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AB ST RACT 

LOW TEMPERATURE DRILLING TECHNIQUES FOR DIRECT APPLICATIONS 

S.  M. P res tw ich  

Department o f  Energy - Idaho - Of f i ce  f o r  Geothermal Energy 

The geothermal d r i l l i n g  one hears about most 
f requen t l y  i s  t h a t  of l a r g e  o i l  r i g s  d r i l l i n g  
f o r  deep h igh- temperature resources. 
a vas t  resource y e t  untapped w i t h i n  shal lower  
depths f o r  d i r e c t  heat  a p p l i c a t i o n s .  
r e s u l t ,  most geothermal d r i l l i n g  can be done 
us ing  convent ional  d r i l l i n g  equipment w i t h  a 
few m o d i f i c a t i o n s .  
i n  techniques such as d r i l l i n g  w i t h  water 
r a t h e r  than mud so the  p o r o s i t y  and permea- 
b i l i t y  of  t h e  producing geothermal f o rma t ion  
i s  n o t  dest royed.  
equipment, and s o l u t i o n s  t o '  problems i n  
geothermal d r i l l i n g  w i l l  be discussed i n '  t he  
f o l  1 owing t e x t .  

There i s  

As a 

Most o f  t h e  d i f f e r e n c e  i s  

The va r ious  techniques, 

INTRODUCTION 

D r i l l i n g  i s  a necessary p a r t  of geothermal 
resource development. There a re  convent ional  
d r i l l i n g  methods from bo th  t h e  o i l  and gas 
i n d u s t r i e s  and t h e  water w e l l  i n d u s t r y  which 
app ly  t o  geothermal d r i l l i n g .  The aspects 
t h a t  make geothermal d r i l l i n g  unique are:  
temperature, f r a c t u r e  dominated r e s e r v o i r s ,  
and t o  some degree, volume of  f lows. 

REGULATIONS AND CLASSIFICATIONS 

P r i o r  t o  d r i l l i n g , t h e  a p p r o p r i a t e  r e g u l a t i o n s  
must be reviewed t o  determine w e l l  c o n s t r u c t i o n  
requirements and p e r m i t t i n g  requirements.  
Environmental r e s t r i c t i o n s  govern ing f l u i d  
d isposal  must a l s o  be considered. These 
r e g u l a t i o n s  w i l l  va ry  from s t a t e  t o  s t a t e ,  as 
w i l l  t he  c l a s s i f i c a t i o n  o f  t h e  w e l l ,  L e .  
e x p l o r a t o r y  o r  p roduc t i on .  The r e g u l a t i o n s  
which w i l l  a p p l y  a re  a l s o  a f u n c t i o n  of how 
t h e  s t a t e  r e g u l a t o r y  agency c l a s s i f i e s  t h e  
geothermal resource, i, e, as a minera l  , o r  
water resource. The v a r i a t i o n s  i n  the  
r e g u l a t i o n  and c l a s s i f i c a t i o n  of geothermal 
w e l l s  a r e  dependent on which s t a t e  agency 
performs t h e  r e g u l a t o r y  f u n c t i o n ,  t h e  O i l  and 
Gas commission, o r  t h e  Water Resources agency 

WELL COSTS 

Wel l  costs  must be analyzed p r i o r  t o  d r i l l i n g  
because of t h e  s i g n i f i c a n c e  o f  w e l l  c o s t  t o  the  
t o t a l  p r o j e c t .  We1 1 cos ts  general  l y  average 
30% t o  50% more than t h e  same depth o i l  and gas 
o r  water because of regu la t i ons ,gove rn ing  con- 
s t r u c t i o n ,  environmental  c o n s t r a i n t s  and l a r g e r  
h o l e  s ize.  
e f f e c t  cas ing  and cement cos ts .  The impact 
of d r i l l i n g  on the  p r o j e c t  cos ts  can be as much 
as 50% of t h e  development cos ts .  Therefore, i t  
i s  c r i t i c a l  t h a t  t he  d r i l l i n g  program consider  
a n t i c i p a t e d  d r i l l i n g  problems and inco rpo ra te  
good geothermal d r i l l i n g  p r a c t i c e s .  The f o l l o w -  
i n g  d i scuss ion  addresses va r ious  geothermal 
d r i l l i n g  techniques t h a t  should be considered 
i n  any geothermal d r i l l i n g  program. 

Hole s i z e  and depth d i r e c t l y  

GEOTHERMAL DRILLING TECHNIQUES 

D r i l l i n g  geothermal w e l l s  i n v o l v e s  no s p e c i a l i z e d  
equipment, b u t  does i n v o l v e  u s i n g  adequate 
standard equipment t o  c o n t a i n  and s a f e l y  handle 
h o t  f l u i d s .  Regulat ions govern ing cas ing and 
d r i l l i n g  requi rements a r e  more s t r i n g e n t  than 
f o r  water w e l l s  t o  p r o t e c t  and min imize damage 
t o  t h e  environment, usable groundwaters and 
su r face  p roper t y .  Threaded cas ing  i s  recommended 
r a t h e r  than b u t t  weld t o  p rov ide  b e t t e r  anchorage, 
g r e a t e r  s t r e n g t h  and l e s s  chance of p a r t e d  casing. 

and r e  
of  per 
of t h e  
l o s t  c 

Geothermal r e g u l a t i o n s  g e n e r a l l y  r e q u i r e  a1 1 
cas ings t o  be cemented s o l i d l y  i n  p lace  and do 
n o t  a l l o w  d r i l l  and d r i v e  methods. Cements a re  
c r i t i c a l  f o r  two reasons: !! t o  prevent  
leakage t o  t h e  surface, and 2 )  t o  prevent  blow- 
o u t s  around t h e  casing. Specia l  cements have 
been developed t o  combat the  severe l o s t  ' 

c i r c u l a t i o n  problems o c c u r r i n g  w h i l e  cementing, 
t o  prevent  cement degradat ion f rom exposure t o  
h o t  c o r r o s i v e  f l u i d s a n d  t o  h e l p  i n s u l a t e  and 
reduce thermal l o s s e s ' d u r i n g  f l ow  up t h e  we l l -  
bore.  A geothermal cement most w ide ly  used 
c o n s i s t s  o f  Class G cement w i t h  30-40% s i l i c a  
f l o u r  and p e r i l i t e  o r  g i l s o n i t e  as a d d i t i v e s .  
Tes t  and f i e l d  r e s u l t s  i n d i c a t e  t h a t  t h e  a d d i t i o n  
o f  s i l i c a  f l o u r  w i l l  increase t h e  cement s t r e n g t h  

a rd  cement r e t r o g r e s s i o n .  The a d d i t i o n  
i t e  o r  g i l s o n i t e  w i l l  l i g h t e n  t h e  weight 
cement and a c t  as a b r i d g e  a t  zones of 
r c u l  a t i  on. 
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Prestwich 

Lost circulation, or loss of f luids t o  the 
formation, i s  a common problem in geothermal 
dr i l l ing,  both d u r i n g  dr i l l ing and cementing, 
because of the highly fractured and permeable 
formations. Corrective measures for lost  
circulation d u r i n g  dr i l l ing include adding los t  
circulation materials t o  the dr i l l ing fluid to 
plug o f f  the zone of loss,  or setting a cememt 
plug a t  the zone of loss. When these methods 
f a i  1 , the more courageous drill ing contractor 
will "dry d r i l l " ,  d r i l l  ahead without fluid 
returns t o  the surface, a method which increases 
substantially the risk of sticking the bi t .  

State requirements may specify some type of 
containment device while dr i l l ing below surface 
casing. I f  containment i s  not required, i t  i s  
s t i l l  advisable t o  be prepared to control hot 
flows. The containment device can be as simple 
as a gate valve t o  a more complex BOP stack 
containing double gate and bladder preventors. 
A flowline t o  the mud p i t  installed below the 
containment valve can help relieve pressures a t  
the working surface during t r ips .  To increase 
limited clearance for containment equipment, 
a pony substructure or a cel ler  can be used. 
Permanent wellheads, too,  can vary from a 
simple gate valve t o  a complex arrangement of 
valves and flow t ies .  
minimum requirements for permanent construction. 
Be aware t h a t  there will be thermal expansion 
with ho t  flowing wells. Employment of an 
expansion spool in the wellhead construction 
can allow the inner casing t o  thermally expand, 
reducing the potential of "growing" we1 1 head 
and/or pipe fai lure  a t  the wellhead. 

States should stipulate 

Open hole completions are used whenever possible. 
This technique, while saving substantial costs, 
reduces we1 1 bore clogging problems and 
eliminates the danger of permanently sealing off 
fractured production zones with cement when 
sett ing production casing. Because of low 
permeabilities and pressures, geothermal systems 
respond negatively t o  we1 1 bore restriction. 
I n  some cases, there has been noted as much 
as 30-40% reduction in transmissivities af ter  
sett ing slotted l iners .  Cementing production 
l iners and perforating a t  production zones cre- 
ates the greatest potential for permanent loss 
of production because of formation sealing 
by dr i l l ing muds, cements, and restriction of 
f luids into the wellbore by the perforated o r  
slotted l iner.  This i s  particularly cr i t ical  
in fractured production zones where 4 t o  8 
shots per f o o t  are expected t o  penetrate a 1/4" 
or smaller fracture which has been picked from 
a well log with a scale accuracy of 100'/5" 
scale. 

D R I L L I N G  FLUIDS 

systems, according t o  1975 d a t a d  are no t  
stable above temperatures of 250 F and  will 
bake and seal off hot  production zones. Even 
with a l ight  mud system, the pressure differ-  
ences between the wellbore fluid and the 
formation are significant enough t o  damage the 
formation regardless of temperature, i .e .  , an 
8.5 lb./gal.  mud will exert 63 psi on the form- 
ation a t  3000' depth. Whereas, a water system 
will match the formation pressure which will 
reduce the risk of formation damage. The 
problem i s  enhanced in fracture-dominated 
systems and compounded with increased tempera- 
tures. 

Hole s tab i l i ty  i s  a persistent problem, in 
dr i l l ing shallow systems. Therefore, the 
solution t o  instabi l i ty  appears t o  be to d r i l l  
with a i r  o r  mud fo r  the cased portions o f  the 
hole above the production zones, and  then d r i l l  
with water t h r o u g h  the production zones. Water 
systems can always be converted t o  mud systems, 
b u t  t o  convert from a mud system t o  a water 
system i s  not recommended. 

A related problem which involves dr i l l inq fluids 
i s  the wellbore temperatures will show s ign i f i -  
cant cooling from the dr i l l ing fluids.  I t  will 
take considerable time, maybe months, for the 
wellbore to establish thermal equilibrium. 
Equilibrium will be established faster  under 
flowing well conditions. 

WELL COMPLETION 

Well cleanout i s  the final consideration of a 
dr i l l ing program. 
have the most positive effect for well cleanout. 
Low permeability, low pressure wells must be 
stimulated t o  see the production capabili ty,  
This i s  costly and  time consuming, a n d  generally 
i s  a process of elimination. 
process i s  necessary for the hydrologist o r  
reservoir engineer t o  establish if  lack of 
production i s  due t o  lack of Permeability or 
formation damage. If formation damage i s  the 
determination, stressing the well by pumping, 
acidizing or hydrofraturing might  be considered. 

Pumping the well appears to 

B u t  the 

SUMMARY 

Be aware of and  consider w h a t  are good geother- 
mal dr i l l ing techniques. 
techniques f o r  si te-specific dr i l l ing 
programs can reduce the risk of d r i l l ing  and 
permanent production losses. 

Application of such 

Water, used as a dr i l l ing f luid,  i s  considered 
the most important or c r i t i ca l  geothermal 
dr i l l ing technique. 
stressed enough. 
ing wells have suffered permanent loss in 
production when dril led with mud. 

This concept cannot be 
Many potentially good produc- 

Bentonite mud 
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