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Abstract:

Buzurgan field in the most cases regards important Iraqi oilfield, and Mishrif Formation is
the main producing reservoir in this field, the necessary of so modern geophysical studies is
necessity for description and interpret the petrophysical properties in this field.

Formation evaluation has been carried out for Mishrif Formation of the Buzurgan oilfield
depending on logs data. The available logs data were digitized by using Neuralog software.

A computer processed interpretation (CPI) was done for each one of the studied wells from
south and north domes using Techlog software V2015.3 in which the porosity, water
saturation, and shale content were calculated. And they show that MB21 reservoir unit has
the highest thickness, which ranges between (69) m in north dome to (83) m in south dome,
and the highest porosity, between ( 0.06- 0.16) in the north dome to ( 0.05-0.21) in the
south dome. The water saturation of this unit ranges between (25% -60%) in MB21 of
north dome. It also appeared that the water saturation in the unit MB21 of south dome has
the low value, which is between (16% - 25%)).

From correlation, the thickness of reservoir unit MB21 increases towards the south dome,
while the thickness of the uppermost barrier of Mishrif Formation increases towards the
north dome. The reservoir unit MB21 was divided into 9 layers due to its large thickness
and its important petrophysical characterization. The distribution of petro physical
properties (porosity and water saturation) has shown that MB 21 has good reservoir

properties.
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Introduction:

Formation evaluation is the process of analysing and interpreting geophysical data
performed as a function of wellbore depth, by describing the processes that determine the
viability of a formation to produce hydrocarbons. According to the data availability,
formation evaluation can be done using core data, well log and initial production data.

Once formation evaluation is performed on the reservoir, it is crucial to pay attention to the
location of the possible reservoir zone in the drilled section determination of fluid type
(gas, oil, water) present in the pore space, saturation level, and the mobility of the fluids
across the connected pore space of the rock. To better achieve such information, it is
important to have a good understanding of porosity (total, primary, effective porosity),

water saturation computation, pay thickness and selection of cut-offs [1].
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Formation Evaluation and Log Analysis:

Formation evaluation can be generally defined as the practice of determining both the
physical and chemical properties of rocks and the fluids they contain. The objective of
formation evaluation is to locate, define, and produce from a given reservoir by drilling as
few wells as possible. To this end, oil companies utilize a variety of formation evaluation
methods [2].

Wireline logs are one of the many different sources of data used in formation evaluation.
However, due to accurate depth determination and near proximity of receiver to formation,
wireline logs occupy an important position in formation evaluation. Logging is a very

small, but very important, piece of the larger puzzle. The decision to plug or complete a
well is often based upon the logs response and hence a proper and accurate acquisition and

analysis of these data is a must [2].

Area of study:

Buzurgan oil field is located in South —Eastern part of Iraq close to Iran boundary, 40 Km
North East from Amara. The Mishrif Formation represents an important reservoir in

southern Iraq.
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Fig. (1) Shows the selected wells in south & north domes of Buzurgan oilfield (adapted
on Top depth structure)
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Petrophysical Properties:

Petrophysics is the study of the chemical and physical characteristics that define the habit
and presence of rocks and liquids. Logging helps to describe physical characteristics of
rocks for example, porosity, lithology, permeability and pore geometry. Logging data are
utilized to detect pay zone to fix thickness and depth of intervals, to distinct amongst gas, oil
or water in reservoir and to estimate oil reserve [3].

Petrophysical properties that are discussed in this text include:

. Shale volume

. Porosity

. Water saturation
. Permeability

Clay Volume:

Because clay is typically further radioactive than carbonate, GR tool will be suitable
candidate to calculate amount of clay in permeable reservoir. The shale volume is
expressed as a decimal fraction or percentage is named Vshale. The measurement of the Gr

index is the principal stage required for define the shale volume by GR log [3].

GRlog_ GRmin
GRmax— GRmin

(1)

Von = 0.33( 2 16R) — 1) oo (2)

Igr =

Where:

Icgr  :1s the gamma ray index,

GRyo4 : 1s the gamma ray log reading in zone of interest, API units,
GRin: 1s the minimum gamma ray reading in clean zone, API units, and

GRpmayx: 1s the maximum gamma ray reading in shale zone, API units.

Porosity:
Porosity is the ratio of spaces to the total volume of rock. Porosity is signified as a

percentage by the Greek letter phi, @ [3]. Porosity logs Neutron, Density, and Sonic are
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mainly related to porosity, and they also influenced by lithology, formation matrix,kind of
porosity and degree of shaliness and kind of liquid existing in the pores [4].
The neutron —density logs provide the best combination to identify gas zones and
determining their porosity. The combination also provides porosity in complex lithology
and volume of shale for shaly formation evaluation.
Porosity logs include sonic logs, density logs, and neutron logs. The sonic log records
matrix porosity, whereas the nuclear logs (density or neutron) determine the total porosity
[5].
For reservoir characterization it is important to distinguish between:
1. Total porosity (the fraction of bulk volume occupied by the total pore space or the

space not occupied by solid components).

2. Effective porosity (the fraction of bulk volume occupied by interconnected pore space

allowing fluid flow).
Porosity should be calculated from the density log using the equation [6]:
_ Pma— Pp
0= oap f )

Where,

@p : s the density-derived porosity, fraction.

Pma: 18 the matrix density, [whose value is 2.71 gm/cc for limestone and
2.87 gm/cc for dolomite].

Py : 1s the formation bulk density, gm/cc.

ps - 1s the fluid density [For fresh water mud = 1 gm/cc, for salt water Mud =1.1gm/cc].

Atlog — Atma

Qs = (4)

Atf - Atma

Where,

s :1s sonic-derived porosity, fraction,

At,,,: 1s the interval transit time in the matrix [whose value is 47.6 psec/ft for
Limestone and 43.5 psec/ft for dolomite)],

Atyog: is the interval transit time in the formation, psec/ft; and

Atg: is the interval transit time in the fluid within the formation [For fresh water mud

= 189 usec/ft; for salt-water mud = 185usec/ft].
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It is necessary to distinguish between the types of porosity.

Total porosity:

Total porosity is defined as the ratio of the volume of all the pores to the bulk volume of a
material, regardless of whether or not all of the pores are interconnected [7]:

pt=(pN+ @D)/2  ---------- (5)

Effective porosity:

Effective porosity is the ratio of the volume of interconnected pore to the total volume of

reservoir rock [7]
Pepr = @ *x (1 — Vgp) --mmmmmmmm- (6)

Secondary porosity:

Secondary porosity is porosity formed within a reservoir after deposition. In Mishrif
reservoir, secondary porosity is too little or negligible, vuggy or fracture secondary

porosity can be calculated by secondary porosity index (SPI) [7].

SPI = @t — Qsonic (7)

The secondary porosity is the result of geological processes (diagenesis) after the

deposition of sediments [8]. It includes vugular spaces in carbonate rocks created by the
chemical process of leaching, or fracture spaces formed in fractured reservoirs [9].

The intervals of higher secondary porosity mean existence the effect of digenesis processes
on the porosity of Mishrif formation such as dolomatization and dissolution.

On other hand, has been distinguished an irregular alternation of two type of vuggy
porosity by borehole images, it is the separate and touching vuggy porosity. This porosity
is either opened or filled partially or completely by calcite cement. The interconnected only
through the Inter particle pore network refer to the Separate vugs, though touching vuggy

porosity shape an interconnected pore framework [10].

Fluids in the pore space: Saturation and bulk volume fluid:

Porosity represents the ratio between pore volumes related to the bulk rock volume.

Saturation represents the ratio between volume of pores which occupied by a fluid related
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to the total pore volume. Thus, saturation S; describes the volume fraction of a fluid i in a

porous rock:

__voleume of fluid i

(8)

Saturation is given as a dimensionless fraction or as a percentage. Saturation

i volume of pores
theoretically has the lower bound at zero (or 0%) and the upper bound at one (or 100%). A
reservoir hosting the fluids water, oil, and gas is characterized by three saturation terms;
their sum must be 1[11]:

Swater +Soil+5gas:] 9)

Fluid saturation can be determined:
a. From cores, plugs, or samples (direct determination by fluid extraction, or
capillary pressure measurements).
b. Indirectly from logs (resistivity, dielectric, or neutron measurements).
In addition to the parameter “saturation”, the parameter “bulk volume of the fluid” is used.
Bulk volume of a fluid i relates the volume of that fluid to the rock bulk volume. The bulk

volume of, for example, water is therefore given by: [11]

volume of water
BYW = Yome o warer

rock of volume
The bulk volume of a fluid theoretically has the lower bound zero and the upper bound
given by total porosity.
In a (water wet) porous rock, the water, depending on its interaction with minerals and
bonding type, is present as [11].
1. Free movable water in the pore space (bulk volume movable AV M).
2. Capillary bound water, connected with the grain surface (bulk volume
immovable BVI).
3. Clay-bound water (CBW) with its strong clay-water effects.
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Water Saturation:

Measuring pore volume in a rock that is engaged by formation water, it is signified as

decimal portion or as percentage and has the symbol (Sw). Water saturation S, of a

reservoirs uninvaided interval 1S calculated through the Archie’s equation [3].

F+Ryy 1/n
5. = (52 an
F is usually obtained from the measured porosity of the formation through
relationship:
a
F = om (12)
Where:

R, is the formation water resistivity.

R; is the true formation resistivity.

F is the formation resistivity factor.

n. is the saturation exponent, m: is the cementation factor, a: is a constant.

For S,,, the water saturation in the flushed zone, a similar expression exists [12]:

Seo = (C2mr) " (3)
Where:
Sxo: 1s saturation in the flushed zone, fraction.
Ry 5 1s the mud filtrate resistivity.
R, is the flushed zone resistivity.
n is the saturation exponent.
The residual oil saturation and movable hydrocarbon are calculated from the following
equations [13]:
Sor = [0 % (1 = Sxo)] (14)
Spr = [@ * (Sxo — Sw)] (15)

Where,
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Sor: The residual oil saturation, fraction; and, Sy,-: Movable hydrocarbon saturation,
fraction.

The S,, and S,, can be used to calculate the amount of moveable hydrocarbon [12]:

Moveable hydrocarbon = Qg,, — Dgy ----------------- (16)

Water Saturation of the Flushed zone (Sxo0) can be utilized as pointer to hydrocarbon
movability, when the estimated value of Sxo is much more than Sw, at that point
Hydrocarbons in the flushed zone maybe have progressed or flushed out of the zone closest
the borehole by the attacking drilling liquids [3].

Mishirif Formation in Buzurgan oil field is carbonate rock and regards as clean
formation with clear shale zone at the top of Mishirif Formation. Archie’s model is perfect
in interpretation of water saturation where applied 55% as the default value of water
saturation cut off in Buzurgan field and 60% in Halfaya field in net pay thickness

calculation.

Hydrocarbon Saturation:

The hydrocarbon saturation is the quantity of pore volume in a stone which
engaged by oil, typically detected by the difference amongst unity and water saturation,
though the residual hydrocarbon saturation is the difference amongst unity and water
saturation in flushed interval [14]:

Sp=1-Sw (17)
Snr = 1- Sxo, (18)

Where:
Sy: Hydrocarbon saturation
Sy Residual hydrocarbon saturation

The Sw and Sxo can be used to calculate the amount of moveable hydrocarbon equation [12]:

Movable Hydrocarbon Saturation (Sy,,) = SXO-SW- (19)

Hydrocarbon saturation, residual and movable hydrocarbon saturation for all studied wells

are estimated and listed in figures from (2 - 6).
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Fig. (2) Petrophysical interpretation of well BU-51 at the interval between 3700m-
3910m.

E98



No.25- (12) 2019 Journal of Petroleum Research & Studies (JPR&S)

0)
LAYOUT & Tochiog
Well(s): BU-51
Project: Buzurgan Oilfield
Dataset(s): BU-51,LQC
Scale: 1:1000
..Imlsrnm.‘ﬂ. 7pms_un
E PHIEND PHEND PHEND
; T-ﬂ-@w% - HILND 1 w\s\‘r«o
3 CAL HL’ VSH GR C ) - + 2 NET FLAG PHITND BYW AR
o o m 16[045 F C"D".‘nD 10000 |5 unites 0 B W 2 03 W
N
\]
N
(1]
P
] |
. ord
1 ‘OD
. (RS
in
: »
v I ord
2 D
05
| in
I
"_
ord
N
5 0D
2| 05
in
N
1Y)
2

Fig. (3) Petrophysical interpretation of well BU-51 at the interval between 3915m-
4025m.
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Table (1) shows the average of main petrophysical properties of Bu-51.

Net to Shale Water
Zones | Top | Bottom | Gross [ Net BVW Porosity ,
Gross Volume Saturation

MAL |3701.8 |3748.4 (46,6 [11.9 [0.255 (1742 {0.044 (0.162 |0.902

MA2 (37484 |37764 (28 [5.1 [0.182 (0571 {0,039 |(0.138 |0.813

MB11 |3776.4 |3806.2 (29.8 (298 |1 0.611 (0.113 |0.024 |0.857

MB12 (3806.2 (3849.5 |433 411 |0.949 |0.641 |0.133 |(0.021 |0.726

MB21 |3849.5 |3853.1 (3.6 (22 |0.611 (0.044 10.134 (0.04  |0.508

MB21-2 |3853.1 |3857.83 (4713 (473 |1 0.071 (0.143 0.055 (0.275

MB21-3 |3857.83 |3869.46 (11.63 [11.63 |1 0381 (0.043 ]0.131 0.25

MB21-4 |3869.46 |13880.03 (10.57 (10.57 |1 0713 (0.103 |0.133  (0.507

MB21-5 |3880.03 |3883.27 (3.24 [3.24 |1 0.174 (0.066 |0.112 (0477

MB21-6 (3883.27 (3892.04 |8.77 |8.77 |1 0.736 10.039 |0.121 ]0.695

MB21-7 |3892.04 |13894.02 (1.98 (198 |1 0191 10.035 |0.142 |0.68

MB21-8 |3894.02 13917.6 (23.58 (23.28 |0.987 (2.617 |0.141 (0.129 |0.869

MB22 |3917.6 39504 (32.8 (30.6 |0.933 (1.66 |0.185 (0.065 |0.83

MCI1 {39504 |3984.5 (341 (26 [0.762 (096 {0.106 (0.078 |0.473

MC12 |3984.5 |4006.5 (22 (114 (0518 (0331 |0.109 (0.102 |0.284

MC2  (4006.5 (4027.5 |21 |41 |0.195 |0.207 |0.146 |(0.063 (0.804
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Table (2) shows the average of main petrophysical properties of Bu-42.

Net Av_Water
Bottom( . -
Zones | Top(m) m) Gross | Net | to | BVW | Av_Shale |Av_Porosity
Gross Saturation

MA1 3694.7 | 3719.5 | 24.8 | 0.5 | 0.02 |0.004| 0.172 0.102 0.085

MA2 3719.5 | 3742.7 | 23.2 | 0.1 |0.004|0.001| 0.202 0.09 0.069

MB11 | 3742.7 | 3780.9 | 38.2 | 0.3 [0.008|0.014| 0.192 0.094 0.501

MB12 | 3780.9 | 3823.2 | 423 | 0.6 [0.014(0.037| 0.211 0.136 0.449

MB21 | 3823.2 | 3827.72 | 4.52 | 3.22 |0.712|0.072| 0.158 0.174 0.129

MB21-2 | 3827.72 | 3840.7 |12.98|12.68|0.977 |0.366| 0.22 0.175 0.165

MB21-3 | 3840.7 | 3859.87 |19.17| 0.87 |0.045|0.096 | 0.476 0.168 0.655

MB21-4 | 3859.87 | 3863.64 | 3.77 | 3.47 | 0.92 [0.298 | 0.333 0.143 0.6

MB21-5 | 3863.64 | 3867.31 | 3.67 | 3.67 | 1 [0.447| 0.232 0.2 0.608

MB21-6 | 3867.31 | 3876.69 | 9.38 | 0.89 |0.095|0.119| 0.367 0.169 0.79

MB21-8 | 3879.44 | 3906 |26.56| 0.1 |0.0040.013| 0.393 0.151 0.834

MB22 3906 | 3937.4 | 314 | 04 |0.013|0.026| 0.08 0.126 0.513

MC11 | 3937.4 | 3969.8 | 32.4 | 1.2 |0.037|0.122| 0.088 0.187 0.543

MC12 | 3969.8 | 3994.4 | 24.6 | 4.7 |0.191/0.303| 0.169 0.14 0.46

Mc2 39944 | 4050 | 55.6 | 2.8 | 0.05 |0.204| 0.133 0.149 0.49
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Results and Discussions:

Comparison between Computer process interpretations (C.P.I) of wells Bu-51 & Bu-42
shows that:
1. Mishirif Formation in the Buzurgan oil field has been divided into many layers based
on the differences in petro physical properties. Porosity plays a vital role in these

divisions.

2. The distribution of petrophysical properties (porosity and water saturation) has shown

that MB 21 has good reservoir properties.

3. The lithology track: represents the effective porosity (PHIE), percentage of shale
(Vshale), and percentage of Matrix (Limestone).

4. Fluid analysis track: represents the effective porosity (PHIE), water filled porosity in
the invaded zone (BVWXo), and water filled porosity in the un-invaded zone (BVW).

5. The zone between (PHIE) and (BVWXo) represents the residual hydrocarbons. The
zone between (BVWXo) and (BVW) represents the movable hydrocarbons. The zone
between (PHIE) and (BVW) represents the total hydrocarbons.

6. The main units of Mishrif Formation in Buzurgan oilfield are; MA1, MA2, MBI,
MB2, MC1 and MC2. The main units of Mishrif Formation in the study area have
been divided into additional sub-units in some of the studied wells based on
petrophysical properties especially porosity, these are; MB21, MB21-2, MB21-3 and
MB21-4, MB21-5, MB21-6, MB21-7 and MB21-8 in Bu-51 & Bu-42.

7. The Oil Water contact was estimated to be at the depth of 3913m in Bu-51 and at
depth of 3912m in Bu-42.

8. Porosity logs indicated that the primary porosity is dominated while the secondary has
almost non-effect. Hydrocarbon saturation estimation shows a considerable available
accumulation of oil. The dominant litho-facies of the formation is found to be a calcite

faces with small amount of dolomite.
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