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Abstract

Uphole seismic refraction shooting experiment aimed at investigating the
subsurface layers, was carried out using a three dimensional (3D) approach, to evaluate
the weathering parameters in prospect areas, such as weathering thickness or Depth
(Dy); weathering velocity (V,,) of the low velocity layer (LVL) and Velocity of sub-
weathering or consolidated layer (V.) in OGA field located South West of Niger Delta.
Six uphole locations were drilled using a rotatory (hand operated) drilling machine in
the study area. The time-offset curve of the first arrivals for shots from different charge
depth inside the borehole was used and time-intercept techniques of seismic refraction
interpretation were employed for the different locations (A — F). The weathering
thickness was found to vary from 6.0m to 10.0m.The P-wave velocity of the LVL ranges
from 328msec™ to 444msec’?, with an average value of374.3msec™®. Sub-weathering was
found in all locations. The velocity of the consolidated zone was found to vary from
1666msec™ to 1785msec™ with an average velocity of 1714msec™.Using the result, the
effect of weathering on refraction data was eliminated during seismic data processing
.The record playback has a good signal quality with distinct first break times. An
Interpretation Software designed by Integrated Data Service Limited (IDSL) a
subsidiary of Nigeria National Petroleum Cooperation (NNPC) was employed. A two-
layered case was displayed from the graph of each uphole point analysis and the sub-
weathering parameters were obtained. Therefore, the weathering velocity and thickness
on the prospect area are in correlation with what is obtainable in the Niger Delta
weathering statistics.
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1.0 Introduction

The up-hole method of seismic refraction survey is a field seismic technique which makes use of geophones as sound
detector devise or receivers, planted on the ground surface and an underground seismic source to obtain information about the
lithology of the sub-surface. Artificial vibrations induced by explosives (dynamites or detonators) source are used to generate
seismic wave energy.When this energy is incident at a critical angle to a reflector with a positive reflection coefficient, it is
refracted along the interface at the velocity of the second layer.Each point on the interface excited by the refracted wave
radiates upwards with hemispheral divergent, causing wavefronts to travel to the surface, with ray paths that intersect
theinterface at the critical angle. This emerging wave energy are picked by sensors on the ground surface which in turn
convert this mechanical vibration generated by the seismic source into varying electrical wave pulses and transmit it to a
seismograph machine (McSeis)which will display this seismic data in the form of wiggles or repetitive signature. The low
velocity layer(also known as the weathering layer) which often correspond to the upper region of the sub-surface layer is
characterized by low transmission of seismic waves energy, with high absorptivity of sound wave and high rate of
scattering of these waves energy due to the presence of low velocity materials (anomalies) underlying this region. It is
therefore appropriate that in order to obtain a good quality reflection data or to increase the signal to noise ratio, shot have to
be taken at the base or below the base of the weathering layer. The hidden (low velocity zone-LVZ) layer can of course be
detected by shooting from a borehole to the seismic spread geophones [1].Hence it is important to carry out this preliminary
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uphole method of seismic refraction survey to determine the weathering parameters across OGA field which covers 127.40
square kilometers in the subsurface area of the Warri North Local Government Area in Delta state in the western part of the
Niger-delta. Exploration geophysics involves the use of geophysical theory, methods and instrumentation to locate
hydrocarbon and other mineral sources. Exploration geophysics generally concentrates on finding lateral heterogeneities in
the earth crust.

2.0  Location of Study Areas

The survey area lies in Western part of Niger Delta area. The Niger Delta is located between longitude 04°00° and 06°00°
north of the equator and between longitudes 04°00° and 09°00” east of the Greenwich meridian. The total survey area covers
about 127.40 square kilometers.

3.0  Local Geology of the Study Area.

The total survey area covers about 127.40 square kilometers. The Niger Delta is situated in the Gulf of Guinea[2]. From the
Eocene to the present, it has prograded south-westward, forming depobelts that present the most active portion of the Delta at
each stage of its development [3].These depobelts from one of the largest regressive deltas in the world with an area of
300,000km? [4],a sediment volume of 500,000km?[5],and a sediment of over 10km in the basin depocenter [6].The three
major depositional environments (marine mixed and continental) that are observable in the Niger Delta are represented by
the Benin, Agbada and Akata formations, which have been deposited in high energy deltaic environment sediments in the
basin which exceed a thickness of about 35,000ft between the upper and lower deltaic plain.

The structural and tectonic frame work of the modern Niger delta basin is related to opening of the Atlantic Ocean and the
accompanying structural evolution of the Gulf of Guinea migeosyclineshows that the Niger delta overlies the early stage [7].
Beneath what is now known as the delta area, plume activities had occurred followed by lithospheric plate thinning and
associated Hermotectonic uplift. The first phase (stage) was probably reached by early cretaceous time because by Albian
times, marine sediments were being laid down in the Abakiliki and Benue troughs [8]. Thereare three subsurface stratigraphic
units in the modern Niger Delta Benin, Agbada and Akata formations [9]. These three formations were laid down under the
marine transitional and continental environments respectively.

4.0 Theory

The quantity that is observed in the refraction survey is the time between generation of seismic wave of the shot point by
dynamite and its first arrival time at the detector placed at a measured distance from the shot point. The first arrival to the
geophone is the wave which has travelled the minimum time path between shot and detector.The seismic path for minimum
travel time can be traced by applying the Snell’s law.

Refraction Path for a 2-Layer Case

Shot in the weathering layerDy, > Dg

Consider a single shallow shot taken at a depth D within the weathering layer where D,,is the thickness of the weathering
layer.

The total travel time, T between the shot point S and receiver at R is given by:

T =Tg0 +Tas +Tar (1)
T :%-FE-F% (2)
VW Ve VW

Where, V,, = weathering layer velocity, and

Ve = consolidated layer velocity.
Therefore,
_D,=b. A8, D, )
V,cosd V., V,cos@
Where, @ is the critical angle of incidence
Now, AB =X —[FD+CR]

i =tané# 4)
Dw - Ds
Therefore,
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FD =(D, — D, )tan® 5)
Similarly,
AB = X —[FD +CR]
% =tand,..CR=D, tané (6)
Hence
AB = X —(D,, — D, )tan6 D, tan @
= X —(2D,, tan@ - D, tan o) (7)

Therefore, the travel time equation becomes:

D,-D, 2D,tané-D,tané D,
T= + +

"V, cos@ V, V, cos @

_X, 2D, 1 V| Ds 11 Vu

"V, cosf|V, V2| cos@|V, V2

L X 2DV DLWV o
_Ve VEVW VeVW

The weathering depth is obtained from the last equation by setting the offset to zero, i.e., x=0. At zero offset, the total travel
time T=T. where T, is the intercept time. From (8) we therefore have that

. 2D, V2 -V? D, V2=V o
= _

V.V,
From which the weathering depth can be obtained as:
TV.V D
D =—F~2*"“_+—° (10)

PN VERVERR

Snell’s law

A 1 Vv,
1-— =cosd,.. cosé’v :VZ—VZ (11)
Hence
TiVW Dx
2c0s60 2

In a 3-layer case (i.e. two layers of weathering), the total depth of the weathering layer is given by

D, =Z,+Z, (13)

The T-X plot for this case is shown in figure 4 and the travel time equation is given by:

X, 2z, 27,V V2 )

) \Te VoV VoV,
AtX=0
T=T,
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C2Z,NVF VS 22V -V

8 VZVO V2V1

(15)

Vo D,

=4+ —
2cos0 2

Where
VO2
\/2

2
Therefore, withT;, read from the T-X plot calculated as above, the total depth of weathering can be determined as given in
equation 10.

cosf = _[1- (16)

Shot at the base of weathering layer (D, = D,,)

The total time for this case is given by;

T =T+ Ty :%+§

e w

(17)

Therefore,

Dwtan0+ D X —DWsin0+ D
V, V,, coso V, cosd V, cosd

Following the procedure for the 2-layer case, we have that;

X b JV2 -V 2
=+ e
V,cosé " V.V,
At X =0,T =T,, so that

JV 2_V?2
T. =D, ye w
Vve
Therefore, the weathering thickness is obtained as;

DW = i (21)
cosd

T=

(18)

(19)

(20)

Shot taken in the consolidated layer Dy > D,

Under the distance time intercept of the slope, the arrival curve from which the velocity of the low velocity zone is
determined disappears when the shot is taken below the weathering layer. This is why it is impossible to determine the
weathering thickness or depth when a shot is taken below the weathering layer.

Forashot D, > D, , the thickness of the first sub-layer of weathering, Z, is obtained as:
T,V D A

o = ———+—>,where,cos ¢, = [1--
2cos0, 2 V,

Therefore, withTy,, T-X plot (figure 4) calculated as above, the total depth of weathering can be determined as given in
Equation 10.

(22)

5.0 Interpretation of Seismic Data by their Compression Wave Velocity.
Rocks differ in their elastic moduli and densities due to a number of factors; the most important are composition, texture
(gram shape and sorting) and porosity. They will thus differ in their wave velocities of rock layers encountered by seismic
survey. This is important for two main reasons;
1. Itis necessary for the concession of seismic wave travel times.
2. This provides an indication of the lithology of a rock and in some cases the nature of pore fluids contained within it.
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Gas in pores reduces the elastic moduli, hence a drop in the velocity of the rock so the presence of gas is directly detected in
seismic survey.
Typical compression wave velocity values of earth materials are given in Table 1.

6.0 Acquisition Method (Field Procedure)

Uphole data were acquired using (McSeis) seismograph connected to the harness. At every uphole location, a hole is drilled
to 66meters depth at an intersection point between source and receiver lines using rotary method and flushed continuously for
20 minutes to enhance stability for smooth and effective loading.To maintain formation strength, once the drilling was
completed, the crew pulled out and evacuated drilling equipment from shot point thereby making location free for logging.
The uphole supervisor would then set up the instrument at a safe shooting distance of 25m minimum away from the shot hole
while the assistant and other uphole crew load the drilled hole with pre-defined number of caps down to depth (bottom of
change). The drilled hole would be loaded with detonators varying from 1 to 10 caps depending on the depth of calibration
and the quality of first breaks.

After the initial set-up of equipment and safety procedure consideration, the firming command later would be sent from the
blaster unity, which would provide required voltage discharge needed to trigger the detonators a field time signal
simultaneously with the firming pulse to caps this signal would be feedback and recorded into the instrument to produce the
arrival time sequence. Once a shot was successful, the output data would be printed in hardcopy and saved into compact disc.
This process and procedure were repeated till the last depth was logged.

7.0 Instrumentation

Material Used: Recording instrument McSeisSX 24XP Seismograph, Blaster Unit, Big Umbrella, Marine Rope 100m
Length, Metal weight, Plastic clips, Firing line plus connecting cables,two 12 volts dry cell batteries.

Consumables: Plotter paper rolls, Masking tapes, Cutter knife, Venture tapes, Hand Napkin, Screw drivers, Digital multi-
meter

7.1 Uphole Design/ Geometry

The uphole design comprises of harness made up of marine rope graduated in the appropriate calibration where explosives
can be attached and weighted on the lower end of a heavy metal. The marine rope was recalibrated at each depth point and
logged up to twelve channels as illustrated on the geometry diagram in Fig 8.

7.2 Equipment Set Up: The calibrated depths of 60m, 50m, 40m, 30m, 25m, 20m, 15m, 10m, 5m, 3m, and 1m were
employed for data acquisition in 3 dimensions, prior to acquisition there was an instrument test carried out at Om on the
ground level (Fig. 8).

8.0 Presentation of Field Data

Uphole locations A-F, as seen in Table 2, were acquired using this harness geometry as follows: 60m, 50m, 40m, 30m, 25m,
20m, 15m, 10m, 5m, 3m, 1m. The drilled hole was loaded with detonators varying from 1 to 10 caps depending on the depth
of calibration and quality of the first break. The corresponding table of values was recorded for arrival time against
geophones offset.

9.0 Interpretation and Discussion of Results

By quantitative interpretation of uphole location 1316/5398 (Plate 1), we have the weathering velocity V, represented by the
slope of the 1% segment as (8 — 2)/(24 — 6) x 10° = 333m/s.

The consolidated velocity,V, represented by the slope of the 2™ segment is given as(60 — 18)/(56 — 32) x 10?= 1750m/s

The depth of weathering Z,=9.0m.

Similar values were obtained for V,, V,and Z, in Plates 2,3,4,5 and 6.

Uphole seismic refraction survey conducted in the study area showed that two layers were penetrated by seismic wave
velocities with an average weathering (LVL) velocity of 374.3msec™ and consolidated velocity of 1714msec”having a
regional weathering depth of 8msec™.

Since velocity varies with depth, the weathering information obtained can be used to eliminate the effect of the low velocity
layer.

Result from the analysis indicates that the velocity of seismic wave propagating through the weathering layer Vranges from
328msec™ to 444msec™ and the velocity of the lower layer (consolidated zone), V, ranges from 1666msec™to 1785msec™.

Journal of the Nigerian Association of Mathematical Physics Volume 26 (March, 2014), 277 — 288

281



Uphole Seismic Refraction Survey... Alile, Airen, Okunzuwa, Ebomwonyi and Olague J of NAMP

Also from Table 4, the result showed that the first layer of velocity 432msec™ is silt (dry sand) the second layer of velocity
873msec™ consists of silt and gravel.

11.0 Conclusion

The velocity of the weathered layer (LVL) in OGA field,south western part of the Niger delta region was found to vary from
328m/sec to 444m/sec having a weathering depth or thickness variation from 4.0m to 10.0m.The lithology from the bore
samples revealed dominantly sand and clay unit. Therefore, for seismic reflection planning and design, prospective
explorationist/geologist for a drill log of 10.0meters at the base or below base of weathered layer is recommended in other to
eliminate the effect of travel times in the low energy zone in other to produce a better reflection data and less noise.
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Figure 3: Refraction path for a 2-Layer Case
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Figure 5: T-X plot for 3-Layer case.
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Figure 6: Raypath for a shot at Base of Weathering

Table 1: Seismic compressional wave (P-wave) Velocities in earth materials (Shell Intensive Training Programme, 2002).

,,,,T,,,, N
Zo Vo
j
Z,
7 v
-
IS AV
X
C R

Earth materials Vp(ms™) Earth materials Vp (ms™)
Unconsolidated materials Igneous/metamorphic rock

Soil 100 - 190 Granite 5500 — 6000
Sandy (dry) 190 — 1000 Gabbro 6500 — 7000
Sand(water saturated) 1500 — 1900 Utramatic rock 7500 — 8500
Clay 1000 — 2500 Serpentinite 5500 — 6500
Glacial till (water saturated) 1500 -2500 Slate 3500 - 4500
Permafrost 3500 — 4000 Quartzite 5500 -6000
Sedimentary rocks Pore fillings

Shale 1500 - 4190 Air 300

Sand stone 1900 — 6000 Water 14 00 — 1500
Limestone 1900 — 6000 Ice 3400
Dolomites 2500 — 6500 Petroleum 1300 -1400
Salt 4500 — 6500

Anhydrite 4500 — 6500

Gypsum 1900 — 3500
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Figure 7; Field Layout for Offset-Geophone Data Acquisition
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Table 2: Arrival Time at Different Depth in the UpholeSurvey

-1 8.50 7.50 7.75 6.50 8.50 6.50
-3 10.25 9.75 12.75 10.00 12.0 10.0
-5 12.50 13.25 14.00 12.50 13.0 12.0
-10 17.50 21.25 20.00 20.00 21.0 20.0
-15 19.25 27.00 21.00 28.00 30.0 28.0
-20 22.00 29.00 25.00 0.0 36.0 0.0

-25 25.50 31.00 28.00 33.00 37.0 33.0
-30 28.50 34.00 30.00 28.50 40.0 28.0
-40 34.00 39.00 36.00 42.25 45.0 42.0
-50 40.00 45.75 41.25 48.63 50.0 48.0
-60 50.00 51.00 48.00 53.75 57.0 53.0
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10.0 Discussion
Using equation (1), the depth of consolidated layer can be calculated as shown in Table 3

Table 3 Layer model of study area

Organic
Matter

Uphole Shot points Elevation Thickness Velocity (m/s) | Velocity(m/s)

Location (SPs) (m) (m) Weathered consolidated
layer layer

A 1234/5398 15.5 6.0 400.0 1692.0

B 1270/5338 18.6 7.0 333.0 1724.0

C 1408/5558 15.6 6.0 357.0 1785.0

D 1258/5478 26.0 10.0 444 1667.0

E 1330/5578 30.7 10.0 384 1666.0

F 1316/5398 6.0 9.0 328 1750.0

Total 112.4 48.0 2246 10284

Average 18.7 8.0 374.3 1714

Table 4: Classification of Geological Materials by Seismic Velocities

0 300 600 900 12001500 1800 2100 2400 2700 3000
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