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1.0 Introduction

The Arrowhead 3d (Client name AO1P-ARR-3D) was acquired by WesternGeco crew 1267 in

January and February of 2002. It is located in the Fort Liard Area of the Northwest Territory's

Data Processing wasdirected to produce a RAP migrated 3D Volume
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2.0 Seismic Data Processing

2.1 General Data Processing Sequence

Reformat (Segd to OmegaFormat)

Navi

°

on/Seismic Data Merge

Amplitude Compensation(Geometric Spreading)

Spike Removal (Despike)

Ground Roll Suppression(Zone Filter)

Surtace-Consistent Deconvolution

Surface Consistent Amplitude Compensation (SCAC)

 



Offset Amplitude
Time Variant Spectral
Sort to Call (emp) Order
Preliminary Velocity Analysis
Refraction Statics (Refraction Miser)
Preliminary Velocity Analysis (2KM Grid)
Reflection Residual Statics (Miser)
Secondary Velocity Analysis (1M Grid)
Reflection Residual Statics (Second Pass Miser)
DMO Velocity Analysis (0.5 km Grid)
NMO (with DMO Veils)
Outside Trace Mute
DMO Stack
3D Random Noise Atteniuation(3D RNA -- FX_Decon)
Xstolt Migration
Time Variant Spectral Whitening
Time Variant Filter
RMSgain
Segy Output (with/without RMSgain)

2.2 Definition of steps in Data Processing Sequence

2.3 Reformat

The demultiplexed field data was reformatted from SEG-D to an in-house source-gathered
seismic file format.

 

 

Parametervalues:

Input Trace Length : 5120ms
Output Trace Length : 5120ms

Input Sampling Interval : 2ms
Output Sampling Interval : 2 ms  
 

 
2.4 Navigation/Seismic Data Merge

The navigation geometry information wasused to update the seismic trace headerliterals with
that information. The two sets of data were matched using unique Station Number Source,
Station NumberDetector.

2.5 Geometric Spreading Amplitude Compensation

Time-varianttrace scaling functions were applied to the data to compensatefor the decay in
amplitude resulting from the propagation of a seismic wave from a point source in a layered
medium. The functions were calculated from formulae based on the equation:
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where is the rms velocity associated with a reflection arriving at the two-way traveltime, T,
associated with shot-to-receiver offset, x.

V, (the first velocity in the velocity function) is used as a normalization factor.

The velocity and travettime information was not varied spatially.

values:

 

2.6 Surface-Consistent Deconvolution

¢ Log power spectra generated by SC_DCN_SPECTRL_ANALare decomposed into surface
consistent components by the Surface-Consistent- Deconvolution
(SC_DCN_SPCTRL_DECOMP)SFM. Surface-consistent deconvolution operators are then
designed from the decomposed spectra by the application of the Surface-
ConsistentDeconvolution Operator Design (SC_OCN_SPCTRL_OPR_DESIGN) SFM and

the operator is applied to the seismic data by the Deconvolution Operator Application
(OCN_OPR_APPLY) SFM.

e

The windowstart time for each trace was obtained by addinga constantto the start time

read from the trace header. The window stop time for cach trace was obtained by adding
a constant window length to the windowstart time.

 

 

Parametervalues:

Prediction Distance :2 ms

Operator Length : 120 ms
White Noise % :0.1
 

 

 

  



 

 

 

 

Number ofWindows 1
Windowlength : 350 - 2500 ms
Start time : 3500 m/sec
 

2.7 ZONE Band-Pass Fliter
The Zone Filter filters the data within time windows (zones)on selected traces.That is, it filters
the data within a trace in a surgical manner. The zonesare defined by a low linear velocity and
a highlinear velocity. A band-pass fitter is described by low- and high-cut frequencies and
associated dB/octave cutoff slopes. The specified cutoff frequencies are located atthe half-
power(-3 dB in amplitude) response points and the slopes at these frequencies are equalto the
respective dB/octave values. The slope is an approximate cosine squared function in the
amplitude domain. The filter was normalized so that output amplitudes were the sameas input
amplitudes for frequency components within the passband.

 

 

Parameter values:

Phase : Zero
Low-cut Frequency : 18 Hz ~
Low-cut Slope : 18 dB/octave
High-cut Frequency : Not used
High-cut Slope : Not Used
Zone Low Velocity 500 m/s
Zone High Velocity _: 800 m/s
 

2.8 Time Variant Spectral Whitening

This process time-variantly flattens the amplitude spectra of seismic traces over a user-defined
frequency band. Amplitudesat frequencies outside this band are suppressed. Theaction on
each trace is similar to a single-channel, time-variant, zero-phase deconvolution.

An input trace is passed,in parallel, through a numberofdifferent zero-phasefilters spanning
the desired output frequency passband.The filter specifications are generated automatically
based onthe defined output frequency passband and on the numberoffilters required to cover
this band.

Eachofthefiltered versionsofthe input trace are then AGC scaled. More precisely, the scale
factors are computed on the amplitude envelope of the trace. To stabilise the process,white
Noise is added to the envelope before computing the scalar. This addition of white noise
prevents exaggeration of weaksignal frequencies.

Finally,the filtered and gained versions of the input trace are summed and the whole scaled so
that the amplitude envelope of the output is equivalent to the envelope of the input trace.In this
way,relative amplitude is broadly preserved.

  Parameter values:

 

 

Filter Specification : Automatic
Numberof Filters Generated :7

Passband Passband
CORNER FREQUENCIES(Hz) AMPLITUDES

1:6: 96: 120 .01:1:1:.01 ~~] 
  Gain Window Length +200 ms
 

 

  

 

 
 



 

 

[Percent White Noise 4 |

29 Surface-Consistent Amplitude Compensation (SCAC)

SCAC compensatesfor shot, detector and offset amplitude variations that are caused by

acquisition effects and are not a consequence of the subsurface geology.

The amplitude of a given time window is determined for every trace using either a root-mean-

square (rms) or a mean-absolute amplitude criterion. The amplitudes measured can then be

expressed asthe product of surface-consistent source, receiver andoffset terms, and a

subsurface-consistent geology (CMP)term. Taking the logarithm allows the amplitude to be

expressed as a sumof the above terms which,in tun, allows the surface consistent terms to be

computed using a Gauss-Seideliterative decomposition.

Scaling factors are then computed and applied to each trace. 'n this computation the CMP term

is ignored,the scaling factor being the ratio of the geometric meanof all the SCAC source,

detector andoffset terms to the individualtrace's source, detector and offset term.

 

ParameterValues:

Amplitude Criterion : RMS/Mean Absolute

Time Window : 650ms to 3500 ms post nmo and mute    

2.10 Residual Amplitude Analysis/Compensation (RAAC)

Where true-amplitude information needsto be retainedin the data,the application of data

dependentscaling is undesirable; yet thefailure to apply scaling can result in data which is

difficult to display due to the range of amplitudes (dynamic range)present. The RAACprocess

uses statistical means to retain anomalous amplitude information, such as bright spots, while

allowing the data to be scaled.

The analysis step of RAAC computes, for each trace, the amplitudes of multiple windows using

a rms-amplitudecriterion. The Residual Amplitude Compensation (RAC)value of each window

is then the reciprocal of this computed amplitude. Thecentre of each time window defines the

position of its associated RACvalue. Knowing the X-Y location and time of each RAC value

allows both spatial and temporal smoothing to be applied to the RAC values.

The application step of RAAC takes the smoothed RACvalues,interpolates to every sample,

and applies the resulting scalars to the inputtraces.

 

Parametervalues

Numberof Windows :10

Analysis Window Start : Thefirst analysis window beganatthe trace start

time (the RAC value correspondingto this start time was appliedto all data from the start time to

the first sample)

Window Length : 500

Window Advance : 250

Amplitude Analysis Type :rms

Note: If the amountof live data within a window is not equalto atleast one-half the window

advance,then the RAC valuefor the previous window is used.   



2.11 Refraction Statics (Refraction MISER)

Refraction statics were obtained by means of a Refraction-Velocity-Dependent (RVD)over the

of offsets from which the refracted arrivals from the assumed base of weathering

appeared asfirst-bre aks. QCdisplays were used to identify erroneous picks that were then

modified.

Thefinalised pick dataset wasinput to the Refraction Miser routine To stabilise the output

results and to compensatefor inadequacies in acquisition geometry, for example, across large

gapsin the shot profile where low surface coverage andlack of reciprocaltravel paths can

contribute to an unstable solution, the refractor elevation profile was smoothed. The near

surface velocities were also adjusted in relation to the smoothing so that the first-break pick

times through the original and the smoothed models were the same.

Finally, the statics were written to the trace headers to replace the originalelevation statics and

the CMP datum corrections recomputed.

 

 

Parameter Values:

Picked Offset Range : 100 to 2600 meters ~

Datum : 650 Meters

ReplacementVelocity :3500 m/s

 

2.12 Preliminary Velocity Analysis

Velocity analysis was performed using WesternGeco’s Interactive Velocity Processing (IVP)

package. At regular intervals across the survey CMPgather data were selected. From this data

Multi-Velocity Function (MVF) stacks and velocity semblance values were computed. For each

velocity location, MVF data, semblances and gathers are displayed interactively allowing

stacking velocities to be interpreted.

Percentage stacks and NMO-corrected gathers are then produced to check the validity of the

picks and any necessary changes madebefore thevelocityfield is output.

 

 

Parameter Values

Analysis Spacing
:2KM

Number of CMPs perAnalysis (MVF Stack) 216

Number of CMPsperAnalysis (Semblance Display) :7
  
2.13 Residual Statics(2 Passes)

Surface consistentreflection residual statics were calculated from pre-processed CDPgathers.

Theprocessis split into two phases- thefirst (termed XPERT)picksthe timeshifts for each

prestack trace and the second (termed MISER) computes surface consistentstatics from these

picks.

In the XPERT program,one or moretime and space variant gates that contain reflection events

are defined. A modeltrace is generated by performing a rolling average of the stacked traces

within the time gate and then, for each CMPgather, unstacked tracesare cross-correlated with

the modeltrace. The peaksof these cross-correlations are picked and the differential times

betweenthe peaktime andthe zero lag computed. These represent the sum ofthe residual

shot and receiverstatics plus any structural and residual moveout terms.

 
 

 

 

 



 

 

In the MISER (Modular Iterative Statics Evaluation Routine) program, an kerative Gauss-Seidel

decomposition technique is used to derive the individual components of the time shift, that is,

Source, Receiver, Midpoint and Residual NMO terms. The static values for each trace are

written into that trace's header so that they are available for subsequent processing.

 

 

Parameter Values:

Model Window(s) : 600ms to 2500 ms
Maximum Correlation Shift : 32 ms
Inline and Crossline Model Extent_: 11, 11
 

2.14 Velocity Analysis

Velocity analysis was performed using WestemnGeco’s Interactive Velocity Processing (IVP)

. At regularintervals across the survey CMP gather data were selected. From this data

Multi-Velocity Function (MVF) stacks and velocity semblance values were computed. For each

velocity location, MVF data, semblances and gathers are displayed interactively allowing

stacking velocities to be interpreted.

Percentage stacks and NMO-corrected gathers are then produced to check the validity of the

picks and any necessary changes made before the velocity field is output.

 

 

Parameter Values:

Analysis Spacing :1KM

Number of CMPs per Analysis (MVF Stack) 215
Numberof CMPs per Analysis (Semblance Display): 7
 

2.15 Dip Moveout

Dip Moveout (DMO)is a process thatattempts to take traces recorded at a non-zero offset and

make them appearasif they had been recorded with zero offset.It can therefore be thoughtof

as a prestack partial migration. After DMO has been applied several goals are achieved:

© Dip dependancy of the Norma! Moveout (NMO)velocity field is eliminated, thereby making

the velocity field derived from OMO gathers a better starting point for the calculation ofthe

migration velocity field.
e Mid-point smearon dipping eventsis eliminated.

e Events with conflicting dips within a CMP,e.g.reflections and diffractions, may be stacked

with the same velocity (within the limitations of the ‘constant-velccity’ algorithm utilised).

e Under some circumstances, DMO canact as a noise attenuator.

DMOwasapplied using the Kirchhoff integral method in the X-T domain. This method works by

spreading energy from onetract,to its neighbours along the DMOellipse (the input having had

NMOapplied). The shape of the ellipse was computed from a constant-velocity algorithm;

truncating and tapering the ellipse produced the DMO operator that was applied along the shot-

receiver azimuth.

Thelimbs of the DMO operator have progressively steeper dips, which results in spatial aliasing

occurring at progressively lower frequencies, as one moves out along the operator. To reduce

the impact of aliasing the limbs of the operator were time and space variantly high-cut filtered to

removealiased energy from the operator.

At nearoffsets the DMO operator can quickly reach the stage where its width is comparableto

or smaller than the mid-point spacing. Where this occurs accurate amplitude treatment of the

  

 

 



data is compromised if the spatial sampling of the operator remains at or greater than the mid-

point spacing. To correct for this the operator was super-sampled (spatially) at near offsets. This

option,referred to as Hi-Fi DMO, ensures accurate treatment of amplitudes even at very short

 

 

Parametervalues:

Maximum Aperture 2121
Maximum Dip :90
Velocity used for Dip Calculatio. : Spatially Varying Function

Hi-Fi Option : Applied
 

2.16 DMO Velocity Analysis

Velocity analysis was porformed using WesternGeco's Interactive Velocity Processing (IVP)

. At regular intervals across the survey CMP gather data were selected. From this data

Multi-Velocity Function (MVF) stacks and velocity semblance values were computed. For each

velocity location, MVF data, semblances and gathers are displayed interactively allowing

stacking velocities to be interpreted.

Percentage stacks and NMO-corrected gathers are then produced to check the validity of the

picks and any necessary changes made before the velocity field is output.

 

 

Parameter Values:

Analysis Spacing :.5KM

Number of CMPsper Analysis (MVF Stack) :7
Number of CMPsper Analysis (Semblance Display) _: 7
 

 
2.17 NMO Compensation

Hyperbolic moveout wasapplied to the data. This corrected the reflection events to the’: zero

Offset position by:

2 x?
(= t ye

where:

tis the traveltime at offset X

t, is the zero offset traveltime

X is the absolute value of the source-to-detector offset distance

Vis the moveoutvelocity

2.18 Outer Trace Mute

An outer (long offset) trace mute wasapplied to the data in order to suppress direct arrivals,

refractions and wide angle reflections.

The data were tapered from zero to full amplitude over a taper zone.

 

 

 

 



  

 
 

 Parameter values:

Taper Zone Length: # ms (starting from the mute times detailed below)

 

 

 

 

 

Source-to-Detector Offset Mute Time
(meters)) (ms)

100 4
213 200
628 380
3600 2000 
 

Note: Mute times were linearly interpolated between the specified offsets and extrapolated for
offsets larger than the last offset specified.   

2.19 3-D RNA

3-D RNA (Random Noise Attenuation) enhances coherentlinear events (more strictly, coherent
planar events) relative to random noise byusing an f-x-y filtering technique that automatically
selects the range of dips to enhance based on the dips in the data. The process operates on
three-dimensional windows having the axes oftime (t), in-line width (x,) and cross-line width (x).
Each window of t-x,-x. data is Fourier transformed from time to frequency yielding a window off-
XrX_ data. Operating separately on each frequency, a two-dimensional Wiener prediction-error
filter is computed from and applied to the data in the x-x, plane. The process assumesthat the
predicted energyin the x,-x, plane Is signal and the remaining energy is random noise (which is
rejected from the output).

Adjacent windows of data are blended spatially before inverse transform and temporally after
inverse transform to arrive atthe final output.

 
 

Parametervalues:

In-line Operator Width : 7 traces
In-line Window Width : 33 traces

Cross-line Operator Width _: 7 traces
Cross-line Window Width _: 33 traces

Time Window Length : 500 ms
Time Overlap :0.1 times the winuow length

Note: The window size was chosensothat the coherent events within the window were
approximatelylinear.
0.01% white noise was added to the data beforefiltering in order to ensurethestability of
the decciivolution operator design.   

2.20 Extended Stolt Migration

An Extended Stolt migration was perfurmad on the data. Extended Stolt is a time migration
algorithm implemented in the frequency-wavenumber(f-k) domain. The method is capable of
accurately migrating stacked data to 90° in areas wherethere is temporalvelocity variation but
little or no lateral velocity variation.

Conventional Stolt migration deals with minor variations in temporal velocity by Preconditiening
the input data. This preconditioning, known as Stolt stretch, is a dynamic time shift that c.n be

 



 

thought of as a form of depth conversion. The main purpose of this stretch is to make all events
appearas though they had travelled through a constant velocity medium, for which the

algorithm would yield perfect results; this pseudo-depth conversion also helps the algorithm deal

with minor variationsin lateral velocity. Additionally, a constant known as the W-factor is applied
to the wave equation to further correct for inaccuracies resulting from the simplistic nature of the
dynamically s*retched input.

The Extended Stolt algorithm deals with larger temporalvelocity variations by cascading Stott

stretch migrations. Each stage usesa different velocity function and the output from the

previousstage in the cascade is used asthe input to the next stage. After the completion ofa

stage, m, the data appearto have been migrated with a cumulative interval velocity function

given by:

2 m

v(t) = D.¥j(0
it

where:

Yi is the,» arval velocity function for the nth stage

V(t) is the true migration intervalvelocity for the final cascade

In implementing Extended Stolt migration a spatial fourier transform is used to convert from
time-CMP(t-x) to time-wavenumber(t-k) coordinates. Thisis followed by a temporalfourier
transform to convert from t-k to frequency-wavenumber(f-k) coordinates. Frequency-, velocity-
and depth-dependent phaseshifts are then computed andapplied to each wavenumber
coiumn.Finally, inverse temporaland spatial fourier transforms are used to convert back to
time-CMP coordinates. This processis repeated for each stage of the cascade.

 

 

Parametervalues:

Type of Migration : ‘single-pass '3-D Extended Stolt migration

Numberof Cascades : 4
Migration Velocities :$5% of smoothed dmo velocities

 

2.21 Time Variant Spectra: Whitening

This process time-variantly flattens the amplitude spectra of seismic traces over a user-defined
frequency band. Amplitudesat frequencies outside this band are suppressed. The action on
each trace is similar to a single-channel, time-variant, zero-phase deconvolution.

Aninputtrace is passed,in parallel, through a numberofdifferent zero-phase filters spanning

the desired output frequency passband. Eachfilter is explicitly defined by a set of

frequency/amplitude pairs with, typically, four pairs describing a trapezoidal passband for each

set. Pairs were supplied to define the complete amplitude spectrum of the desiredfilter.

Each ofthefiltered versions ofthe input trace are then AGCscaled. More precisely, the scale

factors are computed on the amplitude envelopeof the trace. To stabilise the process, white
noise is added to the envelope before computing the scalar. This addition of white noise
prevents exaggeration of weak signal frequencies.

Finally, the filtered and gained versionsofthe input trace are summed and the whole scaled so

that the amplitude envelope of the output is equivalent to the envelope of the input trace.In this

way,relative amplitude is broadly preserved.

 

 



 

 

 

 

Parameter values:

Fitter Specification: Man’

 

 

Fitter Passband Passband

Number CORNER FREQUENCIES(Hz) AMPLITUDES

12 5: 10 : 96 : 120 0.1:1:1:0.1   
Gain Window Length : 300 ms
Percent White Noise_: 3  
 

2.22 TVF

A zero-phase TVF (Time Variant Filter) was applied to the data. Thefilter passbands were

described by low- and high-cut frequencies and associated dB/octavecutoff slopes. The

specified cutoff frequencies are located at the half-power(-3 dB in amplitude) responsepoints

and the slopesat these frequencies are equalto the respective dB/octave values. The slope is

an approximate cosine squared function in the amplitude domain. Thefilters were normalized so

that the output amplitudes were the sameasthe input amplitudes for frequency components

within the passband.

 

 

 

 

 

Parameter values:

Fitter Centre Low-cut Low-cut Slope High-cut High-cut Slope

Time Frequency (dB/octave) Frequency (dB/octave)

(ms) (Hz) (Hz)

4 10 12 90 36

2500 10 12 80 36

5000 10 12 60 36     
Note: The times are those at the centre of the filter where thefull effect of the filter is attained.

Thefirstfilter was applied from the beginning ofthe trace to the first filter centre time.

Intermediatefilters were linearly tapered and blended with the preceding and succeeding

filter between thefilter centre times.

Thelastfilter was applied from thelastfilter centre time to the end of the data.  
 

2.23 RMS Amplitude Gain

The rms amplitude of a window ofdata is defined as the square root of the average amplitude

of the data in that window squared. Each input trace is divided into a series of user-defined or

programmed-defined windows and a gain multiplier is computed for each window. The gain

multiplieris the ratio of a desired user-specified amplitude to the rms amplitude value of the

window. The gain multiplier for each window is assigned a time equalto the centre time of the

window. Gain multipliers forall other times are obtained by linear interpolation between the

values at the centre times. The data samplesofthe trace are then multiplied by the computed

gain multipliers for each sample.

   



 

 

Parameter values

RMS Amplitude : #000

(ms)

 

2.24 SEGY OUT

Output to 8mm tape

3.0 Personnel
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4.0 Appendices@ ppe

4.1 Acquisition Parameters

General

     

 

Vibrator Parameters

Alternative Vibrator Parameters

of Vibrators:

Number

Listen Time:

above cannot be

Linear

seconds

33 seconds

5 seconds

3

 

 

 

Linear

Recording Parameters
@ Recording System: Sercel 408 XL

Recording Template: 10 lines x 100 channels   
 

  



 

 

Receiver Parameters
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SURVEY SPECIFICATIONS

 

Accuracy:

Determined between Paramount and the Survey contractor.

Tolerance:

Tolerance Distance will be defined as the radius of a circle surrounding the pre-plot location.

Flag and surveyed point may be located within this area. Once the station has been located in

the tolerance radius,the final coordinates must be reported with the accuracy mentioned above.

Do not report stations within the tolerance area as an “Offset” or “Moved Point”.

Tolerance distance (sources): 10 meters

Tolerance distance (receivers): 10 meters

 



 

4.2 DATA
@ DISPLAYS

SHOTPOINT 211235

 
  
 



 

 

_ SHOTPOINT 211235

 
figure 2, Decon Zone Fitter shot with 500ms AGC for display

 



 
 

INLINE 5409

 
figure 3 ELEVATION STACK

 



 

 

INLINE 5409

 
Figure 4 REFRACTION STATICS STACK

 

 



 

 

INLINE 5409

  
Fiqure6. Residual Statiés Stack
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figure 07 DIP MOVE OUT FULL FIELD XSTOLT MIGRATION

 



 

 

 

FOLD PLOT

 
figure 8 Arrowhead Fold Plot

  

 



Refraction Static Corrections

   

 

 

  

figure 9 Refraction Statics Calculated with Refraction Miser

Datum G50 m Replacement Velocity 3500 m/s
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ELEVATION PROFILE
   

  

figure 10 Elevation Profile Arrowhead Survey

 


