
NOTICE CONCERNING COPYRIGHT 
RESTRICTIONS 

 
This document may contain copyrighted materials. These materials have 
been made available for use in research, teaching, and private study, but 
may not be used for any commercial purpose. Users may not otherwise 
copy, reproduce, retransmit, distribute, publish, commercially exploit or 
otherwise transfer any material. 

 
The copyright law of the United States (Title 17, United States Code) 
governs the making of photocopies or other reproductions of copyrighted 
material. 

 
Under certain conditions specified in the law, libraries and archives are 
authorized to furnish a photocopy or other reproduction. One of these 
specific conditions is that the photocopy or reproduction is not to be "used 
for any purpose other than private study, scholarship, or research." If a 
user makes a request for, or later uses, a photocopy or reproduction for 
purposes in excess of "fair use," that user may be liable for copyright 
infringement.

 
This institution reserves the right to refuse to accept a copying order if, in 
its judgment, fulfillment of the order would involve violation of copyright 
law.

 



189 

hd I GEOTHERMAL DRILLING 

, 1. INTRODUCTION 
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cover formations, comprising Neogenic sediments 

and f lysch  f a c i e s  allochthonous complexes of a 

layey-carbona te compos it ion. 

complex forming the  so-called " f i r s t  

cons is t ing  of limestones and the  Mesozoic 

Anhydrit ic Ser ies .  

formations. 

These are h ighly  f rac tured  

Triassic-Paleozo sch i s tose -qua r t z i t i c  basement, 

of s c h i s t s ,  q u a r t z i t e s ,  micaschis t s ,  

amphibolites and gneisses .  These rock 

r a t h e r  f rac tured .  

ob jec t ives  of t he  program and the  geological  

s i t u a t i o n  i n  the  area, t h e  technica l  p r o f i l e  of these  deep wells is 

usua l ly  t h a t  shown i n  Fig. 1. That i s ,  the  cover formations are l ined  

with an 18"5/8 casing;  the  f i r s t  r e se rvo i r  i s  i s o l a t e d  with the  13"3/8 

cas ing  t o  1500 m; t he  f i r s t  p a r t  of the  sch i s tose -qua r t z i t i c  basement 

i s  l ined  with a 9"5/8 casing t o  3000 m. The las t  s t r e t c h  of the  bore 

remains uncased, with a diameter of 8"3/8. 

t i ons  a 7" l i n e r  can be in se r t ed  i n  the  last  sec to r  of the  bore and 

joined t o  the  9"5/8 casing with a hanger. 

Depending on well  condi- 

2. R I G  MACHINERY AND EQUIPMENT 

Special  machinery and equipment had to  be used f o r  these  wells. 

For the  d r i l l i n g  i n  the  Lardere l lo  area, the  f i r s t  r i g  was 

e l ec t r i c -d r iven  so as t o  take advantage of the  e l e c t r i c i t y  produced 

by La rde re l lo ' s  own power-plants. 

d r i l l  capaci ty  i s  5000 m,  c o n s i s t s  of the  following main elements 

(Fig. 2). 

The d r i l l i n g  r i g ,  whose nominal 

0 142 foot  can t i l eve r  mast with a Gross Nomina 

, 1.025.000 l b s  and s torage  capac i ty  of 5000 m f o r  5" diam. 

D.P.; the  t i l t - u p  sub-structure  i s  7.60 m high with a set-back 

capac i ty  of 227 tons and 363 ton casing capac i ty ;  
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Fig. 2a. V i e w  of e lectrical ly  driven dr i l l ing  r i g  used for 
deep geothermal w e l l s  i n  the Larderello area. 
i s  5000 rn. 

Capacity 
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Fig. 2b. Another view of dr i l l ing  r ig  as i n  F i  
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0 drawwork d r iven  by two coax ia l  d.c. e l e c t r i c  compound engines ,  

of  600 H.P. each a t  1100 revs/min;  

0 two t r i p l e x  7" x 9", 1000 H.P. mud pumps, wi th  maximum 

discharge  p res su re  of  5300 p s i .  One of  t h e  t r i p l e x  pumps i s  

d r iven  by two 600 H.P. d.c. e l e c t r i c  engines ,  1100 revs/min, 

and the  o t h e r  by two 600 H.P. compound d i e s e l  engines .  

Mechanical ope ra t ion  w a s  provided t o  guarantee  c o n t i n u i t y  of  

t h e  c i r c u l a t i o n  system dur ing  even tua l  breakdown i n  t h e  

e l e c t r i c i t y  supply ; 

0 e l e c t r i c a l  feeding  system comprising a three-phase,  t r i p l e -  

winding t rans tormer  of  about 2000 KVA, fed by a 16 KV l i n e .  

The main f a c i l i t i e s  (drawwork, r o t a r y  t a b l e  and e lec t r ic  pump) are 

fed  by t h e  secondary c i r c u i t ,  with an output  of 1850 KVA a t  570 V ,  

a f t e r  s t a t i c  conversion of  t h e  c u r r e n t  from a l t e r n a t e  t o  d i r e c t  

through a system of c o n t r o l l e d  diodes ( t h y r i s t o r s ) .  

The t e r t i a r y  c i r c u i t  of  150 KVA a t  380 V f eeds  t h e  o t h e r  minor 

, f a c i l i t i e s  and a u x i l i a r y  equipment. 

The d r i l l i n g  yard is  f i t t e d  with an a i r - d r i l l i n g  p l a n t ,  ready f o r  

i n  deep geothermal w e l l s .  I This  p l a n t  c o n s i s t s  of  fou r  p a r t s :  

1) compressed a i r  product ion from four  two-stage 10"1/4 x 7" x 6" 

compressors,  with an e f f e c t i v e  c a p a c i t y  of about 2 

each and maximum d e l i v e r y  p re s su re  of  18 kg/cm ; a 

i s  a l s o  provided f o r  r a i s i n g  t h e  p re s su re  t o  106 k 

2 

2) stand-pipe con ta in ing  t h e  in s t rumen ta t ion  f o r  measuring and 

r eco rd ing  t h e  f low-rate ,  p re s su re  and temperature  of  t h e  a i r ;  

3)  discharge  l i n e  with d u s t  s e p a r a t o r s ,  s i l e n c e r  and air-water 

s e p a r a t o r  ; 

4)  system f o r  dosiAg chemical a d d i t i v e s ,  i n j e c t i n g  foaming agents  

and co r ros ion  i n h i b i t o r s  . 
The well-head was s p e c i a l l y  designed f o r  geothermal d r i l l i n g  

(Fig.  3) and c o n s i s t s  o f  API 3000 va lves  and spool  capable  o f  opera t -  

i ng  a t  a working p res su re  of  up t o  192 kg/cm2 a t  232OC. 

t h e  k i l l - l i n e  are two 10" la te ra l  flow l i n e s  f o r  h igh  f l u i d  f low-rates  

Beyond 

c 
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during production tests; these  are connected t o  the  separa tor ,  

measuring p lan t  and s i lencer .  

head, which can a l s o  take the  rotating-head when a i r - d r i l l i n g .  

The preventers  are f i t t e d  on the w e l l -  

Other d r i l l i n g  equipment, d i f f i c u l t  t o  ob ta in  on the  market o r  

d i f f i c u l t  to  adapt t o  the  geothermal f i e l d ,  has been e spec ia l ly  

designed and constructed.  Further  information on t h i s  subjec t  can be 

obtained from Ref. 1. 

3. DRILLING PRACTICE 

Deep geothermal d r i l l i n g  usua l ly  proceeds s w i f t l y  and rou t ine ly  

down t o  3000 m. Beyond t h i s  po in t  c e r t a i n  problems may arise, e i t h e r  

due t o  the  type of t e r r a i n s  crossed,  which may be hard ,  unhomogeneous 

o r  of complex a t t i t u d e ,  o r  t o  the  high temperature condi t ions.  

major d i f f i c u l t i e s  s t e m  from the  f a c t  t h a t  d r i l l i n g  near ly  always has 

t o  proceed without r e t u r n  c i r c u l a t i o n ,  a consequence of the  la rge  

number of unproductive f rac tured  horizons t h a t  a r e  p r a c t i c a l l y  

impossible t o  seal. 

The 

The 13"3/8 casing,  lowered a t  1500 m,  i s o l a t e s  the  f rac tured  zones 

of the  anhydr i t ic  series and of the  top of the  sch i s tose -qua r t z i t i c  

basement. However, f r ac tu ra t ion  q u i t e  f requent ly  continues down i n t o  

the  underlying zone (Fig. 4) so t h a t  d r i l l i n g  is conducted i n  very 

adverse condi t ions.  The main problems a r e  met in:  

0 d r i f t  cont ro l  

0 f i sh ing  operat ions 

0 cementation of the  deep casings 

0 cont ro l  of the  c i r c u l a t i o n  f l u i d .  

3.1 D r i f t  Control i n  Deep Wells 

One of the  major opera t ing  problems while d r i l l i n g  these wel ls  is 

con t ro l l i ng  t h e i r  d r i f t ,  as they a r e  extremely prone t o  devia t ion  and 

the  formation of t e r r i b l e  dog-legs. 

The geological  formations are responsible  f o r  t h i s  phenomenon. 

The t e r r a i n s  of the  sch is tose-quar tz i t ic  basement vary i n  l i t h o t y p e  

from s c h i s t s  t o  q u a r t z i t e s  and gneiss .  These rocks have undergone 
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severa l  d i f f e r e n t  tec tonic  events t h a t  have created f r a c t u r e s ,  f i l l e d  

t o  varying degrees with secondary minerals ,  and f a u l t s .  The 

s t r a t i f i c a t i o n  planes a r e  consequently t i l t e d  by a few t o  a few tens  

of degrees. 

have a uniax ia l  compressive s t rength  of 800 kg/cm . 
A sample of these rocks taken from a core w a s  shown t o  

2 

Under these condi t ions even a small load on the  rock b i t  i n  

attempting t o  d r i l l  a t  a reasonable r a t e  of 1-2 m/h has a negative 

e f f e c t  on bore v e r t i c a l i t y .  

Only a very r i g i d  s t a b i l i z a t i o n  of the  dr i l l - s tem can reduce the  

r i s k  of d r i f t  and doglegs. 

An extremely r i g i d  dr i l l - s tem,  on the  o ther  hand, could endanger 

the w e l l  i t s e l f  should some p a r t  of the  stem break down, e spec ia l ly  

when water i s  the  c i r c u l a t i o n  f l u i d .  I n  these circumstances the  water 

i s  such a poor c a r r i e r  t h a t  the  debr i s  i n  the  bore takes  no time t o  

f a l l  t o  the  bottom and block the  f i s h .  A t  t h a t  point  some long, 

laborious f i sh ing  operat ions a r e  requi red ,  a s  the  s t a b i l i z e r s  

complicate the  work on cleaning the  f i s h .  

D r i f t  cont ro l  i s  a l s o  made d i f f i c u l t  by a lack of instrumentat ion 

f o r  measuring t i l t  and d i r e c t i o n  i n  very extreme temperatures. 

3.2 Fishing Operations 

These operat ions a r e  considerably hindered by the  high temper- 

a t u r e s  i n  the  wel ls  t h a t  exclude the  use of c l a s s i c a l  techniques; t he  

l a t t e r  would, i n  f a c t ,  solve such problems i n  a r e l a t i v e l y  f a s t  and 

economic manner. 

Cer ta in  well condi t ions requi re  the  use of explosives and 

hydraul ic  equipment, o r  p a r t s  t h a t  a r e  not r e s i s t a n t  t o  high temper- 

a t u r e s  (back-off, hydraul ic  j a r s ,  bumper subs,  tu rb ines ,  impression 

block, e t c . ) .  In  these circumstances one must f a l l  back on more 

s impl i f ied  and l e s s  e f f i c i e n t  mechanical devices o r ,  f o r  example, 

undertake time-consuming, hazardous unscrewing of the  pipes wi th in  the  

bore,  using a left-hand d r i l l - s t r i n g .  

When, as sometimes happens, it is no longer economically worth- 

while recovering a f i s h ,  the  s ide- t rack technique i s  used t o  unblock 



199 

the  wel l .  However, the  high temperature condi t ions may preclude the 

t r a d i t i o n a l  system f o r  t h i s  technique, which cons i s t s  of a support 

cement plug and turb ine  with bent sub 

of opera t ion ,  used a t  a depth of 4028 m and with an in-hole temper- 

a t u r e  of about 380 C ,  was t o  design and construc 

permanent whipstock (Fig. 51 ,  diameter 7"3/ This was lowered i n t o  

a 8"3/8 diam. open-hole, f i t t e d  with a stal  of seven 7" cas ings ,  so 

as t o  j o i n  the  equipment t o  the  underlying 3"1/2 pipes of the  f i s h .  

The whipstock was ocked by pumping b a r i t e  bentoni t ic  mud of 

1800 g r / l  densi ty .  Af te r  the mud had s e t ,  with the  he lp  of the  high 

temperatures,  the  d e v i a t i  s successfu l ly  brought t o  completion. 

type a r e  f requent ly  resor ted  t o  when 

unable t o  provide the  necessary equipment 

r a l t e r n a t i v e  i n  t h i s  type 

0 

and mater ia l  f o r  geothermal d r i l l i n g .  

3.3 Cementation of Deep Casings 

of the  casings i n  deep geothermal wells i s  one of the  

m d r i l l i n g  operat ions.  In tense  rock f r a c t u r a t i o n  

C se r ious  problems i n  f i l l i n g  the  annulus, added t o  h a r e  the  

temperatures t h a t  a f f e c t  he behaviour of the  s lu r ry .  

Various methods have been developed f o r  a t t a i n i n g  the  good 

cementation required n deep wel ls  only p a r t l y  f i l l e d  with water a s  a 

m the  bottom up t o  the  

low dens i ty  f r  

space from the  f r a c t  

opening mul t i s tage  c 

with an ex te rna l  casing packer. 

t h i s  operat ion can be repeated,  perhaps even shooting i n t o  the  casing 

t o  c r e a t e  i n j e c t i o n  holes for the  s l u r r y ;  the  top of the  previous 

cementation is  individuated beforehand by means of a log. 

Where the re  i s  more than one f r a c t u r e  

The s l u r r y  
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Fig. 5 .  Whipstock made in  Larderello f o r  s ide  track 
operation in a deep geothermal wel l .  
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used f o r  these  operat ions must be s p e c i a l l y  prepared each t i m e ,  adding 

s i l i c a  f l o u r ,  r e t a r d e r  ightening mater ia l s  

a s  necessary. 

I n  place of the  ex terna l  s ing  packer one could i n j e c t  an 

extremely clogging mixture through the  f u l l  opening mul t i s tage  cement 

(sodium s i l i c a t e  i n  br ine  environment); t h i s  mixture w i l l  temporarily 

plug the  f r a c t u r e  and keep the s l u r r y  within the overlying annulus. 

I n  o the r  s i t u a t i o n s  the  second ste 11 cons i s t  of i n j e c t i n g  down 

' i n t o  the  empty annulus, i n  var ious s t a  i f  necessary.  The s l u r r y  

i n  t h i s  case is  preceded by a given th ixot ropic  volume spacer which, 

due t o  the  load lo s s  from pumping t h i s  mixture, slows the  s l u r r y  down 

and c r e a t e s  a more uniform d i s t r i b u t i o n .  

3.4 Control of the  Ci rcu la t ion  Fluids  

As an a l te rna- t ive  of d r i l l i n g  with water and no r e tu rn  c i r c u l a t i o n  

i n  the  sch i s tose -qua r t z i t i c  formations of the  basement we have some- 

times conducted tests with a i r  as c i r c u l a t i o n  f l u i d .  The advantage 

i n  t h i s  case is the  avoidance of the  problem of f ind ing  the  immense 

q u a n t i t i e s  of water (up t o  100 m /h)  needed during d r i l l i n g  without 

r e t u r n  c i r c u l a t i o n .  

3 

However, the  w e l l  must be very d r  o r  d r i l l i n g  with a i r  only. 

r c u l a t i o n  system could be as ibu t ion  of dry 
steam. The steam flow-rate must, events ,  be r a t h e r  small, or 

roblems w i l l  arise dur 

We have very r a r e l y  

d r i l l i n g  i n  the  deep geothermal w e 1  
t i ons  cause a reduct ion i n  the  r is i  o c i t y  of t he  a i r ,  thus 

e system's flow capaci ty .  

water o r  w e t  steam may c 

occasions'  a very small  

I n  such cases  the  deb r i s  produced by the  b i t  i s  not removed f a s t  

enough and accumulates a t  well-bottom i n  a s lushy phase, preventing 

the  b i t  from c u t t i n g  i n t o  the  v i r g i n  rock. The foam agents  used i n  

such high temperature environments are not always ab le  t o  solve t h i s  

problem. 
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When a t o t a l  l o s s  of c i r c u l a t i o n  occurs i n  rou t ine  d r i l l i n g  with 

mud o r  water a c e r t a i n  hydros ta t ic  l eve l  s t a b i l i z e s  i n  the  w e l l .  This  

mus t  be removed before a i r - d r i l l i n g  is  begun. 

being removed, however, there  is  sometimes a s t rong  and continuous 

flow of water from the  surrounding formations, so t h a t  the  operat ion 

cannot be completed immediately. D r i l l i n g  must then continue with 

the  air-water c i r c u l a t i o n  system, regulated t o  varying r a t i o s .  

When t h i s  water i s  

The well  condi t ions ,  however, a r e  not always su i t ed  t o  d r i l l i n g  

with l ightened f l u i d ,  e spec ia l ly  as  regards  depth,  diameter,  e l eva t ion  

of the hydros t a t i c  l eve l  and the  f r a c t u r a t i o n  system. I n  order  t o  use 

t h i s  f l u i d ,  i t s  dens i ty  must be reduced u n t i l  t he  l eve l  reaches the  

surface.  So much a i r  must be in j ec t ed  t o  a t t a i n  t h i s  t h a t ,  ins tead  

of having one l i g h t e r  f l u i d  only,  we produce two dynamically unstable  

phases (water and a i r )  t ha t  may lead t o  a lo s s  of the  a i r  phase along 

the  f r ac tu ra t ions  and even t o  uncontrolled blow-outs. For example, 

we conducted a t e s t  a t  about 3200 m i n  an 8"3/8 w e l l  with a hydro- 

s t a t i c  l eve l  a t  about 2300 m and flow of water. Despite the  j e t  subs 

placed i n  c r i t i c a l  po in ts  along the  dr i l l - s tem,  the  c i r c u l a t i o n  f l u i d  

was not homogeneous enough t o  make d r i l l i n g  a success.  

Where mud d r i l l i n g  i s  poss ib le  o r  advisable  the  f l u i d s  used must 

have a rheological  s t a b i l i t y  and f i l t r a t i o n  c h a r a c t e r i s t i c s  t h a t  

guarantee optimum operat ing condi t ions i n  high temperature environ- 

ments. 

The muds t h a t  have proved successful  i n  prolonged working condi- 

t i ons  of up t o  2OO0C have a ben ton i t i c  base dosed with a syn the t i c  

r e s i n  and chromolignite. The r e s i s t ance  can be improved, e s p e c i a l l y  

f o r  higher  temperatures, by adding products such a s  a synergesic  blend 

of se lec ted  polymers. 

Good r e s u l t s  up t o  25OoC were obtained with ben ton i t i c  and 

asbestos-based mud, ac t iva t ed  with chromolignite and po lyc ry la t e s ,  

with o r  without the  polymeric products,  and with syn the t i c  r e s i n  and 

c a u s t i c  soda. 
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A similar success  was a l s o  a t t a i n e d  with t h e  s e p i o l i t e  and 
'3 

bentonite-based muds, using a small amount of  t he  ben ton i t e  and t h e  

same a d d i t i v e s  mentioned above, although they do tend t o  develop 

r a t h e r  s t r o n g  g e l s  i n  s t a t i c ,  h igh  temperature condi t ions .  

F i n a l l y ,  o i l  o r  a c o l l o i d a l  suspension of s ized  a s p h a l t i c  s o l i d s  

i n  water or i n  d i e s e l - o i l  can f u r t h e r  improve s t a b i l i t y ,  even i n  

h ighe r  temperatures  than those descr ibed above. 

The e f f i c i e n c y  of t he  above mud systems can,  of  course ,  be  

improved by a t t end ing  t o  a few p r a c t i c a l  matters, such as r ep lac ing  

any water l o s t  by evapora t ion ,  cool ing  the  f l u i d  i n  s p e c i a l  towers,  

s t i r r i n g  t h e  f l u i d s  con t inua l ly  i n  tanks f i t t e d  with e lectr ic  

a g i t a t o r s  and guns. 

4. CONCLUSIONS 

The deep exp lo ra t ion  program f o r  t h e  La rde re l lo  area i s  now i n  i t s  

f i r s t  S t age  of development. The a c t i v i t y  c a r r i e d  out so f a r  has  

with new pro s i n  terms of ope ra t ing  methods and 

equipment . 
It became immedia te ly ,c lear  t h a t  t h e  f i r s t  p r i o r i t y  was t o  dev i se  

an adequate  technology f o r  deep d r i l l i n g ,  with the r e s u l t  t h a t  t h i s  

i s  now one of  t he  ob jec t ives  of the  deep d r i l l i n g  program i t s e l f .  

s o l u t i o n  t o  t h e  problems ou t l ined  above l i e s  i n  the  cons t ruc t ion  of 

equipment and instruments  designed s p e c i f i c a l l y  f o r  t h e  geothermal 

f i e l d .  

The 

P a r t i c u l a r  a t t e n t i o n  i s  paid i n  t h i s  r e spec t  t o  p e r f e c t i n g  t h e  

methods and materials f o r  c o n t r o l l i n g  d r i f t ,  f o r  a more ex tens ive  use  

of  a i r  as a c i r c u l a t i o n  f l u i d  and f o r  a l l e v i a t i n g  any eventual  f i s h i n g  

opera t ions .  

The cas ings  and d r i l l - p i p e s  of t h e  geothermal wells are subjected 

t o  extreme mechanical stress and cor ros ion .  The s t u d i e s  and research  

being undertaken i n  t h i s  s e c t o r  should c o n t r i b u t e  g r e a t l y  t o  the  

success  of the  deep exp lo ra t ion .  

U 
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It is  c l e a r  from what we have j u s t  sa id  t h a t  the  work times and 

cos t s  involved i n  t h i s  f i r s t  phase cannot be held representa t ive .  

However, there  i s  no doubt t h a t  t h i s  type of research is  a heavy 

f i n a n c i a l  commitment. A t  the  moment the  u n i t  c o s t  r a t i o  between 

t r a d i t i o n a l  geothermal wel ls  and the  deep bores i n  the  Lardere l lo  area 

i s  1:1.4. 

Nevertheless,  the  ob jec t ive  remains t h a t  of optimizing the 

pects$ of d r i l l i n g  and minimizing as ch as pass ib l e  the  

d i f f e rence  between these two fac tors .  
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