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Abstract

Petrophysical characterization is the most important stage in reservoir management. The main purpose of this study is to evaluate
reservoir properties and lithological identification of Nahr Umar Formation in Nasiriya oil field. The available well logs are (sonic,
density, neutron, gamma-ray, SP, and resistivity logs). The petrophysical parameters such as the volume of clay, porosity,
permeability, water saturation, were computed and interpreted using IP4.4 software. The lithology prediction of Nahr Umar
formation was carried out by sonic -density cross plot technique. Nahr Umar Formation was divided into five units based on well
logs interpretation and petrophysical Analysis: Nu-1 to Nu-5. The formation lithology is mainly composed of sandstone
interlaminated with shale according to the interpretation of density, sonic, and gamma-ray logs. Interpretation of formation lithology
and petrophysical parameters shows that Nu-1 is characterized by low shale content with high porosity and low water saturation
whereas Nu-2 and Nu-4 consist mainly of high laminated shale with low porosity and permeability. Nu-3 is high porosity and water

saturation and Nu-5 consists mainly of limestone layer that represents the water zone.
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1- Introduction

Petrophysical analysis plays a necessary role in
reservoir characterization, particularly in discriminating
between the hydrocarbon and non-hydrocarbon bearing
zones[1].

Sand grains and particles of carbonate materials that
make up sandstone and limestone reservoirs usually never
fit together perfectly due to the high degree of irregularity
in shape. The void space created throughout the beds
between grains, called pore space or porosity, is occupied
by fluids [2].

Porosity is the result of the various geological, physical
and chemical operation and varies significantly for a
different type of rocks[3].

The most crucial step in the shaly sand analysis is
estimating the volume of clay. By knowing the amount of
clay volume within a reservoir more accurate
measurements of effective water saturation and effective
porosity can be calculated.

Reservoir rock should have the ability to transmit
hydrocarbon fluids to flow through its interconnected
pores. The rock’s ability to conduct fluids is known as
permeability[2].

Saturation is defined as that fraction, or percent, of the
pore volume occupied by a particular fluid (oil, gas, or
water).

All saturation values are based on pore volume and not
on the gross reservoir volume[3].

The Objectives of this paper are: determination the
lithological layers in the reservoir and the type of shale
based on the well logs' records.

The interpretation of logs is done by 1P4.4 software and
calculation of petrophysics properties which are
consisting of clay volume, porosity, Water Saturation, and
permeability.

The formation evaluation is depending on the
petrophysical properties. So, it should be determined
accurately.

1.1. Area of ¢tudy

Nasiriya Oil Field was discovered in 1975 of the past
centuries. The structure of Nasiriya consists of three
reservoirs which are Mishrif and Nahr Umar and
Yammama, it is situated 38 km northwest of Nasiriya city
as shown in Fig. 1.

Nahr Umar formation is one of the promising reservoirs
in southern Iraq .1t has a complex lithology which mostly
consists of Shaly sand [4].
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Fig. 1. Location map of the studied wells along with
oilfields

2- Methodology

The study consisted of the analysis of petrophysical
properties using data acquired from the available open
hole logs of well such as (spontaneous potential, gamma
ray, density, sonic, neutron, and resistivity logs). One
reading per 0.125 m depth is selected for recording the
input data measurements, which is used in this study.
Environment corrections and interpretations of well logs
were carried out and plotted using 1P4.4 software to
demonstrate petrophysical properties of Nahr Umar
Formation. 1P4.4 software was used to determine
reservoir lithology from density, sonic, and gamma ray
logs and Petrel 2015 used for visualize the units of
formation. Fig. 2 illustrates the steps to complete this

study.
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Fig. 2. Flow diagram of the methodology

3- Results and Discussion
3.1. Environmental Correction

The proper corrections (i.e. Shale effect, borehole
conditions, depth of invasion, etc.) for Gamma-ray,
neutron, density, and resistivity log, were applied before
commencing the open hole well log analysis as based on
Schlumberger’s well log analysis basic Corrections.
Schlumberger’s environmental corrections [5]were used
as mentioned earlier to correct raw well logs before
conducting interpretation. Fig. 3 illustrates the effect of
borehole condition on the well logs and its correction.
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Fig. 3. Environmental correction for selected logs of NS-3

3.2. Formation Water Resistivity

Formation water called connate water is the water which
is uncontaminated by drilling mud. The resistivity of
formation water, (Rw) is an important interpretation
parameter since it is required for the calculation of
saturation (water and /or hydrocarbon) from basic
resistivity information. The methods which are used are
listed below.

a. Formation Water Resistivity from the SP

This method is one of the most important widely used
methods to determine from SP log this method depends
on the following relationship between R,, and SSP as
shown in equation (1). The method is based on various
laws of physical chemistry leads to the equation [6]:

SP = (60 +0.133 T) * log || ®

Where:

SP: spontaneous log recording at clean zone, (MV).
R, s Resistivity of mud filtrate, (ohm-m).

R,, : Resistivity of formation water, (ohm-m).

When saltwater base mud is used, good values of Rw
can be easily found from the SP curve recorded in clean
non-shaly formation because this type of mud provides
electrical continuity between SP log and formation. The
static SP value recorded opposite a porous, permeable
zone.
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The formation temperature is important because it used
for Rw calculation. The average formation temperature
for Nahr Umar in Nasiriya field is recorded equal to 173
F, and the Rw is determined for wells that have SP
readings as shown in Fig. 4 for NS-1.

1 3

Table 1. (Rw) values by two methods

wells The resistivity of formation water
RwSP Rwa
NS-1 0.0154 0.01
NS-2 - 0.02
NS-3 - 0.012
NS-4 0.014 0.014
NS-5 - 0.02

SP1(MV) RonSP (ohm.m)

f\[_w WWWW»\ A

Fig. 4. Rw from SP log in NS-1
b. Formation Water Resistivity from Ratio Method

Ratio method obtained from the Archie equation, which
assumes clean water-bearing formation. Ry, is defined
by the following relationship[7]:

et @
Where:

R, : Formation Resistivity at Flushed Zones, (ochm-m).
R,,r: Mud filtrate resistivity, (ohm-m).

R;: True Formation Resistivity, (ohm-m).

R,, : Resistivity of formation water, (ohm-m).

This method is preferred when freshwater base mud is
used. (R,,q ) is clarified in Fig. 5 for NS-3.

1 3 4 5

RWA (OHNM) LLDC (OHMM) rfAp (OHMH) MSR.C (OHIM]
001 47|02 200, 001 1|02 200,

Fig. 5. Rw calculatidn by ratio method in NS-3

The following table illustrates the resistivity of
formation water by SP log and ratio method in Nahr Umar
formation in Nasiriya field.

3.3. Clay Volume Calculation

The clay volume is a necessary input to estimate the
effective porosity from logs and the magnitude of
permeability by effecting on reservoir heterogeneity.
Also, calculation of water saturation is affected by the
clay presence in shale types[8][9] [10].

There are two types of indicators to estimate clay
volume; all method must be used to calculate clay volume
and choosing one of them depends on wellbore condition.
The methods divided into single clay indicators, Double
clay indicators[11].

Single clay indicator consists of clay calculation from
Gamma-ray, the volume of clay from SP.log, the volume
of clay by deep resistivity log, clay volume From Neutron
log. Clay volume calculated by single indicators is shown
in Fig. 6.

The gamma-ray method is the most popular and
probably one of the most accurate methods in determining
the volume of clay.

Factors that cause errors in calculating the volume of
clay using the gamma-ray method are hole size that
means a high amount of drilling mud that effects on the
gamma-ray recording, high amounts of radioactive non-
clay minerals (potassium feldspars), for borehole size, the
factors which cause errors in recording can be eliminated.
For borehole, the reading can be corrected by the
environmental correction.

The log readings corrected to the hydrostatic pressure
provided by drilling mud. For radioactive non-clay
minerals, can be predicted by comparison VCLGR with
VCLSP because SP. The log can distinguish the
permeable zones and the non-permeable zone.
Radioactive non-clay minerals can present in sandstone
layers which are permeable zones.

The ability of the SP log to distinguish permeable zones
is primarily related to an electrochemical effect. SP log
can work under the right conditions, has been used as one
of the prime indicators of clay volume but SP log cannot
record to the thin layers of shale and it is not good sensor
to structural and dispersed shale.

The volume of clay by deep resistivity log has a
weakness.

Where water saturation increases, true resistivity is
increased, thus the volume of clay is overestimated. Clay
volume From Neutron log is affected by washing out of
layer and gas Pockets.
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Fig. 6 shows the clay volume calculation by a single
indicator of NS-3. The equations of single indicators are
listed below.

a. Gamma Ray Method

GRlog — GRmin
GRmax — GRmin

Vel = (3)
Where:

Vcl: gamma-ray index.

GRIog: gamma-ray reading in interested zone.

GRmin: minimum gamma-ray reading (clean zone).
GRmax: maximum gamma-ray reading (Shale zone).

b. Neutron Method

¢ N (Shaly Sand)
¢ N (Shale Zone)

Vel = (4)
Where: -

V., : Clay volume

@ , (Shaly Sand): - neutron porosity at shaly sand zone.

@ , (Shale): - neutron porosity at shale zone.

c. Resistivity Method

vel = (s 5)
Rt

Where:

V., : Clay volume.

R,= resistivity of clay (Adjacent Shale

R.= resistivity of shaly

Ry = resistivity of a clean hydrocarbon zone.

Bed)
sand

d. Sonic Method

¢ s (Shaly Sand)
¢ s (shale zone)

Vcl = (6)
Where:

V., : Clay volume.

@ s (Shaly Sand): - sonic porosity at shaly sand zone.

@ s (Shale): - sonic porosity at shale zone.

1 3

CALIL (N VLG (De)

Fig. 6. Clay volume calculation by single indicators in
NS-3

12

For double Clay Indicators, there are three types of
double indicators: - volume of clay from neutron and
density logs, the volume of clay from neutron and sonic
logs and volume of clay from density and sonic logs.

Conditions that can affect the volume of clay
determination using the neutron-density method are
borehole conditions and the presence of gas, hole
conditions can affect both the neutron and density logs.

Thus, that result in clay volumes that are either too low
or too high.it happens because these logs are pad type
therefore and the caving or excessive swelling affecting
on the logs reading.

The presence of gas will result in neutron porosity
values that are too low because the neutron log is a
measure of a formation of hydrogen content and the gas
has low hydrogen content. As a result, the difference
between the neutron and density porosities will be
underestimated and the volume of clay calculated will be
either a good approximation or too low.

The volume of clay from density and sonic logs cannot
estimate clay accurately in all type of shale because
dispersed clay can effect on sonic waves.

From neutron and sonic logs, the difference in porosity
provides by these two logs used for estimation of clay
volume

However, because clays have such a large effect on the
neutron and the sonic porosities, estimation of clay
volumes may not be accurate. Fig. 7 shows the clay
volume calculation by a single indicator of NS-3. The
laws of double indicators are listed below.

a. Neutron-Density Method

__ o N (Shaly Sand) - g p (Shaly Sand)
VC[ Ty N (shale zone) — g p (shale zone) (7)
Where:-

V., : Clay volume.

@ n (Shaly Sand): - neutron porosity at shaly sand zone.
@ p (Shaly Sand): - density porosity at shaly sand zone.
@ n (Shale): - neutron porosity at shale zone.

@ p (Shale): - density porosity at shale zone.

b. Sonic-Density Method

__ ¢ s (Shaly Sand) — ¢ p (Shaly Sand)
VCZ T s (shale zone) — g p (shale zone) (8)
Where: -

V., : Clay volume

@ s (Shaly Sand): Neutron porosity at shaly sand zone.
@ p (Shaly Sand): Density porosity at shaly sand zone.
@ s (Shale): - neutron porosity at shale zone.

@ p (Shale): - density porosity at shale zone.
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c. Neutron-Sonic Method

__ # N (Shaly Sand) - g 5 (Shaly Sand)
VCZ Ty N (shale zone) — g g (shalezone) (9)
Where: -

V., : Clay volume.

@ n (Shaly Sand): - neutron porosity at shaly sand zone.
@ s (Shaly Sand): - sonic porosity at shaly sand zone.

@  (Shale): - neutron porosity at shale zone.

@ s (Shale): - sonic porosity at shale zone.

1 3
CAL (1N} VELSD (Dsc)

4 5
VEUNS (Dec)

Fig. 7. Clay volume calculatidﬁ by double indicators in
NS-3

So, from all above, the volume of clay by Gamma-ray
log is the best method for calculation. Fig. 7 shows the
clay volume calculation by double indicators of NS-3.

3.4. Lithology Determination

It’s difficult to estimate the porosity when the lithology
of matrix is unknown or containing two or more minerals
in  unknown proportions. Cross plot technique is
considered as an easy method to demonstrate these things.

A linear cross plot between density VS sonic porosities,
for examples, is used to know the lithology of the matrix
when the points fall on a curve (limestone, dolomite &
sandstone, etc.), to visualize the lithology.

It combines all three porosity logs. From Fig. 8 and Fig.
9, lithology of Nahr Umar formation in NS-3.it is
consisting of shaly sand in the upper units and limestone
in the lower unit.

The type of shale which is presented in sandstone can
be determined by Thomas-Stieber cross plot as shown in
Fig. 10

13

Lithology determination by sonic- density
Active Zones

3

61 68 82 8 9% 103 110

Fig. 8. Shaly-sand reorientation at the upper section of
Nahr Umar formation in NS-3

Lithology determination by sonic-density
Zones

6

“« a7 54 61 &2 3 % 103 10

Fig. 9. Limestone representaﬁon at the lower section of
Nahr Umar formation in NS-3

Vshale / PHIE
Active Zone : 1

03 04 T s

[
VShale - Dec

Fig. 10. type of clay determination in Nahr Umar

So, the lithological column of Nahr Umar in Nasiriya
oil field is presented from the Fig. below.

FHIE (Dec)
as o
PHIT (Dec)

DErTH
1)

Fig. 11. the Iithologicél colum'h“c')‘f“ Nahr Umar formation
in Nasiriya field
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The porosity of a rock is defined as the ratio of the pore
volume to the bulk volume of the reservoir rock on
percentage basis the measurement of porosity is important
to the petroleum engineer since the porosity determines
the storage capacity of the reservoir for oil. All methods
for calculating the effective porosity are used in order to
compare them with the porosity of core and choosing the
suitable state. The porosity can be calculated by:

a. Sonic log

@ - Atlog’Atmatrix
sonic —

Atuid—Mtmarrix (10)
Where

@<onic . Porosity by sonic log

Aty,g : The recorded travel time, (usec/ft)
Atpairix - Matrix travel time, (usec/ft)
Atgyiq : Fluid travel time, (psec/ft)

b. Density log

1) — Pmatrix~Pbulk
density —

Pmatrix ~Pfluid (11)
Where

Dgensity - Porosity by density log

Pmatrix - Matrix density, gr/cc

Ppuik: The recorded bulk density, gr/cc

Pruiq- Fluid density, gr/cc

c. Neutron log

d. Neutron-Density logs

_ On+0p
ND =T

(12)

Where

@np : Porosity by neutron —density logs
@y : Porosity by neutron log

@p : Porosity by density log

e. Neutron-Sonic logs

_ Ont0s
QND - 2

(13)

Where

@ns : Porosity by neutron —sonic logs
@y : Porosity by neutron log

@, : Porosity by sonic log

Fig. 12 and Fig. 13 represent the porosity of logs and
porosity of core in NS-3. The optimum method for
porosity calculation is sonic porosity.

2 3 4 5
CALLL () Bhien (Dec) Phieu (Dec)
5 (03 05
PAI_CORE (%)
" s

PHI_CORE (%)
s

05 005 0]0s

N

Fig. 12. Effective porosity by single logs vs core porosity
in NS-3

L S—
¥
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CALI1 (IN) GrC (G4FT)
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¥

Fig. 13. Effective porosity by double logs vs. core
porosity in NS-3

3.6. Determination of Archie's Parameters

The determination of water saturation in a shaly-sand
reservoir is becoming more challenging. All models
which are used for water saturation calculation deepening
on these parameters.

a. Cementation Factor (m)

The cementation exponent m, indicates a reduction in
the number and size of pore openings or reduction in the
closed-off dead-end channels. It has been widely used in
hydrocarbon and groundwater exploration, and in porous-
media engineering studies [12] [13].

Pickett plot is applied to estimate the value of the
cementation factor and shown in Fig. 14 of NS-3. The
values of all wells are tabulated in Table 2.
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Fig. 14. Pickett plot of NS-3

b. Saturation Exponent (n)

Saturation exponent n in Archie’s water saturation
equation is the exponent value in water saturation that
establishes the relationship between water saturation of
the rock to the ratio of fluid-filled rock resistivity to the
actual rock resistivity[14][15]. Several factors have been
observed in the field that affects the value of n.

These factors are: -wettability, texture roughness, micro
porosity .Saturation exponent can be calculated by Coates
and Dumanoir method. Fig. 15 represents an example of
this procedure in NS-3;. The values of (n) are tabulated in
the Table 2.

PHIE / LLDC
Interval : 2405.98 : 252053

s| LLDC = 104(0.535181 + 0.100475 * Lag(PHIE))
T TTE- .
BT TR

U 06 ] 002

Table 2. Archie's parameters values

wells Archie's parameters
a m n
NS-1 0.01 0.0154 0.01
NS-2 0.02 0.02
NS-3 0.012 0.012
NS-4 0.014 0.014 0.014
NS-5 0.02 0.02

3.7. Water Saturation Calculation

In order to calculate water saturation in Nahr Umar
formation, there are a number of models for water
saturation which are: - Archie equation, Dual water
model, and Indonesia model, Waxman —smith model,
Simandoux model, modified Simandoux model Archie
model is the most common model but is not accurate in
all formation. If Archie model is used to calculate water
saturation in shaly sand, the water saturation is
overestimated. In order to choose the optimum model, all
water saturations model is compared with Archie model
in the water zone only.

These processes are valid because no overestimation in
water zone. So, the correct model is chosen when water
saturation readings match with Archie water saturation in
water zone. So, the model which is chosen to calculate
water saturation is Indonesia model. Fig. 15 shows the
water saturation calculation of NS-3.

1 2 3 4 5
et Sw5m (Dec) ‘SwModSm (Dec)
1 0.1

() |1 o1 . .

005 0024

BYW - Dec
—

Fig. 15. (n) Exponent calculation by Rt vs. g at minimum
BVW of NS-3

c. Tortuosity Factor (a)

Tortuosity is known as the ratio of the actual length
of a path flow to the length of a porous medium, parallel
to the overall direction of flow[14]. At water zone, where
Rt=Ro, tortuosity factor can be obtained from the
equation below:

Ro = o * Rw (14)

15

Fig. 16. Water saturation models in NS-3

3.8. Determination of Irreducible Water Saturation (Swi)

Irreducible saturation of water can be estimated at the
lowest saturation of water at the minimum bulk volume of
water (BVW). The irreducible water saturation (Swi) of
Nahr Umar formation is equal to (0.18), Fig. 17 illustrates
the process.
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Fig. 17. Swi determination by @ vs. Sw plot

3.9. Permeability Prediction

Due to the number of permeability cores readings are
too limited. Core's readings are provided to cover only 10
meters of the formation's thickness. The permeability
values that provided by core report varies from 0.27 MD
to 1792 MD. So, using the hydraulic flow unit method
only to predict the permeability is not enough because this
method needs a large number of core data to cover the
reservoir's thickness. Timur method has a limitation that
cannot estimate the permeability higher than 1000 MD.
Thus, the neural network technique is used to predict
permeability. The training data consists of:

1- Depth of the invasion is used because this depth is a
function to the permeability. Where permeability
decreases the depth of invasion is increasing [16].

2- Deep resistivity log which is the function to
compaction of rocks[17].

3- Volume of clay is inverse proportional to the
permeability[18].

4- Permeability of core.

5- Timur equation used as indictor to permeability and

sensor to predicted permeability against high shaly
zones. Neural network technique is used in NS-3
because the core is provided in this well. Fig. 18
describes this technique.

3 4 s
VCLGR (Dec)
0. ——1.

5 7
LLDC (OHMM)
. |o. 200. 0.

Comparison
NeuNet:k-predicted
01 2000.
PERM_CORE1 (md)
0.1 2000

DEPT RHOC (G/C3) O (inch) Perm timur (md)
™) 195 2950 200. 0.1 1000.

BuaeiL | o

Fig. 18, (k) predicted by neural network NS-3
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3.10. The Units of Nahr Umar formation

Depending on the calculated petrophysical properties,
Nahr Umar formation is divided into five zones which are
presented by Nu-1, Nu-2, Nu-3, Nu-4, and Nu-5. Nu-1 is
characterized by low shale content with high porosity and
low water saturation whereas Nu-2 and Nu-4 consist
mainly of high laminated shale with low porosity and
permeability.

Nu-3 is high porosity and water saturation and Nu-5
consists mainly of limestone layer that represents the
water zone.the units are shown in Fig. 19.

£HTOP NU-1

BOTTOM NU-5
-

Flg 19. Correlatin_b_etween NS-3 and, NS-5

4- Conclusions

The study of Nahr Umar is consisting of estimation of
the main petrophysical properties and building astatic
model to calculate the oil in place by volumetric method
and simple dynamic model by simulation method.

There are differences between the formation top in the
final geological report and the tops which are determined
by CPI.

1- By cross plot, the lithology of Nahr Umar reservoir is
consisting of low shale in sand in upper unit, medium
to high shale content in medium units, limestone layer
in lower unit.

Depending on the petrophysical properties distribution
(effective porosity (@e), permeability (k), the volume
of clay (VCL), water saturation (Sw)), the pay zone is
NU-1 with high of porosity and permeability and low
water saturation. NU-2 has high volume of clay and
low porosity, NU-3 has medium to high water
saturation, NU-4 low permeability and porosity. NU-5
has high water saturation and porosity and
permeability.
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Nomenclature
a:

tortuosity factor

n: Saturation exponent.

m: Cementation factor

oe: Effective porosity.

Sw: Sw: Water saturation;

Rt: True Resistivity ohm-m.

Rw: Water Resistivity onm-m.;

Rmf: Mud filtrate Resistivity
ohm-m.

Rsh: shale Resistivity ohm-m.;

Tf: Formation temperature, °F

pma: apparent matrix density.

Atma: apparent transit time of the
rock matrix.

Vcl: clay volume
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