  w a s t e  genera t id  dur ing 'cons t ruc t ion  w i l l  be d i s p s e d  - . .  B .iri a designated dwig .si+,e. Tis:mmrarr~ s a n i t a r y  f a c i l & t i e s  
L - . .  will. be cons t ruc ted  i n  o rde r  to conta in '  t h e  .waste 

genersted by the c o n s t r ~ c t i s n  person-r&.l. 
. - . . . 

. The plan% w i l l  un l ike ly  generaZe .iher~$l .ef f luents  s i n c e  
a i r  w i l l  be u t i l i z e d  f o r '  cool ing system. The gsu$hersal  

- - brine/lsteam condensate co l l ec ted  at the  end of-khz grocess  - 
-- - -- -.- . - a . .  

will b e . i n j e b t e d  d a c k . i n t o - t h e  gra&d. R a i n f a l l  - w i l l .  be . . 
...+ d i r e c t e d  i n t o  the .drainage canals. Sewage w a s t e s  sill be 

disposed x%to the s e p t i c  tan&. . . 
. . , , 

.w- -1 - .  9 
. . . . 

3.'- .. . - • r - . - .../' ./- 
I .  . - .  3 : 

'a\." .. \...,<.. ,I- : ---..C_l . . ,. . .. . -  . < - . .  . .  . * *. .' > - . . . 
9. #. - -  . . . - - - -*.,. ?-- ,?.. -- -.. " -..- -..-*-.- , < * --- --=-? WT--,~J~~;.~;~C;~~~-;~~~;-. , . - _ - .'* s 2 - ' 



d m .  

- 
.am . - 

I 

- I. . ' 
I ____ . - - -  - - 

. - 
- 5.3-3 ' EfmissianT - - . , 

3 . -  
- -- - -- -- - - - . - -  _. .-.._ .------ - -  

There w i l l  ke no gas emission coming from sac% giant kince 
the motive fluid opej5ates on a close-loop sys ten .  'l'he . 
exhaust vapor o f  motive f l u i d  is cond2nsed and flows t o  
t h e  cyc le  feed puap and .then s e n t  back t o  t h e  

I . . 
? . - pre'heater/vaporizer. 

J 1 5.4 ~ a n & w e r  and Equi&n.t; Requfrements ' . 
+ .  

. - -  - - - - 
3 .  7- . 

- _ -  
Mmpower -. . - 5.4.L 

---I 

. . ~ c t i v i t i e s  a t  t h e  p lan t  s i te  during c o n s t ~ u c t i o n  i f i c h d e s  

3 '  c i v i l .  . w erect ion/ inst i i lLat icn,  t e s t i n g  and 
c o ~ a i s s i o n i n g .  Nmber -. of workers w i l l  depend on t h s  

. a c t i v i t i e s  ,a% t h e  s i te ,  The nmlber of .unski l led workers 
. . 

- 3 . .  
. . w i l l  decrease whila the nrmber of sir-illed werkers w i l l  . ' 

. - increase  as the cons t ruc t ibn  near  conipletion. I k  .is . - 
_. - . e s t i n a t e d  t h a t  -abou% 300 workers w i l l  be h i r e d  dur ing  ' 

c o n s t r ~ o t i o n -  . . .* - - .  4 

J . .. 
- - - . . A nmbrsr of highly s k i l l e d  technic ia?  and engineers  W i l l  . . 

-- - -  - be '  needed durihg testing. and cbai;i'ssibning of. the p l a n t s .  

1: - . .  . . .  - 
Solire sf them msy be accomodatedi in ternCorary construction 

- a m p s  a t  the v i c i n i t y  of. each'. 

, . 

3 -7- -* - 
- - 

- 5 z4 ..2- -., gquume_nt--Requi~"i?ment _ r --, _ -.. -- -- - 1  - - - - --: -- : - . - . .. - - - - - - , 
5.4.2.1 O r g k i c  Fluid Turbine . _ - - - -  - - -  - - - - 

1 ' 

. . 
- - -  .- - - - - -  here s h a l l  ke t w s  (2) org;mi-c f l u i d  tubines  coupled t o  . 

2 .- t h e  two slaS% of txe e l e c t r i c a l  generator ,  The t u r b i n e  is' 3 -. ---- - - - a ' s i n g l e  o r  doub&e s t agz ,  "rrnpulse type - coslctensin= u n i t  - 

specia l - ly  designed t o  s u i t  t h e  .chemical s t a I 5 i l i t y  and 
< - . . . . compat ib i l i ty  o f  t3e s e l c t e d  q~ganic motive f l u i d .  '33s . 

.organic tu rb ine  s h a l l  be dr iven  by tBe .organic f h i d  vapor 7- -. - - .- 
- - heated by the brine/st;eam coming f m m  the - s e p a r a t o r  
-, - s t a t i p n  of t h e  e x i s t i n g  p l a n t s .  

7 - - 

'Ijle s e a l i n g  of the t u rb ine  &Gall be accompliskred by .a 
-7: double mechanical shaft 'seal w i t h  oil as buffer fluid, 

-1 ' .  

The mechanical seal - 'shall , be . of the - ca~gr idge  type 
designeq for easy mainters-ance and -sinrple 'approach f o r  

"Ti replacement. 
- - - -  - -  . . - -  - -  A - - - -  - . - -- - . - -  

. --  - - - - 

7 -. * . - . . 
, 7 :  10 . 

. . I ' . . . 
, ./'-' . . i ,: . 

* " --+. . . . . ."-2,,.:4 ?,*Ls >> "" '. 6.. . F I .  -*- . < . .  , .I . . . - * 3 3  ,... - 
1 . * J  r - - ,  - -  * .  . . 

: ::. ?' < - *  5 
- -. .. . .. . . . .  - . . . - - .  
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-- -- --- - - - - -  - - - -- - - 
K rr The va$.crrizer - i s  s horizc.ntal tube  an2' s h e j l  a 'hest 
1 '  exchanger. The tube s e c t i o n - i s  made of carbon a t e e l  with 
=- -__ t i ~ b e s  ending i n  tubesheets  and s u p w r t e 3  .I257 s u p p f ~ r t  p l a t e s  
-I-3 . .and ' b a f f l e s .  The s h e l l  sec t ion  is a c y l i n d r i c a l  envelope . 2 made of  carbon s t e e l .  --- - - -  - 8 - -  

. . 

5 
&Relat ive thgrmal espansiqn betw5en s h e l l  an& tubes  is 

T r a  
s compensated by a s t a i n l e s s  s t e e l  expansion j o i n t  loca ted  
I; + - - on t h e  ' ou te r  envelope. - - - ._ - 

-J 
.?- Heating fluid flows through t%e tub9 sec;tion wkrzle t h s  , - 
3 .L+ orgrmic f l u i d  flows and. evaporates i n  t h e  s%ell section. 

I - - 
TC d . A l e v e l  t ransducer  is mounted on the -vapor ize r  i n . e r d e r  t o  
I;.i .- . 
F 

- c o n t r o l  thi: m t i v e  ff uid .le~ei fer optimal '.pow+r output ,  A 

1 - s i g h t  glass is mounted on t h e  vaporizer  s i d e  f l i q u i d  
level ind ica t ion .  -4 .  

.i 
I - -- - - - -- - -  - - -  - 

I& 

7 :. 

k- . 
' . .  

. 5.4.2.3 Preheater 
r L .  
?, .?. The preheater  is a hori-zon&l-t%w shell and L ~ h e s  - t,y= 3 - -  

h e a t  exchzngsr, Each tube bundle is made of ' s t a i n l e s s  
s t e e l  tubes  ending ir, tubeshe&,= z.nd s u p ~ r t e d  by s u p p o r t '  

9 . .  p l a t e s  and baffles- Tfie s h e l l  sectian is a , c y l i n d r i c a l  

3 envelohe made o f  carbon.,s%eel. Rela t ive  %hepirial expansior- 
---= ' j  - _- . - - . - - - of -- - +,he - - - she> l _and tubbegiare:-cf?om~_ns~te6_ by- a- : .stair.less _ .- 

.. d 
steel espanslon j o i n t  Iqcated on .2ha70uter  envelope.' 

-1. - .  - -- - - - -  

--*-1 - -- Heating f l u i d  Igeotharmal f j r ine?  ' fIows through the - tuke -L - . 
z "- .2 
*,>* . s e c t i o n .  of t h e  preheater  while  t h e  : working fluid is - - - - .  - . V . ,.. th5ouglr thx- she l l  sec t ion .  ' - .  

- - - - - -  - -- - 1 - 7; . = 
5.4.2.4 A i r  Cooled Candenser 

-7 9 - 
--- - > I .  me c a n d e ~ s e r  is an . -induced' di-sft air - cooled heat . . . . eschang2r- The motive f l u i d  is d i s t r i b u t e d  i n  t h e  tubes  

-7 . -  
- 3 

.- 1 that are arranged i n  one-psss con+igtxration. The mo%ive. 
-1% 
, L$ 

fluid is cohled and 6ondensed while flowing .in t3e %.;bas 
by %he air  Ghich flows cutside of - firmed tubes  i n  a 
crossf3ow p a t t e r n .  The condensed motive f l u i d  a o ~ i m ~ l a t e s  . c- -1 /\:- 5 , 

2 3  i n  the outle ' t  bas froin w h e r e  it flows by =ravity o t h e  
-s. ,I. 

- - . motive--f luid f if ter  and- pump. q g  - -  cdndenser ' t ubes  are 

- I  -manufactured o f  &arbor! st&l with a l m i n m  fins.wrapced on 



xd - -  
- -- - - - --. - - -- 

~ ~ ? r c k d ' - s i r ~  &olerS w i l l - b e  used t o  ~sol. t h s  working f l u i d  - 

i n  the  c ~ n d e n s e r .  I t  shall be designed ullder the. followi-ng 
condit ions:  3. . 

- -Wet Birlb T m p ~ r a t u r e  2 1 . 4 5 " C  - -- ----.- - . . ,  

7 D r y  Bulb Tsmperature . 22.1s "C . . 

Rela t ive  Humidity 88.7% frneafi.min.) - 

1 94-45% (mean ma:- ) 

. , 

7 -  5.4.2.6 Hiscell-- &pi&ent . - 

5.4.2.6.1 ~ompres&ed A i r  ~ i s t e m  x 

- 

3. - The FGTNSZ of  t 3 e  syste,m,.is t o  S U P F ~ ~  t h e  coti?pressed 'sir 
necessary to operace and * contm2. - ac tua to r  of valves, 
con t ro l  valves and ' ather ' pfie-ma;tic. ; compun5nf;s. Ths 

3 - 
compressed a i ~  w i l l  be used a l s o  f o r  ' c leaning  plant  

- - 
, .  . .: anxi f ia ry  ' e w i p & n t  accessor ies  during'  , prevent ive - ' 

- -. rnaintenance.periud. . - - -  

3. .i . 5 coriipressur staGion skill. be prsvided w i t h  t h e  .r,ecessaFy 
I . cooler ,  f i l t e r  and dryer  t o  ensure t h e  supply of> o i l - f r e e  - . 

-1 . -  

and Gurified air  t o  the  regu la t ing  devices arrd.instruments 
the p&ant. ??- is ' s_Jf:cag+,rgl l e d  . a d  -st&r$s .and - st-o_~s ___. - - - A_- _- - --- o f  

U a i ? % o m a t i c a  i?.:cording %o the- air . pressure  i n  . the 
s distribu.t;ion hecder . A - r e s e r v o i r  is ins ta , l l ed  a3 the  - 

1 -- 

-- 
o u t l e t  of t h e  coinpressor s t a t i o n .  A - c ~ ~ p r . e r s e d  -zip piping  . 

"i! - .. . .  -system s$all be.provided %a distribu+Je t h e  a i r  t o  p l a n t  
3 - 

- "- - - -  - e q u i p r n e n t ~ 3 s  l i n e  shall be .eq3ipgsd--wit;h 'moisture traps-' 

3 .- 
-- - - I -  d ra ins  as wel l  as w i t h  t h e  r-eceesary instrumentat ion 

- . to  enable  the . eon%ro l  and monitoring of the  system. 
$5 - 
V . 4 2 . - .  

5.4.2.6-2 Lubricatius O i l  System , 
3 . 
35 . 
-Y u... 

"I A comori l~bqi~~ti2Ig ail systea shz17, B3 provid.sd. for tbs 
. t u r5 ine  bear ings ,  auxiliary drive, grnerakor bea~ings, and 

L;x: ' . 
.-l 
,-a 

exciter bearing- This syskem shall be &onpossd af m a i h  oil 
$2: 

-1 - . . . ,  

tank, main oil pmb. 051 guri f iers .  oil :coolers. oil . . 
transfer pump, aw,:iliary oil pump and vhp& extractor. . . 

T> - .  
: -4 * a 

1 
.A' - -  - --- - -  - - - - - I .  - - -- - --. - 

. . 7 ;- 2% . . .  . .  
.-,a 

..:: 

7 , - 
. i+ . . ;*:. 12 

-2 - .  , ' 

/-- . 
.."A- 

L >.-,... 
. . 

L - ,  , . . 
'3 _ '  . . .  : . - .  - -.- -4 --r --. . ? s n ) ~ ; n ~ v - - y F - . r ~ -  - " - U i w T . ~ y I C - : p - - ~ . ~ ~ . ~  
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- 4 . I 
I 

4 
. . 

I 1 - i 
- - - -  - -. 5,4,2.6,3 Fire Protection-System -- 

3. 
i 

- . - -  - - -  - -  -.- - - - --- - -- - -  
F protsct l .?n ~nstem'shall be installed t.=! safeguard 
the  power .s ta t ion  agains t  c~iilbustible/fl&r~~ab1g, eleaent 

3 ' -  

. . such as forced a i r  cooler  s t r u c t u r e .  generator  coolant .  
lube o i l  r e s e r v o i r ,  working f l u i d  tanl.=s. s e a l  eil .  tank. 

- % +!lube o i l  purkf ier. main . t ransforger  and -turbo-gener,ator . . 
set. 3 . - a  

. 
. .. ?kePwe~l wili ke constructed t a  supply w a t e r  t o  %he watar 

- s t a t io r ,  . through an undergroundwater - l i n e .  motive 

3 .  f l u i d  s to rage  tank ar&a w i l l  be a l s o  suppl ied with water 
via  t h e  water  l i n e  t o  s c e a ~ ' w a t e r ' , i n  case uE necess i ty  t o  
cool  t h e  tank. 

7 Fire w a t e r  s t a t i o n  shall - co'nsis+, of Rydrants and.  f i re  
w a t e r  hoses  s toped on s m b l s  and ready t o 'be .  *used. The 

, 

. . 

-1 - * 

number of s t a t i o n  end . t h e i r  loca t ion  in t h e  plant  a r e  
designed. tha t  . the ' a r e a s  i n  t h e  ' oxant ' where f i re  ' can ,- 

. - o r i g i n ~ ~ e  .or be  spread, w i l l  be within reach &f the - w a t e r  - 

system.,  

7 :  The c o n t r o l  room s h a l l  be -p ro tec ted  aga ins t  fZre by. a . . . . 
. Halon ext inguish ing  system. This .  system-- opera tea .  R 

7 .  . . - '  . 
automatic&lly in cage of f i r e ,  

1 

The' d e t e c t o r s .  (hyd~ocarbun gas. siiloke. flmS! shall be . . i " 

placed 9rounJ the turbine/geherktpr,  motive f l u i d  stu 'rage 
. tank and i n  t-he bul ld ipgs ,  _ . . - - - - -  - - - - - - - - -- - - - - - - - - - - - - - .  . - - -  -- :I. . - . - -  - 

3 :  - .  
5;-5.2.6.4 stehdby Pump- - - - 

I 
I ! 

7 - - -  . A diesel~cblZvei5 standby puxp which can b e . s t a r t e d  i n  cages . I 

3 1. - - - of p o w e ~  f a i t u r e  s h a l l  be provirl;etl= - - -. 
-. . .. . . . I $ . . 

T-J : 5.4.2 -7 Generator and Auxiliaries' - 
, 

" .  -2 . 
" 5.4.2.7.1 enerator . . 

3 .  . . - b .  

- .  The generator  is a si~nchrorrous type. brushlesd.  GPh&se 
-3 a i r  cooled. weather protected,  h~r izonta ' l .  type machine, It 
3 

'1 - - 

. has a dual shafk ext f?ns isn  go enable it 'to be .'driven bg7 
two 'turbines. I t  s h a l l  a l s o  have flarige-meunted s i d e  

* 
2 [ s l eeve)  bea r ings  which a r e  o i l  pressure lubr iba ted .  The 
.- . , bear ings  are - protec ted  aga ins t  t h e  - e n t r a z c s -  of' d u s t  ,- - 

"I moisture and sa l t - l aden  air'. . 

.% 

3 , ,-?. ' . .  13 . . . . *. 
.jt. .* 

.,- . . , 
,+A- . I : . . $ --- . -- k .. " " .... , ., . ,. . I  . . . . '* 

. . . - 
I .  * . . . - . * 
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i . - I 

3 ,  I 

-- - - -  A ~ . ~ i t ~ b l e  c~nnection, box (BSparaZe  i r o n  &8 %~is- 5kfhins1. 

1 : 
box) - is furnished f o r  a l l  thermistors ,  - -  temperature - . 

- de ted td r s  and spc5 -hea ter  leads'. 

-1. The normal. o w r a t i n g  c h a r a c t e r i s t i c  of t h e  generat.or a r e  
as follows: - . . - - 

M ~ ~ i ~ u i n  contikuous r a t i n g  a t  0.50 

-1 
2.000,/50d XW . 

lagging pswzr factor . .  
l"r 

- -KSA outpu3 a t  0.39 pewer f a c t o r  2,500,/625 KVA - 

- -1- . $  ~ o i t a g e -  a t  generztor  terminafs - Z3.8 KIT 

Speed 3,600 XFN - 
- . . 

Frequency - . . 60 Hsrtz  
-1 
1 . 

- 
. Winding Conneetisn Wye .Connected -- 

- - 

"1 . 5.4.2.7.2 Generator ~r&sfomr 
I 

-- 
I 

- - 73-k . g e n e $ ~ t ~ r  t r a n s f o r ~ e r  s h a l l  be czo~nected t o .  the - 

'1 genera tor  u n i t  i n  t h r e e  phase. I t  shal l  be oil-inmers6d. 
self-cooled,  outdoor type, equiywd i t  off- load tap * 

4 - changers ori both the high and low voltage windings,. Its 

&I design shall t ake  i n t o  consideraZion the presence of 
hydrogen ~ g l f  id? (I-f2Sj _ in the- atm~sphere - - - -- - - - - - .- - -  - --  - - - - - - - - - - - 

J- . -- . . .  . 3: - 
- -- . - - -  - . . . . 

- 5.4,2,7 --3 Un$t &=j_li& ~ r & f  a-r - 
I 

3 - 

9 
The ' unit-zmill&y tF;lrsfor.rtieF shall be cfry type, . self- . ' 

_ _  coofed,- equipped w i t h  of-f-load %ap-changer un the high . - -  

Cii voltage w i r i d i n g  arid be e r i c l o s e r f  i n  the 1 3 - R  KIT metal clad 
3 .  - 

switchgear - 3 . . 

.? - 5:4.2.7.4 Unit S%a%iun Ssrvics-Transformer 

"I - - - 
A single-unit w w e r  transforiner will ba pro+&3e'd dur ing  

.:$ " cons t ruc t ion  and . & a r t  up/cormissiening of t he  3irisry 
:A.Z u n i t ,  .It w i l l  also  serve as s t a t i o n  s e r v i c e  t ransformer 

7 . -  
after t h e  dura t ion  of the p ro jec t .  It shall  be o i l - .  
i k e r s e d ,  self-cooled. outdoor t y w .  I?-. 

53 . - - - - -  . 

ZA 3 - 

-1 - . - a. 
"G 

,>%.! - -a . . 
I .  

-w 14 5 ./' s 

< .  /'- - ... . ' . . - C .  J .2q,;b%g;c~";2z: 2: ,, + *: . .* . < .- - I . "  . ^  -... . w . .  . . a * :  - r i  
, -  . . .  - - --. -& - - - a C : C - r * ~ ~ 7 ~ . ~ . m - m - . : y * 7 , q F - - ~ - y - Y I * ? ~ T E ~  7--- .- -,.. . --IU--- . -I- - 



. - - - - -- -- -- - 
5;-4;2,773- S$it;chgear 

* 1 - - -  - - - -  - . -  - . - - -  -- - - The -2-r~itchgear sha l l  6g-netal-elad tygs  f i r  sp&ratioi en 
13.8 KV and 460 V. 3-phase. and s h a l l  be manufactured i n  

--I acaordancS wit11 t h e  l a t e s t  .editior5, of A N S I  and Nm4 
St,andards. - 

- .  3,- - - - 

-1 . 
5.4.9 H i g h  Voltage  witchy yard . . B 

=r-- . . -  
TI . - .  

- The sfqitchyard shall be of the. coni7entional d e s i g ~  using - 
SF6 Gas Insrzla'ted Powsr Circuit Breslrers [PCB?. n.e PCB 

T .  s be provided with an autohaticall37 opersted 
compressor to provide a i r  'for its opening and c los ing  

, .  
- a&t ion .  A pressure  gauge s h a l l  be provided. fcr proper - 

.monitoring of t h e  $reseenee sf SF6 ins ide  t h e  breaker  tank. .c 
3 

3 A electrical panels  inc lud ing  t h e  PCB tknks  must bs 
. . . yai-nted wi th  t h e  ritost s u f t a b l a  znt i -corrosion p.i.& while  . . 

F- $ 
..* - . - -- t h e  pqrcelairr ins-ulators s h a l l  be r egu la r ly  cleaned to 

y r ~ c  lude t h e  acc tU~~.~ la%i  tm of cfus2~ o t h e r  co r ros ive  %I p a r t i c l e s  which might- . t r i g g e r  f lush-over w h e n  muFsture was 
5- . . in%rorfuced by nzture.  . 
<?, 

. . .-. - - -  - - 

. . - .  

5 - 3 - 9  Assocrated Transmission Line  
i X  

. The .-proposed interconnect  ion  of f i v e  ~ e p a ~ a t e  bi-nary   pa we^ - - 

_-_-  _ .- - _ -- - - _. p lxn t  s _with . - .  _ aggregate capac i t 3 7 -  i-Jf B . ~ P C U ~ C ~ ~ U ~ ~ , ~ ~ :  Iy - 16-2 . tW - 3 -  E- 
kQ . inc ludes .  t h e  cons t ruc t  ion o'f 51 of 13.8 ' KV - s i n g l e  

3 c'ircult. t ransvl i ss i r~n  1i.m .m wood m l e _ . s % ~ ~ ~ c t u r e ~  1lt5JFzing 
No., ~ ~ ? A C S B  xnd t ~ r ~ l i n a t % r ~ g  at  PkL-I Power Pla-nt. A 20 

- -- - 
A ,  13-8/65! KY p o w e r  t ~ a n s f a q m e r  w i l l  be i n ~ t a l . l & d  i n  - -- 

&la- - 

PAL-I Power P I m t  t o  st&-up t h e  puwer-ggneratkd .by t h e  
- - -. - . . p l a n t s .  .. - - - 

q. 

kl : Del ive r s  of t h e  pswer genj ra ted  bg t h e  plants '  &.all be 
-through a 5 kb. 68 RV s i n g l e  c i r c u i t  t r a n s n i s s i o n  l i n e  on 
w ~ o d  poles using  a 1 s 336.3 M E 4  ACSB wl-Lich is ts be 9 tapped ' t o  t%e e x i s t i n g  59 K"' sizg'le c i r c u i t  trans=.ission 

"I < 

l i n e  a t  Tap 3~bliScn7Bac-Man I to the 69 single circ~it - g 
' transmissian line going +,a Daraga substatiszi  68 ' E;V 
"switchyard. D-e proposed associa ted  t ransmission l i n e  

w i l l  be pro tec ted  by a 69 KV power c i r c u i t  bredier snd 
other pro tec t ion  equipment. Figurs 4- shows t h e  proposed 
scheme sf - . i -~ . , t e rcbnnec t im - Ear ~ a c - ~ a n  T3ikarY -Cycl2 

. Geotherillal Power P ro jec t .  
, . 

15 

. . 

2 . . . . . # . . - - -. -----̂ ..X. -P-T"II-"-7. -..*.---_-.--.. --.---"-?-... ,. - -- ..-. , .-', -,.*< - - . . .,n-7 -A. 
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3 - .  

I 

- -  - - -- - _ _  - -c&ed -Project- Size- and Scale - 5 7  

j -. - -- - - - .- -- -- me Bat:-t?xf~ Biiary ( ~ ~ c i s  .Power Pro3ec-f is e:rPects3 t o  : : 

. contyibtite 16-2 tfd ts the Luzon grid, 

I-.. The estirr~ated pr.o$ect -cost is P 8'34. S7EI, 283 broken down to 
- 

, .US$ 28fl52.178 forex and' 8 118.370,437 local portions. It 
is expressed i-CL 1992 Price Level. at P- 9'7 ger US$I.OO . . 

I - .  excha:nge rate,  The five sepai-a.te binary gower pla.r~te are 
. expected t o  be 'o-rr stream starti-c~g Hay 1994. The ecanouric . . . 
l i f e  of the yover plants ,is 20 years 

-7: - - 
5-6 bintenance . . 

- 

- -1 ~ e r i o d i c  maintenance sha l l  be ~ t r i c t l y  c b ~ e r v s ~  during 
. p l a n t  o g e r a t i s ~ .  ' The p l a n t  should undergo aanlruiil ' o r  
s e ~ i - ~ n u a 2  skdtdotill t d - r e - g ~ l h r g  check the p l a n t  
E - ~ ;  Lat,lities based on the recbmendat ion of t h e  ' . ' * 

- - qanuf ac tu re r .  .'_ - - - - . - . . 

. 6-0 fZC?HTINGIfMCY PLW . 
r .  

L The proposed pssqer plants werf t  desfsed ts withstand ' 

I na+,ural calamities such as typkoon, .rainwqte.r, . f looging, 
landslide.ar-d earthquake- Each plant will be eqiaipg& with 
f i r e f i g h t i n g  e q u i p ~ e n t  to g r ~ t e c t  t'hB xhol.k plant ip.case 

;-I .- .- 
of I fire. .Su$I-iis@ca$ed :det?c$iqn system- will 'be porvidsd. . -..- a -  _ _ _ _  - .  - .  - -  - - -- 

z * arougd-- t h e  .DEC &its, - mut;iwe f l u i d  stm5age tank and' i n  . . -- - 'bui ldings.  . - - - -  . - --- - - .  
"j .: . . ,  

. - - - - 
9 - - -+ -A - ?.'0 A I 3 A W M ) m  ' 

a. 
b . . - - - - -. - 

1 .  - - . - 

'4 
After 20 years o f  se rv ice ,  t1;e plant w i l l  not  be 

.-a 
'2 . . ecmornlcally viable . t o  ope'rake &n>more. Af l usable  ' 
2-5 materials will be taken c u t .  Equiments  which Gre i n  good . . 

condikioz?, w i l l  be u t i l i z e d  as spare parts- uI' o the r  
- -1 , -- . - generat ing u n i t s .  Building sad ot3er permanent s t r u c t u r e s  

&-J : will be lef% and used for "sther. purposes- 

- -1 

--.; 8.0 IDENTIFICATION E l W l E C D ~ A L  IMFACTS 

1 .  ~ro 'oabae  e n v i r o ~ ~ e n t a l  i m p c t s  Awe presen';.ed ' i n  -c 
-> -, , . -  . Appendix- A .  - . - - ... 

'I >% < .. 
. I - 3  > -...- 

1 ' -  - - . -  .Lp' 
' 16' 

-1.' . 

" 1 ,  - 
C 
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TABLE I 
LTJZOt$ GRID I 

- m t Q l N D  -AND-ENERGY -FflRECAST- - - - I - 
. - t 99 1 PUWK DEVTiOPt$CNT 
-. - - - . -  - . - -  - - - - - -- 

Y e a r  - - -  - ---- 
( Actual ) 

l q 8 G  
I990 

Grbwth Rate ( % I  
(1856-1990) 

Growth W t e  I%! 
1 1996-2000? 8.2 - -  8.2 -- - - 

-- . .- - 

* - The indicated s a l e s  data s w a a r i z e s  the  egergy and - - - 
d$hand data  at t j e  genera3ion load requirement using L 

certain assumption on load fac tors  dnd system losses. 
- --. - .  

- -  - 

- - -- - . - - .- .- . - - - - - 
- 



T 

, 
4 & *  . . 

TABLE 2 1 LUZON GRID 
- --- DEt?AND AND E?..IERGtFOREt~&ST- - - --- - - -- --- ' - 

-1 3 99 1 PIlFL717R DEVTXlPkfE4T P R O f W  
3 . - . - -  .- -- - -- - - - .  - 

Sales Level f s r ~ e r a t i u n  Level Asmlii-pt, iana ( X 1 

7 Year Energy IGWS Ertergy (!;WH1 Derm:r~d [ZM) Load Fac tor  Lossgs 
---- ____________ _____------_ ----_---_-- -------_--- ------ - -  - - 

(Actual S 

3 1986 12347 13535 . 2311 G8.96 8.78 
1,987 13274 . 14455 2443 67-55 3.17 
1935 14?07 15438 2582 55.26 4.74 
1988 15197 16488 2729 68h97 7.53 
1990 17161 17601 2385 

- -1 69.434 2.50 
G r o w t h  Xate (%I  

1 1956-1890) . 6.8 6.8 5.7 - - . . 

3 - 
.. - 

- (Forecast) 
1991 17942 18402 3013 69-72 2-50 :I . 1992 

19234 19727 , 3230 69..72 2-50 
1993 ' 20619 12247 - -  . . . 3463 69.72 2.50 
1994 22103 22670 -3112 - 6g.72 2.50 ' 

1995 24245 14868 4072 69-72 2.50 
Growth Xate I%? 

( 1891-1895) 7.2 7.2 7.1 - 
-- - - 

-- - - 

rl 1998 28226 SSSSS 4405 88.72 2.50 
1997 28378 39104 .47E5 69-72 2.50 
1998 30703 30490 5156 63-72 2-50 a - - -  - 

1999 33221 39072 5579 69.72 2.50 
- 2000- - -34895 - -36915 - .  - SO28 --'-69.72-- -2.50 - - - 

- 
Grovth Rate I % ?  - - - 

1 .  1 1996-2000 I 8.2 - . 8.2 3.2  - - - 

-2001 39550 39569 6430 - 69-72 2.50 
ZOO? 41473 42537 . . SB65 .- 68.72 2.50 

-7- - - 
2003 44584 . 45727 7457 69-73 2.50 

.2004, 45925 69158 7049 59.72 2.50 . 
2005 51487 5280? 8647 . 69.72 2-50 3 G r o w t h R a t e ( X 1  - 

- -  - 

12001-2005) ?.5 7.5 7.5 - - 

"I - .. 
- 





s& T a b l e  4 . [-,I Baseline Water Chemistry (BAC-MAN ~ e l l s )  
, - A- ---  - -  -- - --- - 

.. - 
- -- WPH Sampling Pressure bla ' C1 504 SI02 

[-, 1 - (MPaa) (MPaa) PH - bgfkg) <mg/kg) (atg/kg) li igfig) - - - -  

- .  

Baseline' Gas Cfremiskry ' 

Sasplf ng 
HPH Pressure CDz HzS Hz 

-(HPaaf <BI!aal ( m u l e s  per I00 mules ) 

2-51. 0,570 169 5-55 
3-35 - -  0,349 321. 6-98 0,236 
4-44 0,619 772 9-60 1)- 374. 
2-39 0,429 105 3-98 0,310 
1-62 0,904 620 13-70 0 - 461 
3-48 0,812 1084 , - 12-80 0 ,  PO0 
3-27 0,839 327 5/76 0-953 

- 3,537 ----0;910-- 264 7-00 - - 01390-- 
1-37 0,551 ,255 4-39 1 - 200 

- 2-54-- 0,463 -151 5-30 0-620 

- - - --- 
Note: - TD - T o t a l  qischarge . - . 

%HCW 
ZHCG - . 0-7 
TI) MPaa 






























