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ABSTRACT

The objective of this research is to determine the hydrocarbon potential of well Manzalai-
01. The well Manzalai-01 is located in the western part of the Upper Indus Basin.
Tectonically, the respective well is located in the Kohat sub Basin near Kurram fault. The
tectonic regime of this area is compressional where both strike slip and thrust faults are
present. For petro-physical analysis, log data for well Manzalai-01 was acquired from
LMKR approved by DGPC, Islamabad. In well Manzalai-01, two zones of interests have
been identified on the basis of logs tends. One prospect zone has been marked in
[ ockhart Limestone and one zone of interest has been marked in the Lumshiwal
Formation. The various petro-physical parameters were calculated for Lockhart
Formation and Lumshiwal Formation. Petro-physical Analysis suggests that average
volume of shale Average Percentage is 13% for prospect zone of Lockhart Formation and
14.33% for prospect zone of Lumshiwal Formation. Average porosity for prospect zone
of Lockhart Formation is 2.71% and for prospect zone of Lumshiwal Formation is 2.38%
Average effective porosity for prospect zone of Lockhart Formation is 2.35% and for
prospect zone of Lumshiwal Formation 2.06% , the average water saturation is 5.2% and
52.1% , the average hydrocarbon potential is 94.7% and 47.83% for Lockhart and
Lumshiwal formations respectively. The results showed that in well Manzalai-01, both
clastic and carbonate reservoirs are present. On the basis of low percentage of volume of

shale and the high percentage of the hydrocarbons, the results computed that both

formations are acting as major reservoirs in well Manzalai-01.
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CHAPTER 1

INTRODUCTION

1d General introduction

The Islamic Republic of Pakistan is located in the South East of Asia. Pakistan,
the fifth most populated country on the planet with an evaluation of over 212.2 million
population have more than 9 BBO as well as 105 TCF of natural gas reserves. (Saleh,

2015)

Almighty Allah has blessed Pakistan with a significant amount of oil and gas
reserves, which assuredly are very crucial for the optimization, economy and providence
for the financial growth of the country. Hydrocarbons play a vital role being the
significant source of energy and economy. Ascertaining the Hydrocarbon content

subsequent to its production is indeed very critical. These reserves are found under the

suitable conditions into the sedimentary basins.
Pakistan has two Sedimentary basins:

1. Indus Basin.
2. Baluchistan Basin. (Ibrahim, 2009)

The study area, well Manzalai-01 is situated in the west of the Upper Indus Basin.
The lithological columns of Tal block's Manzalai wells reflect a comprehensive
depositional record of sedimentary accumulation from Jurassic to Palaeocene i.e, 200-55
million years. The eight formations can indeed be identified throughout the Manzalai
wells with almost the same names as well as palaeo-facies, but often with a slightly
distinct petrographic as well as sedimentary, palacontological outline and varying

sequence. (Berecz, 2010)

There are a number of oil and gas discoveries in the respective region. Indus basin
is a massive basin and the drilling pursuits have been carried out in the respective area in

the sub-continentas well. Pakistan, offers a promising prospects for exploring the




resources of oil and gas. Until that, nevertheless, the pursuits in the domain of exploration
and production of hydrocarbon resources in the country have remained intermittent
cyclical and chiefly depends on the feedback of the multinational companies in this

sector. New avenues are arising through technological advancement.

Core Analysis, wire-line logging and mud logging are the most effective
approaches for measuring and analyzing the formation's chemical and physical

properties, providing information on rock types, the composition of the fluid present and

several other aspects of petro-physics.

We therefore need to understand the lithology, permeability, porosity, density

including saturation of water and/or other fluids present for petro-physical study (Mavko

el al., 2003).

1.2  Exploration History

In December 2002, the hydrocarbon exploration activity was conducted in the Tal

Block (KPK), which resulted in the discovery of the well Mazalai-01.

1.3 Location
The well Manzalai-01 is located at Tal Block of KPK at latitude 33°16°43” N and

longitude 70°48°57.59” E as shown in figure 1.1.
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Figure 1.1: Location map of study area (ArcGIS)
1.4  Objectives

The well of interest i.e, well Manzalai-01 is located in the Tal block (KPK,
Pakistan). In the Kohat sub-basin, various wells had been drilled already but not much
information has been collected, assessed and evaluated for the benefit of the public.
Nevertheless the related region has the capacity to carry out more exploration activities
for oil and gas. The primary objective of this report was to investigate, formation
evaluation of Manzalai 01 through petro-physical examination and the possible properties

of multiple generating horizons of well Manzalai-01.

1.5 Methodology
1. Mark the zone of interest
ii.  Estimation of volume of shale
i.  Estimation of porosities

iv.  Estimation of Water Resistivity (Rw) by SP method



Vi.

Estimation of water saturation (Sw) by using Archie’s equation

Calculation of Hydrocarbon saturation

.



Chapter 2

Tectonics and Stratigraphy

2.1 Tectonics

There was a collision between the Indian plate as well as the Eurasian plate
around 55 to 50 million years ago that contributed to the uplifting of the Himalayas
attributable to the geodynamic processes of continental drift from the southern
hemisphere to the northern hemisphere, spreading of the sea floor including collision
tectonics. The four fault systems, such as the Main Karakoram Thrust (MKT), Main
Boundary Thrust (MBT) as well as the Salt Range Thrust, accompany the Kohat basin
(SRT). The Karakoram block, the Kohistan Island arc, the Northern Deformed Fold-
Thrust Belt, the Southern Deformed Fold and thrust Belt as well as the Punjab Fore deep
divided the Pakistan Himalayas into different lithotectonic terrains between north of the
Eurasian plate towards south of the Indian plate (jan, 1997). The Surghar range, the
southern Bannu basin as well as the northwestern Samana range establish the
geographical boundaries of a Kohat plateau. The biggest centre on the Kohat plateau 1s
now thought to be thrusted and deformed to create the foreland geometry for the
deposition of sediments that were mostly eroded during the Miocene. The first
depocenter is the Kohat plateau. The southern boundary of the collision zone in North
Pakistan is marked by the Kohat plateau and has well preserved Himalayan orogeny
indentation. (jan, 1997) In the early Miocene, the folding and thrusting belt of the Kohat
foreland was found to be significant, and is also characteristic of sedimentary rocks
ranging from paleocene to pliocene in ages. The oldest rocks exposed throughout the
Kohat sub-basin containing Hangu, Lockhart limestone as well as Patala formation of
paleocene age. (jan, 1997) All such formations became accumulated either by Indian
Plate margin loading throughout the fore-deep marine environment and represent the first
known convergence of the Himalayas. The progression of the Paleocene is conformably
overlain by the succession of Eocene (formations of Panoba, Jatta gypsum, Bahadurkhel
Salt, Kuldana as well as Kohat (clastic and non-clastic rocks) accumulated in the small

marine basins and denote a tectonically divided portion of Tethys seen between



continental margin with northwest India as well as the frontier of southern Asia. (jan,

1997) The continuation of the Eocene is unconformably overlaid by either a dense

succession of Miocene to the Murree, Kamlial as well as Siwalik group of Himalayan

molasses. The northern section of the Kohat plateau spanning east-west is characterised

by the Kohat range which contain jurassic to paleocene carbonates, shale , sandstone,

including Datta, Shinawari, Samana Suk, Chichali, Lumshiwal, Kawagarh, Hangu,

Lockhart I
metres mostly in proximity of TAL Block.

mestone as well as Patala formation with a thickness of approximately 1300
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Figure 2.1: Tectonic map of study area (Kazmi, 1997)



2.2 Generalized Stratigraphy of Upper Indus Basin
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2.3 Borchole well stratigraphy

Table 1.1: Borehole stratigraphy of well Manzalai-01

Age Formations Formation top Thickness
(m) (m)
Miocene Murree Formation 16 1335
Eocene Kohat Formation 1351 186
Tertiary
Eocene Kuldana Formation 1537 1991
Paleocene Lockhart Limestone 3528 159
Paleocene Hangu Formation 3687 15
Late Kawagarh 3702 195
Formation
Cretaceous
Lumshiwal 3897 63
Formation
Early
Chichali Formation 3960 184
Samana Suk 4144 191
Formation
Jurassic Middle
Shinawari 4335 176
Formation
Early Datta Formation 4511 64




24 Petroleum play

Table 1.2: Petroleum play of well Manzalai-01

Seal/Cap Rock | Lumshiwal Formation Cretaceous
Kuldana Formation Eocene
Reservoir Lumshiwal Formation Cretaceous
Rock .
Lockhart Limestone Paleocene
Source Rock Chichali Formation Cretaceous
Hungu Formation Paleocene




CHAPTER 3

PETROPHYSICAL ANALYSIS

3.1 Introduction
The assessment of the types of rock as well as their contact to fluids is considered

as petro-physics. In symbolic definition, the word “Petra” pertains to “Rock™ and
“Physics” refers to the “Study of nature”. Consequently, the assessment of
physicochemical geological formations as well as their ability to interact with fluids
includes petro-physical study. Laboratory as well as log data will acquire petro-physical
data. By studying and analyzing, well log findings by methodologies that are positioned
in the borehole whether by taking sediment cores, petro-physicists sample source rock or

reservoir.

For the area of relevance, the shale volume, clean volume, porosity, water saturation and
hydrocarbon saturation are evaluated by measuring the hydrocarbon potential. By
monitoring the water saturation and hydrocarbon saturation after because, the primary
priority is to evaluate or accurately measure the hydrocarbon potential in the reservoir.

Hydrocarbon saturation means how often rock pores have been saturated by hydrocarbon.

3.2 Steps for Petro-physical Analysis

The petro-physical research steps were taken as stated below:

i.  Volume of shale (Vsh)

ii.  Porosity calculation (@)
iii.  Water resistivity (Rw)
iv.  Water saturation (Sw)

V. Hydrocarbon saturation (Sg)

3.3  Methodology
The first and main task with proactively monitor of well Manzalai-01 have
become effective regulation of logs by carrying log readings at multiple points,

measuring different petro-physical boundary conditions. For the investigation of well

10



Manzalai-01, numerous strategies have been used to evaluate water as well as

hydrocarbon saturation, relocating hydrocarbons or permeability from diverse log data.

3.3.1 Zone of Interest

The area of the formation serving as a potential reservoir is referred to as the zone
of Interest. It varies from a few meters to tens of meters, depending on the formation.
Mostly on ground of the gamma ray, caliper, neutron, density as well as resistivity logs,
the zone of interest is defined. The requirements for marking an interest zone are as

follows:

i.  The whole first condition is that the caliper should be constant, in other words that
the bit size must not change significantly.
ii. The second criterion would be that the GR ought to be minimal, implying that
there is less shale content in lithology so it is clean.
iii.  The third criterion is that the log curve of resistivity should be available in the
following triplicate:
MSFL is supposed to be lower than LLS and LLS is supposed to be lower than
LLD
iv.  The fourth requirement is that the Neutron-Density crossover should cross and be
at the lower values i.e, to step towards low values and each other.
v. The fifth criterion is to search for the negative deflection of the SP that reveals

about the permeability.

3.3.2 Calculations of Volume of Shale

The gamma ray has been used to test the shale content present in the formation.
The higher shale content would have been the gamma ray value, that further means dirty
formation. Formations which produce less radiation with a low amount of shale or clay
content are identified as clean zones. The shale volume is measured with the aid of the

following equation: Iggr -Vsh (Schlumberger, 1974).

Icr= (GR log — GRpin) / (GRyax- GRpin)

Where

11




[ gr = Index Gamma Ray.
GR log = The value of the gamma rays in the interest zone
GR min = Values of minimum Gamma Rays.

GR max = Values of maximum Gamma Rays.

3.3.3 Volume of Clean

To measure the volume of clean, the following equation is used (Schlumberger

1974):

Vclean =1- sh

Where
Vsh indicates volume of shale.

3.3.4 Porosity analysis and Calculations
Porosity is a physical characteristic of a rock which determines the state of total

number of vacant rock spaces. It is known as the proportion in the percentage of the
volume of pores that can contain fluids inside the rock. The two porosity groups are
primary, i.e. that would be produced during rock deposition whereas secondary porosity

i.e, that would be generated after deposition attributable to rock fracturing as well as

dissolution (Tiab and Donaldson, 2015).

3.3.4.1 Density Porosity

The density value is computed using the density log density and thus the

subsequent formula is used for a porosity calculation:

(I)= (Pmatri.t - Pbulk)/ (Pmatrix - Pﬂuid)

Here

3
Praiix = Density of matrix (Limestone or Sandstone=2.71/2.65 g/cm )

Py = Bulk density of the formation

3
Pyuig = Density of fluid (saline water = ].1g/em”)

12



PhiE = PhiA * v clean
Where

PhiE = Effective porosity
PhiA = Average porosity
Vclean = Volume of clean

3.3.4.6 Resistivity of water

Water resistivity is crucial for the measurement of water saturation. The phases in

which resistivity is measured are below:

Phase 1

The first and foremost step is the Geothermal Gradient measurement, and it can

be calculated by the help of equation stated below:

Geothermal Gradient = (Borehole Temperature- Surface Temperature)/Total Depth

Phase 11

The next stage is to evaluate the temperature of the formation that can be

measured by using given equations.

Formation temperature = (Formation Top * Geothermal Gradient) + Surface Temperature

Phase II1

Rmf at Surface temperature is transformed to Rmf at Temperature of formation

by using the chart GEN-9.

Phase IV
Rmf would then be converted to Rmfeq at the formation temperature using the
mf w

SP-2 plot.

Phase V

. Cf
Th t phase seems to be using the SP Log to measure SSP. It is important for
e nex

i the Rmf,, that
the estimation of Rweq. A straight line should be drawn going through all the Rmf,,
imatio eq-
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PhiE = PhiA * v clean
Where
PhiE = Effective porosity
PhiA = Average porosity
Velean = Volume of ¢clean
3.3.4.6 Resistivity of water

Water resistivity is crucial for the measurement of water saturation. The phases in

which resistivity is measured are below:

Phase 1

The first and foremost step is the Geothermal Gradient measurement, and it can

be calculated by the help of equation stated below:

Geothermal Gradient = (Borehole Temperature- Surface Temperature)/Total Depth

Phase 11

The next stage is to evaluate the temperature of the formation that can be

measured by using given equations.

Formation temperature = (Formation Top * Geothermal Gradient) + Surface Temperature

Phase 111

Rmf at Surface temperature is transformed to Rmf at Temperature of formation

by using the chart GEN-9.

Phase IV

Rmf would then be converted to Rmfeq at the formation temperature using the

SP-2 plot.

Phase V
Log to measure SSP. It is important for

The next phase seems to be using the SP
going through all the Rmf,q that

the estimation of RWeq. A straight line should be drawn
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allowsl the Rw,q value, and used the SSP, Formation Temperature and thus the Rmf
value in the SP-1 plots. q

Phase VI

It is the last step in the measurement of water resistivity using SP-2 plot. The
value of Rw., for the calculation of Rw is often used.

3.3.4.7 Water saturation

Water saturation seems to be the sum of wet zone existing in the formation that

would be known as the volume of water to pore-volume ratio. While using the Archie's

formula, we measured water saturation.
Sw = Square root (Ry/R*(PhiE~2))
Where
Rw = Resistivity of water
R, = Resistivity of true zone (calculated from LLD)
PhiE = Effective porosity

3.3.4.8 Hydrocarbon saturation
Ry is needed to measure hydrocarbon saturation. The following equation

calculates the saturation of hydrocarbons (Schlumberger, 1989).

Su=1-Sw

Here
Sy = Saturation of Hydrocarbons

Sw = Saturation of Water

15



34  Petro-physical interpretation of well M

3.4.1 Zone of interests

Different areas of interest in both ¢l
in Manzalai-01. Lockhart Formation

well 1s intended to be prospective reservoirs. Within these reservoir rocks, table 3.1

as well as Lumshiwal Formation in Manzalai-01

shows the thickness of each prospect zone.

azalai-01

astic and non-clastic reservoirs were classified

Table 2.1: Showing the Potential Reservoirs of well Manzalai-01, zones and thickness of the formations

F Formation .Zone of Starting Ending Thickness
interest depth depth
(m) (m) (m)
Lockhart Zone A 3556 3560 4
Lumshiwal Zone B 3897 3917 20

3.4.2 Petro-physical analysis of Lockhart formation in well Manzalai-01

As the GR curve on track 1 has lower and consistent values as shown in figure
3.1, Manzalai-01 has clean lithology as well as the log patterns of Zone A, marked within
Lockhart Limestone. A borehole is marginally over gauged, however borehole conditions
are fine as track 1 of the caliper log is shown in the figure. In track 2, there is indeed a
clear distinction among MSFL versus LLD, indicating the existence of fluid for
formation. There is indeed a neutron density crossover that suggests a decline in the
neutron as well as density values of the target region in the context of hydrocarbon. The

lithology of Lockhart limestone is majorly composed of carbonates so it displaying the

linear trend of sonic log.

16
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3.4.2.1 Volume of shale (Vsh) of zone of interest within Lockhart formation

The shale volume (Vsh) is referred to as the index of the gamma ray (IGR), which
is the measurement of shale/clay consistency or lithological cleanliness. A shale volume
spike implies a rise in gamma-ray, indicating radioactive formation, whereas clean

lithology has less shale volume, shown by a decrease in gamma-ray values.

Volume of shale %

0% 50% 100%
3556 ———prereo

Depth -
(meters 3558 |-

)

3560 =

5 Volume of Clean
DVvolume of Shale

Figure 3.2: Relationship between volume of shale and volume of clean

The cross plot between shale volume and clean volume in the Lockhart

formation (Zone A) is shown in figure 3.2, beginning at 3556 m depth and ending at
3560 m depth. From Figure 3.2, it is evident that shale volume shows low percentage

values within the interest region. The volume of shale has a linear pattern at the start
and the end of the zone of interest.
3.4.2.2 Calculation of porosities of zone of interest within Lockhart formation

L. Neutron Porosity

For calculating the fluid-filled porosity of the zone of interest, a neutron log is

used. Neutron log direct informs you that in the API unit, porosity has values. The
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average neutron porosity percentage is 2.2 % : .
g€ 1s 2.2 % shown in table 3.2, while the neutron curve

marked in zone of interest is showing decrease in values

Table 3.2: Average neutron porosity (%)

Formation Depth (m)

Average Neutron Porosity (%)
Lockhart (Zone A) 3556-3560 22

IL. Density Porosity

A density log is used to provide us with knowledge on lithology and its distinct
features, e.g, the presence of organic matter including porosity. It tests the formation's
bulk density. In zone A, Lockhart Limestone's gross average porosity is 3.22 percent. In
the initial depths of both the respective formation, the density porosity is greater, since

there is very low value around depth 3559

Table 3.3: Average density porosity (%)

Formation Depth (m) Average Density Porosity (%)
Lockhart (Zone A) 3556-3560 3.22

III.  Sonic Porosity
To determine the sonic porosity, the matrix of the lithology as well as transit time

is required.

Table 3.4: Average sonic porosity

Formation Depth (m) Average Sonic Porosity (%)

Lockhart (Zone A) 3556-3560 6.81

IV.  Average Porosity
It can be determined by taking th
density.

e neutron average and thus the porosity of
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Table 3.5: Average porosity

Formation

Lockhart (Zone A) |

V. Effective Porosity

Effective porosity

 Depth(m) |

© 3556-3560

KV:I‘JEL Porosity (%)

2.71

1s the amount of pores that are interconnected or have

interconnected pores found in a rock. Often, effective porosity is less than total porosity.

Because it represents how much fluid is going to move, successful porosity matters. This

equation calculates effective porosity if sonic porosity is not available.

Table 3.6: Average effective porosity of Lockhart Formation

Formation

Depth (m)

Average Effective Porosity (%)

Lockhart (Zone A)

3556-3560

2.3

3.4.2.3 Relationship between Vg, and Porosities

Neutron porosity means total porosity, but because efficient porosity is always

smaller than total porosity, effective porosity is higher than that as shown in figure 3.3.
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Percentage
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: r
3556 ' | ‘

N\ \
3557 ¢ / /, /
3559

3560 \

Depth {m) 3558

e\ olume of Shale %
s SPHI %
— APHI%
— EPHI %

Figure 3.3: Variation in PhiS, PhiA and PhiE

3.4.2.4 Resistivity of Water of zone of interest within Lockhart Formation

It is the key and perhaps most sensitive approach to the measurement of water

saturation including hydrocarbon saturation assessment from water saturation. High water

saturation and lower hydrocarbon saturation will be activated if the water resistivity is

high, and vice versa. The resistivity of water can be calculated by two methods, which

are.

L. Method of SP
I1. Method for apparent resistivity (Rw)

The most effective technique is the SP method, as well as the least accurate

method used to determine water resistivity is Apparent Rw. So, the SP method has been
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used here to measure water resistivity. The SP process requires a total of seven steps

which are accompanied by conducting measurements. Geothermal gradient of well

Where,

I. Geothermal gradient

BHT = 115°C

S.T =29°C

Total Depth = 4575m

= BHT — ST / Total Depth
=115-29/4575
=0.018°C/m

IL. Formation Temperature

Where,
Formation Top = 3556 m

Geothermal Gradient = 0.018°C/m
= (Formation top * Geothermal Gradient) + Surface Temperature

= (3556 * 0.018) +29
=93°C

M. Rmf at Surface Temperature to Rmf at Formation temperature

By using Gen-09 chart,
0.075 chm-m - 0.034 ohm-m
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IV.

Conversion approximated by R, = R, (T, + 6.77)(T,+ 6 77)] F or A, = R, [(T, + 21.5)/(T, + 21.5)]'C
J 1 T (ly+ )

L]

/
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Resistivity of solution (ohm-m)

0.05 ——
0.04

0.03 |

§
§
A
lllll]l!l T

&
&
[L]

&
§
/{

LELE |

{
lllll‘l

= 523

T T
250 300
120 140 160 180 200
P11 i

&8
b

T
350 400

j - |

S Scrlumier et

Figure 3.4: Gen-9 chart to convert

Rmf to Rmfq

Using SP-2 metric chart
0.034 ohm-m - 0.025 ohm-m
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gamma Ray and Spontaneous Polential

Rw versus Rueq and Formation Temperature

0.001

0.002

0.005

0.01

Py OF Rpyaay (OhM-m)

Figure 3.5: SP-2m metric chart for conversion of Rmf to Rmfeq

V.  Calculation of Static Spontaneous Potential by using SP log

SSP=+10

SP-2m
(Metric)

-—25'C

N\,

™\ Saturation

VI. SSP and Rmfeq to Rweq

Using SP-1 chart

+10 & 0.025 ohm-m - 0.03 ohm-m
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Rweq Determination from Eggsp -

Clean formatons

This chart and nomograph calculate the equivalent forma Frampie  SSP= 100 mV w 250}
water restshivaty, R, Trom the static spontaneaus Koy = (.70 ohm m at 1001
potential, B s measurement in ean formations or 0.33 ohm-m at 250°F
I nter the nomograpy suoinmbd ¢ through
Emter the nomograph with | i mV, turming througl Iherefore. R = 0.85 x 0.33
he resenvont temperature 1o Foor O to detine the R
= (1. 2% ohm m at 250}
k K .., rato From this value, pass through the R e,
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w v dehoe K, R (00258 ohim moat 2500 | A,
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Figure 3.6: SP-1 chart for conversion of Rmfeq to Rweq

VII. Rw,, to Rw
Using SP-2 metric chart (fig. 3.5)
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0.03 ohm-m - 0.039 ohm-m

3.42.5  Saturation of water and Saturation of hydrocarbon in zone of interest

within Lockhart formation:

The water saturation gives information about the number of pore

spaces, water filled. Water saturation will determine hydrocarbon saturation. The
Fig.3.7 shows the cross plot among saturation of water as well as saturation of
hydrocarbons at the target depth of the region of interest, spanning from 3556 m to
3560 m. At the sustained increase, hydrocarbon saturation and water saturation were

roughly equal, yet water saturation increased with the rise in depth. The highest
saturation value for hydrocarbons, at a depth of 3558 m, is 94.7%.

Percentage

0% 50% 100%

3557

Depth

(m) 3558

3559

3560

W Saturation of
Hydrocarbon

B Saturation of water

Figure 3.7: Variation in water saturation and hydrocarbon saturation within marked zone of interest
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3.4.2.6 Results

Table 3.7: Results of petro-physical analysis of Lockhart Formation of well Manzalai-o1
Formation Lockhart
Zone A
Thickness(m) 4
Average volume of shale (%) 13
Average volume of clean (%) 87
Average Total Porosity (%) 271
Average Effective porosity (%) 2.35
Resistivity of water (£2 m) 0.039
Average Water saturation (%) 5.2
Average Hydrocarbon saturation (%) 94.7

3.4.3 Petro-physical analysis of Lumshiwal Formation in well Manzalai-01

As the Gamma-ray curve in track 1 has inconsistent and low values, this
formation has dirty lithology in Manzalai-01, as shown in fig 3.8. The borehole is
under-guaged, however the optimal borehole conditions are good. In Track 2, there is a
clear difference between MSFL and LLD, as MSFL is less than LLD, indicating that
fluid formation is present. As the neutron and density values are declining, there is a

neutron density crossover that suggests hydrocarbon presence. The formation of
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mshiwal is primarily ¢ o
. al1s primarily composed of sandstone, so it does not indicate a linear sonic log

trend.

3.4.3.1 Volume of shale (Vsh) in the zone of interest of Lumshiwal Formation

The shale volume (Vsh) is attributed as the index of the gamma ray (IGR), which
is the measurement of shale/clay consistency or simply lithological cleanliness. A spike
in shale volume implies an increase in gamma-ray, suggesting radioactive formation,

whilst clean lithology has lower shale volume, reflecting a decrease in gamma-ray

concentrations shown in figure 3.9.

Volume of shale%

Depth (
meters)

- yolume Of clean

0)volume Of Shale

Figure 3.9: Relationship between Vshale and Vclean
A cross plot amongst shale volume and clean volume in the interest zone
beginning at depth 3897 m while ending at depth 3917 m in the Lumshiwal Formation is

shown in figure 3.9. It is evident from the figure that shale volume demonstrates low
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sercentage values withi o interec .
I n the interest region. The Quantity of shale within the interest
st zone

varies (Zone B). The shale volume is very low

at the beginning a

. nd elevated at the end
There 1s an abrupt rise and decreas : .
an abrupt rise and decrease in Vsh values which further leads to higher values

throughout the Lumshiwal Formation till the end of that scale within this particular field
' ar fie

of interest.

3.4.3.2 Calculations of porosities in the zone of interest of Lumshiwal Formation

1. Neutron Porosity

For calculating the fluid-filled porosity of the region of interest, a neutron log has
been used. Neutron log direct notifies that porosity has values in the API unit. The

average percentage of neutron porosity is 2.85 percent, although the neutron curve

marked in the interest zone indicates decreases in values in figure 3.8.

Table 3.8: Average neutron porosity

Formation Depth (m) Average Neutron Porosity (%)
Lumshiwal (Zone B) 3897-3917 2.85

II.  Density Porosity

A density log is used to provide us with knowledge on lithology and its distinct
features e.g, the presence of organic matter including porosity. It tests the formation's
bulk density. In zone B, Lumshiwal formation gross average density porosity is 1.90

percent.

Table 3.9: Average density porosity

Formation Depth (m) Average Density Porosity (%)

Lumshiwal (Zone B) 3897-3917 1.90

III.  Sonic Porosity

To determine the sonic porosity, the matrix of the lithology as well as transit time
is required.
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Table 3.10: Average sonic porosity

Formation
Depth (m) Average Sonic Porosity (%)

Lumshiwal (Zone B) 3897-3917

3.88

IV.  Average Porosity

- It can be determined by taking the neutron average and thus the porosity of
ensity.

Table 3.11: Average porosity

Formation Depth (m) Average Porosity (%)

Lumshiwal (Zone B) 3897-3917 2.38

V.  Effective Porosity

It is the interconnected amount of pores found in a rock. Efficient porosity is
always inferior to maximum porosity. Mainly because it represents how much fluid is

going to move, successful porosity matters.

Table 3.12: Average effective porosity

Formation Depth (m) Average Effective Porosity (%)

Lumshiwal (Zone B) 3897-3917 2.06

3.4.3.3 Relationship between Vshale and porosities

The volume of shale and porosities are shown in Figure 3.9, with their

interaction with each other. Complete porosity is indicated by neutron porosity and is

indicated by higher than effective porosity, which is mostly below total porosity. At

the beginning and end of formation, the shale volume percentage is higher. In the

center of the zone of interest, neutron porosity increases, where shale volume

decreases, while effective porosity increases as well.
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e EPH 1 %
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Figure 3.10: Relationship between Vshale and porosities

3.4.3.4 Resistivity of water of zone of interest within Lumshiwal Formation

The best approach is the SP method, obvious Rw is the least reliable method for
determining water resistivity. The SP method was used for water resistivity calculation

here. A total of seven steps accompanying measurement are needed in the SP process.

I. Geothermal gradient of well:

Where,

BHT = 115°C

S.T=29°C

Total Depth = 4575m

= BHT — ST/ Total Depth
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=115-29/4575
=0.018°C/m

I Formation temperature:
Where,
Formation Top = 3897m
Geothermal Gradient = 0.018°C/m

= (Formation top * Geothermal Gradient) + Surface Temperature
= (3897 * 0.018) + 29
=99.14°C

III. Rmf at Surface Temperature to Rmf at Formation Temperature:

Using Gen-9 chart
0.075 ohm-m - 0.03 chm-m
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VL

Gamma Ray and Spontaneous Potential

Rw versus Rweq and Formation Temperature

0.001

* bioo2

SP-2m
(Metric)

Y 250°C
N — 200°C

AN 1s0°C

.‘__,25=C

Ryl R O

. Saluration

Figure 3.12: SP-2m metric chart to convert Rmf to Rmfeq

Calculation of Static Spontaneous Potential using SP log

SSP =+10

SSP and Rmf,, to Rw,,

Using SP-1 chart

+10 & 0.025 ohm-m — 0.03 ohm-m

35



Gamma Ray and Spontaneous Potential

Rueq Determination from Eggp

Clean tormations P4
This chart and nomaograph calculate the equivalent forma. Fuample  SSP = 100 mV at 250 ¢
water resistivaty, Ra, from the static spontaneons K
potential, Eag measurement in Clean formations

= 0.70 ohm om at 100§
or U 13 ohm-m at 2540}

nier the nomoeranh w Fase in MV, turming through
Enter the nomograph with Exge in 1 turming throuy Therefote, Ruse = 0,85 » 0,33

¢ reservonr temperature in F oor C o detine the

= 028 ohm-m at 2501
K K. ratio. From this value, pass through the Ress,
value o dehne Ro

Roan; = 0,025 ohm-m at 250 F R
_—
Foe predominantly NaCl muds, determine R rdeq &5 Essr = =K 102 R e /R aeg) {ohm-m)
i Ke=61+0133 T © 001
4 IR at 78 1 (24 O s greater than 0 1 ohm-m, K =65+0247T« kf
coredt Rag 1o formation temperature using Chart -
Gen-9, and use Rayseg = 085 Ry
Bl Ra at 75 F (24 Chas less than 0.1 ohm-m, use I
Chan SP-2 to denive a value of R, st formution
temperature L
A g [ 0.005
03 -
o8\ R PV P T P ey ey v
04 IFESS SEEI i | 1 NS S N R
05 | ISR HEEE: S FEE ’ R, L 0.01
06 |. Shd EEERs Fee : il os (ohm-m)
\ SRS KERDE RERES BEAES bRt wi b ~ 001
o8 _ 0p '] a
s Lot . ' 1 002 . 0.02
{ Yoo
' T oos r
. F o1 {
i L 0.05
T
g 3 402 L
o -
s 4 104 1
d O T os - 0.1
\. 6 =3 -T = B o
“ i I
8 . L
10 4 2 02
1a
P I
o T w0 1
iits . 05
20 |- tempem.ler-c{:_t_ \ 2 : 120 !
1 1
T | BRIy ~\i 1 g
= ] T e :
50 | B 1 &0 L 1.0
+50 0 -50 E
X 100
E ... Stabc spontaneous potental (mV) a
L 20
b tep

Figure 3.13: SP-1 chart to convert Rmfeq to Rweq
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VII.  Rwg to Rw

Using SP-2m metric chart (fig. 3.12)
0.03 ohm-m — 0.038 ohm-m

3.4.3.5 Saturation of water and saturation of hydrocarbon of the zone of interest
within Lumshiwal Formation

Water saturation informs you the amount of pore spaces filled with water.
Hydrocarbon saturation can be determined by water

saturation. For clean lithology,
Archie's equation is being implied. Three equations

are determined or measured by
water saturation, which are as follows:
1. Archie’s Equation
2. Indonesian Equation

3. SimandouxEquation

For clean lithology, Archie's equation is used, while for all rocks, Indonesian and

Simandoux equations are used. Clean lithology is used in this field of interest, so Archie's
is used to measure water saturation and the equation is:

Sw = Square root (Rw)/Rt*(EPHI)z)
Where

Sw = Saturation of water

Rw = Resistivity of water

Rt= Resistivity of true zone (calculated from LLD)

EPHI = Effective porosity



Where

gy = Saturation of hydrocarbons

Sy = Saturation of water

0% 50% 100%
3897

3899
3901
3903
3905
3907
3909
3911
3913
3915
3917

Depth
(m)

m Saturation of Water (%}

H Saturation of
Hydrocarbon (%)

.

Figure 3.14: Variation in water saturation and hydrocarbon saturation within marked zone of interest

Fig.3.13 shows the Cross plot regarding saturation of water as well as saturation of

hydrocarbons at the target depth of the region of interest, varying from 3897 m to 3917

m. At the initial depth, the saturation of hydrocarbon and water is approximately equal,

but water saturation increased as the depth increased. For hydrocarbons, the peak

saturation value is from 3905 m to 3907 m ind

arbon areas in the region of intere

epth. It is evident from Fig 3.13 that there

have been hydroc st, but this field is more water-

saturated.
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3.4.3.6 Results

Table 3.13: Results of petro

-physical analysis of Lumshiwal formation of well Manzalai-01

Formation Lumshiwal

Zone B

Thickness(m) 20
Average volume of shale (%) 14.33
Average volume of clean (%) 85.66
Average Total Porosity (%) 2.38
Average Effective porosity (%) 2.06
Resistivity of water (€2 m) 0.038
Average Water saturation (%) 52.1
47.83

Average Hydrocarbon saturation (%)
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CONCLUSION

On the basis of petro-physical analysis it is concluded that:

In well Manzalai-O1, both clastic and carbonate reservoirs are present. On the basis of
logs trends one zone of interest has been marked both in Lockhart and Lumshiwal
formation. On the basis low percentage of Volume of Shale and the high percentage of
the Hydrocarbons, the results computed from the petro-physical Analysis suggest that

both Formations are acting as major Reservoirs in well Manzalai-01.
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