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Rapid petroleum potential assessment of
Bantumilli marginal oil field using infrasonic
passive differential spectroscopy

E.D. Rode” S.R. Das, S. Ravindran? M.K. Mukherjee, ? A. Bordoloi ? and P. Jinagam show
with an Indian case study how application of infrasonic passive differential spectrascopy
technology for marginal fields and by-passed oil in brown fields is significant in eliminating
the risk of drilling dry holes.

field is considered marginal when it has lesser quantity SEDIMENTARY BASINS OF INDIA

of in-place hydrocarbons and distributed in several

layers. Its extent is limited, it is located far from the

existing infrastructure facilities, and the economics
for the development of the fields are marginal. Bantumilli |}
field possesses all these characteristics and is thus termed ¢
marginal field. Quantifying infill potential in marginal fields :
often involves several challenges. These include highly het-
erogeneous reservoir quality both horizontally and vertically,
incomplete reservoir databases, a considerably large amount
of data involving a number of wells, and different production {
and completion practices.

Perhaps, the most accurate way to establish infill poten-
tial is to conduct a detailed integrated reservoir study, which
is often time-consuming and expensive for operators of |}
marginal fields. Hence, there is a need for less demanding
methods that characterize and predict heterogeneity and
production variability. As an alternative approach, various
authorities have used empirical or statistical analysis to
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solely on the analysis of well locations, production, and time

data. In yet another method, passive sound is used to quanti- Figure 1 Sedimentary basins of India.

fy the total hydrocarbon content, delineate the hydrocarbon

contained area, determine the thickness of oil/gas columns with uncertainties. The seismic and electrolog analsis

at different locations, and subsequently prepare the devel- did not help in deciphering the spread of the hydracarbon

opment plan. Infrasonic passive differential spectroscopy containing reservoirs. IPDS technology was executedo

(IPDS) is one such technology that predicts the total oil/lgas ascertain the petroleum potential of the area. Thereser-

content in field and later develops the field with minimum  voir hydrocarbon index (RHI) map was prepared after

cost and time. This method ensures that not a single well calibration of the RHI values in the discovered oilgas

turns out to be a dry hole. wells. The prospective areas were delineated, petteum
Bantumilli field is located in the eastern coast of reserves of the field were estimated, and the locain of

India in the KrishnatGodavari basin (KG basin). Oil, the exploratory wells identified.

gas, and condensate have been discovered in two vl

in the Bantumilli field. The reservoirs, however, ae thin, Bantumilli field

sporadic, and cannot be discerned in the seismic sgons. Bantumilli field is situated in the Krishna-Godavari sedimen-

As a consequence mapping of the reservoirs is riddtl tary basin in the east coast of India (Fig.1.)
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Figure 2 Oil and gas fields of Krishana-Godavari Basin.

Bantumilli field is located in the onshore part near the
coast, surrounded by many oil and gas fields (Fig. 2).

The field is a rift fill sequence situated SE of Bantumilli
graben and SW of the plunging part of Tanuku ridge. Kaza-
Kaikalur horst trending NE-SW separates West Godavari
into Gudivada graben on NW side and Bantumilli graben on
SE side (Fig.3).

These grabens comprising a thick prism of Cretaceous

rift fill sequence are not present over Kaza-Kaikalur horst.

The oldest rift fill sequence is considered to contain non-

in this area. This high is the SW extension of the NE-SW
trending Tanuku horst. The Tanuku horst slopes towards

SW and Bantumilli high forms the SW dip of this horst. The

Bantumilli basement high has independent structural relief,
with the shallowest position near the Bantumilli-3 well. The

high slopes gently towards NE, moderately towards SW and
steeply towards NW and SE.

The wells on Bantumilli structure are drilled up to the
Archean basement. The basement is overlain by Cretaceous
sediments. The lower part of the Cretaceous section, the
Nandigama formation, comprises sandy siltstones and pyrit-
ic claystone and shale. The lower part of Nandigama forma-
tion increases in thickness away from Bantumilli high in all
directions, indicating on-lapping of the bottom part of this
section against the basement. Processed dipmeter data in
Bantumilli-5 indicates a sharp change in dip at 2910 m divid-
ing the Nandigama formation into two units. The lower unit
has dip of 1!8E towards NW and the upper unit has a dip of
2112E towards SW. The two objects in the well Bantumilli-2
in this on-lap section produced light oil. One sand in the
well Bantumilli-5 seems to be oil bearing. The overlying
Raghavapuram shale formation is comprised predominantly
of claystone /shale with a few intercalations of sand beds.
These sand horizons contain oil and gas in Bantumilli field.
The upper section , Tirupati sandstone, is characterized pre-
dominantly by sandstone. Lower Paleocene is composed of
volcanic flows with intertrappeans (Razole formation) and
upper paleocene comprised mainly by dolomite limestone
with a thin layer of sandstone and claystone. The Eocene to
recent section consists of sandstone and claystone (Fig.4).

Exploration prologue
The exploration in Bantumilli field commenced by drilling

marine clastics although there is evidence to suggest that thethe first well, BNT-1, on a structural high of 80 km 2. The

oldest rift fill sequence contains marine clastics.

Bantumilli field is a basement high, draped over the
basement and faulted anticlinal structure. The wells drilled
in and around Bantumilli area confirm the basement high

o

Figure 3 Tectonic framework of Krishna-Godavari Basin.
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well however turned out to be dry due to the absence of
proper reservoir rock. The subsequent well, BNT-2 was
drilled over another structural culmination. Oil and gas were
discovered in this well in the two horizons in the Nandigama
and Raghavapuram shale formation. In the third well BNT-3
oil and gas were encountered in shallower horizons. Two
other wells, 4 and 5, drilled on other structural dispositions
were abandoned as dry holes. It was thus surmised that
accumulations of oil in Bantumilli area are not controlled
by structural entrapment alone. Pursuing further explora-
tion became difficult. The attention thus shifted to ascertain
the spread of the reservoirs over the field. The oil and gas
bearing horizons in wells BNT-2 and BNT-3 are thin and
non-persistent. The electrolog correlation and preparation
of depositional model did not result in the identification of
prospective locations (Fig.5).

The reservoir being sporadic in character could not be
correlated to specific seismic markers. As a consequence, the
development of Bantumilli marginal field turned uncertain,
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difficult, and unattractive. At this stage the operator of
the Bantumilli field adopted the non-conventional method
of IPDS to characterize the oil bearing area, estimate the
reserves, and identify the locations for drilling.

Implementation of IPDS
Principles
IPDS is a technology for direct detection of hydrocarbons.
The frequency of the recorded wave isinfra or less than
normal sound waves. In this method no artificial sound, e.g.,
explosives or vibration, is used; the record of the passive
sound of the earth only is utilized. This technology works
only when two differential media, e.g., oil and water or oil/
gas and water, are present in the reservoir. Spectroscopy is
the processing technique of those signals, interpreting anom-
alies representing the presence or absence of hydrocarbons.
The principle of this method is that a hydrocarbon reservoir
is a frequency converter. It deforms the frequencies of the
omnipresent natural earth noise (Fig.6).

The deformation of the natural earth noise spectra is
characteristic in the very low frequency range between
0.2!10 Hz. These deformed signals on spectroscopic analysis
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produce unique spectral signatures. These spectral signaturesrigure 4 Stratigraphy of Bantumilli field.

are used as direct hydrocarbon indicators. Generally, there
are three categories of passive seismic. These are passiv-

BANTUMILLI-1 BANTUMILLI-2 BANTUMILLI . BANTUM
acoustic spectroscopy, passive reflection seismic, and passive il
micro-event monitoring. IPDS deals with passive acoustic ﬁig t:’“_EI li M
spectroscopy and it detects the presence or the absence of |t E”mf i I i i
petroleum containing reservoir. The reservoir in this method .;E. E E—L—Tg- i 5},
is described as a multi-fluid system in porous material. The 3 Ef e
nature of the very low frequency emitted wave is that it does g.é IR 1
not suffer any absorption, because of no reflection and no S 5 i
refraction. Any inhomogenity in the travel path of the signal - ké i Jz’i ‘
does not have any effect. The reason for the formation of ?E i ?_“Tﬁ ANRRT I ,,f-jé; i
such signals has similarity with radio modulation systems 1= ‘% _g:j 2 L 5‘%;; -
or signal amplifliers. Any non-linear transmission element = = I RS AT I TN SN
in the signal transmission system will create sub-waves and 5 e 5
harmonics from the signal elements. Figure 5 Electrolog correlation of the reserves containing  horizons.
A petroleum reservoir is such a non-linear element, but
with low-pass filter characteristics. It is non-linear only Spedmsmpicanalysif /U\/\/
PA- SR A
f

below 8 Hz, and as a result, higher incoming frequencies are
converted in the reservoir into lower frequencies (differential
products). But these products only exist in the frequency
range below 8 Hz and they have a totally different behav-
iour compared with other seismic waves which are normally
dealt with. These low frequency waves are slow, very slow,
and the velocity might be below 500 m/sec. Because of their
wavelength they are not reflected and not refracted from any
incongruous lithology and so not absorbed.

Instruments

Sensor

Internal noise source
Boradband seismic backgroung
of the Earth, omnipresent

Patented sensors measure the sound waves. These sensors aﬁ%ure 6 Schematic acoustic spectroscopic signature of a su bsurface hydrocar-
seismometers with sensitivity of 30,000!120,000 V Sec/m bon reservoir.
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The Principles of Quantitative Acoustical Imaging
Dries Gisolf and Eric Verschuur
This book presents a systematic approach to imagingf acoustic re"ection measurements and the

extraction of media property information from the image amplitudes, based on wave theory.
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