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ADVANCED TURBODRI L L S  FOR GEOTHERNAL YELLS 

William C. Maurcr, John C. Rowley, Clifton Carwile 

Maurer Engineering Inc. - Houston, T X  
Los Alamos Scientific Laboratory - Los AIJWS, N M  

Department of Energy - Washington, O.C. 
15 hours at these high m t o r  speeds thereby 
seriously limiting the application of drilling 
motors. 

ABSTRACT 

Maurer Engineering Inc. is continuing the de- 
veiopment o f  a new high-temperature, 350°C advanc- A review of the various types of downhole 
ed turbodrill for use in drilling geothermal 
wells. Existing downhole drilling motors are 
temperature limited because of elastomeric de- 
gradation at elevated temperature. The new tur- 
bodrill contains high-torque turbine blades and 
improved seals which allow higher bit pressure 
drops. This new geothermal turbodrill which is 
designed for improved directional drilling offers 
economic alternatives for completing geothermal 
: ~ c I l s .  The advanced turbodrill will be tested 
in the Los Alamos Scientific Laboratory's hot dry 
roch geothermal we1 Is. 

INTRODUCTISN 

The purpose of downhole drill motors is to 
provide the power needed to rotate drill bits at 
the bot:om of the boreholes. Orill motors are 
especially advantageous for I )  wells where drill 
?ipe wear, fatigue, and twist-offs occur, 2 )  di- 
rectional drilling in wells where direction and 
trajectory control are required to attain a pre- 
selected target, and 3 )  starting wells that are 
spudded in volcanic rock o r  al Iuvium containing 
large boulders. 

aACKGROUN0 

First tested in the 1 9 2 0 ' s .  drilling motors 
did not find widespread application until the 
1950's. when turbodrill use began in the Soviet 
Union. [ I .  2 1 .  By the early 1960 's .  about 85% 
of the Soviet's oil and gas wells \*ere drilled 
with turbodrills. Their usage h a s  decreased to 
approximately 70 percent since vtary drilling 
is now being used in most Soviet wells deeper 
than 12,000 Feet. 

Orill motors are currently used in the 
United States primarily for directional drill- 
ing. Current nmcor seals typically limit bit 
pressure drops to less than 300 psi, which is 
inadequate for good bottomhole cleaning of cut- 
tings. Commercial downhole motors operate at 
speeas of 300 t 3  1000 rpm. whereas roller-cone 
bits operate qost effectively at speeds o f  50 to 
l 5 C  r2m. The bit bearinqs tend to fail in tn 

motors. i .e., turbines 13,  4 1 ,  positive displace- 
ment [s ,  61. and electric drills [7, 81, indi- 
cated that a turbodrill would be the most 
practical t o  upgrade for high-temperature be- 
cause of the all-metal turbine blades. 

GEOTHERMAL APPLICATIONS 

Soviet geothermal drilling has not been re- 
ported in detail [ g ] .  but it is likely that 
turbodrills have been utilized in the geothermal 
drilling program in the Soviet Union since that 
is their principal mode of drilling. Direction- 
al geothermal wells have been drilled with 
turbodrills in the extensions of the Hachirantai 
field in Japan [IO]. The Philippine geothermal 
development by Union Oi 1 of California has also 
i nd 
i nd 

has 
out 
Ita 

cated [ I l l  a program of multiple wells from 
vidual locations. 

Directional drilling with downhole motors 
been used to control geothermal well blow- 
in the extensively developed Lardarello, 

y [ I 2 1  and Wairakei, New Zealand 1131 fields. 

Directional drillinq has been used in The 
Geysers, CA geothermal field to drill multiple 
wells from a single pad. One drilling contractor 
[ I 4 1  indicated that about I5 wells have been 
successfully completed at The Geysers by that 
technique. I t  was also indicated that several 
essentically vertical wells have been provided 
with multiple side-tracked completions at 
The Geysers. 

The DOE-funded Raft River, I D  geothermal 
project [ 1 5 ] ,  conducted by the Idaho National 
Engineering Laboratory, has effectively utilized 
a downhole motor to drill two directional holes 
from the bottom of a vertical geothermal well, 
Figure 1 .  This three-legged completion enhanced 
the productively of the well three to five fold 
in this fracture-controlled formation. This 
technique, which increased the total well cost 
by only 20 to 30 percent, will undoubtedly be 
more widely applied in future geothermal drill- 
ing programs. Consideration is being given 
to using the new geothermal turbodrills in 
Future Raft River wells. 
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F i g u r e  1 RAFT R I V E R  G OTHERMAL WELL 

The i n i t i a l  exper imenta approach t o  a h o t  
d r y  r o c k  geothermal p r o j e c t  16, 171 funded by 
DOE and conducted by the  Los A l a m s  S c i e n t i f i c  
L a b o r a t o r y  (LASL), i s  based on t h e  concept shown 
i n  F i g u r e  2. The f i r s t  boreho le  d r i l l e d  i n t o  
h o t  200 t o  300°C rock  was h y d r a u l i c a l l y  
f r a c t u r e d  and the  second w e l l  was then d i r e c t i o n -  
a l l y  d r i l l e d  t o  i n t e r s e c t  t he  f r a c t u r e .  

F i g u r e  2 LASL HOT DRY ROCK WELLS 

D i r e c t i o n a l  d r i l l i n q  hard ,  ho t  g r a n i t e  has 
proveq to  be s low and expensive.  Several ap- 
proaches have been taken t o  improve the  s i t u a t i o n .  
The Dyna-Ori ! l  D i v i s i o n  o f  S i i  has p rov ided  an 
exper imenta l  u n i t .  F igu re  3 ,  w i t h  a coo lan t  f l o w  
h o l e  i n  the  r o t o r .  Th i s  m o d i f i c a t i o n  shou ld  
p r o v i d e  b e t t e r  c o o l i n g  by the d r i l l i n g  f l u i d  and 
enhance the  l i f e  o f  t h i s  d r i l l  motor a t  200°C. 
For h ighe r  temperature se rv i ce ,  t h e  des ign  o f  t he  
t u r b o d r i l l  d iscussed i n  t h i s  r e p o r t  was i n i t i a t e d .  

F i g u r e  3 DYNA-DRILLS WITH HOLLOW ROTORS 

HYDRAULIC DRILL MOTORS 

There a r e  tw b a s i c  types o f  downhole hydrau- 
l i c  powered d r i l l  motors;  pos i t i ve -d i sp lacemen t  
and t u r b i n e s .  Pos i t i ve -d i sp lacemen t  motors have 
the  d i s t i n c t  o p e r a t i o n a l  advantage t h a t  the  
r o t a r y  speed i s  d i r e c t l y  p r o p o r t i o n a l  t o  the  pump 
f l o w  r a t e  and f l o w  r a t e  g i ves  a d i r e c t  measure 
o f  t he  r o t a r y  speed. 
c reases  as motor to rque increases because the  
inc reased p ressu re  drop  across the motor inc reases  
the  leakage. 

Vo lumet r ic  e f f i c i e n c y  de- 

The to rque  d e l i v e r e d  by a p o s i t i v e - d i s p l a c e -  
ment motor  i s  d i r e c t l y  p r o p o r t i o n a l  t o  the  
p ressu re  d rop  across  the  motor.  The r i g  mud 
p ressu re  guage can t h e r e f o r e  be used t o  mon i to r  
t he  b i t  to rque.  

Four types  o f  pos i t i ve -d i sp lacemen t  motor 
concepts (Hoineau. vane, p i s t o n ,  and gear )  have 
been proposed f o r  d r i l l  motors;  bu t  o f  these, 
o n l y  t h e  Mqineau type ( D y n b D r i l l )  has been wide- 
l y  used for geothermal d r i l l i n g .  The D y n a - D r i l l  
i s  powered by an e c c e n t r i c  s t e e l  s h a f t  r o t a t i n g  
i n  a ruhber  s t a t o r .  Dyna-Or i l l  motors a r e  l i m i t -  
ed t o  maximum o p e r a t i n g  temperatures o f  about 
180°C p r i m a r i l y  by the  rubber s t a t o r .  
t o  i nc rease  t h e  temperature c a p a b i l i t i e s  u s i n g  
h i g h e r  tempera ture  e las tomers  have been o f  l i m i t -  
ed success because o f  t h e i r  un favorab le  f a b r i c a -  

A t tempts  
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tion properties and high costs. 

TUF,BODR I LLS 

Turbodrills utilize axial flow turbine blade 
sections to apply torque to the drill bit. The 
torque developed by a turbodrill is maximum when 
the turbodrill stalls and decreases to zero as the 
rotary speed is increased to the runaway speed. 
Turbine torque can be increased by increasing the 
number of turbine stages, the fluid flow rate, or 
the exit angle of the turbine blades. Existing 
turbodrills deliver maximum power output at speeds 
of 500 to 1000 rpm. This high speed is excessive 
for roller bits and results in short bit bearing 
1 ife. 

ADVANCED GEOTHERMAL TURBODRILL DESIGN AND 
DEVELOPMENT 

Existing turbodrills are limited to maximum 
operating temperatures of  about 180°C due to the 
use o f  elastomeric thrust and radial bearings. 
Because of bearing limitations, these turbodrills 
are usually operated at bit loads of only 20,000 
to 25,000 pounds, whereas many bits drill most 
effectively at bit loads of 40,000 to 60,000 
pounds. This reduced bit load greatly reduces 
drilling rate, especially in the hard rocks en- 
countered in many geothermal wells. These turbo- 
drills do not deliver sufficient torque for 
optimum use of tricone drill bits; consequently, 
the bits drill at reduced speeds. Inadequate 
seals in existing drill motors, result in reduced 
bit hydraulics and reduced drilling rates. 

Due to the temperature limitations of ex- 
isting downhole motors, two advanced turbodrills 
are being designed f o r  use in higher temperature 
we1 Is: 

Directional Turbodrill - This turbodrill 
utilizes water to cool and lubricate the 
bearings and is designed to operate in 
hot geothermal wells at temperatures up 
to 350°C. - Straight Hole Turbodrill - This turbodrill 
contains a sealed lubrication system which 
allows the bearings to operate in lubri- 
cant. The unit is applicable t o  both oil 
field and geothermal drilling. 

The design specifications for these two turbodril 
are given below: 

P a  race t e r Direc t iona l  S t r a j a h t  vole 

R.>tary  Soeed: 
V i t h  Seller S i t s  
d i t h  Diamond ai:, 

9 I a n e t e r  : 
Lengtn: 
Power O u r ~ t :  

i t  150 r p m  
A t  5C0 r p m  

fled S a t e :  
ieroerarure Limitations: 
E c d r i n q  Lif?: 

100-290 rpm 
400-800 r p n  
7 - 3 1 4  inch 
:I feet  

36 hp 
I23 ho 
LOO gal/min 
35c-c 
50 hOUrS 

100-200 r o m  
4oo-aoo rpm 
7-314 inch 
2 %  fee: 

65  ho 
2 2 2  h D  
LO0 ga1/nin 
2OO'C 
IOC-200 hours 

S 

D I RECT I0:IAL TURBODR I LL 

A flow constrictor at 
temperature directional tu bod r 
allows approximately 10 percent 
fluid to flow through the rolle 
and lubricate them. The remain 
through the bit nozzles to r e m  
tings from the hole bottom. 

the bottom o f  the high 
1 1 ,  Figure 4 ,  
o f  the drillinq 

ng fluid flows 
e the roch cut- 

bearings to cool 

& T 

I 

BEARING 
PACK 

7 .  

,DRILLING FLUID 

- RADIAL BEARING 

.THRUST BEARINGS 

FLOW CONSTRICTOR 

Figure 4 ADVANCED DIRECTLONAL TURBODRILL 

The new turbodrills utilize advanced turbine 
blades which deliver 4 to 5 times more torque 
than the blades used in existing turbodrills. 
This allows the new turbodrills to be shorter and 
to deliver 100 percent more power than existing 
motors of comparable diameter. These turbodrills 
can be operated at rotary speeds o f  100 to 200 
rpm with high-torque roller bits and at 400 to 
800 rpm with low-torque diamond bits. 

A separate bearing pack is used to facilite 
turbodrill maintenance in the field. The bearing 
pack utilizes high-thrust roller bearings made 
of M50 tool steel. These bearings operate 
effectively at temperatures up to 600°C thereby 
overcoming a major temperature limitation o f  
existing motors. These roller bearings have IO 
to 80 times the life o f  the ball and rubber 
friction bearings used in existing motors. 

Roller bearings are also used to accommodate 
the high radial loads in the turbodrills. These 
high loads are produced as the turbodrills are 
deflec+ed in directional holes. 

STRAIGHT HOLE TURBODRILL 

The straight hole turbodrill, Figure 5 ,  is 
designed to operate in abrasive drilling mud. 
The bearings are sealed in lubricant which is 
pressurized by the mud acting on top of a float- 
ing piston. Improved high-pressure rotary seals 
allow bit pressure drops o f  300 to 800 psi across 
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diamond b i t s  and 500 t o  1000 p s i  across r o l l e r  
b i t s .  Th i s  compares t o  o n l y  200 t o  500 p s i  w i t h  
e x i s t i n g  motors.  These h i g h e r  p ressure  drops 
shou ld  s i g n i f i c a n t l y  inc rease d r i l l i n g  ra tes .  

A l though  t h i s  t u r b o d r i l l  i s  c u r r e n t l y  de- 
s igned  f o r  moderate temperature d r i l l i n g  (2OO"C), 
i t  i s  s u i t e d  f o r  d r i l l i n g  t h e  sha l lower  p o r t i o n s  
o f  geothermal wells, where d r i l l i n g  muds a r e  re -  
q u i r e d  to p reven t  l o s t  c i r c u l a t i o n  i n t o  oorous o r  
f r a c t u r e d  fo rmat ions .  

TURBINE "1 I - -TURBINE BLADES 

SECTION 1;; $- 
I 
I l a  

F i g u r e  5 ADVANCED STRAIGHT-HOLE TURBODRILL 

The temperature g r a d i e n t  i n  geothermal we 
v a r i e s  w i t h  h o l e  depth;  consequent ly,  o n l y  the  
bo t tom p o r t i o n s  o f  m s t  geothermal w e l l s  a r e  ho 
enough t o  n e c e s s i t a t e  the  use o f  the  d i r e c t i o n a  

Is 

geothermal t u r b o d r i l l .  When d r i l l i n g  w i t h  abra- 
s i v e  d r i l l i n g  mud, the  s t r a i g h t  h o l e  t u r b o d r i l l  i s  
p r e f e r r e d  and shou ld  be used as l ong  as p o s s i b l e  
be fo re  s w i t c h i n g  t o  the  geothermal t u r b o d r i l l .  

CONCLUSIONS 

D r i l l i n g  motors have found r a t h e r  widespread 
a p p l i c a t i o n  f o r  d i r e c t i o n a l  d r i l l i n a  o f  oeothermal 
w e l l s .  An advanced h i g h  temperature t u r b o d r i l l  
b e i n g  developed wh ich  w i l l  a l l o w  the  d r i l l i n g  o f  
seve ra l  w e l l s  from a s i n g l e  l o c a t i o n .  The mo t i -  
v a t i o n  f o r  development o f  t he  advanced t u r b o d r i l  
was the  d i r e c t i o n a l  d r i l l i n g  requ i rements  i n  hot 
ha rd  g r a n i t e  f o r  t h e  LASL h o t  d r y  rock  geotherma 
p r o j e c t .  However, a d d i t i o n a l  a p p l i c a t i o n s  t o  
o t h e r  geothermal energy development p r o j e c t s  can 
be expected. 
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