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Re in jec t i on  o f  used geothermal l i q u i d s  i n t o  the producing r e s e r v o i r  
has been proposed by several  i n v e s t i g a t o r s  as an e f f e c t i v e  way t o  a,void 
d isposa l  problems and t o  reduce the  p o s s i b i l i t y  o f  land subsidence i n  the  
reservo i r area. 

However, a f t e r  a length  of t ime, the re in jec toon  water w i l l  break 
through a t  the p roduc t ion  w e l l ,  which w i l l  no longer be ab le  t o  maiintain 
i t s  o r i g i n a l  temperature. Gr ingar ten  and Sauty l  have developed a s imple 
s teady- s ta te  model t o  study such a system o f  many product ion and i n , j ec t i on  
we l l s ,  capable o f  c a l c u l a t i n g  the  temperature decrease as func t i ons  of t ime. 
The present  paper descr ibes a p o s s i b i l i t y  o f  r e t a r d i n g  the  breakthrough t ime 
and reducing the temperature drop by means o f  screening we l l s .  

The bas ic  phys ica l  idea i s  as f o l l o w s .  Consider a doublet  of one 
produc t ion  and one i n j e c t i o n  w e l l .  
t o  the produc t ion  w e l l .  
w e l l  w i l l  correspond t o  those c lose  t o  the  s t r a i g h t  l i n e  leading from the 
i n j e c t i o n  t o  the produc t ion  w e l l .  Now i f  we have an e x t r a  screening w e l l  on 
t h i s  l i n e  i n  between the  two w e l l s ,  which e x t r a c t s  f l u i d  and puts i t  back 
i n t o  the  i n j e c t i o n  w e l l ,  then these e a r l i e s t  s t reaml ines w i l l  be ' 'p icked up'' 
by the  screening w e l l  and prevented from a r r i v i n g  a t  the produc t ion  w e l l .  
I n  t h i s  way, no t  on l y  i s  the  breakthrough t ime increased, bu t  a l s o  the  r a t e  
of temperature drop i s  reduced. Besides the temperature d i f f e rence  of the 
r e i n j e c t e d  water and the r e s e r v o i r ,  two dimensionless parameters en te r  i n t o  
the  problem, the  r a t e  o f  e x t r a c t i o n  o f  t he  screening w e l l  r e l a t i v e  t o  t h a t  
o f  the p roduc t ion  w e l l ,  y, and the  p o s i t i o n  o f  the  screening w e l l ,  C Y ,  def ined 
as the  d is tance of screening w e l l  from the  produc t ion  w e l l  d i v i ded  by the 
separat ion of t he  doublet .  I t  i s  easy t o  see t h a t  t he  screening e f f e c t  w i l l '  
increased w i t h  an increase o f  y and a decrease o f  a. 

Streamlines w i l l  go from the i n j e c t i o n  
The e a r l i e s t  s t reaml ines  t h a t  reach the  produc t ion  

We have ca l cu la ted  the  breakthrough t ime as a f u n c t i o n  of a and y, 
w i t h  CL ranging from 0.1 t o  0.9 and y from 0 t o  1.5, and we found t h a t  i t  i s  
poss ib le  t o  increase the  breakthrough t ime by as much as a fac to r  of 2 i n  
c e r t a i n  cases. Hence, g iven  a case of  a doub le t  whose breakthrough t ime i s  
20 years, i t  i s  poss ib le  t o  p lace  a screening w e l l  o f  appropr ia te  f low r a t e  
such t h a t  the p roduc t ion  temperature i s  not  a f f e c t e d  a t  a i ?  f o r  40 years. 

I t  i s  easy t o  extend the  problem t o  inc lude e f f e c t s  of the nat:ural a rea l  
f low i n  the  r e s e r v o i r .  
i n  which they looked a t  the p o s s i b i l i t y  o f  s i t i n g  a doublet  i n  a heav i l y -  
b u i l t  area f o r  space heat ing  and coo l i ng .  

We consider  a case t h a t  Gr ingar ten and Sauty s tudied,  

There i s  a s t rong area l  f l o w  and 
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by placing the injection well downstream, they found that there will be no 
interflow (i.e., infinite breakthrough time) if the two wells are placed 965 
meters apart. But the maximum practical separation is only 300 meters in 
the direction of areal flow. 
However, by our calculations with a separation of 300 meters, we found that 
it is possible to obtain zero interflow with the production well by placing 
a screening well 90 meters from the producing well with a fllow rate 1.4 
times the producing rate. 

Thus they have to employ other techniques. 

Further calculations are made on the steady-state flow model of 
Gringarten and Sauty t o  study the temperature decrease rate for systems 
with screening wells. 
thermal fronts, but the temperatures at the wells as a function of time are 
calculated. Figure 1 illustrates a simple example of a doublet with and 
dithout the screening well. It can be seen from the top half of the figure 
that the effect of the screening well is to intercept the streamlines, thus 
pulling the thermal fronts toward it. The lower half of the figure illus- 
trates the temperature curves. The energy extracted is proportional to the 
flow-rate times the area under these curves above a certain given temperature 
below which the water will not be useful. To make a comparison which is some- 
what meaningful, we take a case of a doublet without screening in which the 
production and reinjection rates are each 24, t o  be comparedl with a case with 
screening in which the production and screening wells are ealch at a flow-rate 
Q and the injection at 2Q. It is found that the accumulative extracted energy 
of the system with the screening well (for y = 1 and a = 0.1) after 50, 100 
and 80 years are respectively 1.6, 2.0, and 4.8 times larger than that for the 
unscreened system. 

Not only are we able to calculate the streamlines and 

We have also made calculations on the same model for a system of many 
production and reinjection wells with screening wells in between. A gain 
in the energy extracted is also obtained, but the amount depends on the 
distribution of wells in each given case. 

In conclusion, we believe that a retardation of breakthrough time and 
a reduct on of the rate of temperature drop at the production well can be 
obtained by means of an (extraction) screening well. In our calculations, 
we found that a very significant factor in energy gained can be realized. 
However, we have not yet made a detailed economic feasibility study taking 
into consideration the expenses of  digging the extra screening well. 
discussions indicate that with certain arrangements and parameters, such 
screened systems may have significant economic advantages. 
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Figure  1 .  The top h a l f  o f  the  f i g u r e  i nd i ca tes  the stream1 ines (do t ted  1 ines)  

. f u n c t i o n  o f  t ime i n  t h r e e  cas.es, (a) no screening w e l l ,  (b) screening w e l l  

and the thermal f r o n t s  ( s o l i d  l i n e s )  o f  t he  doub le t  system w i t h  and w i t h o u t  
screening. The 1,ower h a l f  shows the temperature a t  t he  product ion  w e l l  as a 

half-way between p roduc t ion  and i n j e c t i o n  w e l l s  a t  a f l o w  r a t e  equal t o  
' 

p roduct ion ,  and (c) same as (b) bu t  w i t h  screening w e l l  a t  1/10 the  separa- 
t i o n  d i s tance  from the  p roduc t ion  w e l l .  
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