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Abdurrazag Ushah Abstract

Abstract

This thesis deals with static problems on seismic reflection profiles over sand
dunes in concession NC151 in western Libya. Two methods of computing field statics
have been implemented and the results are compared. Two seismic lines of 38.5 km total
length that crossed over sand dunes were processed in Durham using ProMAX software
for each set of field statics. The refraction method, in which field statics are estimated as
half the plus time at each station and then adjusted to uphole data with linear
interpolation, yielded a significant improvement over the conventional method previously
used, which relies solely on interpolation of the near-surface velocity structure between

upholes.

The maximum power autostatics method was chosen from several residual statics

methods that are available 1n the ProMAX package. Two iterations of maximum power

autostatics and velocity analysis followed by non-surface-consistent trim statics improved
the final stacked sections.

Part of a third seismic line of 13 km length that was located between sand dunes,
and which tied the other two lines, was processed with the same parameters. The
differences in source and receiver field statics between this line and the other two li‘nes at
the intersections were negligible. However, a fault on this line caused a problem for the

refraction method of computing field statics. A simple method of interpolating field

statics between upholes over this part of the line was used instead.
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Chapter 1

Introduction

1.1 Project Background

Concession NC151 is located in western Libya in the north-western
part of the Murzuq basin (Fig. 1.1). Seismic exploration activities in the area
of study have been carried out since 1960 and the most recent survey was
acquired in 2000. The base map in Fig. 1.2 shows some of the seismic lines
that were acquired in 2000. For the older surveys, weight drop and dynamite
were mainly used as the sources for generating seismic waves, while in more

recent surveys Vibroseis has most commonly been used, although dynamite

has also been used in some places.

In the Murzuq basin, more than 60 exploratory wells have been drilled,
resulting in the discovery of more than 15 hydrocarbon pools. Most of the

Murzuq basin wells are located on the structurally highest elements in the

basin and deeper portions are untested. Most of the oil is produced from
Memouniat sandstone reservoirs of Late Ordovician age sourced by Tanezzuft
shales of Early Silurian age (Echikh and Sola, 2000).

A number of wells have been drilled in the Atchan field area, which
extends eastwards from the area of study. Two of these wells are located
within the area of study. Well L1-1 (wild cat) was drilled in 1964 and 1s
located at 27° 41’ 36" N, 10° 40’ 30” E (Fig. 1.2). The total depth of L1-1 1is
5564 ft and it was dry and abandoned. Well F1-NC151 (wild cat) was drilled
in 1998 and is located at 27° 37’ 38.1” N, 10°41' 57.2" E (Fig. 1.2). The total
depth of F1-NC151 is 5575 ft, and it produces gas. Production tests were run
over the depth interval 4856-5015 ft in sandstones of Ordovician age

(Memouniat, Melez Chograne and Haouaz formations).
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Fig. 1.1. Generalized location map of the sedimentary basins showing the study area in
concession NC151. The hatched areas are outcrops of Cambro-Ordovician.



Abdurrazag Ushah — Chapter 1 [ntroduction

'Nf

Vv532-00 16 km
Vv536-00 22.5 km
V597-00 28 km

Terrain Map 4

Sirte oil company
Agesco Crew AG-03
Concession NC-151
Date 17/07/95

Fig. 1.2. Location of seismic lines V532, V536 and V597 (red colour) with respect to

the other seismic lines, and surficial deposits in the area. The locations of wells L1-1
and F1-NC151 on seismic line V536 are shown.
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The presence of extensive sand dunes in NC151 causes logistic and

technical difficulties for seismic reflection prospecting, due to the steep angle
of repose of the sand dune faces and the low seismic velocity within them,
which causes significant time delays to the reflected waves. These static time
shifts 1n areas of sand dunes are difficult to determine and the conventional
method for calculating static corrections does not provide satisfactory results.
The aim of the work described in this thesis is to develop a better approach

for calculating static corrections that can be used to improve the stacked

sections.

1.2 Project Outline

Seismic lines NC151-V532, NC151-V536 and NC151-V597 are three of
sixteen 2-D lines acquired in a Vibroseis survey during early 2000 (Fig. 1.2).
The area where the first two seismic lines (V532, V536) are located is one of
the most difficult areas of the western part of the Libyan desert in which to
compute accurate statics. This is because of the complex dune topography in
the area. The sand dunes are typically about 1 km wide and about 100 m high.

The static problems are due not only to the severe topography of the sand

dunes, but also to the fact that the sand in the dunes is dry and thus has
extremely low velocity.

The three seismic lines, of total length 51 km, have been completely
reprocessed at Durham using different methods for computing field statics.
Variations on the conventional method for calculating field statics that was

previously used in Libya have been assessed. For the lines crossing the sand

dunes (NC151-V532 and NC151-V536), the conventional method and
variations on it were discarded in favour of implementing refraction field
statics, which greatly improved the stacked sections. Alternative residual

statics methods available in ProMAX were tested, and the maximum power
autostatics method was found to give the best results. Seismic line NC151-
V397 lies between two sand dunes and ties the other two lines (Fig. 1.2).

~ There 1s a major fault towards the eastern end of this line that could not be
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handled satisfactorily with refraction field statics. Therefore it was necessary

to revert to a simpler method of calculating fields statics for the eastern end of

this line.

The thesis is organized as follows. In the remainder of chapter 1, the
geology in the study area is described and related to the seismic data through
synthetic seismograms and an example of a reprocessed section. Chapter 2
covers the theory and conventional method of estimating field statics,
including uphole surveys and their interpretation and the method used to
obtain a near-surface velocity model. In chapter 3, the theory of the plus-
minus method and the calculation of refraction field statics are described. The
theory of residual statics, including cross-correlations, picking travel times and
the decomposition of travel time equations, is given in chapter 4, with a
description of the residual statics methods available in ProMAX. The
conventional processing steps that are used in 2D seismic data processing are
described in chapter 5. In chapter 6, seismic lines NC151-V532 and V536 are
used to 1llustrate the application of these processing steps and to demonstrate

the strategy developed for static corrections in area of sand dunes. Chapter 7

deals with seismic line NC151-V597 that is located between the sand dunes

and intersects the other two seismic lines. This line is taken as an example to
test whether refraction field statics result in sections that tie at line
Intersections. It is also used to demonstrate on alternative procedure for

calculating field static corrections in an area where a high-angle reverse fault

was recognized. Chapter 8 contains the conclusions and some ideas for further
study.

1.3 Geology of the Area

The Palacozoic rocks in Libya were first studied by Overweg (1851),
but most of the geological investigations of these rocks were undertaken
during the latter half of the twentieth century. The Palacozoic formations were

laid down in four basins: Ghadames basin, Murzuq basin, Kufra basin, and
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Western Desert basin (which extends into north-east Libya from western
Egypt).
The Palacozoic successions in well F1-NC151, Atshan area, are

described in this section, illustrated by the stratigraphic column and simplified

lithology given in Figs 1.3 and 1.4.

A- Haouaz Formation (Lower Ordovician)

The Haouaz Formation was first studied by Massa and Collomb

(1960). Its name derived from Jabal Haouaz (Haouaz mountain). The Haouaz

Formation 1s 539 f{t thick, and it consists of cross-bedded, quartzite sandstones,

with thin shaly intercalations (Pierobon, 1991).

The depositional environment is transitional from fluvial to shallow

marine, with increasing marine influence upwards (Aziz, 2000). It is overlain

conformably by the Melez Chograne formation.

B- Melez Chograne Formation (Upper Ordovician)

The Melez Chograne Formation was named after Melez Chograne in

the western part of Jabal Al Hasawnah by Massa and Collomb (1960). The

thickness of this formation is 47 ft and it is composed of shales and siltstones

along with fine-grained sandstones.

The sediments of the Melez Chograne Formation are believed to have
been deposited in a quiet marine setting, reflecting a widespread marine

transgression, because marine fossils have been found in this formation
(Pierobon, 1991).

C- Memouniat Formation (Upper Ordovician)

The Memouniat Formation is 21 ft thick and composed entirely of
sandstones, which makes it very prominent and easy to recognize throughout

the area. The clastic deposits of the Memouniat Formation provide the best

reservoir in the northwestern flank of the Murzuq basin (Boote et al., 19938).
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The depositional environment of the Memouniat Formation was

shallow marine, shore face and deltaic, and there are complex facies varations

both vertically and laterally (Aziz, 2000).
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Fig. 1.3. Stratigraphic column of the Palaeozoic successions in well F1-NC151.
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Formation Depth  Lithology  Sonic log
. (ft) 140 DT (US/F) 4()
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Mrar (993 ft) —————— 1000 e

1500
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2000
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2500

3000
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Basement (5474 ft)

Fig. 1.4. Lithological sequence and sonic log recorded in well F1-NC151.
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D- Tanezzuft Formation (Silunan)

The Tanezzuft Formation was named by Desio (1936) after Wadi
Tanezzuft, which is located about 65 km northeast of Ghat. The Tanezzuft
Formation is 1059 ft thick and consists of shales (dark greyish to black and
brown) with intercalations of siltstones and very fine-grained sandstones. The
shales clearly indicate a marine environment and the coarser clastics indicate
proximity to the shoreline (Hoen, 1968).

The Tanezzuft shale is considered to be the main source rock in the

Murzuq basin (Meister et al.,, 1991). Geochemical studies by Robertson
Research International (1998) have shown that the hot shale at the base of

Tanezzuft Formation has the most attractive source potential.

E- Tadrat Formation (Lower Devonian)

The thickness of the Tadrat Formation is 24 ft, and it consists of
sandstone (clear, white, fine-grained). The Tadrat Formation unconformably

overlies the Silurian rocks, and is overlain by a conformable sequence of

younger Devonian and Carboniferous sediments.

The depositional environment of the Tadrat Formation was studied by
Clark-Lowes (1978). He concluded that the lower part of the Tadrat Formation

comprises a braided stream top set sequence, and the upper part comprises a

coastal foreshore, shore face and proximal offshore sequence cut by tidal

channels and offshore shoal sandstones.

F- Ouan Kasa Formation (Lower Devonian)

The Ouan Kasa Formation was described by Borghi and Chiesa
(1940). Its name was taken from Wadi Wan Kasa in the Murzuq basin. The

thickness of Ouan Kasa Formation is 60 ft, and it is composed of sandstone
and shale.

The deposition of the Ouan Kasa Formation has been interpreted by
Clark-Lowes (1978) as a result of the exceptional tides generated by the

advancing sea, and the consequent sediment-laden sub-tidal currents, indicated
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by the current ripples and climbing ripple laminations present in the siltstone
horizons. On the other hand, the presence of ferruginous oolites at different

levels suggests repeated oscillations of the transgressive sea.

G- Awaynat Wanin Formation (Middle Devonian)

The Awaynat Wanin Formation (formerly referred to as Aouinet

Ouenine) was first described by Lelubre (1946) for a succession of thick units

of sandstones and shales. The Awaynat Wanin Formation can be divided into

two groups:

a- The Awaynat Wanin sandstone is 260 ft thick and is composed of
brown, fine-grained, modality sorted sandstone and grey shale.

b- The Awaynat Wanin shale is 209 ft thick and is mainly composed of
shale.

Subsurface studies (Aziz, 2000) suggested that the formation generally

has very poor reservoir quality, and geochemical analyses of the shales show

poor source rock potential. Lithological variations indicate fluctuating sea

level that resulted in variation from shallow marine to coastal or lagoonal

depositional environments.

H- Tahara Formation (Upper Devonian)

The Tahara Formation was first identified by Massa and Moreau-
Benoit (1976) in the Ghadames basin. The thickness of Tahara Formation is

140 ft and it is composed of sandstone (clear white, fine to very fine-grained)

and shale.

The geological setting of the Tahara Formation suggests that
suspension deposits, carried into the marine basin by fluvial channels, were

reworked and re-deposited as offshore shales rich in marine fauna (Fello,
2001).

10
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I- Mrar Formation (Lower Carboniferous)

The Mrar Formation is composed of interbedded marine shale and

sandstone. The thickness of this formation, including the M10, M7, and M2
sandstones, is 2095 ft.

The subsurface study by Aziz (2000) identified several sedimentary

facies in the interbedded sequence, which displays a generally coarsening,
upward regressive aspect. The sandstone facies of the Mrar Formation can be

classified as having poor to good reservoir potential. The depositional

environment fluctuated between fluvial channel to delta front and upper to

lower prodelta deposits.

J- Assedjefar Formation (Middle Carboniferous)
The Assedjefar Formation was first described by Collomb et al. (1938).

The Assedjefar Formation 1s over 300 ft thick (the top of the formation cannot
be obtained from the well F1-NC1351 because the logs terminated below the
top of this formation), and it comprises dark grey to black shales interbedded
with siltstones and fine to very fine-grained, argillacebus sandstones.

The depositional environment of the Assedjefar Formation was in a

shallow marine setting, particulary in the western part of the Murzuq basin.
Siltstone and shale indicate a lagoonal environment, while the sandstones

record an offshore environment (Grubic et al., 1991).

K- Dembaba Formation (Middle Carboniferous)

The Dembaba Formation was first described as the Dembaba limestone
formation (Collomb and Heller, 1958). The upholes in the area of study

penetrated part of this formation which consists of limestones, clays, and

sandstones.

The lithologies of the Dembaba Formation indicate a shallow marine
environment in the western part of the Murzuq basin. To the east, the unit may

be transitional between the marine Assedjefar and continental Tiguentourine
formations (Mamgain, 1980).

11
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L- Quaternary Deposits

Quaternary sand dunes cover most of the area of study (Fig. 1.2). All the
upholes in the area show surficial deposits of sand with thicknesses varying
from 32 m to 65 m. Since the upholes are not located at the top of the sand

‘dunes, the thickness of the sand is assumed to attain 100 m in some places.

1.4 Correlation between Well and Seismic Data

The reflection coefficient series can be obtained from the acoustic
impedance log which is derived from the sonic and density logs. A synthetic
seismogram is generated by convolving the reflection coefficient series with a
simple wavelet. The use of a zero-phase wavelet with a smooth amplitude
spectrum corresponding to the bandwidth of the seismic reflection enables
correlation of the lithology with the seismic data at a well location. This
correlation allows the interpreter to extend his knowledge of the lithology
away from the well through the seismic data. In particular, the interpreter
wishes to recognize any significant change in the lithological units of interest,
and the nature of the change. Synthetic seismograms generated at wells Fl1-
NC151 and L1-1 are shown in Figs. 1.5 and 1.6. Zero-phase wavelets were
used with Ormsby bandpass frequencies of 10, 20, 50 and 70 Hz.

The seismic interval velocities range between 2500 m/s and 4000 m/s
(generally increasing with depth), and the dominant frequency of the seismic
signal ranges from 40 to 30 Hz (decreasing with depth). The threshold for
vertical resolution is commonly assumed to be a quarter of the dominant
wavelength, A/4, although it also depends on the noise level in the data
(Yilmaz, 2001). The dominant wavelength, A, is given by

A=v/f (1.1)
where v is the seismic velocity, and f is the dominant frequency. It ranges

from ~60 m to ~130 m (increasing with depth). For a shallow feature a bed of

thickness greater than ~15 m can be resolved. Similarly, for a deep feature, a

bed of thickness greater than ~30 m can be resolved.

12
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The synthetic for well L1-1 with reverse polarity is shown against the

reprocessed section for seismic line NC151-V536 in Fig. 1.7. The correlation

is fairly good, although the processed data do not appear to contain as much

high frequency energy as the synthetic, and the shallow reflectors in the
synthetic are not visible in the shallow part of the section, where the fold of

cover is low. There 1s a small mis-match in the time reference datum between

the synthetic and the section.

13
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1.5 Previous Work on Static Corrections due to Sand Dunes

There is a huge amount of published work on static corrections, which
has been comprehensively reviewed in a textbook by Cox (1999). For a
convenient overview, the reader is referred to a series of three papers by
Marsden (19934, b, ¢).

Static corrections can be defined as the time shifts applied to
compensate for different travel times of seismic waves through the earth’s
near-surface layer, between a horizontal or smooth datum and the ground
surface. Static corrections are most important in the processing of land data

because they lead to better choices of parameters in subsequent processing

steps and to much better processed sections. When static corrections have not
been applied properly, resolution is reduced, errors in the structure are
introduced, and sections commonly mis-tie at line intersections.

Static anomalies whose spatial wavelengths are longer than a spread
length are called “long wavelength statics™, while the static anomalies whose
spatial wavelengths are shorter than a spread length are called “short

wavelength statics”. Both types of statics, if not corrected, produce false

structures in the seismic section (Fig. 1.8).

From knowledge of the topography along a seismic line, the source and

receiver parameters, and the velocities and thickness of the near surface layers,
a complete statics solution can, in principle, be derived. Estimation of this
solution is referred to as computing the “field statics”.

A second type of static corrections applied during data processing is
referred to as “automatic statics” or “residual statics”. These are estimates of
the errors in the statics solution that remain after the application of field static

corrections, and are computed by statistical, rather than deterministic, means.

The technique of surface-consistent residual static corrections was

discussed by Taner et al. (1974). This technique consists of using cross-
correlation computations to find relative time shifts between reflection events
on individual seismic traces. These shifts can be expressed in terms of

residuals for each source and receiver position, a residual NMO correction,
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and a residual for each common-mid-point (CMP), forming a set of

simultaneous linear equations. These equations are solved for source and

receiver residuals using a least-squares criterion.
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Robinson and Al-Husseimn (1982) addressed the static problem due to
sand dunes and described one approach to its solution. Their data were from
Rub’ Al-Khali, Saudi Arabia, where the dunes are about 1 km wide with a
vertical relief of 60-90 m (Fig. 1.9a). The reflected waves are delayed in time
by up to 150 ms at the crests of dunes. It is often difficult to position uphole-
drilling rigs near the tops of dunes, and it is awkward to drill in soft sand.
Therefore Robinson and Al-Husseini (1982) generated a crossplot of
traveltime against the elevation of the dune surface, above the sabkha or dune
base, using data obtained from many dunes in the area (Fig. 1.9b). Both
uphole and refraction data were used. The velocities change from dune to dune
(due to the compaction of sand) and from one part of the dune to another, such
as from the windward side to the slip face. The crossplot cannot fully resolve

either the long or short-wavelength statics in the dunes, but it can be used as

an approximation in the computation of datum static corrections. After the
application of datum statics obtained from the crossplot (Fig. 1.9b), Robinson

and Al-Husseini (1982) found it necessary to refine them using a residual

refraction analysis technique.
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Fig. 1.9. (a) Elevation profile of sand dune topography from the Rub’Al-Khali, Saudi Arabia.

(b) Crossplot of one-way traveltime versus sand dune elevation above sabkha (after Robinson
and Al-Husseini, 1982).
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Chapter 2
Field Statics: Theory and Conventional Method of

Estimation

2.1 Introduction

The most important processing step for land data is commonly the
application of static corrections. This is particularly true in rough terrain where

the near-surface velocity is highly variable. Seismic lines NC151-V532 and
V536 cross sand dunes and the near-surface velocity field is very

inhomogeneous, as shown by up-holes. As defined by Sheriff (1991), static

corrections are “corrections applied to seismic data to compensate for the
effects of variations in elevation, weathering thickness, weathering velocity, or
reference to a datum. The objective 1s to determine the reflection arrival times
which would have been observed if all measurements had been made on a
(usually) flat plane with no weathering or low-velocity material present. These
corrections are based on uphole data, refraction first breaks, and/or event
smoothing”. From a complete knowledge of the locations and elevations of the
sources and receivers, and the velocities and thicknesses of the near-surface
layers, a complete statics solution can be calculated.

Sirte Oil Company awarded the contract for data acquisition in
concession NC151 to Agesco, and the contract for data processing to the
Petroleum Research Centre (PRC). PRC was instructed by the client to use the
field statics values that were computed by the Agesco acquisition crew: this

method of computing field statics 1s refered to as the “conventional method” in
this thesis.

This chapter covers the basic theory of static corrections, the

conventional method of estimation and its application to seismic line NC151-
V332, and the limitations of this approach. The theory and methods are
covered with varying amounts of detail in numerous textbooks and journal
articles such as those by Heiland (1940), Woods (1952), Dix (1981), Franklin
(1981), Dobrin and Savit (1988), Marsden (19934, b, ¢), Sheriff and Geldart
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(1995), and Yilmaz (2001). A comprehensive textbook on the subject of static

corrections has been written by Cox (1999).

2.2 Basic Methods of Computation

Let us start by considering the simple two-layer case of a weathered
layer of low velocity unconsolidated material (e.g. sand dunes) overlying a
subweathered layer of more competent lithology. If we know the thickness of
the weathered layer, the elevations of the source and receiver locations, and
the depth of the source (if it is not at the surface), we can then compute the

static corrections. There will be two components to the total static correction

for each trace: a source component and a receiver component.

2.2.1 Weathering and Elevation Travel Times

Figure 2.1 shows a near-surface profile with the location of a source, or
receiver, at point A on the surface. The weathering travel time, twa, is the

weathering thickness, Za, divided by the weathering velocity at location A,
Vw:

twa=2ZA/ Vw (2.1)
Surface
- - EA

5 1

R e

(3 .-~ Baseof

H P Sk ‘- weathered

L layer,
7/ Vi
/7
Eq Datum

Fig. 2.1. Computation of datum static corrections with the source or receiver at the

surface.
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If there is more than one weathered layer, the weathering travel time is the

sum of individual layer travel times, each of which is computed from its
thickness and velocity. The elevation travel time, tga, is the thickness of sub-

weathered layer above the datum divided by the replacement or datum

velocity, Vi :

tea=(EAa-ZA—-Eq)/ V; (2.2)
where EA = elevation of the source (or receiver) at A,
Z A = thickness of the weathered layer at A,
E4 = elevation of the reference datum, and
V: = replacement (or datum) velocity.
If more than one weathered layer 1s present, the symbol Z, in equation (2.2)

refers to the total thickness of all the weathered layers. Thus, the total datum
static correction, ta, is formed from the sum of weathering and elevation travel

times, using the sign convention that static corrections are negative for sources

and receivers above the datum:

ta = - (twa + tga) (2.3)

2.2.2 Uphole Surveys

In subsection 2.2.1, it was assumed that the thickness and velocity of

the weathered layer are known. In fact, one of the biggest problems we face is
determining these values. One technique that is commonly used to determine
these values is the uphole survey (Fig. 2.2). Boreholes about 50-100 m deep
are drilled at selected locations along a seismic line at intervals ranging from
about 1 km to many kilometres depending on the survey requirements. A
source (Vibroseis truck or dynamite in a shallow shot-hole) is located at an
offset of a few metres from the top of the borehole, and a string geophones is
lowered into the borehole. Travel times of the direct wave first arrivals are
measured.

In calculating the vertical uphole times, it is necessary to correct the
measured travel times for the slant travel paths. The vertical travel times are

then used to estimate the velocities of the near-surface layers. The relationship
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between the vertical uphole time, T, and the measured (inclined) uphole time,

t, for the simple case of constant velocity is given by
T={tD+E)/{(D+ EY¥+X*}* 1, (24
where D = the depth from the top of the uphole to the down-hole source or
receiver,

X = offset (horizontal distance between the top of the uphole and the

surface source or receiver), and

E = elevation of the surface source or receiver minus the elevation at

the top of the uphole.

Recorder

- Source

Receiver

Weight

Borehole wall

Fig. 2.2. Uphole survey with source at surface and receivers in the borehole.

By plotting a graph of vertical uphole time versus depth, straight lines

are fitted to the plotted points. The slopes of these lines indicate the velocity of

each layer, and the breaks in the slope (knee points, where two straight

segments 1ntersect) give the depth of each interface. The differences between

interface depths give the thicknesses of each layer.
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Four upholes were drilled at selected locations along seismic line NC
151-V532 to provide direct measurements of the velocities and thicknesses of
the weathering and sub-weathering layers (Fig. 2.3). Each uphole has been
interpreted as a four-layer case with the thicknesses of the top three layers

determined and the interval velocities of all four layers determined. Datum
static corrections (weathering and elevation corrections) calculated for the four

upholes which are located on seismic line NC151-V532 are shown in Table
2.1

Vertical Time (ms)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
0 | I

S 546 M/s
10

19 16 m
20

25 /45 m/s

Sand

30

35 36 M

40 1818 M/
45 44 T

CL.
50

Ty

LS T

Depth (M)

55 2609 m/s LST
V. H

¥ S'S T

i

olo

/0

79
80

85 -

Fig. 2.3a. Interpretation of uphole (VP/SP 1161) survey data depicting four geologic
layers.
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Vertical Time (ms)

00 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100
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15

20
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35

40

Depth (m)

48 m

o

1093 m/s

&

&

b
70 69 M ”
i 2500 M \HL ST

80 Gr.CLLST

85

Fig. 2.3b. Interpretation of uphole (VP/SP 1356) survey data, depicting four geologic

layers.
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Vertical Time (ms)
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Fig.2.3c. Interpretation of uphole (VP/SP 1531) survey data, depicting four geologic
layers.
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vertical Time (ms]
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65
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Fig. 2.3d. Interpretation of uphole (VP/SP 1641) survey data, depicting four geologic
layers.
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Table 2.1 Computation of datum static corrections (weathering and elevation
corrections) at the upholes along seismic line NC151-V3532.

— e |use. |isste | ia

2, (Thicknessof layer) | 160m | 100m | 160m | 40m ___
7 (Thickness of layer2) | 200m | 380m | 160m | 120m
um:-mm-

Ea-(Z\+Zy+Z)-Ey

Vw1 (Weathering velocity of 5460 m/s 459 Om/s 588 Om/s 435 O m/s
layerl

Vw2 (Weathering velocity of | 745.0m/s | 786.0m/s 914.0 m/s 749.0 m/s
layer2)
V.3 (Weathering velocity of | 1818.0m/s | 1093.0m/s | 1839.0m/s 963.0 m/s
layer3

V; (Replacement velocit 2609.0 m/s { 2500.0m/s | 2381.0m/s | 2218.0 m/s

Weathering Correction
ZIN wl

Z‘ZNw2 .
Z}/v w3 249 ms

[EA-(Z|+ZZ+Z)—E,,,]/V -12.9 ms -19.5 ms -139ms

Datum  Correction
(Weathering Correctlon + | -30.5 ms -762ms | -33.9ms -36.1 ms
Elevation Correction)

It should be emphasized that the information from an uphole survey

may be directly applicable only over a comparatively small distance laterally,
whereas for line NC151-V532 the four upholes are located at intervals about 4
km apart.

2.3 Near-Surface Model in the Conventional Method

For seismic lines that are located on the gravel plain between sand
dunes (Fig. 1.2), the field static corrections are interpolated from the uphole
information. The interpolation technique is the same as that applied for
seismic lines that cross sand dunes, as discussed below. For seismic lines that
cross sand dunes, the uphole information alone cannot solve the static
problems. Additional information is provided by the intersection points with

the seismic lines located between the sand dunes. Control points are chosen at
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pegs to each side of the line intersections close to the flank of each sand dune.
At the control points, the thicknesses of layers 1 and 2 and the velocities of the
weathering layers are assumed to be the same as at the adjacent line

intersection (Table 2.2). The thickness of layer 3 at each control point is

obtained by linear interpolation between the line intersection and the uphole.
For seismic line NC151-V532, upholes are located on the first two

sand dunes (Fig. 2.4), so control points were chosen between each uphole and
the neighbouring intersection points. The other two upholes are located out of
the sand dunes (beyond the third sand dune and at the end of the line), and

since there were no line intersection points over this part of the line, no control

points were 1included.

Table 2.2 Information obtained at upholes (Uh), control points (CP), and intersection
points (NV593, NV35935, NV597) with other seismic lines.

omts No La erl La er2 La er3 m/s m/s m/s m/s
-EH.--E_ | 571 | 832 [ 1591 | 2932
-m--m-nm-lmn
m-m--m-lm_
CP__ ] 1146 | 48480 | 400 | 400 | 750 | s | 832 | 1501 [ 2932 |
mmm—
CcPp | 1238 | 48170 | 600 | 230 | 290 [ 625 | 1002 | 2162 | 2717 _
Ws95 | 1281 | 47120 | 600 | 230 | 010 | 635 | 100z | 2163 | 2717
CP___| 1304 | 46840 | 600 | 230 | 650 | 625 [ 1002 [ 2162 | 2717
Un___| 1356 | 53670 | 1000 | 3800 | 2100 | 450 | 786 | 1093 | 2500 _
CP___ | 1397 | 48120 | 400 | 400 | 1550 | 354 | 952 | 1818 | 2703
NWs07 | 1408 | 47540 | 400 | 400 | 1400 | 354 | 952 | 1818 | 2703
Uh___ | 1531 | 50160 | 1600 | 1600 | 1600 | 588 [ 914 | 1839 | 2381

TUNEOL |ttt | S92 | 400 | 1200 | 2400 | 435 | 7y | 963 | a8

The conventional method of estimating field statics used by Agesco
adopted the following interpolation technique. Suppose that A and B are any
two pegs that we wish to interpolate between (e.g., a control point and an
uphole; or a line intersection and an uphole). The interval velocities and
thicknesses of layers 1 and 3 are linearly interpolated between A and B. The
thickness, Z, of layer 2 at any intermediate peg N is interpolated as

Z =£’-‘-(§"I(VB——)%———_W+O.75{HN —ﬂm—%ﬁ%ﬂ:ﬁ] (2.5)
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where ZA = thickness of layer 2 at peg A,
ZB = thickness of layer 2 at peg B,
HA = surface elevation at peg A,
HB = surface elevation at peg B,

H =surface elevation at intermediate peg N,
A =pegnumber for peg A,
B =peg number for peg B, and
N =pegnumber for the intermediate peg.
There are two contributions to Z in equation (2.5). The first contribution 1s a

linear interpolation of the thickness of layer 2 between A and B. This

contribution is the only contribution to Z if the surface elevation changes
linearly from A to B. In practice, the surface elevation profile departs from a
straight line between A and B. The departure at peg N is multiplied by a
thickness factor of 0.75 to give a second contribution to Z. Thus the value
assumed for Z is the sum of the two contributions.

Several varations on this method were generated at Durham by

changing the thickness factor that was used in the conventional method (Fig.

2.5). The results of reprocessing using the field statics obtained by these

variations on the conventional method are presented in chapter 6.
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2.4 Limitations

In these methods of calculating conventional field static corrections it
is assumed that reflected raypaths are vertical in the near-surface layers. Such
an assumption will introduce very small residual errors in most cases, which
can be handled by using residual statics methods (chapter 4). A much larger
source of errors, especially when the upholes are located at large distances

from each other, is that the interpolation will yield inaccurate results. The

interpolation between the upholes and line intersections or control points for

estimating the velocity and thickness changes yield approximate values that

are subject to unknown errors.
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Chapter 3

Refraction Field Statics

3.1 Introduction

An important technique for estimating field static corrections is to
analyse the first breaks on the seismic field records. In Vibroseis surveys, the
first breaks are head-wave arrivals that have been refracted along a higher
velocity layer beneath the surface layers. Several refraction methods have
been used to estimate the thickness and velocities of the near surface layers.
All of these methods are based on the same basic principles for analysis of

refracted head waves. Refraction statics can be effective for correcting static

anomalies with spatial wavelengths longer than the cable length (Khabbush,
1997).

Many textbooks present the detail of seismic refraction theory, such as
Musgrave (1967), Dix (1981), Sjogren (1984), Palmer (1986), Dobrin and
Savit (1988), Sheriff (1989), Telford et al. (1990), Sheriff and Geldart (199)),
and Cox (1999). Two examples of papers reporting applications of classical
reciprocal methods are those by Cummings (1979) and Van Overmeeren
(1987). Marsden (19934, b, c) reviewed the refraction statics methods, starting
with the slope/intercept method and ending with time-term technique. He
concluded that most methods produce almost identical statics solutions; the
differences between them lie in their speed of application. Fourie and Odgers
(1995) explained how an interactive spreadsheet can be used to analyse data

obtained using the plus-minus method.

In this chapter, one form of the reciprocal method that may be used for

static corrections in seismic reflection surveys is described. It is then applied

to seismic lines NC151-V532 and V536. The estimated receiver and source

statics are adjusted to match the uphole data. Finally the assumptions and

limitations of the reciprocal method are given.
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3.2 Plus-Minus Method

The estimation of field static corrections using the method described 1n
chapter 2 can be severely hampered by irregular topography and rapidly
varying velocity and thickness changes of the weathering and sub-weathering
layers. In this section, an alternative method is described in which static
corrections are estimated from analysis of the first breaks.

The reciprocal method 1n the form of the plus-minus method has been
one of the most popular methods of refraction interpretation. Hagedoorn
(1959) developed the plus-minus method to estimate bedrock velocity and
depth below each geophone station on a reversed seismic refraction profile.
The method requires that the first breaks be picked accurately, but the picking
is not always a simple task and 1s often the most time-consuming and difficult

operation in applying the method.

A B Kt
) f
. '
28 \
‘ l \ Vo
D E H F G W

Fig. 3.1 Raypaths for a reversed refraction profile to illustrate the plus-minus
method.

Suppose that A and C are shot points and refraction arrival times are
measured at B and C from A, and at B from C, as shown in Fig. 3.1. The plus

time, T", and the minus time, T, are given by
T" =tapes + tcors - tapce (3.1)
1" =1tapes - lcors (3.2)

The times given on the right side of these equations are the picked values from

the first breaks for the three raypaths shown in Fig. 3.1. From the raypath
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configuration, with seismic velocities of Vj in the weathered layer and V; 1n
the bedrock,

T" = (EB/Vy) + (FB/Vy) - EF/V, (3.3)
In terms of critical angle, 0., and depth to bedrock, Zg, which should be the

perpendicular distance for a dipping refractor, equation (3.3) can be expressed

as

T =2 [{Zs/(Vo cos 0.)} - (Zp tan 6/V1)) (3.4)
Using sin 0. = V¢/V; (Snell’s law), we obtain
T" =2 Zg [N(V3 = VZ)I/(VoV1) (3.5)

3.3 Calculation of Refraction Field Statics

Since the reflection data used in this project were acquired using
Vibroseis, and the effective wavelet in Vibroseis data is normally two-sided
after cross-correlation of the raw traces with the sweep signal, the first breaks
cannot be seen directly (Cox, 1999). Farrell and Euwema (1984a)
recommended that, following conventional cross-correlation with the sweep,
the dominant peak of the first arrival on Vibroseis data should be picked. A

similar pragmatic approach advocated by Coppens (1985) is that a constant
phase of the data should be picked along the line to give a relative time profile.
These recommendations were followed by picking the first clear troughs on
the correlated traces, and the refraction travel times for seismic lines NC151-

V532 and V3536 are shown in Fig. 3.2. To illustrate how the picking of troughs
for seismic line NC151-V3532, two examples are given in Figs. 3.3a and 3.3b.

In Fig. 3.3a, the common-shot gathers (SP 1071, SP 1097) are located on the
gravel plain (between the sand dunes) so the troughs can be easily seen and
picked (the troughs trend to be lined up in straight lines). In Fig. 3.3b, the
common-shot gathers (SP 1161, SP 1187) cross the first sand dune so the

troughs are shifted up and down. In such case, the troughs are not always easy

to pick, and in some cases interpolation may be needed to estimate their
positions.
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All the seismic lines in NC151 were recorded with 120 channels (60
fold coverage), 25 m group interval, 87.5 m near trace offset, and 1562.5 m far
trace offset. For the purpose of picking the first breaks (troughs), 650 m
maximum offset and 325 m overlap between successive reversed refraction
profiles were chosen (Fig. 3.4). Over the sand dunes, the group interval varies
between 12 m and 20 m and the shortest source-receiver offset varies between
200 m and 257 m. Therefore the near-surface velocity, Vy, is not measured. It
is not possible to estimate the thickness and velocity of the weathered layer
without estimates of Vj, so the plus times were integrated with the uphole
data. One half of the plus time, T'/2, was approximated as the one-way
vertical time through the near-surface layers at each receiver station. The value

of T'/2 at each uphole was adjusted to the datum static correction calculated at

the uphole (Table 2.1). The adjustments were interpolated linearly between

upholes and added to the values of T'/2 at all receiver stations to yield the

receiver field statics (Fig. 3.5). Since the source stations are located between

receiver stations, the source field statics can be obtained from the receiver

field statics by interpolation (Fig. 3.6). A comparison between conventional

and refraction receiver field statics was made and is shown in Fig. 3.7.

When datum static corrections are applied to seismic reflection data, it
is generally assumed that the raypaths in the near-surface layers are vertical.
However, T'/2 corresponds to the delay time at the receiver. The time
differences (errors) between the vertical times and T"/2 values at the upholes
were calculated using five layers. For example, the error at uphole 1356 is 7
ms, while at the uphole 1531 the error is 10 ms. These errors are quite small

and consistent in sign, so they are mostly removed by adjusting the T'/2

values to the upholes. Residual errors should be sufficiently small that

automatic statics programs can handle them.
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Fig. 3.4a. Travel-time graphs for reversed refraction profiles along seismic line
NC151-V532.
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Fig. 3.4b. Travel-time graphs for reversed refraction profiles along seismic line

NC151-V532.
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Fig. 3.4c. Travel-time graphs for reversed refraction profiles along seismic line
NC151-V536.
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Fig. 3.4d. Travel-time graphs for reversed refraction profiles along seismic line
NC151-V536.



Abdurrazag Ushah — Chapter 3 Refraction Field Statics

Receiver Station Number
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Fig. 3.5a. Receiver field statics computed as half the plus times (T 7/2) along
seismic line NC151-V532 after adjustment to the upholes.
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Fig. 3.5b. Receiver field statics computed as half the plus times (T %/2) along
seismic line NC151-V536 after adjustment to the upholes.
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source Station Number
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Fig. 3.6a. Source field statics of seismic line NC151-V532 obtained by
interpolating the values of the receiver field statics (Fig. 3.5a).
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Fig. 3.6b. Source field statics of seismic line NC151-V536 obtained by
interpolating the values of the receiver field statics (Fig. 3.5b).

46



Refraction Field Statics

Abdurrazag Ushah — Chapter 3

Z€CA-TSTON 2ulf orusias 3uofe (sajoydn ay) 01 Jusunsnipe 19)je sawn sn[d ay3 jjey se paindwod)
SOIIB)S P[o1] JOAIQD2] UOIIRIJAI puR SJ1JBIS P[al) JOAID3I [BUOIIUIAUOD JO uosuedwo)) ‘e, ¢ 814

12QUWINN UOIIB]IS JBAISJ3Y

SOIe)S plol) 19A1998) UOIORI8YH —— |

SOIJB]S P|al} JOAIS08] [BUOIJUBAUOD) ——

!

- 1£91

v19L
L6S1
08S1
€961
. 9YS1
' 6251
Ho
S6Y 1
8Lyl
L9¥|
aad!

001L-

0c

(sw) awyy

47



*0€CA-TSTON 2ul[ onwsias Suope (sejoydn 243 01 Juaunsnipe 1ayye sawn snid ayy Jrey se payndwod)
SO1]S P[1) JOATIAI UOIORIJAI PUB SO1BIS P[AL) JOAIdIAI [BUONUIAUOD JO uosLredwo)) "q/ ¢ 31

J2qUWINN UOIIBlS JOAISJ9Y

Refraction Field Statics

00!L-
Sole)s p|al) JOAI908) |RUOIUSAUOY) — |
SOIB]S |1} 18AI808) UOIoRIoY ——

| |

J i
{

' - " 09-
- Oql
0c-

LVl
8yl

Abdurrazag Ushah — Chapter 3

(sw) awy

48



Abdurrazag Ushah — Chapter 3 Refraction Field Statics

3.4 Assumptions and Limitations

The assumption that applying a static correction as a simple time shift
of an entire seismic trace will yield the seismic record which would have been
observed if the geophones had been displaced vertically downwards to the
reference datum is not strictly true. In fact, static corrections depend on both
the depth of the reflected event and the source-receiver geometry because both
these factors will atfect the geometry of the raypath.

It 1s assumed that all picked first arrivals are head waves from the same
refractor and the refractor is assumed to be planar between upholes.

Obviously, this assumption is unlikely to hold true across major faults. Such a
fault occurs on seismic line NC151-V597 that is located between sand dunes,

and an alternative method for calculating field statics across faults has to be

implemented, as described in Chapter 7.

If a first break cannot be picked, its value has to be estimated by

interpolation from adjacent traces.
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Chapter 4

Residual Statics

4.1 Introduction

The application of datum statics or refraction field statics never leaves
the seismic data completely free of static anomalies (Marsden, 1993a, b, ¢). It
is very difficult to calculate the exact field static at a source or receiver
location due to lateral velocity changes and changes in near-surface layer
thicknesses. As a result of these factors, and of errors introduced in picking the

refraction first breaks and the uphole travel times, both receiver and source

statics may deviate from the true values.

Many textbooks have covered the theory of residual statics, such as
Rogers (1981), Waters (1987), Sheriff and Geldart (1995), Cox (1999), and
Yilmaz (2001). Taner et al. (1974) introduced the technique of surface-
consistent residual static corrections, which they summarized as cross-
correlating traces in a CMP gather to obtain time shifts which align all primary
reflections, placing these values in a set of simultaneous equations, and
solving these equations for source and receiver statics. Ronen and Claerbout
(1985) found that static shifts can be estimated by maximizing the stack
power; they recommended this method in routine practice for data with low
signal-to-noise ratio. Marsden (1993a, b, ¢) reviewed several methods of
calculating residual statics corrections, including those described by Taner et

al. (1974), Saghy and Zelei (1975), Wiggins et al. (1976), Ronen and
Claerbout (1985), and Rothman (1985).

In this chapter the basic equations that have been used for estimating
residual statics by traveltime decomposition and maximizing the stack power
are described. Source and receiver statics calculated by two iterations of this

method for lines NC151-V532 and V536 are shown. The non-surface-

consistent method of CMP trim statics is then briefly described, and the

limitations of both methods are discussed.
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4.2 Cross-Correlations

Cross-correlations are used in nearly all residual statics methods to
estimate reflection time differences between two traces within one or more
time windows. For computations of residual statics, the time window used 1n
the cross-correlation should include prominent reflections and preferably not
too much coherent or random noise and multiple energy. Various methods
differ in the selection of trace pairs to correlate. Pairs chosen can be from
CMP gathers, common-receiver gathers, common-source gathers, common-
offset gathers, or a combination of these (Fig. 4.1). The stacked trace may be
used as a pilot trace to measure the time shift in the CMP gather between each
trace and the pilot trace using cross-correlation. The maximum correlation
coefficient will occur when the individual trace is aligned with the pilot trace.

Residual statics methods can be classified into two types: surface-consistent

and non-surface-consistent.

COMMON OFFSET
PLANE—

RECEIVER !

COMMON OFFSET

PLANE
(ZERQ OFFSET PLANE)

N
PLANE

IVER

Fig 4.1 The four principal trace planes of the stacking diagram (modified from Taner
et al., 1974).
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4.3 Surface-Consistent Residual Statics

In most CMP gathers, after NMO corrections have been applied the
misalignment of the waveforms across the gather will yield a sub-optimum
stacked trace. To correct this misalignment, a model is needed for the move-
out-corrected travel time from a source location to a depth point on a
reflecting horizon, then back to a receiver location. The assumption that the
residual statics are surface-consistent is that static shifts are time delays that
solely depend on source or receiver locations at the surface, not on raypaths 1n
the subsurface. Since seismic lines NC151-V532 and V536 cross sand dunes,

the near-surface layers have low velocities and tend to make raypaths vertical,

so the surface-consistent assumption is a good one.

The travel time Tj;x that corresponds to the source station i, receiver

station j, and common midpoint location k [ k=0.5 (i +j ) ] can be expressed

as .

Tijk =0+ S5; + Rj + My Xzij + Nijk (4.1)
where T = total reflection time after the application of NMO correction,

S; = surface-consistent source static correction (includes datum and
residual terms) associated with source station i,

R; = surface-consistent receiver static correction (includes datum and
residual terms) associated with receiver station j,

Gy = structural or geological term (two-way travel time from datum
plane to reflector) associated with CMP location k,

M, =residual move-out coefficient which has the dimensions of time /

distancez,

Xii = source-receiver offset, and

Njx = estimation error (noise component).

By assuming the following :-

NS = number of shot locations, NR = number of receiver locations, NG =
number of CMP locations, and NF = the fold of cover, the number of time

picks (or individual equations) is equal to NG x NF. The number of unknowns
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w

is NS + NR + NG + NG. Generally, there are many more equations than
unknowns. This is a least-squares problem in which we must minimize the

sum of the error energy between the observed traveltime picks Tix and the

modelled times T j: 1.e., minimize

E=% (Tjx— T’
or

E =Y (Tix— Gy - Si =R - My X%) 4.2)

Residual static corrections involve three phases:

1. picking travel time deviations based on cross-correlation of traces 1n a

CMP gather with a reference or pilot trace,

2. modelling T;;x and decomposing it into its components: source and

receiver statics, structural and residual moveout terms, and

3. application of derived source and receiver statics, S; and R;, as time

shifts to the pre-NMO-corrected traces.

4.3.1 Picking Travel Time Deviations

Several picking schemes are in use in the industry, and one of these
schemes is called a pilot trace scheme. Starting with the CMP gathers that are
NMO corrected using preliminary velocity function(s), trace amplitudes are
scaled to a common rms amplitude in the time gates to be used for picking. It

is preferable to start with a gather that has a good S/N ratio. When the stacked

trace is constructed within the time gate specified, then each individual trace
in the gather i1s cross-correlated with it. Time shifts that correspond to

maximum cross-correlations are picked. A new pilot trace is constructed by

stacking the time-shifted traces in the gather.

This new pilot trace is, in turn, cross-correlated with the original traces

in the gather and new values for time shifts are computed. A final pilot trace is

constructed again by stacking the original traces shifted by the new values.

This final pilot trace is cross-correlated with the traces of the next gather to

construct the preliminary pilot trace for that gather. The process is performed
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in this way on all CMP gathers moving to the left and right from the starting

point.

4.3.2 Decomposition of Travel Time Equations

The objective of the decomposition of the observed travel times into
their various components is to ensure that these are the best fit to the observed
times. This step involves the least-squares approach for minimizing the errors,

which is appropriate for the decomposition of a data set with more equations
than unknowns. The error energy E is required to be a minimum by setting its

partial derivatives with respect to each of the components in Tk equal to zero:

(OE/0Gy) = (OE/3S;) = (OE/OR;) = (OE/OM,) = 0 (4.3)

The parameters §;, R;, Gx and My are the unknowns, which must be found to

solve the statics problem. One equation results from setting each partial

derivative to zero, with the result that most CMP data will yield more

equations than unknowns.

It was shown by Taner et al. (1974) that to have a determinate
problem, equation (4.2) should be replaced by the condition:
E =2 (Tyx~ G- Si - R;- MiX% ) + A EG% + 284 +ZR% + EMA XY ) (4.4)
where A > 0. The error energy E in equation (4.4) is now required to be a

minimum. This expression for E may be substituted into equation (4.3) to

yield the following set of normal equations:

(nk+A) Gy = Ej)gijk - Si— Rj— MiX%), (4.5a)
(ni +A) S =(i %I(T ik — Gk— Rj — MiX%), (4.5b)
(n; + A) R; =(§k(;jrijk - Gy - S; — MiX%), and (4.5¢)
E X% + MMy = Z X%(Ti — Gk - Si— R)). (4.5d)

(i, )k (1, )k
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where n, is the number of traces associated with CMP location k, etc.

Equation 4.5 has a unique solution for any A > 0. These equations are

normally solved on an iterative basis.

.

4.4 Residual Statics Methods in ProMAX

Several algorithms or methods are available for calculating residual
statics in the ProMAX 2D seismic processing software (Landmark, 1997). One

of the methods of travel time decomposition that uses indirect optimization
when fitting the travel times to a surface-consistent model (usually by least
squares) 1s correlation autostatics. This method measures time shifts relative to
a model trace and uses a modified Gauss-Seidel method to partition these time
shifts into source and receiver statics. In addition, ProMAX offers two

external model correlation autostatics tools, cross-correlation sum and Gauss-

Seidel. Both of these external model programs compute surface-consistent

statics based on trace correlations with an external stack generated by external
model correlation.
Another method in ProMAX, which is based directly on the seismic

data and not on picked traveltimes, is stack-power maximization. This method
computes source and receiver residual statics by maximizing the CMP stack
power.

All the above-mentioned methods were tested using real data from
NCI151 (Fig. 4.2), and I found that the method of maximum power autostatics
yielded a better stack compared to the travel time decomposition methods. It is
said to be more effective in poor signal-to noise data and works well for a

wide range of data quality (Landmark, 1997). More details about this method

will be given in the following section.
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4.4.1 The Stack-Power Maximization Method

Ronen and Claerbout (1985) hypothesized that static shifts should be
determined to maximize the power in the final stack. The power in the stacked
section is a good measure of quality because if all the traces are the same
except for static time shifts, then the stack has most power when all the traces
are aligned with no relative shift. The method of stack-power maximization
does not avoid picking cross-correlations, but it incorporates the picking at a

later stage as a part of the model estimation.

As discussed by Ronen and Claerbout (1985), the power E (At) of the

sum of two supertraces F(t) and G(t), with one trace time shifted by At, 1s
E(At) = X [F(t - At) + G(®)] °
By expanding the squared term, we obtain
EA)= T[F(t-A)+G*(t)]1+2Z F(t-A)G () (4.6)

The first factor in equation (4.6) is constant because it represents the sum of
the two trace powers; the second factor is the cross-correlation between the
two traces. The procedure of using this method is shown diagrammatically 1n

Fig. 4.2 and can be summarized as follows:

1- A supertrace is created from the shot profile traces in sequence (trace F 1n
Figure 4.3).

2- Cross-correlate trace F with another supertrace in the relevant part of the
stack (trace G in Figure 4.3).

3- Pick the maximum cross-correlation and correct the stack; repeat the

process for each shot.

4- Repeat the same steps from 1 to 3 but for the receiver profile.
5- An additional step may be included in the procedure to remove linear

trends and glitches from the estimated statics as an optional constraining
routine.

Steps (1) through (4) usually are applied iteratively (5-20 iterations) to

converge to a solution for shot and receiver residual static shifts.
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SUPER-TRACE
CROSS-CORRELATION

OFFSET

SHOT PROFILE

UNSTACKED
DATA

BTACK

Fig. 4.3. Supertrace cross-correlation as used in the stack-power maximization
technique.

4.5 Field Examples

The method of stack-power maximization was chosen to calculate the
receiver and source residual statics. It gives better results compared to the
method of travel time decomposition in areas like NC151. For all the
following figures, the refraction field statics computed by the plus-minus
method are shown in blue, and the residual statics calculated from the first and

second passes of the stack-power maximization method are shown in red and

green, respectively.

For seismic line NC151-V532, two figures are presented. Figure 4.4a
shows receiver elevations (top), refraction field statics for the receivers, and
the first and second passes of receiver residual statics (bottom). The receiver

residual statics calculated on the first pass mostly varied between £10 ms due

to irregular topography of the sand dunes, with only a few points outside that

range. The receiver residual statics calculated on the second pass mostly
varied between 2 ms except for a few points scattered over the range -2 to —6

ms. Figure 4.4b shows source elevations (top), refraction field statics for the

sources, and the first and second passes of source residual statics (bottom).
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