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f i n a  f i e l d  i s  s i t u a t e d  i n  c e n t r a l  I t a l y  near the  Lake o f  
o g i c a l - s t r a t i g r a p h i c a l  sequence i s  as f o l l o w s :  

A t h i c k  (>500 m) Cretaceous-Eocene sedimentary s e r i e s  
f a c i e s  compr is ing main ly  c lays  and mar ls.  
the  cap rock; 

Th is  f l y s c h  

BOI sena. 1 

n f l y s c h  
s e r i e s  fo rms  

b. A Mesozoic sedimentary se r ies ,  s t r a t i g r a p h i c a l l y  q u i t e  regu la r ,  of 
more than 400 m th ickness,  comprising main ly  carbonates ( 1  imestones, 
mar ly  l imestones and c a l c a r e n i t e s ) .  Th is  s e r i e s  forms t h e  geo- 
thermal a q u i f e r ,  having a h igh  pe rmeab i l i t y  as a r e s u l t  o f  t he  
presence o f  f r a c t u r e d  zones. 

F ig .  1 shows the  l o c a t i o n  o f  the  w e l l s .  F ig .  2 g i ves  a c ross- sect ion  
of the  r e s e r v o i r  a long the  A-A l i n e  shown i n  F ig .  1 ,  us ing the  geo log ica l  data 
from w e l l s  13, 1 B I S ,  2 and 4 which l i e  almost on a s t r a i g h t  l i n e  on the 
cross- sect ion.  

The f i e l d  produces C02 i n  the  h ighest  p a r t  of t he  r e s e r v o i r  ( w e l l s  ALF 1 ,  
ALF 1 B I S ,  ALF 13)  w h i l e  i t  produces water where the  cap rock  i s  lower ( w e l l s  
ALFZ, ALF 4, ALF 5--Fig. 3 ) .  Th i s  f a c t ,  t oge t  
l eve l  measurement f rom a l l  the  w e l l s ,  which w i  
t o  the  schematic c ross- sect ion  shown i n  F ig .  2 
tab le .  

The temperatures found i n  the  format ions 
i n  the  cap rock  down t o  the  top  o f  the  reservo 

e r  w i t h  the  va r ious  pressure and 
1 be discussed l a t e r ,  have led  , 
a gas cap l y i n g  over a water- 

have a g rad ien t  o f  about 0.2"C/m 
r; f o r  about 400 m below t h a t ,  

the temperature increases s low iy  from 130 t o  150°C. 

ALF 1 B I S  w e l l  produced C02 from the  t ime o f  i t s  exp los ion on 20 May 
1974 t o  8 September 1974 when i t  began c a r r y i n g  water .  During t h i s  pe r iod  
the w e l l  was s h u t - i n  on va r ious  occasions t o  check the  pressure behavior i n  
the r e s e r v o i r .  A t  t he  same t ime the water l e v e l  was recorded i n  ALF 2 w e l l ,  
which, a l though s t e r i l e ,  i s  i n  contac t  w i t h  the  r e s e r v o i r .  

Pressure and Water Level Ana lys is  

The graph shown i n  F ig .  4 g i ves  the  water- leve l  versus t ime f o r  ALF 2.  
We can see t h a t  each s i n g l e  product ion  phase causes the  l e v e l  t o  decrease. 
The constant  l e v e l  seen i n  the  c o n t r o l  w e l l  (ALF 2) a t  t he  end of each produc- 
t i o n  phase i n d i c a t e s  t h a t  t he  system may be considered as a c losed one a t  
l e a s t  f o r  per iods  o f  some years. I f  a raph i s  drawn o f  the  l e v e l  decrease 
as a func t ion  of t he  q u a n t i t y  produced Fig.  5 ) ,  then a p r o p o r t i o n a l  r e l a t i o n -  
sh ip  appears. 
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By u t i l i z i n g  the  pressure data i n  t he  gas cap and a t  a g iven  depth 
beneath the  water t a b l e  i n  s t a t i c  cond i t i ons  we can determine the  l o c a t i o n  o f  
the gas-water i n te r face .  I t  i s  i n i t i a l l y  120 ? 5 m from the  r e s e r v o i r  top. 

The system i s  made up o f  water,  rock and C02 i n  the  gas phase and 
d isso lved  i n  water.  

During produc t ion  ALF 1 B I S  produces gas, the  gas and water pressures 
decrease, p a r t  o f  the C02 d isso lved  i n  water passes i n t o  the gas phase, the 
gas, water and rock expand as a consequence o f  the  pressure decrease and the 
gas-water i n t e r f a c e  r i s e s .  

The r i s e  i n  t he  i n t e r f a c e  was deduced from the f a c t  t h a t  the  gas 
pressure decrease was g rea te r  than t h a t  o f  t he  water.  

A t  t h i s  p o i n t  we might  consider  the  v a r i a t i o n s  i n  volume o f  the  system 
as a r e s u l t  of  t he  pressure decreases which, i n  t h e i r  t u rn ,  a r e  a r e s u l t  o f  
the  gas e x t r a c t i o n .  

The volume o f  gas ex t rac ted  i n  average r e s e r v o i r  cond i t i ons  can be 
expressed as 

Ve = - APWVW(CW + C f )  -ApgVg(cg + Cf) -APg VJ (1) 

where cw, c f  and c 
r e s p e c t i v e l y  (atm 4 - 1 ) .  

a r e  the  c o m p r e s s i b i l i t y  values o f  water, rock and gas 

VW and Vg a r e  the  volumes i n  r e s e r v o i r  cond i t i ons  f o r  t he  water and gas 
contents of our  system (m3). 

Ve i s  the  gas volume ex t rac ted  i n  r e s e r v o i r  cond i t i ons  (m3). 

Apw, Apg a re  the  pressure v a r i a t i o n s  o f  the  l i q u i d  and gas phases (atm). 
i s  the volume of t he  gas d isso lved  i n  water per  u n i t  of  water volume (both A 

i n  r e s e r v o i r  cond i t i ons )  f o r  a u n i t  pressure r i s e  (atm'l ! ~ @ c o , ~ )  
m3H20 

In t roduc ing  the  experimental  values equat ion 1 becomes 

a Vw + bVg = Ve 

where both Vw and V a r e  the  unknown q u a n t i t i e s .  
9 

We can f i n d  o n l y  a range o f  v a r i a t i o n s  f o r  the  unknown gas and water 
volumes. 

The maximum va lue  f o r  Vw i s  obta ined f o r  Vg  = 0. 

V&he 

The maximum gas va lue  can be est imated l e t t i n g  V, = 0. 
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The d r i l l i n g  da ta  f o r  ALF 2 w e l l  and an es t ima t i on  o f  the area 
permeated by water and gas have l e d  us t o  suppose t h a t  

b I Vw 6 V g  and from (2) Vw 2 '6- a + b 'e "g 2- "e 

Combining a l l  the preceding i n e q u a l i t i e s  we can de f i ne  a poss ib l e  range f o r  
Vw and V as: 

9 

1 
O < 'g2- 'e 

6 .  1 GTE "e L 'wJL - a -  "e 

The r a t i o  between minimum and maximum values obta ined f o r  Vw i s  less than 2. 

T tans ien t  Analys is  

The l e v e l  t r a n s i e n t s  i n  ALF 2 caused by two p roduc t ion  per iods from 
ALF 1 BIS were s tud ied.  

F i r s t  o f  a l l ,  i t  must be noted t h a t  the  common t r a n s i e n t  ana l ys i s  
assumptions were n o t  Val i d .  

1 .  Our r e s e r v o i r  i s  no t  homogeneous nor  i s o t r o p i c  bu t  f r ac tu red  w i t h  an 
unknwn pe rmeab i l i t y  and p o r o s i t y  d i s t r i b u t i o n .  

2. Two completely separate phases are present :  one phase i s  produced, bu t  
the pressure i s  c o n t r o l  l ed  i n  the  other .  Reservoir  cmpr-essi  b i  1 i t y  and 
v i  scos i t y  are unknown fac to r s .  

3. The producing w e l l  does n o t  pene t ra te  the rese rvo i r  and the  f low p a t t e r n  
i s  almost c e r t a i n l y  no t  r a d i a l .  

4. The bottom and l a t e r a l  boundaries are n o t  known. 

However, we t r i e d  t r a n s i e n t  ana lys is  methods f o r  homogeneous, i s o t r o p i c  
medium and s i n g l e  phase f l u i d 2  as a f i r s t  s tep  and we hope t h a t  f u r t h e r  d i s-  
cussion w i l l  he l p  us t o  f i n d  more appropr ia te  models. 

A f i r s t  g lance shows t h a t  an e a r l y  t r a n s i e n t  pe r i od  was' fo l lowed by 
t y p i c a l  pseudo s teady- state.  

The l i n e  source s o l u t i o n  seems appropr ia te  i n  the e a r l y  pe r i od  (=SO hours) 
w h i l e  the pseudo s teady- s ta te  cond i t ions  a re  apparent a f t e r  100 hours,  showing 
evidence o f  a c losed boundary. 

Dimensionless pressure p~ versus dimensionless t ime t D A  were generated 
f o r  a rec tangu la r  r e s e r v o i r  w i t h  impermeable wa l l s .  

A good match (Fig.  6)  was obta ined f o r  the rectangle shlown i n  the map 
(F ig .  7) f o r  the f i r s t  p roduc t ion  per iod.  
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The data f o r  t he  second produc t ion  p e r i o d  are no t  i n  agreement w i t h  
Therefore a good match i s  n o t  poss ib le  w i t h  those frm the f i r s t  per iod .  

the same type curve. 

A r i s e  i n  the water t a b l e  may be responsib le f o r  t h i s  discrepancy. 
The matchpoint g ives  the f o l l o w i n g  values: 

- =  hk 3500 darcy-meter/cp 
u 
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Nmenc 1 atu re 

A = volume of the gas dissolved in water per unit of water volume 
in reservoir conditions) for a unit gas pressure rise (atm-l) 

a = dimensionless constant 

b = dimensionless constant 

c = compressi bi 1 i ty (atm-1) 

both 

cf = effective compressibility of the formation. Relative change in 
pore volume per unit change in pressure (atm-1) 

cg = gas compressibility (atm-1) 

cw = water compressibi 1 i ty (atm-’) 

h = formation thickness (m) 

k = permeabil ity (darcy) 

p~ = dimensionless pressure drop 

Apg = change in gas pressure due to gas extraction (atm) 

Apw = change in water pressure at a certain depth due to gas extraction (atm) 

tDA = area-based dimensionless time 

Ve = gas volume extracted measured in reservoir conditions (m3 )  

Vg = gas volume in the reservoir (m3)  in reservoir conditions 

Vw = water volume in the reservoir (m3) in reservoir conditions 

$ = porosity 

IJ = viscosity (cp) 
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f i q . 1  - LOCATIOH OF THE WELLS 14 ALf IM i l E G l O N  
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Fig.6 Typz c u r v e  natrh lor th: closed r m a n g l e  c o n s i d e r d  
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