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ABSTRACT 

The costs of drilling HDR doublets to depths of 
between three and eight kilometers in granite 
rocks in the U.K. have been estimated. The 
estimating method uses a model of the drilling 
process which determines drilling times, quan- 
tities of materials.etc. and combines these with 

times have been forecast using the experience of 
drilling wells to two km in Cornwall. 
indicate that overall drilling times in granite 
could be lower than times to drillto similar 
depths in sedimentary formations. 

. 

' unit costs t o  give the overall costs. Drilling 

The results 

INTRODUCTION 

'Hot dry rock' (HDR) geothermal technology has 
been the subject of sustained investigation in the 
U.K. over a period of ten years, The studies have 
centred around the experiments being carried out 
by the Camborne School of Mines (CSM) in Cornwall 
(Ref. 1). The work has been funded by the U.K. 
Department of Energy with some contributions from 
the Commission of the'European Community. 
thorough review of HDR Technology together with an 
assessment of potential economics is currently 
being conducted. The aim of this review is tx, 
determine the best way forward for HDR research .in 
the U.K. This could include the development of a 
commercial prototype power station drawing heat 
from a deep system. 
work on drilling costs which has been carried out 
as part of this review. 
been given specific consideration, these are rig 
day rates and drilling times. 

A 

This paper describes some 

Two major issues have 
. 

Demand for the services of drilling contractors 
fluctuates broadly in line with fluctuations in 
the oil market. 
can be substantially different between periods of 
high and low demand. 
surrounding the rates which should be assumed in 
connection with a commercial HDR drilling pro- 
gramme. 
rigs would be able to operate at rates which are 
lower than those which are possible for drilling 
contractors. 

Day rates quoted by contractors 

An uncertainty exists 

Also it may be that a fleet of dedicated 

The best HDR targets in the U.K. have relatively 
low thermal gradients of 35 to 4OoC per km. 
will be necessary to drill wells between 5 to 7 km 

It 
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Figure 1 MARKEI FOR D E P  DRILLING RIGS IN THE UK 

deep in granite rocks in order to access tempera- 
tures suitable for power production. 
wells have been drilled in granites andestimating 
drilling times to these depths is a major problem. 

VeTy few 

In this study well costs have been calculated 
using a drilling cost model which has been 
developed to estimate drilling costsin the U.K. 
This model and its variants are described in Ref. 
2 to 5 .  

MARKET FOR DRILLING SERVICES 

Figure 1. shows day rates for U.K. drilling rigs 
collected during 1985 and 1986. 
rates collected during a similar survey in 1981. 
These latter observations have been adjusted for 
inflation so that they can be compared with the 
recent data. Although the data is sparse it is 
clear that current rates are in general much lower 
than the rates which were obtained in '81. 1981 
was a period of high activity in oil exploration 

It also shows 
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and development; demand f o r  d r i l l i n g  r i g s  was 
high.  Today we are observing a slump i n  o i l -  
r e l a t e d  a c t i v i t i e s  and a very low l e v e l  of demand 
f o r  d r i l l i n g  r i g s .  

There is no i i e f i n i t i v e  way of charac te r i s i i ig  t h e  
rates which w i l l  apply under any market con- 
d i t i o n s .  Thus i n  h igh  demand s i t u a t i o n s  some con- 
t r a c t o r s  w i l l  be a b l e  t o  o b t a i n  except iona l ly  h igh  
rates due t o  s p e c i a l  short-term circumstances 
while o t h e r s ,  because of l o c a l  e f f e c t s ,  may only 
command r e l a t i v e l y  modest rates. Also i n  a low 
market s i t u a t i o n  some contractors w i l l  be b e t t e r  
placed t o  resist p r e s s u r e  on rates than  w i l l  
o t h e r s  because of s p e c i a l  s k i l l s  and/or f a c i l i t i e s .  
However, g e n e r a l  economic p r i n c i p l e s  w i l l  set t h e  
t r e n d s  i n  both s i t u a t i o n s .  I n  high demand s i t u a -  
t i o n s  r i g  rates w i l l  r i s e , t o  levels which make it 
a t t r a c t i v e  t o  c o n t r a c t o r s  t o  buy and commission 
new r i g s  and t h e  c o s t s  of doing t h i s  w i l l  tend t o  
l i m i t  t h e  levels which r i g  rates w i l l  r each  i n  t h e  
medium term. I n  economic terms t h e  r a t e s  are 
determined by t h e  average t o t a l  c o s t s  inc luding  
f inanc ing  of producing and opera t ing  d r i l l i n g  
r i g s .  
taken from t h e  1981 survey represent  new r i g s  
commissioned a t  t h i s  time. 

' 

It is i n t e r e s t i n g  t h a t  t h e  p o i n t s  1 and 2 

I n  low demand s i t u a t i o n s  c o n t r a c t o r s  w i l l  no t  
opera te  r i g s  a t  day rates which are below t h e  day 
t o  day running c o s t s  of t h e  r i g .  I n  economic 
terms, t h e  lower rates are l i m i t e d  by t h e  average 
running c o s t s  (excluding f inanc ing)  of d r i l l i n g  
r i g s .  Rigs which cannot  command t h e s e  rates would 
be decommissioned. It is i n t e r e s t i n g  t h a t  t h e  r i g  
represented by p o i n t  3 taken from t h e  1985 survey 
has now been decommissioned. 

I n  o r d e r  t o  test t h i s  theory ,  estimates were made 
of t h e  average running c o s t s  and of t h e  t o t a l  
c o s t s  inc luding  f inanc ing  of d r i l l i n g  s e r v i c e s .  

The average running c o s t s  inc lude  t h e  c o s t s  of 
labour ,  t o o l  pushers ,  adminis t ra t ion , .  insurance ,  
minor maintenance, f i s h i n g  reserve, d r i l l  p ipe and 
c o l l a r s ,  t r a n s p o r t ,  s i t e  management. Maj.or 
renewals were es t imated  from a n  annual  charge of 
2% of c a p i t a l  apport ioned over  an assumed 300 days 
per year of o p e r a t i o n s .  The o t h e r  c a t e g o r i e s  were 
est imated from informat ion  obtained from a 
d r i l l i n g  c o n t r a c t o r .  

The t o t a l  c o s t s  i n c l u d i n g  f inanc ing;  i n s a d d i t i o n  
t o  t h e  running c o s t s  s p e c i f i e d  above, t h e s e  a l s o  
inc lude  t h e  c o s t s  of f inanc ing  t h e  purchase of a 
new r i g .  
30% of t h e  c a p i t a l  cost is f inanced through 
secured debt  and is repayed over  10 years. 
remaining 70% is provided as an unsecured e q u i t y  
c o n t r i b u t i o n  by shareholders .  
over 5 y e a r s ;  a 5% discount  rate is  assumed f o r  
both c o n t r i b u t i o n s .  
cons iderable  r i s k  i n  f inanc ing  t h e  r i g ;  they  do 
t h i s  i n  t h e  expec ta t ion  of a r a p i d  payback of t h e  
investment (at  a low i n t e r e s t )  and t h e  prospect  of 
l a r g e  p r o f i t s  from t h e  opera t ion  of t h e  r i g  over 
t h e  remainder of i ts l i f e t i m e  (assumed t o  be 15 
years). The c a p i t a l  c o s t s  of d r i l l i n g  r i g s  are 
a l s o  a f f e c t e d  by t h e  l e v e l  of  demand f o r  d r i l l i n g  
s e r v i c e s .  The major i ty  of t h e  d a t a  a v a i l a b l e  here  
was c o l l e c t e d  dur ing  1979-81 when demand was high.  
This  was supplemented by some more r e c e n t  d a t a  
from a d r i l l i n g  c o n t r a c t o r .  A wide range  of c o s t s  
was i n d i c a t e d  and t h i s  in t roduces  a n  a d d i t i o n a l  
uncer ta in ty  i n  t h e  es t imated  rates. 

These have been c a l c u l a t e d  assuming t h a t  

The 

This  is  repayed 

The shareholders  accept  a 

The es t imat ion  of r i g  rates i n  t h i s  way i s  an 
e x e r c i s e  with many imponderables;  i n  a d d i t i o n ,  t h e  
d a t a  e x h i b i t s  a h i g h  degree of scatter.. Because 
of t h e s e  f a c t o r s ,  a d e t a i l e d  a n a l y s i s  of t h e  
e f f e c t s  of i n f l a t i o n  and changing exchange rates 
is not  j u s t i f i e d .  
l e v e l s  using g e n e r a l  i n f l a t i o n  rates and an 
exchange rate of 1*5$ t o  f was used. 

Cos ts  were a d j u s t e d  t o  1985 

The r e s u l t s  of t h e  c a l c u l a t i o n s  are shown i n  
Figure 2. 
inc luding  f inanc ing  wi th  t h e  high market l i n e  i n  
Figure 1 and t h e  average  running c o s t s  wi th  t h e  
low market l i n e  i n  F igure  1 show a reasonable  
degree of cons is tency .  
i n t e r p r e t a t i o n  advanced above. 

A comparison of t h e  t o t a l  c o s t s  

This  suppor ts  t h e  market 

Low market rates are unstable .  A t  t h e s e  rates 
some d r i l l i n g  c o n t r a c t o r s  w i l l  no t  be a b l e  t o  meet 
debt  repayments and w i l l  go bankrupt.  I n  genera l  
old r i g s  w i l l  be decommissioned, they w i l l  no t  be 
replaced and t h u s  r i g  f l e e t s  must d e c l i n e .  
Ultimately reduct ion  i n  supply w i l l  cause  rates t o  
rise aga in  and t h e s e  w i l l  s t a b i l i s e  a t  t h e  l e v e l  
a t  which it becomes economic t o  buy and commission 
new r i g s .  
d i t i o n  wi th  f l e e t s  being maintained by new r i g s  
rep lac ing  old ones.  
i n  Figure 1 are more s t a b l e  than  t h e  lower rates, 
i n  t h e  long run. 

The i n d u s t r y  is s t a b l e  i n  t h i s  con- 

Thus t h e  higher  rates shown 

It i s  t h e s e  high market r i g  
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rates which should be assumed when f o r e c a s t i n g  t h e  
c o s t s  of a n  HDR d r i l l i n g  programme based upon t h e  
use of c o n t r a c t o r s .  

HDR developments i n  t h e  U.K. are l i k e l y  t o  be 
concentrated i n  a small number of  areas and any 
s i g n i f i c a n t  commercial development w i l l  r e q u i r e  a 
series of wells d r i l l e d  as p a r t  of a programme 
over an extended per iod.  I n  t h i s  s i t u a t i o n  t h e  
use of r i g s  s o l e l y  dedicated t o  t h e  d r i l l i n g  of 
HDR wells over  t h e i r  l i f e t i m e  o f f e r s  t h e  prospec t  
of reducing r i g  day rates. 
'dedica t ion  
t h e  r i g  and of t h e  t r a i n e d  labour .  
- Rigs can be financed over t h e  whole of t h e i r  

T h i s  is  because 
could l e a d  t o  improved u t i l i s a t i o n  of 

opera t ing  l i v e s .  

.. . -  Crews w i l l  be based a t  home, they  w i l l  work a 
more'normal " fac tory '  s h i f t  r o u t i n e  and t h i s  . 
w i l l  reduce d i s l o c a t i o n  and standby premiums. 

. .  

Dedicated r i g  f l e e t s  do e x i s t  i n  t h e  geothermal 
f i e l d  opera ted  by Orkustofnun i n  Ice land  and by 
ENEL i n  I ta ly .  
were a v a i l a b l e  t o  t h e  authors .  
assumptions have been made and c a l c u l a t i o n s  of 
running c o s t s  and f inanc ing  charges  have been 
c a r r i e d  o u t  t o  estimate r i g  rates f o r  dedica ted  
r i g s  which can be compared with t h e  ' c o n t r a c t o r '  
rates given above. The r e s u l t s  are included on 
Figure 2. 
poss ib le .  
f inanc ing  charges.  

. 
No u s e f u l  d a t a  on t h e s e  o p e r a t i o n s  

Thus a v a r i e t y  of 

Clearly, s u b s t a n t i a l  r e d u c t i o n s  may be 
These arise mainly from r e d u c t i o n s  i n  

I f  reduct ions  i n  r i g  rates are p o s s i b l e  through 
using dedica ted  r i g s ,  similar r e d u c t i o n s  may a l s o  
be obtained by using dedicated f a c i l i t i e s  t o  
provide o t h e r  s e r v i c e s  used i n  well d r i l l i n g .  The 
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l o g i c a l  r e s u l t  would be a n  i n t e g r a t e d  d r i l l i n g  
o p e r a t i o n  using dedicated f a c i l i t i e s  and long-term 
buying of suppl ies .  
are s i g n i f i c a n t l y  d i f f e r e n t  from t h o s e  c a l c u l a t e d  
assuming t h e  normal methods of o r g a n i s i n g  d r i l l i n g  
o p e r a t i o n s .  

This  could g i v e  c o s t s  which 

DRILLING TIMES 

Product ion doublet  d r i l l i n g  c o s t s  were simulated 
by us ing  a s impl i f ied  modelling approach developed 
i n  earlier s t u d i e s  (Refs.  2-5). 
e s t i m a t i n g  t h e  t o t a l  r i g  h i r e  time from s e l e c t e d  
r ig  time elements,  as sumniarised i n  Table  1, and 
c a l c u l a t i n g  the  t o t a l  doublet  c o s t s  from s p e c i f i e d  
c o s t  groups,  as summarised i n  Table  2. 

T h i s  involves  

The importance of c a l c u l a t i n g  t h e  t o t a l  r i g  h i r e  
time is t h a t  it is used with t h e  a p p r o p r i a t e  
estimate of r i g  day rate t o  e v a l u a t e  t h e  t h i r d  
c o s t  group "Payments t o  D r i l l i n g  Contractors ' ' .  
T h i s  is normally t h e  l a r g e s t  i n d i v i d u a l  cont r ibu-  
t i o n  t o  t o t a l  d r i l l i n g  c o s t s .  
t h e  t o t a l  r i g  h i r e  time is  composed of seven 
s e p a r a t e  time elements.  The f i r s t  t i m e  element is  
t h e  "Rotating Time" which i s  t h e  per iod  of time 
dur ing  which the  b i t  a c t u a l l y  p e n e t r a t e s  t h e  rock. 
T h i s  is a s i g n i f i c a n t  time element because it 
a f f e c t s  c e r t a i n  o t h e r  time elements and h a s  a 
s t r o n g  inf luence  of t h e  t o t a l  r i g  h i r e  time. 
t h i s  reason ,  it is e s s e n t i a l  t o  d e r i v e  a realistic 
f o r e c a s t  of the  v a r i a t i o n  of cumulat ive r o t a t i n g  
time wi th  v e r t i c a l  depth.  This  can be achieved by 
a n a l y s i n g  b i t  records  from previous wells using 

As shown i n  Table 1, 

For 
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Table 1 Example of Simulated T o t a l  Rig  Hire Time 
For a 6Km Doublet 

Rig Hire Time (hours) 
I n j e c t i o n  Production Time Element 

Well Well 
1. 
2. 

3. 
4. 
5. 
6. 
7 .  

Rotat ing Time 879 894 

Tripping Time 825 865 

Casing and Cementing Time 297 290 

Mishap Time 308 310 
Logging and Surveying Time 554 559 

Well Tes t ing  Time 70 - 
Miscellaneous Time 1173 1167 

TOTAL 4106 4085 

methods descr ibed elsewhere (Ref. 5) .  

B i t  records  were a v a i l a b l e  f o r  t h r e e  w e l l s ' d r i l l e d  
i n  t h e  Carnmenellis  g r a n i t e  as p a r t  of t h e  
Camborne School of Mines (CSM) geothermal energy 
p r o j e c t  (Refs  7 and 8). 
t h e s e  wells are r e f e r r e d  t o  as RH12, R H l l  and RH15. 
It was necessary t o  choose one " representa t ive"  
b i t  record from which t o  d e r i v e  an equat ion  
r e l a t i n g  t h e  cumulative r o t a t i n g  t i m e  t o  v e r t i c a l  
depth.  
s idered  t o  be a p p r o p r i a t e  because,  as t h e  f i r s t  
well i n  t h e  series a t  t h i s  s i te ,  t h e r e  w i l l  have 
been no o p p o r t u n i t i e s  t o  b e n e f i t  from experience 
i n  b i t  s e l e c t i o n .  
R H 1 5  should r e f l e c t  exper ience ,  t h e  geometry of 
t h i s  well is complex and a n a l y s i s  would have bee2 
over ly  time-consuming. Consequently,  t h e  b i t  
record f o r  R H l l  was used even though it is  
bel ieved t h a t  high rates of pene t ra t ion  were 
experienced i n  t h i s  well due t o  unusual ly  favour- 
a b l e  d r i l l i n g  condi t ions .  

I n  order  of d r i l l i n g ,  

The b i t  record  from RH12 was n o t  con- 

Although t h e  b i t  record fo r  

The b i t  record  f o r  RH11 provided information on 
t h e  " t i m e  on b i t "  and measured "depth i n / o u t "  f o r  
each d r i l l i n g  b i t .  The sum of t h e  va lues  of  "time 
on b i t "  e q u a l s  t h e  cumulat ive r o t a t i n g  .time t 0 . a  
given p o i n t  and t h e  measured depth i n d i c a t e s  t h e .  
d i s t a n c e  down t h e  well from t h e  sur face .  I n  
deviated wells, t h e  measured depth does n o t  equal  
t h e  ver t ical  depth so d a t a  on measured depth were 
converted t o  v e r t i c a l  depth  by mul t ip ly ing  by t h e  
cos ine  of t h e  v e r t i c a l  a n g l e  of i n c l i n a t i o n  of t h e  
w e l l  from t h e  v e r t i c a l .  Af te r  a d j u s t i n g  f o r  
cor ing  and reaming, t h e  v a r i a t i o n  of t h e  cumula- 
t i v e  r o t a t i n g  time with v e r t i c a l  depth f o r  v e r t -  
ical  d r i l l i n g  was obta ined .  
a l s o  made f o r  t h e  e f f e c t  of devia t ion  on t h e  
r o t a t i n g  time. It was assumed t h a t  t h e  e f f e c t i v e  
weight on b i t  i n  t h e  d i r e c t i o n  of p e n e t r a t i o n  is 
reduced by t h e  cos ine  of t h e  angle  of i n c l i n a t i o n  
of t h e  well from t h e  v e r t i c a l  and, subsequent ly ,  
t h i s  reduces  t h e  rate of pene t ra t ion  of t h e  b i t  
and e f f e c t i v e l y  i n c r e a s e s  t h e  cumulative r o t a t i n g  
time. The r e s u l t a n t  e f f e c t i v e  v a r i a t i o n  of cumul- 
at ive r o t a t i n g  time wi th  depth f o r  a v e r t i c a l  well 
is shown i n  Figure 3. 

Adjustments were 

T h i s  i n d i c a t e s  t h a t  t h e  

Table 2 Estimated Costs f o r  a 6Km 
Product ion Doublet 

Cost Group Costs  (fK:1985) 

2 .  Rig Moves 123  
3. Payments t o  D r i l l i n g  

Cont rac tors  2775 
4. D i r e c t i o n a l  D r i l l i n g  542 

6. Downhole Motors 617 
7. S t a b i l i s e r s  and Reamers 1376 
8. Rock B i t s  921 

1. C i v i l  Engineering 200 

5. Surveying 97 

9.  D r i l l i n g  Muds 1200 
10. Casing I078  
11. Wellheads 100 
12. Cementing 31 3 
13. Chris tmas Trees  400 
14. Logging 353 
15. T e s t i n g  107 
16. Fuel  and Lubr icants  37 5 
17. Abnormal Dri l ls t r ing ba r  305 
18. I n s p e c t i o n  160 
19. F ish ing  Tools  and Senrices 567 
20. Miscel laneous 2206 

TOTAL 13814 

v a r i a t i o n  of cumulative r o t a t i n g  time with 
depth i n  a v e r t i c a l  g r a n i t e  w e l l  is  l i n e a r  a t  
depths  below about  40 metres. 
rates of p e n e t r a t i o n  i n  g r a n i t e  are e s s e n t i a l l y  
cons tan t  wi th  depth.  
pared w i t h  r o t a t i n g  times observed i n  wells 
d r i l l e d  i n  sedimentary r e g i o n s  i n  t h e  U.K. The 
genera l  t r e n d s  are a l s o  i n d i c a t e d  i n  Figure 3. It 
can be seen  t h a t ,  i n  c o n t r a s t  with t h e  d a t a  f o r  
t h e  g r a n i t e  t h e  r o t a t i n g  times f o r  t h e  sedimentary 
reg ions  appear  t o  i n c r e a s e  exponentia)ly with 
vertical  depth.  Thus a s i m p l e . l i n e a r  equat ion can 
be used t o  relate cumulat ive r o t a t i n g  time t o  
vertical  depth f o r  a s t r a i g h t  well and t h i s  can be 
e a s i l y  modified t o  t a k e  account  of t h e  e f f e c t s  of 
devia ted  d r i l l i n g .  These equat ions  have been used 
here  t o  estimate d r i l l i n g  times t o  8km and t h u s  
t h e  assumption of cons tan t  rates of p e n e t r a t i o n  is  
i m p l i c i t  i n  t h e  r e s u l t s .  

O r  conversely t h a t  

This  behaviour can be com- 

I n  t h e  devia ted  wells i t  is  assumed t h a t  t h e  w e l l  
trajectories can be approximated by t h e  s i m p l i f i e d  
forms shown i n  Figure 4. 
s e c t i o n s ;  v e r t i c a l  d r i l l i n g  from t h e . s u r f a c e  t o  
t h e  "kick-off point"  (KOP) devia ted  d r i l l i n g  a t  a 
cons tan t  i n i t i a l  angle  of i n c l i n a t i o n  from t h e  
"kick-off po in t"  t o  t h e  "angle  b u i l t  point"  (ABP) 
and devia ted  d r i l l i n g  a t  a c o n s t a n t  f i n a l  a n g l e  of 
i n c l i n a t i o n  from t h e  "angle b u i l t  po in t"  t o  t o t a l  
depth.  

The second t i m e  element is t h e  "Tripping Time" 
which is t h e  period of time involved i n  changing 
d r i l l i n g  b i t s .  
t h e  measured depths  from which each t r i p  begins ,  
r e f e r r e d  t o  h e r e  as t h e  t r i p p i n g  d i s t a n c e ,  and t h e  
e f f e c t i v e  speed a t  which t r i p s  are performed - t h e  
round t r i p p i n g  r a t e .  

T h i s  c o n s i s t s  of t h r e e  

This  time depends on t h e  sum of 

The t r i p p i n g  d i s t a n c e  
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Figure 5 SIMULATED AND ACTUAL TOTAL RIG HIRE 
TIMES FOR SINGLE WELLS 

depends on the number of drilling bits used and- . 
both these factors were calculated using the 
simplifying assumption that drilling bit life is 
constant. 
tripping rate and other rig time modelling param- 
eters were derived using data recorded for wells 
RHll and RH12 (Ref. 7). These parameters enable 
the remaining time elements to be calculated from 
information which summarises the well design. 

Both the average bit life and the round 

The relevant features of geometry and casing 
programme for the standard doublet assumed in this 
study are illustrated in Figure 4. It can be seen 
that these features are generalised in terms of 
the total vertical depth, DT, and the miniriiurn 
separation of the doublet, S. These features were 
based on a CSM design for a 6 kilometre doublet 
(Ref. 9). A separation, S, of 175 metres was 
assumed for the 6 kilometre doublet design and 
this value was used in all subsequent calculations 
in this study. An example of simulated total rig 
hire times obtained from the modelling approach 
described here is shown in Table 1 for the injec- 
tion and production wells of a 6 kilometre 
doublet. 

, 

In addition, total rig hire times were calculated 
at 1 kilometre intervals for doublets with total 
vertical depths ranging between 3 and 8 kilo- 
metres. 
indicates that there is a good comparison between 
the simulated times for the Carnmenellis granite 
and the times for wells RH11, 12 and 15 and the 
CSM estimate for a 6 kilometre deep early prod- 
uction doublet. 
comparison with time for the Swedish Siljan deep 
well prior to major drilling problems encountered 
below 4 kilometres. 
previous work on low-enthalpy geothermal drilling 
are also included in Figure 5 to demonstrate the 
distinction between drilling in sedimentary and 
granite settings. 

Figure 5 which summarises the results, 

There is also relatively good 

Simulated rig hire times from 
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Estimates of total rig hire times were used as a 
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Figure 6 m A L  COSTS OF DOUBLETS 

basis for calculating the total cost.of doublets. 
Each cost group was estimated separately. 
involved deriving and applying a variety of simple 
costing rules. 
made to use independent costing rules developed 
during previous modelling work. 
this is the derivation of rig day rates, described 
earlier. 
simulated rig hire times to provide estimates of 
"Payments to Drilling Contractors". Similarly, 
other important cost groups were calculated using 
independently collected data such as rock bit 
prices for cost group 8 and fuel consumption 
rates for cost group 16. Where necessary, costs 
were inflated from 1981 to 1985 E sterling values 
using either the U.K. retail price index or US/UK 
exchange rates and appropriate US drilling cost 
indices (Ref. 10). 

This 

Wherever possible, attempts were 

An example of 

These were used in conjunction with the 

The mud programme and its costs represent a 
special problem for wells at these depths and in 
this area,it was necessary to rely upon inform- 
ation given in' the .CSM prognosis (Ref. 

The resulting variation in total costs for 
doublets with vertical depth, assuming a normal 
market for drilling rigs, is illustrated in Figure 
6. This shows that there appears to be reasonably 
good agreement between this simulated variations 
and suitably adjusted costs for RHll and RH12, and 
RH15, as well as the CSM prognosis for a 6 kilo- 
metre early production doublet. If the day rates, 
shown above, for dedicated drilling rigs are used 
then total costs can be reduced by between 8% and 
11%. 

9). 

CONCLUSIONS 

Although data on well drilling in granite rocks 
are sparse analysis of some of the data which does 
exist indicates consistent trends. 
cumulative rotating time varies linearly 
with depth for vertical drilling indicating that 
rates of penetration are essentially constant over 

It seems that 
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the depths drilled so far. 
assumed to continue to greater'depths 
estimates of drilling times and costs can be 
obtained. These suggest that drilling times could 
be significantly lower than those observed at 
similar depths in sedimentary formations. Only by 
drilling deeper wells in granite will the validity 
of these conclusions be tested. 

If this behaviour is 
then 

Drilling rig day rates undergo large changes as 
demands for drilling services fluctuate. 
'high' market rates which include charges for rig 
financing are more stable than lower rates which 
just cover running costs. 
assume that high rates will pertain when fore- 
castirgcosts over an extended period. 

However, 

It is advisable to 

ACKNOWLEDGEMENTS 

This work has been supported by the U.K. Department 
of Energy. 

REFERENCES 

1. Parker, R. (1987). 'Hot Dry Rock Geothermal 
Energy'. 
Options Reading U.K. 1987. 

IEE International Conference on Energy 

2. Mortimer, N.D. (1981). 'Cost Estimating Pro- 
cedure for Geothermal Well Drilling'. Sunderland 
Polytechnic Working Paper 3.7 for .the Commission 
of the European Community. 

3. Mortimer, N.D. (1983). 'WELC (Version 1): Well 
Cost Estimating Procedure, Users Guide and 
Description'. Sunderland Polytechnic, Report 
No. 5.1 for the Enargy Techiiology Support Unit. 

4. Mortimer, N.D. (1984). 'A Guide to Well Cost 
Estimating'. Sunderland Polytechnic for the 
Offshore Training Centre. 

5. Harrison, R. & Mortimer, N.D:(1985). 'Hand- 
book on the Economics of Low-enthalpy Geothermal 
Energy Developments ' . Sunderland Polytechnic 
for the Commission of the European Community. 

6. .Camborne' School of Mines. (1982). 'Well 
Drilling Casing Vol. 2 ' .  Report 2-16. 

7. Camborne School of Mines. (1985). 'Drilling 
Operations 1984 Vol. 3'. Report 2B-6. 

8. Mortimer, N.D. & Nmn, C. (1983). 'Penetration 
Rate Analysis and Prediction ' . 
Polytechnic. 
nology Support Unit. 

Sunderland 
Report ' 5 - 2  for the Energy Tech- 

9. Camborne School of Mines. (1985). 'Preliminary ' 

Report on the Construction of a Deep Prototype 
HDR System in Cornwall'. 

.lo. 'IPAA Pinpoints Decline in US Drilling Costs' 
Oil & Gas Journal, 10th June1985, p82. 

46 


