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ABSTRACT

Two major geothermal f i e l d s i n the Ph i l ipp ines
a re being developed by t he use o f d i rec t iona l
d r i l l i n g . Wells are up t o 3200 m deep v e r t i c a l l y ,
and a re deviated f r o m t o i n order t o
explore and t o produce f l u i d economically f r o m

e areas o f the reservoi rs , and
t o r e i n j e c t f l u i d t o appropr iate areas e f f ec t i ve l y .
Equipment and techniques used t o d r i l l these wel ls
a re described.

INTRODUCTION

A t Tongonan, on the is land o f Leyte, and a t
Southern Negros, t h e i n i t i a l s c i e n t i f i c work
indicated t h a t i n each area, the geothermal resource
was located under steep the

volcanoes). This assessment was subsequently
confirmed by a ser ies o f ve r t i ca l wel ls, d r i l l e d
from the more accessible low leve l platforms. A t
the same time roads were constructed and d r i l l i n g
s i t e s prepared on t h e mountainsides t o enable
fu r t he r  ve r t i ca l  we l l s t o be d r i l l e d .

Due t o the geographical cons t ra in ts i t became
apparent t h a t i t would not be possib le t o exp lo i t
the reservo i r f u l l y by d r i l l i n g ve r t i ca l wel ls.
Consequently a study was made o f the r e l a t i v e
economics o f d r i l l i ng ve r t i ca l wel ls, inc lud ing
roading t o the wel l p lat form and p ipe l ine costs,
as opposed t o d r i l l i n g d i rec t iona l  we l l s  t o the
same targets, but f r o m accessible s i t es c loser
t o the proposed power stat ions. Agreement t o d r i l l
d i rec t iona l we l l s was reached on the basis o f t h i s
study and of knowledge of the reservo i r gained f o r
t he ea r l y ve r t i ca l wel ls, i n pa r t i cu l a r the proven
d i f f i c u l t y of i n i t i a t i n g discharge f r o m high t i t u d e
wel ls w i t h low water tab les and r e l a t i v e l y cool
temperatures a t t he top of the water

A t t h i s stage n ine ty  we l l s  have
of which twenty one are  d i rec t iona l .  

TYPICAL WELL DESIGN

co l umn.

been d r i l l ed,

D r i l l i n g and reservo i r data gained from the
ve r t i ca l we l l s was used f o r planning the casing
program f o r each d i rec t iona l  we l l .  
casing program i s shown i n Table 1.

A t yp i ca l

Table 1: A t yp i ca l casing program

Surface casing 20" dia., 94
but t ress (85 m)

Anchor casing

Producti on
casing

L iner

13 dia., K55,
but t ress (320

9 dia., 43.5
but t ress (1400 m min.)

7 dia., 26.4
Hydr i l FJWP wi th 8-2" x
s l o t s per foo t (1600 m
1ength)

The 1arger diameter surface and anchor casings
a re run v e r t i c a l l y , and the deviat ion o f each wel l
i s s ta r ted a t l e a s t 30 m below the anchor casing
shoe i n order t o prevent key seating a t t he shoe.
A f t e r up angle t o the required azimuth
and d r i f t (15 minimum t o nominal ly) t he hole
i s d r i l l e d i n a s t ra i gh t l i n e t o the designated
targe t . Computer programs have been prepared by 
KRTA t o ass i s t i n t he design o f these wel ls by
ca l cu la t i ng minimum casing depths, a l l important
ve r t i ca l and hor izonta l distances re la ted t o each
ta rge t from each platform, and nearest approach
distances t o o ther wel ls .
wellheads, casings and l i n e r s are checked t o ensure
they can r e s i s t a l l o f  the  loadings they are l i k e l y
t o be subjected t o dur ing t h e i r service l i f e .
plan and elevat ion of a typ ica l well i s shown i n
Figure 1.

The strength o f t he

The

Surface location shoe
Anchor Start of deviation
casing
shoe

d of build up angle
\

PLAN

Figure 1: Plan and elevat ion o f a typ ica l well
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DRILLING TECHNIQUES

The Downhole Motor

There a re a number o f methods which can be
ised t o deviate the 1, inc lud ing whipstocks

and downhole mud motors such as the t u r b o d r i l l
and Dynadr i l l , which are used w i t h bent subs.
Each too l has i t s advantages and i t s proponents.
A l l o f t he geothermal d i r ec t i ona l d r i l l i n g i n the
Ph i l ippines has been i n i t i a t e d (and contro l 1ed
when necessary) by the use o f Dynadr i l ls .

The Dynadr i l l i s a pos i t i ve displacement
downhole mud motor which operates on a reverse
appl i c a t i o n o f the progressive c a v i t y pump
pr inc ip le , and suppl i es  r o ta t i ona l  power d i r e c t l y
t o the b i t wi thout d r i l l s t r i n g ro ta t ion . Dyna-
d r i l l s used i n the Ph i l ippines a re 6.4 m long and
7 diameter. The s ta to r consists o f an outer
tube 1ined w i t h Buna rubber, and a sp i ra l l ed c a v i t y
w i t h an obround cross section. A i c a l s teel
r o t o r  w i t h  a round cross sect ion i s f i t t e d ins ide
the stator , and when mud i s pumped through the
motor, t he r o t o r i s forced t o tu rn .

The optimum operat ing pressure i s achieved

This i s 400 gpm on the 7 Dynadr i l l ,
when the cor rec t  f low r a t e i s obtained through t he
too l .
and 325 on the Dynadr i l l . These f low ra tes  
a re well w i t h i n the capaci ty o f t he pumps avai lable.

Upper Tnrust Bear 

Radial Support Bearing

Lower Thrus t Bearing

Bit Sub.

Figure 2: Dynadr i l l

S ta r t ing the dev ia t ion

All d i rec t i ona l d r i l l i n g has been i n i t i a t e d a t
l eas t 30 m below the 13 anchor casing shoe
s t a r t i n g f r o m a depth o f approximately 350 m.
deviat ion i s accomplished using a dia. b i t
dr iven by a 7 w i t h a bent sub
which gives a r a t e of b u i l d up o f angle o f per
30 m.

The

The Dynadr i l l i s used t o d r i l l 30 m before i t i s
removed and normal ro ta r y d r i l l i ng techniques
used t continue bu i l d i ng up angle t o between 15 
and 458. Typical bottornhole assembl i es (BHA's) are:

I n i t i a l k i c k o f f assembl - Smith F3 b i t w i t h
3 x 20 nozzles, 7 Dynadr i l l on bent sub,
on 7 K Monel (non magnetic) d r i l l c o l l a r (MDC).
on 5 x 7 d r i l l c o l l a r s (DC) on a cross over 

on 12 x 5" heavy weight d r i l l pipe (HWDP).

Angle bu i l d i ng assembly - b i t on near b i t s t a b i l i s e r

on MDC, on 1 x 7 DC, on s t r i n g  s t a b i l i s e r  
(SSTB), on 1 x 7 DC on SSTB, on 9 x 7 DC
on on 12 x 5" HWDP.

BSTB) (3 f i x e d blades), on 1 x 7 short DC,

S t i f f assembl - b i t on NBSTB, SDC, SSTB (wi th a
i n the top), then MDC on SSTB,

on DC, on SSTB on 13 on on HWDP. (The
d r i l l p ipe used i s dia., 16.6 grade E,
premium) .
Control o f Lost C i r cu la t i on

Regaining c i r c u l a t i o n i n loss zones i n the
formation p r i o r t o cementing the production casing 
has been a major problem i n some o f the  Ph i l ipp ines  
geothermal wel ls . As r i c e husks, sawdust, and 
bagasse (sugar cane f i b r e ) are read i l y ava i lab le
and inexpensive they are comnonly used i n the mud
t o seal t he loss zones i n the wel ls . I n extreme
cases, chopped up banana palms and abaca have been 
used, p r i o r t o plac ing very t h i c k mud plugs, o r
cement plugs.

The cont ro l o f l o s t c i r c u l a t i o n i s a major
problem a t Southern Negros, where over 40 cement
plugs were placed i n one p a r t i c u l a r l y d i f f i c u l t
we l l . I n t h i s f i e l d we incorporate a strategy o f
f l e x i b l e casing set depths, w i t h blank 1iners,
external casing packers and small cement plugs t o
i s o l a t e the  l oss  zone.
accessible f o r f u tu re production i f necessary.
I n other f i e l d s where loss c i r c u l a t i o n occurs
deeper, we use the fo l low ing strategy.

This leaves the zone

I f c i r c u l a t i o n i s l o s t below the production
casing shoe, on ly minimal e f f o r t s are made t o regain
mud re tu rn t o the surface. If these e f f o r t s are
unsuccessful, and the hole i s s t i l l r e l a t i v e l y
shallow, the mud i s displaced t o water and d r i l l i n g
proceeds as long as hole condi t ions a l low ( i .e.
torque and drag on the d r i l l s t r i n g must not be
excessive).

Rice husks and sawdust can be pumped through
the Dynadr i l l , but  not  bagasse. Further, high
v i scos i t y mud compl ica tes assessment o f d i f f e r e n t i a l
pressures through the Dynadr i l l as wel l as the
operating pressure o f f bottom. Hence on los ing
c i r c u l a t i o n when t r y i n g t o d r i l l t o an accurate l i n e
w i t h the Dynadr i l l , the procedure used has been t o
l i f t the b i t  o f f  t he bottom o f the hole, and then
t o c i r c u l a t e mud plus r i c e husks and sawdust t o
contro l t he loss zone. The mud i s then condit ioned
and Dynadr i l l continued.
o f t he  t r ack  o f the wel l i s not too important,

However i f t he accuracy
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d r i l l i n g can proceed a t the d i sc re t i on o f t he
ing engineer, and d r i l l i ng super-

intendent.
I f the s t i f f assembly changes d i rec t i on when

d r i l l i n g w i t h no re tu rns i n hole, i t i s some-
times necessary t o run the &" Dynadr i l l wh i le
d r i l l i n g b l ind .
fo l low ing probl ems:

However t h i s resu l t s i n the

1. The vol ume displacement o f t he Dynadr i l l
i s no t s u f f i c i e n t t o g ive an annular ve loc i t y
t h a t w i l l remove the cu t t i ngs when d r i l l i n g
so le l y w i t h water. Therefore high v i scos i t y
mud slugs must be pumped every 2-3 meters o f
hole, which upsets the operat ing pressures.
The d r i l l i n g i s then con t ro l l ed by co r re l a t i ng
the r a t e o f penetrat ion w i t h the weight
ind ica to r which requires a deta i led edge
o f t he area being d r i l l e d . During t h i s
operation it i s extremely important t o run j a r s
i n the d r i l l s t r i n g as t h e d r i l l p ipe i s no t
tu rn ing and cu t t i ngs may pack o f f the annulus.

2. The whole BHA does not r o t a t e when using the
Dynadr i l l , and it i s l y i n g on the low side o f
t he hole so d i f f e r e n t i a l s t i c k i ng i s possible.

B i t s

The 7 Dynadr i l l ro ta tes a t 310 which
produces severe loadings on b i t s i n t h e high
temperature environment, 60-80 rpm normally).
The l i f e o f the b i t s i s reduced, when using the
Dynadr i l l , t o 1/5 o r 1/6 o f t h e i r normal running
t ime expectancy, but approximately twice as much
hole per b i t i s d r i l l e d w i t h  t he  Dynadr i l ls ,
depending upon the type of rock being d r i l l e d .
Conventional BHA's w i t h 35-40,000 l b on b i t s
tend t o gr ind the volcanic rocks, which i s more
successful than the Dynadr i l l which tends t o ' f an '
o r po l i sh  t he  formation as they are  run  w i t h on l y
10-20,000 l b on b i t s .

Temperature L im i t s

Ifthe hole i s very hot when running i n w i t h
the Dynadr i l l , it i s desirable, i f no t essential
t o stop pe r i od i ca l l y and c i r c u l a t e  t o  cool the
Dynadr i l l (120% i s t he temperature l i m i t o f Buna N
rubber from which the  s ta to r  i s manufactured).
Tr ipping out a r o t a r y assembly and Dynadr i l l must
be done as qu ick ly as possib le as the hole heats
up quick ly . A Dynadr i l l w i l l normally operate f o r
about 50 hours before requ i r i ng serv ic ing but  t h i s
i s d r a s t i c a l l y reduced a t h igh temperatures, ( t o
say 5 hours i f t he bottomhole temperature i s
around 240%).
Dynadr i l l when operating, but i n hot, deep holes
the rubber can be destroyed before the  too l  gets on
bottom. From experience, t he d i rec t iona l d r i l l ers
are  ab le  t o r e l a t e the  f low 1ine temperature t o the
approximate bottomhol e temperature. The r a t i o
var ies from 2 t o 5 depending upon the depth o f  the  
hole, and var iables associated w i t h the p r i o r
d r i l l i n g as well as reservo i r  charac te r is t i cs ,  (11).

The c i r c u l a t i n g f l u i d cools the

Surveys

Sperry Sun (type s ing le shot instruments,
f i t t e d w i t h heat shields, a re used f o r surveying.
They a re very re l i ab le , durable, easy t o use, and
w i t h t h e heat sh ie ld they r e s i s t temperatures up
t o o r i f soaked f o r 5 hours. Surveys
are taken every 12 m when d r i l l i n g w i t h the
Dynadr i l l , then general ly every 50 m w i t h the b u i l d
up assembly, and approximately every 75 m w i t h the
s t i f f assembly.

The Sperry Sun instrument i s a f l oa t i ng com-
pass on a b a l l and e, which shows
and d i r e c t i o n o f t h e hole on a 16 photographic
disc. The t ime taken f o r each survey depends upon 
t he depth and speed of t he wire l ine, varying from
15 minutes near t h e surface, t o 90 minutes when near
the bottom o f the wel l . The survey instrument i s
run i n t o the wel l on the sandline, - however,
measures a re being taken t o use an 0.09" dia.
w i r e l i n e t o enable t h e surveys t o be run quicker,
and under be t t e r con t ro l .

Mu l t i sho t gyro surveys a re run when there i s
concern t h a t there i s possib le magnetic inf luence
on the magnetic s ing le shot instrument.

Dev a t i on Co r r ect ion

Ant ic lockwise d r i f t can normally be corrected
by increasing the weight on the b i t (WOB), and
decreasing rpm, which cause 'walking' t o the r i g h t .
However t h i s has l a r g e l y been proven i n e f f e c t i v e
i n geothermal f i e l d s i n the Ph i l ipp ines as a r e s u l t
o f several factors -

1. Button (tungsten carbide i n s e r t ) b i t s , which
a re used on t h e hard volcanic rock, do not
have the ' t r a c t i o n ' o f a m i l l e d too th b i t ,

2. Geothermal d r i l l i n g i s tak ing place i n
mountainous areas, where holes tend t o be
d r i l l e d ique ly t o the d i p o f t he s t ra ta .
The b i t tends t o 'walk' w i t h the  s t r a ta  due t o
g r a v i t y ac t i ng on the BHA. Faul ts i n the
formation w i l l a l so k i ck  t he  well o f f .

Our d i r ec t i ona l engineers have found t h a t
h igh rpm and, where possible, a reduct ion i n WOB
can ass i s t i n reducing clockwise, as wel l as
clockwise d r i f t . The BHA must be s t i f f . The
d i rec t iona l engineers can use a range o f s t a b i l i s e r
sizes (wh i le no t vary ing the design of t he BHA) t o
ass i s t i n mainta in ing angle.
a re not successful, t h e on ly recourse i s the Dyna-
d r i l l , ifi t can be run i n the high temperature
formation.

ing dev ia t ion cor rec t ion a re discussed i n
de ta i l i n reference 9).

I f these techniques

(The complex fac to rs involved i n

Inc l  i na t i on  cor rec t ion

Ifangle i s dropping o f f i n t he hole, there
are two ways o f cor rec t ing it -

1. Ifthe drop o f f i n angle i s s l i gh t , decrease
the diameter o f t he s t a b i l i s e r s behind the
near b i t s t a b i l i se r .
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2. I f t h e drop o f f i n angle i s l a rge (say i n
30 m), increase the spacing between the near

s t a b i l i s e r and t h e f i r s t s t r i n g s t a b i l i s e r .

I f angle i s bu i l d i ng up too fas t , which could
be caused by an unexpected change i n formation, t he
economics of reducing WOB and car ry ing on d r i l l ing,
must be compared w i t h t r i p p i n g ou t and changing t o
a BHA which can maximise WOB and there fo re obta in
the optimum r a t e of penetrat ion. Another technique
employed w i t h 1imi ted success i n geothermal f i e l ds
i s t o ream every 12 m e i t he r once o r twice, as the
BHA w i l l wear on the bottom side of t he hole.
Success obviously depends upon the hardness o f t he
format ion.

CONCLUSIONS

Geographic cons t ra in ts and economic assess-

This i s now proven
ments l e d t o the conclusion t h a t d i r ec t i ona l
d r i l l i n g should be employed.
t o be a i ab l e, and environmentally advantageous
method o f accessing extensive resources which 
cannot be extracted economically by d r i l l i ng
ve r t i ca l wel ls. However, t he  d i r ec t i ona l  d r i l l i ng
equipment used and techniques developed i n
Ph i l  ipp ine  geothermal operations a re s t i l l being
improved, p r i n c i p a l l y i n regard t o r a i s i n g
temperature 1i m i t s and ing c i r c u l a t i o n
1
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