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Summary 

There are several issues that we have ever met during 

the period of oil exploration and production. These issues 

are poor images, uncertainty in interpretation, drilling risk, 

and enhance oil recovery (EOR), and so on. Even 

seismic technology, as a major tool for oil exploration, 

can’t  handle with all these issues successfully and 

completely, especially, in complex areas, such as 

mountain front and over thrust zones, igneous rock and 

carbonate areas; Nonseismic technology, as another tool 

for oil/gas exploration, can also provide partial solutions 

and reduce the ambiguity in an inversion or interpretation 

with the advanced no seismic techniques such as joint 

velocity model building with 3D gravity magnetic 

electric(GME) plus seismic, improved time frequency 

electromagnetic(TFEM) to reduce drilling risks, improved 

borehole surface electromagnetic (BSEM)for production, 

and marine electromagnetic. These advanced nonseismic 

techniques have been upgraded and developed based on 

traditional nonseismic techniques. In this paper, these 

advanced nonseismic techniques and application cases 

will be elaborated. 

Introduction 

We know that a geophysical property contrast of of rocks 

is the root of geophysical exploration methods, but 

surface conditions and underground geological setting 

are two main factors which also affect results of 

exploration, for instance, it is very difficult to obtain a 

good seismic image in the areas, such as steep and high 

dip mountain front belts, gravel developed zones, and 

igneous and carbonate covered zones. These complex 

geological settings sometimes result in the drilling 

trajectory proposed based on seismic information several 

hundreds of meters to one thousand meters away from 

targets.. Joint use of GME and seismic to build velocity 

model, the seismic images can be improved greatly, and 

the drilling error can be reduced by ten times. 

As we know, the geophysical property parameters of 

rocks include density, resistivity, elasticity, and 

susceptibility. These properties obtained by different 

geophysical methods can be used to identify rock types 

and predict their existence. For instance, shale and 

mudstone present low resistivity, salt and igneous preset 

high resistivity, therefore, a judgment of using multi 

parameters can solve the uncertainties in an 

interpretation. 

We understand that a hydrocarbon reservoir’s distribution 

and variation are controlled by many factors, including 

complex surface and underground conditions (Niu, et al., 

2005). Drilling risks are not only  related to the above 

factors, but also the fluid movement and the variation of 

oil, gas and water during a production period. Therefore, 

any single geophysical method cannot completely 

eliminate drilling risks (Xiao, 1997). TFEM and BSEM are 

given more expectation on the prediction of subsurface oil, 

gas and water distribution (He and Wang, 2002; He, et al., 

2010). Years’ experience indicates that the resistivity 

value of a reservoir is related with the saturation of oil, 

gas and water in the rock pore space. The reservoir with 

a high oil or gas saturation usually presents a high 

resistivity (Xiao and Xu, 2006) anomaly. Therefore, the 

resistivity anomaly is one of geophysical parameters used 



 

 

to predict and interpret hydrocarbon-bearing possibility in 

subsurface strata. Recent years, another parameter, 

induced polarization (IP), has been gained more and 

more attention. Many core tests in laboratories and 

measurements in the oilfield show that the reservoir with 

a high oil or gas saturation presents a strong IP effect. 

Therefore, The IP is another geophysical parameter to 

predict the presence e of oil in a reservoir. According to 

the statistics of more than 20 years application, the 

successful rate of TFEM and BSEM can reach up to 70-

80%. Compared to a regular successful rate 30-40%, an 

application of TFEM and BSEM can reduce the drilling 

risk by two times. 

EOR is the major tool to stabilize and increase production, 

especially in a long-term production oil field, and also the 

cost of conducting EOR is very expensive. On the other 

hand, a regular monitor, like observation well, cannot 

detect a dynamic variation of reservoir fully. For example, 

steam injection and water flooding are the major tools for 

EOR currently. Whatever a steam injection or water 

flooding will induce a great resistivity change inside 

reservoirs; therefore, if we can monitor the resistivity 

variation of reservoir, we can estimate the effect of EOR. 

There is a failure case of water flooding. There are three 

wells on the slope, the middle well was selected to be 

treated by water flooding, and we expected increases of 

production in other two wells. After five years operation, 

there was no obvious increase in production. After 

reprocessing and reinterpreting the seismic data, we 

found that the sandstone reservoir where three wells 

were drilled has poor connectivity. Based on our 

experiences, to predict the connectivity of sandstone 

reservoirs, the resistivity is more sensitive than other 

parameters; therefore, the advanced nonseismic 

technology is an essential tool for EOR. 

Methods 

1.  Joint velocity model building with 3D GME + 
seismic 

3D GME is an integrated exploration method which 

includes high-density gravity, magnetic, and 

electromagnetic acquisitions in a same operation period. 

The exploration target can be studied and interpreted 

based on the characteristics of density, susceptibility, and 

resistivity, therefore, 3D GME data can help seismic 

improve images in the complicated areas (See Fig.01). 

The seismic data quality is poor because of complicated 

surface conditions and underground geological setting, 

especially; it is very hard to get an accuracy velocity 

model. If we use the resistivity data to construct an initial 

geological model (See Fig. 02 a), and then, fill the model 

with density (See Fig.02 b) and conduct a forward 

modeling calculation to match the field gravity data 

measured (Fig.02 c), in this way, the density of filled in 

the model can be close to the real one of layer. According 

to the Poisson formula, density in a model can be 

transformed to velocity in a model. The transformed 

velocity model can be treated as an initial model for 

velocity inversion, and the seismic image will be improved 

(See Fig.03). 

 

Fig.01 A model of complicated surface and underground 



 

 

 

Fig.02 a. A geological model built based on resistivity, b. A geological model 

filled with density, c.  Curves of gravity measured and forwarded 

 

Fig.03 a.  Images of velocity model built with only seismic data, b. Images of 

velocity model built with seismic data + 3D GME. 

The technical package of 3D GME + seismic can also be 

used to reduce uncertainties in an interpretation, 

particularly at the discrimination of lithology of target 

layers. The layers with different lithology will present an 

obvious anomaly contrast of density, resistivity or 

susceptibility, for instance, igneous rock presents an 

anomaly of high susceptibility and high density, shale and 

mudstone present an anomaly of low resistivity and low 

density, subsalt presents an anomaly of low density and 

high resistivity, therefore, these rocks can be identified 

and interpreted by their specific anomalies of geophysical 

properties. 

2. Improved TFEM to reduce drilling risks 

Time-Frequency Electromagnetic (TFEM) method is an 

approach that prospects favorable hydrocarbon areas by 

analyzing electromagnetic frequency spectrum and 

attenuation characters based on resistivity anomaly and 

induced polarization (IP) anomaly which can indicate the 

presence of hydrocarbon reservoirs. TFEM is also an 

approach for structure exploration, namely called TDEM 

survey. TFEM observes two components (Ex, Bz) and the 

Bz data can be processed in time domain. The influence 

of terrain and static shift is less than other EM methods 

because Bz component data is a vertical magnetic 

component, so it can physically reflect the electric 

structures in the earth. The method takes the high-power 

square wave current as the excitation source, namely, 

dipole-dipole.   

In recent years, active source electromagnetic technique 

is widely used in hydrocarbon exploration. One of its 

applications is Controlled Source Audio-frequency 

Magnetotellurics (CSAMT) method (Zonge, K.L. etc.,1991) 

which studies subsurface structures by observing the 

orthogonal electromagnetic field which is induced by 

artificial power and analyzing their spectrum features with 

frequencies from 8192Hz to 0.001Hz. Another approach 

is Long Offset Transient Electromagnetic (LOTEM) 

method (Wait, J. R.,1951）in which pulse square wave is 

transmitted and only the vertical magnetic field is often 

observed after power off. The subsurface structures can 

be obtained by studying its attenuation curve of the 

observed magnetic field. The foresaid are two majors 

widely used active source EM sounding techniques. 

Theoretically, the time domain and frequency domain are 



 

 

equivalent (Koffman, 1987) since signal of time domain 

and that of frequency domain can be transformed each 

other by Fourier transform. But practically, the 

transformation is undesirable due to the discontinuity of 

observed signal and error. In fact, most synthetic data 

and real data also showed obvious difference during our 

work. Additionally, there is another active source method 

called SIP for hydrocarbon detection (Yanzhong Luo, 

1999) which observes and studies multi-parameters 

related to hydrocarbon. Its successful applications in 

China in recent years prove its effect. But the method is 

of low efficiency and its sounding depth is limited. 

TFEM method combines advantages of LOTEM and SIP. 

This method can acquire the data in both frequency 

domain and time domain simultaneously (See Fig.04). 

TFEM mainly detects two rock physical parameters which 

are resistivity and induced polarization (IP). 

 

Fig.04. Regular configuration of TFEM 

The reservoir with a high oil or gas saturation usually 

presents a high resistivity (Xiao and Xu, 2006) anomaly. 

Therefore, the resistivity anomaly is one of geophysical 

parameters to predict and interpret hydrocarbon-bearing 

possibility in the subsurface. Recent years, another 

parameter, induced polarization (IP), has been gained 

more and more attention. Many core tests in laboratories 

and measurements in oilfields show that reservoirs with 

high oil or gas saturation present strong IP effects. 

Therefore, IP is another geophysical parameter which 

can be used to predict hydrocarbon in reservoirs. 

BGP started to research and develop TFEM technology 

in 1992. The surveys of more than 40,000.0 kilometers 

have been completed both in China and oversea. With 

more than 20 years’ experience and applications, we 

keep the innovation and improvement in theory, hardware, 

and software. 

a) Two-Side Excitation Source to reduce side effect  

The geological body around the survey line will also 

contribute to the measurement (See Fig.06) because the 

measurement of TFEM is a secondary field, and this 

phenomenon calls ‘side effect’. In order to reduce the 

side effect, we deploy two side sources (See Fig.05). A 

forward modeling study is conducted to explain how it 

works. The location of two target bodies is shown in 

Fig.06 and the results of modeling are displayed in Fig.07. 

According to the results shown in Fig.07, the side effect 

already has been reduced greatly. 

 

Fig.05 Configuration of excited source-two sides 

 

Fig.06 Model of two sides source 

 



 

 

 

Fig.07 Comparison of single and two sides source 

b) Target – Oriented inversion 

The measurement of TFEM is on the surface and it will 

include the electromagnetic (EM) response of all the 

layers, therefore, the information of target layer also be 

contained in it. In order to eliminate other layer effects, 

we developed a processing method of target-oriented 

inversion (See Fig.08). The principle of target-oriented 

inversion is to take seismic, gravity, and other data as 

constrain factors, for instance, the shallow and deep 

layers are constrained (See the light blue color covered 

zone), and the target zone can be divided into more 

thinner layers. In this way, the resolution of target layers 

can be improved greatly (See. Fig. 08-a,b) which are 

shown in the middle.  

 

a. A model of target-oriented inversion 

 

b Results of target-oriented inversion 

Fig. 08 Target-Oriented inversion 

3. Improved BSEM  

Borehole to Surface electromagnetic method is a kind of 

electric technique that the power source is placed into a 

wellbore and the electromagnetic fields are observed on 

the ground. This technique has been used in metallic 

mineral deposit, hydrology, engineering and other fields 

(He Z X et al., 2004,2006) long time ago, and since 1999, 

it has been drowning into the oil exploration in China with 

the EM expertise of BGP. Through two times of excitation 

at the top and bottom of a reservoir layer respectively and 

following the difference data processing, the 

electromagnetic anomaly produced by oil or gas reservoir 

can be extracted from the total anomaly, which can be 

used to predict the oil or gas bearing possibility and its 

distribution. 



 

 

 

Fig.09Regular Configuration of BSEM source  

BGP has researched and developed BSEM technology for more 

than 10 years. During these years, we achieved two major 

improvements which are stated as below: 

a) New source excitation method:  from target-oriented 

to multi-level 

The initial way is to excite a target layer on the top and at 

the bottom; therefore, this is called a target-oriented 

source. The target-oriented source takes all the oil layers 

as one layer (See Fig.10-left) and the vertical resolution is 

the thickness of the distance of two excited points. In 

some cases, it is very difficult to identify a few meters 

thick oil layer. In order to improve the vertical resolution, 

we use multi-level source (See Fig.10-right). The vertical 

resolution of target-oriented source is about tens of 

meters to 200 meters, while it is about a few meters to 

tens of meters with a multi-level source, and the vertical 

resolution can be improved by ten times. 

 

Fig.10Configuration of target-oriented and multi-level sources 

b) Source on the surface and receivers in downhole 

The source of initial BSEM is placed into downhole and 

receivers are planted on the surface (See Fig.11-left). 

The responses of overburden layers can’t be ignored if 

source in downhole and recorder on the surface. In order 

to reduce the effect of overburden layers, we develop 

another data acquisition way which is to place receivers 

into downhole and source on the surface (See Fig.11-

right). By the way, the record is close to the measured 

layer, and the effect of overburden layer can be reduced 

greatly. 

 

Fig.11 Configuration of down hole and surface sources 

Examples 

1.BSEM survey for a super-deep karst cave Reservoir 



 

 

The carbonate oil reservoir is known as fracture, crack 

and cavernous, while the ones in Tarim basin, China, 

possess another feature, super deep, which poses a 

much higher risk in drilling. In order to reduce the risk, the 

assessment of pre-drilling should be conducted before 

drilling rig moving on. BSEM is one of assessment tools. 

The oil already is found in well HC01 and another two 

potential zones (Shown in Fig.12) are evaluated by 3D 

seismic, therefore, we place the EM source into well 

HC01 to assess and predict these two planning wells.  3 

days are used for data acquisition and 30 days for data 

processing.  The evaluated result is displayed in Fig.13. 

 

Fig.12Location of survey area 

 

Fig.13Map of electromagnetic anomaly 

As shown in Fig.06, the connectivity of reservoir at the left 

top corner is better than the one at the right bottom 

corner, but both of them present high electromagnetic 

anomaly which are caused by a hydrocarbon 

accumulated. 

2. BSEM survey for horizontal well drilling 

The treatment of horizontal well drilling is very important 

for production increase, especially, for the thin and 

compact oil reservoir. One of the payoff factors is that the 

horizontal drilling track should be inside an oil-bearing 

reservoir. For instance, there are 3 wells (See Fig.14-a 

W1, W2, W3). All 3 wells bear oil, but the horizontal well 

(LN3-3-13H) produces pure water, therefore, the Petro-

geologist confuses about the water oil contact around the 

three wells. There is another planned horizontal well 

(LN3-3-17H) which is displayed in Fig.-14-a.In order to 

know the WOC around the LN-3-3-17H, BSEM survey is 

proposed. The designed points and lines are displayed in 

the blue color rectangle in Fig.14-b. The depth of LN3-3-

17H is about 4800meters and the depth of horizontal 

drilling is between 4700-4800meters, therefore, the top 

source locates at 4700meters and the bottom one is at 

4800meters. The thickness of this sandstone reservoir is 

about a few meters and this thin reservoir is also another 

challenge for BSEM. 

 

 

Fig.14 a. geological setting in survey area, 



 

 

 b. Points and lines of BSEM  

c. Well construction section of planned well 

Three days are used for the data acquisition and 20 days 

for the data processing and interpretation. The results are 

displayed in Fig.15. There are two kinds of geophysical 

anomaly results which are phase and amplitude. If the 

strength of phase anomaly is stronger, the more fluid is 

contained inside the reservoir. If the strength of amplitude 

anomaly is stronger, the more oil is contained inside the 

reservoir. The color changes from red to blue means the 

anomaly strength of phase and amplitude from strong to 

weak.  The black color rectangle in Fig.15 is the planned 

horizontal well track. 

 

Fig.15 BSEM results of processing 

The results shown in Fig.15 indicates that the position of 

horizontal well track is positive, therefore, the clients make the 

final decision to drill this well and the test production is about 

7.9m3 before fracture. The red color line in Fig.16 is the location 

of oil production. 

 

Fig.16 Hydrocarbon anomaly in survey area 

Conclusions 

Nonseismic, as another major tool for oil exploration and 

production, can help seismic improve images and provide 

an evidence to solve the uncertainty in an interpretation, 

especially in a complex area. The advanced nonseismic 

technologies, like TFEM, BSEM, can help reservoir 

engineers to deal with some issues in development 

phase, such as water oil contact locations, remaining oil 

detection, and so on. Joint study of seismic and 

nonseismic can significantly shorten an exploration period, 

lower cost, reduce drilling risks, and improve success rate. 

It is a very necessary and effective approach to get more 

oil discoveries in the following years 
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