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MATERIALS EMPLOYED I N  DEEP GEOTHERMAL DRILLING I N  ITALY 
I I  

P. Del Gaudio 

i 

1. DEEP GEOTHERMAL DRILLING I N  ITALY 

ENEL i s  now carrying:out  systematic study i n  the  Lardere l lo  

a rea ,  d i r ec t ed  a t  a sce r t a in ing  whether geothermal f l u i d s  can be 

recovered from the  l aye r s  :underlying the  ' r e se rvo i r '  exploi ted a t  

present .  

The research program also includes the  d r i l l i n g  of deep w e l l s  

Some of ranging from a minimum of 3000 m t o  a maximum of 5000 m. 

these wells have already been' completed. 

these  wells is genera l ly  t h a t  shown i n  Fig. 1. 

The technica l  p r o f i l e  of 
I 

D r i l l i n g  is a complicated operat ion (Fig. 2)  because: 

0 t he  layers  forming the present  r e se rvo i r ,  which l i e s  between 

1000 and 3000 m, a r e  not easy t o  i s o l a t e ;  

0 the  zones below 3000 m a re , cha rac t e r i zed  by very high temper- 

deep geothermal d r i l l i n g  i n  I t a l y  and on 

a t u r e s  and chemical aggressiveness.  

Further  information 

t h e  problems involved c be fdund i n  Cigni (1980). 
? i  

Considering the  operative,problems encountered so f a r ,  the  
1 

per fec t ing  of an idea l  'deep geothermal d r i l l i n g  technology' could,  
i n  i t s e l f ,  be said t o  represent  one of the objec t ives  of deep 

explora t ion  a t  Larderel lo .  ' 

The technological  research no 

procure d r i l l i n g  equipment su i i ed  

pecu l i a r  t o  deep geothermal w e l l s  

o i l  research  cannot always be 'used  d i r e c t l y ,  a study must sometimes 

be made of the  modifications required and adequate opera t ive  

methodologies developed f o r  using is equipment. Cer ta in  opera t ions  

ca r r i ed  out  i n  deep geothermal wells, on the  o the r  hand, r equ i r e  

spec ia l ly  designed equipment. 

- ,  

o n s i s t s  of a market survey t o  

r use i n  the  opera t ive  condi t ions 

As the  standard equipment used i n  

o u t l i n e  the-main equipment and methodologies now 

used i n  d r i l l i n g  deep thermal wells. At ten t ion  i s  paid i n  
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p a r t i c u l a r  t o  the  problems a r i s i n g  during the  d r i l l i n g  operat ions,  a 

- so lu t ion  t o  which is now one of Our s tudy object ives .  

2. TUBULAR MATERIALS 

2.1 D r i l l  P ipes  . .  I 

Operative condi t ions i n  deep geothermal wel ls  have proved t o  cause 

g rea t e r  stress t o  the  d r i l l -p ipes  than i n  the  wel ls  explor ing the  

shallow reservoi r .  This stress i s  t i e d  t o  both mechanical and 

chemical f ac to r s .  

The increased mechanical stress can be a t t r i  

-. the  g rea t e r  depths and, consequently, long 

0 the  d i f f i c u l t y  i n  con t ro l l i ng  the  d i r e c t i o n  of deep wells, 

which leads t o  a frequency of dog-legs (Cigni,  1980) ;  

0 increased length of the  upper sec t ion  of  the  bore,  diameter 16" 
This i n t e r v a l  i s ,  i n  f a c t ,  so wide tha t  the  b i t  cont inua l ly  jumps 

with in  the  pipe o r  i s  suddenly blocked, causing se r ious  to r s iona l  

s tress. 

The chemical s t r e s s ,  on the  o ther  hand, i s  mainly the  r e s u l t  of 

having t o  use the  condensate from the  power p l a n t s  as a d r i l l i n g  

f l u i d  because of the  chronic water shortage i n  the  Lardere l lo  area. 

The G 105 grade d r i l l -p ipes  have proved idea l  f o r  r e s i s t a n c e  t o  

the  above-mentioned mechanical s t r e s s  a t  least i n  t he  deep wells 

d r i l l e d  so f a r .  These same pipes have, however, undergone frequent  

anomalous breakages t h a t  a r e  blamed on chemical stress as described 

above. 

These breakages occur i n  the  too l - jo in t s ,  with no s igns  of damage 

t o  t h e  body of the  pipes  (Fig. 3). The t o o l  j o i n t s  we used are con- 

s t ruc t ed  i n  the  following materials: 38 NC D4, AIS1 4137. Breakage 

seemed t o  occur more o f t e n  i n  the  bottom pipe- l ines ,  s t a r t i n g  on the  

in s ide  sur face  of the  too l - jo in t .  

These phenomena were so ser ious  it was decided to  run a series of 

tests s imulat ing w e l l  condi t ions t o  def ine  the  phenomenology of the  

a t t a c k  and a t tempt  a so lu t ion  t o  the  problem. The preliminary r e s u l t s  

confirm t h a t  the  chemical a t t a c k  is  f u r t h e r  aggravated by the  e x i s t i n g  

I 
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temperatures. An attempt is  now being made t o  solve the  problem ai. 
e i t h e r  by using o ther  mater ia l s  f o r  the  pipes  o r  by dosing the 

d r i l l i n g  f l u i d .  

2.2 Casing 

The c r i t e r i a  followed i n  designing the  deep geothermal w e l l s  a t  

Lardere l lo  were t h a t  the  diameters used t o  explore  the  deep r e se rvo i r  

should be wide enough t o  a t t a i n  s a t i s f a c t o r y  product iv i ty  values  

desp i t e  the g rea t e r  depth of borehold required.  

The var ious casings were lowered not only t o  s t rengthen the  bore 

wal ls  but a l so  t o  i s o l a t e  the  formations of the  shallow reservoi r .  

Cementation of the  column was therefore  an arduous operat ion and not 

always an absolute  success ( d e t a i l s  w i l l  be given l a t e r ) .  

This outcome had been foreseen when drawing up the  d r i l l i n g  

program, and it was f e l t  t h a t  the  bes t  r e s u l t s  would only be achieved 

by adopting idea l  c r i t e r i a  f o r  the  design of the  casing. A t  the  same 

time we were aware t h a t  the  higher  temperatures of the  deep w e l l s  and 

t h e i r  r e l a t i v e l y  longer d r i l l i n g  times would c r e a t e  q u i t e  s e r ious  

thermal stress t o  the  casing.  

Consequently, g rea t  care  was taken i n  designing the  casing t o  

avoid breakages t h a t  would compromise completion of the  w e l l .  

The r e s u l t s  of the  f i r s t  d r i l l i n g s  appear t o  v a l i d a t e  the  c r i t e r i a  

chosen. 

b u t t r e s s  j o i n t s .  The thickness and grade of the  s t e e l  were chosen 

a f t e r  de t a i l ed  ana lys i s  of the  thermal s t r e s s  and of the  r e s i s t a n c e  

of the  mater ia l s .  

These c r i t e r i a  include the  use of API d r i l l - p i p e s  with 

Casing design was based on the  resul ts  of lab  tests t o  determine 

the  t e n s i l e  s t r eng th  of 555, C75, N80 and P l l O  steels,  c i t e d  i n  the  

American Petroleum I n s t i t u t e  s tandards,  a t  temperatures of 200 C ,  

25OoC, 3OO0C and 35OoC. 

0 

These r e s u l t s  (Fig. 4 shows those for the  N80 s t e e l )  were used to  

introduce a ' reduct ion f a c t o r  of the  t e n s i l e  p rope r t i e s '  i n  the  

pro jec t  design of the  casing. This f a c t o r  was used empir ica l ly  t o  

eva lua te ,  as a funct ion of the  maximum foreseeable  temperature, the  
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ccii+' 
col laps ing  and crushing s t rength  of the  casing,  beginning with the  API 

da t a  f o r  environmental temperatures. 

An impeded thermal expansion causes anomalous compressive stress 

t o  the  geothermal casings.  

The r e s i s t a n c e  c h a r a c t e r i s t i c s  of the  b u t t r e s s  j o i n t s  when under- 

going these stresses are not given i n  the  API s tandards.  

therefore  the  subject  of a s p e c i f i c  study ca r r i ed  out  by ENEL (Fig. 5 )  

on b u t t r e s s  j o i n t s  of diameters 13 3/8", 9 5/8" and 7". 

They were 

The r e s u l t s  were used i n  the  design phase. The design c r i t e r i a ,  

as mentioned before ,  seem s a t i s f a c t o r y  and, together  with a c a r e f u l  

cont ro l  of the  q u a l i t y  of t he  mater ia l s  and of the  j o i n t  - make up, 

have prevented any damage t o  the  casings used so f a r  i n  the  deep 

geothermal wells.  

3. CEMENTATION OF THE CASINGS IN DEEP GEOTHERIdAL WELLS 

The success of d r i l l i n g  operat ions i n  deep geothermal w e l l s  

depends on the  lowering and cementation of the  13 3/8" and 9 5/8" 

casings.  These casings are, i n  f a c t ,  used t o  i s o l a t e  the  layers  of  

t he  shallow re se rvo i r  and are usua l ly  cemented with no r e t u r n  

c i r cu la t ion .  

Cementation is  consequently a laborious task  ca r r i ed  out  i n  

severa l  phases, using the  inner  s t r i n g  cementing method, o r  F.O. 

mul t ip le  s t age  cementer, o r  pumping s l u r r y  down i n t o  the  upper 

annulus. The problems a r i s i n g  during t h i s  opera t ion  and the  reasons 

t h a t  led t o  the  choice of methodology a r e  described i n  Cigni (1980). 

A descr ip t ion  w i l l  now be given of the  composition of theovarious 

s l u r r i e s  (Cigni 1975). 

3.1 S l u r r i e s  Used f o r  Primary Cementation by the  Inner S t r i n g  

Cementing Method 

These s l u r r i e s  are used to  cement the  f i n a l  s ec t ion  of the  casing,  

using the  d r i l l -p ipes  and a s tab- in  f l o a t  c o l l a r .  

The s l u r r y  cons i s t s  of a c l a s s  G cement with 35% s i l i c a  f lour .  

Density i s  about 1.850 kg/ l .  One percent of f i l t r a t e  reducer i s  
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added t o  achieve a low f i l t r a t i o n .  A s  water sometimes has t o  be used 

as a d r i l l i n g  f l u i d ,  the  reducer is added t o  prevent dehydration of 

t he  s l u r r y  because of the  lack of an adequate mud cake. 

The casings a r e  a t  such g rea t  depths (3000-4000 m),  and the  

temperatures so high,  t h a t  the  pumping times have t o  be guaranteed by 

a r e t a r d e r ,  which is added i n  the r a t i o  of 0.5% i n  weight of t he  

cement. 

The composition of t he  s l u r r y  is  s tudied i n  the  laboratory by 

means of simulation t e s t s ,  not scheduled i n  API standards,  reproducing 

the  s e t t i n g  conditions of the  s l u r r y  i n  the  bore. 

both the  s e t t i n g  pressure and the  increase  i n  temperature with t i m e .  

On the  s i te  the  s l u r r y  is prepared i n  tanks beforehand t o  ensure 

This appl ies  t o  

the  mixture is  homogeneous. A cool ing c i r c u l a t i o n  a t  well-bottom 

during s e t t i n g  of the  s l u r r y  prevents excessive r e t rog rada t ion  of  the  

mechanical proper t ies  which occur when s l u r r y  sets i n  high temperature 

environment (Fig. 6 ) .  

3.2 S l u r r i e s  Used i n  Secondary Cementation 

These s l u r r i e s  a r e  used t o  cement the  upper p a r t  of the  cas ing ,  

c i r c u l a t i n g  them through an F.O. mul t ip le  s t age  cementer i n se r t ed  i n  

the  d r i l l - p i p e  (Fabbri  and R i c c i a r d u l l i ,  1979). 
35% s i l i c a  f lou r  i s  genera l ly  used i n  t h i s  case.  

A c l a s s  G cement with 

Where circumstances so r equ i r e  the  dens i ty  can be reduced t o  about 

1.650 kg / l  by adding diatomite.  

marked re t rograda t ion ,  as well  as  sedimentation and cont rac t ion .  The 

s e t t i n g  times a r e  a l s o  much longer,  so t h a t  chemical extenders ,  such 

as  the  D79 by Dowell, a r e  genera l ly  prefer red  t o  the  diatomite .  

Slurry prepared i n  t h i s  way does not c r ea t e  the  problems mentioned 

above and resul ts  a r e  equal ly  s a t i s f a c t o r y .  

However, the  la t ter  can lead t o  

3.3 S l u r r i e s  Used i n  Cementation with Pumping from Above 

These s l u r r i e s  a r e  used t o  f i l l  the  annulus by i n j e c t i n g  the  

cement from ground-level. Before pumping the  cement a spec ia l  viscous 

so lu t ion  is  in jec ted ,  e i t h e r  SPACER 1000 o r  equivalent .  This product 
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COMPRESSIVE STRENGTH OF A SLURRY CURING AT 
1 SIMULATEI) WELL CONDITION 

Cement type: GEOTERM 
I 1 Slurry densiry: 1.845 kg/liter 

t I 

N a 
\ 

4 

1 - 1) Curing.at temp of 25OC and atmospheric 
pressure (3 days) and then a t  150OC and 
100 kg/m2. _ _  2) Curing at  temp of 15OoC and 100 atmospheres 

-.-.3) Curing a t  temp of 2OO0C and 200 atmospheres 

rature increasing rate (lO/min). 

temperature increasing rate (I0/min). 

I 
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1 provides a slower and more uniform d i s t r i b u t i o n  of the  cement i n t o  the  

annulus. 

flow-rates and a cont inual  flow. 

Several cement u n i t s  are used a t  one time t o  ensure high 

3.4 Cementation Equipment 

The success of cementation depends on whether the  cementing shoes 

and f l o a t  c o l l a r s  are ab le  t o  opera te  s a t i s f a c t o r i l y  i n  the  high 

temperature environments. 

These instruments a re-chosen  on the  bas i s  of the  mater ia l s  used 

i n  t h e i r  construct ion;  the  s t r eng th  and r e s i l i e n c e  p rope r t i e s ,  along 

with the  thermal expansion c o e f f i c i e n t s ,  should be compatible i n  high 

temperatures and ab le  to  opera te  e f f i c i e n t l y  together  i n  the  maximum 

temperatures of well-bottom. 

I n  the  very deep wells we preferred t o  use the  cementing shoes 

with f l o a t  va lves ,  which have a metal-metal  contac t  s e a l  and cas t - i ron  

back-up valve.  However, these shoes present  more mi l l ing  problems 

than the  o the r  types. 

r e s u l t s  even a t  3000 m and with temperatures of more than 2OO0C. 

The s tab- in  f l o a t  c o l l a r s  gave exce l l en t  

4 .  BITS - 
The geological condi t ions are so var ied ,  even i n  adjacent  w e l l s ,  

t h a t  it was usual ly  impossible t o  program the  type of b i t  most 

s u i t a b l e  i n  each case.  

The da ta  obtained on s i t e  so f a r  are g r e a t l y  influenced by the  

working condi t ions of the  b i t s  (with o r  without r e t u r n  c i r c u l a t i o n ,  

d r i l l i n g  capaci ty  of the  formations, temperatures).  It i s  thus 

d i f f i c u l t  t o  e s t a b l i s h  f ixed  c r i t e r i a  f o r  the  choice of b i t s .  Some 

encouraging r e s u l t s  were obtained from the  use of diamond b i t s  i n  

i n t e r v a l s  with high temperatures and no r e t u r n  c i r c u l a t i o n .  

5. LOGGING INSTRUMENTS 

One of the  problems i n  deep geothermal d r i l l i n g  (Cigni,  1980) i s  

t h a t  of ob ta in ing  ready-made equipment f o r  d i r e c t i o n a l  d r i l l i n g  i n  

high temperature conditions.  Sui table  turb ines  and instruments f o r  
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continuous monitoring of d i r e c t i o n  and i n c l i n a t i o n  a r e  p a r t i c u l a r l y  

d i f f i c u l t  t o  f ind  i n  pec ia l ized  market 

U 

ENEL has now decided to  solve the  problem by designing and con- 

s t r u c t i n g  its own inst rumentat ion f o r  measuring i n c l i n a t i o n  and 

d i r e c t i o n  i n  the  presence of temperatures of 25OoC and pressures  of 

500 bar. 

s t r u c t i n g  similar instrumentat ion f o r  measuring temperature and bore 

These s tud ie s  w i l l  be based on pas t  experience i n  con- 

diameter. 
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