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SUMMARY

The Wadi field is located in the Hagfa Trough, where exploration
targets are very deep, compared with the other exploration targets on the
platform. Seismic data are poor for the deep horizons, and the deepest
horizon for reliable mapping is the top Upper Cretaceous Zmam
Formation. Twelve wells have been drilled within the Wadi field
structure, the main reservoir being penetrated by eleven wells. Five wells
have a check shot survey (D6, D7, D8, D9, and K1-149). The field is
seismically defined on the basis of a 2-D seismic survey. One line (V07-85)
has been reprocessed using the uphole static correction. The uphole static
has improved the image in the area where the elevation changes
markedly. The check shot surveys from wells D6, D7, D8, D9, and K1-149
are used to identify the reflectors. Eight reflectors have been picked on the
seismic sections. Times picked from four horizons (top Gargaf, Nubian,
Zmam and Zelten respectively) have been contoured. The maps show
that the structure is subdivided into a number of interlinked grabens and
half-grabens, separated by structurally high horst or footwall highs
formed by normal faults trending NW-SE, with at least one likely growth
fault. The isochron maps for the Gargaf-Nubian, Nubian-Zmam and
Zmam-Zelten intervals all show thinning on the crest of the structure,
and thickening on the flank of the structure towards the grabens.

The tilting is responsible for the entrapment of the oil in the main
reservoir (Nubian sandstone) against the Socna shale. To understand the
timing of faulting in the study area, the back-stripping technique has been
used. Wells D6 and D7-149 show an average velocity decrease with depth
at Heira (Palaeocene) and Socna (Upper Cretaceous) horizons. D9-149

shows velocity decrease with depth at the Socna (Upper Cretaceous)



XVI1

Cretaceous) reflector. The average velocity calculated using the relation
between average and interval velocities is unreliable for the depth
conversion. All the average velocities calculated using the time from the
seismic lines are used for the depth conversion. The structure map for
the top Nubian shows the structure subdivided into four blocks (A, B, C,
D).
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1.1 INTRODUCTION

1.1.1 Wadi field location

The Wadi field, the subject of this study, is located in the Sirte Basin,
in the middle eastern part of concession NC 149, within the Hagfa Trough

(Fig 1.1), 24 km southwest of the Nasser oil field in concession 6.

The location and the main structures of the central Sirte Basin are
shown in Fig 1.2. A major northwest-trending system of faults traverses
the Sirte Basin and controls the trends and linearity of separate sedi-
mentary troughs. These troughs, which measure up to 400 km in length
and 150 km in width, are sufficiently large to qualify for the term basin.
The term trough has the connotation of marked linearity, commonly
resulting from the structural control of elongate graben structures within a
linear trend of major faults. Each trough in the Sirte Basin has its own
minor structural framework of faults, and the framework of each trough is
a part of the major structural framework of the Sirte Basin (Conybeare

1979).

1.1.2 Exploration history

A total of twelve wells have been drilled on the Wadi structure. The
main reservoir (Nubian equivalent) was penetrated by eleven wells. Three
wells were drilled by Mobil Oil Company in Concession 13. In 1962 Mobil
drilled the exploratory well K1-13, followed by two other wells K2-13 and

K3-13. These wells were shallow and did not reach the main reservoir in
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the Lower Cretaceous. Aquitaine drilled five wells (D1, D2, D3, D4 and D5-
104). D1 was abandoned in the Socna Formation. D2 and D3-104 were tested
for oil in the Lower Cretaceous quartzitic sandstone and D4-104 was tested
for oil in the Meem member (Palaeocene). Recently, Sirte Oil Company has
deepened two wells D1, K1-149 and drilled six more wells (D6, D7, D8, D9,
D10, and D11-149). The seismic database consists of 24 2-D seismic lines (484
km length in total), acquired between 1971-1988. Four kinds of 2-D seismic
reflection data are available in Wadi and south Wadi field. A shot-point

map is presented in Figure 1.3.

1.2 GEOLOGY OF LIBYA

1.2.1 Summary of the geology

Libya is a cratonic basin on the northern fringe of the African shield
situated between the stable African shield in the south and the active
Mediterranean Tethys area to the north. The cratonic foundation is Pre-
cambrian, which crops out north of the Tibesti mountains, around Jebal
Auenat, in the centre of the Gargaf uplift, and in some places along the
eastern flanks of the Murzuck Basin. There are thick sequences of mod-

erately deformed Palaeozoic rocks, except in the northwest and northeast.

The Mesozoic sedimentary rocks are comparatively thin (approximately 1.2
km in the Sirte embayment and northern Cyrenaica). Tertiary and Qua-
ternary extrusive rocks occupy large areas in south central-Fezzan and
north Tripolitania. A continental environment existed in south Libya

from Late Palaeozoic time to possibly the middle of Cretaceous time,
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during which period several thousand metres of sediment were deposited.
The basin was active from Late Cretaceous time to Tertiary time, when
several thousand metres of marine sediments were deposited in the Sirte
Basin and part of south Cyrenaica. The narrow coastal plains of Libya are
generally covered by marine and continental beds of Quaternary age, and
the greater part of the Libyan desert is covered by immense gravel plains

and sand dune areas which were also formed during Quaternary time.

The Precambrian rocks of Libya are mainly igneous and metamorphic
rocks consisting of orthogneisses, schist, phyllite, quartzite, diorite, grano-
diorite and granite. The metamorphic rocks are intensely folded and
intruded by granites. Their most extensive outcrop is in the crest of the
Gargaf Arch, where most of the exposed basement rocks are of Pre-

cambrian age.

Libya has lain along the margin of numerous transgressions from the
north-east and north since the Cambrian. The stratigraphic section in the
north and north-western part of the country consists of marine sediment.
Cambrian and Ordovician rocks are exposed in many places in the south of
the country. The continental conditions were interrupted in western Libya
by a brief marine incursion. The presence of an angular unconformity at
some places within the sequence has led to the general belief that the lower
beds are of Precambrian age. During the Palaeozoic several transgressions
inundated all or most of present day Libya. The basement consists chiefly
of igneous and metamorphic rocks, but locally sedimentary rocks of
probable Cambrian or Ordovician and of Silurian age are known. Whether

or not those seas once covered this area, presumably either an Early or Late



Palaeozoic (Hercynian) uplift caused the removal of most of whatever

Palaeozoic strata may have been represented.

Trangressions are of special importance. A variety of thick sediments
filled the basins in Ordovician-Devonian time. The Devonian in southern
Libya is chiefly continental sandstone, through some marine beds are

present on the east and west flank of the Murzuk basin.

In the Carboniferous a marine transgression also invaded most of the
country, with the exception of the southeastern region. Since the end of
the Carboniferous, only continental sediments have been deposited in

southern Libya.

During Permian and Mesozoic times, transgressions from the north
reached only part of northern Libya. The Upper Palaeozoic rocks of Libya
are mainly marine shale, siltstone, sandstone, limestone and continental
sandstone. In Fezzan they are mainly marine-continental to predo-
minantly continental facies. In western Libya, Mesozoic strata are chiefly of
marine origin, of Triassic and Jurassic age, exposed at the Jebel Nafussa

escarpment.

1.2.2  Structural elements of Libya

Intensive folding consolidated the greater part of northern Africa
during one or more Precambrian orogenies. Since the Precambrian,
epeirogenic movements with block faulting have controlled the structural

development.



During Palaeozoic time a system of troughs and uplifts striking NW-
SE developed (Fig 1.4a). From the Late Palaeozoic to Early Cretaceous the
dominating axes of basin and uplift development were NE-SW and
approximately perpendicular to the Early Palaeozoic tectonic trends (Fig

1.4b).

In north Libya these younger elements strike NE-SW. The present
shape of the Palaeozoic to Mesozoic basins of Libya is the result of these
diverging movements. Finally in Late Cretaceous and Tertiary time, NW-
SE striking block faulting accompanied the formation of a system of graben

and horsts (Fig 1.1).

During Eocene time subsidence extended across the southern border
of the country. Several authors have suggested that during the Palaeocene
there was a connection through here between the Mediterranean Sea and

Gulf of Guinea.

123 Basins in Libya

Libya is divided into four basins - the Sirte Basin, Kufra Basin,

Ghadames Basin and Murzuk Basin (Fig 1.5).

The Sirte Basin in north-central Libya differs markedly from the
neighbouring Murzuk, Kufra, and Ghadames Basins. These basins are
broad, essentially unfaulted depressions, that were sites of aggradation
throughout much of Mesozoic time. Unlike the latter group, the Sirte

Basin is the youngest of the four basins. It formed by large scale subsidence
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and block faulting. Many authors have written about the collapse of the

Sirte Basin.

Conant and Goudarzi (1967) suggested that block faulting started in
Late Cretaceous time and continued, at least intermittently, to the Miocene
and perhaps to the present. Block faulting affected at least the northern

part of the Sirte Basin.

Selley (1968) Showed that the complex structural pattern of horsts and
grabens in the Sirte Basin began to form in the Late Jurassic-Early Cre-
taceous, and continued to develop until at least the Miocene and probably

into Holocene time.

Burke and Dewey (1974) suggested that the horsts and grabens began
to develop during the Early Cretaceous as a result of widespread extension.
According to them, this extension developed over a broad zone of strain
between two African plates, which led to the collapse of the Sirte Basin

arch during the Early Cretaceous.

Parson, Zagaar and Curry (1980) showed that the crustal extension
started in the Cretaceous and continued through the Miocene, and has
resulted in horsts and grabens as the primary structural form. Van Houten
(1983) proposed that it resulted from passage of the area over a fixed
mantle hotspot during the early Cretaceous shift in plate motion that

presumably produced a change in state of stress within African plate.
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Gumati and Kanes (1985) show that the subsidence was continuous
throughout Late Cretaceous and Tertiary times, reaching a maximum
during the Palaeocene and Eocene, when a major reactivation of the faults

occurred.

124 Geology of the Wadi field

The stratigraphic section of the Wadi field is divided into two major
intervals by the intra-Cretaceous unconformity (Fig 1.6). The pre-
unconformity sediments of Lower Cretaceous and Cambro-Ordovician age
are predominantly non-marine. Above the unconformity, Upper Cre-
taceous and Tertiary rocks form thick sequences of marine carbonates and

shale.

The Wadi field is located within the south central part of the Hagfa
Trough near the central part of of the palaeo-Sirte Basin arch. As a result,
most of the Palaeozoic section of the area was probably eroded (Clifford et

al. 1980; Parsons et al., 1980).

The Cretaceous section is divided by the Mid-Cretaceous uncon-
formity into two parts. The lower section represents the lateral equivalent
of the Nubian sandstone. In the upper part of the Cretaceous, above the
Mid-Cretaceous unconformity (Senonian to Maastrichtian), this section is
represented by the thick Socna shale and highly argillaceous Gheriat
(Zmam) Formations. Both formations represent deep marine sediment.
The Socna shale is the source rock for all the Cretaceous reservoirs and

possibly for most of the Tertiary reservoirs.
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The Tertiary section is predominantly shale, limestone and dolomite.
Sedimentation throughout the section was controlled by mild tectonic
movements and gradual subsidence. The depositional environment was

mainly deep marine, changing laterally to a shallow marine environment.

The Heira Formation, which underlies the Ruaga limestone, consists
of calcareous grey-green shale. Due to facies changes, the formation
includes three carbonate members (Mabruk, Ora, Meem). The Heira
Formation is a lean source rock in the Wadi field and also forms the seal

for the Meem carbonate member.

The Palaeocene to Lower Eocene Ruaga Formation consists of an
upper calcareous shale and carbonate called the Megil member and a lower
carbonate sequence that includes the Zelten member. The Domran and
Sheghega Formations (Lower Eocene to Middle Eocene) rocks consist of

dolomitic limestone and limestone.

1.3 AVAILABLE DATA

1.3.1 Seismic lines

In the the study area the following seismic reflection data were
available for this study.
a) Six reflection seismic sections, totalling 85 km of 24-fold Dinoseis data,
acquired in 1971. These data were shot in southern concession 6. Some of
these data are extended to tie the wells in the Wadi field. Quality of the

data is fair to good.
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b) Four reflection seismic sections, totalling 80 km of 24-fold dynamite
data acquired in 1983. These data were shot in southern concession 6. Two
of the lines (D75-83 and D76-83) are extended to tie the wells in the Wadi
field. Quality of the data is fair to poor.
c) Eleven reflection seismic sections, totalling 234 km of 48-fold Vibroseis
(reversed polarity to tie to the other data in the area), acquired in 1985.
Quality of the data is fair to good.
d) Five reflection seismic sections, totalling 85 km of 120-fold Vibroseis
data, acquired in 1988. Quality of the data is fair to good.

In general the reflection data quality is fair to good in the shallow
sedimentary section to the top of the Upper Cretaceous (Zmam For-
mation), and fair to poor from the Upper Cretaceous (Socna Formation) to

deep levels.

A shot-point map (Fig 1.3) shows the entire coverage of the seismic
data and the locations of the wells. The survey is basically a 2 * 3 km grid,
with more closely spaced lines on the crest of the structure. The other lines
shown on the shot-point map were not used because they are not available
for this study (some of these data are old and the quality is poor, whereas
some of the others were still being processed during the earlier stages of

this project).
1.3.2 Well data
Twelve wells have been drilled to date within the field. Table 1.1

shows the formation tops as picked by Sirte Oil Company geologists. Fig 1.3

shows all the wells drilled in the field.
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1.3.3 Check shot surveys

Five tables were provided by Sirte Oil Company, showing the depth
from the Kelly Bushing (K.B) and the corresponding one-way times from
surface for the following wells: D6, D7, D8, D9, K1-149. The depths times

and corrected times are shown in Tables 1.2 to 1.6, where:

K.B is the elevation between rotary table and datum plane

(sea level).

Subsurface is the drilling depth - KB.
Static is the static correction calculated using the Sabkha
formula:-

Static = Elevation/1500 + 0.012 (see chapter 2).

1.3.4 Other data

Magnetic tapes for seismic line V07-85, covering shot points 104 to 470
were supplied for the project. They comprise demultiplexed unfiltered
shot gather vibroseis data shot in 1985, in SEG-Y format. Six tables show
the station elevations. Observer reports record the terrain (rough or flat),

direction of shooting, record number, sweep point, and recording stations.

Uphole data are available for stations 165, 296, 385, and 440, showing
the subsurface velocity, average velocity to datum, and the static correction
to the datum. A Sirte Oil Company internal geological report of the Wadi

field was also supplied.
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Table 1.2
Well D6-149 KB=197m Static=0.141 ms
Depth Time in | Subsea Corrected time
in m seconds | depth in metres in seconds
313.42 0.1902 116.42 0.0492
394.20 0.2290 197.20 0.0880
613.07 0.3210 416.07 0.1800
635.54 0.3324 438.54 0.1914
730.36 0.3556 533.36 0.2146
837.32 0.3862 640.32 0.2452
1153.67 0.4720 956.67 0.3310
1406.68 0.5350 1209.68 0.3940
1698.35 0.6047 | 1501.35 0.4637
1801.67 0.6361 1604.67 0.4951
1891.28 0.6610 1694.28 0.5200
2068.37 0.7026 1871.37 0.5616
2116.84 0.7149 | 1919.84 0.5739
2159.81 0.7286 | 1962.81 0.5876
2213.46 0.7454 2016.46 0.6044
2287.52 0.7695 2090.52 0.6285
2401.82 0.8041 2204.82 0.6631
2453.64 0.8187 2256.64 0.6777
2593.32 0.8602 | 2396.32 0.7192
2665.48 0.8856 2468.48 0.7446
2691.38 0.8910 2494.38 0.7500
2749.30 0.9020 | 2552.30 0.7610
2791.36 0.9267 2594.36 0.7857
2827.63 0.9267 | 2630.63 0.7857
2880.36 0.9455 | 2683.36 0.8045
2984.91 0.9803 | 2787.91 0.8393
3039.47 0.9969 2842.47 0.8559
3059.58 1.0030 2862.58 0.8620
3159.53 1.0192 2962.53 0.8782
3245.48 1.0313 | 3048.48 0.8903
3338.44 1.0465 3141.44 0.9055
3384.80 1.0552 3187.80 0.9142
3443.33 1.0617 3246.33 0.9207
3547.87 1.0823 | 3350.87 0.9413
3643.88 1.1051 | 3446.88 0.9641
3825.85 1.1362 | 3628.85 0.9952

Table 1.2 Drilling depth, subsea depth in metres and corresponding
time in seconds from surface and from datum.
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Table 1.3
Well D7-149 KB=186 m Static=0.133 ms
Depth Time in | Subsea Corrected time
in m seconds | depth in metres in seconds
197.51 0.1662 11.51 0.0332
343.90 0.2344 157.90 0.1014
460.25 0.2834 274.25 0.1504
643.21 0.3654 457.21 0.2324
918.06 0.4356 732.06 0.3026
1171.04 0.5040 985.04 0.3710
1524.00 0.5954 | 1338.00 0.4624
1737.36 0.6465 1551.36 0.5135
1846.17 0.6822 1660.17 0.5492
1937.61 0.7020 | 1751.61 0.5690
2101.60 0.7369 1915.60 0.6039
2286.00 0.7894 | 2100.00 0.6564
2446.02 0.8426 2260.02 0.7096
2631.95 0.8957 2445.95 0.7627
2721.25 0.9320 2535.25 0.7990
2910.23 0.9924 2724.23 0.85%4
3136.39 1.0403 2950.39 0.9073
3447.29 1.1524 3261.29 1.0194
3727.70 1.1880 3541.70 1.0550
3823.19 1.2000 | 3637.19 1.0670
3947.16 12246 | 3761.16 1.0916

Table 1.3 Drilling depth, subsea depth in metres and corresponding
time in seconds from surface and from datum.
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Table 1.4
Well D8-149 KB=230 m Static=0.162 ms
Depth Time in [Subsea Corrected time
in m seconds |depth in metres in seconds
41148 0.2765 181.48 0.1145
536.45 0.3286 306.45 0.1666
673.08 0.3866 443.08 0.2246
818.69 0.4226 588.69 0.2606
980.85 0.4656 750.85 0.3036
1183.62 0.5236 953.62 0.3616
1310.64 0.5608 1080.64 0.3988
1427.68 0.5895 1197.68 0.4275
1553.35 0.6155 1323.35 0.4535
1758.70 0.6635 1528.70 0.5015
1846.48 0.6886 1616.48 0.5266
1959.86 0.7216 1729.86 0.5596
2111.65 0.7545 1881.65 0.5925
2211.63 0.7856 1981.63 0.6236
2286.00 0.8065 2056.00 0.6445
2346.96 0.8285 2116.96 0.6665
2445.72 0.8566 2215.72 0.6946
2636.52 0.9145 2406.52 0.7525
2713.72 0.9415 2483.72 0.7795
2850.49 09714 2620.49 0.8094
2917.85 0.9866 2687.85 0.8246
2977.29 1.0016 2747.29 0.8396
3040.38 1.0305 2810.38 0.8685
3108.96 1.0526 2878.96 0.8906
3159.86 1.0676 2929.86 0.9056
3261.36 1.0994 3031.36 0.9374
3347.31 1.1197 3117.31 0.9577
3383.28 1.1360 3153.28 0.9740
3463.14 1.1486 3233.14 0.9866
3596.64 1.1706 3366.64 1.0086
3718.56 1.1915 3488.56 1.0295
3807.56 1.2106 3577.56 1.0486

Table 1.4 Drilling depth, subsea depth in metres and corresponding
time in seconds from surface and from datum.
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Table 1.5
Well D9-149 KB=202 m Static=0.143 ms
Depth Time in |Subsea Corrected time
in m seconds |depth in metres in seconds
365.76 0.2574 163.76 0.1144
643.43 0.3780 441.43 0.2350
649.53 0.3800 447.53 0.2370
807.72 0.4200 605.72 0.2770
1165.25 0.5180 963.25 0.3750
1463.04 0.5960 |1261.04 0.4530
1758.09 0.6590  |1556.09 0.5160
1963.30 0.7170 1761.30 0.5740
2103.42 0.7430 1901.42 0.6000
2286.00 0.8020 2084.00 0.6590
2456.69 0.8520 2254.69 0.7090
2636.52 09111 2434.52 0.7681
2819.70 0.9533  |2617.70 0.8103
3483.86 1.1702 3281.86 1.0272
3604.56 1.2040 3403.56 1.0610
3767.63 1.2500  |3565.63 1.1070
3800.86 1.2560  |3598.86 1.1130
3874.01 1.2700  [3672.01 1.1270
3947.16 1.2800 |3745.16 1.1370
3983.74 12860 |3781.74 1.1430
4056.89 1.2964 3854.89 1.1534
4093.46 1.3030 3891.46 1.1600
4166.62 1.3180 3964.62 1.1750

Table 1.5 Drilling depth, subsea depth in metres and
corresponding time in seconds from surface and from datum.
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Table 1.6
Well K1-149 KB=191m Static=0.136
Depth Time in [Subsea Corrected time
in m seconds |depth in metres in seconds
621.88 0.3567 430.88 0.2207
1173.66 0.5065 982.66 0.3705
1569.93 0.6080 1378.93 0.4720
1755.89 0.6475 1564.89 0.5115
1938.80 0.6950  |1747.80 0.5590
2118.57 0.7335 1927.57 0.5975
2146.07 0.7403  |1955.07 0.6043
2191.73 0.7501 2000.73 0.6141
2344.19 0.8002 2153.19 0.6642
2539.20 0.8636 2348.20 0.7276
2633.72 0.8924 2442.72 0.7564
2810.47 0.9285 2619.47 0.7925
2893.83 0.9575 2702.83 0.8215
3014.69 0.9975 2823.69 0.8615
3468.59 1.1499 3277.59 1.0139
3617.95 1.1814 3426.95 1.0454
3706.28 1.1972 3515.28 1.0612
3809.94 1.2166  |3618.94 1.0806
3907.51 1.2350  [3716.51 1.0990
4020.22 12516  |3829.22 1.1156
4078.16 1.2603  |3887.16 1.1243
4213.34 1.2885 |4022.34 1.1525

Table 1.6 Drilling depth, subsea depth in metres and corresponding
time in seconds from surface and from datum.
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14 AIMS OF THE STUDY

The aims of the study were to:

(1) Reprocess line V07-85 using the static correction from the uphole
surveys, to see whether it is an improvement on the original processed
section using a formula for static correction.

(2) Remap the structure and construct a cross section over the Wadi field
using all the existing data (provided by Sirte Oil Company).

(3) Study the faults of the field, and how they relate to the hydrocarbon
occurrences.

(4) Use maps and the back-stripping technique (with decompaction
ignored ) to clarify the timing of faulting in the study area.

(5) Study the average velocity calculated from the wells, and compare it
with the average velocity calculated from the interval velocity derived

from the velocity tabulations on the seismic sections.
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Chapter 2

Seismic reprocessing
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2.1 INTRODUCTION

Seismic data processing strategies and results are strongly affected by
the field acquisition parameters. The common-mid point (CMP) recording
is the most widely used seismic data acquisition technique. By providing
redundancy (measured as the fold of coverage) in the seismic experiment,
we can improve signal quality. Surface conditions have a lot to do with the
quality of data collected in the field. Other factors, such as weather con-
ditions, care taken during recording, and condition of the recording
equipment, also influence data quality. Seismic data are often collected in
less than ideal conditions, so we can only hope to suppress the noise and
enhance the signal in processing to the extent allowed by the quality of the

data (Yilmaz 1987).

In the study area line V07-85 from shot point 104 to 470 was selected
for reprocessing using uphole statics. The processing sequence began by
reading correlated demultiplexed tape (SEG-Y format) using the SierraSEIS
package on the sun computer network in the Geology and Applied
Geology Department Glasgow University. The main objective of
reprocessing line V07-85 were to use difterent processing techniques than
was used by Western Geophysical. These include:

a) Using uphole statics to see if we can solve the static problems
evident on Western Geophysical sections at shot point 360 (see fig 3.4).

b) Using deconvolution after stack to get rid of the multiple reflec-
tions on the commercial section.

¢) Applying migration to the data.
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2.2 FIELD PARAMETERS

The data shot in 1985 were recorded by the Bulgarian Oil Company
(BOCO) party 9. Four trucks generate an upsweep (increasing frequency).
The vibrators sweep simultaneously in source arrays designed to attenuate
surface noise and improve signal to noise ratio. All the geophone arrays
are special filters that have directional properties which make the array
more sensitive to the upward-travelling energy (reflection) than to hori-
zontally-travelling energy (ground-roll). The field acquisition parameters
were based on the results of a noise study carried out in the area. Figures
2.1a, b, and c show the source array, receiver array (24 geophones weighted
1, 2 and 3) and spread diagram respectively, which were chosen for this
particular survey from the noise test results. Four seconds of two-way time

were recorded using the following parameters:-

Number of vibrators 4.
Number of sweeps 8.

V.P interval 50 m
Sweep patch pattern 118.5 m
Number of sweeps per V.P 4*8 = 32
Horizontal distance between the vibrators 6.25 m
Cross-line offset between the vibrators 8.0 m
Sweep frequency 08-48 Hz.
Geophone frequency 10Hz
Sweep length 10s.
Recording length 14s.
Sample interval 4 ms.

Geophone group interval 50 m.
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Fig 2.1 Source array, receiver array, and spread diagram
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Number of channels 96

2.3 STATIC CORRECTIONS

One of the most important steps in land processing is the static cor-
rection calculation, especially in areas of rough terrain, and in areas where
the near surface velocity is highly variable in either the vertical or hori-
zontal direction. Static corrections are required by changes in surface el-
evation and thickness or velocity of the weathering layer (low velocity
layer, LVL). The LVL is unconsolidated material between surface and bed-
rock. Corrections must be applied to remove the effects of changes in el-
evation and the influence of the LVL. These corrections are known as
static corrections because the time shift applied is constant for an entire
trace. This is achieved by stripping away the upper surface above a datum
plane. The static shift should produce the same results as if the source and
receiver were both placed at the datum. Static anomalies may be classified
as:-

High frequency (short wavelength) static or low-frequency (long
wavelength) static anomalies. There is no clear distinction between short
and long wavelength static corrections. Generally a short wavelength static
is smaller than a spread length for the survey being evaluated, and long
wavelength is about a spread length or larger. The short wavelength static
errors degrade the CDP stack, and the long wavelength static error moves
the data in time, generating an anomaly. It has very little effect on CDP
stack response. The long wavelength static error indicates a gradual change
in velocity. Two sets of static corrections are computed, one showing shot

statics and other showing the receiver static, both as a function of location.
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In order to correct for the travel time through the low velocity layer,
information is needed about the depth and velocity of this layer. The two
commonly used methods of deriving this information are the uphole and

the refraction methods.

2.3.1 Uphole method

Uphole surveys provide the most direct measurement of near-surface
properties. In this method a geophone known as an "uphole phone" is
planted near the top of the hole, and small charges are detonated at dif-
ferent depths in the hole as shown in Figure 2.2a. The arrival times after a
correction for slant travel path are plotted against shot depth. Straight lines
are fitted to the plotted points. The slopes of these lines indicate the
velocity, while the point of change in slope (knee) marks the depth of the

weathering zone, as shown in Figure 2.2b.

|<-—X —P)  Geophone position

Surface

dlg

~%— Shot position

N

L]
~
Uplu:le\"

X is the offset d is the depth of the shot
T is the travel time from shot to the receiver
9 = arctan x/d The vertical time = T cos 6

Fig 2.2a Uphole shooting
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Fig 2.2b Uphole time depth curve showing the weathering and sub-weathering velocity
(seismic line V07-85, station 440).
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2.3.2 Datum Plane

In order to compute and apply static corrections, an elevation known
as the datum plane is used. After applying the static correction, the record
appears as though the energy source and geophone were situated on the
datum plane rather than on surface of the earth. The datum always cor-

responds to the zero time on the seismic section.

24 STATIC COMPUTATION

The static correction for the old version of processing has been

calculated using a formula (Sabkha formula) for both shot and receiver.

Trace static =(ELE /V) + 0.012 ..oeorreeeeeeeeeeeeeeeens 2.1

where:

ELE is the elevation in metres above the datum.

\Y% is the velocity above the datum, set here to 1500 m/s.
0.012 is a constant time in seconds.

For this study the static correction is calculated for line V07-85 using
the upholes by considering the correction for both low velocity and el-
evation. Table 2.1 Show a comparison between static calculated using
Sabkha formula and static calculated using upholes at the position of the
uphole.

Trace static = Shot static (SPstatic) + geophone group static (GPstatic)

SP static = (Datum - GPELE + SPD) / Dvel

GPstatic = (Datum - GPele + SPD)/Dvel - TUH
Where:
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Datum is the datum plane.

Dvel is the datum velocity.
SPD is the shot point depth.
SPELE is the shot point elevation.
GPELE is the geophone elevation.
TUH is the uphole time.

Note: The uphole time and the shot point depth are zero because the
source and the receiver are both on the surface. Fig 2.3 shows the model

used for the weathering and sub-weathering velocity.

sp Elevation Static using | Static using Difference
in metres formula uphole in ms

165 284 201 217 +16

296 274 195 193 -02

385 206 158 137 -21

440 187 137 150 +13

Table 2.1 Comparison between static calculated using Sabkha formula and
static calculated using upholes at the position of the uphole determina-

tions. The computer will interpolate between the upholes and extrapolate

to each end of the line.

2.5 PROCESSING SEQUENCE

251

visual display in the form of a seismic section, showing subsurface ref-

Introduction

The objective of seismic reflection data processing is to produce a
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lection patterns that can depict the geological subsurface. Noise in seismic
work is defined as unwanted signal. The noise may be classified as random
or coherent. Random noise comprises events whose amplitudes and
phases are randomly distributed. Random noise has various sources, e.g. a
poorly planted geophone, wind motion, transient movements in the
vicinity of recording cable, etc. Coherent noise exhibits a pattern, such as
multiple reflections, ghosts, and bubble oscillations. Data processing at-
tempts to suppress both types of noise and to present reflections on the
seismic section with the greatest possible resolution. Seismic data pro-
cessing provides the interpreter with seismic cross-sections amenable to
geological interpretation for locating hydrocarbon accumulations. There-
fore the geological section from the processing stage should be free of
random and coherent noise and show only reflection events. Fig 2.4 il-
lustrates three shot point gathers that illustrate the effect of wind on the

data. Shots a and b were shot on a windy day, shot c on a quiet day.

The processing begins with the arrival of the tapes from the field
crew, and are accompanied by the observer's reports, in which details of
line and shot geometry, field settings and problems are given. A second
report describes elevation and computed field static correction to be applied
to the data. The processing sequence may be divided into three stages.

1) Preprocessing:

The objective of preprocessing is to edit and prepare data for pro-

cessing analysis. Appendix 1 shows all the editing of the traces.
2) Processing analysis:
Processing analysis involves experiments whereby optimum para-

meters are selected for use in the processing stage.
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