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Abstract 

The upper Assam basin is an intermountain basin surrounded on three sides by fold and thrust belts. The area is known
as one of the most seismic active areas of the world. It has experienced two of the largest earthquakes in recorded
history. Upper Assam basin is also the home to two of the world's largest oil and gas fields. These two superlative
characteristics of the basin suggest the temporal nature of oil and gas accumulations and underline the significance of
viewing petroleum systems as dynamic processes as opposed to static entities.  

An integrated regional study was conducted part of a petroleum exploration program of the Jaipur anticline area. In this
study, structural modeling and sequence stratigraphy techniques were used to define the stratigraphic and structural
evolution of the basin and to relate that geologic history to timing of maturation and migration of hydrocarbons.  

During the study, regional unconformities, recognizable on geologic maps, seismic profiles and well logs, were
identified. Mapping truncation of formations at each of the unconformities and construction of isopach maps provided
insight into the development of regional structural features. Maturity data for the source rocks in the basin indicate that
hydrocarbon generation began as early as mid-Oligocene, with a major pulse occurring in late Miocene. These data also
show that the source rocks are now at peak maturity for oil generation in parts of the basin. This interval of hydrocarbon
generation includes nearly the entire time in which the region evolved from an extensional plate margin to an
intermountain basin between two orogenic belts. Sustained hydrocarbon generation throughout a complex structural
history implies a complex history for migration and accumulation of hydrocarbons in the basin.

 

Selected Figures 

Tectonic setting, upper Assam basin between Assam-Arakan fold belt and Himalayan orogen.
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Assam-Bengal basin.

Upper Assam Valley oil fields.

Seismic markers and relative dating.

Stratigraphic-structural event chart.

Oil field characteristics.

Dynamic hydrocarbon system.
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This presentation was made at the APG Duliajan Chapter Meeting, 2010 in Duliajan, Assam.
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2.	Oil exploration is like hunting tigers
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• How does Tiger move 
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3.  If you hunt tigers you need to know what a tiger is:
a.	Most important, the tiger is alive.
b.	You need to know where a tiger lives 
c.	You need to know how the tiger moves
d.	What kind of tracks a tiger leaves when it moves
e.	What are the friends or enemies of the tiger




If we are hunting Oil, 
we need to answer  
the same questions 
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4.	If you hunt oil, you need to ask similar questions.



A Single Event – a thing – not “alive” 
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Presenter
Presentation Notes
5.  This model treats petroleum systems as “statues” immobile after they form.   The current view of petroleum systems is a set of fixed elements waiting for us to find them. The typical petroleum system chart illustrates the components of the system and indicates when they developed.  A “critical moment” is indicated as a single instant when all of the components were in existence and after which they were preserved for us to find them.  This is a static view of the petroleum system much like seeing tiger as a marble statue.

The petroleum system is not the sum of its parts, but rather a dynamic self-organizing system driven by heat and gravity (buoyancy).  The components will interact so long as there is a source of organic source material, driving energy, and confining space for metastable accumulation of hydrocarbons. 
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6.  This photograph of a core taken in UV light illustrates the need to hunt oil as a fugitive mineral.  The core has good porosity & permeability and shows good bright yellow fluorescence.  We were elated to see this core when we extracted it at the wellhead.
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Presenter
Presentation Notes
7.  How can an interval with excellent oil shows produce only water? Understanding hydrocarbon shows is critical for proper decisions, and understanding hydrocarbon shows requires thinking of the hydrocarbon system as a dynamic process.



Core Saturation 

This chart is for an oil reservoir badly flushed by water based mud.  Other scenarios exist  
for gas reservoirs and oil mud.  From the Fundamentals of Core Analysis, Core Lab 
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8.  The core at the surface is a sample of how the reservoir rock will look when it is depleted to atmospheric pressure.  A core from a newly discovered oil field will have a similar appearance to a core taken when the field is completely depleted or to a core from a naturally depleted residual accumulation.  This relationship is illustrated by a figure from the “Fundamentals of Core Analysis” By Core Lab.  

Although this figure is specific to a continuous phase oil reservoir that is badly flushed by a water-based mud, it answers the paradox of why cores that bleed oil on the drill floor are not good news for conventional reservoirs. (They still have not given up their charge even when at surface pressure.)
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Presenter
Presentation Notes
9.  The next slides illustrate the relationships between reservoir saturations, capillary pressure, relative permeability, and fractional flow of oil (gas) and water.

In a well drilled through an oil / gas bearing rock unit there is an elevation at which the first indication of oil occurs.  Below this height in the reservoir, water saturation is 100% and only water will enter the borehole.   This is the Free Water Surface. Above this point, the hydrocarbon fraction increases to an irreducible water fraction.  The production behavior of the well bore is related to this water saturation (Sw).  Above the free water surface, the reservoir still produces water up to the base of the Transition Zone or the Oil / Water Contact.  Within the transition zone both oil and water flow into the borehole with the oil fraction increasing upward in the borehole.  Above the top of the transition zone, hydrocarbons are produced despite decreasing water saturation.



Oil & Water 
 in a  

Reservoir Rock 

•Reservoir Saturations 
•Capillary Pressure 
 
 

1613

Presenter
Presentation Notes
10.  Reservoir saturation of hydrocarbons and water are related to capillary pressure of the rock unit.  Capillary pressure is, loosely, the force necessary to cause the oil to move through a pore throat against the interfacial tension between the oil and water phases.  The force to move the oil is the result of the buoyancy force created by the hydrocarbon column heights.  For a given pore throat size capillary pressure increases with increasing oil column height and decreasing water saturation. 
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11.  The relative permeability of hydrocarbon with respect to water can be related to the water / oil saturation and the capillary pressure.  Thus if the capillary pressure curve for the reservoir is determined, then fraction of non-movable oil or residual oil can be determined.
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12.  This in turn, can be related to the fractional flow of hydrocarbon and water.  This is useful information to determine where the sample point is within the transition zone or how the transition zone has expanded during production. 



A = Intersection of Kro with Krw curves. Oil  
       and water flow at equal ease. Hence,  
       watercut is 50%. Position of capillary  
      pressure curve defines elevation (height)  
      in the reservoir above free water table 

Free water table 

Kro  = Relative Permeability to oil  
Krw  = Relative Permeability to water 

Relative 
Permeability 
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13.  Note top curve, capillary pressure.  Without delving into the complexities, the shape of this curve is generally a function of pore size, pore distribution, and relative density of contact fluids. Greater force is required to move the oil through pore throats as the of the pore throat decrease in size.  Large differences in the density of the water and hydrocarbon yields greater buoyancy.  High-porosity, coarse-grained reservoirs with light oil and high salinity water will have thin transitions zones (lower solid line), while low-porosity, fine-grained reservoirs with fresh water and heavy oil will have thick transition zones (upper dashed line).



B = Residual Oil saturation (nonmovable Oil) 
       This oil cannot be recovered by water 
       flooding, only by enhanced recovery 

Irreducible 
Oil  
Saturation 
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14.  Point B is the base of the transition zone or top of the immobile (irreducible) oil interval. Oil in the interval with water saturation greater than this value cannot be moved by water flooding, although miscible fluid floods may extract this oil. 



C = Irreducible, nonmovable water saturation 
       characteristic for a specific reservoir rock. 
       Water free production from reservoir  
      above elevation of point C – 
     provided proper zone isolation 
     (cementation) is present 

Irreducible 
Water  
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15.  Point C is at the top of the transition zone.  Above this point, only irreducible, non-movable water exists in the reservoir.  The fraction of pore volume occupied by irreducible water is specific to a given reservoir or even to a given part of the reservoir.  That is, if the reservoir unit changes facies across an oil field, the height of the transition zone will change as will the irreducible water saturation.  Water free oil production from the reservoir will occur above the elevation of point C, but this point may not be at a constant elevation throughout the field. 



C 

D D 

A 

B B 

C 

Modified From Schowalter & Hess, 1982 

Oil Production 
free of water 

1619

Presenter
Presentation Notes
16.  This figure modified from Schowalter and Hess (1982) illustrates that if the reservoir quality of a unit decreases sufficiently at the top of the oil column, a transition zone or Waste Zone may occur at the top of the reservoir. 



Residual Oil / Initial Saturation 
Results are a function of Porosity and Permeability 

Modified From Schowalter & Hess 1982 
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17.  Residual oil and initial oil saturation are a function of reservoir quality, i.e. porosity and permeability.   Because reservoir quality may vary throughout the reservoir unit, a given residual oil saturation, as in the core example given earlier, yield a non-unique result when compared to initial oil saturation. 
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18.  When we looked at the example core, we have to ask, “what does the core represent?” 
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Dead Oil Field 
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Modified From Schowalter & Hess 1982 
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Production 

B = Residual Oil saturation (nonmovable oil) 
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19.  Our DST results indicate that have discovered only the residual oil residue of a dead (naturally depleted) oilfield.  Here are the tracks of our tiger, but he is gone. 



Hydrocarbon Shows 
(Oil Tracks) 

Modified From Schowalter & Hess 1982 
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Presentation Notes
20.  This table modified from Schowalter and Hess (1982) is a classification of oil shows.  We have discussed continuous phase oil (Type I) and Depleted trap oil (Type IIa). (Note: Since this talk was given, additional modification of this chart is now necessary because of production from source rock intervals.)



Migration Shows 

Must have greater than Irreducible Oil Saturation (So) for migration 

Distance 
from top of 
carrier bed 
determined 
by unit P&P 
Usually 1-3m 
In sandstone 

Top of Carrier Bed 

Minimum  charge 
necessary for  
Oil Migration  
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Presentation Notes
20.  This table modified from Schowalter and Hess (1982) is a classification of oil shows.  We have discussed continuous phase oil (Type I) and Depleted trap oil (Type IIa). (Note: Since this talk was given, additional modification of this chart is now necessary because of production from source rock intervals.)



Oil Quality v/s Depth 
Vertical Migration 
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Low Gravity Oil generally has a Low Gas to Oil Ratio (GOR) 
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22.  The graph on the right side of this slide is from Dunnington (1967) and illustrates the number of pools yielding or containing oil of the indicated API gravity in present day reservoirs of different ages from the Arabian Peninsula.  The data suggest that the decrease in API gravity toward the surface is the result of degradation of oil by water washing, microbial biodegradation, or loss of volatile fraction by partitioning effect of the intervening stratigraphy.  The latter degradation mechanism is indicated by the decreasing gas oil ratios (GOR) with the decreasing API gravity. 
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Cretaceous Reservoir 
contains large volume with 
residual oil (bitumen) 

Kirkuk 
Anticline 

Baba 
Dome 

From Gaddo, 1967 
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23.  The map and cross section are from Gaddo and Hussain (1967).  This study shows that the Kirkuk oilfield had been partially depleted by natural causes at the time of its discovery.  A large volume of the original oil-in-place was lost by leakage leaving behind a long residual oil column.   Other large oil fields show similar loss of initial charge, such as Prudhoe Bay Oilfield, Alaska (Jones and Speers, 1976). 



Berat Dagh & Pir-i-Mugrum 
(breached) Anticlines 

“The reef and fore-reef  
limestones are saturated 
with bitumen …” 

The rivers carry away   
bits of  asphalt, limestone,  
and clay 
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24.  The breached anticlines Berat Dagh and Pir-i-Mugrum in northern Iraq (Kurdistan) are examples of dead oil fields.  These structures retain high oil saturations that are now immobile because oil is degraded to the high viscosity remnant.  Oil clasts of cobble and pebble size found in the alluvium downstream from these structures and similar bitumen clasts in the Maastrichtian conglomerates found in the inverted grabens of northern Iraq and Syria as described in  Dunnington (1958) are examples of detrital oil.



Oil Seeps 
Digboi Field, Assam India 
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25.  A discussion of oil shows or “tiger” tracks should include oil seeps as found here in Assam at Digboi Field.  Before Seismic and before geology, oil seeps were the oil explorationist’s main tool. 
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26.  The Assam Basin has an active tectonic history, but also contains one of the world’s largest oil fields (Kent and Dasgupta, 2004).   Therefore, the region displays all of the various oil show types discussed above. 




Fresh water is not a friend of  Oil 
It brings Microbes & oxygen 
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27. We have seen that migration, especially long distance migration, can result in substantial degradation of oil.  Fresh water influx is also not a “friend” of oil. These salinity maps for the Tipam and Barail Formations from Seshavataram et al. (1980) show the oil fields of each formation reside in areas of high salinity while degraded residual oil shows are found in the areas of fresh water. 



Kent, W. N., 2006 
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28.  Examination of hydrocarbon occurrences suggests that a hydrocarbon system is a process with a finite duration and that the included oil fields have a finite “life span” which includes constructive and destructive phases.  All of this “life span” occurs after the “critical point” when all of the components are assembled, although substantial amounts of hydrocarbon maturation and migration may occur either continuously or episodically long after the “critical point”.  

Each phase of the “life span” has its associated characteristic diagenesis.  With generally positive effects like porosity development by dissolution of carbonates or rock fragments in clastic reservoirs as described in the volume by McDonald and Surdam (1984) occurring in the constructive phase.  While deleterious diagenesis including deposition of anhydrite, saddle dolomite, chert and lead / zinc sulfides occur in the destructive phase. 



Controls on the system’s duration “are post-
entrapment tectonism, and seal type, with 
temperature and hydrodynamic regimes  being 
secondary factors” (Macgregor, D. , 1996) 
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29.	Macgregor (1996) studied 350 giant oilfields and determined that they represented dynamic short-lived phenomena.  The average age of the giant oilfields was 35 Ma with a third of the fields with evidence of post-entrapment destructive processes.  He determined that the main control on oilfield duration was tectonism and seal type, with temperature and hydrodynamic regimes being secondary factors.   Oilfields in tectonic stable areas with evaporite super-seals lasted the longest, e.g. cratonic Neoproterozoic / Cambrian fields of Rajasthan and Siberia. 
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NOTES 

GEOLOGY OF PETROLEUM: A SIMPLIFIED ACCOUNT* 

Petroleum and its Generation Process: 

Petroleum or Rock-oil is a naturally occurring admixture 
of various hydrocarbons. These are compounds made 
primarily of carbon and hydrogen, and range from straight-
chain paraffins to ring type cyclo-paraffins (i.e. napthenes) 
and aromatics. defines are usually not present in the 
naturally occurring substance. The components present can 
occur either in simple admixtures or in complex 
combinations. In molecular size, the individual hydrocarbon 
constituents can range from the simple methane (CH4) to 
highly complex and heavy semi-solids like asphalt and 
bitumen. 

Individually, the lightest hydrocarbons are gases at the 
surface temperature and pressure, but, in their admixed 
state, the individual molecules get shared between the 
liquid and the vapour phase (i.e. gas) according to the 
equilibrium constant appropriate to the pressure-
temperature regime of their occurrence. If the regime 
undergoes any change, the system tries to stabilise to the 
new conditions. 

Although inorganic reactions, like that of metallic 
carbides with water, can produce some hydrocarbons, and 
the earth itself is supposed by some to have had a hydrogen-
methane - ammonia atmosphere long before it had its first 
life forms. The general belief is that most of the commercially 
produced petroleum was generated by the decay of organic 
matter from both plant and animal life forms in sedimentary 
basins under an oxygen deficient environment. The organic 
matter can be both marine and non-marine. Oxygen 
deficiency can be produced by basin configuration (e.g. 
stagnant bottom-water in silled basins), rapid subsidence of 
the basin floor, flushing out of the pores in the newly laid 
sediments by the upward moving water (which has been 
rendered oxygen deficient) from the compacting sediments 
below, and by a variety of other factors. 

The organic materials which produce petroleum can 
come from many sources, but these tend to accumulate 
primarily with fine grained sediments. Any material which 
comes with coarse-grained sediments tend to get winnowed 
out and destroyed. Some limestone formations can have 
their own source for the generation of petroleum. 

The organic matter thus accumulated, initially forms a 
dark coloured substance called kerogen. It is highly 
variable in composition and consists of stacked sheets of 
aromatic rings in which atoms of nitrogen, sulphur and 
oxygen also occur. Based on their source materials, 3-types 
of kerogen are currently recognised (Fig.l). Kerogens are 
the precursors to petroleum, and their presence in 
appreciable quantities in fine grained elastics (and 
limestones) helps to recognise potential petroleum mother -
or source rocks. Although, highly variable, each type has a 
somewhat different originating matter and results in a 
somewhat different category of the produced petroleum. 
The Type I kerogen, for example, forms mainly from 
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Fig.l. Evolutionary pathways of kerogens (adapted from paper 

by Tissot et al. in SAAPG, 1974). 

lacustrine planktonic debris, intensively reworked by 
bacteria. Type II forms from marine planktonic debris, 
sedimented under anoxic conditions. Type III forms from 
land plant debris sedimented in near-shore marine, 
lacustrine, deltaic, parallic and flysch-type environments. 
At the same maturation stage, the capacity to generate more 

* This write-up is based on the lecture notes prepared by A.B. Das Gupta for a Refresher Course for University and College teachers, 

organized by the Calcutta Universit in March, 2002. 
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348 NOTES 

hydrocarbons per unit weight of kerogen, decreases from 
Type I to II to III. 

In the petroleum generation process, not all the organic 
matter is broken down or reconstituted. Some of the 
compounds pass through without any major change. These 
help to trace back the basic type of source material. There 
are also other aspects of the composition which can be used 
to fingerprint the oil and thus help to distinguish one crude 
from the other, even in mixed environments. For example, 
terrestrial material like land plants and insects generate 
paraffin waxes with a predominance of such odd 
numbered hydrocarbons as C27, C2g, C3]. Marine plants also 
produce odd numbered hydrocarbons, but in a lower 
molecular weight range of C)5, C17, C]9. High wax crudes 
with paraffins in the C27, C29, C3] range would thus be 
expected to have a terrestrial source. Then there are the 
carbon isotopes. Lipids from marine planktons tend to 
have a higher proportion of 13C than those from the 
terrestrial organic matter. 

All these help in tracking down the source rock of the 
petroleum that has been discovered. Conversely, once a 
petroleum mother-rock has been found, it also helps assess 
what type of accumulation can be expected. 

In addition, to its conversion to kerogen, the organic 
matter trapped in sediments initially generates some 
biogenic methane. With increasing burial, as it reaches an 
adequate temperature-pressure regime, the kerogen 
starts to form oil. With further burial and further increase 
in temperature (and pressure), the hydrocarbons start 
breaking down into smaller molecules, and the organic 
matter begins to generate increasing volumes of pyrogenetic 
gas (primarily methane). The change over from one regime 
to another is gradual but the major temperature zone 
within which the main oil formation takes place is around 
60° to 165°C. This is popularly known as the oil window 
(Fig.2). Similarly, the geotectonic parts of the basin where 
any organic accumulations are likely to be so 'cooked' into 
oil and gas is referred to as the kitchen. The pyrolitic gas 
(methane) generation increases to a maximum rate at 
around 200°C. With further burial (and consequent rise in 
temperature), the gas generation slows down abruptly 
at around 300°C. The residue ultimately left behind can 
be graphite.The precise depths of burial at which these 
will happen depends on the geothermal gradient which 
can vary from basin to basin and from one part of the 
basin to another. 

Expulsion, Migration and Accumulation 

Petroleum, thus formed, has to be expelled from the 
mother-rock, transported and trapped at the dead-end 

i n 1 1 i 
0 1 2 3 4 5 

Quantities (g /100 g dry rock) 

Fig.2. Oil window: compared quantities of water and hydrocarbons 
in source rocks as a function of burial (afterTissol, 1987). 

of its migrating path to give an accumulation. This calls 
for availability of expulsion mechanism, migrateable 
paths and reservoirs in which it can accumulate.Petro-
physical properties of the stratigraphical elements involved, 
differential pressure and gravity play an important role 
in this process. 

Ultimately, in any sedimentary belt, there can be myriads 
of possible traps and reservoirs, but only a small proportion 
of these contain commercially exploitable petroleum 
resources. Very large accumulations of the giant or super-
giant class would be fewer still. 

It is the task of petroleum exploration groups to sift the 
"grains from the chaff from whatever observations they 
can make and locate those that contain these buried 
exploitable resources. This is naturally a very complex 
task, and the exploration for petroleum today involves 
many facets that go far beyond the limits of conventional 
geology. 

At the time of their deposition, fine grained sediments 
like clays can have upto 90% or more of water. With 
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increasing depth of burial,and its attendant compaction, 
these sediments begin to lose the absorbed and the 
adsorbed water. This is the initial stage. Eventually the 
clays begin to turn into hydro-micas and release large 
volumes of chemically bound (and now resurgent) 
water. Compaction of the entire sedimentary column below 
(and conversion of its clays into hydro-micas ) releases 
additional water- a part of which can also flow through the 
hydrocarbon mother-rock. The water thus squeezed out 
carries with it initially the lipids or oily matter of the original 
organic load, together with biogenetically produced 
methane and carbon-dioxide. Later, further increase in the 
depth of burial, leads to the increasing formation of 
petroleum liquids and gases. By this time, much of the 
absorbed water has also been squeezed out. Some 
chemically bound water starts getting released, but its 
magnitude is variable, as it depends upon the composition 
of the clays present. The total amount of water still 
coming out aided by whatever squeezed out additional 
water is filtering up from the sedimentary succession 
below, can carry away a part of the generated oil and 
gas, either in solution or, in micellar and colloidal 
suspension. Some other mechanism is required to expel 
the remaining oil and gas. It is believed that the conversion 
of soild kerogen into liquids (oil) and gases leads to an 
internal overpressuring and micro-fracturing of the 
reservoir from time to time. This helps direct release of 
the major part of the generated oil and gas into the 
more permeable migration pathways, without necessarily 
having to go through the solution/micro-emulsion route 
in water. 

After expulsion from the mother-rock, the water carrying 
the solution/suspended load, as well as the free blobs 
of oil and gas coming out through the fractures, move 
along higher porosity and permeability layers of the 
sediments (and sometimes open fractures and faults) into 
lower temperature - pressure environments. There the water 
tends to release its hydrocarbon load which, in its turn, 
tends to join the free oil/gas stream. At this stage the 
physico-chemical laws which control the flow of mixed 
fluids through porous media take over. 

Sediments laid under water are primarily water-wet, and 
water can pass through at rates that the permeability will 
permit. Oil and gas would however be stopped where the 
pore sizes in their path are too small to allow their entry 
under the available pressure differential. An accumulation 
will then form, in which the gas,oil and water will eventually 
be gravitationally segregated. The pressure differential is 
related to the buoyancy of the accumulating oil/gas 
column. This is usually not of a very high magnitude. If 

the pressure differential is later increased (either through 
natural causes or through human intervention) the gas and 
oil may leak away. 

When a clay rock is squeezed, the expressed fluids can 
move in any direction (up, down, or sideways). Otherwise 
the primary driving mechanism is gravity. In a stratified 
system, most of the fluid flow will be updip, and its rate 
will be proportional to the sine of the angle of dip. 
Otherwise, it will take the shortest available path, which 
can be vertical. 

If the strata, through which oil and gas is moving, 
develops an anticlinal form, and the layer concerned has a 
less permeable cover, we would have the classical anticlinal 
trap. Many other types of traps are possible, and one can 
even have a transient accumulation, through the queueing 
effect, if the slope of the beds decreases appreciably in the 
up-dip direction, Digboi has similar accumulations in some 
of its sands at every arrestment of pitch. 

How far the oil can travel in this fashion, before it is 
trapped into an accumulation, has been debated from time 
to time. There are oil-fields which seem to have formed not 
far from their oil source. Equally, there are others which 
have been involved in fairly long distance migration. 
Apart from the criterion of their distance from the nearest 
available kitchen, there are some subtle indicators which 
are claimed to be able to give an order of magnitude 
indication of the distance the oil has travelled. 

Non-alkylated benzocarbazoles, which are present in 
trace quantities in oils (and are not affected by the oil-
window level of maturation process), have been suggested 
as one such indicator. Amongst these, the rod-shaped 
benzo(a) carbazole molecules seem to get adsorbed on the 
clay minerals and solid organic matter in their migration 
path to a greater extent than the sub-spherical benzo(c) 
carbazoles, with increasing distance of migration. The 
benzocarbazole ratio (a/a+c) may therefore provide a 
quasi-quantitative idea of the migration distance. However, 
at low concentrations, the requirements of analytical 
precision would be high, and one would need either 
samples from multiple points or well established parallels 
to come to any reliable conclusions. 

On the whole, the feeling seems to be that both long 
and short distance migrations are possible. Out of the 
many oil-fields where various indicators seem to have 
established a reasonably reliable link with their sources, 
those containing long distance migrated oil seems to 
account for over 50% (AAPG Mem. 60, pp. 82-86). 
Migration distances in excess of 160 Km and possibly 
upto 500 km are reported to have been observed.The 
most natural migration path is up-dip from the kitchen. An 
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extensive regional cover rock over the migration pathway 
prevents the oil from getting dissipated Lack of a regional 
cover permits many points of vertical movement into the 
nearby reservoirs Petroleum thus needs not only a local 
cover rock, permeability barrier, or change in the path 
gradient, to help it to accumulate, but it also needs a regional 
cover to sweep large areas in its pathway 

Geotectonic Framework of Petroliferous Basins 

Most sedimentary basins have a Shelf Zone, where the 
sediments are relatively thin This would be followed by a 
Hinge Zone, a Slope, and a Basin Deep In compressional 
basins, the latter would be followed by a faulted and folded 
Mobile Rim (Figs 3 1, 3 2 and 3 3) 

In the Basin Deeps, where the floor subsides pari pasu 
with sedimentation, the sediments have their thickest 
development The Slope is the zone in which the most rapid 
change in sediment thickness (including many wedge-
outs) takes place Regionally, it is also the zone of the most 
pronounced upward gradient This flattens rapidly across 
the hinge zone, into the Shelf There are also wide 
differences in the lithological facies developed in each of 
these zones 

The Shelves tend to develop cleaner (and more 
permeable) sands, back lagoon organic rich sediments and 
limestone reefs The bottoms of the slopes can have 
turbidites suitable for hosting petroleum The basinal 
sediments are usually dirty, but these can be rich in 
organic matter - particularly closer to the shelf and the 
mobile rim Parts of these are also likely to reach the 
temperature-pressure regime required for the petroleum 
kitchens Shelves are seldom absolutely flat These too 
tend to have their own relatively thick sediment filled 
depressions, which can also take organic rich sediments 
down to the oil-window level and generate oil and gas for 
some of the shelf reservoirs 

Interestingly, when Knebel and Rodngues-Eraso were 
looking into the habitat of oil in 1956, they found that 
71% of the oil discovered till then was from the shelf 
environment, 23% was from the Hinge Zone, 2% from the 
basin centres and 4% from the mobile rim These possibly 
relate primarily to basins developed in the zone of 
compressional tectonics In intra-cratonic basins developed 
by sagging down of the basement, structures near the basin 
centre can also have important accumulations Parts of the 
basin regimes conducive to the generation of petroleum are 
also those that can develop salt deposits and evapontes 
Under gravitional pressure, the salt can move up like a plug 
and carry a lot of oil and gas for filling up the reservoirs in 
the vicinity 

Early History of Petroleum Development 

All the factors concerning the generation, migration and 
accumulation of petroleum were naturally not known at the 
outset Petroleum residues left behind at the surface by 
ancient seepages have of course been known and used locally 
for a variety of purposes in a number of countries tor many 
centuries but without the people trying to find out much 
about it From around 200 BC, the Chinese have been 
producing natural gas in some of their inland provinces like 
Szechuan for local consumption Their object however was 
primarily salt They found it much cheaper to produce salt 
from salt-water springs in their area rather than bring it all 
the way from the coast Eventually, they developed methods 
to drill wells for salt-water In the process, they found that 
they were also producing a combustible gas (methane) Their 
entire operations from drilling to transportation of gas were 
conducted with bamboo pipes 

In Myanmar, some surface oil seepages in Yenaung-
yaung were tracked down to shallow oil sands They 
developed their own technology for digging deep wells 
by hand They lifted the oil in buckets and used it as a 
bullock cart wheel grease and for lighting lamps These 
were however all small-scale local activities and made no 
major global impact This came with the Industrial 
Revolution in the West and the successful drilling of a well 
close to an oil seepage in USA by Col Drake in 1859 
Initially, the Industrial Revolution was fuelled by wood 
and coal but petroleum took over in time, particularly in the 
transportation and mobile power sectors The development 
of internal combustion engines which could operate on a 
very low weight to generated power ratio revolutionised 
these sectors and made activities like flying possible The 
result was a tremendous burst of activity to discover and 
develop petroleum resources 

The Early Modern Era and the Subsequent Evolution of 
Concepts 

In the early stages, the main exploration tool foi 
finding commercially producible petroleum was to drill oi 
dig wells close to seepages or residues of petroleum 
Away from the clogged near-surface zone, the oil tended to 
be more fluid and could give much larger rates of flow 
Oil finding was an adventure and a gamble, and many 
followed their hunch with diverse tools like the Doodle­
bug and the Divining Rod Some found commercial 
fields, many did not Out of these, grew the first concepts 
that oil accumulations formed at the top of anticlinal 
(and other) structures m porous reservoir rocks, sealed 
above by impervious shales or other cover rocks 

JOUR GEOLSOC INDIA VOL 61 MARCH 20(» 

1637



NOTES 351 

Stable foreland 

•*•*•* *p" •*••*• *•* 

Shelf 

• • * • .% 
• +m 

Hinge 

*''"'*!•:•:••:• 
::'y. 

Basin 

::i:ii:i 

Mobile belt 

Fig.3.1. Generalised geometry of an asymmetnc sedimentary basin (after Tlratsoo, 1973) 
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Fig.3.2. Example of a petroleum system, after the eastern Venezuela foreland basin, (after Petroleum Systems, 
1994) 
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Fig.3.3. Example of a petroleum system, patterned after Niger delta, Nigeria (after Petroleum Systems, 1994) 

Although the beginnings of this theory were propounded 
in 1861, by Andrews and enlarged in 1863 by Sterry Hunt, 
it dtd not get any industry-wise acceptance for many years 
It had eventually to be revived by IC White in 1896 and to 
lead to the discovery of Manmngton field before it found 
acceptance The Digboi Oilfield in NE India was discovered 
at around this time by drilling close to an oil seepage The 
party concerned, though eminently successful in other lines 
of endeavour, did not have any clue to the controlling 

mechanism of the field and could sustain a small production 
of less than 200 barrels a day, by drilling at random all 
around It took another 30 years for the Burmah Oil 
Company (BOC) to come onto the scene, discover its 
anticlinal control and eventually to raise its production to 
the level of around 5000 bis/day In the process they found 
that not only the anticlinal summit but every arrestment of 
pitch in the crestal area could also hold accumulations 
Many could be transient in terms of geological time A clay 
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barrier was not essential to stop the upward movement 
of oil or gas and even a minor compressional fault in the 
same sand body could be adequate to hold back the oil 
or gas and form an accumulation Conversely, the same 
fault could permit leakage if the pressure difference across 
was increased They also found that the fold had a 
pronounced asymmetry in its summit area, and that the 
culmination of the deeper sand layers there did not he 
directly below those of the layers above The asymmetry 
caused a southerly down flank staggering of the deeper 
culminations, and they had to devise section construction 
methods which would be able to reasonably predict 
their positions This helped them to bring in major 
production from the sands below 

Whilst these lessons were being learnt in Digboi, many 
other important developments were taking place elsewhere 
in the world During the 1930s, Krumbein, Pettijohn, Sloss 
and others observed that the sedimentary htho facies 
were not random in their distribution, they had a distinct 
relation with the geotectonic regime of the basin in which 
they were deposited Subsequent investigations on the 
habitat of oil carried out by Knebel and others showed a 
parallel association of organic-rich sediments, reservoir 
rocks, and petroleum accumulations with the geotectonic 
set up of the sedimentary basins The position of the 
petroleum kitchens, the development of petroleum migration 
pathways and of the strati graphic cum tectonic associations 
that trap the oil and gas and form oil/gas fields are all 
ultimately controlled by the geotectonic fiamework of the 
basin In fact, even the basin formation itself is a reflection 
of the overall geotectonic situation 

On the micro-scale, of course, there are many local 
factors which contribute to the development and attributes 
of all petroleum accumulations The same physicochemical 
laws which prevent the oil from entering the less permeable 
strata may also make it bypass the less permeable zones of 
a heterogeneous but otherwise oil-filled reservoir The oil-
water margin normally tends to be horizontal, but if there is 
any hydro-dynamic movement of the water below, it can 
develop a tilt in the direction of the flow (Figs 4 and 5) The 
development of the reservoir, its geometric form, and 
porosity-permeability pattern, can all be controlled by the 
immediate mechanism of its sediment transport and 
deposition. A channel sand can have a long meandering 
body, cleaner and more permeable below, but more dirty 
and less permeable towards the top A bar sand can also be 
linear but, porosity-permeability-wise, just the reverse 
These are only some stray examples The petroleum 
accumulation and its geological setting can have a wide 
diversity based on the local factors 

Fig.4. Water overlying oil in the same sand body across a rmnoi 
reverse fault (after Das Gupta, 1969) 

Fig.5. Off centre accumulation of petroleum as a result of 
formation - water movement [after Hubert and ONGC Bull 
v 6, no 2, Dec 1969) 

JOUR GEOL SOC INDIA, VOL 61, MARCH 2003 

1639



NOTES 353 

Exploration Modality, Tools and Philosophy 

The problem is how to recognise these in a new area 
This involves total geology using all possible scientific 
knowledge and tools that human ingenuity has been able to 
develop Some of these have grown into highly specialised 
branches of science and engineering themselves These start 
with the earth's gravitational, magnetic, electrical, acoustic 
or seismic and fluid flow properties Exploration teams 
have to collect the raw data through high precision 
instruments and process these through elaborate computer 
systems to generate an overall picture To this has to be 
added whatever can be gleaned from surface geology, 
photogeology, remote sensing imageries, palaeontology, 
palynology, petrology, sub-surface sample studies and 
reservoir engineering It is a long list but many 
specialisations are involved and ultimately it takes the form 
of a very high powered team work 

At the end, the various alternative possible pictures 
produced by this elaborate process have to be analysed, 
synthesised and decision taken on how to proceed with the 
next exploratory step This aspect is reasonably covered in 
a talk I had prepared a few years back on "Exploration 
Strategy for Petroleum" which was later published in the 
July 1994 issue of the Journal of the Geological Society of 
India Extracted below are some of the important points on 
petroleum generation and accumulation brought out in 
that note 

a) A marine environment is not essential for the 
formation of petroleum This can take place in widely 
ranging conditions, from fresh water to marine, and 
from a fairly wide range of organic materials Most of 
the paraffinic crude oil, for example, are believed to 
be derived from terrigenous material 

b) The organically rich finer elastics and biologically 
produced carbonates are regarded as the more 
common petroleum source rocks Purely inorganic 
sources are not ruled out 

c) To be converted to petroleum hydrocarbon liquids, the 
organic material entrapped in the above has to be 
subjected to a range of time cum temperature 
conditions, often referred to now-a days as the 'oil-
window' Maturation and palaeo-temperature studies 
of organic-rich sediments can sometimes provide a 
clue to whether, where and when petroleum forming 
kitchens are likely to have been developed 

d) In any large basin area, the local depressions which 
have restricted conditions at the bottom (where little 
replenishment of oxygen takes place) can be better 

locations for the generation of hydrocarbons This 
is not however an essential pre-requisite and with 
rapid burial, petroleum can also form in basins with 
otherwise highly oxidising conditions 

e) For petroleum accumulations to occur, some of the 
reservoir rocks available should have had access to 
areas favourable for petroleum formation at the 
appropriate geological times concerned, and adequate 
porosity /permeability must be retained through the 
subsequent phases of diagenesis and compaction 

f) There is a tendency for petroleum accumulations to 
get concentrated in certain specific types of geotectonic 
regions (platform areas, hinge belts, central regions of 
basins within cratons where gravity is the controlling 
tectonic force, etc ) 

g) Within a petroliferous basin, the accumulations have 
often a tendency to occur in progressively younger 
horizons towards the basin centre Gulf of Mexico 
and NE-Assam are examples 

h) Hydro-dynamics and differential entrapment may be 
important in the precise location of accumulations 

i) Petroleum does not always need an anticline in which 
to accumulate, even minor changes in the slopes of 
beds and/or permeability can lead to the formation of 
accumulation 

j) Petroleum accumulations formed through the 
controlling mechanism of a given set of geological 
conditions, in any basin often tend to occur in clusters 
with the individuals ranging in size from large to 
small With sound geological approach to exploration, 
the 1 digest accumulation would often be the first or 
the second to be discovered The subsequent ones 
would tend to be progressively smaller 

k) In any single basin, there may be more than one such 
cluster, each needing to be discovered separately and 
each controlled by a different set of conditions In 
their geographic distribution, the individual clusters 
may be totally separate or may partially overlap each 
other 

1) Certain classes of heavy crude occur close to land 
surfaces both past and present Termed by some as 
'unconformity oil', their presence can often indicate 
the existence of better oil away from the unconformity 
surface or the outcrop concerned 

m) Age-wise, petroleum accumulations have been 
found in sediments ranging from Cambrian to the 
Pleistocene At times, petroleum formed in a basin 
has also found reservoir conditions and have 
accumulated in the metamorphic basements and in 
igneous sills So far, only minor attention has been 
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paidtotheProterozoic.but now that evidence of life 
is well established from formations of this age, 
these may also need more attention in any search for 
oil. 

n) Maturation of coal beyond the stage where it has 
83% carbon, leads to the release of methane which 
can then either remain there trapped within the coal 
seam itself, or move to a nearby reservoir rock. 
Conceptually, it is also possible to have accumulations 
of inorganically derived methane. 

o) Some accumulations can be very unorthodox. In Lake 
Kivu (Africa), for example, the bottom water has 
dissolved in it enough methane to provide a theoretical 
reserve of the order of 57 trillion cubic metres. Together 
with this, there is also around 190 trillion cubic metres 
of C0 2 and 4 trillion cubic metres of nitrogen. 

p) An important matter to remember in any search for 
oil is that, not all the oil discovered so far has been 
through well planned exploration. A substantial 
quantity has been found accidentally by people 
following at that time no acceptable guidelines 
whatsoever. In fact, in many instances, the development 
of concepts on where to look for oil has followed 
rather than preceded the discoveries concerned. One 
therefore needs to make an allowance for one's 
'ignorance factor' in formulating any scheme for 
exploration. 

As already implied, the above does not constitute 
an exhaustive list. Many other associations have been 
noted, but these cannot always be extrapolated and 
used as exploration guides in other areas. For example, 
it has been stated that the shear patterns produced by 
deep-seated wrench faults have influenced the linear 
distribution of petroleum traps in many areas extending 
from Alaska, through California to Columbia-
Venezuela. A similar association has also been noted 
from the Gulf of Guinea but it is not clear whether this 
is a special feature pertaining to some local areas only 
or it has a much more general application. Likewise, 
most of the oil-rich belt in Indonesia and its adjoining 
region, occurs on the inner side of their island arc 
belt systems, behind the frontal mountain belt of the 
Indonesian Plate. Whether a similar association can 
be expected in all places where two plates have collided 
is not clear. Then again, there is the growth fault 
controlled roll-over anticline regime which has been 
found to contain a lot of oil in certain delta 
environments like the off-shore Nigeria, but we do not 
seem to be clear about the key combinations that has 
produced this. May be, a combined geological cum 

statistical analysis will produce the clues that are 
required to make these relations more widely useable. 

In any case, even the guidelines formulated on the 
above concepts can only lead to the delimitation of the 
types of environment where oil has been found so far. 
In addition, there must be other categories of areas, 
also favourable, in which no discoveries have been 
made, and which may continue to remain excluded if 
guidelines are only sought from the past. 

To these, one could add Coal Bed Methane (CBM), 
Gas (Methane) Hydrates, and Deep Sea Prospects. Coal 
Bed Methane Prospects depend upon the amount of both 
biogenic and thermogenic gas absorbed and adsorbed in 
coal, and on the extent these can be desorbed and produced 
economically. The quantity theoretically present can be 
high, but the amount that can be economically extracted 
may be more modest. The coal constituents with relatively 
high hydrogen, which form alginites and exinites, generate 
more gas. Coal seams with a larger internal surface area, 
through micropores, cleats, joints and fractures, have 
greater methane adsorption/desorption capability, and are 
thereby more likely to be commercial. 

The natural gas hydrates are crystalline ice-like solids 
in which the gas molecules (primarily methane) are encased 
in the interstices of hydrogen bonded water lattice. These 
are stable only within a narrow range of low temperature 
and high pressure. Kuldeep Chandra's paper in the Indian 
Journal of Geology (Dec. 1997) records much useful 
information on both CBM and Gas Hydrates. The estimated 
global resources of methane in gas hydrates has been 
recorded there as 20,000 TCM, which is 70 times that of 
conventional natural gas. In India, the pressure-temperature 
constraints keep its potential existence restricted to the deep 
offshore, where (under favourable conditions of methane 
supply) it could occur as clogging the pore spaces within a 
narrow sub-bottom range between 1000 to 3000 metres iso­
bath. In this state, it could act as a seal, below which normal 
gas accumulations may also occur. Very large volumes of 
hydrates may be present, but the problem lies in developing 
a technology for controlled production which will not 
upset the delicate hydrate stability condition. 

Ancient basins (faulted, folded or otherwise) forming 
parts of the present day continents or islands have long 
been targets of exploration for petroleum. In time, 
exploration and production activities have extended to the 
offshore continental shelves and semi-enclosed seas like 
the Lake Maracaibo, Gulf of Mexico and the North Sea. 
Over the years, these have extended to the deep seas, 
adjoining the Continental shelves, wherever these are 
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giving any indications of having thick sediments. The 
Atlantic Ocean (offshore Brazil) and a number of other 
places have already proved productive. New to join the hunt 
are Bay of Bengal and the Arabian Sea. The Bay of 
Bengal has an enormous sub-marine fan, which is around 
5000 m thick at the head of the bay, and around 3000 m 
thick at the equator. This is not of a uniform thickness. The 
whole basin has a number of highs and lows, breaking it 
into a number of components with wide variations in the 
thickness of sediments,. The younger sediments have 
been laid by a sub-marine distributary system spreading 
out from the Swatch of No Ground near the outfall of the 
Ganga-Brahmaputra drainage system. The major channel 
carrying this submarine flow is about 180 metres deep and 
has a width of upto 27 km between the levee crests. 

The deep sea accumulations are expected to have largely 
the same type of geological control as in the on-shore and 
continental shelf but the reservoir development may have 
to depend more on the primary and the redistributed 
turbidites as well as on the mode of development of the 
submarine fan, and on how the basin floor has responded 
in terms of horst, graben and sub-basin formation. 

Direct Indications of Oil 

The above gives a brief outline of how petroleum and 
its related hydrocarbons form, migrate and where its 
accumulations are most likely to occur. To help in this 
search, there are also occassionally some direct indicators. 
Firstly, there are the micro-seepages of gas which come up 
vertically from the accumulations below. Normally, the 
process of molecular diffusion of methane is very slow 
(about 6.674 years x square of the depth in feet) and there 
would be little chance of any Tertary oilfields from showing 
up this way from depths greater than 3000 feet. Water 
sqeezed out from compacting sediments however can come 
up much faster and bring up some methane as well in 
solution. These ought to show up as surface anomalies, but 
in many areas the dissolved vertically migrating gases can 
get swept away by the hydro-dynamically moving water in 
the intervening layers. Buried oilfields can sometimes 
show up as radioactive and other haloes, but these too 
may be swept away by the lateral movement of water in 
the intervening layers. 

In an area of low gravity changes, large gas fields may 
show up as mild features on gravity surveys, but usually 
these would be masked by stronger changes in the gravity 
field due to other causes. The presence of low to moderate 
pressure gas can reduce the seismic veloicity in sediments. 
This can produce a strong reflection (known as a Flat 
Spot) at the gas/water contact of a thick gas zone at depths 

less than 6000 ft. At greater depths the gas is more 
compressed, the velocity contrast is much reduced, and the 
contact may not show up. There are a variety of seismic 
techniques which, under favourable circumstances, can 
give some idea of the fluid contents of a strong sesimic 
reflector. Modern time-series, 3-D seismic surveys (i.e. 
4-D survey) can bring out changes in the relative fluid 
contents with time. In marine seismic surveys, in the tropical 
belt, the presence of gas hydrates may show up through 
an ocean bottom simulating reflector or BSR. Information 
from all these naturally have to be ploughed back into the 
overall synthesis for the evaluation of prospects. 

The Ultimate Tasks in Oil Finding 

In the search for petroleum, one thus needs to reconstruct 
the basin geometry, its geotectonic framework, its 
depositional environment, the likely source rocks, the likely 
kitchens, the likely migration pathways, and where the 
migrating mass may have accumulated. All these, after 
taking into account their known favoured associations 
and any direct indications of gas or oil. The work involves 
many specialised branches, in the intricacies of which the 
geologist as such may not know all the details. He would of 
course be expected to understand the outputs, what they 
mean, what are the limits of their probability, and what 
alternatives are possible. Likewise, the other specialists have 
to imbibe enough geology to understand the basis of 
what they are trying to measure and display. 

Without these, the exploration teams would be unable 
to arrive at an overall synthesis and recommend the kind of 
agreed programme on which management can take major 
investment decisions. Interestingly, as specialisation has 
grown and massive investments have been made on 
equipment and interpretational infrastructure, the petroleum 
majors seem to have been finding it increasingly difficult to 
make many dicoveries on their own. They seem instead to 
be finding it cheaper and less risky to buy into properties 
already discovered by others. In fact, globally there have 
not been many discoveries of large new oil/gas fields since 
the 1960s, and most of the rise in proved and probable 
reserves has been coming from extensions to and reappraisal 
of old oil/gas fields. 

PETROLEUM RESOURCES 

Conventional Crude Oils 

These are the common types of crude oils which are 
processed in the refineries to give us the products we 
commonly use. In order that they can maintain their current 
economy, as also have a long range perspective, the 
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industry operates on the basis of two types of assessments 
The current economy (including the ability to raise 
Bank finance) is ensured by operating on the basis of 
conservatively estimated proved and probable reserves 
The long range perspective is taken care of by 
prognosticating what ultimately discoverable resources one 
may be dealing with Of this, what is believed to have been 
discovered (and produced) is only a part 

On the basis of the limited directions from which one 
could hope to make discoveries, the globally prognosticated 
resources of petroleum were expected to be around 500 
billion US bis during the mid-1940s From 1947 to 1958, 
studies on the Habitat of Oil produced many new ideas and 
the estimate of prognosticated resources rose sharply to 
about 2000 billion US bis Thereafter, the more realistic 
estimates have remained at around 2000±500 billion 
US bis, equivalent to around 265±65 billion tonnes By 
1 1 1996, the Industry had already discovered about 1789 
billion US bis or about 245 billion tonnes, and out of the 
above had been able to produce about 772 billion US bis or 
roughly about 105 billion tonnes 

As on 1st January, 1993, the equivalent figures for 
Natural Gas were 

Prognosticated Resources 11567 5 xlO12 eft 
Already Produced 1750 2 xlO12 eft 
Additional Identified Reserves 5136 OxlO12 eft 
Awaiting Discovery (on 

Modal Probability Rating) 4681 3 x 1012 eft 

The corresponding situation in India was 
a) Prognosticated Resources of 

Oil & Oil equivalent Gas at 13 56 billion tonnes 
95% probability (as estimated 
on 1 1 1992) 

b) Established Reserves of Oil 
& Oil equivalent Gas as at 1 401 billion tonnes 
1 1 1994 

c) Cumulative production of Oil 
& Oil equivalent Gas to 0 664 billion tonnes 
31 12 1993 

Globally, the known resources of conventional crude 
oil and natural gas are not evenly distributed About 
65% of the proved reserves of conventional crude oil (as 
at the end of 1995) occurs in the Middle East The two 
American continents, which account for 14% comes next 
Russian Federation, Europe, Africa, Indonesia Malaysia 
and many other countries also have substantial oil 
reserves, but these add upto only the balance 21% 

In natural gas, the maximum proved reserves are in the 

Russian Federation (about 1700 trillion cub metres as at 
the end of 1995) This is about 34 5% of the total The two 
American continents have another 503 trillion cub metres 
or 10 2 % The rest is shared by the other countries 

In age, the occurrences range from the Teitiaiy down to 
the Proterozoic By and large, a limited amount of tectonic 
disturbances help in migration and formation of petroleum 
accumulations, but excessive disturbances lead to their 
seeping away Ancient deposits, subject to multiple 
phases of folding and faulting do not consequently have 
many large accumulations preserved 

Heavy Oil and Tar Sands 

Very large deposits of asphaltic heavy oil and sands, 
impregnated with such oil (i e tar sands) exist in many 
countries The best known example is perhaps the Athabaska 
tar sands These are presently in use (either directly or as a 
fuel or after hydrogenation or after emulsification with 
water) on a relatively small scale Very large resources exist 
The total may be of the same order as that of the conventional 
crude oil The whole future of these resources depends on 
the extent to which these can be mined and converted into 
marketable products economically 

Oil Shales 

Deposits of asphaltic, pyrobituminous shales, otherwise 
known as oil shales are present in many continents On 
being heated, in a closed retort, these can produce a 
distillate resembling crude oil Depending upon the richness 
of the organic matter, the yield can vary from 4 to 50% of 
the rock by weight Improved yield and product quality 
can be obtained if distillation is carried out in a stream 
of hydrogen 

The world production of oil from such shales used to 
be in the region of 350 million US bis per year in the early 
1970s Most of this was from China The present position 
is not known 

It has been estimated that there could be around 2500 
billion tons of oil-in-place in known accesible oil-shale 
deposits, which are capable of yielding 10 to 40% of their 
weight in oil This is much larger than the ultimately 
recoverable reserves of conventional crude oil But, how 
much of this can be availed of would depend upon the 
extent to which the many attendant environmental, mining 
and processing problems can be economically overcome 

Gas Hydrates 

As already mentioned, there is believed to be around 
20,000 TCM of methane locked up globally in gas hydrates 
Their development poses many problems 
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CONCLUDING REMARKS 

Starting from being an important energy source for 
fuelling the Industrial revolution, petroleum has developed 
into a vital necessity for all of us Through refining and 
other chemical processes, it is now routinely converted into 
special fuels, lubricants and a wide range of petro-chemicals 
(from textile fibres and artificial leather to structural 
material) which have become essential to our living 
Amongst the fuels, the most important are those that can 
generate a very high level of power from light weight 
engines In conjunction with electricity, these have 
revolutionised our transportation cum mobile power 
sector, and has made activities like flying in heavier than 
air vehicles possible 

The entire subject of petroleum - where and how it 
forms, and accumulates, how to look for and produce it -
is naturally very complex This paper has aimed at 
presenting a brief outline of the entire spectrum without 
trying to go into the intricacies of each detail It also deals 
with the geology of petroleum only up to the stage of its 
occurrence once discovered Thereafter, it has to be 

economically recovered from its reservoir This process 
involves taking maximum advantage of the nature of the 
reservoir and of the various forces within it, which either 
support or provide impediment to the flow of fluids present 
Depending upon the circumstances, and the wisdom with 
which the situation is met, the recovery attained may range 
from as low as 10% to as high as 60-80% This takes us to 
another complex domain- ie that of reservoir engineering 
and management This aspect has not been covered in the 
present note Anyone so desirous will find an introduction 
to this topic in the author's paper on "Improved Oil 
Recovery" published in the Journal of the Geological 
Society of India, v 57, no 5, March, 2001 

To maintain its focus on the general aspects, the paper 
has avoided getting involved in too many details The 
measurement of petroleum fluids is however an area where 
some details cannot be avoided These have therefore 
been provided in the Appendix Selected bibliography of 
reading materials to assist those who may wish to go 
deeper into the subject has been provided For the rest, one 
would need to go into text books on geophysical and 
geochemical surveys, as well as on reservoir engineering 
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There are considerable misgivings amongst the petro­

leum economists as regards how long the conventional 

oil/gas supplies will last Many feel that the foreseeable 

supplies will be unable to support the present growth rate in 

consumption beyond the 2020s or at best the 2030s The 

decline in the availability of natural gas is expected to follow 

a few years later Provided adequate thrust is given, mankind 

should however be able by then to fall back upon the 

other non-conventional sources outlined above (Fig 6) 

DB6, Salt Lake City, 

Kolkata - 700 064 

AB DAS GUPTA 
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Appendix 

Mensuration 

Crude Oil 

As crude oil comes up from its underground reservoir to the surface, it releases some gas and shrinks in volume Us 
density also undergoes a corresponding change (le increase) The magnitude of the change depends upon differences in 
temperature, pressure and the amount of gas released dunng its movement from the reservoir to the stock tank at the surface 
The latter is normally used as the standard of reference, and the ratio Reservoir volume/Stock Tank Volume is referred to as 
the "Formation Volume Factor or FVF 

The noimal units of measurement are either Cubic feet or cubic metre or barrels (either Impena! oi US) 

1 cu metre 

1 Imp bl 

lUSbl 

= 1x3 2808430 cu ft 
= 6 289793 US bis 
= 5 499223 Imp bis 
= 6 4217567 eft 

= 5 6146 eft 

1 Imp gallon = 0 160544 eft 

1 US gallon = 0 1336809 eft 

= 35 31467 eft 

= 1 14376 US bis 
= 40 Imp gallons 

= 0 87431 Imp bis 
= 42 US gallons 

= 1 200948 US gallons 

= 0 832675 Imp gallons 
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With widespread international operations, it is now-a days more common to use the US units 

Crude oils can be heavy or light depending upon the relative amounts of lighter and heavier hydrocarbons present This 
is reflected in the crude oil's density or specific gravity The lighter the oil, the lower is its density or SG The industry 
however, likes to use another term called "API Gravity', which goes up with increase in the lighter hydrocarbon constituents 

The relation is "API = 141 5 / SG (at 60/60° F) - 131 5 

Thus, a crude oil with a SG of 0 833 will be referred to as 38 37° API, and that with a SG of 0 88 as 29 3° API 

Since 1 Imp bl of water weighs 400 lbs, 1 Impblof any crude will weigh 400 xSG/ 2204 6225 = 0 181437 xSG tonnes 
Likewise, each US bl will equal 0 15863 x SG tonnes or 6 304/SG will equal the number of US bis per tonne A 38 37° 

crude will thus weigh 0 151137 tonnes per Imp bl and 0 1321387 tonnes per US bl under Standard conditions 

Gas 

Gas is measured in terms of Standard eft and Normal cu metres, but the Standards can differ from user to user In UK and 
USA, the standard eft is referred to 60° F and 30 inches (762 mm) of mercury under wet conditions, but the normal cubic 
metre (i e Nm1) is referred in terms of 0° C and 760 mm of mercury under dry conditions As a result, 1 Nm3 of gas equals 
37 879 Std eft, instead of the conventional (35 31467 eft), if both the standards were to be identical There are, however, 
operators who do not always observe these distinctions and conversion of their figures from m3 to eft can be in error by as 
much as 7 26% 

Gas densities are normally described in terms of its specific gravity in relation to air, each eft of which (at 60° F and 1 
atmosphere pressure) weighs only 0 7644 lbs The lightest hydrocarbon gas is methane (CH4) It has a SG in relation to air of 
0 554, l e 1 Std eft of Methane weighs 0 7644x0 554 = 0 4235 lbs The next heavier hydrocarbon gas is ethane (C3U6) 
It has a SG of 1 038 and weighs 0 79345 lbs/Std eft Propane (C3H8) which comes next has a SG of 1 522 and weighs 
1 16342 lbs/Std eft Natural hydrocarbon gases are primarily methane with varying amounts of the higher hydrocarbons and 
would usually have a SG range of around 0 56 to 0 8 depending upon its origin and the collection - distribution system, 
l e , unless some CO, and nitrogen are also present 

Hydrocarbon gases do not totally follow the ideal Gas Law in their compression or expansion It is necessary to add a 
collection factor called "z' or the "Gas Compressibility Factor' to allow for this deviation This converts the gas equation to 
PV/T = Z nR where n and R are constants Depending upon the gas density and its pressure-temperature regime, "Z" can 
usually vary from 0 5 to a little over 1 ^ 

Oil Equivalence of Gas 

This is normally done in terms of calorific value 1 Std eft of dry methane has a gross calorific value of 1012 BTU The 
net calorific value, after allowing for the heat absorbed by the products (primarily H.,0) is about 912 BTU The field's gas, 
normally has some higher hydrocarbons as well, which gives it a net calorific value of around 1000 BTU This would give it 
an oil equivalence of around 1045 Nm3 per tonne There are ofcourse some variations and figures of 1000 to 1100 NmVtonne 
have often been used 

Gas/Oil Ratio or GOR 

This is an important ratio related to many oil well or oil field s production behaviour It comprises partly of the ratio 
between the oil and the gas that is coming out from its solution, and partly of the free (and released) gas within the reservoir 
that is also flowing directly and contnbuting to the gas production It can be either as Vol/Vol or Std eft /bl (Imp or US) or 
NmVbl 

GOR vanes over the life time of oil wells and oil fields To the extent, it can be kept under control, the free gas and the gas 
freed/released within the reservoir helps to displace more oil into the well and helps improve recovery of the oil The ability 
to forecast the future pattern of GOR variation also helps in better planning and utilisation of the produced gas 
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In the last quarter of the 19th century, Assam’s oilfields 

became part of the larger global petroleum economy 

and thus played a key role in the British imperial 

economy. After decolonisation, the oilfields not only 

turned out to be the subject of intense competition in a 

regional economy, they also came to be identified with 

the rights of the community, threatening the federal 

structure and India’s development paradigm. This paper 

is an attempt to locate the history of Assam’s oil in the 

large imperial, global and national political economy.  

It re-examines the science and polity of petroleum 

exploration in colonial Assam. 

Assam has not escaped the fate of the newly opened regions of having 
its mineral resources spoken of in the most extravagant and unfounded 
manner with the exception of coal.

– H B Medlicott, Geological Survey of India

The discovery of petroleum in British North East India (NE) 
began with the onset of amateur geological exploration of 
the region since the 1820s. Like tea plantations, explora­

tion of petroleum also attracted international capital. Since the 
last quarter of the 19th century, with the arrival of global techno­
logy, the region’s petroleum fields became part of a larger global 
petroleum economy, and, gradually, commercial exploration of 
petroleum became a reality. It was a time when geologists had 
not yet succeeded in shaping an understanding of the science of 
oil and its commercial possibilities. Over the next century, the 
Assam oilfields played a key role in the British imperial economy. 
After decolonisation, these oilfields not only turned out to be the 
subject of intense competition in the regional economy, but also 
became centrally identified with questions of community rights. 
Immediately after independence, the Indian state encountered 
political opposition to its stake on oil from Assam. This happened 
at a time when the share of natural resources between the prov­
ince and centre was still not well-defined. Such opposition con­
tinued until a later period, when an economic blockade, with the 
aim of restricting oil flows outwards from Assam, was success­
fully imposed as part of the assertion of regional politics. This 
also became a counter in the political negotiations between the 
Indian state and its federal province. 

The subject of imperial exploration of petroleum and its pro­
duction in colonial and post-colonial period still awaits adequate 
examination. Western scientists and industrialists began to pay 
serious attention to petroleum only in the middle of the 19th 
century, after oil was discovered in the American continent and 
promised profits, though it was yet to become a popular energy 
replacement to coal.1 Technological innovations in petroleum 
exploration and its conversion into various energy components 
were still at a rudimentary stage and there remained suspicions 
about its ability to replace existing energy sources. Indian 
historiography has paid marginal attention to imperial histories 
of petroleum exploration and the dense social histories which 
unfolded subsequently. This historiography also rarely takes notice 
of this significant partnership between geological explorations 
and its commercial dimension as well as its career into the world 
of science and technology.2 While the existing official historio­
graphy of oil companies in NE India portrays a heroic picture of 
incidental discovery of oil in the dense jungles, swamps and river 
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valleys way back in the 19th century, the works on Assam’s colonial 
economy hardly address the issues of science and imperial politics, 
though they recognise the impact of oil.3 Oil, as a natural re­
source, continued to have serious repercussions on the post-
colonial polity, but these went beyond the scope of these works. 
This paper seeks to locate Assam’s oil in the larger imperial and 
global political economy. It begins with a re-examination of the 
science and polity of geological exploration, which led to the dis­
covery of petroleum in colonial Assam, and examines how such 
exploration became a part of the larger imperial economy leading 
to conflicts over the right to control this natural resource. 

Minerals in the Colony

The role played by the colonial science of geology in shaping the 
scope of imperialism is now well known. The earth science, geology 
as it came to be known, played a crucial role in establishing the 
colonial and post-colonial empire’s technological superiority 
over untapped mineral resources.4 By the middle of the 19th 
century, the study of rocks, fossils and other mineral resources 
had acquired more status than a “provincial pastime”. This was 
the result of the formation of the Geological Survey of India 
(GSI) in 1856, which played a significant role in directing state 
intervention towards a professional growth of metallurgy. Since 
then it acquired the status, not only of a national science, but an 
essential ingredient of imperial science shaping the fate of the 
India’s natural resources.5 The East India Company (EIC) officials 
were not sure of the possible effectiveness of geological explora­
tions in India. Such initial unwillingness was the consequence  
of two simultaneous developments: some British copper and coal 
operators did not want their commercial interests jeopardised by 
a possible discovery of Indian minerals, and a number of com­
pany officials also believed that India should primarily remain an 
agricultural country.6 

The region’s mineral resources did not go unnoticed before the 
British imperial push. Minerals like gold were key elements in 
political negotiations in the Ahom-Mughal conflict. The Ahom 
rulers too negotiated with the Naga tribes for getting access to 
salt-brine. Much later in the 1750s, the French traveller Jean-Baptise 
Chevalier found both the working of gold sands in the river-beds 
and commanding display of gold in the royal palaces, despite the 
poverty of the people.7 But this early enthusiasm never converted 
to real prospects for the Europeans. The discovery of tea and the 
realisation of this plant’s ability to create wealth for the British 
empire was, however, accompanied by a parallel investigation of 
coal and other mineral resources. Coal was already an important 
resource through which imperial Britain had already expressed 
its technological superiority.

The empire engaged Assamese scholars who had knowledge of 
the region’s natural resources to chart out its mineral resources. 
An illustrative, and frequently referred, example was that of 
Maniram Dewan Datta Baruah, a pre-colonial noble who had 
foreseen opportunities in British capital, but soon explored for 
his own purposes. It was Maniram who prepared a systematic 
narrative of local procedures of gold collection from the river-
beds. As the EIC administration came to know about this, further 
explorations to confirm its viability were taken up. Maniram’s 

report on gold washing in Assam was a result of these enquiries.8 
But soon it was realised that gold washing and collection would 
not be a viable project, though further investigations into the 
gold retaining capacities of upper Assam rivers were also made. A 
fresh attempt was made by E T Dalton and S F Hannay in 1855 to 
estimate the auriferous deposits of these rivers.9 They travelled 
up the Brahmaputra; one primary goal was to locate the “original 
rock containing the gold in situ”. But they found that “the deposits 
became less and less rich as they penetrated farther into the 
hills” which forced them to return. 

Failure of this venture never discouraged the colonial explorers 
to further expand their search for other mineral resources. They 
kept their eyes open for prospective discoveries of coal, lime and 
any other mineral. In the fourth quarter of the 19th century, coal was 
being commercially produced in eastern Assam. This came as a 
major respite for the already flourishing tea-plantations. Coal was 
found not only in the eastern districts of Assam, but was fairly 
well-distributed.10 Coal allowed commercial enterprises and British 
capital to penetrate deep into the region. British interest in coal 
was crucial to the colonial investments in tea-plantations and forest 
resources. However, the discovery of oil had an exclusive impact 
on the future polity and economy of Assam. 

Colonial Science and Polity

The possible existence of petroleum in eastern Assam was first 
noticed in the early 19th century. This actually preceded the 
significant finding of tea plants. While tea plants were noticed 
only in the 1830s, one of the first recorded notices of petroleum 
deposits was earlier, in April 1825, a year before the EIC con­
cluded the Treaty of Yandaboo with the Burmese to occupy Assam. 
R Wilcox, an army lieutenant and geologist, was the earliest 
observer of oil in an upper Assam village.11 Wilcox’s survey of 
Assam showed the many possibilities of geological discoveries in 
the region.12 Wilcox’s survey carefully noticed both the geological 
formations and mineral resources of the region. His chance  
notice of oil was no less dramatic. This occurred while he was 
surveying river Burhi Dihing at a place called Namchik. He  
noticed seepage of oil and bubbling gas at a place called Supkhong. 
Wilcox, describing the possibility of petroleum deposits in upper 
Assam, later wrote, 

There were two beds, one at a little higher level than the other, but 
both on the plains, filled with liquid mud of various degrees of consist­
ence. One was twenty or thirty feet across, and the other larger. In the 
middle, where bubbles of air are seen constantly rising to the surface, 
the mud is nearly white, and is there in a more liquid state. On the 
edges green petroleum is seen floating, but it is not put to any use by 
the Singphos – neither is the coal.13 

Wilcox’s observation is significant for at least two reasons. 
First, he initiated the long process of finding petroleum near coal-
beds in this region. Whatever may have been his initial observation, 
it did not take long for others to realise that petroleum could  
be found near coal-beds. The possible connection, by source of 
origin, between coal and petroleum came for serious investiga­
tions by British geologists in the second half of the 19th century. 
Second, Wilcox’s assertion that local communities had no use for 
these minerals significantly helped the colonial state in asserting 
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an exclusive claim on these resources. As further explorations 
took place in the following decades, many others too noted that 
the local populations hardly had any use for oil, though in other 
minerals there were elaborate local traditions of use. Wilcox’s 
findings did not have any impact in those early days of colonial 
rule even though the EIC regularly arranged elaborate schemes to 
locate commercially viable minerals.

Several others followed Wilcox’s chance encounters with oil. 
These included botanical surveyors, military personnel or  
commissioned travellers, who noted the richness of mineral 
resources in the region’s geology. Their findings were reported 
in the Journal of Asiatic Society of Bengal (JASB). This helped 
bring these findings to the notice of the government. For  
instance, in 1828, C A Bruce, usually credited with locating the 
indigenous tea plant in eastern Assam, reported how he came 
across several oil seepages upstream of a place called Makum. 
Unlike his discovery of the tea-plant and its consequences, his 
observation on oil hardly had any durable impact. In 1837, William 
Griffith, botanist and explorer, reported oil in the plains close 
to the Naga Hills beyond the river Noa Dihing. Griffith observed 
that the colour of the liquid was green to bluish white, which 
indicated the presence of naphtha. Compared to his predecessors, 
Griffith was more confident of a distinct character associated with 
the liquids that he had come across. In the same year Adam White, 
a Major in the British Indian army, also noticed “several springs 
of petroleum” close to the river Namrup. White too indicated 
that the local communities had no use for this resource.14 
White’s survey was followed by that of S Hannay, a geologist in 
the service of the EIC who found “petroleum rising from some of 
the coal outcrops”.15

Hannay’s observations of 1838-39 were further confirmed by  
F Jenkins, a front ranking administrator of the EIC and a cap­
tain in the army. Jenkins reported that “oil flowed into the 
pools in the water-course, and four or five seers were collected 
in a few minutes”.16 Another round of exploration was taken up 
by Hannay in 1845. He explored a limited area close to Jaipur, 
near Silchar. His principal aim was to “find a bituminous rock 
like that of Pyremont, a sample of which he had been supplied 
with”. Though he was unsuccessful in this principal mission, 
Hannay could collect “earthy and indurated sandy asphalt” 
along with ordinary oil from a place called Nahar Pung.17 Later 
on, F R Mallet, reviewing what Hannay had found, wrote, “these 
specimens were no doubt of earth and sandstone impregnated 
with inspissated petroleum”. Such amateur encounters continued. 
For instance, about a decade and half after Hannay’s exploration, 
G Dalton, an army officer, reported oil finds at Namchik and 
Makum in 1854. Similarly, S E Peal, a tea planter, mentioned oil 
springs near Margherita in 1879. Along with amateur explora­
tions, the first attempt at drilling for oil in Assam was made in 
1854. A European speculator, John H Wagentreiber, was the first 
entrepreneur to take steps to exploit oil in Assam. He got a 10 
years lease over a tract of land between Bappapoong and 
Namchik in 1854. However, the venture met with failure.

All these findings, as mentioned earlier, could not escape  
the fate of Wilcox’s own discovery. There is little doubt that 
everybody proceeded along the line followed by Wilcox and 

looked for the possibility of finding petroleum near established 
coal-beds. While there does seem a pattern in these efforts, it 
may not be possible to state that they were aware of the common 
ancestry of coal and petroleum. It was only in the early 20th cen­
tury that geologists were able to confirm their assumptions about 
the possibility of finding coal and petroleum together. 

GSI and Arrival of Geology

Years of amateur discoveries would influence the nature of inves­
tigations taken up by the GSI when it was formed in 1856, though 
the nature of mineral exploration acquired a distinctly profes­
sional character. This began right in 1865 when H B Medlicott  
of the GSI studied the mud from the eastern Assam localities.18 
Medlicott research brought good news about the presence of 
petroleum deposits.19 He suggested that as yet, only thin layers of 
petroleum had been “skimmed off” by the Assamese, “everything 
was in a state of nature”.20 Crucial to his investigation was the 
commercial possibilities of the petroleum deposits. He noticed 
two favourable indications: “copius discharge of gas” and “non-
discharge of water” while he also noted some contrary indica­
tions, which called for a careful testing in the face of the “dis­
turbed condition of the rock”. Based on Medlicott’s findings, 
James Goodenough, belonging to the Calcutta based Mckillop, 
Stewart and Company, was awarded a right to explore petroleum 
over a larger tract of land in eastern Assam in November 1866. 
Goodenough initially drilled three bores which yielded oil, often 
oil and water intermittently. Some wells yielded 650 gallons  
per day giving further hope for the commercial exploration of 
petroleum. With this yield increasing to 2,000 gallons per day, 
the prospect for commercial exploration of these areas seemed 
much brighter.

The next 20 years did not see much activity on the oil front 
despite Medlicott’s recommendation that “experimental borings 
should be sunk there to practically test the value of the oil accu­
mulations”. However, by the 1870s, the GSI had completed exten­
sive explorations of the coal bearing localities of Assam. In the 
meanwhile, surveyors continued to speculate on the resemblance 
of coal- and petroleum-bearing areas. Decade later, an enquiry 
into Burma’s oil deposits convinced GSI about the connection 
between coal and petroleum in this region. 

Samples from various borings only indicated the presence of 
blue clay. Whether this presence of blue clay indicated oil was 
still not confirmed, but it caused some excitement for the geo­
logists at GSI. The initial breakthrough in assessing the quality of 
petroleum in Assam came in 1874, when Theodore W H Hughes, 
of the GSI, tested samples procured from the spring owned by 
Goodenough.21 An analysis of petroleum from these springs gave 
some positive results. A fragmentation of the petroleum sample 
suggested that the first six portions contained lamp oil. The 
samples also carried a higher specific gravity, a key parameter in 
determining the character of the petroleum content. The seventh 
and eight portions from the fragmentation contained solid paraf­
fin. Hughes thought that these two layers could be commercially 
separated for specific purposes. More importantly, Hughes said 
that as the findings of petroleum in the United States and Canada 
had given fresh impetus to the production of coal-oils, such a 
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profitable application of technology could also be used in British 
India. Nonetheless, Hughes’ findings clearly indicated the com­
mercial possibilities of Assam petroleum.

R A Townsend, the superintendent of Petroleum Works in Bal­
uchistan, further examined Assam’s oil deposit in 1888. For the 
GSI, it was a crucial to get some convincing results from an 
“experienced” specialist. Despite the convincing quantity of oil 
deposits in the sample areas, Townsend had doubts about the 
“satisfactory proportion of burning oil on distillation”. At the 
same time, he did not hesitate to claim that “the illuminating 
value of the crude oil can only be ascertained from the oil meas­
ures below the surface which have not been exposed to atmos­
pheric influences”. But a 3% presence of petrol was not still a 
matter of enthusiasm and the GSI thought that “until petroleum 
from below has been examined, it will be as well as not to ex­
amine what is as yet unproven”. 

Despite this early enthusiasm, the commercial viability of oil 
deposits in Assam remained a matter of conjecture. As late as 
1920, the GSI again admitted that, “this area has not yet been 
adequately tested, it is still unknown, whether there are deep 
oil-sands of commercial value”.22 The prospective enterprise, 
however, was free from certain worries of another 19th century 
colonial investment; the troubles with labour in the tea-plantation. 
While the petroleum industry was largely a mechanised sector, 
the prospect for getting both the skilled and unskilled workers 
was fairly high. Compared to tea-plantation, it was not a labour-
intensive industry. There were trained technicians from England, 
Bengal and Assam, while limited manual labourers could be 
recruited from near the drilling localities. 

Geological investigations were marred by “unfavourable” 
conditions. For instance, many in the GSI felt that the dense 
vegetation of the region was a serious hindrance. Scarcity of 
fossils was another impediment, but it was not unique to the 
region alone. Extensive searches in Burma too resulted in few 
fossils.23 Further, compared to the experience of early days of 
colonialism, the access to interiors had also improved. Thomas 
Henry Digges la Touche of GSI, carried out further investigation 
towards a holistic understanding of the region’s geology.  
Crucial results appeared from Burma with “large collection of 
fossils” and this convinced the GSI to get specialists for further 
investigations of Assam. The discovery of oil became a boon for 
coal exploration too since it was believed that the presence of 
oil implied the possibility of good varieties of coal. This was  
apparent, for example, while undertaking a survey to find out a 
possible Assam-Burma railway route. R A Way who was en­
trusted with the preparation of a report on this had commented 
that ”with oil wells in the vicinity of coal workings, the manu­
facture of a very high class of compressed coal briquettes should 
become practicable”.24 

By 1894, parallel petroleum explorations in places of north-
west India had shown poor results.25 In fact, till the first decade 
of next century, the total output from the Punjab region remained 
within 2,000 gallons. Results from Assam, despite the claimed 
possibilities, were still low, and this was blamed on the geologists 
who, despite the presence of crude in an area covering over  
100 miles, had not made production a reality. In January 1894,  

R D Oldham, a leading scientist of the GSI, while speaking to 
scientists at the Imperial Institute in London, blamed unskilled 
labourers and wrong and haphazard choice of fields for such 
failure. Oldham had no doubt that the quality and quantity 
Assam’s coal and oil reserves would remain unsurpassed within 
British India. Oldham informed his audiences about the profita­
ble findings in Burma. Thus, both Assam and Burma, according 
to him, held great possibilities for future oil production in the 
British empire, but needed help from the government. Oldham 
suggested that a survey of areas of Assam and Burma for oil 
exploration should be given high priority, while rules and regula­
tions should be adopted, at the same time, to give mining conces­
sions in these areas. 

Beginning of Commercial Ventures 

The commercial initiative to extract petroleum was taken by the 
Assam Railways and Trading Company (hereafter ARTC) from 
1881. The company was formed for constructing a railway line in 
the province and was granted a lease over 30 square miles for 
petroleum exploration. It formally acquired the rights of explora­
tion agencies in 1884. 

As the prospect of extracting petroleum became brighter, the 
company began the process of acquiring a licence to explore in 
Digboi. The area they indicated had recently been declared a re­
served forest. At that time, the revenue from the forest appeared 
brighter compared to the possible future revenue from petro­
leum. Therefore, the Assam government was unwilling to give 
the licence for petroleum exploration. In fact, the chief commis­
sioner of the province came out openly against any such move 
to grant a licence.26 The ARTC had no option but to pressurise 
Dufferin, the viceroy. The very tone of its request was indicative 
that the ARTC did not want this highly prospective chance to be 
forfeited. Finally, the provincial administrator could not resist 
and the ARTC acquire the licence in 1888 to exploit oil in the 
area now known as Digboi field. Another speculator was the  
Assam Oil Syndicate (AOS). With the commencement of com­
mercial exploration, till the end of the century, oil was sent to 
for refining to Margherita, at a few miles distance which had a 
small refinery.27

Both the ARTC and the AOS went through an intricate process 
of negotiation to retain control over the existing land leases. 
Bureaucratic and commercial interests of the influential mem­
bers of the AOS played a significant role in providing the new 
company with exclusive rights to explore oil. By 1897, the 
clauses became clear which would be instrumental in the mak­
ing of a new company by taking over the property of the AOS.28 
By the end of the century, the ARTC signalled its willingness 
to do away with the exploration and drilling of oil in eastern 
Assam. The company did not want to lose its technical operation 
which would come handy in future. The impending news of the 
formation of an exclusive oil exploration and refining company 
was also in the air. One of the complex things that the ARTC 
needed to sort out was to negotiate with the Assam government 
for acquiring land leases with prospective oil deposits. The Assam 
Land Revenue Regulation of 1886 removed several ambiguities 
of land rights and essentially allowed land leases for the  
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oil-speculators. In 1899, the British Indian government further  
issued rules to govern licence and mining leases in several parts 
of the country. The new rules allowed the government to retain 
rights over the minerals and granted concessions for explora­
tion. Annual licence was given to prospective speculators with­
out any exclusive or preferential rights. Exploration in unoccu­
pied and unreserved land was, however, not prohibited. With 
the liberal licence regime, the number of such grants also 
increased rapidly. 

While the Assam administration was unsure about the ad­
vantages of further oil exploration compared to coal explora­
tion,29 by end of the 19th century, the stakeholders in Assam’s 
oil were convinced about their prospects. They knew that it 
would be possible to explore and market Assam oil commer­
cially. Some of the early anxieties were over. The GSI could 
safely claim that despite Assam’s oilfields being commercially 
less prospective than the Burmese oilfields, it could claim priority 
in age. The occurrence of oil in both Assam and Burma was 
analogous too. As such these minerals were lying “along a  
narrow strip or belt of country running parallel to a river valley 
of which it forms a part”, they had no doubt that minerals were 
to be found in tertiary rocks “succeeded by a considerable belt 
thickness of soft, coarse, fluviable sandstone containing fossil­
ised wood”. Years later, the GSI confirmed the assessment of the 
speculators when it stated, “the belt of tertiary rocks, stretching 
from the north-east corner of Assam for about 180 miles south 
and west, shows frequent signs of oil nearly always in associa­
tion with coal and sometimes associated with brine springs and 
gas jets”. Extensive exploration and big commercial prospects 
changed the face of Indian mineral exploration. Petroleum had 
already acquired a significant status as a priority mineral in  
India.30 In 1899, the Assam Oil Company (hereafter AOC) with 
a capital of £3,10,000 was formed to amalgamate the joint  
capital of both the ARTC and the AOS. Its initial capital outlay 
was £4,50,000, a meagre amount compared to the investment 
in tea-plantation. 

AOC and the Imperial Economy 

Early in the 20th century, the European press began to report the 
expansion of investor interests in oil. After this, geological chal­
lenges could not hinder the region’s petroleum deposits being en­
trapped within the imperial political economy. The AOC declared 
a profit of £18,960 in 1904. Later, the first world war created an 
unprecedented increase in the demands for oil. 

With the commercial production of petrol and other products 
in Digboi, petrol was sold in limited quantity within the province. 
The larger portion of wax, “of fine quality with a melting point of 
as high as 135° F” was sent to England. There was a good reason 
for quality wax being produced in Digboi. Already the fractional 
distillation demonstrated a high percentage of wax and it was 
claimed that “one of the heaviest ever found in world”. Apart 
from petrol and wax, Digboi began to produce jute-batching oil, 
kerosene and fuel oil. Till the end of 1911, a total of 32.4 million 
gallons of crude oil was refined. This was much lower than the 
Yenangyaung field in Burma which produced 1,400 million 
gallons in that period. 

It was during the first world war that the United States began 
to produce huge quantities of petroleum for its consumption, 
more than 60% of the world share, which gave it an unparallel 
position in the world market.31 This was also supported by the 
movement of global oil prices which also increased the flow of 
capital to this sector. There was already a better transport system 
in the Atlantic to reach the crude oil to the international markets. 
Though comparatively at a lower scale than that of the US, even 
British capital began to flow into the oil markets. British India, at 
that time, had only a marginal share of 10,00,000 tons which 
was less than 1% of the total global oil production. 

At the end of the first world war, with good prospects of an in­
ternational oil market, the AOC began to emphasise restructuring 
and re-strengthening of the geological department of the com­
pany. By 1920, with the great boom created by the first world war, 
the Assam oilfields attracted more international attention. But 
despite this the AOC could not make a good profit from its Digboi 
fields till 1925 when it began to report a growth in its profit.32 
Intensive drilling operations began from 1922.33 The AOC claimed 
that this was achieved despite the shortage of “native efficient 
labour”. The AOC also hired trained scientific staff like geologists 
from the Burma Oil Company (BOC). The company continued to 
apply for licences in various other areas which showed signs of 
oil reserves. This also meant that the rights over some areas 
which had been explored and had already been relinquished. 
Over the years, though the AOC began to concentrate essentially 
on Digboi, it also, gradually, diverted its attention to other areas. 
As such exploration required financial investment and careful 
geological exploration preceded any such attempt. Additional 
money required for new exploration was generated on loan from 
the international market.

A couple of decade after its formation, the AOC had three dis­
tinct forms of activities: production and refining of crude oil and 
the distribution and sale of the refined products. But the com­
pany was still struggling to overcome various initial difficulties 
in every field of its operation. For the next couple of years, the 
primary task of the company remained essentially focused on the 
important dimension of proving the productive capacity – oil-
bearing capacity of the wells which would have an important 
bearing on the crude oil position of the state. To expedite drilling 
in a number of speculative fields, a rotary outfit was sent from 
London to Assam.34 Proving the contiguous character of a few 
separate oil-bearing regions had remained the core scientific 
concern of the AOC.

There was a growing competition for prices of kerosene, the 
product which was most sought after by the general customer. By 
the end of the first quarter of the 20th century, the AOC began to 
look for markets beyond the traditional markets in Assam to sell 
their kerosene. This was mostly necessitated by the increased 
volume of kerosene production. It was a difficult time for the AOC 
to face the increased instability in the world oil prices, especially 
with the increased global participation of oil companies whose 
intense international competition was mostly done by “rate cut­
ting”. At the same time, there was a general feeling of trust on the 
future prospect of India’s petroleum industry by the first decade 
of its operation. 
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Forming a Partnership: AOC and BOC

Despite profits earned in the wake of first world war, the AOC 
could hardly sustain its commercial operations independently 
against the aggressive US-based oil companies. The best possible 
option for it was to seek a joint venture with another British oil 
company, both commercial and technological. The logistical 
operation of BOC and years of technological cooperation encour­
aged the AOC’s management to seek further support for its future 
works from the former. The BOC, initially formed in 1886 and 
restructured in 1902, had monopoly control in British Burma, 
which acquired substantial rights in the Assam oilfields a couple 
of years earlier and had already expanded its territorial limits to 
Burma, Assam and Punjab.35 While oil exploration in the south-
east Asian soils had already made a significant headway.36 The 
BOC was under possession of the rich oilfields of Irrawati and by 
the first decade of the 20th century, it was in a position to provide 
good dividend to its shareholders. The BOC also had drilling 
rights over 500 acres of lands in southern Assam.37 The BOC had 
already declared its intent for aggressive expansion into the 
crude oil market of British India:

We have devoted a fair proportion of our profits to this exploratory 
and testing work because your directors have recognised that it in the 
interest of the company and of the oil industry of Burma and India that 
we should do so. After all crude oil is the life blood and very existence 
of the company, and I am sure you will all agree that no stone must be 
left unturned in order to try and discover fresh sources of supply, par­
ticularly in Burma and India where the company both holds such a 
commanding position in the market and possesses all the transport, 
refining and marketing organisation required to deal with a large pro­
duction of crude oil.38

This meant that the BOC would vigorously pursue oil in “every 
area of reasonable geological promise”. The only method to prove 
and disprove this speculation was the technology of drilling. 
Even finding of oil does not necessarily mean the commercial  
viability of extracting oil. The BOC geologists had also predicted 
that compared to the existing estimate of oil capacity of Assam 
fields, the possibility was much higher. And the BOC at this stage 
began to contemplate staking more claims in the affairs and 
properties of the AOC. With this intention, in 1920 the BOC 
offered £2 cash for each AOC share.39 Alternatively, the BOC sug­
gested, the shareholders of AOC could opt for two share of BOC for 
nine shares of AOC. Despite the chaotic nature of oil prices, taxes 
on oil remained uniform which was a matter of serious concerns 
for the BOC. After its amalgamation with the BOC, the AOC could 
fight out these core issues more elegantly. However, what re­
mained most central to the oil industry was the great unevenness 
in equilibrium in the supply- and demand-side of the industry. 
The first few decades of the oil industry saw uncontrolled and 
speculative production, resulting in great instability in the oil 
prices. Concerns existed about the actual limited reserves of oil, 
but it was generally believed that new exploration and discover­
ies would work as a deterrent to any probable decline in the oil 
capacities.40 Faced with growing concern raised from various 
platforms, Britain began a political move to control the produc­
tion of crude oil.

By 1927, a couple of years after AOC came under the direct 
management of the BOC, it became clear that there was little 

likelihood of the company adding to its existing resources. Prices 
of petroleum products remained volatile and unpredictable as 
before adding innumerable miseries to various oil companies. In 
the next year, the rate-cutting wars had severely threatened AOC 
with its potentially small capital. The geographical location of 
Assam leading to unfavourable transport became another con­
cern for the company. 

One possible way to escape these economic uncertainties was 
to gain greater political clout within the provincial government. 
This could be done by gaining privileges similar to those enjoyed 
by the tea-plantation lobby. The AOC also tried to carve out more 
space within Assam’s legislative political domain. Protracted 
political battles ensued claiming such privileges as that of Assam 
plantation lobby. However, despite intense lobbying they could 
not secure such a place within the political machinery. On the 
eve of the second world war, the oil industry came under severe 
labour unrest. A series of labour strikes disrupted the produc­
tion of oil. This unravelled the role played by the Indian state 
and political class in this industry.41 This also ensured a conflict 
of interest between the provincial Congress government and 
imperial interests. 

During this time, like its colonial counterpart the tea-planta­
tion, the oil sector also remained crucially dependent on imperial 
capital mechanism. The Indian government reacted slowly; it 
had no other way, but to handle the oil economy, with a careful 
eye at international flows of capital. 

Afterwards 

At independence the Indian consumers were still primarily de­
pendent on imported petroleum. After that the Government of 
India (GOI) tried to pursue a policy of “developing oil resources 
under the exclusive control of the state”. An industrial policy 
clearly indicated that the management of the oil resources would 
be under the public sector, but the government was yet to formu­
late a policy towards its effective control.42 There was an attempt 
to control various foreign oil companies, but in reality the GOI 
could hardly exert firm control over them. At the same time,  
independent India’s oil policy came under harsh criticisms of the 
World Bank, which had already began to regulate international 
economic policies.43 

In the absence of a widely accepted production and distri­
bution policy in petroleum, the Assam provincial government 
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played a crucial role in the evolution of a temporary but inde­
pendent oil programme within the emerging, but yet unstable, 
Indian federal polity. As the rights over the regional natural 
resources were yet to be clearly formulated, the Assam govern­
ment asserted its rights to negotiate with the AOC. Accordingly, 
the Assam government renewed the AOC’s exclusive licence for 
geological exploration in 1950. Another year later, in 1951, still 
pursuing an independent oil policy, the Assam government 
extended another mining lease to AOC to explore oil in Nahar­
katiya of eastern Assam. After a couple of years of exploration, 
in 1953, more oilfields were discovered, which were commer­
cially viable. This encouraged the AOC to further renew its 
licence with the Assam government. The Assam government 
renewed licences to the AOC on the condition that the Indian 
government’s share in the new venture would be limited  
at 33.5%. 

With the increasing interest of the GOI in the country’s oil 
resources, a committee was formed to look into the matter of the 
rights of Indian government and various contested oil policies.44 
The committee suggested that the crude oil from Assam should 
be processed and refined at another location. The committee 
suggested Calcutta, also agreed upon by the AOC, as the favoured 
site with Barauni as the next possible site. A site in western Assam 
could be considered only if political circumstances compelled 
to do so. As it became clear that Assam would not have a refin­
ery in the beginning of the Second Five-Year Plan, widespread 
public protests emerged. Political parties across their ideological 
stand came together to articulate Assam’s unwillingness to share 
oil with the entire country. A public coordination committee was 

formed to spearhead a movement ostensibly aimed at having a 
new refinery in Assam. The new refinery would be supplied with 
crude oil from eastern Assam. Legislators in the state assembly 
raised their concern of Assam’s claim for oil eloquently in the 
floor of the assembly: The Indian government’s decision to es­
tablish the refinery at Barauni was challenged by the Assam 
government and all the parties representing the hills and the 
plains stood united for the cause supported by the people of Assam 
who actively participated in the movement led by the All Assam 
Refinery Action Committee.45 

A resolution that the refinery should be established in Assam 
was taken in the legislative assembly in April 1956. The popular 
movement was jointly spearheaded by the leadership of the op­
position party and the All Assam Oil Refinery Action Committee. 
Under popular pressure and the constant negotiation by the  
Assam government, the GOI decided to appoint an expert com­
mittee to resolve the question of the location of the refinery. 
Though the committee was a relief, people were apprehensive 
about the committee, a sentiment reflected in the vernacular 
press. In October 1956, the action committee met Prime Minister 
Jawaharlal Nehru, during his visit to Assam. They represented 
their demand that the committee should work towards establish­
ing the refinery in Assam and the objectives of the committee 
should have been to find ways to overcome the hurdles.46 The 
technical and commercial angles of setting up of the refinery had 
already been discussed by the AOC and Assam had already 
protested against it.

By June 1957, the GOI decided to set up the refinery in Barauni 
against the popular demands of Assam. This was sure to raise 
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further political outburst. By June 1957 all the members of the 
Assam Legislative Assembly came together to stand by the 
cause. The assembly was convinced that the refinery was even 
technically and commercially possible in Assam. The members 
argued that the refinery was essential for the economic 
development for Assam as it would generate petroleum-based 
industries and have a wider developmental impact. An Assa­
mese legislator, substantiated this view by drawing a similarity 
with west Asian countries. The Assamese socialist leader 
Hareswar Goswami had no doubt that even if such claims were 
categorised as “parochial”, he would “suffer to be parochial 
rather than to live in a house where I have no rights over my 
belongings”. He added that retention of oil inside Assam was a 
“question of regional development” and he appealed for a united 
stand on this issue. The demand for a refinery was not merely 
confined to the legislative politics but the protest drew a large 
popular participation. The ideological apparatus of this outrage 

was directed largely by the Assamese middle class. The condem­
nation of the state against these protests was feeble. Finally, under 
tremendous pressure from a member of the central government, 
the GOI decided to agree to a separate refinery to Assam apart 
from the one at Barauni.47 The pipeline which was constructed 
for carrying out this oil was one of India’s major international 
engineering cooperations. 

At the close of the previous century the Indian government 
had strongly asserted that minerals and their development  
play a significant role in its programme of national develop­
ment. In doing this, the role of the State and technology has  
been clearly outlined. In Assam, the oilfield townships have 
come to symbolise the prosperity of the Assamese elite. On the 
other hand, oil has also emerged as one of the key “regional” 
resources with claims of exclusive nationalistic rights. Oil 
exploration came to be seen as a major example of Indian 
internal colonialism.
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ABSTRACT 

Digboi Refinery is the world’s oldest refinery in simple form which is producing oil since 1889 till present with its modernized setup. 

Its first well was dug manually during 1889 and crude oil was found at 54m depth only. This phenomenon has encouraged establishing 

an industry on oil producing business, and accordingly a form of first refinery was comeout in 1889.  

 

The Digboi Refinery modernization project was taken up in large scale in order to overcome the technological obsolescence of the old 

refinery. Subsequently a number of other major projects were undertaken by Assam Oil Division to further revamp and modernise 

Digboi Refinery, which is in fact commissioning during 2007 onward as a completely modernizied refinery.  

 

Geotechnical investigations for this modernization project was started during 1987 and completed during 1992. As a whole the 

investigation works were completed under time bound work of three different phases of investigations with various engineering 

requirements. Besides laboratory investigations, field investigation includes mainly boreholes with SPT, DCPT, SCPT, VST, CBRT 

and Block vibrations tests. After careful studies, based on the field and laboratory investigations various types of shallow and deep 

foundations were suggested. Design and constructions were made based on the suggestion provided more particularly to overcome the 

problems pertaining to the high seismicity of the area and potential to dynamic liquefaction point of view and executed the same at site 

accordingly. Observations were made till date are found highly satisfactorial to engineering aspects.  

 

 

INTRODUCTION 

 

 

History of Digboi Refinery in General 

 

Digboi Refinery is located in far northeast corner of Assam, 

India. Its geographical location includes an area of latitudes 

27°23′N to 27.38°N and longitude 95°38′E to 95.63°E. It has 

an average elevation of 165 metres above msl. It is situated 

510 km north east of Guwahati city the central place of North 

East Region (NER) of India. 

 

More than a century ago just before the World War I, history 

of oil business was begun in the midst of the dense and 

malaria infested jungles by a band of intrepid pioneers 

searching for black gold. Italian Engineers, commissioned by 

the Assam Railways and Trading Company, which established 

Tea Gardens, Coal Mines and Timber Mills in the NER of 

India, accidentally discovered oil at Digboi. Accordingly, the 

first commercially viable well in India, known locally as well 

No.1, was successfully drilled in September, 1889 and first 

model refinery in India was built and commissioned in 

December, 1901 to supplant a small "betch-still" refinery in 

Margherita. Figure 1(a, b & c) depicting some aspect of 

premitive refinery.  

 

When oil was discovered in Digboi there was no habitation in 

its immediate neighborhood. The jungle was dark and 

swampy. The forest was so thick and the undergrowth so 

dense that sunlight could never reach the ground. Once oil was 

found, the dense jungle made way for the growth of the oil 

industry in India. ‘Dig-boy-dig’, shouted the Canadian 

engineer, Mr W L Lake, at his men as they watched elephants 

emerging out of the dense forest with oil stains on their feet. 

This is possibly the most distilled – though fanciful – version  
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Fig. 1 Depicting old refinery (1889-1901) as (a) Digboi Refinery at the initial stages (b) First Commercial 

Viable well in India locally known as Well No.1 (c) "Betch-still" use in Margherita Refinery Unit 

 

 

   
 

Fig. 2  Depicting present day (2007) Modernised Digboi Refinery  

 

 

of the legend explaining the sitting and naming of Digboi. 

Over the past 100 years, Assam Oil Division and the 

petroleum industry of India with Digboi as its nucleus has 

been very much a part of this existing period. While looking 

back on the past with respect and to the future with 

confidence, it is here how Digboi Refinery was successful in 

meeting the needs and challenges of the times, and how 

Digboi Refinery played a role in shaping and developing 

history over the past 100 years. Digboi is now Headquarter of 

Assam Oil Division of Indian Oil Corporation Limited.  

 

The Earliest recorded to the existence of oil in India is found 

in the memories and dispatches of the Army Officers who 

penetrated the jungles of Upper Assam since 1825. Lt. R. 

Wilcox, Major A. White, Capt. Francis Jenkins, Capt. P.S. 

Hanney -- they all saw at different times, petroleum exuding 

from banks of the river Dehing. Mr. C.A. Bruce (1828) and 

Mr. H.B.Medicott (1865) of the Geological Survey of India 

also saw oil while prospecting for coal in Upper Assam. Mr. 

Goodenough of McKillop, Stewart & Co. Calcutta was the 

first in India to start a systematic programme of drilling for oil 

in November,1886, at Nahorpung about 30 miles south east of 

Dibgoi, just seven years after the World's first commercial oil 

well was drilled in 1859, by Col. William Drake in 

Pennsylvania, USA. This hand dug well-first oil well in India 

was drilled upto 102 feet and proved dry. However, the second 

well, struck oil at Makum near Margherita, about 8 miles from 

Digboi. The Assam Railways & Trading Company while 

extending the Dibrugarh-Sadiya Railway line upto their coal 

fields in 1882 came across oil seepage near work sites around 

present Digboi. Although drilling for oil first began in 1886, 

by Assam Railways and Trading Company, it was not until 

1889 that the first commercially viable well was struck at 

Digboi. India's petroleum industry thus started taking shape 

with the commercially successful discovery of oil in Digboi. 

Assam Oil Company (AOC) was formed in 1889 to take over 

the oil interest of the Assam Railways & Trading Company 

and the Assam Oil Syndicate, who had carried out the early 

drilling in the area. The Digboi refinery, commissioned in 

December, 1901 is today India's oldest operating refinery. The 

Digboi oil field produced close to 7,000 barrels per day 

(1,100 m
3
/d) of crude oil at its peak, which was during World 

War II. Over the 100 years it has undergone a transition from 

being an age old refinery to one with state-of-the-art 

technology comparable to any modern refinery. 

 

 

Present Day Digboi Refinery 

 

Digboi Refinery Modernization Project (DRMP) was started 

during 1987 with its soil investigation work. It was taken up in 

large scale in order to overcome the technological 

obsolescence of the old Digboi refinery. Subsequently a 

number of other major projects were undertaken by Assam Oil 

(a) (b) 

(c) 
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Division (AOD) to further revamp and modernise old Digboi 

Refinery. This includes the Wax Hydro-finishing Unit 

(WHU), the Solvent Dewaxing and Deoiling Unit (SDU), 

Hydrotreater, Vacuum Residue Short Path Distillation 

(VRSD). Subsequently, Digboi refinery has been awarded the 

ISO-14001 and OHSMC certificates (Fig. 2). Digboi is now 

Headquarter of AOD of Indian Oil Corporation Ltd.  

 

 

Geotechnical Investigation in Brief at DRMP 

 

Geotechnical investigation carried out for the DRMP site on 

behalf of General Manager, Indian Oil Corporation Ltd 

(IOCL), Assam Oil Division, Digboi. The investigations for 

DRMP site were carried out in three phases viz, preliminary 

investigation for 12m depth, investigation for additional 

requirement for 25m depth and final investigation (phases II) 

for 21 m depth. Field investigations were carried out in the 

months of July to August 1987, January to April 1988 and 

June to September 1989 respectively. Figure 3 (a&b) shows 

the overall Digboi refinery with proposed DRMP site 

depicting the locations of almost all kinds of field tests carried 

out during that period in plan and sectional elevation 

respectively. The whole investigations were time bound and 

the interim reports for the final investigations were submitted 

as per tight schedule drawn up by the Chief Project Manager, 

IOCL, (AOD). Whole DRMP site is subdivided for through 

investigation into 15 numbers of sub-area based on the actual 

structures to be constructed therein. The sub-areas and the 

field tests carried out with in them are as under: 

 

1. Filter water reservoir unit (H-1 and H-2). 

2. D.M Tanks and plants area (B-4, B-5, H-3 and SCPT-15) 

3. Utility sub-station area (BH-11 and H-4) 

4. Power plant area (B-6, H-5, H-6, H-7, H-8 and SCPT-14) 

5. C.W pumps, C.W.F and Cooling tower unit (B-7, H-9 and 

SCPT-13) 

6. F.W Tank unit (H-10, H-11 and SCPT-11). 

7. F.W. Power house unit (BH-10 and SCPT-12). 

8. Compressor station and Nitrogen plant unit (BH-9, B-7,  

H-12 and H-13). 

9. Fire station unit (H-14) 

10. Control room and substation unit (BH-6, H-15 and  

SCPT-10). 

11. Reformer unit (Entire area was an uneven land having 

ridges and depressions covered by surface water and 

vegetation which includes H-16, H-17, H-18, H-19, 

SCPT-8 & 9, DCPT-1 & 2). 

12. V.D.U and C.D.U unit (Entire area was an uneven marshy 

and sludgy land having ridges & hillocks and depressions 

covered by surface water and vegetation which includes 

BH-1, B-2, H-21, H-22, H-23, SCPT-5,6,7 and DCPT-

3&4). 

13. Feed stock tank and Dyke unit (B-1, H-24, H-25, SCPT-1, 

2, 3 & 4, DCPT-5&6). 

14. Pipe track area (Entire area was an uneven land having 

ridges and depressions enters into the existing refinery 

plant which includes H-26, H-27, H-28 & H-29). 

15. Cement godown plant unit (Bh-4 BH-5 and SCPT-16). 
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Fig. 3(a)  Showing the then  proposed DRMP site and part of Existing Digboi Refinery during 1989 
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Fig. 3(b)  Sectional view through A-B line in Fig. 3(a) showing the proposed DRMP site and part of existing Digboi Refinery 

 

It was revealed from the investigations that the subsoil mainly 

consists of fine grained soil of low and medium plasticity to 

non-plastic silty-sand. No coarse grained sand or gravel 

deposits were found. Soil pockets filled with very soft clayey 

silt or silty-sand, oily substances, decomposed or semi-

decomposed vegetation were also found in some areas. Void 

of soil mass was identified in some locations which is the 

result of dynamic soil liquefaction due to old earthquakes. 

Safe Bearing Capacity (SBC) of the investigated subsoil was 

found in the range from 1.5 to 7 t/m
2
 at various depths and the 

values with respect to 25mm, 40mm and 60mm settlements 

were recommended for isolated footings of different sizes. Pile 

foundations of different types were recommended for some 

areas with heavy loading structures due to poor bearing 

capacity at shallow depths and to overcome the liquefaction 

zones. Consolidation properties of the subsoil, the time for 

90% settlement and historical loading conditions of the areas 

were also established. Settlement characteristics including 

consolidation and elastic settlements at centre and periphery 

for R.C.C. circular oil storage tanks were calculated in detail 

and recommendations for reduction of high degree differential 

settlements were included. Recommendations regarding site 

preparation including placement and compaction of fill 

materials required to bring the uneven hilly site level to final 

grade level and for road pavements were also furnished. 

 

 

GEOTECHNICAL INVESTIGATION IN PARTICULAR 

 

 

Description of Site and General Geology of DRMP Site 

 

The site for the proposed (during 1987) Digboi Refinery 

Modernisation Project (DRMP) is situated on the southern part 

of the existing Digboi Refinery plant. Tinsukia-Ledo railway 

line and the State P.W.D. road touch the proposed site in 

western side. Digboi railway station is located near the south-

west corner of the site. 

 

The topography of the entire site is characterised by small 

hillocks and valleys with depressions partly filled up by 

surface water and jungles (Fig. 3.b). Location of boreholes 

(marked as BH, B and H) and other field tests for the three 

stages investigations are shown in site plan (Fig. 3.a) along 

with the refinery building units of various natures.  

 

General geology of the DRMP site comprises of small hillocks 

forming the part of the Nagahill ranges. The highest hillock is 

about 200m high above mean sea level (msl). The structural 

formation of top of the area is mainly laminated bends of clay, 

silt and sand-stone of recent age of alluvium deposit and the 

bed rock is of Barail group of Oligocene to Pliocene age. The 

bed rock is characterised by a sharp anticline runs in WSW-

ENE direction and both the flanks having different dips 

ranging from 90° to 60
0
. General geology and seismic activity 

of DRMP site is furnished in Appendix. 

 

 

Detail Scopes of Works for Thorough Investigations 

 

Whole investigations were carriedout under two major 

different phases, viz., Phase-I.a: Preliminary Investigation, 

Phase-I.b: Additional requirements and Phase-II: Final 

investigation. 

 

Scopes of Field works 1. Preliminary Investigation under 

Phase-I.a, covered the following scopes of field works, 

location of which are shown in Fig. 3(a&b). 

(a) Boreboles (designation BH): 11 nos upto the maximum 

depth of 12m. 

(b) Dynamic cone penetration tests (DCPT) upto 12m - 9 nos. 

(c) Standard penetration tests (SPT)  in each borehole upto the 

depth of boring. 

(d) Collection of disturbed and undisturbed samples from 

boreholes. 

(e) Collection of soil and water samples from boreholes for 

chemical analysis. 
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(f) Observation of ground water table. 

 

Scopes of Field works -2. Investigation for additional 

requirements under Phase-I.b covered the following scopes of 

field works, location of which are shown in Fig. 3(a&b). 

(a) Boreholes (designation B): 9 numbers upto a depth of 25m. 

(b) SPT in 8 boreholes upto the depth of boring. 

(c) DCPT upto refusal - 1 no. 

(d) Collection of disturbed and undisturbed soil samples from 

the boreholes for laboratory analysis. 

(e) Observation of ground water table. 

 

Scopes of Field works - 3. Final investigation in Phase-II 

covered the following scopes of field works location of which 

are shown in Fig. 3(a&b). 

(a) Boreholes (designation H): The position of 24 nos of 

boreholes (21m depth) were fixed based on actual 

location of the proposed structures (Fig. 3.a). 

(b) SPT and collection of disturbed and undisturbed soil 

samples from boreholes for laboratory analysis. 

(c) Static cone penetration test (SCPT) – 16 nos. 

(d) In-situ vane shear test - 7 nos. 

(e) Field permeability test - 2 nos. 

(f) Field CBR test – 4 nos. 

(g) The electrica1 resistivity test and dynamic soi1 tests 

(h) DCPT (6 nos). 

(i) Observation of ground water table. 

 
Scopes of Laboratory works. Following laboratory 

investigations works were performed for almost all phases of 

investigations: 
(a) Grain size analysis by  

(i) Sieve analysis test, and  

(ii) Hydrometer analysis test 

(b) Atterberg’s limits test 

(c) Natural moisture content test 

(d) Bulk density (Dry and wet density) test. 

(e) Specific gravity and void ratio test.  

(f) Triaxial compression test 

(i) Drained test and  

(ii) Undrained test 

(g) Direct shear test. 

(h) Unconfined compression test. 

(i) Permeability test. 

(j) Uniaxial consolidation test. 

(k) Proctor density test 

(l) CBR test   

(i) 4-days Soaked CBR and  

(ii) Unsoaked CBR 

(m) Chemical analysis of soil and water samples 

 

Scopes of works for Recommendations. Following 

recommendations were prefixed for the 3 stages 

investigations. 

(a) Geological information of the region. 

(b) Past observation and historical data, if available for the 

area or other areas with similar soil profile or for similar 

structures in the surrounding area if existing. 

(c) A set of longitudinal and transverse soil profiles 

connecting various boreholes shall be presented in order 

to give a clear picture of the areas to show the variation of 

subsoil. 

(d) Recommended type of foundation for various structures 

duly taking into account the tolerable settlements, 

presence of ground water table also minimum depth of 

foundation. 

(e) Net safe bearing capacities of strata for various widths of 

square foundation of sizes 1m, 1.5m, 3m, 3.5m, 6m and 

10m for proposed foundation depths of 1m, 2m and 3m 

below normal ground level for an allowable settlement of 

25mm, 40mm and 60mm. The backup calculation shall be 

appended in the report. 

(f) Ultimate settlement from consolidation properties and time 

for 90% settlement shall be determined, immediate 

settlement and bearing capacities from SCPT shall also be 

recommended (as per minutes of 1st meeting held among 

IOCL (AOD), EIL and RRL-J on 22 & 23 August, 1989 

at Digboi).  

(g) Recommended type of piles, size and pile capacities in 

vertical, lateral and pullout based on soil parameters if 

piling is considered necessary. 

(h) Comments on chemical nature of ground water and soil 

with due regard to its potential ill-effects on concrete and 

steel and firm recommendation on protective measures. 

Also remedial measures for sulphate attack due to acidity 

shall be dealt in detail giving clear practical 

recommendations. 

(i) Recommendations regarding design and construction of 

roads and other paved structures and also suitability of 

soil for back filling foundation; 

(j) Recommended laboratory CBR values for filled up soil and 

field CBR values for both soaked and unsoaked 

conditions. The compaction characteristics of soi1 

proposed to be used for filling below road pavements and 

back filling of foundations have to be furnished. 

(k) Recommendation related to site preparation including, 

classification, placement and compaction of fill materials 

required to bring the general site level to final grade level 

if so required. Recommendations regarding excavation, 

stabled slopes for excavation, dewatering and method of 

dewatering if warranted. 

(1) Recommendation regarding co-efficient of permeabi1ity of 

various subsoil strata based on laboratory and in-situ 

permeability test. 

(m) All field and laboratory test results plotted against depth 

as wall as in tabular form. 

 (n) Tank settlements both at centre and periphery are to be 

computed. If the soil investigation calls for ground 

improvement in view of the above requirements, 

suggestion regarding method of ground improvement 

should be furnished in the reports. 

(o) A preliminary examination regarding susceptibility of Sub-

soil strata to liquefaction in the event of earthquake. 

(p)  Comments on chemical nature of ground water and soil 

with regard to their effect on concrete and steel. 
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RESULTS OF FIELD AND LABORATORY TESTS 

 

 

Result of Various investigations in General 

 

 

Boreholes and Other Tests. The whole investigations include 

44 numbers (nos.) of boreholes, 16 nos. of SCPT, 16 nos. of 

DCPT, 7 nos. of field vane shear test, 4 nos. of field CBR test, 

2 nos. of field permeability tests, 2 Block vibration tests and 

electric resistivity tests were carriedout as per relevant IS: 

codes of practices to ascertain the geotechnical soundness of 

the proposed DRMP site along with SPT in each boreholes 

upto depth of refusal. Laboratory investigations cover almost 

all possible tests. Recommendations cover all forms of 

requirements of the designers. It is not possible to present all 

the tests result and recommended values with suggestions here 

in this paper. Hence, representative values of various tests 

results were prepared and are given in tabular form in Table 1 

for comprehensive understanding of the geotechnical sounding 

of the then proposed DRMP site. 

 

 

CBR-Value Tests: Similarly, Table 2 gives an account of the 

comparison of field and laboratory CBR values. 

 

Table 1.  Geotechnical properties of some Borehole locations (Phase –II, only) of DRMP site  
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Borehole (H-1) 

1. 1.65-1.60 
2.561 22 1.97 100 98 75 28 56 16 MI 0.155 5.34 2.00 0.25 15.0 - - 6.0 t/m2 

Borehole (H-7) 

2. at 1.65-1.95 
2.620 27 1.95 100 85 50 - - - CL - - - 0.34 4.4 - - 

5.5 t/m2 3. at 4.65 – 5.10 2.580 31 1.95 100 89 69 29 53 18 CL 0.230 4.51 2.05 0.48 0.0 10 6 

4. at 7.65 – 7.95 2.600 24 1.98 82 59 13 - - - CL - - - 0.08 27.0 7 11 

 5. at 13.65 – 14.15 2.680 19 2.14 100 98 49 30 57 13 CL 0.089 87.0 2.50 0.38 14.0 17 22 

Borehole (H-10) 

   6. at 1.60-2.05 
2.630 33 1.98 100 96 72 - - - CI - - - 0.22 10.5 - - 

4.0 t/m2 7. at 3.20 – 3.65 2.610 31 2.00 100 97 75 18 59 23 CI 0.228 4.78 3.15 0.33 7.5 11 6 

8. 6.16 – 6.60 2.600 25 1.98 100 99 97 - - - CI - - - 0.30 8.0 8 8 

9. at 9.25 – 9.70 2.570 22 1.99 100 98 87 - - - ML - - - 0.16 28.0 18 23 

Borehole (H-17) 

10. at 1.50-1.95 
2.600 36 1.92 100 98 76 - - - CL - - - 0.17 3.0 - - 

4.0 t/m2 11. at 4.55 – 5.00 2.570 22 1.98 100 99 96 - - - SM - - - 0.00 31.5 12 11 

12. at 7.50 – 7.80 2.640 26 1.96 100 84 71 3 93 4 MI 0.136 4.74 1.32 0.44 5.0 15 19 

13. at 10.60 – 11.0 2.590 20 1.99 93 81 20 - - - MI 0.187 5.51 2.70 0.00 34.2 27 37 

Borehole (H-21) 

14. at 6.55-7.00 
2.610 23 2.16 99 93 78 0 93 7 ML 0.273 3.65 3.16 0.50 8.0 12 15 

6.0 t/m2 

15. at 12.05 – 12.50 2.630 24 1.99 100 97 94 - - - CI 0.228 7.73 1.23 0.57 6.5 17 30 

Borehole (H-24) 

16. at 4.25-4.60 
2.630 40 1.90 100 90 63 1 97 2 CI 0.239 11.4 1.30 0.53 5.7 19 17 

9.5 t/m2 

17. at 7.20 – 7.50 2.610 34 2.03 100 92 85 - - - CI 0.174 6.85 1.85 0.40 0.0 17 20 

Borehole (H-26) 

18. at 1.85-2.30 
2.600 28 1.92 87 68 57 27 65 8 CL 0.261 12.4 1.25 0.18 7.5 1 1 

4.0 t/m2 19. at 5.15 – 5.60 2.550 20 1.88 100 87 58 - - - ML - - - 0.05 15.0 6 7 

20. at 7.55 - 8.00 2.570 19 1.89 100 82 44 - - - SM - - - 0.00 21.3 11 13 

21. at 11.85-12.30 2.590 37 1.85 100 100 91 6 93 1 CI 0.282 9.89 1.75 0.11 12.3 19 25 

Borehole (H-29) 

22. at 1.90-2.35 
2.620 33 1.94 100 98 86 22 78 0 CL 0.218 5.42 2.62 0.25 6.0 10 7 

4.0 t/m2 

23. at 4.20 – 4.50 2.560 24 2.00 100 98 28 - - - SM - - - 0.00 26.4 9 13 
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Table 2. Represents field and laboratory CBR - value with 

Proctor’s densities 

 

Location 

of tests 

(As per 

Fig.1) 

Type 

of 

sub 

soil 

Laboratory Test Results 
Field CBR-

values at 

depth (in m) 

OMC  

in  

% 

MDD  

in  

gm/cc 

CBR-Values 

4-days 

soaked  

Un- 

soaked  

1. CBR-1 CI 17 1.65 6 8 
1.24 at 

0.25 

2. CBR-2 CI 15 1.62 7 8 
1.29 at 

0.30 

3. CBR-3 CI 17 1.53 5 8 
1.29 at 

0.20 

4. CBR-4 MI 17 1.66 3 8 
1.48 at 

0.25 

 

Chemical Tests: Results of chemical test of soil and water 

samples are another aspect of the investigation. Value varies 

extensively w.r.t their locations. The reasons for such variation 

may be the DRMP site is closed to existing refinery which 

runs for about 80 – 90 years before investigations. Table 3 and 

Table 4 give such values respectively.  

 

Table 3. Result of the Chemical analysis of Soil samples of 

DRMP site 

 

Constituent determined  

(in percentage (%) 

basis) 

Location of soil sample marked as 

B-5 at 

10.7m 

B-8 at 

14.7m 

B-8 at 

21.6m 

H-18 at 

4.65m 

H-22 at 

10.7m 

1. Moisture content 1.15 2.10 3.50 3.01 4.43 

2. Loss of Ignition 3.10 4.30 5.10 5.10 6.25 

3. Organic matters 8.10 4.10 2.35 0.20 0.51 

4. Crude oil & Wax 2.80 1.50 0.50 0.07 0.02 

5. Water soluble salt 0.20 0.21 0.35 0.20 0.32 

6. Silica as SiO2 58.50 67.10 65.50 66.30 60.72 

7. Total Iron as Fe2O3 3.85 5.50 4.50 12.50 6.30 

8. Aluminium as Al2O3 16.10 11.50 13.50 11.65 18.10 

9. Calcium as CaO 0.50 0.35 0.65 0.50 1.32 

10. Magnesium as MgO 0.75 0.41 0.90 0.20 0.90 

 

 

Table 4.  Result of the Chemical analysis of water samples of 

DRMP site 

 

Constituent determined  
Location of water sample in 

BH-2 BH-3 BH-6 B-1 B-9 

 1. pH values 7.72 7.63 8.51 9.93 8.30 

 2. Turbidity on silica  

  scale as SiO2 (in ppm) 
8.00 560.0 3.20 8.50 6.10 

 3. Total solid (in ppm) 84.00 7759.0 
482.0

0 

756.0

0 
210.0 

 4.Phenolpthalein alkali- 

  nity as CaCO3 (in ppm) 
Nil Nil 20.00 85.00 25.00 

 5.Methyl orange alkali-   

 nity as CaCO3 (in ppm) 
17.00 20.00 

105.0

0 

132.0

0 
85.00 

 6. Calcium as Ca  

    (in ppm) 
6.84 5.32 55.48 48.00 21.00 

 7. Magnesium as  

    (in ppm) 
1.37 0.92 3.21 28.00 15.00 

 8. Total hardness as  

    CaCO3 (in ppm) 
45.50 102.00 

180.6

5 

211.0

0 
215.0 

 9. Iron content as Fe  

    (in ppm) 
2.30 42.30 4.80 2.00 1.50 

 10. Sulphur as SO4  

    (in ppm) 
50.00 Not  Not 15.50 12.00 

 11. Chloride (in ppm) 2.80 4.80 9.80 3.50 2.10 

 12. Specific electrical  

   conductance(in Mhos) 
- - - 

856.0

0 
124.0 

 

 

Settlements for Tank foundation. In the investigation, 

calculation and estimation of the oil storage tanks of different 

sizes bears another aspect of the total efforts. In the tank 

location subsoil encounters are mostly soft or loose layers for 

which the immediate i.e. quick settlements reveals very high 

grade of settlements. Since all the foundations of tanks are 

RCC, hence, it demands minimum differential settlements. 

The estimated values of differential settlements for all forms 

of tanks are presented in tabular form in Table 5.  

 

 

Table  5.  Differential settlement of Circular Oil Storage Tanks in DRMP site 

 

Description of Oil Storage Tanks 
Calculated Settlement of Tank base and edge (in 

millimeters) 
Differential 

settlement 

in term of 

radius of 

Tank 
Marked as 

Located by Boreholes 

& SCPT 

Load 

intensity 

in t/m
2
 

Diameter 

of tank in 

(metre) 

Consolidation Immediate Total settlement 

at 

Centre 

at  

Edge 

at 

Centre 

at  

Edge 
at Centre 

at  

Edge 

Tank-1 H-24 & SCPT-1 16 18  273.1 72.1 90.94 43.98 354.04 116.08 1/36.3 

Tank-2 H-25 & SCPT-2&3 16 18  325.4 91.9 90.90 43.98 416.34 135.88 1/32.1 

Tank-3 H-25 & SCPT-3&4 16 18  524.9 148.8 225.42 89.49 750.32 238.29 1/17.6 

Tank-4 H-10 & SCPT-11 16 18  231.1 57.8 344.10 195.40 575.20 253.20 1/27.9 

Tank-5 H-11 & SCPT-11 16 18  384.1 127.0 344.10 195.40 728.20 322.40 1/22.2 

Tank-6&7 H-3, B-5 & SCPT-15 13 15  375.9 114.5 568.13 239.64 944.03 354.14 1/12.7 
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Table 6. List of net SBC recommended for isolated footings for some unit areas of structures within DRMP site 

 
S

er
ia

l 
N

o
. 

Area of Structures & Remarks on investigation 

Boreholes and 

other tests 

carried out 

Depth 

of Foot-

ing at 

Sizes of 

Square 

footing 

Net SBC (in t/m
2
) for 

limited settlement of 

25 mm 40 mm 60 mm 

1. 

Filter water reservoir unit: 

Remarks: The site shows differential settlement. 

Subsoil near H-1 is better & denser than that near 

H-2. Due to presence of  2.5m thick soil layer 

carrying oily and undecomposed materials the SBC 

reduces  

H-1 & H-2 

1m 

1m x 1m 

3m x 3m 

6m x 6m 

10m x 10m 

5.5 

4.0 

- 

- 

6.0 

5.0 

- 

- 

8.5 

6.0 

2.5 

- 

2m 

1m x 1m 

3m x 3m 

6m x 6m 

10m x 10m 

7.0 

3.5 

- 

- 

8.5 

5.0 

- 

- 

10.0 

7.5 

- 

- 

2. 

V.D.U and C.D.U. unit: 

Remarks: This unit site will be founded on a quit 

uneven and marshy land in present state. Despite 

having the area covered by SCPT-5, 6 & 7 is on the 

slope of a hillock. Areas near H-21, 22 and 23; and 

DCPT-3 & 4 are on the ridge of marshy & sludgy, 

the subsoil condition is quite stiffer and denser 

except the surface condition of DCPT-3&4.  The 

depth of surface water was found 650 mm above 

NGL and the maximum thickness of very soft layer 

of silty soil were found 1350 mm. The area shows 

differential settlement. 

H-21, H-22, 

H-23, B-2, 

BH-1, 

SCPT-5, 6 

& 7 and 

DCPT-3&4. 

1m 

1m x 1m 

3m x 3m 

6m x 6m 

10m x 10m 

5.0 

2.8 

1.3 

- 

6.0 

4.0 

2.0 

1.3 

7.5 

6.0 

3.0 

2.0 

2m 

1m x 1m 

3m x 3m 

6m x 6m 

10m x 10m 

6.0 

2.8 

1.3 

- 

7.5 

4.5 

2.0 

1.3 

8.0 

6.5 

3.0 

2.0 

3m 

1m x 1m 

3m x 3m 

6m x 6m 

10m x 10m 

7.0 

3.0 

1.3 

- 

8.0 

4.6 

2.0 

1.3 

9.5 

7.0 

3.0 

2.0 

 

Table 7. List of bearing capacities and type of pile foundations 

for some unit of DRMP site. 

 
Capacities of Piles  in Tonnes 

Safe Load from shear 

parameters 

Sl. No. and 

Area of structural unit 

along with various field 

tests covered 
In 

Compre-

ssion 

In 

Tension  

In 

Shear 

(From SCPT 

point 

resistance) 

Safe load in 

compression 

For 6.0 m long – 400 mm dia. Under reamed Pile 

1. Filter water reservoir  

    Unit:  

   (H-1, H-2 & SCPT-15) 

29.75 13.5 3.3 55.0 

2. Fire station unit: (H-14) 28.71 13.5 3.3 - 

3. F.W. Pump House unit:    

    (BH10 & SCPT – 12) 
22.70 13.5 3.3 43.0 

4. Utility sub-station:  

    (BH-11 & SCPT-14) 
29.20 13.5 3.3 54.0 

5. VDU & CDU Unit:  

   (H-21, 22 & 23; and   

    SCPT – 5, 6 & 7) 

28.70 13.5 3.3 51.0 

6. Pipe track area: (H-26, 27,  

     28 & 29; and SCPT – 7) 
28.71 13.5 3.3 53.0 

For 15 m long – 450 mm dia. Bored pile 

7. Compressor station:  

   (H-12 & 13; and SCPT–10) 
102.0 21.0 4.0 128.0 

8. Control room complex: 

   (H-15 and SCPT -10). 
100.0 21.0 4.0 128.0 

9. VDU & CDU Unit:  

   (H-21, 22 & 23; and   

    SCPT – 5, 6 & 7). 

100.0 21.0 4.0 113.0 

10. Pipe track area: (H-26, 27,  

     28 & 29; and SCPT – 7. 
100.0 21.0 4.0 113.0 

 

 

Estimation of SBC and Recommendation. On the other hand, 

the estimation of net SBC for shallow foundations where ever 

demands by the then proposed structures, were calculated unit 

area wise based on field and laboratory investigation data at 

par guidance of the relevant IS: codes of practices. For 

instances, Table 6 is giving such values of recommended SBC. 

It is evident that SBC values reveal poor to very poor 

magnitudes. Similarly, Table 7 gives the list of various pile 

capacities of different kinds of piles.  

 

Dynamic Properties from Block Vibration Test. On the other 

hand, the dynamic properties of the subsoil in particular 

specified locations of DRMP site depicting another picture of 

the general geotechnical aspects as well as dynamic aspect of 

subsoil. 

 

It was observed and found that the layers of silty-sand situated 

closer to the foundation level of a structure provides more 

damping effect than that of non-existence. Table 8, Table 9 

and Table 10 give an account of this aspect [Bayan & Kalita, 

1992]. 

 

 

PROBLEMS IDENTIFIED AND THEIR SOLUTIONS 

 

Pertaining to the total geotechnical investigations carried out 

through 3 phases to estimate the geotechnical sounding of the 

then proposed DRMP site, it identified many problems which 

were evidencing by the field and laboratory test results 

reported in details in the original geotechnical investigation 

report for DRMP [Bayan, at el, 1990]. Of many, followings 
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are countable: 

 Bearing capacities and settlements.  The whole DRMP 

site bears poor to weak safe bearing capacities. Table 6 

evidences some examples. For simple light structures 

improvement of SBC was done by soil replacement and 

mechanical compaction. But for heavily loaded structures 

like VDU, CDU, etc. piling were constructed. Table 7 

gives an account of the capacities of two different pilings 

based on the shear parameters and SCPT results. Pile 

foundations were provided as suggested for almost all 

kinds of medium to heavy loaded structures but with a 

little variation. The variation is in the type of piling. 

Instead of bored in-situ-caste piling, power driven in-situ 

casting piles with steel casing were installed upto required 

depth. Such variation was made to take care of those areas 

where the site is susceptible to liquefaction due to high 

earthquake (Appendix). On the other hand, to reduce the 

differential settlements in tanks area (Table 5), soil 

replacement and simple mechanical compaction were 

adopted with normal type of tank foundation, which is 

differ from that kind of building foundation.  

 

 Seismicity and dynamic liquefactions: Traces of old 

liquefaction were recognised by SPT in some boreholes 

during investigation in closer to H-19 and SCPT – 8 of 

DRMP site. About 2.0m free fall of SPT pipe was 

recorded by me on the spot during 1991, which carries 

evidence of existence of void (i.e. cave) created by 

dynamic liquefaction due to old earthquakes underneath 

the surface at about 8.8m depth. The evidence has closer 

acceptance by SPT values of H-19 and observed values of 

SCPT – 8. Figure 4 shows the part of the SCPT – 8 of 

DRMP site. Hence, evaluation of seismicity and ground 

acceleration of DRMP site is an important aspect which is 

given in Appendix in brief. 

 

Figure 4. Static cone penetration test result for SCPT – 8 

(Termination depth 15.4 m) 

Table 8. Elastic properties of subsoil DRMP site from vertical 

Resonance Test 

 

 Eccentricity 

Setting ‘’ 

In degree 

Natural 

frequency 

nzf in cps 

Coefficient 

of elastic 

Uniform 

Compression 

uC in kg/cm3 

Coefficient 

of elastic 

Non-Uniform 

Compression 

C in kg/cm3 

Damping 

co-

efficient  

of soil 

For Location-1 (Result from Vertical Resonance Test: 

40 39 17.960 18.094 0.636 

104 39 17.960 18.094 0.705 

140 39 17.960 18.094 0.760 

For Location-2 (Result from Vertical Resonance Test: 

40 38 17.046 17.172 0.605 

104 38 17.046 17.172 0.816 

140 40 18.888 19.028 0.537 

 

 

Table 9. Elastic properties of subsoil DRMP site from 

horizontal Resonance Test 

 

 Eccentricity 

Setting ‘’ 

in degree 

Second  

higher  

Natural 

frequency 

nzf in cps 

Coefficient 

of elastic 

Uniform 

Shear 

C in kg/cm3 

Coefficient 

of elastic 

Non-Uniform 

Compression 

C in kg/cm3 

For Location-1 (Result from Horizontal Resonance Test: 

40 26 1.196 2.408 

104 25 1.106 2.228 

140 30 1.593 3.207 

For Location-2 (Result from Horizontal Resonance Test: 

40 26 1.196 2.408 

104 25 1.106 2.228 

140 30 1.593 3.207 

 

  

Table 10. Elastic properties used for Dynamic computation 

 

Eccentric Properties 

(Coefficient of) 

For 10 Sq.m 

base area 

only in 

kg/cm3 

For (6.45x3.6=) 

23.22 Sq.m base 

area in kg/cm3 

Elastic Uniform 

Compression 

uC in kg/cm3 
6.024 1.3988 x 10

4
 

Elastic Non-Uniform 

Compression 
C in kg/cm3 18.094 4.2014 x 10

4
 

Coefficient of elastic 

Uniform Shear 
C in 

kg/cm3 

0.371 8.615 x 10
4
 

 

 Chemical test of soil and water. It is ascertained from the 

results of tests (Table 3 & 4) that the DRMP site bears 

higher pH values, which indicates more acidic action of 

water and soil. Hence it may cause harm to concrete as 

well as in reinforcing steel bars of RCC. As a solution to 

such chemical problem, lime was added round the 
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foundation trenches to neutralise the high value of acidic 

subsoil during development of the DRMP. 

 

 

OBSERVATIONS 

 

During and after the construction of various substructures of 

DRMP units, followings have been observed:  

 

 During leveling uneven ground of the then proposed 

DRMP by cutting down the hillocks (Fig. 3.b), all kinds 

of marshy land, soil layers with decomposed, 

undecomposed vegetation and oily substances have been 

removed and filled up with good soil reveals from the 

uphill ground. 

 

 All forms of pile foundations are power driven in-situ-

caste pile with steel casing with recommended values. 

 

 Foundation trenches were well treated by lime. 

 

 No great earthquake has rocked the DRMP site during 

and after development of DRMP till date with estimated 

magnitude of 7.5 M Richter or more. Hence, foundation 

tilting or subsidences is not found reveal till date. 

 

 It is expected that all the foundation of each unit of 

present DRMP (Fig. 2) will behave well with expected 

high earthquake of magnitude closer to M 8.6 Richter 

(Appendix). 

 

 Tank foundations are behaving uniformly revealing no 

differential settlement till date. 

 

 

CONCLUSIONS 

 

With the results of very high grade and meticulous 

geotechnical investigations the then proposed DRMP site was 

developed with modern techniques. Hence, the present study 

may reveal the following conclusions:    

 

1. It was a challenging job for geotechnical as well as design 

engineers to develop DRMP in such a site having subsoil 

comprises hillocks of laterite soil, plain ground dumping 

with 100 years fully run refinery wastage materials 

including decomposed and un-decomposed vegetations, 

fully marshy land of organic matters bearing surface 

water of 1.5m to 2.0 m depth. Hence, 3phase geotechnical 

investigations were made to identify the weaknesses.. 

 

2. It was also a special challenging job for civil engineers  to 

develop DRMP in a site having fully susceptible to 

liquefaction with existing voids and caves underneath the 

subsoil created by old earthquakes, that  situated in a very 

high seismic zone (Zone V of IS:code of practices) with 

component of horizontal ground acceleration is 0.10g.  

3. All constructions of substructures were built as per 

suggestion of remedial measures with modern tools and 

technology. Hence, it is expected that there will not occur 

any breach of foundation in future.  
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APPENDIX 

 

 

Geology and Seismicity Around Digboi Refinery 

 

 

 
 

Figure A-1.  Seismic Activity Map of the Digboi Oil Field  

(Earthquakes considered during a period of 1906 to 1986) 

 

Seismic Activity. North eastern region (NER) of India is 
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seismically very active and was the seat of several large 

earthquakes in the past. The most important are being the 1897 

(M 8.9 R), 1950 (M 8.6 R) and 1988 (M 7.2 R) earthquakes. 

The proposed site also falls within the seismically active zone 

of NER of India. To examine the nature of seismic activity a 

list of earthquakes occurring within a radious of 200 km from 

the DRMP site during a period of 1906 to 1986, were prepared 

and presented accordingly. Figure A-1 represents the whole 

seismic activity within this period i.e. upto 1986 data.  

 

Considering the possible limitation of the accuracy and 

completeness of records in the past of the country the list seem 

to reflect the general behaviour of seismic activity. The data 

set for the last 24 years (1963-86) is more or less complete and 

was subjected to least square fitting, following the formula 

[Gutenberg & Richter, 1963-86] as below: 

 

1.  AEqbMaLogN   

 

where, N is the number of earthquake, M is the magnitude and 

‘a’ and ‘b’ are constants. After replacing the values of 

constants the formula becomes  

 

aAEqmLogN b .1.003.1703.6    

 

By using the above relationship, the return period for 

earthquake mb = 5.0, 5.5, …, and 7.0 were calculated and are 

given in tabular form in Table A-1. 

 

 

Table A-1. Estimated return period of different earthquake in 

and around DRMP 

 

Magnitude 
Return period 

in years 

5.0 0.5 

5.5 1.5 

6.0 5.0 

6.5 16 

7.0 50 

 

 

Geology of DRMP site. Digboi is situated on low hills 

forming the northern end of the Tipam range, one of the foot 

hill range of the Naga hills. The geological structure of Digboi 

is characterized by sharp anticline south of the Naga thrust. 

The crest of the anticline runs in WSW-ENE direction and 

both the flanks having a dip of about 90
0
 and the southern 

flank shows variable dip upto the maximum of 60
0
 (Fig A-2). 

In the eastern sector the dip varies 30
0
 – 40

0 
(Fig A-2). The 

hade of Naga thrust is 40
0
 – 45

0 
from the vertical. The Naga 

thrust is not seen at the surface being concealed by alluvium. 

Figure A-3 showing the cross section along the crest of Naga 

thrust. 

 

 
 

Fig. A-2.  Geological Map of the Digboi Oil Field  

[After Mathur and Evans, 1964] 

 

 

 
 

Fig. A-3.  Sectional Map of the Digboi Oil Field through 

Digboi Anticline  [After Mathur and Evans, 1964] 

 

Estimation of Ground acceleration for DRMP 

 

In engineering design and construction seismic zone requires 

consideration of resisting the maximum stress developed due 
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to earthquake acceleration. Assessment can be made for 

different earthquakes which may affect the site and results 

used as guide for structural design criteria. Owing to the total 

absence of any instrumental data on ground acceleration for 

this region having DRMP site empirical formula connecting 

ground acceleration, distance of source and magnitude of 

earthquakes are used. For the proposed DRMP site it was 

computed the ‘a’ for : 

 

(1) An earthquake of magnitude M 8.6 R occurring about 140 

km away and  

 

(2) An earthquake of magnitude M 7.05 R occurring along 

fault 80 km away from the proposed site. For calculation 

the magnitude is taken as M 7.5 R. 

 

Acceleration ‘a’ is calculated by taking the well known Assam 

earthquake of 15
th

 August 1950 (M 8.6 R) and 26
th

 August 

1950 (M 7.05 R) as references, which were occurred at an 

epicentral distance (D) of 140 km and 80 km from the 

proposed DRMP site respectively. Hypocentral depth below 

surface for both is taken as 25 km. Thus calculation of ‘a’ with 

respect to these earthquakes using different empirical 

relationships is given in tabular form in Table A-2. 

 

(a) According to the formula proposed by Cornell the ground 

acceleration ‘a’ at the site may be expressed by  

 

  2.5.0
3

10  AEq
I

aLog   

 

Where   aAEqDMI .2.log45.245.116.2   , 

here M=8.6 and 7.5, D=140 km and 80 Km 

 

The estimated acceleration according to the equation Eq. A-2 

is 0.4g and 0.19g respectively (Table A-2). 

 

Similarly, following the above data the estimated acceleration 

according other well known different formulae were found out 

and tabulated in tabular form which are given in Table A-2.  

 

 

RECOMMENDATION FOR SEISMIC ACTIVITY 

 

From the geo-seismic analysis of foregoing consideration the 

following recommendations and observations may be made: 

 

 The most important geological structural features are the 

Naga thrust which passes north of the Digboi area. 

Though no earthquakes of large magnitude occurred in 

the vicinity of the proposed site along the Naga thrust, 

earthquakes of high magnitude occurred in other regions 

of the same thrust during the last thirty years. For 

instance, M 7 Richter earthquake of 26
th

 August 1950 

(26.8
0
 N, 95.0

0
E) may be mentioned. 

 

 Very few earthquakes of magnitude above M 5 Richter 

originated from the epicentral distance of 100 km from 

the DRMP site. 

 

 The available historical records of major earthquakes in 

the vicinity of the region is that of the 1950 Assam 

earthquake (M 8.6 R) which originated 140 km to the 

north-east of the then proposed DRMP site. According to 

the isoseimal map on the MM scale, the DRMP site 

appears to fall within isoseismal of VIII – IX. 

 

 The ground acceleration ‘a’ computed for the two 

reference earthquakes of M 7.5 R and M 8.6 R  are 0.12g 

and 0.09g. The average value of 0.10g corresponds well 

with the soil type III obtained for the DRMP site. 

 

 

Table A-2. Estimated values of ground acceleration for the 

structures of the then proposed DRMP as per various formulae 

 

According to the formula proposed 

Acceleration 

at DRMP site 

for 

M=8.6 

For 

M=7.5 

by Cornell: .2.5.0
3

10  AEq
I

aLog   

Where DMI log45.245.116.2   
0.4g 0.19g 

by Kanai : 3.
10

 AEq
T

B
a

P

  

Where  SecTP 25.0  and 

4.
83.1

167.0log
6.3

66.161.0 
















 AEq

D
D

D
MB 

 

0.06

g 
0.10g 

by Esteva and Rosenblueth:  

5.
110

6.1

8.0

 AEq
D

e
a

M

  
0.04

g 
0.04g 

by Gutenberg, Richter and Benioff:  

6.0  AEqFaa D , where 

aAEqMMa .6.027.081.01.2log 2

0 

 

 n
Y
DDF
0

1
25.1


  and  by considering 

SecTandKmY P 25.0770  ,  

Sec
T

n
P

6.2
5.2

11 






 
 

0.06

g 
0.06g 

By using the Curves for ground 

acceleration and distance relationship 

developed by Seed et al.  

0.07

g 
0.08g 

Average acceleration for use: 
0.12

g 
0.09g 
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