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WATER INFLUX I N  A STEAM PRODUCING WELL 

R. Gelati", V .  C i l l e ra i " f c ,  R. Marconcini*sc and G. Neri;b2 

Castelnuovo area,  i n  L a r d e r e l l o  geothermal f i e l d ,  was 
e x p l o i t e d  i n t e n s i v e l y  over  a p e r i o d  o f  more than 35 years,  w i t h  
p r o d u c t i v e  w e l l s  t h a t  a r e  g e n e r a l l y  300-500 m deep. As a con- 
sequence o f  t h i s  e x p l o i t a t i o n  t h e  fo rma t ion  pressure  i n  t h e  
upper p a r t  o f  t h e  r e s e r v o i r  decreased below 4 a t a .  
deeper w e l l s ,  t0$800 m depth, have shown s h u t - i n  pressures i n  
t h e  6 - 10 a t a  range d u r i n g  these l a s t  few years.  

A few 

I n  1974 a deep w e l l ,  Sper imenta le 2, was d r i l l e d  i n  t h i s  
area i n  o r d e r  t o  t e s t  steam p r o d u c t i o n  p o s s i b i l i t i e s  from deep 
ho r i zons  o f  t he  r e s e r v o i r  where s u f f i c i e n t l y  h i g h  pressures 
were s t i l l  expected t o  be found. Having reached a depth  o f  
1266 m (F ig .  1 )  t h e  h o l e  was cased f rom t h e  su r face  t o  829 m i n  
o r d e r  t o  i s o l a t e  t h e  sha l lower  fo rmat ions .  A c i r c u l a t i o n  l o s s  
occu r red  a t  834 m, which represented t h e  o n l y  f r a c t u r e  i d e n t i -  
f i e d  d u r i n g  d r i l l i n g  i n  t h e  open-hole s e c t i o n  o f  t h e  w e l l .  No 
o t h e r  eventua l  f r a c t u r e s  were noted a t  g r e a t e r  depths as d r i l l i n g  
cont inued w i t h o u t  a f l u i d  r e t u r n .  

The s t r a t i g r a p h i c  r e c o n s t r u c t i o n  o f  t he  w e l l  i s  g i v e n  i n  
F ig .  1 .  

The s t r a t i g r a p h i c  and t e c t o n i c  s tudy o f  L a r d e r e l l o  r e g i o n  
shows t h a t  t h e  t e c t o n i c  con tac ts  crossed by t h i s  w e l l  a r e  
connected t o  r e g i o n a l - t y p e  o v e r t h r u s t  p lanes ( 1 ) .  

These o v e r t h r u s t s  g e n e r a l l y  correspond t o  t h e  most 
f r a c t u r e d  zones o f  t h e  r e s e r v o i r .  

The w e l l  blew o u t  on January 3 ,  1975. A f t e r  a s h o r t  
p e r i o d  o f  steam and l i q u i d  water  p roduc t i on  a f i r s t  measurement 
gave : 

f l o w - r a t e  - 26 t / h ,  no 1iq;id water ;  
wel lhead temperature - 175 C ;  
wel lhead pressure  - 7.9 a t a .  

.L 

' ' l s t i t u t o  l n t e r n a z i o n a l e  Ricerche 'Geotermiche,  CNR, P isa ,  I t a l y .  

ScfcGruppo M i n e r a r i o  L a r d e r e l l o ,  ENEL, L a r d e r e l l o ,  I t a l y .  
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I n  t h e  p e r i o d  f r o m  May t o  October 1975, superheat ing o f  
the  steam increased and wel lhead temperature reached 204OC a t  a 
d e l i v e r y  p ressure  o f  5 a t a .  I n  October t h e  temperature decreased 
t o  s a t u r a t i o n  p o i n t  and wet steam p r o d u c t i o n  began. 

A w e l l - t e s t i n g  program was s e t  up t o  s tudy t h e  phenomenon 
o f  two-phase p r o d u c t i o n  and t o  assess w e l l  performance. A 
s e p a r a t i o n  p l a n t  was i n s t a l l e d  and separate measurements taken 
o f  t h e  steam and l i q u i d  water  produced a t  d i f f e r e n t  back- 
pressures.  The corresponding wel lhead and bottom-hole back- 
p ressure  curves a r e  shown i n  F ig .  2. 

The pressures p l o t t e d  i n  t h e  bot tom-hole curve  were meas- 
u red  a t  1000 m depth because, as w i l l  be made c l e a r  l a t e r ,  below 
t h i s  depth t h e  h o l e  was, on severa l  occas ions,  f i l l e d  w i t h  
l i q u i d  water .  

3 A n e a r l y  cons tan t  f l o w - r a t e  o f  l i q u i d  water  (%2 m /h)  was 
produced, a long w i t h  t h e  steam a t  wel lhead pressures below about 
9 a t a ,  whereas d r y  steam o n l y  was produced a t  wel lhead pressure 
above 10  a t a .  

A t  a wel lhead p ressu re  o f  about 10 a t a  t h e  f l o w  regime 
corresponding t o  t h e  upper p a r t  o f  t h e  wel l -head curve  became 
u n s t a b l e  and a s l i g h t  inc rease i n  wel lhead pressure  was 
s u f f i c i e n t  t o  cause a sudden drop i n  f l o w - r a t e .  

Whi le  l i q u i d  water  was produced w i t h  the  steam i n  t h e  
upper p a r t ,  d r y  steam o n l y  reached t h e  wel lhead i n  t h e  lower 
p a r t .  I n  the  l a t t e r  case l a r g e  pressure  d i f f e r e n c e s  were 
observed between wel lhead and bottom-hole.  Pressure and 
temperature logs  were a l s o  run  a long t h e  borehole d u r i n g  
t h e  back-pressure t e s t .  

F i g .  3 shows these logs  i n  f l o w  c o n d i t i o n s  o f  p o i n t  3 ,  
F ig .  2. 

The f l u i d  i n s i d e  t h e  h o l e  i s  shown t o  be s a t u r a t e d  
above 834 m, where t h e  f i r s t  f r a c t u r e  was found. The pressure  
drop i n  t h i s  s e c t i o n  o f  t h e  h o l e  i s  g r e a t e r  than t h a t  o c c u r r i n g  
i n  t h e  f l o w  o f  steam o n l y  and can probab ly  be a t t r i b u t e d  t o  
t h e  presence o f  a two-phase m i x t u r e .  

The pressure  and temperature measured between 834 and 
1150 m i n d i c a t e  t h e  e x i s t e n c e  o f  superheated steam. The pressure  
i n  t h e  f i n a l  s e c t i o n  o f  t h e  h o l e  i s  c l e a r l y  i n d i c a t i v e  o f  a 
l i q u i d  phase which, w i t h i n  t h e  l i m i t s  o f  e r r o r  i n  measurement, 
seems t o  be i n  b o i l i n g  c o n d i t i o n s .  L i q u i d  temperature,  t h e r e f o r e ,  
i s  c o n t r o l l e d  by t h e  pressure  and t h e  lowest v a l u e  i s  found a t  
t h e  l i q u i d - s t e a m  i n t e r f a c e  (1150 m ) .  
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Borehole c o n d i t i o n s  a t  p o i n t  5 i n  F igu re  2 a r e  represented  
i n  F i g .  7. The w e l l  was s h u t - i n  f o r  an e igh t -day  pe r iod .  Steam 
f i l l e d  t h e  boreho le  down t o  a depth o f  1130 m below which i t  was 
f i l l e d  w i t h  l i q u i d  water .  

There i s  no water a t  t he  bottom o f  t he  h o l e  i n  t h e  cond i -  
t i o n s  shown i n  F i g .  8. The measurements were taken d u r i n g  a 
p ressure  b u i l d - u p  24 hours a f t e r  s h u t - i n .  

The l i q u i d  observed on some occasions i n  the  f i n a l  s e c t i o n  
of the  h o l e  i s  p robab ly  due t o  a complete l a c k  o f  p e r m e a b i l i t y  
below 1130 m. The presence o f  t h e  water depends on severa l  
f a c t o r s ,  i n c l u d i n g  pressure,  temperature and r a d i a l  temperature 
g r a d i e n t  a t  t h e  w e l l  s ides,  t he  t ime elapsed w i t h  the  w e l l  i n  
p a r t i c u l a r  f l o w  o r  s h u t - i n  c o n d i t i o n s ,  past  h i s t o r y  e t c .  

The low p e r m e a b i l i t y  between 1130 and 1000 m probab 
caused t h e  w a t e r - l e v e l  t o  r i s e  when the  water l ' ra ined ' l  on 
b o t  tom- ho 1 e. 

I n  conc lus ion  the  f o l l o w i n g  i n t e r p r e t a t i o n  seems va 
i n  l i g h t  o f  t h e  above f a c t s .  

Y 

i d  

1 .  Two-phase p roduc t i on  de r i ves  f rom the  m i x i n g  o f  f l u i d s  
e n t e r i n g  the  boreho le  a t  d i f f e r e n t  depths.  F rac tu res  
below 834 m produce superheated steam, whereas l i q u i d  
water o r  a water-steam m i x t u r e  e n t e r s  the boreho le  near 
t h e  top  o f  t he  open-hole s e c t i o n  o f  t he  w e l l .  

I t  i s  p o s s i b l e  t h a t  t h e  water e v e n t u a l l y  mixed w i t h  t h e  
steam came from t h e  f r a c t u r e  a t  834 m depth. 
case the  water c a r r i e d  a f t e r  a few months o f  superheated 
steam p r o d u c t i o n  cou ld  be t i e d  t o  t h e  drop  i n  p ressure  
and change i n  f l o w  p a t t e r n s  i n  t h e  zone around the  bore-  
h o l e  consequent t o  p roduc t i on .  

I n  t h i s  

Another p o s s i b i l i t y  i s  t h a t  water e n t e r s  the w e l l  from 
t h e  bottom o f  t h e  cas ing  due t o  a f a i l u r e  i n  cas ing  
cementing a f t e r  a work p e r i o d  i n  h i g h  temperatures.  

I t  i s  well-known t h a t  the sha l lower  permeable g e o l o g i c a l  
f o rma t ions  (main ly  t h e  sandstone ou tc ropp ing  over  a wide 
area very  near t h e  f i e l d )  c a r r y  t h e  me teo r i c  waters i n t o  
the  f i e l d  (2 ) .  We can thus assume t h a t  t he  water came 
from t h e  sandstone and reached the  boreho le  by seeping 
down a long the  cas ing.  

2. There a r e  probab ly  severa l  f r a c t u r e s  a t  d i f f e r e n t  depths 
i n  the  open-hole s e c t i o n  o f  t he  w e l l .  The f l u i d  i n  these 
f r a c t u r e s  has probab ly  d i f f e r e n t  pressures and no separa te  
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From t h e  temperature and pressure  d i s t r i b u t i o n  i t  can be 
deduced t h a t  t h e  water  e n t e r s  t h e  h o l e  near t h e  f r a c t u r e  a t  
834 m depth  and, i n  these f l o w  c o n d i t i o n s ,  a l l  t h e  water  i s  
c a r r i e d  upwards a long w i t h  t h e  steam. 

Between 834 and 1000 m t h e r e  would seem t o  be some 
f r a c t u r e s  t h a t  produce superheated steam; between 1000 m and 
t h e  s team- l i qu id  i n t e r f a c e ,  on t h e  o t h e r  hand, t h e  temperature 
i s  p robab ly  c o n t r o l l e d  by t h e  weak steam f l o w  produced by t h e  
b o i l i n g  l i q u i d .  

F igu re  4 g i ves  t h e  temperature and pressure  d i s t r i b u t i o n  
i n s i d e  t h e  h o l e  a t  p o i n t  2 o f  F i g u r e  2. 

The temperature l o g  i s  incomplete as no measurements 
were taken i n  t h e  s e c t i o n  o f  t h e  boreho le  c h a r a c t e r i z e d  by t h e  
two-phase m i x t u r e .  

I n  t h i s  case superheated steam e x i s t s  f rom 834 m down t o  
bot tom-hole and t h e  t r e n d  taken by t h e  s t i l l  u n s t a b i l i z e d  tempera- 
t u r e  d i s t r i b u t i o n  i s  s t i l l  a f f e c t e d  by t h e  d i s t r i b u t i o n  r e s u l t i n g  
p r e v i o u s l y  f rom t h e  b o i l i n g  o f  t h e  l i q u i d .  The temperature and 
pressure  d i s t r i b u t i o n  i n  t h e  h o l e  i n  f l o w  c o n d i t i o n s  o f  p o i n t  4, 
F i g .  2, i s  g i v e n  i n  F ig .  5. 

The pressure  l o s s  i n  t h e  cased s e c t i o n  o f  t h e  boreho le  
increased even though t h e  f l o w r a t e  decreased. The steam a t  
we l lhead i s  s l i g h t l y  superheated, whereas i t  i s  s a t u r a t e d  i n  
t h e  uncased s e c t i o n  above t h e  w a t e r - l e v e l .  The w a t e r - l e v e l  
rose  t o  about 1030 m. 

The pressure  d i s t r i b u t i o n  i n  t h e  boreho le  i s  g i v e n  i n  
g r e a t e r  d e t a i l  i n  F ig .  6, which represents  a p ressure  l o g  run  
one day a f t e r  t h a t  shown i n  F ig .  5 .  The low pressure  g r a d i e n t  
f rom about 400 m t o  t h e  su r face  i n d i c a t e s  a steam f l o w  
separated f rom t h e  l i q u i d .  The steam v e l o c i t y  i s  so reduced 
as t o  be incapab le  o f  c a r r y i n g  t h e  l i q u i d  t o  wel lhead.  

The 830-1030 m s e c t i o n  i s  now a l s o  a f f e c t e d  by t h e  t w o -  
phase f l o w :  t h e  water  e n t e r i n g  t h e  boreho le  i n  t h e  zone between 
t h e  bot tom o f  t h e  cas ing  and t h e  f i r s t  f r a c t u r e  i s  p a r t l y  h e l d  
up by t h e  r i s i n g  steam and p a r t l y  f a l l s  t o  bot tom-hole,  so 
caus ing  t h e  w a t e r - l e v e l  t o  r i s e .  The h i g h  pressure  g r a d i e n t  
between 834 and YO0 m may i n d i c a t e  t h a t  most o f  t h e  steam 
produced o r i g i n a t e s  i n  t h i s  s e c t i o n .  

The temperature d i s t r i b u t i o n  i n  F i g .  3 ,  on the  o t h e r  hand, 
would appear t o  be ev idence o f  a ve ry  low steam supply  f rom t h e  
fo rma t ion  below 1000 m. 

The temperature d i s t r i b u t i o n  near  bot tom-hole i n  F ig .  5 i s  
p robab ly  s t i l l  a f f e c t e d  by a p rev ious  f l o w  regime w i t h  t h e  water -  
l e v e l  a t  1130 m. 
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. . . . . .  . 

pressure  measurements f o r  them a r e  a v a i l a b l e .  From some 
b u i l d - u p  t e s t s  run on t h e  w e l l ,  a f i n a l  s h u t - i n  p ressure  
o f  about 20 a t a  may be i n f e r r e d .  

T h i s  p ressure  i s  c e r t a i n l y  a f f e c t e d ,  t o  an unknown degree, 
by f l u i d  f l o w  i n s i d e  t h e  boreho le  from one f r a c t u r e  t o  another .  
However, t h e r e  i s  o b v i o u s l y  a c o n s i d e r a b l e  v e r t i c a l  component 
o f  p ressure  g r a d i e n t  i n  the  zone, due t o  t h e  long and 
i n t e n s i v e  e x p l o i t a t i o n  by r e l a t i v e l y  sha l low w e l l s .  

3 )  Several  problems s t i l l  remain unsolved as regards t h e  
c o n t r i b u t i o n  t o  p r o d u c t i o n  f r o m  t h e  d i f f e r e n t  depth i n t e r -  
v a l s  i n  t h e  open-hole s e c t i o n .  A f low-meter  log ,  which 
i s  now i n  p r o j e c t ,  w i l l  p r o v i d e  some u s e f u l  i n f o r m a t i o n  
i n  t h i s  regard.  
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I P C I S l l l  

Fig. 1 - Stratigraphic profile of Sperimentale 2 well ( I ) .  

a - flysch: shales, marls, marly 1 imestones (U. Jurassic- 
Eocene) 

b - sandstone "macigno" (01 igocene) 

c - brecciated magnesian limestones and anhydrites 
(U. Trias) 

d - Triassic quartzites and phyllites 

e - Paleozoic quartzites and phyllites 

f - marbles and magnesian limestones (of unknown age) 

g - tectonic contacts 

h - circulation losses 

Fig. 2 - Back-pressure curves o f  Sperimentale 2 well. 
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F i g .  3 - Pressure and temperature logs i n  f l o w i n g  c o n d i t i o n s  
o f  p o i n t  3 i n  F ig .  2.  

F i g .  4 - Pressure and temperature logs i n  f l o w i n g  c o n d i t i o n s  
o f  p o i n t  2 i n  F ig .  2. 
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Fig. 5 - Pressure and temperature logs in flowing conditions of 
point 4 in Fig. 2. 

Fig. 6 - Pressure log in flowing conditions of point 4 in Fig. 2. 
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F i g .  7 - Pressure l o g  i n  c o n d i t i o n s  of p o i n t  5 i n  F ig .  2.  

F i g .  8 - Pressure l o g  24 hours a f t e r  well s h u t - i n .  
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