
 

 

Importance of Radial Gain in Seismic Data Acquisition - A Case Study from Cambay Basin, India 

Anoop Singh
1
, Dr. R. K. Jaiswal

2
*, Harish Naswa

3 
& U.S.D. Pandey

4
 

1
Institute of Reservoir Studies, ONGC, Chandkheda, Ahmedabad 

2
*Geophysical Services, Assam & Assam Arakan Basin, ONGC, Jorhat 

3
ONGC Videsh Limited, Delhi 

4
Ist Floor, Priyadarshini Building, ONGC, Sion, Mumbai 

*Email ID: JAISWAL_RAJEEVAKUMAR@ongc.co.in 

Keywords 

 

K-Gain, Radial, fixed, dynamic range 

 

Abstract 

 

Pre-amplifier gain plays a vital role in faithful 

recording of the weaker seismic signals specially 

those having amplitude below the lower limit of A/D 

converter. It helps in retrieval of such weak signals 

embedded in prevailing ambient noise conditions. 

This gain consists of two components namely Fixed 

and variable (radial) gain. The new Seismic 

Recording Systems (Instrument) usually have the 

option of 0, 12, 24 and 36 dB Pre-amplifier Gain in 

conjunction with 24-bit A/D convertors and enable to 

achieve upto 146 dB total dynamic range. 

 

The paper brings out a case study based on analysis 

and result of experimental work carried out for  

optimization of K-gain parameter in Scorpion System 

by a geophysical crew of ONGC while 3D seismic 

survey in Siswa-Anklav area of Cambay Basin during 

field season 2009-10. 

The relevance, impact and the concerns while design 

and optimization of data acquisition parameters have 

been brought out which need to be routinely done 

while conducting the seismic surveys. 

 

Introduction 

 

Seismic data acquisition is one of the critical activity 

and considered as the back bone for petroleum 

exploration & field development.  With increasing 

size of acquisition template, high ambient noise and 

constraints for use of large charge size, recording of 

weaker seismic signals mostly lying in higher 

frequency window is very important. It helps to 

acquire broader bandwidth data needed for enhanced 

resolution and also weaker signals in average to poor 

seismic friendly areas. Efforts are to be made while 

recording the seismic data to utilize the full dynamic 

range of the seismograph so as to faithfully record 

even feeble signals by careful choice of Pre-amplifier 

gain options.  

 

If weaker signal are observed below the lower limit 

of A/D converter, Pre-amplifier gain are applied to 

boost them to bring within A/D conversion window. 

Since data is normalized to equivalent input voltage 

before final recording to tape, application of higher 

gain helps to convert the weak signal into digitization 

window without affecting the originality of the 

signal. 

The present study is based on analysis of experiments 

carried out for optimization of K-gain parameter 

using Analog Scorpion System while conducting 3D 

seismic survey with dual objectives  ie,  shallow as 

well as deeper zone of interest in Siswa-Anklav area 

of Cambay Basin during field season 2009-10. 

 

The Study Area   

 

The assigned Siswa-Anklav area for 3D seismic data 

acquisition is located in Cambay-Tarapur Tectonic 

block of Cambay basin (Fig. 1). The main objective 

of the survey was to identify Strati-Structural 

prospects in Eocene, Olpad section and fractures in 

Deccan Trap Basement towards the Basin margin. 

The Zone of interest was 400-2500 ms (TWT) 

corresponding to 360 - 3000 m Depth.  

 

 
Fig. 1: Location of the survey area 

Study 

Area  N 
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The area was divided in two parts i.e. Deeper 

Prospect on west and Shallow Prospect in eastern 

side. Total 16 Receiver Lines swath geometry with 

adequate offset and azimuth distribution for 

achieving the objectives of the survey was adopted as 

mentioned in Table 1.     

 

Table 1: Acquisition geometry 

 

 
Deeper 

Prospect 

Shallow 

Prospect 

No. of Receiver Lines 16 16 

No of channels per line 
96 

 (End-on) 

96 ( 48 + 48) 

Split spread 

Total active channels per shot 1536 1536 

Shooting configuration   Orthogonal Orthogonal 

Group / Shot Interval 40 /40m 40 /40m 

Near offset 28m 28m 

Min. of max. offset 3783 m 3783 m 

Maximum offset 4701m 4701m 

Bin size 20m x 20m 20m x 20m 

RLI / SLI 240/240m 240/240m 

Fold 64 ( 8 x 8) 64 ( 8 x 8) 

No. of shots / template 48 48 

Direction of shooting E to W E to W 

 

Limits of data values recorded on Tape 

  

Analog performance specifications for analog and 

auxiliary units (Source: Scorpion) are given in Table 

2. Analog data from Scorpion is normalized to their 

equivalent input voltage, expressed in millivolts 

(mV). The maximum value depends on the preamp 

scale factor used in the box.  

 

Table 2: Specifications of Analog system 

 

A/D Converter 24-bit (23 + sign) 

Pre Amplifier 

Fixed Gain 

Levels 

G0, G2, G4, G6 

(Unity, 12dB, 24dB, 36dB) 

Sample Rate 1/2ms, 1ms, 2ms, or 4ms 

Maximum Input 

Signal 

1768 mV RMS  & 2500 mV peak at G0 

442 mV RMS  & 625 mV peak at G2 

110 mV RMS  & 156 mV peak at G4 

27.6 mV RMS  & 39.1 mV peak at G6 

Dynamic Range (DR) 

Non-shorted Input 130dB at G0 

Instantaneous DR 129dB at G2 

121dB at G4 

110dB at G6 

Total Dynamic 

Range 

146dB 

Equivalent Input Noise (EIN) 

Terminated Input 0.76 µV RMS at G0 

0.23 µV RMS at G2 

0.14 µV RMS at G4 

0.13 µV RMS at G6 

 

The preamp gain factor is stored in trace header byte 

202(Source: Scorpion) is shown in Table 2.  

 

Table 3: SEG Y trace header byte 202 

 
202 Unassigned  VSMT (Vector Seis Receiver 

Type) sensor scaling code in hex: 

2, 4, 5, 7, 16 or 17:   20 nG LSB 

0, 1, or 6              :   40 nG LSB 

3                          :  160 nG LSB 

128: Invalid for SVSM, (Scaling 

set to 40 ng) 

For System IV AC, Analog-1C: 

gain factor 

 
The largest and smallest absolute values written on 

tape for the given gain factor for analog Scorpion 

System are shown in Table 4.  

 

Table 4: Largest and smallest values 
 

Gain 

Factor 

Largest absolute 

value (in mV) 

Smallest absolute 

value(Non-zero) in µV 

0 2500 0.310 

2 625 0.077 

4 156 0.019 

6 39 0.004 

 
K-Gain Mode:  

 

There are two types of Preamplifier Gain in this 

system viz. Fixed and Radial Gain. The selected 

Fixed K-Gain values of G0, G2, G4 or G6 is applied 

to all active channels connected to the entire spread 

whereas selected Radial Gain values of G0, G2, G4 

and G6 are applied selectively in radial interval mode 

i.e., based on a radial  distance calculated from the 

shot point. The applied radial distances must be 

defined as per the need for the area after due 

experimentation and configured in the system before 

recording  as shown in Fig. 2.  
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Fig. 2: Template with defined radial distances 

 

Radius for G0: Enter the distance from the shot 

point to the desired station up to which the analog 

unit amplifier gain will be G0. The system uses this 

distance as the radius of a circle centered on the shot 

point. Any analog unit station on any line within this 

radius will have is gain set to G0. 

 

Radius for G2: The system uses this distance plus 

the preceding radius as the radius of a circle centered 

on the shot point. Any analog unit station on any line 

between this radius and the preceding radius 

parameter will have its gain at G2. 

 

Radius for G4: The system uses this distance plus 

the preceding radius as the radius of a circle centered 

on the shot point. Any Analog Unit station on any 

line between this radius and the preceding radius 

parameter will have its gain at G4. 

 

Radius for G6: All remaining stations outside the 

last configured radius will have the gain as G6. If the 

final gains for all stations outside the radius are 

intended to be a lower gain, adjust the radius distance 

value for the desired maximum gain setting to 

include the entire active spread.  

 

Survey Setup for Radial Gain  
 

The channel-to-channel/station-to-station distances 

are used to calculate the K-Gain map. Therefore it is 

mandatory to update stacked coordinates of shot 

points in SPS before loading SPS in Scorpion system 

in order to ensure correct application of radial gain. 

Receiver information in survey setup is shown in 

Table 5. 

 

Table 5: Survey Setup-Receiver information  

 

First Line: 101 First Station: 101 

Last Line: 1029 Last Station: 900 

Line Interval: 4 Station Interval: l 

Line Spacing: 880m Station Spacing: 220m 

Origin X: 0 Origin Y: 0 

 

Experimental Work  

 

Experimental work for the optimization of K-Gain 

parameter was conducted in the central part of the 

area near village Rampura (shown in Fig. 3) which 

was free from cultural noise and electrical 

disturbances.  

  

 
 

Fig. 3: Experimental spot for K-Gain Optimization. 

 

Data Analysis 

 

The raw data were thoroughly analyzed. The gain 

values of raw sample values recorded in the SEG Y 

files has been descaled for the preamplifier gain 

factor by the recording system at the time the data is 

recorded. Thus the amplitude of raw sample values as 

recorded represents the signal amplitude at the 

seismic input in millivolts. 

To fix the K-Gain parameter first it needs to be 

optimized with fixed and radial gain. If radial gain is 

to be applied, the optimal radius for G0, G2, G4 and 

G6 is to be estimated. The data was analyzed to 

ensure those weak signals are observed especially at 

channels far from shot point as well as at deeper 

levels. 

Shallow Part 
Deeper 

Part 
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The spread noise in the area was identified by 

analyzing the peak values in trace data itself. With 

G0 value used, clipping was seen for data below the 

lower limit of G0 gain (0.0003140462579 mv) as 

shown in Fig. 4. So it was concluded to opt for higher 

gain i.e., G2. 

Similarly if clipping is observed below the lower 

limit of G2 then G4 or gain upto G6 need to be 

applied.   

While acquiring data with higher gain one has to be 

careful about clipping on the higher side of the signal 

especially for shallow target and in zone of interest 

like in the particular case shown in Fig. 5. So in such 

case radial gain will be applied. For the traces near 

the shot point lower gain will be applied to avoid any 

signal clipping in zone of interest and as move farther 

based on the clipping seen on the lower side as well 

higher side, radial distance can be performed for 

configuration for radial K-Gain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Clipping on the higher gain side of the signal  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Clipping in data due to signal below the lower 

limit of G0 gain 

 

Parameter Optimization  

The trace data of gain test records were analyzed. No 

clipping was observed for G0, G2, G4 or G6 gains 

either on farthest channel from the shot point location 

or deeper events (Fig. 6). However, clipping was 

observed in few samples only for lower to higher 

gain setting (Fig. 7, 8 & 9).  

Fig. 6: No clipping observed even for deeper events 
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So if it could be seen after processing the data that 

whether there are week signals which are below the 

lower limit in G0, G2 then the lower side clipping 

criteria can be applied to decide higher gain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Clipping observed for lower to higher gain 

(G0 to G2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Clipping observed for lower to higher gain 

(G2 to G4). 
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Fig. 9 Clipping observed for lower to higher gain (G4 

to G6). 

After analysis, it was noted that if higher than unity 

(G0) gain was applied, there was clipping up to 

100ms in upper side and spatial distance up to 7 to 8 

tracers from shot point. Further, overdrives in the 

A/D converter were also noticed due to stronger 

signals in very early part of records close to first 

arrivals. 

Hence, to avoid clipping in data and to preserve 

original shape of seismic wavelet, it was decided to 

apply the Radial K-gain setting as shown in Table 6.  

 

Table 6. K-Gain (Radial/Circular gain) parameters 

K-Gain Areal distribution 

G0 Up to 200 m 

G2 200-320 m 

G4 320-440 m 

G6 440m onwards 

 

The schematic diagram with Blue plus symbol as 

receivers and red box/red circle indicate the shot 

point location as shown in Fig.10. 

 
Fig. 10: Optimized Radial gain setting  

 

Concerns while applying Radial gain setting 

Based on the experience while application in regular 

surveys some of concerns / important factors are as 

below: 

 The radial gain setting are very helpful in faithful 

recording of weaker signals in areas of variable S/N 

ratio, strong local disturbances and wide azimuth 

data acquisition. 

  Radial gain is applied based on the distances, the 

Survey Setup details about Receiver and source 

information should be thoroughly checked. 

 In case of unplanned recoveries or offset location of 

the SP changed beyond permissible limit say bin 

size, the survey parameters need to be updated. 

 The shot point coordinates should be transmitted to 

the instrument in real time while shooting.   
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 Gain settings need infield review if background 

noise pattern changes across survey area. 

 The gain setting should be appropriate for the 

Receiver line intervals  

 For effective implementation, pre survey 

reconnaissance and dynamic recovery planning 

should be done in advance and the survey setup 

updated accordingly. 

Conclusions 

Based on the clipping pattern in different part of the 

seismogram K-Gain parameters were optimized to 

record the signal specially for Shallow events in the 

area as  G0  Up to 200 m, G2  200-320 m, G4 320-

440 m and G6 beyond 440m.  

The radial gain setting helped to acquire the weak 

signals as well as suppress stronger signals in very 

early part of records which were causing overdrive in 

the A/D converter. 

The experimental study suggested that the radial gain 

settings are very important during data acquisition 

and the prior update of SPS data is must to avoid 

error in application of gains while recording.  

The view expressed here are solely of authors and do 

not necessarily reflect the view of ONGC. 
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