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ABSTRACT 

T h i s  paper  c o n t a i n s  t h e  exper ience gained a f - -  
t e r  one y e a r  o p e r a t i n g  f i v e  5 MW p o r t a b l e ,  --- 
back-pressure, geothermal power p l a n t s  a t  L O ~  
Azufres.  A b r i e f  d e s c r i p t i o n  o f  t h e  f i e l d  and 
t h e  equipment i s  g iven.  Cost  f i g u r e s  of t h e  - 
whole i n s t a l l a t i o n  and a l i s t  o f  what we b e l i -  
ve a r e  t h e  advantanges and d isadvantages i s  -- 
a l s o  presented.  The main c o n c l u s i o n  i s  t h a t  - 
t h e  use o f  t h i s  t y p e  o f  tu rbogenera tors  i s  --- 
q u i t e  a t r a c t i v e  i n  new undeveloped f i e l d s  and 
a l s o  i n  c o u n t r i e s  w i t h  f i n a n c i a l  problems whe- 
r e  i n i t i a l  c a p i t a l  c o s t  investments must be -- 
kept  as low as p o s s i b l e  a t  t h e  expenses o f  ---  
l o n g  te rm steam consumption. 

INTRODUCTION -- 
A t  t h e  L O ~  Azuf res  geothermal f i e l d ,  f i v e  w e l l -  
head tu rbogenera tors  were i n s t a l l e d  one y e a r  - 
ago. The reasons i n  choosing back-pressure -- 
t u r b i n e s  were t o  have p o r t a b l e  u n i t s  i n  o r d e r  
t o  t e s t  t h i s  new f i e l d  and t o  have t h e  a b i l i t y  
t o  move then t o  an o t h e r  w e l l  i n  case o f  seve- 
r e  changes i n  t h e  w e l l  c o n d i t i o n s .  The econo- 
m i c a l  a n a l y s i s  showed t h a t  t h e  investment  ( i n  
tu rbogenera tors  o n l y  ) c o u l d  be c o m p l e t l y  r e c g  
vered a f t e r  t h r e e  y e a r s  o f  genera t ion .  That - 
i s ,  i f  one l o o k s  a t  t h e  tu rbogenera tors  as --- 
t o o l s  f o r  f i e l d  t e s t i n g ,  t h e y  pay  o f f  i n  t h r e e  
years .  One should keep i n  mind t h a t  Los Azu-- 
f r e s  i s  2,800 rn o v e r  sea l e v e l ,  w i c h  i m p l i e s  - 
an atmospher ic  p ressure  o f  0.7 atm. 

I n  t h i s  paper t h e  main c h a r a c t e r i s t i c s  o f  t h e  
f i e l d  and o f  t h e  equipment a r e  presented; some 
i d e a  about  t h e  c o s t  and o u r  o p i n i o n  r e g a r d i n g  
t h e  pros and counter  o f  t h i s  t y p e  o f  i n s t a l l a -  
t i o n s  i s  g iven.  F i n a l l y  a b r i e f  d e s c r i p t i o n  o f  
some o f  t h e  problemas found a t  Los Azufres i s  
presented.  

THE FIELD 

The Los Azuf res  geothermal f i e l d  i s  l o c a t e d  i n  
c e n t r a l  Mexico o v e r  t h e  Neovolcanic  b e l t ,  one 
hour  d r i v e  f rom t h e  c i t y  o f  M o r e l i a  ( F i g .  1) - 
so f a r ,  40 w e l l s  have been d r i l l e d .  I t  i s  d i f  
i i c u l t  t o  s p l i t  them i n  e x p l o r a t o r y  and pro--  
d u c t i o n  w e l l s .  Enough i s  t o  say t h a t  t e n  have 
z e r o  p r o d u c t i o n  o r  were abandoned d u r i n g  cons- 
t r u c t i o n  because o f  d r i l l i n g  problems. S i x  -- 

a r e  v e r y  good i n y e c t i o n  w e l l s  ( more than 150 
Ton/h acceptance ) and t h e  r e s t  can be c o n s i d e  
r e d  as I '  Producing w e l l s  " w i t h  an average o f  
50 ( Ton/h ) of steam a t  a s e p a r a t i o n  pressure  
o f  1 MPa. I n  t h e  n o r t h e r n  p a r t  o f  t h e  f i e l d  - 
t h e  m i x t u r e  a t  s e p a r a t i o n  c o n d i t i o n s  i s  h a l f  - 
s team-ha l f  water ,  w i t h  1 t o  2 % o f  gas by ---- 
we igh t  and t h e  w e l l s  a r e  1,500 m deep on t h e  
average. I n  t h e  southern  p a r t ,  known as Teja-  
man i les ,  most o f  t h e  w e l l s  produce d r y  ( even 
superheated ) steam w i t h  a gas c o n t e n t  t h a t  - 
goes f r o n  1 up t o  25 % by we igh t ;  they  a r e  - 
800 m deep on t h e  average. 

Three o f  t h e  5 MW p o r t a b l e  power p l a n t s  a r e  - 
l o c a t e d  ( see F ig .  2 ) i n  t h e  n o r t h e r n  p a r t ,  
u s i n g  s a t u r a t e d  steam and two i n  t h e  south-zo-  
ne u s i n g  superheated steam. 

THE PLANTS 

Each group i s  composed, as shown i n  F i g .  3, o f  
a Weber-type steam water  s e p a r a t o r  ( s o f t  i n  - 
t h e  superheated zone ) , one s p h e r i c a l  v a l v e ,  - 
one s p h e r i c a l  v a l v e  one chevron- type deshuinid! 
f i c a t o r ,  a steam f i l t e r ,  two c o n t r o l  va lves ,  - 
t h e  M i t s u b i s h i  tu rbogenera tor ,  a s i l e n c e r  on - 

- 
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LOS AZUFRES: 

Longitud 100' 40' W 
Altitud 2850 MSNMM FIG. I 
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top of the power house and a transformer. 

The  turbine is  a f i v e  impulse stages,  3,600 -- 
rpm d i rec t ly  CouDled to  a 4,160 v syncronous - 
generator. 
cooled. In l e t  steam pressure 0.8 MPa, exhaust 
t o  the atmosphere a t  70 KPa. 
steam comsuption 60 Ton/h. 

The o i l  and the  generator a re  a i r  

Total saturated 

To s t a r t  up the  turbine no external source of 
e l e c t r i c i t y  nor water i s  needed. For lubricg 
t i on ,  an auxiliary Geothermal small turbine - 
i s  used. D u r i n g  operation no personnel i s  -- 
needed, i n  case of tr ipping a bell rings a t  a 
central s t a t ion  located a t  the headquarters - 
a t  Los Azufres. 

Then main equipment i s  mounted over squids, - 
the time f o r  setup in the  f i e l d  i s  about 10 - 
days. The teavies t  piece i s  about 60 tons. - 
No alignement in  the  f i e l d  is  needed. 

The f i v e  units a re  running since August 1982. 
In t h i s  par t icu lar  case the  time from the day 
the order was placed t o  the day of delivery - 
was 9 m o n t h .  Parallel  t o  t ha t  i t  took three 
month t o  prepare the  platforms and t o  build - 
the foundations and the e l ec t r i ca l  ground --- 
g r i d .  The time f o r  i n s t a l a t ion ,  t e s t s  and -- 
s t a r tup  was 1 month per engine. 

SEPARATOR 

DESH UMI OlFl ER 

FIG. 2 WELLS AND PLANTS LOCATION 
THE COST 

In a country l i ke  Mexico there  i s  a great di-  
fference between import and domestic equip--- 
ment and labor wich makes the  economical ana- 
l y s i s  d i f f i c u l t  t o  extrapolate t o  other coun-- 
t r i e s .  Any way, t rans la t ing  the figures t o  - 
1983, those prices and i t s  percentual weight 
become as shown i n  t he  following tab le :  

AT LOS AZUFRES 

b S T  OF Tt15 5 !VI PUNT 

Turbogenerator ......... 61 .O % 
Transformer ............ 3.8 % 
Mechanical Equipment ... 8.0 % 
Electrical  Equipment ... 6.3 % 
Civil works ............ 2.4 % 
Egineering & design .... 
Assembly ............... 16.0 % 

2.5 % 

T 0 T A L 100. 00 % 

Cost ( 1983 prices ) 350 U$/KW 

m~ OF THE WEUS (1500 M AVE) 

Dri l l ing  ........... 44.3 % 
Platform ........... 1.3 % 
Accesories ......... 7.0 % 
Cementation ........ 6.3 % 
Casing ............. 41.1 % 

T 0 T A L 100. % 

Average production per well 70 (Ton/h) (*) 
well cost ( 1983 ) U$ 1 850 000 
Specific cost  of the well 

TOTAL COST AT U)S AZUFRES 
* not i nc lud ing  wells t h a t  d idno t  produce 

370 U$/KW 

720 U$/W 

WELL 

:TION 
/ 

SPHER I 1 

- 
TRANSF 

FIG. 3 GENERAL ARRANGEMENT OF THE 5MW 
WELL- HEAD TURBINE. 
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PROS AND CONS 

The use o f  back-pressure,  wel l -head, 5 MW Geo- 
thermal  power p l a n t s  has some pros and some -- 
contras.  Accord ing t o  ou r  s h o r t  exper ience -- 
they  can be l i s t e d  as f o l l o w s .  

DISADVANTAGES:- Steam consumption pe r  kwh i s  - 
h igh .  

- The steam t h a t  en te rs  t h e  t u r b i n e  i s  " Fresh 
f l a s h e d  ' I ,  t h a t  i s ,  i t  doesnt t r a v e l  i n  l o n g  
p ipes where a smal l  amount o f  condensat ion,  
d r a i n e d  l a t e r  a t  t h e  ent rance o f  t h e  t u r b i n e ,  
he lps  t o  remove a l l  t h e  s o l i d s  t h a t  were -- 
c a r r i e d  i n  t h e  steam. 

- I t  i s  p r a c t i c a l l y  imposs ib le  t o  use a l l  t h e  
energy t h a t  t h e  w e l l  produces o r  a l l  t h e  -- 
power t h a t  t h e  t u r b i n e  can d e l i v e r .  I n  --- 
o t h e r  words, i f  t h e  t u r b i n e  i s  f o r  5 MW, -- 
u s u a l l y  t h e  w e l l  w i l l  d e l i v e r  more steam -- 
than  necessary ( underuse o f  t h e  w e l l  ) o r  
l e s s  t h a n  necessary ( underuse o f  t h e  turbi- 
ne ) .  

- Too many e l e c t r i c a l  t r a n s m i s s i o n  l i n e s  t h a t  
increases t h e  v u l n e r a b i l i t y  t o  l i g h t n i g s  -- 
and f a i l i u r e s .  

( 12 kg/kwh i n  Los Azufres ). 

- There i s  no c o n t r o l  on t h e  gases assoc ia ted  
t o  t h e  steam. They a r e  d ischarged d i r e c t l y  
t o  t h e  atmosphere, even though i n  t h i s  case 
t h e  d ischarges a r e  spreaded across t h e  ---- 
f i e l d  g i v i n g  l e s s  c o n c e n t r a t i o n  a t  each --- 
p o i n t .  

ADVANTAGES:- Low c a p i t a l  investment  i n  t h e  --  
equipment ( s p e c i a l l y  a t r a c t i v e  f o r  t h e  coun- 
t r i e s  w i t h  f i n a n c i a l  problems due t o  h i g h  i n -  
t e r e s t  r a t e s  ) .  

- Each w e l l  can beg in  p r o d u c t i o n  severa l  --- 
years  b e f o r e  t h a n  what would be,using a -- 
b i g  c e n t r a l  power p l a n t .  

- They can be i n s t a l l e d  i n  new w e l l s ,  even - 
though t h e  u n c e r t a i n t y  about t h e  e v o l u t i o n  
o f  t h e i r  p r o d u c t i o n  c h a r a c t e r i s t i c s .  

S p e c i a l l y  a t r a c t i v e  i n  f i e l d s  w i t h  h i g h  gas 
con ten t .  
l e a v e  a bes t  w e l l  t o  be i n t e g r a t e d  l a t t e r  - 
t o  a b i g  c e n t r a l  power p l a n t .  

w e l l  t o  t h e  t u r b i n e ,  t h e  heat  l osses  a r e  -- 
s m a l l e r  ( I n  a c e n t r a l  power p l a n t ,  heat -- 
and dra inage losses  i n  steam pipes rep re - - -  
sent  5 % o f  t h e  t o t a l  power produced ) .  

- A new Geothermal f i e l d  can be eva lua ted  --- 
w i t h  enough conf idence by e x t r a c t i n g  steam 
f o r  months o r  years f rom seve ra l  s t r a t e g i - -  
c a l l y  l o c a t e d  w e l l s .  

R e l i a b i l i t y  o f  e leven 5 MW u n i t s  i s  h i g h e r  
t h a n  one 55 MW power p l a n t .  

- 
I f  gas decreases w i t h  t ime ,  t h e y  

- Because o f  t h e  s h o r t  d i s t a n c e  f rom t h e  --- 

- 

- C o n s t r u c t i o n  and eng ineer ing  work i s  d r a s t i -  
c a l l y  s i m p l i f i e d .  

OUR EXPERIENCE 

A f t e r  more t h a n  one y e a r  exper ience opera--- 
t i n g  those  tu rbogenera to rs  we have found t h a t  
t h e  equipment i s  h i g h l y  r e l i a b l e .  The rea-- -  
sons t h a t  have occas iona ly  caused t r i p p i n g  of  
t h e  t u r b i n e s  can be grouped i n  

Mechanical  t r o u b l e  (ma in l y  l u b r i c a t i o n )  35 % 

E l e c t r i c a l  t r a n s m i s s i o n  l i n e s  t r o u b l e  58 % 
P recau to r ious  i n s p e c t i o n  7 %  

t h e  power f a c t o r  o f  t h e  p l a n t s ,  hav ing enough 
steam, i s  over  90 %. U n i t  1 an 5 were genera- 
t i n g  l e s s  than 5 MW because t h e  corresponding 
w e l l s  were n o t  producing t h e  60 Ton/h o f  steam; 
r e c e n t l y ,  a second back up w e l l  was added t o  - 
each one t o  complete t h e  5 MW. 

The main problems found have been, (appar t  ---  
f rom those i n  t h e  e l e c t r i c a l  t r a n s m i s s i o n  li-- 
nes ) ,  o f  s i l i c a  s c a l i n g  i n  nozz les and b lades.  
The o r i g e n  can be exp la ined  as f o l l o w s :  I n  -- 
w e l l  17, a t  t h e  bottom o f  t h e  w e l l  t h e  steam - 
i s  n o t  comp le t l y  d ry ,  i t  con ta ins  1 % o f  wa te r  
w i t h  a l l  t h e  i m p u r i t i e s ,  such as s i l i c a  and -- 
sodium. As i t  f l ows  up, p ressu re  decreases --  
and t h e  smal l  amount o f  wa te r  evaporates l e a - -  
v i n g  t h e  i m p u r i t i e s  suspended i n  t h e  steam. - 
When t h i s  superheated steam passes th rough  t h e  
d e s h u m i d i f i e r ,  no s i l i c a  i s  remove. 

When t h e  i s o e n t r o p i c  expansion takes p lace  i n  - 
t h e  f i r s t  row o f  nozz les,  i n s i d e  t h e  t u r b i n e ,  - 
some water  appears. Because o f  s o l u b i l  i t y d i f f e  - 
rences, a l l  t h e  i m i p u r i t i e s  go t o  t h e  wa te r ,  - -  
o v e r s a t u r a t i n g  i t  and producind s c a l i n g  a t  t h e  
l e a v i n g  edge o f  t h e  nozz les.  

I n  w e l l  5, where a h a l f  wa te r  h a l f  steam m i x t g  
r e  i s  p roduced ,sca l i ng  problems found have a - 
s i m i l a r  exp lana t ion .  I n  t h i s  case t h e  I' Fresh- 
separated '' steam t h a t  con ta ins  a c e r t a i n  ----- 
amount o f  w a t e r  i n  suspension, because t h e  -- 
f r i c t i o n  l osses  ( I n  t h e  s p h e r i c a l  v a l v e  f o r  --  
example ) i t  decreases i s o e n t h a l p i c a l l y  i t s  --- 
pressure a l l o w i n g  t h e  d r o p l e t s  t o  f l a s h ,  l e a - - -  
v i n g  t h e  s a l t s  i n  suspensi-n, and r e p e a t i n g  --- 
aga in  t h e  m a l f u n c t i o n i n g  o f  t h e  d e s h u m i d i f i e r .  
I n  w e l l  13 where we a l s o  have wa te r  and steam - 
m i x t u r e  t h i s  problem does n o t  appear because -- 
t h e  d i s t a n c e  f r o m  t h e  separa to r  t o  t h e  deshumi- 
d i f i e r  i s  300 m, i n c l i n e d  'some 10" downward. - 
The p i p e  pe rm i t s  some c o o l i n g  t h a t  produces a 
small  amount o f  condensat ion.  The condensated 
wa te r  f l o w s  i n  t h e  s t r a t i f i e d  mode o f  t h e  two- 
phase f l o w  problem due t o  t h e  10" p o s i t i v e  - - -  
s lope  and t h i s  i s  ease ly  removed by dra inage - 
a t  t h e  end o f  t h e  p i p e  and a l s o  by t h e  deshuml 
d i f i e r  i t s e l f .  
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FIG. 5 U n i t  2 a t  w e l l  17, 
s p h e r i c a l  v a l v e  and 
d e s h u m i d i f i e r  i n  -- 
f i r s t  p lane  

F IG.  6 S i l i c a  d e p o s i t i o n  i n  
t h e  second n o z z l e  row 
o f  U n i t  2 a t  w e l l  17 
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