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Objectives

▪ Perform a seismic refraction survey using a 72 channels 
array with a Weight Drop (Thumper) as a source;

▪ Estimate velocity of each layer;

▪ Determine thickness;

▪ Analysis of a Walk Away Noise Test;

▪ Design an ideal array to attenuate GR.
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Acquisition Parameters

Parameters

Source Type Weight Drop

Number of shots 7

Geophone spacing 2m

Near offset 1 m

Far offset 182, 143,71, 47, 40

Number of Geophones 72

Record Length 2s

Sample Interval 1ms

142 m
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Shot and receivers schematic
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GRM METHOD
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GRM Method: Velocity Analysis Function 

Best  Fit



y = 1.625x + 1.5357

y = -1.65x + 77.9

y = 0.5737x + 14.174y = -0.7386x + 41.979
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Shot 1001 & 1002

Direct 1001 Direct 1002 Layer 2 of 1001

Layer 2 0f 1002 Linear (Direct 1001) Linear (Direct 1002)

Linear (Layer 2 of 1001) Linear (Layer 2 0f 1002)

Distance 0 – 44 m

Velocity 1 610.5 m/s

Velocity 2 1630.3 m/s

V12 658.4 m/s

Average thickness 4.07 m

GRM: Shots 1001 & 1002
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y = -1.0429x + 90.971
y = 1.85x - 82.9

y = 0.5445x - 11.766y = -0.5643x + 53.615
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Shot 1002 & 1004

Direct 1004 Direct 1002 Layer 2 of 1002

Layer 2 of 1004 Linear (Direct 1004) Linear (Direct 1002)

Linear (Direct 1002) Linear (Layer 2 of 1004)

Distance 44 – 88 m

Velocity 1 749 m/s

Velocity 2 1804 m/s

V12 823.3 m/s

Average thickness 1.89 m

GRM: Shots 1002 & 1004
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y = 0.8482x - 76.214

y = -x + 143

y = 0.6226x - 53.674

y = -0.5787x + 92.753
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Shot 1004 & 1005

Direct 1004 Direct 1005 Layer 2 of 1004

Layer 2 of 1005 Linear (Direct 1004) Linear (Direct 1005)

Linear (Layer 2 of 1004) Linear (Layer 2 of 1005)

Distance 88 – 140 m

Velocity 1 1090 m/s

Velocity 2 1670 m/s

V12 1438.7 m/s

Average thickness 1.84 m

GRM: Shots 1004 & 1005
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Distance 0 – 44 m 44 – 88 m 88 – 140 m

Velocity 1 610.5 m/s 749 m/s 1090 m/s

Velocity 2 1630.3 m/s 1804 m/s 1670 m/s

V12 658.4 m/s 823.3 m/s 1438.7 m/s

Average thickness of each part 4.7 m 1.89 m 1.84 m

Average thickness 2.60 m

GRM: Results
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F-K ANALYSIS



Main Arrivals: SHOT 1001

Direct Wave

Head Wave

Traffic Noise



Raw Data AGC Applied
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FK analysis

SHOT 1000

SHOT 1006

Traffic Noise

Negative Wavenumber Positive Wavenumber 

Negative Wavenumber Positive Wavenumber 

Events will appear at opposite 

sides of FK domain in 

‘Forward & Reverse Shots’ 
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Shot 1000
Signal & Noise Properties  (F-K Domain)

▪ Title

Signal

Traffic 

Noise

Negative Wavenumber Positive Wavenumber 

Updip Seismogram Event
𝒇 → 𝟐𝟒 Hz

𝒗 → 𝟓𝟕𝟎 − 𝟕𝟏𝟎 𝒎/𝒔

𝒇 → 𝟐𝟒 − 𝟓𝟐 𝑯𝒛
𝒌 → 𝟎. 𝟎𝟑𝟖 − 𝟎. 𝟏
𝝀 → 𝟏𝟎 − 𝟐𝟔𝒎

𝒗 → 𝟐𝟎𝟓𝟎 − 𝟐𝟓𝟎𝟎 𝒎/𝒔

𝒇 → 𝟏𝟓 − 𝟑𝟑𝑯𝒛
𝒌 → 𝟎. 𝟏 − 𝟎. 𝟑𝟕
𝝀 → 𝟏𝟖 − 𝟐𝟔. 𝟔 𝒎
𝒗 → 𝟒𝟎𝟎 − 𝟔𝟎𝟎𝒎/𝒔

𝒇 → 𝟎𝟖 − 𝟐𝟓𝑯𝒛
𝒌 → 𝟎. 𝟖𝟏 − 𝟎. 𝟑𝟔
𝝀 → 𝟏𝟒. 𝟓 − 𝟑𝟒𝒎

𝒗 → 𝟐𝟕𝟑 − 𝟑𝟔𝟎𝒎/𝒔

SHOT 1000

Signal & Noise Properties (F-K Domain)

2D Fourier 

Transform



𝒇 → 𝟑𝟎 𝑯𝒛
𝒌 → 𝟎. 𝟐𝟐𝟖
𝝀 → 𝟏𝟕. 𝟑 𝒎
𝒗 → 𝟓𝟐𝟎𝒎/𝒔

𝒇 → 𝟐𝟏. 𝟓 𝑯𝒛
𝒌 → 𝟎. 𝟏𝟕𝟑
𝝀 → 𝟐𝟑𝒎

𝒗 → 𝟒𝟗𝟓𝒎/𝒔

𝒇 → 𝟐𝟐 𝑯𝒛
𝒌 → 𝟎. 𝟐𝟗𝟕
𝝀 → 𝟏𝟑. 𝟔 𝒎
𝒗 → 𝟑𝟎𝟎𝒎/𝒔

F-K Domain

Traffic Noise +

Scattered

Energy

2D Fourier 

Transform
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SHOT 1001

𝒇 → 𝟑𝟑 𝑯𝒛
𝒌 → 𝟎. 𝟎𝟔𝟔
𝝀 → 𝟔𝟎. 𝟔𝒎

𝒗 → 𝟐𝟎𝟎𝟎𝒎/𝒔



WALK-AWAY NOISE TEST



Walk-Away Noise Test→ Geometry
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Walk-Away Noise Test → Raw Data
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Walk-Away / FK Analysis
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𝒌 → −. 𝟎𝟕𝟔 𝒕𝒐 (− . 𝟎𝟑𝟐)
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 Nº of Elements (n) = 
λmax+λmin

λmin

𝒏 = 𝟑. 𝟒𝟐 ≤ 𝟔

𝒏 = 𝟔

 First Notch (𝑘1) = 
1

31.5
=

1

6∆𝑥

∆𝒙 ≅ 𝟓

𝝀𝒎𝒂𝒙 = 𝟑𝟏. 𝟓 | 𝝀𝒎𝒊𝒏 = 𝟏𝟑

𝐀𝐫𝐫𝐚𝐲 𝐑𝐞𝐬𝐩𝐨𝐧𝐬𝐞



𝐀𝐫𝐫𝐚𝐲 𝐑𝐞𝐬𝐩𝐨𝐧𝐬𝐞

𝒏 = 𝟔 /∆𝒙 = 𝟓𝒎
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GR Range

𝒏 = number of Geophones

∆𝒙 = element spacing



Conclusions

From GRM method

▪ Average Velocity of Layer 1 is 610 - 1090 m/s

▪ Average Velocity of Layer 2 is 1630 – 1804 m/s

▪ Average thickness: 2.00 – 4.75 m

From F-K analysis & Walk-Away Noise Test

▪ Range of ground roll velocity: 400 - 600 m/s

▪ Frequency of ground roll: 13 - 33Hz

Array Design (based on Walk Away Noise Test)

▪ No. of geophones: 06

▪ Element spacing: 05 m
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