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ABSTRACT - It is commonly known that   heavy oil is mostly formed through biodegradation process within 
reservoir or on the surface both by aerobic and/or anaerobic bacteria that can live under specfi c temperature 
level(s). In order to investigate   heavy oil occurences in     Central Sumatra Basin, eff orts have been spent to 
determine the depths that represent the maximum temperature. By integrating the maximum viable temperature 
of typical bacteria and temperature gradient data, the depth of   heavy oil zone is determined. The work is a 
combination of establishment of  geothermal gradient map and laboratory analysis on fi eld sampled oil for 
determining types and temperature characteristics of microorganism living in the samples.  Heavy oil sampling 
is made on seepages in areas nearby Minas fi eld. Subsequent laboratory analysis reveals Burkholderia 
multivorans ATCC BAA-247 as the predominant bacteria having maximum viabl temperature of 60° C. Based 
on the established  geothermal gradient map, this maximum temperature correspond to average depth of 1818 
ft (555.5 m). This average depth is used as the lower depth for the  biodegradation zone over which investigation 
over presence of   heavy oil bearing reservoirs/traps is made.
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INTRODUCTION

 Heavy oil is formed as immature oil or as results 
of biodegradation and water washing processes. 
However, most   heavy oil is generated from 
biodegradation process by microorganism (bacteria), 
either within reservoir or on the surface by both aerobic 
and anaerobic microorganism (Meyer, et al., 2007, 
p. 3). Numerous studies have demonstrated that 
microorganisms play a crucial role in regulating 
biodegradation process of petroleum hydrocarbons 
(Sierra-Gracia & de-Olivera, 2013; Zhang, et. al., 2019). 
Those studies put that biodegradation process in 
subsurface usually takes place below temperature 
degree of less than 176°F (80°C). 

All biological activities in oil and gas reservoirs 
requires free water, which means that water presence 

within reservoir may lead to biodegradation of 
crude oil (Head, et al, 2003). From studies upon 
correlation between degradation levels and oil 
composition in various oil fi elds (Figure 1), it has 
been acknowledged that most of biodegraded oil is 
located near oil water contact (OWC). This means that 
for an oil column in reservoir, the most biodegraded 
oil is usually at the lowest part of the column. The 
studies also suggest that biodegradation could 
take place during earlier phase of oil migration into 
trap, during which OWC is established.

Pannekens, et al. (2019) explained that 
microbiology degradation is limited to occurrence 
of electron acceptor since based on thermo-
dynamic law, hydrocarbon cannot be fermented 
without hydrogen and acetate. Microbial actions 
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Figure 1
Hydrocarbon saturation and chromatograms of diff erent depths in 3 (three) wells which represents higher 

level of biodegradation toward oil water contact in reservoir (Head, et al., 2013).

could convert energy if they are in contact with 
electron donor from both crude and electron 
acceptor in water. This condition may best represent 
in  the oil-water transition zone (OWTZ) below oil 
leg. Accordingly, this zone may be regarded as the 
hotspot for bacterial growth and its related oil/crude 
biodegradation (Figure 2).

Through the above understanding over   heavy oil 
transformation from lighter weight oil, biodegradation 
zone in the     Central Sumatra Basin is determined. 
This can be materialized if the micro-organism 
responsible for the biodegradation is known 
and subsurface temperature distribution in the 
sedimentary basin is made available. By knowing 
the microorganism (i.e bacteria) species and its viability 
under subsurface temperature, the established 
 geothermal gradient map would serve as a guidance 
in determining the biodegradation - and the 
accompanying water washing mechanism - zone 
distribution in the     Central Sumatra Basin. Maximum 
temperature that can be sustained by the microorganism 
determines the lower limit of the  biodegradation 
zone hence   heavy oil zone. The microorganism is 
obtained from   heavy oil sampling in the fi eld, and 
by isolating and identifying the specifi c bacteria 
distribution of   heavy oil depth limits is determined.

METHODOLOGY

The work begins by collecting  geothermal gradient 
data from several references and other sources in 
order to establish  geothermal gradient map for the 
    Central Sumatra Basin. The source of bacteria is 
the   heavy oil itself. This is obtained from crude oil 
sampling on   heavy oil seepage - or wells - over which 
any present microorganism is isolated and the 
resulting bacteria colony from the crude oil is further 
analysed to determine the most predominant typical 
bacteria. Once the bacteria type or species has been 
determined, any related information from references 
are used, which in turn leads to the bacteria’s 
characteristics and maximum viable temperature. 
This maximum viable temperature determine the 
lower limit of the  biodegradation zone. Figure 3 
depicts the methodology used for the process.

RESULTS AND DISCUSSIONS

Thermal Gradient Map

Several publication have discussed heat fl ow 
and temperature gradient (TG) in  Central Sumatera 
Basin. They are Kenyon & Beddoes (1977); Carvalho, 
et al. (1980), Aadland & Phoa (1981); Eubank & 
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Figure 2 
Illustration of oil biodegradation by microorganism (bacteria) 

within oil water transition zone (OWTG) of an oil reservoir (Pannekens, et al., 2019).

Makki (1981); and (Grysen, et. al., 2016). Based on 
compilation data from the references (see Appendix-A), 
it has been determined that average thermal gradient 
in  Central Sumatera Basin is 3.30°F/100 feet or 
6.0° C/100m. This average value represent all spatial 
 geothermal gradient values within a range between 
the highest temperature gradient of 6.89°F/100 ft 
(12.57°C/100 m) and the lowest temperature gradient 
of 1.37°F/100 ft (2.5° C/100m) (Lemigas, 2020).  
The temperature gradient  map, which  was created 
based on the compilation data showing areas 
with higher temperature gradient in the Eastern-
Northeastern and Western area of the basin is shown 
on Figure 4.

Typical Bacteria within Crude Oil Seepage in 
Ukai River, Minas Area

Crude oil from oil seepage located in Ukai 
River, Southeast from Minas fi eld, Central Sumatera 
Basin, had been sampled for laboratory analysis 
on its isolated bacterial (micro-organisms) content. 
Figure 5 shows the sampling activities that took 
place in oil seepages in Ukai River area near Minas 
fi eld. The near solid oil samples retained safely in 
sampling bottles were subsequently prepared for 
laboratory analyses. Laboratory analysis on the 
crude samples has revealed that the sampled oil 

is categorized as biodegraded   heavy oil with API 
Gravity  of  11.7° (Lemigas, 2020).  

Apart  from  the  measurements  for  physical 
properties, three (3) isolate samples from the crude 
had been analyzed at microbiology laboratory of the 
National Science Institute (Lembaga Ilmu Pengetahuan 
Indonesia, LIPI) with an aim of identifying typical 
bacteria in the isolate samples. Laboratory analysis 
results have managed to identify predominant 
presence of Burkholderia multivorans ATCC BAA-
247; Moraxella osloensis strain NCTC 10465; 
and Klepsiella quasipneumoniae strain KP18-31 
(Lemigas, 2020).

The bacteria of Burkholderia multivorans (formally 
known as Pseudomonas cepacia and Burkholderia 
cepacia genomovar II) is an aerobic, glucose non- 
fermenting, gram-negative bacillus, and member 
of the Burkholderia cepaciacomplex (BCC) 
(Peralta, et al, 2018). According to Chaillan, et al. 
(2004),  Bukholderia multivorans is considered 
as close relative to species of Burkholderia 
thailandensis, B. pseudomallei, B. cepacia, which 
are already known to be light/medium oil degraders. 
There is no specifi c references for Burkholderia 
multivorans ATCC BAA-247. However, according 
to Akita, et al. (2017) this bacteria has 99.6% 
similarities to Burkholderia multivoran CCA53 
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Figure 3
Workfl ow diagram that specifi es works spent in the determination of  biodegradation zone.

leading to an assumption that characteristics and 
habitat of Burkholderia multivorans ATCC BAA-
247 are in strict similarity to Burkholderia multivoran 
CCA53.

Experiments on eff ect of temperature and pH for 
Burkholderia multivoran CCA53 growth reveals that 
this bacteria optimally grows at temperature of 20°C, 
and grows further within temperature range of 20 to 
50°C, but its growth ceases at temperature levels 
higher than 60°C. Environmental characterictics 
of the microorganism species is marked by pH range 
that is needed for the growth of 4.0 to 9.0. At pH 
values of less than 3 and higher than 10 there 
is no growth is observed (Figure 6).

C. Depth Estimation of Heavy Oil Zone

Based on temperature range for the Burkholderia 
multivorans CCA53 (Figure 6), which is considered 
as an analogue to Burkholderia multivorans ATCC 
BAA-247, it is assumed that biodegradation process 
that has been taking place in the Central Sumatera 
Basin occurs within temperature of less than 
60°C (140°F). The corresponding depths for the 
temperature of 60° C is naturally specifi c for 
each area, depending on the thermal gradient that 
prevails in the area/location or well within the basin 

(see Figure 4). Through the use of the  geothermal gradient 
distribution, depths are estimated using

Depth  = (60° C –Tsurface)/TG*100 (1) with,

Depth  = depth from surface (ground surface), meter,

Tsurface = surface temperature, ° C

 TG         = thermal gradient, ° C/100m

For example, for a well that has TG of 
4.1° F/100ft (7.48 ℃ /100 m),  Tsurface (ambient 
temperature) of 80°F (26.67°C), results in depth that 
correspond to 60°C  is 445.58  m.  Another example 
is for average TG of  3.30°F/100  ft.  (6.0°C/100m) 
with calculated depth (@ 60℃ ) is 555.5 m. 
Through the use  of this combined  approach  
distribution  of  the  lower  depth  of  heavy  oil   zone 
(i.e biodegradation  zone) in  the  Central Sumatra  
Basin  is  determined.  In general, these lower depths 
are within the range of 1333.2 meter   (calculated 
from the lowest TG) to 265.1 meter (calculated 
from the highest TG). Application of these bio-
degradation  zone  in  the  Basement  Highs  in   the  
basin  has  resulted  in identifi cation  of  more  than  40  
reservoirs/traps  that  contains  or  suspected  to contain 
  heavy oil (Lemigas, 2020).
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Figure 4
Gradient geothermal map of  Central Sumatera Basin. 

This map is created based on compilation data (Appendix-A) obtained from 
Kenyon & Beddoes (1977); Aadland & Phoa (1981); and Eubank & Makki (1981) (source: Lemigas, 2020).
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Figure 5 
Oil seep/oil spill? In Ukai River, in Minas Area,  Central Sumatera Basin (Lemigas, 2020).

Figure 6 
Eff ect of temperature (a) and pH (b) for Burkholderia multivorans CCA53 growth (Akita, et al., 2017). 
Optimum temperature growth is 20°C, whilst maximum temperature for bacteria live is about 60°C.
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 CONCLUSION

From all observations and analyses related to the 
determination of   heavy oil vertical zone (biodegradation 
zone), there are several main points that can be 
concluded:

Isolation and determination of bacteria from oil 
seepage/oil spill In Ukai River, near Minas fi eld in 
 Central Sumatera Basin has resulted in Burkholderia 
multivorans ATCC BAA-247, which based on available 
reference has maximum viable temperature of 
60°C (140°F).

Biodegradation of crude oil within reservoir Has 
been taking place when micro-organism (bacteria) 
and encroaching water are in contact with crude 
oil. This original crude oil was usually light or 
medium in weight. Hotspot area for biodegradation 
in reservoir occurs around oil water transition zone 
(OWTZ) that separates water and oil legs. The 
biodegradation process also occurs within ranges 
of temperature of less than maximum temperature 
under which bacteria can live. In accordance with 
characteristics of Burkholderia multivorans CCA53, 
the maximum temperature for biodegradation 
process the     Central Sumatra Basin is 60°C.

Based on compiled data, average thermal gradient 
in  Central Sumatra is 3.33°F/100 ft. (5.93°C/100m), 
with highest temperature gradient of 1.37°F/100 ft. 
(2.5°C/100m) and lowest temperature gradient of 
6.89°F/100 ft. (12.57°C/100m).

With regard to average temperature gradient 
(3.30° F/100ft.or 6.0°C/100m) in  Central S u matra 
Basin, temperature of 60° C occurs at 1818.2ft, 
or 555.5 m. This depth is regarded as a threshold 
depth (limiting lower depth)  for further analysis 
such as petrophysical and seismic analyses aimed 
at investigating potentials of   heavy oil bearing zones 
at depths shalower than 555.5 m.
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