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TNTRODUCTION , 

The l o c a t 3 a n  o f  f e e d  z o n e s  o r  p e r m e a b l e  l e v e l s  i n  g e o t h e r -  

mal r e s e r v o i r s  i s  of  g r e a t  i m p o r t a n c e  when a r e i n j e c t i o n  p r o g r a m  i s  

b e l n g  p l a n n e d  sln a g e o t h e r m a l  f i e l d ,  m a i n l y  b e c a u s e  i t  i s  d e s i r e d  t o  

know w h e r e  t h e  l n j e c t e d  water  i s  g o i n g  t o  g o  i n t o  t h e  f o r m a t i o n .  The  

l o c a t i o n  o f  f e e d  z o n e s  c a n  a l s o  h e l p  u s  t o  h a v e  a b e t t e r  u n d e r s t a n d i n g  

i n  t h e  i n t e r p r e t a t i o n  o f  d o w n h o l e  m e a s u r e m e n t s .  I t  h a s  b e e n  f o u n d  t h a t  
, 

when s e p a r a t e  f e e d  z o n e s  a r e  p r e s e n t  i n  a w e l l b o r e ,  f l u i d  movement  r e-  

s u l t s  a n d  w e l l b o r e  p r e s s u r e  a n d  t e m p e r a t u r e  p r o f i l e s  a r e  n o t  t h o s e  co-  

r r e s p o n d i n g  t o  r e s e r v o i r .  

T h i s  f l u l s  movement  i s  t h e  r e s u l t  o f  two p r o p e r t i e s  o f  g e o-  

t h e r m a l  r e s e r v o i r s :  o n e  i s  t h e  f r a c t u r e d  n a t u r e  o f  t h e  r e s e r v o i r  a n d  

t h e  o t h e r  I s  t h e  n o n - s t a t i c  r e s e r v o i r  f l u l d  s t a t e ,  Mos t  g e o t h e r m a l  

f i e l d s  c o n s f s t  o f  f r a c t u r e d  r o c k .  A w e l l  d r a w s  i t s  f l u i d  f r o m  o n e ,  o r  

a t  m o s t ,  a f e w  f r a c t u r e s .  O f t e n ,  o n e  d o m i n a t e s .  I t  i s  o n l y  a t  t h e  d e p t h  

of t h e  domj lnant  f r a c t u r e  w h e r e  t h e  w e l l  c o n t a c t s  t h e  t h e  r e s e r v o i r  a n d  

t r u l y  r e f l e c t s  r e s e r v o l r  p r e s s u r e .  P r e s s u r e  m e a s u r e m e n t s  t a k e n  e l s e-  

w h e r e  I n  t h e  w e l l  r e f l e c t  t h e  o n l y  w e i g h t  o f  t h e  f l u i d  c o l u m n  (wa te r ,  

two p h a s e ,  s team) i n  t h e  w e l l .  

T h e r e f o r e ,  i f  r e l i a b l e  i n f o r m a t i o n  a b o u t  t h e  r e s e r v o i r  i s  

d e s l r e d ,  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  l o c a t i o n  o f  t h e  f e e d  z o n e s  i n  

a w e l l b o r e  i s  n e c e s s a r y .  
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11.- LITERATURE SURVEY . 
The presence of fluid movement in shut-in oil wells has been 

recognized in the past in the petroleum literature. The need to under- 

stand this condition in the producing well was a factor that led to the 

development of more efficient production practices and to improvement 

in methods of completion of new wells. Dale developed a velocity re- 

corder that indirectly measured the flow of fluids in a well. He found 

that in some wells with long production intervals only a fraction of 

the formation in the upper part of the zone contributed any production. 

Thus, the migration of fluids and gas from one sand to another or from 

the producing interval into formations that were supposed to be exclu- 

ded from the well was identified. 

In geothermal wells, the appearence of this fluid movement 

presents a problem in the interpretation of downhole measurements, Only 

just a few technical papers have been appeared in the geothermal litera- 

ture dealing with this fact. Recently, such internal flow was recognized 

by Grant . He pointed out that the internal flow was due to the 
existence of major feed points at which the well was in equilibrium with 

the reservoir. When the pressure gradient exceeded the hydrostatic, the 

fluid moved within the well entering at one point and leaving at ano- 

ther. This phenomenon "masked" the true reservoir temperature and pre- 

ssure. Thus, the well temperature profile is partially or wholly deter- 

mined by fluid motion within the well and consequently those measure- 

ments cannot be literally interpreted as the reservoir temperature pro- 

file. Therefore, careful interpretation is needed in single phase sys- 

tems and even more care in two phase systems. Several suggestions were 

given in order to find the permeable levels (feed points) under certain 

( 2 , 3 )  

- _  
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reservoir and well conditions. 

Multiple feed points in a geothermal well can also cause ins- 

tability in well performance. Bixley et a1 ( 4 )  pointed out that fluids 

of varying enthalpy enter and flow in the well. Fluid density and pre- 

ssure difference between the two feed zones consequently vary and feed- 

back between this pressure difference and the flow from each feed point 

causes sustained oscillation in pressure, enthalpy and mass flow at the 

wellhead. Also, they observed that downhole pressure and temperature 

measurements in these wells were strongly influenced by these flows. 

The downhole measurements over the section of the hole where flow 0- 

ccurs do not reflect reservoir values. Unless such internal flows in 

the well are recognized downhole pressure and temperature data will be 

wrongly interpreted. 

In an attempt to identify the permeable levels or feed zones, 

Syms et al(5)used a flowmeter log in a geothermal wellbore. They pumped 

cold water down the bore from surface and determined from the flowmeter 

log where it went into the formation. A temperature log would usually 

give an idea of how far the injected water travel down the bore but 

unless the bore intersects only one loss zone, ambiguous interpretations 

of a temperature log can result. Therefore, the flowmeter log could help 

them to identify natural flows between the permeable levels. 

Although flowmeter logs can identify such permeable levels, 

there are geothermal reservoirs with temperatures as high as 3 4 0  C 

(Bermejo et a1 ( 6 ) )  in which we could have technical difficulties in runc 

ning t.his log. 
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111.- STATEMENT OF THE PROBLEM , 

F e e d  z o n e s  c a u s i n g  i n t e r n a l  f l o w .  t n  w e l l b o x e s  h.ave. t e e n  f o u n d  

t o  b e  p r e s e n t  i n  g e o t h e r m a l  r e s e r v o i r s .  U n l e s s  such i n t e r n a l  flows I n  

t h e  w e l l  a r e  r e c o g n i z e d ,  d o w n h o l e  p r e s s u r e  a n d  temperature  d a t a  w l l l  b e  

w r o n g l y  i n t e r p r e t e d .  Some t e c h n i q u e s  for d e t e r m l n l n g  f e e d  z o n e s  h .aye  

b e e n  g i v e n  r e c e n t l y  i n  t h e  l i t e r a t u r e  b u t  t k s e  techniques a r e  q u a l l t a r  

t i v e  a n d  c a n n o t  b e  a p p l i e d  i n  a l l  c a s e s ,  A m o r e  g e n e r a l  a n d  sy s t ema t i c  

m e t h o d  w o u l d  b e  o f  g r e a t  u s e ,  

1V.- RESULTS . 
A c o m b i n a t i o n  o f  p r e s s u r e  a n d  t e m p e r a t u r e  d a t a  g a t h e r e . d  f r o m  

r e s p e c t i v e  l o g s  i s  u s e d  h e r e  to l o c a t e  t h e  f e e d  z o n e s  i n  a p a r t i c u l a r  

w e l l .  P r e s s u r e  a n d  t e m p e r a t u r e  l o g s  a re  r u n  when t he  well i s  s h u t- l ’ n ,  

The  t e m p e r a t u r e  l o g  i s  u s e d  t o  c a l c u l a t e  a v e r a g e  d e n s s t y  v a l u e s  u s i n g  

t h e  steam t a b l e s  a n d  t h e n  t h e  h y d r o s t a t i c  p r e s s u r e  g r a d z e n t s  c o r r e s p o n d -  

i n g  a t  s p e c i f i c  d e p t h  i n t e r v a l s  c a l c u l a t e d  a n d  c o m p a r e d  w l t h .  pressure 

g r a d i e n t s  o b t a i n e d  f r o m  t h e  p r e s s u r e  l o g ,  l o o k i n g  f o r  pressure g r a d i e n t s  

g r e a t e r  o r  l e s s  t h a n  h y d r o s t a t i c  w i t h i n  t h e  w e l l ,  P r e s s u r e  g r a d l ’ e n t s  

e x c e e d i n g  t h y  h y d r o s t a t i c  r e s u l t  f r o m  a n  u p f l o w  a f  f l u i d  w l t h 2 n  th . e  w e l l .  

P r e s s u r e  g r a d i e n t s  l e s s  t h a n  h y d r o s t a t i c  i n d i c a t e  d o w n f l o w  o f  f l u i d  d u e  

t o  t h e  l o s s e s  o f  p r e s s u r e  w i t h  t h e  f r i c t i o n  o f  f l u i d  w i t h  t h e  b o r e  o r  

p l p e ,  B e c a u s e  t h e  d e n s i t y  v a l u e s  a r e  t a k e n  f r o m  t h e  steam t a b l e s  f o r  

p u r e  w a t e r ,  some c o r r e c t i o n  may b e  a p p l i e d  when w e  a r e  d e a l i n g  w i t h  

b r i n e .  T h i s  c o r r e c t i o n  i s  made  b y  s u p e r p o s i n g  b o t h  g r a p h s  o f  p r e s s u r e  

a n d  d e n s i t y  g r a d i e n t s  vs d e p t h .  

I n  o r d e r  t o  v e r i f y  t h i s  a p p r o a c h  f i e l d  p r e s s u r e  a n d  t e m p e r a t u -  

r e  d a t a  g a t h e r e d  f r o m  two wel ls  o f  t h e  C e r r o  P r i e t o  G e o t h e r m a l  f i e l d  

( l o c a t e d  a p p r o x i m a t e l y  35 km s o u t h  o f  M e x i c a l i  B .C.Mexico)  were u s e d ,  
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WELL M-9.- T h e  d a t a  a n a l y z e d  u s i n g  t h i s  m e t h o d  co-  

r r e s p o n d  t o  p r e s s u r e  a n d  t e m p e r a t u r e  l o g s  r u n  i n  t h i s  w e l l  by  L a w r e n c e  

B e r k e l e y  L a b o r a t o r y  (LBL)  o n  O c t / 2 6 / 1 9 7 9  t o  t e s t  a c o m b i n e d  f u n c t i o n  

t o o l .  B e c a u s e  o f  t h e  r e l i a b i l i t y  o f  t h e  d a t a ,  t h e i r  s u r v e y s  1 0  a n d  1 1  

were t a k e n  f o r  t h i s  a n a l y s i s  o n l y .  T h i s  w e l l  w a s  c o n s i d e r e d  t o  b e  a 

g o o d  t e s t  e x a m p l e  b e c a u s e  t h e  p r e s e n c e  of a known p e r f o r a t e d  z o n e  a t  

2 3 4 8- 2 8 1 0  f t  ( 7 2 0- 8 6 0  m) d e p t h  i n t e r v a l  g a v e  a c l e a r  i n d i c a t i o n  o f  a 

f e e d  z o n e .  A d e s c r i p t i o n  o f  t h e  c o m p l e t i o n  o f  t h i s  w e l l  i s  p r e s e n t e d  i n  

f i g u r e  # 18. P r e s s u r e  a n d  t e m p e r a t u r e  d a t a  f o r  such s u r v e y s  a r e  p r e s e n e -  

edc. i n  t a b l a  1 ,  f i g .  1 a n d  t a b l e  2 ,  f i g .  2 ,  r e s p e c t i v e l y .  P r e s s u r e  a n d  

h y d r o s t a t i c  g r a d i e n t  v a l u e s  a t  s p e c i f i c  d e p t h  i n t e r v a l s  a r e  p r e s e n t e d  

i n  t a b l e s  3 a n d  4 a n d  f i g u r e s  3 a n d  4 f o r  s u r v e y  1 0  a n d  11. F i g u r e  5 

p r e s e n t s  t h e  c u r v e s  o f  f i g u r e  3 s u p e r p o s e d  t a k i n g  i n t o  a c c o u n t  a n y  

c h a n g e  i n  d e n s i t y  f o r  g e o t h e r m a l  b r i n e s  w i t h  r e s p e c t  t o  p u r e  w a t e r ,  a s  

e x p l a i n e d  b e f o r e .  On t h i s  f i g u r e  i t  i s  c l e a r l y  shown t h a t  t h e  p r e s s u r e  

g r a d i e n t  e x c e e d s  t h e  h y d r o s t a t i c  a t  d e p t h  o f  2 8 0 0  f t  t o  b o t t o m h o l e ,  a- 

p p r o x i m a t e l y ,  i n d i c a t i n g  a n  u p f l o w  o f  f l u i d  w i t h i n  t h e  w e l l  a n d  a l e s s  

w e l l  d e f i n e d  d o w n f l o w  ( p r e s s u r e  g r a d i e n t  l e s s  t h a n  h y d r o s t a t i c )  a t  d e p t h  

i n t e r v a l  o f  2600- 2800  f t  a p r o x i m a t e l y .  F i g u r e  6 p r e s e n t s  t h e  same b e-  

h a v i o r  f o r  s u r v e y  l l .  I n  t h i s  c a se  t h a  d a t a  was n o t  t a k e n  b e l o w  2600 f t  

b u t  t h e  g r a p h  s h o w s  a p r e s s u r e  g r a d i e n t  l e s s  t h a n  t h e  h y d r o s t a t i c  a t  

t h e  same d e p t h  i n t e r v a l  a s  s u r v e y  1 0 .  F i g u r e  7 p r e s e n t s  t h e  d i f f e r e n c e  

i n  p r e s s u r e  a n d  h y d r o s t a t i c  g r a d i e n t s  f o r  b o t h  s u r v e y s  r e v e a l i n g  t h e  

same r e s u l t s .  

The  same p r o c e d u r e  w a s  f o l l o w e d  b y  c o n v e r t l n g  t h e  p r e s s u r e  

a n d  t e m p e r a t u r e  d a t a  t o  a n  a v e r a g e  d e n s i t y  v a l u e  f o r  s p e c l f i c  d e p t h  i n -  

t e r v a l s  r e s u l t i n g  on  t h e  same c o n c l u s i o n s  a s  b e f o r e  (see t a b l e s  5 a n d  6 ,  



6 

figures 8 ,  9, 10 and 11). 

Although this was a demonstration aE:rec.agn%sirig ,fluidmotion 

within this particular well and hence the feed zones, more test exam- 

ples were examined. A particularity of this well was that the perfo- 

rated interval was cemented in earlier years (June/1975) because of 

production problems. It was considered a good idea to look for tempera- 

ture and pressure logs run during the time this interval was sealed in 

order to see any changes from the interpretation given before. One of 

the problems of getting the data was the lack of pressure and tempera- 

ture logs run simultaneosly in this well. Fortunately, three sets of 

data were found that satisfied this requirement. 

The first set of data was from logs run a few days after the 

cementing job was made (see figures 12a, 12b). This well was on small 

bleed. As before, the same technique was applied to these set of logs. 

Figure 12c presents the pressure and hydrostatic gradients vs depth. 

We can observe on this graph that there is no appreciable difference 

between them. Apparently, there is no indlcation here of any flow leav- 

ing or entering the perforated interval, as we should expect because of 

the cementing job. However, we find a more or less constant hydrostatic 

gradient below 800  m due to the constant temperature profile at this 

depth interval (see figure 12b). The interpretation here is that an 

amount of fluid is flowing from the bottom to approximately 800 m keep- 

$ n - g - .  the constant temperature on this interval but small enough that 

there is no appreciable difference on the pressure gradient from the 

hydrostatic. Since the well was bleeding this flow tended to rise to 

the surface flashing at few meters below the wellhead, as it can be 

seen on the boiling point profile plot for this well (figure 15). 
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The presence of this small flow capable of keeping constant 

temperature profile in a geothermal well has been discussed in the li- 

terature by some authors . ( 2 )  

The second set of data was from logs run two months after 

the cementing job was made (figure 13a, 13b). The well was bleeding 

and the fluid was flashing at depth of 300-350 m y  as it can be seen in 

the boiling point profile plot (figure 15). Figures 13c and 13d show 

the pressure and hydrostatic gradients as well as the difference be- 

tween them vs depth, respectively. A s  we can observe, there was no 

difference in gradients around the perforated interval. Unfortunately, 

these logs were not run deep enough to notice any difference at the 

lower part of the well. The maximum gradient difference was at depth 

of 300-350 m y  but because the fluid was boiling at this depth, we may 

consider that it is the boiling phenomenon that is causing this be- 

havior. 

The third set of data was from logs run after two years the 

cementTng job was made (figure 14a, 14b). The well was on small bleed 

and the fluid was flashing at 300-350 m depth (see figure 15). Figure 

14c, 14d and 14e show the pressure and hydrostatic gradients vs depth 

and the difference between them, respectively, A s  we can observe, there 

is not a definite trend on the pressure gradient at the perforated in- 

terval nor at bottomhole and it is not possible to have any interpre- 

tation as we did before. This could be a result of not allowing the 

pressure gage enough time to stabilize when the pressure measurements 

were taken (as it would suggest due to the shorter depth interval taken 

from station to station when the log was run). However, figure 14a su- 

ggests that the total bleeding is coming from the top of the perforated 



8 

i n t e r v a l  a l o n e  a n d  t h a t  a c o l d e r  r e g i o n  e x i s t s  b e l o w  t h i s  i n t e r v a l .  

T h e s e  o b s e r y a t i o n s  s u g g e s t  t h a t  a t  t h e  t ime  t h e s e  l o g s  were 

r u n ,  t h e  p e r f o r a t e d  h t e t - v a l  w a s  n o  l o n g e r  s e a l e d .  I n  f a c t ,  p e r s o n n e l  

f r o m  t h e  p r o d u c t i o n  d e p a r t m e n t  ( 7 )  c o n f i r m e d  t h i s  s u g g e s t i o n  b e c a u s e  

t h e y  were c o n v i n c e d  t h a t  t h e  c e m e n t  was d e g r a d a t e d  a n d  t h e  s e a l  was 

c o m p l e t e l y  o r  a t  l e a s t  p a r t i a l l y  l o s t .  T h i s  c o u l d  a l s o  c o n t r i b u t e  t o  

s u p p o r t  t h e  a r g u m e n t  o f  h a v i n g  a f e e d  p o i n t  a t  t h i s  d e p t h  when t h e  LBL 

p r e s s u r e  a n d  t e m p e r a t u r e  l o g s  were i n t e r p r e t e d .  

From t h e  i n t e r p r e t a t i o n  g i v e n  b e f o r e  u s i n g  t h e  f o u r  s e t  o f  

l o g s  w e  c o u l d  c h a r a c t e r i z e  t h e  w e l l  M-9 a s  t h a t  h a v i n g  t h r e e  m a j o r  f e e d  

z o n e s :  two w i t h i n  t h e  p e r f o r a t e d  i n t e r v a l  a n d  t h e  o t h e r  n e a r  t h e  b o t t o m  

o f  t h e  w e l l .  

T h e  e x i s t e n c e  o f  p r e s s u r e  g r a d i e n t s  l ess  t h a n  h y d r o s t a t i c  a t  

t h e  p e r f o r a t e d  i n t e r v a l  m e a n i n g  d o w n f l o w  o f  f l u i d  c o u l d  b e  e x p l a i n e d  b e-  

c a u s e  t h e  l o c a t i o n  o f  t h i s  w e l l  i n  t h e  f i e l d .  T h i s  w e l l  i s  s i t u a t e d  a t  

t h e  p e r i p h e r y  o f  t h e  f i e l d  a n d  i t  was f o u n d  t h a t  a p o s s i b l e  c o l d - w a t e r  

i n f l o w  i s  t a k i n g  p l a c e  a t  t h i s  p a r t  o f  t h e  f i e l d  (Mason e t  a1  ( 8 )  1 

WELL M-42.- The  c o m p l e t i o n  o f  t h i s  w e l l  i s  p r e s e n t -  

e d  i n  f i g u r e  1 9 .  Two s e t s  o f  p r e s s u r e  a n d  t e m p e r a t u r e  l o g s  were u s e d  

when a p p l y i n g  t h e  s u g g e s t e d  m e t h o d  t o  t h i s  w e l l .  The  f i r s t  s e t  o f  l o g s  

were r u n  on  J a n / 1 4 / 1 9 7 5  ( see  f i g u r e s  1 6 a  a n d  1 6 b ) .  T h i s  w e l l  was com- 

p l e t e l y  s h u t - i n  a t  t h e  w e l l h e a d .  The  p r e s s u r e  a n d  h y d r o s t a t i c  g r a d i e n t s  

v s  d e p t h  a r e  p r e s e n t e d  i n  t a b l e  1 0  a n d  f i g u r e  1 6 c .  F i g u r e  1 6 d  p r e s e n t s  

b o t h  g r a d i e n t s  s u p e r p o s e d .  4 s  w e  c a n  o b s e r v e  i n  t h i s  f i g u r e ,  t h e r e  i s  

a p r e s s u r e  g r a d i e n t  l e s s  t h a n  h y d r o s t a t i c  a t  700-875  m d e p t h  i n t e r v a l  

a n d  a p r e s s u r e  g r a d i e n t  g r e a t e r  t h a n  h y d r o s t a t i c  f r o m  8 7 5  m t o  b o t t o m -  

h o l e ,  a p p r o x i m a t e l y .  F i g u r e  1 6 e  p r e s e n t s  t h e  d i f f e r e n c e  i n  p r e s s u r e  a n d  
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h y d r o s t a t i c  g r a d i e n t s  a n d  a g a i n  w e  o b s e r v e  t h e  same r e s u l t  a s  a b o v e .  

However ,  o b s e r v i n g  t h e  c o m p l e t i o n  i n  t h i s  w e l l  ( f i g u r e  1 9 )  w e  s e e  t h a t  

t h e  we l l  i s  c a s e d  f r o m  s u r f a c e  t o  a d e p t h  o f  1 0 0 0  m a p p r o x i m a t e l y .  One 

p o s s i b l e  e x p l a n a t i o n  w o u l d  b e  a c a s i n g  f r a c t u r e  a t  t h a t  p a r t i c u l a r  

d e p t h s  b u t  s u c h  c a s i n g  f r a c t u r e s  h a d  n o t  b e e n  d e t e c t e d  b e f o r e .  ~t i s  

d i f f i c u l t  t o  c o n f i d e n t l y  make  s u c h  a n  a s s e r t i o n  b a s e d  o n  o n l y  two s i n -  

gZG--da ta  p o i n t s .  

T h e  s e c o n d  s e t  of  l o g s  were r u n  on  M a y / 1 3 / 1 9 7 6  ( s ee  f i g u r e s  

1 7 a ,  1 7 b ) .  T h i s  w e l l  w a s  o n  smal l  b l e e d  a n d  i t  w a s  f l a s h i n g  a t  350  m 

a p p r o x i m a t e l y .  T a b l e  11 a n d  f i g u r e  1 7 c  p r e s e n t  t h e  p r e s s u r e  a n d  h y d r o s-  

t a t i c  g r a d i e n t s  v s  d e p t h  f o r  t h i s  r u n .  W e  c a n  o b s e r v e  o n  t h i s  f i g u r e  

a n  a p p r e c i a b l e  d e v i a t i o n  o f  p r e s s u r e  g r a d i e n t  f r o m  t h e  h y d r o s t a t i c  a t  

9 0 0  m t o  b o t t o m h o l e  i n d i c a t i n g  a i n j e c t i o n  o f  f l u i d  a t  t h i s  l o c a t i o n  

( 9 0 0  m ) .  A l s o ,  i n  t h i s  f i g u r e  w e  d o  n o t  see  a n y  p r e s s u r e  g r a d i e n t  l e s s  

t h a n  h y d r o s t a t i c  a t  700- 900  m d e p t h  i n t e r v a l  a s  w e  d i d  when a n a l y z i n g  

t h e  l a s t  s e t  o f  l o g s  f o r  t h e  c o m p l e t e l y  s h u t -  i n  w e l l  case.  T h e  l i k e l y  

r e a s o n  f o r  t h i s  may b e  t h a t  t h e  m a g n i t u d e  o f  t h e  b l e e d  w a s  s u c h  t h a t  

wa te r  d i d  n o t  f l o w  down t h e  w e l l b o r e .  F i g u r e  1 7 d  p r e s e n t s  t h e  d i f f e -  

r e n c e  i n  p r e s s u r e  a n d  h y d r o s t a t i c  g r a d f e n t s  a n d  w e  o b s e r v e  t h e  same re-  

s u l t s .  T h i s  w e l l  i s  l o c a t e d  a l s o  a t  t h e  p e r i p h e r y  o f  t h e  f i e l d  b u t  t h e  

same c o l d  wa te r  i n f l o w  t h a t  i s  o c c u r i n g  i n  w e l l  M-9 i s  n o t  a p p a r e n t  i n  

t h i s  a n a l y s i s .  

I t  s h o u l d  b e  p o i n t e d  o u t  t h e  n e e d  f o r  s u f f i c i e n t  a n d  a c c u r a t e  

i n f o r m a t l o n  a b o u t  w e l l  c o m p l e t i o n  i n  o r d e r  t o  make  tbiis ki’nd o f  i n t e r -  

p r e t a t i o n .  P o t e n t i a l l y  t h e  i n t e r p r e t a t i o n  c o u l d  l e a d  u s  t o  d e t e c t  a n y  

f r a c t u r e  o r  l e a k s  o n  t h e  p r o d u c t l o n  p i p e  o r  c a s i n g .  F u r t h e r m o r e ,  i t  2 s  

b e l i e v e d  t h a t  a c a r e f u l  l ogg i ’ng  p r o c e d u r e  when t a k l l n g  p r e s s u r e  m e a s u r e-  
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/ .  
ments would result In a more reliable pressure gradient data to be used 

I for thls Snterpretation technique. Needless to say it would be of great 

help If we had a device that could measure pressure difference instead 
I 
I of pressure at any specific depth within the wellbore. The use of such 

device could give us a quantitative value fot the magnitude of the flow. 

Such a device is not presently available commercially in the geothermal 

industry but efforts are being made to develop this type of differential 

pressure gauge (Kratz et a1 (9)) 
t 



1 1  

V.- CONCLUSIONS . 

I.- Fluid movement within the well may be detected using data 

from pressure and temperature logs run simultaneosly in a geothermal 

~ wellbore. 

11.- Pressure gradients different than hydrostatic have been 

found in the well by this method indicating the existence of fluid mo- 

vement, even when the well is closed at wellhead. 

111.- The need to have sufficient and accurate information 

about well completion as well as other kind of information related to 

the reservoir was helpful in interpreting the obtained results. 

1V.- It is expected that the use of a differential pressure 

device would provide better pressure gradient data, 

I 
i .  

I 
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VIx.- FTGURES 



Tab1 e 

1 .  
I 

I 

DEPTH (ft) 

100 

200 

300 

400 

500 

1000 

1500 

2000 

2500 

2560 

2570 

2 580 

2590 

2600 

2700 

2800 

2900 

3000 

31 00 

3200 

3300 

3400 

3 500 

3600 

367 5 

15 

1. - PRESSURE AND TEMPERATURE DATA FROM SURVEY # 10 

PRESSURE ( p s i  a 1 TEMPERATURE ("C) 

153.4 138.2 

195.0 138.2 

237 -1 139.0 

279.6 139.0 

323.4 138.2 

533.0 138.2 

744.6 138.2 

956.5 139 - 8 

1166.1 148.9 

1201.3 153.8 

1205 - 4  

1209.5 

-- 
-- 

1213.7 

1217.7 

1249.0 

1281.5 

1319.7 

1364.5 

1410.2 

1454.3 

1495.9 

1536.5 

1575.4 

1612.5 

1629.3 

-- 
162.1 

176.0 

195.8 

204.8 

207.3 

203.2 

200.7 

202.4 

204.0 

208.1 

215.5 

218.8 
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T a b l e  2..- PRESSURE AND TEMPERATURE DATA FROM SURVEY # 11 

DEPTH (ft) 

0 

100 

200 

300 

400 

500 

1000 

1500 

2000 

2100 

2200 

2300 

2400 

2500 

2520 

2540 

2560 

2580 

2600 

PRESSURE ( p s i a )  

130.0 

197.1 

232.8 

272.8 

313.5 

355.7 

565.4 

776.4 

987.6 

1030.0 

1072.8 

1113.9 

1156.4 

1197.8 

1205.0 

1212.5 

1219.9 

1227.1 

1234.8 

TEMPERATURE (" C )  

125.3 

146.4 

146.3 

146.1 

145.8 

145.4 

142.9 

141.0 

140.3 

140.6 

141.1 

141.5 

142.0 

143.2 

145.8 

147.7 

148.5 

150.3 

152.7 
i -  
, 

r 

I 



150 170 190 2oil 2 10 



403 600 1000 1200 1400 lG00 



DEPTH 
( f t )  

100 
200 

300 

400 

500 

1000 

1500 

2000 

2500 
2560 

2600 

2700 

2800 

2900 

3000 

3100 

3200 

3300 
3400 

3500 

3600 

3675 
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Table # 3. - PRESSURE GRADIENT VS DEPTH. SURVEY # 10. 

PRESSURE GRADIENT 
( p / f t )  100 

--- 
41.60 

42.10 

42.50 

43.80 

41.92 
42.32 

42.38 

41.92 
--- 
38.60 

38.00 

38.80 

38.00 

44.80 

45.70 

44.10 

41.60 

40.60 

38.90 

37.10 

22.40? 

HYDROSTATIC GRADIENT 
( p / f t )  % 100 

40.21 

40.21 

40.17 

40.17 

40.21 

40.21 
40.21 

40.17 

39.97 

39.74 

39.53 

38.95 

38.19 

37.50 

37.17 

37.23 

37.40 

37.40 

37.33 
37.17 

36.88 

36.57 



2 0  
0 

400 

800 

1600 

3200 

3630 
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T a b l e  # 4 . -  PRESSURE GRADIENT VS DEPTH. SURVEY # 11. 

DEPTH PRESSURE GRADIENT HYDROSTATIC GRADIENT 
( f t )  ( p / f t )  x100 ( p / f t )  x 100 

200 35.70 39.89 

100 --- --- 

300 40.00 39.90 

400 40.70 39.90 

500 42.20 39.92 

1000 41.94 39.98 

2000 42.24 40.11 

2 100 42.40 40.13 

2200 42.80 40.11 

1500 42.20 40.06 

2300 41.10 40.08 

2400 42.50 40.07 

2500 41.40 40.03 

2520 36.00 39.96 

2540 37.50 39.88 

2560 37.00 39.68 

2580 36.00 39.76 

I 2600 38.50 39.68 

I 

I 
I 

r 
I 
4 

I -  

! -  
i 

I 
I 

I 

1 

I 
i 

i- 
I 

i 
I -  
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T a b l e  # 5 . -  AVERAGE DENSITY VALUES FOR A GIVEN DEPTH. 

1 

I 

i 

I 

1 

i 
I 

I 
I -  

I .  
i 

I 
I 

1 
I 

I - 
! -  
i 

SURVEY # 10. 

DEPTH ( f t) DENSITY (1 )  l b / f t  

100 

200 

300 

400 

500 

1000 

1500 

2000 

2500 

2600 

2700 

2800 

2900 

3000 

3100 

3200 

3300 

3400 

3500 

3600 

3675 

---- 
59.90 

60.62 

61.20 

63.07 

60.36 

60.94 

61.03 

60.36 

55.58 

54.72 

55.87 

54.72 

64.51 

65.80 

63.50 

59.90 

58.46 

56.02 

53.43 

32.26? 

(1 )  FROM PRESSURE DATA 

(2 )  FROM TEMPERATURE DATA 

DENSITY ( 2 )  1 b / f t  

57.90 

57.90 

57.85 

57.85 

57.90 

57.55 

57.90 

57.85 

57.55 

56.92 

56.09 

54.99 

54.00 

53.53 

53.61 

53.85 

53.86 

53.76 

53.53 

53.10 

52.66 



0 
2 ?  

400 

800 

1600 

3200 

3600 

moil 
50 55 60 1 b / f ?  55 
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Table # 6 . -  AVERAGE DENSITY VALUES FOR A GIVEN DEPTH. 

DEPTH ( f t )  

100 

200 

300 

400 

500 

1000 

1500 

2000 

2 100 

2200 

2300 

2400 

2500 

2520 

2540 

2560 

2 580 

2600 

SURVEY # 11. 

> DENSITY (1 )  l b / f t  

---- 
51.41 

57.60 

58.61 

60.76 

60.39 
60.83 

60.77 

61.06 

61.53 

59.18 

61.20 

59.61 

51.84 
54 .OO 

53.28 

51.84 

55.44 

(1) FROM PRESSURE DATA 

(2 )  FROM TEMPERATURE DATA 

DENSITY (2 )  l b / f t  

---- 
57.44 

57.45 

57.46 

57.48 

57 * 57 
57.69 

57.76 

57.78 

57.76 

57.72 

57.70 

57.65 

57.54 
57.42 

57.14 
57.26 

57.14 



50 55 60 1 b / f ?  65 



55 60 1 b / f t 3  65 



0 

400 

800 

1200 m 
h 

1600 

3200 

3600 

- 4900 
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FIGURE 12b.- Temperature profile for well M-9 (June61975). 
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Table 7.- Pressure and hydrostatic gradients taken from pressure and 

I 

DEPTH 
(m) 

100 

150 

200 

250 

300 

350 

400 

450 

500 

550 

600 

650 

7 00 

750 

800 

850 

900 

950 

1000 

1050 

1100 

1150 

1200 

1250 

temperature logs run on July/2/1975 . Well M-9 . 

PRESSURE GRADIENT HYDROSTATIC GRADIENT 
(bP/ft) Yt 100 ( A P / f t )  s 100 

40.8 39.6 

42.1 39.1 

40.2 38.7 

40.8 38.4 

40.8 38.1 

39.6 37.6 

40.2 37.1 

39.6 36.8 

39.6 36.3 

39.0 36.0 

39.6 35.6 

39.0 35.5 

39.0 35.3 

39.0 35.2 

37.8 35.1 

38.4 35.3 

39.0 35.6 

38.4 35.6 

39.0 35.6 

39.6 35.6 

39.0 35.6 

39.0 35.6 

38.4 35.8 

38.4 35.8 
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Table 8.- Pressure  and h y d r o s t a t i c -g r a d i e n t s  taken from p res su re  and 

temperature logs run on Aug/25/1975. Well M-9 . 
DEPTH 
(m) 

100 

150 

200 

250 

3 00 

3 50 

400 

450 

500 

550 

600 

650 

700 

7 25 

750 

775 

800 

825 

PRESSURE GRADIENT 
(AP/ft) 100 

11.6 

14.0 

1 7 . 1  

23.8 

36.0 

39.0 

37.2  

36.6 

36.0 

36.6 

36.6 

36.6 

36.6 

36.6 

36.6 

36.6 

36.0 

36.6 

HYDROSTATIC GRADIENT 
@ P / f t )  x 100 

37.1  

36.9 

36.7 

36.5 

36.3 

36.2 

36.2 

36.1 

36.1 

36.1 

36.1 

36.1 

36.1 

36.1 

36.1 

35.9 

35.7 

35.9 
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Table 9.- Pressure and hydrostatic gradients taken from pressure and 

temperature logs run on June/18/1977. Well M-9 . 
DEPTH 
(m) 

100 
200 
3 00 
400 
500 
600 
7 00 
7 25 
750 
775 
800 
825 
850 
9 00 
1000 
1025 
1050 
107 5 
1100 
1125 
1150 
1175 
1200 
1225 
1253 

PRESSURE GRADIENT 
( 4  P/f t) 100 

9.8 
17.4 
37.2 
37.5 
38.7 
36.9 
35.1 
36.6 
36.6 
35.4 
39.0 
34.1 
37.8 
37.2 
37.8 
38.5 
42.7 
37.8 
36.6 
39.0 
36.6 
40.2 
35.4 
39.0 
37.0 

HYDROSTATIC GRADIENT 
(AP/ft) x 100 

36.9 
36.4 
36.2 
36.0 
35.9 
35.9 
35.8 
35.8 
35.8 
35.8 
35.8 
36.2 
36.3 
36.3 
36.9 
37.3 
37.4 
37.4 
37.2 
37.0 
36.8 
36.6 
36.8 
36.7 
36.6 
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FIGURE 16a.- Pressure profile f o r  well M- 42 (June/1975).’ 
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FIGURE 16b.- Temperature profile for well M- 42 (Jan./1975). 
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Table 10.- Pressure  and h y d r o s t a t i c  g rad i en t s  taken from p re s su re  and 

temperature l ogs  run on Jan/14/1974. Well M-42 . 
DEPTH 
(m) 

200 

250 

300 

350 

400 

450 

5 00 

5 50 

600 

650 

7 00 

7 50 

800 

850 

900 

950 

1000 

1050 

1100 

1150 

1200 

1250 

1263 

PRESSURE GRADIENT HYDROSTATIC GRADIENT 
(AP/ft) x 100 (AP/ft) x 100 

45.6 43.1 

45.1 43.1 

46.3 

44.5 

45.1 

45.7 

43.9 

44.5 

44.5 

43.9 

43.9 

42.1 

37.2 

39.0 

40.8 

45.7 

36.0 

36.0 

36.0 

34.1 

35.4 

34.7 

35.2 

43.1 

43.1 

43.0 

42.9 

42.7 

42.4 

42.1 

41.6 

41.4 

40.9 

40.2 

38.7 

36.4 

34.4 

32.5 

31.9 

31.9 

31.9 

31.9 

31.8 

31.8 
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FIGURE 17a.- Pressure profile for well M-42 (May/13/1976). 
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FIGURE 17b.- Temperature profile for well M- 42 (May/13/1976). 
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. -  Table 11.- Pres su re  and h y d r o s t a t i c  g rad ien t s  taken from p res su re  and 

temperature l o g s  run on May/13/1976. Well M-42 . 
DEPTH 
(m> 

200 

300 

400 

5 00 

600 

700 

800 

900 

1000 

1050 

1100 

1150 

1200 

PRESSURE GRADIENT 
( P / f t )  100 

1250 

1292 

31.1 

35.7 

36.6 

35 .1  

34.4 

33.2 

32.9 

32.3 

32,9 

32.9 

32.9 

31.7 

32.9 

33.5 

31.9 

HYDROSTATIC GRADIENT 
( P / f t )  100 

37.2 

36.3 

35.6 

34.7 

33.9 

33.2 

32.5 

31.8 

31.4 

31.2 

31.3 

31.2 

31.3 

31.3 

31.3 
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