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In order to get a higher success rate and a small number of wells for development, the
reservoir characterization was carried out using seismic, Petrophysical and rock physics
data in the B-interval of Miano 9 and 10, Miano area, Lower Indus Basin, Pakistan. For
this purpose, at first, the wells and shot points of seismic lines were located on a base
map. Then, the horizons were marked on seismic sections and further interpreted on the
Time Depth (TD) charts. Moreover, a synthetic seismogram relaying the seismic and
well data was made. In addition, different Petrophysical parameters were calculated
using well logs and the geological properties of rocks were related with the
corresponding elastic and seismic properties in analyzing the rock physics. The study
indicates that the area is deformed by horst and graben structure in subsurface and
lateral extents of faults were marked by fault polygons. The higher hydrocarbon
saturation, porosity and permiability as determined through well logs and the low elastic
properties calculated through rock physics in B-interval of Miano 9 and 10 indicate a
good potential zone of Hydrocarbon. The finding of this research work is useful to

understand the subsurface geology and hydrocarbon potential of the area.

1. INTRODUCTION

Sound waves bounces back after striking the rock
formations. When they return back they are being detected
through different sensors. Wave’s time and frequency
provides valuable information about the formation, rock
types and possible oil and gas reserves [1]. Seismic method
gives accurate information in drilling a well [2]. It can
explore the subsurface earth more precisely and gives the
detailed information about earth model, and thickness of
earth’s layers along with weathered layer [3, 4]. The whole
purpose of this research work is to interpret the subsurface
structures on the basis of reflection data.

Seismic structural interpretation is the method which tells
more about the subsurface structures i.e. orientation of fault,
depositional settings and information about horizons [1-4].
This method configures the arrival time/depth of subsurface
structures by creating different maps i.e. time and depth
mainly. Main elements for interpretation are the
identification/mapping of Formation boundaries and faults
present on the seismic section [5]. Usually Faults, folds,
anticlinal structures, duplex and pop-ups are included in
structural traps [6].

Continuous recording of physical properties of rocks with
depth is called well logging. The main objectives are to
identify pay zone of hydrocarbons, Petrophysical parameters
i.e., porosity, permeability, saturation of hydrocarbon,
lithology, physical and chemical rock properties. Rock
physics provides a link between geological reservoir
parameters e.g. Porosity, clay content, sorting, lithology,
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saturation and seismic properties e.g. acoustic impedance, P-

wave/S-wave, velocity ratio Vp/Vs, bulk density, Poisson’s

ratio and elastic module [7]. Different logs i.e., neutron, SP
and gamma ray log are being used to identify depositional
settings. This information helps us to identify stratigraphic

sequences [8].

The main objective of this work was to get a higher
success rate and only a few wells for exploitation in the area.
The objectives of research work are as follows:

a. Detailed seismic interpretation for identification of
structures favorable for hydrocarbon accumulation as
discussed in the sections, 4.1.1 to 4.1.10.

b.  Petrophysical analysis for identification of hydrocarbon
bearing zone as discussed in the sections, 4.1.11 to
4.1.20.

c.  Rock physics evaluation for reservoir zone as discussed
in the sections 4.1.21 to 4.1.27.

2. STUDY AREA

Miano (Block-20) zone falls within 62 kilometers
southeast of Sukkur city Sindh, Pakistan Figure 1. It is
lingering almost 42km adjacent to the strike. Mari and Sui
gas fields, the two productive fields of Pakistan are situated
individually 75km and 150km towards north of the Miano
field. The eight wells have been penetrated till today in the
B-Interval of Lower Cretaceous Guru Formation [9].
Geologically, it is constrained between the Indian basement
and the Kirthar Fold and Thrust belt. The cardinal points of
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upper left (27°36'35.9" & 69°12'57.1"), upper right
(27°36'35.9" & 69°27'30.4"), lower left (27°14'18.4" &
69°12'43.1") and lower right (27°14'10.1" & 69°27'51.8") falls
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on the map. Geological margins and positions of Miano
extent are presented in Figure 1.

Disputed
Territory

Latitude
Longitude

INDIA

Study Area (Miano)

tHenihern and Centenl
are wcollarlively designatea
ne Lovwer Indus Dasin)

| T atitade 27°14°N-27°32’ N
Longitude 69°12°E-69°28’E

- "

Figure 1. Study area on the map [10]

The area under consideration (Miano) in the Sindh
Province of Pakistan is a joint venture amongst OMV
Exploration (Pakistan), ENI Exploration and Production
Limited (ltaly), Pakistan Petroleum Limited (PPL) and Oil
and Gas Development Company Limited (OGDCL). The
production to date has been obtained through seven wells out
of eighteen penetrated in the region. Miano raw gas is being
handled at upgraded Kadanwari gas processing plant. At
present, Kadanwari plant is handling on an average 185
Million standard cubic feet per day (MMSCFD). The Miano-
8 well was tied in to production services in June, 2005.
Average gas trade of Miano field is round about 145
MMSCFD. The average daily trade throughout 2004-05 (up
to May 2005) from the field was 141.22 MMSCFD for
refined gas, and 104 barrels for condensate (Pakistan
petroleum Limited).

3. STRATIGRAHIC SETTINGS

Miano area comprises mainly of sedimentary rocks,
Permian to Mesozoic aged, overlain by an angular
unconformity of late Paleozoic age. At surface, there is no
out crops present as the whole area is overlain by an alluvium
sheet which results a successive stratigraphic column as
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shown in the Figure 2. An inclined gentle slope with
eastward direction has deposited a Progradational sequence
of Mesozoic. Permian, Triassic and early Jurassic
sedimentary rocks consist of inter-bedded sandstone, siltstone
and shale of continental to shallow marine origin. The area is
mainly comprised of continental to shallow marine
sedimentary rocks i.e., sandstone, siltstone and shale of
Permian, Triassic and early Jurassic age [11].

Chiltan Limestone of early to middle Jurassic shows very
prominent reflector in seismic section with very smooth
character. Limestone of Chiltan Formation is bounded by
Late Jurassic to Early Cretaceous regressive strata of topsets,
bottom sets and foresets, from top and bottom.

Sember Formation comprises mainly of black shale with
subordinate siltstone, sandstone and hydrocarbon source in
Middle and Lower Indus basins with 0.5 to 3.5percent of
TOC’s range. As Sember Formation has been deposited in
marine environment so it contains type Il Kerogens of
organic matter whereas, type Il Kerogens are also present
[12]. The regressive stratum topsets progrades Lower Goru
Formation which comprises “A”, “B”, “C”, and “D”
members. These members have deposited during changes in
sea level from high to low rapidly. That also refers to a
prograding sequence with slightly aggradational sequence
[13].
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Figure 2. Stratigraphy of area after [13, 14]

4. MATERIAL AND METHOD

Seismic Techniques are the genuine procedures used at the
present time to detect hydrocarbon reserves, geothermal
pools and groundwater. It delivers borehole, geophysical and
geological records by making use of elastic waves as done in
this research. It delivers information regarding the structure
and distribution of rock forms in the subsurface [15]. In
seismic reflection studies seismic energy poundings are noted
down which are returned back from the subsurface margins.
The traveling time and profundity of reflecting planes can be
deliberated from the information acquired through the
reflecting interfaces.

4.1 Work flow for seismic interpretation

The workflow charted for interpretation is prearranged in
Figure 3. Initially, a base map was organized by loading
navigation and Seg-Y records in IHS kingdom software.
Then faults were mapped out on the foundation of geology.
In addition, the seismic horizons were discerned using Time
Depth (TD) chart and then confirmed by making a synthetic
seismogram. Moreover, the Faults polygons were produced
to perceive the structural extents, existing in the studied area.
Meanwhile, the time and depth contour maps revealing the
subsurface structure in the research area were also compiled.

As the seismic interpretations were carried out step by step.

The details of different steps performed in seismic
interpretation are described in detail under the sections 4.1.1
to 4.1.10. Moreover, the results obtained through these stages
were further elaborated in the figures and tables in individual
section.
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Figure 3. Work flow of seismic interpretations

4.1.1 Seismic data

The data employed for recent exploration was comprised
of 11 seismic lines and three wells Miano-7, Miano-9 and
Miano-10. Four lines and two wells (in bold) were dispensed
to us for the accomplishment of this exploration work. The
details of seismic lines are revealed in Table 1.

Table 1. Seismic Lines data of research work

Line Number]Direction|Shot Points|Line Type|
P2094-211 N-S 102-739 Dip
P2094-212 E-W 102-739 Strike
P2094-213 N-S 102-740 Dip
P2094-214 E-W | 102-1175 | Strike
P2094-215 N-S 102-1175 Dip
P2094-216 E-W | 102-1136 | Strike
P2094-217 N-S 102-916 Dip
P2094-219 N-S 102-1140 Dip
P2094-220 E-W 102-785 Strike
P2094-221 N-S 102-1142 Dip
P2094-223 N-S 102-1153 Dip

4.1.2 Well data

Miano-09 and Miano-10 gas wells of the block-20 were
penetrated up to profundity of 3310 m to 3160 m in the
Lower Goru “B’’and “C” Sand Intervals. The comprehensive
statistics of the wells is set in Table 1.

4.1.3 Technical well data information

Formations tops and elementary well data facts have been
uploaded in order to display them on Base Map. The basic
information of Miano-09 and Maino-10 has been displayed in
the Table 2.

Table 2. Details of well data of Miano-9 and Miano-10

Wells Longitude Latitude Elevation
Miano-09 069°31'14.78" 027°37'17.47" 3385 m
Miano-10 069°31'33.83" 027°39'25.28" 3610 m

4.1.4 Base map

The Base map holds the information regarding the well
sites, concession frontlines along with the alignments of
seismic survey outlines and seismic surveys shot points.
Furthermore, it contains cultural data i.e., roads, erections
with geographic data information or Universal Transverse
Mercator (UTM) grid information. The base map of the area
under consideration is presented in the Figure 4. The Base



map displays four South West oriented strike lines and seven
North South oriented dip lines with two wells of Miano
block-20.

4.1.5 Seismic horizons
The four seismic lines (P2094-214, P2094-216, P2094-219

& P2094-223) were selected for interpretation. Of these
horizons were discerned on the strike lines P2094-214 and
P2094-216. In this work horizons were outlined on the
seismic line P2094-223 before tying with further lines.
Moreover, a synthetic seismogram was organized to confirm
the marked horizons.

o
v g © = x
Meters g b ('k,
513200 528200 = 20 5582 >
t 102 b~ : T} ;
2
] 1
w Mhlano- 10
GP2034.211 ﬁ 3% 7"';" GP2094.211
P2094.21 €
13058900 SN d,?gmszda
GP2094.215'= L GP2094.215
GP2094.217 "% GP2094.217
GP2094.219 M2 L3 Gp209s.219
GP2094.221 |2 L2 Gp2094.221
13043900, Miano-9 . 113043900
GP2094.223 B4 S LS Gp2094.223
mﬁ
o
g 875
130289001 g 413028900
o
RS2
©
~
13013900 4 LLEA) S é + 13013900
513200 528200 3320 558200
Scale = 1500000 shot points e
12000 1 4 2 Shot point interval 10 m
Figure 4. Base map of the Miano block-20
MIANO-9
South N
Shot Points = : ; Nocth
100 2000 2400 00 300 400 00 K00 S0 €000 €500 M00 2900 KOO 800 W00 IO NNOO 04O 11000 11500
! TSRS — = =" Amplitud
oz b-a..\‘t‘ on. p tude
m
- 801 313
E' ™
: = G
@ . __ ‘(’3-.?;‘~:g:;"¢ [~ Lo 2h
LS GO
b | LOWER GORU| ¥ e
S~ 2 00
SR 2008
b R
1430 218
L
6000
TR
20028
NS
e L
L2086
A¥00E
S0
4305
e ol ]
TR0
win
ma

21




Sumth Shot Points > North
s GP2094.219

19500 2000 2900 00 300 4000 400 5000 00 0 7500 8000 8500 %000 %500 1000 %000 19000

(dB)

A
080

(s) awry

West . East
Shot Points

(5
1500 000 2500 300 3500 &00 4500 00 5500 8000 6500 MO0 7500 00 8500 S000 $500 10000 10500 18000 14300

(s) sunn g,

3

Figure 5. B-interval on different seismic hozons

As the seismic data includes time and well data includes Table 3. Time of marked horizons along with color display
profundity, so horizons were not in a time format. The
synthetic seismogram, however, settled two-way travel time
contrary to each formation’s depth reserved from time depth
chart for earlier marked horizons. The synthetic seismogram Lo 161 -
was employed in the establishment of Interval-B horizon on a
corresponding line. Interpreted dip and strike lines on seismic _
horizons are individually presented in Figure 5 (a), (b) and B Interval 2.17 Gold

(c). The three horizons were marked and their time is
documented in Table 3.
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Figure 7. Fault polygon of B-interval

4.1.6 Generation of synthetic seismogram

Two way time (TWT) for discrete well top was required in
making a synthetic seismogram. The TWT was analysed
using sonic log from the well bore. Moreover, the digital data
of sonic and density logs were multiplied in creating an
impedance log [16] (Eq. (1)).The acoustic impedance (AI)
log was used to consider a Reflection Coefficient (RC) series
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by establishing a relation as assumed in Eq. (2) and a
synthetic seismic trace was made by formulating a source
wavelet (Ricker Wavelet) and convoluting it with a reflection
coefficient sequence as revealed by Eq. (3).

Convolution of wavelets with RC series means the
amalgamation of both, source wavelet and reflection
coefficient. mathematically can be documented as following:



Acoustic impedence (1)

=Vp(Sonic log )* Density(Rhob)= pv M
Reflection Coefficient = (p2V2 — plVI)/(p2V2 +
2
Y2049
Seismic Reflection = Seismic source wavelet * Earth 3)
reflectivity
Synthetic Seismogram = Source wavelet ¥ RC-Series 4)

The Synthetic seismogram of Miano-9 well, formulated
through the Eq. (4) and shown in Figure 6, fell on the seismic
line P2094-223 and it agreed with the horizonal marking.

4.1.7 Generation of fault polygons

The Fault Segment refers to the fault on seismic sections
while Fault Polygon is the term used for the fault on a map.
On entire seismic lines, the lateral extents of the faults were
displayed by the fault polygons. The Fault polygons were
geared up only for Interval-B (Figure 7).

4.1.8 Contour maps
The structures developed in a certain horizons are found

subsurface contouring.

4.1.9 Time contour maps

At the level of horizons, the lateral and vertical
discrepancies with respect to time are shown by the time
contour maps as it marks the outline of subsurface structures.
Time contour map is made for B-interval Figure 8. In short,
the 2-D variations in Time lapses are depicted in Time
contour maps.

4.1.10 Depth contour maps

It represents discrepancies with respect to profundity. For
depth contour map velocity through seismic line P2094-221
was analyzed on the Matlab programme.

Hence, Matlab program was used and CDP gathers of
seismic line P2094-221 was employed and a plot was
attained, revealing a very small disparity in the average
velocity for Lower Goru horizon B-interval. The iso-velocity
of almost 2300m/s was used to transfer time into depth
contour map. The analyzed velocity plot is presented under
neath in Figure 9 (a) with remarkable B-interval.

After velocity analysis and finding a distinct velocity,
depth contour map is compiled for Interval-B horizon (Figure
9 b) by using following formula:

usually through contouring in seismic interpretations. d=v*t/2 )
Formation and reference datum were nominated in
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4.1.11 Well logging

The log data of Miano-9 and Miano-10 was available in
Logging ASCII Standard (LAS) format. The methodology
adopted for this work is given in Figure 10. For calculating
rock properties IHS kingdom software was used in which
first we have loaded the well data then defined different
tracks.

The defined logs are displayed in tracks by conveying
ranges to each log and then different parameters of rocks for
both wells Minao-9 and Minao-10 are calculated. Moreover,
the hydrocarbon zones were marked and required results
were obtained and discussed in later sections.

The subsequent rock properties were calculated using well
logs:

By means of gamma-ray log presence of reservoir rock
was identified.
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Net sand and net pay was calculated.
Volume of shale was found.

Porosity was determined.

Water Saturation was obtained.

The hydrocarbon bearing zone was detected.

4.1.12 Raw log curve

Well data of Miano-9 andMiano-10 was used for prospect
analysis. This procedure was carried out in HIS kingdom 8.6.
For Petrophysical analysis the logs and different Tracks are
shown in Figure 11.

4.1.13 Calculation of rock properties of Miano-9 and 10

Petrophysical properties of B-interval were calculated in
Miano-9 and Miano-10. Depth interval of both wells are
shown in the Figures 12 (a & b).
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4.1.14 Volume of shale
Shale content reads higher GR value as compared to the
sandstone or limestone. Volume of shale is to be subtracted
through formation in order to get volume of true formation.
Vo= (GR Log — GR min) / (GR max — GR min) (6)

4.1.15 Sonic porosity

It measures the travel transit time (At) of shear and
compressional sound waves along borehole axis. Formula
and calculation of sonic porosity is given below:

27

DS=(AT-ATmad)|(ATr—A Tmar) 7
According to Wyllie interval transit time (AT) increased
due to the presence of hydrocarbon (i.e. hydrocarbon effect).
In order to correct this [17] suggested the following empirical
corrections using equation (7) and (8) for hydrocarbon effect.

@ = @s x 0.7(for gas) ®)

@ =@s x 0.9(for oil) 9)



4.1.16 Neutron porosity
Neutron logs measures the porosity of rock formation with
the help of hydrogen content present there. Its symbol is ®N.,

4.1.17 Total porosity
Sonic porosity and neutron porosity are used for
calculating total porosity.
OT=ps| 2pn (10)
4.1.18 Effective porosity
It is defined as “the ratio of the volume of interconnected
pore in a rock unit to the total volume of the rock by
removing the shale effect in that rock unit”. The following
relation is used for the determination of effective porosity
[18].
de = s+ @n/2*(1-Vsh) an
4.1.19 Water saturation (Sw)
It reads the percentage of effective porous water filled rock

volume. It is calculated by using the following formula given
in Eq. (12) known as Archie equation.

Sw=\FxRw /Rt (12)
Since, F is the formation factor written as
F=a/@ (13)

So, it is evident from Eq. (12) that to evaluate saturation of
water we have to find its resistivity (Rw).

4.1.20 Hydrocarbon saturation (Shc)

It is defined as the hydrocarbon present in the fraction of
pore spaces. Hydrocarbon saturation can be calculated by
using the Eq. (14).

She = 1—S (14)

The summation of results obtained by using Egns. (6) to
(14) for the Zone A of B-interval in Miano-9 and B-interval

of Miano-10 are summarized in the Tables 4 and 5
respectively.

Table 4. Calculated parameters in zone A of Miano - 9

Average volume of shale

0,
(VShavg) i

24%

Total porosity (PHIT) (Zavg) 11.8% 12%

Average Water satu ration
(Swavg)

51.7% 38%
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Table 5. Calculated Parameters in B- interval of Miano-10

Average volumeof

shale (Vshavg) S1%

28% 26%

Total porosity(PHIT)

)
(@avg) 10.5%

7% 9%

AverageWater
saturation (Swavg)

40% 32% 34%

4.1.21 Rock physics
Rock physics is the term that contains the techniques

relating the geological properties of rocks with the
corresponding elastic and seismic properties under certain
physical conditions [19].

Rock Physics uses the porosity logs and also the shear
velocity logs.

The aim of the rock physics is to establish P-wave (Vp), S-
wave (Vs) velocities, density and their relationship with
elastic moduli.

Rock Physics gives idea about velocities and elastic
parameters.

By observing the rock behavior of Vp, Vs, ratio of Vp
versus Vs and the poison ratio we can describe their behavior
in the reservoir.

Rock Physics may use information provided by the
Petrophysicist, such as shale volume, saturation levels, and
porosity in establishing relations between rock properties or
in performing fluid substitution analyses [19].

Seismic waves traveling through the earth create small,
short term, strains in the rock that lie in the elastic regime of
the rocks. Therefore, using the assumptions outlined below,
we were able to calculate useful elastic moduli such as
Young’s modulus and Poisson’s ratio [20] or the LMR
(Lame’s modulus, shear modulus, and density) parameters
[21, 22]. The moduli are described as dynamic because they
are measured by relatively high frequency measurements of
velocities of elastic waves [21]. These dynamic moduli
measured by seismic and well logs occur in the high
frequency range and with low strain amplitudes [23].

The work flow carried out in determining the rock physics
properties is summarized in Figure 13.

WELL LOG DATA

ROCKPHYSICS

] ]
SHEAR BULK POISSON'S
MODULUS MODULUS RATIO

Figure 13. Work flow in determining rock properties

YOUNG'S
MODULUS



4.1.22 Stress
The stress is the ratio of the force to the area on which the
force is applied.

4.1.23 Strain

When an elastic body is subjected to stresses, changes in
shape and dimensions occur. These changes, so called strains,
can be resolved into certain fundamental types.

As gxsthen o=Cs (15)

4.1.24 Shear modulus

Shear modulus is the ratio of shear stress to shear strain. It
is related to the deformation of the solid when force is
applied on it.

u=p*Vs (16)

4.1.25 Bulk modulus

Bulk modulus is defined as it measures the resistance of
the substance against compression.It is the ratio of volume
stress to volume strain. It is calculated by using Equation

K = p(VpZ — 4/3Vs?) 17

4.1.26 Young modulus

Young’s modulus is the stress needed to compress the
solid to shorten in a unit strain. It can be defined as “Ratio of
uniaxial stress over uniaxial strain in the range of stress in
which Hook’s law is valid. It can be computed as;

E=dle (18)

4.1.27 Poisson ratio

Poisson’s ratio, sometimes denoted by the Greek letter
small sigma (6), is to some extent neglected elastic constant.
It is related to other elastic constants by a simple set of
equations.

6 = 0.5(Vp2—-2Vs2) / Vp2-Vs? (19)

Plots of these properties of both wells are given below in

Figure 14 (a) and (b) and each property in B-interval was
determined.

5. RESULT AND DISCUSSION

After designing a base map falling at Universal Transverse
Marcator (UTM), a Synthetic seismogram of Miano-9 was
produced to confirm the B-Interval of Lower Goru Formation
in the Lower Indus basin, Pakistan (Figure 6). The Synthetic
seismogram of Miano-9 on the line P2094-223 was made.

The Synthetic seismogram was helpful in identifying the
exact location of the formation tops, picked in time domain,
then it was tied and has verified the top of B-interval.
Moreover, all consigned lines were then further interpreted
by making Fault polygon and contours. Five main faults (F1,
F2, F3, F4 & F5) along with three Horizon (Figure 5a) were
identified mainly with the reflector stability and values from
Time Depth (TD) chart (Figure 8 & 9b).

The fault polygons (Figure 7) have represented the horst
and grabens of B-interval (reservoir zone). The structural
peaks and depressions are evident from the Color bar. It is
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noticeably made known through time contour map (Figure 8)
that horst and graben structures are formed in the study area
and the favorable site for hydrocarbon accumulation is horst.
The color variation and color bar made it clear that small
values of time displays horst while great values of time are
graben.

It is also clearly obvious through contouring in maps
(Figure 8 and 9b) that the study area is comparatively
elevated area. Figure 7 shows fault polygon which confirms
the horst and graben structure, latterly. Whereas, Figure 8
shows time contour map which also confirms low values of
time at shallow regions named as graben while high values of
time confirms host structure. In depth contouring map section
the green color in Figure 9 (b) represents the shallowest horst
having low values of profundity, which might be the good
zone for the accretion of hydrocarbons because hydrocarbons
move towards low pressure area. Similarly, wells can be seen
in the maximum depth section which confirms the more
precise estimations in interpretation.

Well log is a proficient tool in reservoir characterizations,
hence employed in this research. Moreover, it is effective in
understanding the subsurface geology and other physical
conditions.

The Petrophysical interpretation of Zone A of B-interval in
Miano-9 indicates shale volume of about 24%, sonic porosity
up to 18%, total porosity up to 12%, average effective
porosity up to 8%, water saturation up to 38% and average
hydrocarbon saturation of about 62% in the well bore.
However, the following parameters in B-interval of Miano-
10 includes the average volume of shale up to 51%, sonic
porosity up to 10%, total porosity up to 10.5%, average
effective porosity up to 10%, water saturation up to 40% and
hydrocarbon saturation up to 60% in the well. Moreover, the
well log studies from Figure 12 (a)and (b) indicate that the
Lower Goru Formation is mainly composed of shale with
interbedded sandstone.

Rock properties were calculated to confirm the marked
zone and to check the behavior of these properties in this
zone. The values of young’s, shear, bulk modulus, Vp/Vs and
Poisson’s ratio as derived through the equations 16 to 19 are
low in Miano 9 and 10. The behaviour of these rock
properties can be understood through the Figure 14.

6. CONCLUSIONS

The seismic interpretations have shown the horst and
Graben structure in the area and time depth contour maps
have revealed that the horsts are the favorable structures for
hydrocarbon accretion in Lower Goru B- interval zone.
Moreover, the Petrophysical parameters indicating a higher
hydrocarbon saturation in the rocks. Furthermore, the
sandstone of the Formation is porous and permeable and
hence can act as a good hydrocarbon reservoir. Similarly, the
low values of young’s, shear, bulk modulus, (velocity ratio
Vp/Vs) and Poisson’s ratios as determined through the rock
physics have revealed the marked zone as hydrocarbon
bearing zone. So, by integrating Seismic, Petrophysics and
Rock physics studies in reservoir characterization, it is
concluded that theB-interval of Lower Goru Formation may
possess good Hydrocarbon reserves. However, in order to
achieve more better results in characterization of reservoirs,
the Geochemical studies are essential.
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(b) Rock properties of Miano-10

Figure 14. Behaviour of rock properties calculated from Miano-9 and Miano-10 wells
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NOMENCLATURE

| Acoustic impedance

RC Reflection coefficient

v Velocity at well point

t Travel time

TWT Two way Travel Time

Vsh Volume of shale

GR min Minimum value of GR log
GR max Maximum value of GR log
DS Sonic porosity

At travel transit time

ATmat Transit time in matrix

AT; Transit time in fluids

us/ft Microseconds per feet

oT Total Porosity

®n Neutron porosity

DS Sonic Porosity

Pe effective porosity

Sw Water saturation

Rw Resistivity of water
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Shc
Sw
Vs
Vp

True Formation Resistivity

Formation factor

saturation exponent usually taken as 2 but
the value varies between 1.8 - 2.5

Constant and equal to 1 for sandstone
Cementation factor and 2 for sandstone
Hydrocarbon saturation

Water saturation

S-wave velocity

p-wave velocity

32

Greek symbols

Variations of variables
Density

stress

Strain

stiffness constant
Porosity

Shear modulus

Bulk modulus

Young modulus
Poisson ratio
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