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ABSTRACT

The assessment of undiscovered oil and pas potentiol 1y o critical aspect of oil exploration, expecially in 8
unexplored basing, although & is alse important ax a basis for appraising the national s energy policies and

assisl long term economic planning.

In the North Sumaira basin, the Terliary sediments can be grouped into three siraligraphic sequences,
o which, the hydrocarbon play typex can be classified. The play rvpe is the basic umit that coniaing all elements
hvdrocarbon generation and entrapment, The classification of the plavs in the North Sumaira Busin, from bo

fop, are as follow
- piraHgraphic sequence |,

- clastic wedge base (Parapat Fm), as type |,
— siraligraphic sequence fI,

- carbonate wedge base (Arun/MalaccalBelumai Fm). ax rype {1,

— wirafigraphic seguence [T,

— clasiic wedge muddle (Middle Baong Sandstone Member af Baong Fm), ax rype 11,
- clastic wedge lop (Keutapang and Sewrnla Fm), a5 rype IV

The hydrocarbon potential of the play types is then evaluated by using the so-called IUGS method, 1o
the toral resources of the Norch Sumarra Basin, The resull can be comtinuonsty updaied in line with addittonal
development of the siructural, siratigraphic and geochemical controls and concepts are available.

L INTRODUCTION

The geological and geophysical data bevel in
the North Sumaira Basin are varied from the paint of
vicw of explosation density activitics and their quality.
MNearly mature explomation activities have already
done in the southern pant of the basin, especially in the
onshore ared, which is the most producing hydrocar-
bon regiom of the basin. How ever, the value of the
undiscovered hydrocarbon is still significant, since
the deposit 15 accumulated in the clastic sedimentary
and carbonate reservoir rocks, in the form of strati-

graphic amd structural raps. On the other hand,
data level in the northern part of the basin, o
Andaman Sca, is scarse compared 1o the southem
i, regional data, In optimizing the achicvement
hydrocarbon resources on the basin, the efforn
discoverng new  hydrocarbon sccomulution
be continoed, regardicss the condition of the
level,

There are scveral methods that can be apgs
fior assessing (he resources, which cslimate gnd .
Culsle
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= the hydrocarbon potential in the hasin on any data
level,

—  Ihe probable size of the respurces and the prob-
ahility of their exisience,

In using the method, the degree of uncertainty
para meters used in the calculation shoald be identi-
fied and quantified. The method emploved is able o
guide the mana gement  in making decision, de-
weloping exploration strategis and cvaluating oppor-
wmities. One promising method is the so-called
USGS resources assessment method.

The application of the USGS method in the
North Sumatra Basin is cxpected 10 solve the problem
on the probability of the hydrocarbon potential,
which is approximately the real potential of the basan.

IL GEOLOGIC SETTING

ML, Ceneral

The North Somatra Rasin 15 an asymmetnc,
NW-SE trending and steep block faulied basin, The
SW flank is bounded by the Barisan Mountain that
was uplilied since the Middle Miocene, while in the
SE part the bagin is bounded by the Asghan arc, The
Malay=ian Peninsula lmits the basin in NE Mank. [n
the northern part, the basin is opened wwards the An-
daman Sea. Two structural trends prevailed in the
basm, Le. the Pre-Tentiary N-S fault pattern and Plio-
Pleisiocens NW-SE and NE-SW strike-slip fault pat-
temm, which were developed since the Middle Miocene
{Fig. 1).

The Pre-Tertary structural grain appears o
controll the sedimentation during the Tertiary times
{Fig. 2).

- M2, Tectonic and Sedimentation

The Pre-Tertiary nocks consist of volcanoclas-
tic scdimentary rocks, that has been metamorphosed
and lolded, and batholitic inrusions (Fig. 3),

During the Late Oligocenc, block  Taulting
ook place in the Morth Suomatra basin, and the coarse
clasiic sediments of the Parapat Formation was de-
posited in fluvial to paralic environmenis, unconfor-
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mably overlain the bazement, The basin was later on
subsided gradually and an solmed manne coviron-
ment was formed m which the black phyritic shale and
calcarcoes nodule of the Bampo Formation sere de-
posited in restricted and auxenic condition. The
Bampo Formation conformably overlein the Parapal
Formation.

In the Early Mincene, compressionil siresscs
were rege tivaled which had lasted uniil Middle
Miocene Ume_ The northern pan of the hasimwas ug-
lifted , whereas in the southem parl a shallow marine
conditions prevailed. The subsidence of the basin oc-
curred followed by the deposition of shale and reefal
limestone of the Peutn Formation, wiconformably
upon the Bampo Formation, To the south, the Peutu
Formation is dominated by glavconitic sandstone and
calcarcnile, which was deposited conformably on
the Rampo Formation. Afier the Peulu Formation was
deposited, the Nomh Sumatra region was uplified, duc
1 the collision between the Asian and Australian Plale
and this resulted the wrench sumatran Fauli sysiem,

In the Middle Mincene, the Baong Formation
was deposied unconformably on the Peutu Forma-
tion, exceplin the southern panl where the Baong Fuor-
mation conformably overlam the Peutu Formation,
The Middle Baong Sand Member was deposited in
the southern pam of the hasin and appears as the lower
part of the Keutapang Formation towards the S-E.

Uplifting continped which resulting in the
shallowing of the environment of deposition during
the Laie Miocene, followed by the deposition of the
clastic sediments of the Keutapang, Seurula dan Julu
Rayeu Formations,

3. Hydrocarbon Occurrences

I.A.1. The Source Rocks

The Bampo, Peuru, Belumai and Lower Baong
Formations are considered (0 be the source rocks in
the basin, with depth varied from 2000 w0 4000 m. To
the southwest, these [ormations are cropping oul The
geothermal gradient ranges from 36.4° 1o
45.5°C/km, and the Total Organic Contents of thase
{ormations are 0.5%. The thermal maturity zone s ho-
cated approvimately i the central part of the hasin



with average depth to the top of oil window 1500 m
(Fig. 4).

1L.3.2. The Reservolr Rocks

The reservoir rocks are clastic and carbonate
sediments, ie. the Parapal Formations, Middle Baong
Sand Member, Kenmpang, Sewruls Formations,
and Belumai Formation, Arun Limesione of the Peutu
Formatomn,

The porosities and permeabilities range from
13-25% and 50-100 md respectively.

1L.3.3. Hydrocarbon Migration

The hydrocarbons thol has been generated
since Miocene time in the Bumpo, Peutu and Lower
Baong Foarmations migrated through the faalt system
and accumuplsted in the Arun LS, Belumai Formation,
Middle Baong Sandstone Member and Kcutapang
Formation (Fig. 5). The over-pressure of the Baong
shale also affected the migration of the hydrocarbon.

L34, Cap Rocks

The Parupat Formation is sealed by the shale of
the Bampo Formation, while the hasal Miocene car-
bonates are capped by the Lower Baong Formation.
The sandstones of the Keutapang Formation are
sealed by the shaling out of the formation itself,

1L3.5. Traps

Sewveral types of traps can be ohserved in the
basin, . snticline faolts, faul relaed structres,
drape- overs, straligraphic traps in the carbonate de-
posit {build up, pinacle) and clastic sediments (sand
lenses, wedge out, unconformity).

I RESQIUTRCE ASSESSMENT METHOD

M. Defimiieon

The equality of understanding aboul several
terms used in the ssscssment method is very oscfull,
because these iorms have been vanously defined in
the kiterature. The terms of prospect, pool, fleld and
play arc ofien used mterchangable, without clear de-

finition, Podruski et al, { 1988) composed delimition

that wenns as follows :

— a powl is a dispovered accamulation of hydr
bot by pically within a single strutigraphic inic:
that is hydraulically separated Trom any other o
sccumulation. Any number of pools can ex
within a field.

— @ progpect is an untcsted cxploration targs
uspally within a single stratigraphic intorval.

— g field is used w designare an ared that produe
ol withoul strutigraphic interval restrictons,

— o playconsistof o Tamily of pools awd/or prospes
that share a common history of hyvdrocar
generation and migration, reservoir devel
and trap configuration.

112, The Play Concept

By practical defimition, o play i= a grogps
prospects with geologically similar source, resers
and frap conirod of 0il and pas securenee and thiss
geopraphic and stratigraphec: limis,
Geologists try 1o recognice, within a cons
interval of peological evolution, & condition of 8
graphical, sedimeninlogical or strectursl model
are then o be translated into the play definition. B
i the peological change that usually occurs in
basin, the play definition is unconsistent that does 2
fit and can not be applicd in the whole basin,
In reality, the play analysis method is
plicable in the restricted and interesied arca, =
geological trend consisting of reel of specific
urbidite sandstone along major faole. The incre
ol the geological understanding as o result of he
Ploration activities, leads the plays to be subdps
inio betier predefined elements, in order o get &
rehable estimate.
M3, Hydracarbon Appraiaal
In any assgssment method, there are se
parameters which usually canse the decisions &

sobjcctive. The minimizing of this: subjociiviig
pends on the sense o the geolopical knowledge
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2 The existing data must be comprehensive, such
s type of maps, cross-section charts, and graphs of
b geological, geophysical and geochemical ana-
in arder 0 obdamn an efficient and relisble as-

The application of the USGS resources assess-
method requires data, ie. the existing discoveries
the play. All the available data are then quanti-
and recorded in the oil and gas appraisal dats
(Fig. 6).

This form is organized by thrée main cats-

Prospect atiriboics,
Hydrocarbon volume parameters.

The quantification recorded can be calculated

The play attributes consist of hydrocarbon
: . liming, migration and potential reservoir
fxcies atribute. The hydrocarbon  attribute deter-
‘mine whether the conditions of the play are [wvour-
abde for occurrences of oil and gas.

The conditional deposit probability ex-

The marginal play probability cxpresses the
g=obability that all of the first four play parameters are
o curenily favourable somewhere in the play.

Prospect atiributes

The determinatiom of the ramre of the prospect
‘meeds (hree parameter, ie, rapping mechanism, effec-
Eve porosity and hydrocarbon accumulation. Evalu-
‘ation of these parameters is accomplished by
mcotding a single value between 0 (1otal certainty thar
B parameters is absent), and | (total certainly that
S parameters is present) for the probability that the
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parametcrs is generally favournble in a randomly se-
lected prospect within the play area.

3.3, Hydrocarbon volume parameters

The parameters ane consist of rescrvor litho-
logy, hydrocarbon mixtore and réservoir parameters.
The reservoir parameters include area of closure,
reservoir thickness, effective porosity, trap fill, and
reservoir depth. The parameters describe the range of
possibility valug of the generic reservoir charac-
teristics that determine the volume of the hydrocarbon
present in an individual accumulation within the play.
So, the hydrocarbon volume parameters quantifica-
tons are conditional on the play attributes and the
prospect attributes of being (avourable.

The number of drillable prospecis is the play
characieristic that describes the range of possible
valse Tor the mumber of valid targets that would be
considered for drilling of the play where (o be fully

explored.

IV. RESOURCES ASSESSMENT IN THE
NORTH SUMATRA BASIN

V.1 Play Types

The stratigraphy of the Nonh Sumatra Basin
can be subdivided into three stratigraphic sequences,
i.e the Oligocene, Early - Middle Mincene, and Late
Miocene - Pleistocene siraligraphic  sequences
(Fig.7.8.9}.

In the northern pan of the basin, each of those
sequences is clearly separated by an unconformity
while in the southemn part, unconlormity can be de-
ected only between the first and the scoond sequen-
oS,

The wedge bise type of the play model is made
up by clastic deposit of the Parapat Formation  and
carbonate sediments (the Arun LS of the Peuls For-
mation ¥, which can be recognuoed in the Tirst and scc-
ond sequences. The thind sequence contains the wedge
middle (the Middle Baong Sand of the Baong Forma-
tion). and wedge top (the Keotpang and Searula For-
mations).



V2. Evaluation of Hydrocarbon Porential

IV.2.1. Parapat Wedge Base Play

The Parapat Formation 15 8 very ancnaccous
clastc, usually occupied the imegular low topographic
areas and thickened to the north (Fig. 10). So far, there
has not been any evidence detecied for hvdrocarbon
accomulation in the wedge base, cither from outcrop
or borchole data. However, in the northem part, espe-
cially in the vicinily of strucwral highs, the occurence
of prospect in this play type need 1o be carcfully in-
vestigated, Actually the depth of this play s deeper
than the base of the ol peneraton level. This means
that the play tend to contzin gas instead of oil,

IV.2.2, Carbonate Wedge Base Play

The carbonate rocks of the Peutu and Belumai
Formations can be found in three locatons, which -
dicate that the content of the hydrocarbon is different
{Fig. 11}. In the southérn par, it contains oil, while in
the northem part it is dominated by gas.

The Arun Gas Field data shown in Table 1 is
an example of wsed 1o predict the undiscovered gas
pesential of this play type.

IV.2.3. The MBS Wedge Middle Play

The MBS is' producing zone m the southern
parn {Aruarea) (Fue, 12, 13 & 14), The sandstoncs are
inierpreded as wrbidite deposits, and  appears as the
lower pan of the Keutapang Formation in the south-
east. The potential sandstone layvers of the MBS are
Besitang River, Sembikan, Susu and Aru sandstones.
The over-pressure caused by diapinic structure of the
Baong shales occummed in the Aru area. The discovery
wells show the reservoir data as follows -

— sand laver thickness (lenses) : 50-75m

—  pomEitics S -259%
— il {parailinic) s 45-52 APT
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Figure 1. Tectoni Elemenis of the Morth Sumastra Basin
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OIL AND GAS APPRAISAL DATA FORM
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Figure &

Oil and gas appraisal data form {Modified from US Department of Interior, 1979}
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Figure 9
Time Slice Isopach Map (Late Mipcene-Pliocene Time)
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Figure 10

Areal Distribution of Parapat Formation
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Limestone

Figure 11
Areal Distribotion of Limestone {Peuiu, Belumai Formatlons)

Figure 12
Areal Distribution of Middle Baong Sand (Baong Formation)
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Figure 13
Middle Baong Sund Isopach Map (Mulhadijono, 1978)
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Table 1

CHARACTERISTICS ARUN GAS ACCUMULATION

(after Kingstone, 1978)

RESERVOIR
CARBONATE REEF
DEPTH, MEAN, FEET
AGE, MY, (LOWER MIOCENE)
PRODUCTIVE AREA, ACRES
AVERAGE NET PAY, FEET
VOLUME, 10° ACRE-FEET
AVERAGE POROSITY, %
AVERAGE WATER SATURATION, %
GAS PORE VOLUME, 10° ACRE-FEET

INITIAL WET GAS VOLLUME FACTOR, SCFRRCF

INITIAL WET GAS-INPLACE, TSCF
INITIAL DRY GAS-INPLACE, TSCF

INITIAL HYDROCARBON GAS-INPLACE, TSCF

COMPONENTS, MOL %
H2O
COz
N2
ci
C2-C74
TEMPERATURE, RESERVOIR
RESERVOIR PRESSURE
HYDROSTATIC PRESSURE
SALINITY OF WATER
ISOTOPIC COMPOSITION-C' VALUE ppm
ABOVE 10,000 FOR METHANE

Sclentifie Contribution/30

10,000
14

21,450

10,789
162
17.00
1451
2713
17.147
16.135
13,71

5.90
13.76
032
6730
1270
1520

7100 psi
4350 psi
10-20 ppm
659.1




