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The object of this work is to develop a mathematical model, as sug- 
gested by H. J. Ramey E l ] ,  for simulating unsteady flow in geothermal 
reservoirs containing a single phase fluid. 

or constant pressure walls, according to the most probable geological con- 
d i t ions. 

At present our model considers a non-penetrating wellbore as it will 
first be applied to Travale geothermal field where many data are available 
for a productive well with no penetration at all. 

The computer program i s  easily modified, however, to suit other well 
conditions such as partial penetration or fractured wells. The finite 
radius of our well was simulated computing the pressure drop at a given 
distance from the point sink. 

bottom, was obtained from Green's instantaneous source functions VI I (x), 
VI1 ( y ) ,  I X  ( z )  according to the nomenclature used in ref. [21. 

The reservoir is a homogeneous, isotropic parallelepiped with no-flux 

A parallele7iped with no-flux walls and top, constant pressure at the 

The solution for constant rate q is: 
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If we define the dimensionless groups  as follows: 

eq. ( I )  gives: 

nz 7 

Subst i tut 



We c a r r i e d  ou t  summations f o r  several  values o f  t along w i t h  DA 
numerical i n t eg ra t i on .  

We had some computing d i f f i c u l t y  i n  eva luat ing the  se r ies  w i t h  very 
small values o f  tDA as they do no t  r a p i d l y  converge. 
by so l v i ng  two-dimensional problems whose so lu t i ons  were already known by 
the superpos i t ion i n  space of  exponent ia l  i n t eg ra l s  [31. 

We tested our method 

The g rea t  advantage o f  t h i s  method i s  t h a t  we can change boundary 
cond i t i ons  s imply by changing a FORTRAN subrout ine.  The program was f i r s t  
used t o  produce Horner graphs f o r  comparing the  t h e o r e t i c a l  and exper i-  
mental p l o t s ,  w i t h  a view t o  se l ec t i ng  the  appropr ia te  model. 

Figures 1 ,  2 ,  3 and 4 show the  Horner p l o t s  f o r  a cube and a square 
para l le lep iped  both  having a constant pressure o r  c losed bottom. These 
t heo re t i ca l  Horner p l o t s  do not  g i ve  t he  s t r a i g h t  l i n e  sec t ion  w i t h  s lope 
o f  1.15 found i n  two-dimensional models. This means t h a t  the  procedure 
commonly used f o r  eva lua t ing  the  kh product cannot be d i r e c t l y  app l ied  
when the  hypothesis o f  t h i s  model a re  appropr ia te .  
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NOMENCLATURE 

c = compressibility 
k = permeabi 1 i ty 
M = point where pressure is measured 
pD = dimensionless pressure drop 
A = pressure drop 
q = flow rate 
t = time 

P 

= area-based dimensionless time t~~ 
X9Y = hor i zonta 1 coord i nates 
z = vertical coordinate 
r~ = hydraulic diffusivity 

'DA' T D A =  dimensionless variables of integration 
3 = viscosity 
T = variable of integration 

= porosity 

SUBSCR i PTS 

e = reservoir dimensions 
w = source or  sink location 
V l i  ( x ) ,  V I 1  (y) = Basic instantaneous source functions, for <an infinite 

plane source in an infinite slab reservoir with prescribed flux at 
the boundary, applied to the - x and y coordinates. 

I X  ( z )  = Basic instantaneous source function for an infinite Iplane source 
in an infinite slab reservoir with prescribed flux at z:=O and 
prescribed pressure at z=ze. 



F i g . 1 -  Closed cube w i t h  costant pressure at the bottom 

HORNER PLOT 
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Fip.3  --Closed paral le lepiped w i t h  costant pressure at the bottom 

f ig  .Z-Closed cube 
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Fig.4 - Closed ParailelePiQtd 
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