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I n t r o d u c t i o n  

T h i s  paper b r i e f l y  d iscusses  l o g g i n g  and t e s t i n g  ope ra t i ons  and c e r t a i n  
r e l a t e d  p h y s i c a l  aspects i n  geothermal w e l l  eva lua t i ons .  

A good unders tand ing  o f  thermal  and h y d r o l o g i c a l  c h a r a c t e r i s t i c s  o f  geo- 
thermal  r e s e r v o i r s  a r e  e s s e n t i a l  i n  geothermal we1 1 e v a l u a t i o n s ,  W i t h i n  
geothermal r e s e r v o i r s ,  i n  e v a l u a t i n g  t h e  w e l l s ,  t h e  two most i m p o r t a n t  
parameters t h a t  f i r s t  c o u l d  be es t imated ,  t hen  measured o r  c a l c u l a t e d ,  
a r e  temperature and p r o d u c t i v i t y .  
o f  measuring f o r m a t i o n  temperatures.  
a r e  means o f  de te rm in ing  f o r m a t i o n  p r o d u c t i v i t y .  

Geochemistry and P e t r o l o g y  a r e  c u r r e n t l y  accepted as two e v a l u a t i o n  ya rd-  
s t i c k s  i n  geothermal w e l l  e v a l u a t i o n s .  I n v e s t i g a t i o n s  o f  c u t t i n g s  and cores  
d u r i n g  d r i l l i n g  ope ra t i ons ,  a l ong  w i t h  s t u d i e s  on f o r m a t i o n  waters  c o u l d  be 
used i n  a p r e d i c t i v e  n a t u r e  f o r  tempera tu re  and p r o d u c t i v i t y  and c o u l d  y i e l d  
use fu l  i n fo rma t i on  on t h e  resource .  

Well  l o g s  and w i r e l i n e  surveys a r e  means 
D r i l l  Stern Tes ts  (DST'S)  o r  P i t  Tes ts  

Logging i n  Geothermal Wel ls  

Logs i n  genera l  a r e  ex t reme ly  u s e f u l  dev ices  i n  s i n g l e  o r  m u l t i w e l l  r e s e r v o i r  
eva lua t i ons .  Format ion Pens i t y ,  Neutron, I n d u c t i o n ,  Sonic ,  S P Y  Gamma-Ray, 
C a l i p e r  and Oipmeter l o g s  a r e  w i d e l y  accepted by t h e  geothermal i n d u s t r y .  
Depending on t h e  types  of  f o rma t i ons  pene t ra ted  by t h e  w e l l ,  some togs a r e  
p r e f e r r e d  or r a t h e r  have a h i g h e r  p r i o r i t y  t han  o t h e r s .  
v o l c a n i c  rocks  d e n s i t y  and son i c  l o g s  c o u l d  be p r e f e r r e d  t o  d ipmeter  and t o  
neu t ron  1 ogs . 

For  example, i n  

The above f o r m a t i o n  l o g s  c o u l d  a l s o  be used i n  e s t i m a t i o n  o f  s t a t i c  f o r m a t i o n  
temperatures a t  v a r i o u s  depths.  
r ead ing  thermometers a t t ached  t o  these  l o g s  i n  i n d i v i d u a l  l o g g i n g  runs ,  a r e  
used i n  a b u i l d u p  a n a l y s i s  t o  e s t i m a t e  f i n a l  temperatures.  

The temperatures , ob ta ined  f rom maximum 

A c u r r e n t  problem w i t h  t h e  use o f  some l o g s  i s  t h e i r  tempera tu re  l i m i t a t i o n s ,  
T h i s  1 i m i t a t i o n  sometimes proves t roublesome and c o s t l y  i n  geothermal w e l l  
e v a l u a t i o n s .  
of l o g s  t o  be run ,  c )  t h e i r  schedule, c o u l d  r e s u l t  i n  s i g n i f i c a n t  t ime  savings 
and c o s t  r e d u c t i o n .  

However, c a r e f u l  p l ans  r e l a t i n g  t o  a) t ype  o f  l o g s ,  b )  t h e  number 
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A c r i t ica l  review of available l i terature and f ie ld evaluations revealed the 
current temperature 1 imitations for some of the existing logs: 

Type of Log 

Resistivity Standard: Dual Induction (DIL) 
Hot Hole: Single Induction ( I L )  

Porosity Borehole Compensated Sonic ( B H C )  
Hot Hole B H C ,  No S p ,  No G R  

Long Spaced Sonic 
No SP, with GR 

Temperature Pating ( O F )  

350 
500 

350 
500 
400 
350 

Density Formation Density Compensated ( F D C )  400 
Compensated Neutron Log (CML) 400 

Di pmeter Four Arm High Resolution 350 

For example, in evaluating a +5OO0F well, a t  a depth of 6,000 t o  10,000 feet ,  
i t  becomes d i f f icu l t ,  even wiTh a cooling run, t o  obtain a DIL, or a Long 
Spaced Sonic or a Dipmeter for the ent i re  well depth. 

Given the above limitations, i n  h o t  water geothermal wells w i t h  s ta t ic  
temperatures around 50C°F, i t  i s  recommended that SP be run w i t h  the Hot Hole 
Single Induction Log. 
Gamma Ray-Caliper could be run in combination on one trip, preferably af te r  a 
second cooling run. I f  nipmeter Log i s  desired i t  should be scheduled immed- 
iately af ter  a cooling run. 

The Hot Hole BHC Sonic could be run alone. FDC-CNL- 

If los t  circulation i s  expected, further planning i s  necessary in an attempt 
t o  o b t a i n  some of the loas .  
unable t o  continue circulation t o  cool the well, the chances of obtaining 
logs are drastically reduced. 

If t o t a l  lost  circulation occurs and  i f  one i s  

To increase the chances of obtaining a l l  desired logs, and t o  save considerable 
time by el iminating the prerequisite temperature surveys a1 ong wi t h  mu1 t i  pl e 
cooling runs, logging industry i s  pursuing research and development on tools for 
high temperature environments. 
electronics for geothermal well logging applications are also continuing, 

A Drill Stem Test (DST) vs. a P i t  Test 

A DS or a Pi t  t e s t  i s  usually conducted as a f i r s t  step in the productivity 
evaluation of a geothermal well. The objective i s  t o  gather flowing bottom 
hole and wellhead d a t a .  Analysis of successful tes ts  can yield information on 
a productivity index for the well, and a permeability-thickness product, 
preferably from a pressure buildup. 
rigged u p ,  a p i t  t e s t  i s  run i n  a cased hole, af ter  the rig release and instal l-  
ation of ax-mas tree. 
are beyond the scope o f  this  discussion. 

DOE sponsored programs in advanced h i g h  temperature 

Usually a DST i s  r u n  i n  an open hole while 

The costs of these tes t s ,  t h o u g h  relatively comparable, 
If a DST i s  elected i n  evaluation of 
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the well, the resul ts  of t h i s  t e s t  could be used in a decision t o  run a l i n e r ,  
t o  abandon the well w i t h o u t  r u n n i n g  a l i ne r ,  or possibly t o  continue d r i l l i n g .  

There i s  a greater  chance of gett ing (good) bottom hole d a t a  t h r o u g h  a DST. 
In a p i t  t e s t  one r e l i e s  on e i ther  a )  wireline pressure and temperature bombs 
a t  mid-perf 's,  or b )  bottom hole pressure (only) estimation th rough  nitrogen 
t u b i n g  pressure which i s  surface recorded .) and the nitrogen volume d a t a .  

A disadvantage in b o t h  DST and P i t  t e s t s  w i t h  bottom hole recordings is  t h a t  
the d a t a  i s  n o t  available u n t i l  the t e s t s  are over. 
ments are n o t  uncommon when tools or charts  are  b r o u g h t  t o  surface. 

Surprises and disappoint- 

A severe l imitat ion for b o t h  t e s t s  i s  the limited water volumes t h a t  can be 
produced d u r i n g  a re la t ively  short time. Often these t e s t s  only serve in a 
par t ia l  cleanup o f  l o s t  c i rcula t ion,  or they merely enable production of few 
wellbore volumes before running o u t  of storage capacity. 
produced formation brine and mud proves costly and time consuming. 
product ion ra tes  and  s l igh t ly  longer t e s t  times , however, are possible through 
a p i t  t e s t .  

Disposal of the 
Higher 

DST was designed by the o i l  industry to  t e s t  the hydrocarbon potential o f  
limited in tervals ,  usuallyf&C)O f e e t .  
in te res t  are usually greater .  
the large in tervals  t o  be tested nor  the high flow rates  desired. 

I n  geothermal wells the in tervals  o f  
Therefore, DST's are n o t  sui table ,  neither for 

One practice i s  t o  attach b o t h  outside and inside pressure recorders and  the 
temperature bomb to  the end of  the d r i l l  pipe, and s e t  the packers, as deep as 
possible, between the d r i l l  pipe and the intermediate casing. 
perforated t a i l  pipe preferably above the pressure and temperature bombs , 
permits the en t i re  hole below t o  be open t o  flow. 

A 15-25 f ee t  

See Figure 1A. 

An a l t e rna te ,  i n  an  open hole t e s t ,  i s  t o  r u n  the d r i l l  pipe t o  the desired 
depth and in jec t  nitrogen, producing the well th rough  the annulus. 
and temperature bombs could be attached t o  the bottom of the d r i l l  pipe. This 
method eliminates the cost o f  a d r i l l  stem t e s t  and  avoids the possible - high 
temperature related - problems with the packers. 

Pressure 

See Figure 1B .  

Flow rates  in b o t h  t e s t s  are  usually estimated by volumetric measurements. 
An estimation of  wellhead steam quali ty i s  also necessary t o  determine the 
tota l  mass ra te  from the we1 1 .  Plumerical well bore models could be used t o  
estimate we1 1 bore heat 1 osses and pressure drops , hence we1 1 head qual i t i e s .  
In  the absence o f  bottom hole d a t a  wellbore models could also be used, s ta r t ing  
w i t h  well head d a t a ,  t o  predict flowing bottom hole pressures and temperatures. 

Given these limitaticjns of Drill Stem and P i t  t e s t s ,  long term production t e s t s ,  
where a nearby injection well i s  available,  becomes necessary in further or f inal  
evaluation of a well. 
f racture  production. 

Long term t e s t s  are especial ly impor tan t  for  wells w i t h  

More research is  required t o  f i n d  new ways and means of short time tes t ing ho t  
water geothermal we1 1 s .  
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FIG. I 

TWO CURRENT PRACTICES IN GEQTHERMAL WELL TESTING 
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