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Abstract 

The Mnhnnngdong sector is one of the foiir development sectors within the Leyte Geothennd Prodiiction 
Field nnd is being developed to supply 180 MlVe ofstenw cnpncjty. Drilling nccjvities in Mnhnnngdong began 
in July 1980 b,v drilling the,first deep well, w d  MG-1. -4s of December 31, 1996, n total oJ'fhir9 sir (36) 
wells hmv been drilled in the men, twenty seven (-771 $r prodiiction nnd nine (9) for reinjectim The siiCce-EF 
rote of drilling nnd couipleting deviated welk in the wen to nttnin their geologic objectives is only -12%. 

This paper focuses on the fnctrrs and cniism of the drilling problerns prevnlcnt in the Mahnnngdong secfor. 
The principnl muse of drilling problems in the open hole section is the lirnifed nbiliq ofthe upper IQSS zones 
to nccepi mitings despite initinl r m . ~ v e   id circulntion losses lending fo n ship to drilljng with w i e r .  The 
volime of cuttings generated wjsh Jirther drilling and which can not be absorbed b.v ihese loss zones 
eventiidly /en& to stuck pipe and subsequent enrly terminntim of the well. 

-.$ r1100rjjSed filling sb-ntegy, well design revisions and &e use of the two-liner qcitea ore sowe of the 
solutions iiiiplermznted which siibstnntinlly ir>qroved lire siicces rnfe of completing the lad five wells 
@hn:ing the pmogrwmed design and objectives. 

1.0 INTRODUCTION 

The Leyte Geotheml Production Field (LGPF). 
h a i d  at Le!te island of southstern Philippnes 
is PNOC E X ' S  blggest geothermd pmiect 
Figure 1).  It is cmmitted and well on its wa? to 
producing a total 698 h4We of p o w r  for the Luzon 
and C&u gnds b- the middie of 1998. Tius 
aggressise program of gmthermal IeSouTce 
development mas inilialed by the government in 
1973 in respnse to the crippling world oil crisis. 

Development acti\ities in the Leyte Geothermal 
Production Field were delineated into four sectors 
or areas namely: Upper h4&iao, Lower Mahiao- 
Sambaloran (Tongonan I), MalitbogSouth 
Sambaloran and Mahanagdong areas. Prior to 
1996, PNOC EDC has been prochcing 112.5 MWe 
fiom ils Tongonan 1 Production Field wesl of the 
South Sambaloran area. By the end of 1996, PNOC 
EDC has supplied additional steam €or two new 
power plants installed in Upper Mahiao (125 W e )  
and Malitbog (77 W e )  sectors. Power fiom these 
two sectors supply part of the 200 W e  Leyte-Cebu 
Grid. Expected production from the other sectors 
are 154 Mwe from South Sambaloran, 120 W e  
from Mahanagdong A and 60 W e  from 

Figure 1. Development Sectors of the t.yte 
Geothermal Produciion fi e l l  
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Mahanagdong B. These, including the optiniization plants froni these sectors. will provide -100 MWe of powcr 
for the Leyte-Luzon Grid interconnection. By the iniddle of 1998 when the optimization plants have all been 
commissioned, the target total power output of 698 MWe from the entire field will be attained. 

In Mahanagdong. sector A has aclueved its target steam requirement for 120 MWe after drilling 13 production 
wells and 4 reinjection wells. In sector B, however, PNOC has been faced with a problem of supplying 
60 W e  of steam due to the noncommercial value of the first four wells drilled The first three wells 
discharged acid fluids while the fourth well was pre-terminated due to persistent drilling problems at the 
12 1/41) open hole. This persistent problem of not successfully drilling through multiple production zones or 
structures in the open hole section of the wells resulted in delays in the drilling program. Faced with the 
dilemma of not producing sufficient steam in time for the commissioning of Mahanagdong B Power Plant, the 
succeeding sections discuss how PNOC approached this problem and the solutions that were eventually 
implemented. An innovative drilling techmque in the early part of 1996 was adapted to be able to supply the 
required steam in the remaining time available and meet the supply contract to the Mahanagdong B plant. 
From April to December 1996, the last five wells were completed as programmed. 

2.0 GEOLOGY 

The Leyte Ley&e Geothermal Production Field falls within a fault wedge formed by the left lateral Philippine 
Far19 i ' lk fault zone ia characterized by three to five distinct NW-SE trending subparallel structures 
(Figure 2) over a !filgih d sihv (50) hlometers ard a mumuan width ~f five (5) lalometers. Differential 
movements alcqg these distinct faults have developed a basin stiucture with relati.Vcly intense s e c o n w  
faulting - having both stnke slip and normal displacements. This ope of complex tectonics appear to control 
the distribution of permeability ;+itlun the geothermal field since most of the delineated permeable zones in 
each well in LGPF are attributed to intersection of faults mapped from the surface. . 

Figure 2. Mahanagdong Structural Map 
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The area is typically underlain by basenlent metamorphic and ultraniafics rocks. These are overlain by 
conglonierates and sedimentary breccias witli clasts consisting mainly of microdiarite and mom..ocfiorite 
termed as the Mahiao Sedinientary Coniple\: (MSC). Overlying the MSC are andesite lava. hyaloclastitcs 
and tuffs breccias intercalated with f i e  grained clastics of the Mmban Foniiation (MF). Surface rocks in 
LGPF consists of fresh to weakly weathered andesite lava flows and associated pyroclastics. In all the wells 
drilled in tlie area only 2% of the penneable zones delineated are attributed to lithological permedxlity. 
Moreover, although the delineated permeable zmes are coincident with MF and MSC, well permeability is 
still associated to structures. 

Since the major source of permeability in the LGPF are faults, these have been the primary targets i n  PNOC 
geothermal drilling. Drilling through these structures lead to partial and frequently to total loss i n  circulation. 
This is what is unique in geothermal drilling, although losses in the 12-1w” ar 8-1/2” production hole sections 
are welcome from the productivity point of view, at times these pose dnllmg problems especially in the 
Mahanagdong sector. 

Hole problems in Mahanagdong can not be related to a group or any pamcular structure. These problems are 
prevalent throughout the sector. 

3.0 WELL DRILLING PERFORMANCE VS PROGRAM 

CX the total h t y  si.. (36) wells drilled to date, d y  five e;up!uratian wells were r+:Jed bemeen i 980 to 1990 
?It was only in the second half of 1992 when deheatior, and production c’lrilling went 111 blast resulting to 

completion of31 wells up to end of 1996. 

The thirty six (36) wells Wed in the Mdhamgdong sector as of Deceqk 31. 1996. for the purpose of tlus 
paper , kwe been grouped into four categories (Tables 14)- The degree of success of ea& dnlled well is 
gauged an whether it has intersected all the programmed target structures in the open hole section of the well 
and saWied all geologic objectives as defined i n  the well design and geologic prognosis. Carr-clindy, 
this means that actual welltrack h s  been drilled within the target limits pescnkd  in the n-ell design. The 
welI has been cansidered successful in attaining ils objectives if it has attained a total depth of plus ar minus 
one hundred meters relative to the well’s program target depth. 

The fust category (Table I )  includes wells drilled vertically. ikere are two ~ertical wells drilled MG-I and 
MG-1 9. Both wells were able to reach the program target depth and intersect all target structlrres. 

Those wells (Table 2 )  that have full mud circdaticm ar with mimmal circuhan losses i n  the open hole 
section belong to the second category. Though these wells were able to d d l  dorm to the programmed target 
depths and satisfied the geologic objectives, they are considered nmcommerual as they cannot be slizd for 
either production nor reinjection at present. There are nine wells i n  this category. 

The third category (Table 3) is camprised of wells that were able to intersect all target structnres, attained the 
geologic objectives and drilled down or almost to programmed target depths. There are only ten wells that 
belong to this group. 

Majority of the wells drilled in Mahanagdong are in the fourth category (Table 4). There are fourteen (14) 
wells that did not reach the programmed target depth nor attain the geologic targets and objectives. 
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4.0 EVALUATION OF DRILLING PROBLEMS 

O u r  evaluation focuses on the third and fourtli categories involving twenty four (24) wells which include 
both production and reinjection wells. Wells in categories 1 and 2 have not been considered in the assessment 
of drilling problems as most of them rached target depths and satisfied geologic objectives. 

From the results of M l i n g  of the twenty four (24) wells as indicated in Tables 3 4 ,  we see that the rate of 
drilling success at Mahanagdong is only forty two percent. The poor performance of completed wlls at the 
end of 1995 caused considerable concern because of the potential delay in completing the well requirements 
especially for Mahanagdong B plant if such trend of drilling results will improve. There was a review of the 
drilling strategy and procedures in early 1996, including an evaluation of well design parameters used This 
was to come up with realistic target depths and numkr of target structures i n  order to enhance the rate of 
drilling success. 

4.1 TotalDepth 

The average total depth reached by wells that failed to attain the geologic objectives (Table 4) was 
2155 meters. On the other hand the average total depth reached by wells that attained the gealogic objectives 
(Table 3)  was 2125 meters. Their Werence is 270 meters. Comparing the average total depth attained by 
wells in  both categories against their respective programmed target depth, those wells in the thud categor). 
were short in attairung their average target deph of 2,510 meters by 85 meters while those belongmg to the 
fourth category were 430 meters shmt of the average tzgct depth of 2,595 meters. This indates to ninety 
seven percent (97%) and eighty 'bee percent (83%) success in drilling actual total depth versus program 
target depth for the two categories. 

The .rvell profiles la both categories were good In both instances, the welltracks for these wells were within 
the cone defined @ the target limits prescribed i n  the well b g n  and drilling program. The problem for 
wells in the fourth category was not related to the geometry of the well, but rather fadme to attain the program 
target depth. The cause and sdutitm to Ltus mill be discussed at the latter pari of Ltus paper. 

The common target limits for we& in the Mahanagdong sector ranges from twenty five (25) to fifty (50) 
meters around the production casing shoe and f i fty (50) to one hundred (100) meters around the pgmmed 
target depth. If welltracks for these wells stay .R.=tlhin the prescribed cone. to dnll and attain geologic 
objectives, depth variance relative to p r o g i m e d  target depth is plus or minus one hundred meters. This 
means, if a particular welltrack is above the programmed line, it wall bottam out the last targetted structure 
earlier in the range of one hundred meters or less. On the other hand, if i t  is below the line, total depth needed 
to bottom out the last target structure will be deeper by one hundred meters maximum. 

In the fourth category (Table 4), the program target depth for MG-15D was 3000 meters while that of 
MG-20D was 2800 meters. These target depths are deeper compared to the usual target depths in other wells 
in the third and fourth categories. For data to be consistent, these w e b  were not included in evaluating 
success in attaining target depth. The average total depth reached by wells in this category is 2326 meters, 
campared to the average target depths of 2,544 meters. Their difference is 4J8 meters. This is 22 meters 
shorter than the 440 meters as discussed praiously. 

For wells i n  the third category (Table 3 1  majority of the welltracks were slightly above the programmed 
profile thus target structures were intersected and bottomed out earlier. It was not necessary to drill further 
once the geologic objectives were satisfied just to increase production. Thus the variance of 85 meters between 
programmed target depths and total depth attained for wells in the third category &ills within the range 
prescribed by the target limits of the well designs. 
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4.2 Drift Angle and Kick-Off Point (KOP) 

The drift angles and kick-off points in well designs are dictated by the temperature r y r e d  at the production 
casing shoe setting depth and the different dps and well-fault distance of the Merent target structures at the 
open hole section of the well. For long-throw wells, the best start to satisfy this objective is to kick-off at 
shallow depth to minimizE the drift angle. often, the d p  and well-fault distance of target structures does not 
fit this ideal combination. Since dip and well-fault distance are fixed, the parameters that can be changed for 
the well design to satrsfy the objective is to vary kick-off points and drift angles. 

The design of geometry of the wells in the fourth category did not follow a pattern Kick-off point was not a 
function of drift angle or vice versa. If the well design calls for a long throw which logically increases the 
drift angle, KOP was not limited to shallow depths. A deep KOP does not correspond to well designs with low 
drift angles. There were well designs with shallow XOP and cmesponding low and high drift angles. Also 
there were well designs with deep KOP and having low and high drift angles respectively. What is shown is 
that f a h e  of w& in the third categary were not functions of either shallow or deep XOP nor low or high 
drift angles. 

In wells belonging to the third category, we evaluated wells with drift angles less than 3O0, those i n  the range 
of 31O-35’ and those above 36’. The results were surprising. When the actual ~ersus programmed target 
depths far this grouping were compared, their results were almost identical. 827%. 82.1%. 83.8% 
respect;icdy. ll?a 1s consistent with the 83% success rate of attaining target depths as discussed earlier. 

Theoretically, hole cleaning problem increases as drift angle increaws. Q;#ings tend to settle on the low si& 
of the hole. This characteristic, based on the data was not part of the problem. 

4.3 Hydraulics 

In geothermal drilhg, specifically in the open hole, we seek zones of loss urculaticm, the higher the rate of 
circulatron losses. the better chanr+: of getting a good well. Cuculatian losses are categoriaxi as partd lass 
circulation (PLC) or total loss circulation (TLC). When the rate at which a loss m e  can accept drilling fluid 
is less than the pumping rate at which the rig pumps deliver, Ihs is called PLC. Naturaliy drilling fluid 
returns to the surface if the volume accepled t‘; the lass mes Is less thm what was initially pumped into the 
wellbore. PLC is gauged in terms of percent of dnlling fluid U urculates back to the surface tanks. Wen 
massive lasses are encountered and drilling fluid is greater than the volume at which the rig pumps can 
deliver, this is called ‘IZC. 

When PLC ar TLC are encountered in  the open hole, as much as possible, attempts are made to regain full 
circulation. Howmer, when TLC persist, the comman drilling practice is to drill ahead using water with 
intermittent mud sweeps of high viscosity called mud slugs to lift cuttings from the face of the bit to the 
annulus between the formation and the drill string and into the loss mnes.  

There are several ways to implement a hydraulics program when TLC and resultant blind drilling with water 
are encountered One procedure is io use low pump rates in the range of 500650 gpm in the 8-%” hole 
section and 650-800 gpm in the 12-%” hole section Such program was implemented during the 1978-1986 
PNOC EDC drilling era. A total of 107 wells were drilled during this period. These were €or exploration, 
production and reinjection drilling in all seven PNOC-EDC project areas. This compares with the total 135 
wells drilled during the period 1987-J 996. 

The new hydraulics program implemented in the 90s was to pump water during blind drilling at higher 
pumping rates. This is 700-800 gpm at the 8-%” hole section and 800-1100 gpm in  the 12%’’ hole section. 
The concept was that higher pumping rates will provide bette.r lifting capacity especially for multiple loss 
zones. An increase in hydraulic pressure correspond to an increase in pumping rat&. Therefore, there is 
greater pressure acting behind the cuttings to push it Earther away from the wellbore. This also means that 
more cuttings can be possibly pumped into higher Joss 7anes. Correspondingly, an increase in pumping rate 
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results and in other hydraulic parameters such as increased annular velocities both be!ween the bottoni hole 
assemblies and the formation and around the drillpipes. Bit hydraulic pressure also increased. Whether 
higher puiiiping rates was a solution or a part of the problem at this sector at thu point and time is still 
debatable. 

Majority of the wlk in the fourth category were conventional wells. Only six of the fourteen wells were big 
holes. Of the eight canventional wells, two were drilled using low pumping rates. All sis big holes drilled 
utilized high pumping rates. In the third category, six were conventional wells. Of these, five were drilled 
with high GPM. The four big holes drilled used low GPM. .In both categories, there seemed to be no defmite 
trend whether using low or high GPM gives a better chance of attaining target depths. 

5.0 POSSIBLE CAUSES OF HOLE PROBLEMS 

In Mahanagdong, PNQC-EDC has been faced with the persistent problems of being unable to penetrate more 
than one produ&on zme  after encountering irrecoverable Josses from the first zone encountered. llrilling 
ahead b h d  with water has only been the strategy. Continuing on to drill with mud is eqmsive and could 
cause damage to geothennal fluid producing formations. If the loss zone accepted the cuttings along with the 
lost fluids, drilling ahead proceeded smoothly. Otherwise, problems occur such as persistent Ught holes, 
increased torque and drag and eventual stuck pipes These problems have been causing lost time. increased 
cast of ddhg ,  uncompleted wells and falure to &liver the requed .steam on h e .  

The following are the common causes cd stuck pipes i n  the open hole section whde b h d  drilling with “ater 
based an the assessment of several problematic wellsin-Mahanagdong. 

5.1 Wellbore JnstabiliQ 

A primary drawback nith using water is its inability to “weight up” and stabilize couapSing formation. When 
the hole collapses, hgh flow-rates (IOOO-l200 gpm) are not sufficient to clean the sloughing wellbore. 
Cdapse happens only when the farmation pressure ~ ~ e e d s  the hydrostatic pressure exerted &e drilling 
fluid. When p a d  or total loss of circulrntion is encountered, there is a nlrirlpn drop UI fluid Jevel in the 
annulus resulting also i n  a flldden‘decrease i n  hydrostatic pressure ererted by the d r h g  auid to thhe 
formation, dependmg on the characteristic of the formation, && conditian rnw exist is order for formation to 
slough or collapse. There is usually a pressure build up when a collapse occur. This is caused by sufficient 
volume ofrock partdes packed either around the bottom hole assembly ar the dnllplpes mhich restrict lhe 
migration of drilling fluids up the annulus. Usually this problem persist around a particular depth. Hole 
enlargement follows until such time that something is done to stabilk the wall of the hole. Most often, the 
roof of the enlarged p r t m  of the hole continue to fall. In cases of total loss af circulauon, 11 is very difficult 
to stabdue the wall. Rarely do we see collapse i n  a volcanic environment. 

It is unlikely that sloughing ar collapsing formation were the cause of drilling problems in the Mahanagdong 
sector. There were instances because of parbal returns, drill cuttings were collected during stuck pipe 
situations. Thesize of drill cuttings were consistent or typical products of drill bit action againstfotmation. If 
i t  was collapse, pebble or bigger rock particles should have been recovered or the size distribution of rock 
particles collected should be uneven. 

5.2 Hole Cleaning 

Another disadvantage of using water as lnbrication fluids in blind drilling i s  its low capacity to lift cuttings 
dency and the inability to hold cuttings in suspension in zero flow. There is a tendency for mtlings lo build-up 
in the lower section of the bore which is usually a prelude to stuck pipe. Water also does not have the 
thixotropic property inherent in drilling mud. 
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During blind drilling deviated wells, there is a tendency for cuttings to build up in the low side of the bore 
creating beds of cuttings. Thus, during static conditions there is tendency for this cuttings to slide downwards 
This, however with proper hydraulics and sufficient mud sweeps can be thrown to the loss zones. 

The cause of hole problems encountered in the open hole section was the limited ability of the loss zones to 
accept cuttings. In drilling terms this can be said to be due to poor hole cleaning. This is  the inability to 
dispose all cuttings 10 the surface or i n  loss imes  i n  the open hole sections as i n  the Mahanagdong sector. In 
cases of TLC where fluid acceptance is  greater than the maximum pumping rate the d a c e  equipment can 
deliver, one rxm have the best drilling fluid, the best drilling personnel at the xig site, and yet, these are M e  
if the loss zones can only accept a limited volume of cuttings as realized in the Mahanagdong sector. It was 
observed that after sometime, hole cleaning problems can be attributed to cuttings either not accepted or 
puniped to formation or cuttings that flow back into the wellbore from the loss mnes. 

5.3 Stratigraphy and Multiple Structural Targets 

The multiple loss zones encountered in the wells are almost always related either to structural intercepts or 
stratigraphic permeability. With available technology, it is almost impossible to determine the yolume or the 
maximum six of cuttings that these loss zones can accept. However. there were consistent trends that hole 
problem occurs five days after expsure to blind dnlhng. Approximately thls translates to five hundred to six 
hundred meters of hole drilled. This does not hold true always. However ths parmeter was used as a 
yardstick whde drilling the open hole sections of the wells d!Jkd ia Mahanagdong -beeginP;mg second quarter 
of1 996. Parlidarly, these wells wereMG-27D, MG-283, MG-29D, MG-?Cil aidMG-?F.Q 

The problem i n  the reinjection sector was relatfd to collapse and sloughing formation Qnce the Maxlar. 
Sedimentary Complex (MSC) i s  intersaxed aiter sometime, collapse follows. llThe Mahiao S e d i m w  
Cornplc~ was intersected at an averagc vefclcal depth of 1787 meters in wells dnlled from MG-RDJB pad 
This was definitely established through cuttings i n  MG-SRD (1785 mVD), MG-6RD (174-1 mVD), and 
MG-8RD (1833 niVD)- The depth of intersection of MSC in M G - m  and MG-9RD was not observed 
fusthand due to blind drilllng at an earl:, phase of dnUing the open hole section of these wells (1472 mVD in 
MG-7R.D and 1420 mVD ia MG -9RD). 

Four ~-:elh encomtcred problems inferred to be due to cdlapse of the MSC near the bottom of the well. In 
MGdFW and MG-mD, appro- meters of hGC was pm%ikd before blind dnlling ensued 
About three to five days of ddling time after, tight hole and stalling of the rotary, plus continues fill with 
occasional increase in pump pressure were noted in MG-7RD and MG-8FW stuck ppes led to fishes 
downhole which were later abandoned. In MG-gRD, blind drilling was encountered early at 1420 mVD. The 
exact penetration of the MSC was not observed, this was projected to be at appraumtely 1800 mVD. 
Howwer before the five day period lapse and problems eqxcted to occur, the well was TD'ed at 2300 mMD 
The velltrack, as early as 1800 mMD started to build up from 25' to 43.75' thus the last target structure was 
bottomed out at 2222 mMD. 

Typical characteristic of the MSC is rehvely  past rate of penetration ranging from eight to twelve meters per 
hour. Unlike i n  the production sector in Mahanagdong, samples recovered at depths were hole problems occur 
were not drill cuttings but bigger rock particles with uneven size distribution 

Based on cutrent data, the maximum number of structures successllly intersected and battamed out i n  the 
open section of any well i n  the Mahanagdong sector was MG-18D. However, this is only one out of ten, and 
can be considered an exception. As show in Table 3, three structures is the maximum number that should be 
programmed for intersection in the production wells in this sector. The average amber of structures targeted 
for wells in the third category was 2.5, while those i n  the fourth category was 3.6. Jt will be shown that this 
was part of why majority of the wells in Mahanagdong f i led to attain the target depths. 
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6.0 KEYS TO SUCCESSFUL DRILLING IN MAHANAGDONG 

By the end of the first quarter of 1996. five wells. MG-ISD. MG-ZOD, MG-21D. MG-24D (BH) and MG-26D 
(BH) have been drilled to supply steam for the Mahanagdong B power plant. Unfortunately. thc first lluee 
mells were acidlc. The succeeding two big hole wells were noncommercial most probably due to the fish left 
in hole. Thus, it was a must that the ne\* wells drilled should attain the geologic objectives to nla?cimi7e steam 
production and ensure steam availability for the power plant at the shortest time possible. 

It was at this stage that the next five holes were successfully drilled by two different rigs. Wells MG-27D, 
MG-28D, MG-29D, MG-30D and MG-31D were able to attain all of its geologic objectives and 100% 
successfully execute the drilling program All wells were drilled as big holes. 

6.1 Modified Well Design Parameters and Hydraulics Program 

The first key to successll drilling in Mahanagdong was to iden* the likely causes of hole problems that led 
to premature TD of the ~v&. Nei? was to find solutions and accept the geologic and drilling limitations in 
the sector. 

Prior to these five wells. data shown i n  Table 3 indicate that a total target depth of 2300 meters to 2450 meters 
is achievable. Jt was therefore safe to assurue another 100 meters e-stension up to a maximum target depth of 
2500 meters is likewise attainable. Thus, the programmed target depths for the five wells mentioned above 

'i ,.pq~ &om 2400 maers to2500 nekrs. 

The length of the open hole section, as much as possible was minimized 

The number of target structures in the open hole section were limited to three. 

Program drift angles were minimizxl and designed i o  be less than 35'. Although there was no substanual 
evidence of drift angles relating to chilling problems, we did not &ount the fict that the wells dnlled by 
PNOC-EDC dusing the fist half of the 1980's were quite s u c d .  What these wells had i n  common were 
fairly low drift angles in the range of 25" tcr 35'. 

SEdarIy, the argument above holds for the hydraulics program applied Low pumping rates were used in the 
succeeding wells. Once i n  the open hole, a very conservative dnlling approach was adapted by lhe dnlling 
personnel. Since it  has been defined that structures had limited ah~liq to accept cuttings, once dnllmg ~ates 
k a m e  fast, as much as possible, penetration rates were held at a maximum of one single or nine meters per 
how. The use of mud meeps were increased to possibly suspend cuttings and arrest back Bows from loss 
7anes. The early idemfiation of this hole cleaning problem by site staff has been critical in the success of 
implementing such hydraulics program. I n  both MG-27D and MG-284 tight holes were encountered as early 
as three hundred meters before their respectwe total depths were attain&. Liberal use of mud m-eeps were 
made and reaming was conducted after making 30-50 meters of hole. 

6.2 Use of TweLmer System 

With the concept that stnrctures i n  the sector hadlimited ability to accept cuttings, an innovative solution was 
presented, executed and eventually resolved the naahanagdang enigma. This is done after setting the 
production casing shoe and bottoming out the first target strudure, by running solid 9 5/8" blank h e r s  to 
temporarily isolate .the first massive loss mne. The kt two joints of the solid liners are cemented i n  place to 
prevent the bottom portion of the liner sving from unscrew&. By temporady ''casing off the first permeable 
zone, circulation is regained thereby ensuring &&e hole cleaning with mud until the next permeable zone 
is encountered. With the fractured permeable formation cased-of€, potential collapsing formation is isolated, 
and possible collapse are stabiliirxd because of the presence of the hydrostatic head of the d. Moreovet, by 
casing& of the first loss zone, possible re-entry of cuttings into the well is arrested and Jnechanical 
disturbance of the wellbore is minimized. 3 was therefore, more re-assuring to proceed drillrng to 
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programmed target deptli. Furthermore. after completion of the well in the 8 %,, hole. if the discharge results 
prove to be sub-commercial. there is an option to perforate the liner for additional production. This approacli 
has proven to be quite successfiil. 

The successful application of this technique is best demonstrated in the following hvo completed wells at the 
MG-DL pad in Mahanagdong B sector: 

MG-2 7 0  

MG-27D is a large-diameter in-fill well designed to intersect three structures and has a target depth of 
2500 meters. M e r  setting the 13 3/8” PCS at 1228 m, the first fault, Lumpag A was intersected behveen 
1314-1476 m characterized by drilling breaks and fast ROPs. PLCs of 6-8.5 bpm were experienced from 
1367 m then followed by TLC at 1400 m to 1457 in. Circulation was however. regained at  1457 m by 
continuous addition of LCM and later stabilized nith a loss rate of 1-6 bpm. 

The well entered the second structure, Ewes fault from 1571-1757 m and was likewise characterized by ROPs 
of 11-20 mph and drilling break at 1578 m. This was accompanied by a TLC at 1571 m and from which blind 
dnlling commenced. The bottoming out of the fault was interpreted by the observed decrease in ROP from 
1757-1835 m of 4-7 mph. The 9 5/8” bhnk liner was run and landed at 1835 m. 

Total loss ?kcilkition was immediately encountered below the 9 5/8” shoe and dnlling proceeded until the 
welltrack was able to ic texxt  the last structure, North FJIamban fault fro;.r 2049-2301 m which was 
cb;rxterized by drillkg breaks and continuous pressure drovJ at bttom. The hole was D ’ e d  !OO m off 
Vrget due to persistent tight hole situation largely due to insufficient hole cleaning. Completion tests 
confirmed lhree permeable horizons coincident to the fault intersections at 2000-2050 m, 2100-2175 m, and 
225 m. lnjectivity tests measured an index of 27.3 Ys-MPa at vacuum condhon. 

ME28D 

Well h G 2 8 D  was designed to intersect far production three faults and complete drrlling at  a final depth of 
2500 IT.. When the 13 3/8” PCS was se.t at i271 m, intetmitteuFJaCs occurred-from 1427-192 m @Ws of 
6-1 0 mph) and from which blind drilling started The lczsses were &iis-.rt~Xt to the intersection wit2 W i t b o g  
fault whkh was infer& to haye been bottomedat 16 10 m based on the decrmc ofROP frsm 6 to 4 mpll 

The 9 5/8” blank liner was set at 1841 m to m e  off the Malitbog fault tenlporarily. The entry into the next 
Wt, Lumpag A was interpreted at 1855 m based on a drilling break and Z C  at 1859 m. Circulation was 
partially regained with 2-5 bpm until 1888 m when finally a TLC occwred and blind drilling cammenced. At 
this section was interpreted the permeable intersection with Ewex fault characteri7ed by fast ROPs of 
8-25 mph. The well was ’TID’ed at 2395 m after encountering persistent tight holes, obstructions and a stuck 
pipe incident. Completion tests detected multiple permeable mnes at 1841-1950 m, 1975-2025 m, 
2075-2150 m, and22502350 m within the interpreted fault intercepts lnjedivityindex was 32.8 Ys-MPa at 
vacuum wellhead condition 

Table 5 reflects the improvement in duration of drilling days and the target depths attained using the hvo-liner 
system. The productivity of each well will be determined when each well will .finally be slbjeccted to discharge 
tests. 

7.0 CONCLUSIONS AND RECOMMENDATIONS 

Hole problems encountered in Mahanagdong wells were related to the limited ability of the .loss zones to 
accept cuttings. Despite the premature TD of the wells due to persistent problems, the drilling of the last five 
production wells using the two-liner design has been SUCCeSSFUl i n  interseding the major tar- producing 
zones. It is anticipated that these wells will contribute significantly to the steam supplyfor the project. 
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Following are the reconiiiiendations for future wells to be drilled in the Mahanagdong scctor: 

Limit prograninied target depth to a ma\inium of 2500 meters 
Minimix the length of the open hole section between 1000-1300 meters 
Limit the number of target structures in the open hole section to a maximum of three 
Limit the drift angle of the well to less than 35' 
Use lower pumping rates of d ~ ~ l l i n g  fluids sufficient to maintain an annular velocity of 115-120 #set 
Increase the frequency and volume of mud sweeps in  the open hole a t  the initial sign of tight hole 
conditions under blind drilling 
Conduct regular wiper trips to ensure the hole is clean, especially just before intersecting a structure 
Assign e x . a c e d  drilling and geologic staff familiar with the signature of the problenis while 
drilling the open hole section of the n-ell 
Use of hvo-liner system 
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