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ABSTRACT 

The objectives of testing low-temperature 
hydrothermal wells are t o  characterize well 
response t o  production ( inject ion) ,  determine 
resource characterist ics and project reservoir 
longevity. Testing procedures and  analysis 
techniques d i f fe r  in some respects from proven 
procedures in the oil  and gas and ground water 
f ie lds .  This paper presents some basic defini- 
tions and standard techniques necessary for 
the evaluation of a f luid resource in an  inter- 
granular permeable reservoir. Problems partic- 
ular. t o  a non-ideal thermal resource are out-  
lined and some analytical techniques are dis- 
cussed. 

INTRODUCTION 

An understanding of ideal low-temperature 
hydrothermal resource evaluation requires 
knowledge of how intergranular permeable flow 
systems operate. 
ology will be used t o  describe such flow. 
Problems associated w i t h  hydrothermal well 
testing and analysis ar ise  primarily because 
of the thermal nature of the resource and the 
fractured nature of the reservoir. Sufficiently 
accurate instrumentation i s  very expensive. 
Most testing procedures and analytical tech- 
niques assume constant f luid viscosity and  
density; for the most part ,  this does no t  hold 
in geothermal well testing. The non-ideal na- 
ture of many thermal reservoi rs invalidates 
calculated hydraulic properties and can result  
i n  questionable predictions of reservoir be- 
havior. 

Standard ground water termin- 

EVALUATION OF NON-THERMAL I D E A L  FLUID RESERVOIRS 

One method of evaluating aquifers or re- 
servoirs i s  through well testing. When a well 
i s  produced, the fluid level or potentiometric 
surface i s  lowered in the vicinity of the pro- 
ducing wellbore. Water moves from the forma- 
tion into the well, increasing in velocity and 
gradient. The shape of the fluid or pressure 
decline resembles a cone (cone of depression) 
and the amount of decline i s  called drawdown. 
The water i s  i n i t i a l l y  derived from aquifer 
storage. The storage coefficient ( S )  i s  the 
volume of water an  aquifer releases from o r  

takes i n t o  storage per unit surface area of the 
aquifer per u n i t  change in head. The magnitude 
o f  drawdown and the shape of the cone i s  depen- 
dent on aquifer transmissivity. Transmissivity 
( T )  i s  the rate a t  which water of the prevailing 
kinematic viscosity i s  transmitted through a 
unit width o f  the aquifer under a u n i t  hydraulic 
gradient. 

Evaluation of an aquifer or reservoir re- 
quires calculation of T and s. 
a non-equilibrium formula t o  make these calcu- 
lations based on the following assumptions: 

Theis developed 

1. 
2.  Aquifer i s  inf ini te  i n  areal extent and 

3. Aquifer i s  confined and the well i s  

4. Flow i s  isothermal. 
5. lrlater i s  removed from storage instanta- 

Aquifer i s  homogeneous and isotropic. 

well i s  infintesimal in diameter. 

fully penetrating. 

neously w i t h  decline in head. 

Jacob's modification of  the non-equili- 
brium formula i s  one currently used convenient 
technique. 
drawdown versus the logarithm of time t o  cal- 
culate T and S. T and S are calculated from 
the following relationship: 

This uses an arithmetic plot of 

10 T = 2.30 Q/4 71 s 
2 S = 2.25 to T / r  

u = r S / 4 T t  2 0.01 2 applicable when 

EVALUATION OF HYDROTHERMAL R ~ S E R V O I R S  

Eva1 u a t i  on of hydrothermal reservoirs is  
also accomplished by well testing. Particular 
problems are introduced by instrumentation, non- 
constant thermal conditions and non-ideal reser- 
voir conditions. Most testing instrumentation 
i s  n o t  designed for thermal conditions. Down- 
hole probes, as used in high temperature geo- 
thermal and oil  and gas  testing are expensive 
and cannot readily be placed below a pump. 
Industrial instrumentation i s  usually not suf- 
f ic ient ly  accurate t o  permit reliable reservoir 
cal cul a tions . Exi s t i  ng or modi f i ed i nexpensi ve 
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t e s t  equipment can be utilized t o  produce 
quality d a t a  by modifying testing procedures. 
Early-time well d a t a  i s  usually meaningless, 
unless continuous density corrections are app-  
l ied.  Modifying t e s t  procedures by "preheat- 
i n g "  production (injection) wells can aid i n  
lessening the early-time temporally dependent 
thermal effects.  Late time well d a t a  can be 
influenced by viscosity effects within the re- 
servoi r ,  producing 'lapparent'' reservoir bound- 
ar ies .  The temporally dependent thermal con- 
ditions contradicts the Theis assumption No. 4 .  
These complications do no t  invalidate the data, 
b u t  necessitate interpretation in l ight  of the 
thermal conditions and consideration of i n -  
t r ins ic  transmissivity for predictive purposes. 

The major difficulty in predicting be- 
havior i n  thermal resource analysis i s  the 
fractured conditions o f  the reservoir. Frac- 
ture control appears t o  be the rule,  rather 
t h a n  the exception. This condition contra- 
dicts the Theis assumptions No. 1 and 5. 
A non-homogeneous anisotropic analysis may be 
feasible,  b u t  requires input d a t a  from obser- 
v a t i o n  wells, usually no t  available to the 
geothermal developer. Storativity i s  n o t  
generally available from geothermal well tes t -  
ing because: 

1 .  Fractured media invalidates obser- 

2 .  Usually only pumped well d a t a  i s  
vation well response. 

available. 

I t  has been observed t h a t  many constant 
discharge tes ts  plot as a l inear trend on 
semilogarithmic graphs of borehole or well- 
head pressure versus the time since pumping 
began. I n  fractured media a practical approach 
may be to pump a t  a rate equal t o  o r  greater 
t h a n  the intended use and simply extrapolate 
the straight l ine segment. 
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