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Summary 
 
The controlled source electromagnetics (CSEM) technology normally seen as complement to seismic methods offers a great 
promise for improved ranking of development of prospects and reduced appraisal drilling. Highly successful surveys of 
CSEM with infused R&D efforts, converting CSEM as a key tool for the E & P industry in the near future. The paper 
presents the basic methodology of the technique with illustrated results, limitations of the technique and future 
developments. 

 
Introduction 
 
Electromagnetic methods have played a minor role in 
hydrocarbon exploration so far and highly effective role in 
mineral and environmental exploration geophysics areas. 
Industry viewed this tool with considerable suspicion till 
late 90’s. Since the electromagnetic methods (EM) use 
signals that diffuse in the earth, and cannot provide the 
same vertical resolution as modern seismic tool, 
necessitated development of alternative tools and 
technologies through improvised acquisition, processing, 
and interpretation procedures. 
 
 Exploration for hydrocarbons in offshore settings is both 
challenging and expensive. This is particularly due to 
seismic data not being a strong fluid indicator and seismic 
DHI’s, flat spots, bright spots are very sensitive to residual 
5to10% gas saturation changes which are non-commercial 
reserves in nature. Thus, the need for a tool to distinguish a 
commercial discovery is critical for hydrocarbon 
exploration. In year 2000, Statoil tested the concept of 
using CSEM for direct detection of hydrocarbons in deep 
waters (Eidesmo et al., 2002, Ellingsrud et al., 2002). They 
found that this method was suitable for detection of 

reservoirs with high hydrocarbon saturations of 60-70% or 
more. 
 
CSEM offers a supplementary enhancement to seismics to 
confirm the presence of hydrocarbons with out the expense 
of going for drilling a possible dry hole in the capital 
intensive deepwater exploration paradigm. Further, CSEM 
offers a non invasive solution (with a lower resolution), 
under right circumstances to identify between water filled 
reservoirs to oil & gas filled reservoirs over a large 
prospective areas. This article is an attempt to briefly 
update and summarize the tool, technique, limitations  
and a successful application in the deepwater’s of East 
Coast of India. 
Basic Technique: 
 
The CSEM technique is sensitive to the high resistors in the 
subsurface. The resistivity of a formation depends mainly 
on permeability, pore space and pore fluids. Water 
saturated sediments generally have resistivities in the range 
1 - 2 Ώm while hydrocarbon bearing sediments have much 
higher resistivities generally around 20 - 1000 Ώm. Also 
it’s important to note that lithologies such as cemented 
sandstones, limestones, volcanic rocks and salt usually 
have high resistivities similar to hydrocarbon reservoirs. 



 
 

 

 
The CSEM method (Figure: 1) involves the use of a 
horizontal electric dipole and an array of seabed receivers 
(both electric and magnetic field is measured). The HED, 
towed several meters above the seafloor (30-40m), 
transmits a low frequency electromagnetic signal (typically 
a few tenths to a few tens of hertz). The signal diffuses in 
the overlying water column and to the subsurface. High 
resistors allow the flow of the EM energy due to less 
attenuation compared to the conductive sediments. At 
appropriate source-receiver offsets the EM signal back 
from the subsurface layers dominate the direct signal from 
the source. The resistivity structure beneath the seabed can 
be inferred from the amplitude and phase of the received 
signal. As high saturation hydrocarbons are typically more 
resistive (one or two orders of magnitude higher) than the 
surrounding layers, the CSEM responses are 
distinguishable. 
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Figure: 1 Schematic representation of CSEM Technique 

 
The signal, recorded by an array of seabed receivers 
consists of different contributions. Direct energy travels 
from the source to the receiver without subsurface 
interaction. Energy being refracted at the water/sediment 
interface and travels within the shallow sediment layer will 
also be recorded by the receivers. These two contributions 
are referred to as “direct wave” which affect the signal at 
very short offsets. Another contribution, without subsurface 
interaction, is the energy refracted at the sea-air interface, 
referred to as “air wave”, generally dominate the recorded 
signal at relatively large source – receiver offsets. A last 
contribution is represented by the energy traveling in 
deeper parts of the subsurface, due to high resistive layers. 
A high resistivity subsurface layer such as a hydrocarbon 
reservoir will refract electromagnetic energy, causing an 
increased return signal from the subsurface recorded by the 
receivers.  
 
 
 
Example from East coast of India  
 
CSEM survey was carried out in several exploration blocks 
of east coast of India. One of the profiles from the survey is 
presented here. The targets identified were the seismic 
amplitude anomaly in the pleistocene-pliocene interval. 
The workflow adopted for CSEM is as follows: feasibility 

studies, survey planning followed by data acquisition 
processing and interpretation.  The feasibility studies 
involve 1D and 3 D modeling. For the 1D feasibility 
studies, a one dimensional geologic model is created and 
the CSEM response for this model is computed with 
hydrocarbon and without hydrocarbon situations. 
 
The figure: 2 show the 1D model and the normalized 
CSEM response with hydrocarbon resistivities 5, 10, 20 
Ohm m. The responses with hydrocarbon case are 
distinguishable from the non hydrocarbon case. 
 

 
 

Figure:2  1D plane layer modeling 
 
To account for the complexity of prospects and 3D 
geometry, 3D modeling (Figure: 3) studies were carried 
out. The modeling results suggest that the normalized 
magnitude of the receivers is quite distinctly above the 
background level, which indicates that the given prospects 
were identifiable with CSEM. The line is planned parallel 
to the channel geometry 
 

 
 

Figure: 3 3D modeling results 
 
A total of 22 receivers, at a spacing of 1.25 Km, were 
deployed along the line; target depths are 500 m to 1000 m 
below seafloor. The base Frequency used is 0.25 Hz. All 
receivers measured both the horizontal electric and the 
horizontal magnetic field in two orthogonal directions. 
Normalized magnitude and phase difference are attributes 
which are used to highlight resistivity anomalies. They are 



 
 

 

obtained by referring each recorded receiver response to a 
reference response. 
 

 
Figure: 4 a 
 

 
Figure: 4 b 
 
The line responses show increased electric magnitude 
values versus the reference at short offsets (2 km). For all 
frequencies, two anomalies coinciding with the target 
intervals are visible. The anomaly response increases with 
offsets (5 km) and the subdivision in two distinct anomalies 
is better defined with increasing frequency. The highest 
normalized magnitude value observed is a variation of 
200% in comparison with the reference area (3 km offset, 
1.75Hz). The Line response for normalized electric and 
magnetic data, at 5 km offset is shown in figure 4a & 
Figure 4b respectively. The behavior of the magnetic data 
is consistent with the electric field for the two first 
harmonics (0.25 Hz and 0.5 Hz).  

 

 

A gradual increase in background resistivity along the line 
from NW to SE is seen in the data. The line shows a 
marked and well defined SBL anomaly with apparent 
depths from 0.25 Hz, 1.25 Hz and 2.50 Hz data coinciding 
with the Pleistocene Prospect    (Figure 5). The results were 
validated by drilling and the prospect found to be 
hydrocarbon bearing. 
    
CSEM limitations:  
 
Survey design is very important to the successful out come 
of the project with data density playing a secondary role. 
Factors to be considered for survey design include water 
depth, target reservoir depth, areal extent, thickness, back-
ground resistivity, surrounding geological complexity, and 
target reservoir resistivity. 
 
Surveys are effective in and around and greater than 500m 
due to air wave effect as at long offsets the EM wave 
travels preferentially through water column and will arrive 
at the receiver before the portion of the wave travels 
through the target reservoir. Generally targets deeper than 
150-200% of water depths are presently less detectable as 
EM wave are sensitive to near and far offsets. At close 
offsets the EM wave travels directly from transmitter i.e. 
dipole to receiver through water bypassing the geology.  
 
The rule of thumb indicates targets size smaller than their 
depth of burial are hard to be picked up by this technology. 
Targets larger than their depth of burial usually make good 
CSEM response. Targets of the same size as depth of burial 
are detectable but seldom to be responsive in hard/complex 
geological situations. Thus fine tuning of offset versus 
burial depth and the water depth is the principal factor 
requiring stringent 3D modeling. Resolution remains a 
challenge with EM methods and depends on reservoir 
resistivity verses back ground resistivity, its depth of burial, 
size and thickness of the expected target etc. 
    
Future Developments: 
 
CSEM is a promising new technology and getting 
respectable acceptance by the industry. In the advent of 
employing best talent and intensive R&D efforts this 
technology is likely to get more popular in the near future. 
Possible future developments areas include: 
1. Use of stronger sources, tuned sources, multiple sources, 
better receivers 
2. Improved source-receiver navigation and towing 
positions with improved accuracy. 
3. Improved 3D modeling techniques, robust data 
processing algorithms and enhanced understanding of 
complex geology etc. 
4. Integration of CSEM results with seismic work station 
environments. Advanced integrated Seismic-EM 
interpretation work flows for risk reduction.  
 
5. New acquisition techniques with data directly sent to 
ship like seismic rather than current stand alone individual 
unit recording. 

Figure: 5 



 
 

 

 
Conclusions: 
 
CSEM technology and its application have raised the hopes 
as an important risk reduction tool in the much capital 
intensive deepwater exploration. It also brought out 
intriguing challenges requiring a significant learning 
process for better appreciation and application. Greater 
understanding and acceptance of EM techniques by 
industry with constant R&D efforts, is expected to make a 
real difference in times ahead. 
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