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Abstract: The present study deals with experimental mathematical equations that link density and porosity with
depth. After obtaining density and porosity information from three well logs scattered in the East Baghdad oil field,
new empirical polynomial equations (porosity-depth, density-depth) were produced for all the geological formations
between the Fatha and Hartha formations. The coefficient of determination (R?) of the equations derived for each
formation ranged from 0.11 to 0.93, which was attributed to variable lithological and compaction effects. The depth
information of (131) velocity analyses situated on the seismic lines grid covering the field was used for applying the
new equations. After the new empirical polynomial equations were applied to the whole field, porosity and density
contour maps for the Fatha-Hartha interval were produced. The location of high porosity zones was identified and
related to the compaction and petroleum distribution in the field.

Keywords: East Baghdad oil field, Empirical equations, Petrophysical parameters, Seismic velocity analyses.

Oz: Bu ¢calisma, yogunluk ve gizenekliligi derinlikle iliskilendiren deneysel matematiksel denklemlerle ilgilidir. Dogu
Bagdat petrol sahasindaki ii¢ kuyu logundan yogunluk ve gézeneklilik bilgisi elde edildikten sonra, Fatha ve Hartha
formasyonlari arasindaki tiim jeolojik formasyonlar icin yeni ampirik polinom denklemleri (gozeneklilik-derinlik,
yogunluk-derinlik) iiretilmistir. Her bir formasyon i¢in tiiretilen bu denklemlerin farkli litoloji ve kompaksiyon
etkilerine atfedilen belirleme katsayist (R?), 0,11 ila 0,93 arasinda degismektedir. Calisma alanini kapsayan sismik
hatlar i¢inde yer alan 131 hiz analizinin derinlik bilgisi, yeni denklemlerin uygulanmasi igin kullanilmistir. Yeni
ampirik polinom denklemlerinin tiim alana uygulanmasindan sonra, Fatha-Hartha araligi icin gozeneklilik ve
yogunluk kontur haritalary tivetilmistir. Yiiksek gozeneklilik alanlarinin yerleri belirlenmis ve arazideki kompaksiyon
ve petrol dagilimi ile iliskilendirilmistir.
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INTRODUCTION

The East Baghdad oil field was discovered by
seismic surveys carried in 1960 and 1974. The first
well was drilled and completed in the southern part
of the field in 1975, and up to the present, many
exploration delineation and production wells in
different parts of the field have been drilled and
completed (Alrazzaq, 2019).

The East Baghdad field actually has multi-
reservoirs; the main ones are Tanuma, Khasib and
Zubair with different grades of crude oil (21, 23
and 35 API) in the Zubair formation (Midfield Oil
Company, 2005).

East Baghdad oil field is considered to be a
giant field with proven reserves estimated at more
than 11 billion barrels and probable reserves of
up to about 17 billion barrels. The geological
structure of East Baghdad oil field is very complex
due to the presence of many faults. At the same
time, the field is located under treated agriculture
lands and urban areas. The total area of the field is
about 660 km?.

The East Baghdad oil field extends northwest-
southeast in the center of Iraq, 10 km east of
Baghdad city (Figure 1). Many wells have been
drilled in this field. Most of these wells reached
Cretaceous formations while one of them
penetrates the Cretaceous formations and reaches
Upper Jurassic (Al-Ameri and Al-Obaydi, 2011).

Darweesh et al. (2017) discuss the structural
history of East Baghdad oil field and state that it
resulted from oblique-slip growth faults which
were later folded and faulted.

The stratigraphic section contains many types
of rocks which were deposited in marine and
lagoon environments such as carbonates, shale,
anhydrite, marl, sandstone, and siltstone. These
deposits expanded in geologic time from Jurassic
up to Pliocene (Al-Ameri and Al-Obaydi, 2011).
Figure 2 shows a stratigraphic section of the
formations in this field.
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Figure 1. Location map of study area (Modified from
Al-Ameri and Al-Obaydi, 2011).

Sekil 1. Calisma alamnin konumu (Al-Ameri ve Al-
Obaydi, 2011 den degistirilmistir).

Petrophysical Properties

There are many empirical equations on a local
and regional scale but they vary from field to
field according to the physical properties of the
formations, depositional age and geological
settings (Ojha and Sain, 2014). The most important
factors affecting primary porosity are compaction,
the authigenesis of minerals, and leaching.
Comparison of modeled normal compaction
trends with actual compaction trends can be used
to quantify zones of over-compaction and under-
compaction in a rock column (El-Shari, 2017).

The porosity of a formation can be estimated
for the purpose of correction either from one
porosity log or a combination of porosity logs.

Reduced porosity with depth may be caused
by increased compaction. Pore pressure can
prevent pores from decreasing at great depths
above the overpressure zone. At a certain lithology
and depth, the porosity is greatly affected by the
overburden pressure (Tamunosiki et al., 2014).
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Figure 2. Stratigraphic section of East Baghdad oil
field in study area (Al-Ameri and Al-Obaydi, 2011).

Sekil 2. Caliyma alamindaki Dogu Bagdat petrol
bolgesinin stratigrafik kesiti (Al-Ameri ve AI-Obaydi,
2011).

The thickness of the reservoir also greatly
affects the porosity; the thicker the reservoir, the
greater the porosity. Tamunosiki et al. (2014)
produced a porosity equation with the depth in
two wells, as shown below:

Z=-138.76 ¢, +12383
z: depth in feet,

(1)

¢ : porosity at given depth

This indicates that porosity values can be
calculated at each depth by using (Equation 1),
even in the absence of core samples.
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The aims of this study are:

1. Creation of new polynomial equations
(density-depth, porosity-depth) for the study
area using well log information for the
purpose of calculating porosity and density
values for all formations within the Fatha-
Hartha interval.

Determination of the location of high and
low compaction for all formations Fatha-
Hartha interval based on the coefficient of
determination values (R?) of new equations.
Estimation of the porosity and density values
for the Fatha-Hartha interval in the whole
field using the new empirical polynomial
equations derived from this study.
Establishment of porosity and density maps
for the Fatha-Hartha interval in the study area.

MATERIALS AND METHODS

In this study, the gamma ray and neutron-density
logs of three wells (EB-02, EB-04, EB-16) in the
East Baghdad oil field were utilized. In addition,
the depth information of 131 seismic velocity
analysis sites distributed over a network of seismic
lines was used (Al-Majid, 1992; Figure 3). The
lithological information was obtained from the
final field reports and gamma ray logs.
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Figure 3. Location map of seismic lines in study area
(Al-Majid, 1992).
Sekil 3. Calisma alamindaki sismik hatlarin konumlari
(Al-Majid, 1992).



The volume of shale (V) was estimated
using the following equations.

(I)Ncorr - q)N_(Vsh*(I)Nsh) (2)
¢D,,, = $D-(V_*¢D,) A3)
OND = ((§N*+¢D?)/2)" “4)

Vsh  :shale volume,
ONsh : neutron porosity in the shale formation,
¢Dsh : density porosity in the shale formation.

Figure 4 shows one of the well log records
used in this study.
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Figure 4. Corrected porosity and density values for
some depths in well EB-02.

Sekil 4. EB-02 kuyusundaki bazi derinlikler icin
diizeltilmis gozeneklilik ve yogunluk degerleri.
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The (porosity-depth, density-depth)
polynomial equations for all formations within
the Fatha-Hartha interval were derived from
porosity, density, and depth data obtained from
the logs of the three wells mentioned above.
Subsequently, the optimum empirical polynomial
equations (porosity-depth, density-depth) for the
whole Fatha—Hartha period were deduced and
generalized to all parts of the field.

The Fatha-Hartha interval consists of nine
formations in its stratigraphic column (well log
data), which are Fatha, Jeribe, Dhiban, Bajawan,
Tarjil, Palani, Jaddala, Aliji, and Shiranish. Table
1 gives a brief description of all formations in this
interval and their different parameters.

Table 1. Brief description of Fatha, Jeribe, Dhiban,
Bajawan/Baba, Tarjil, Palani, Jaddala, and Aliji
formations in well EB-02 in the study area.

Cizelge 1. Calisma alamindaki EB-02 kuyusunda
belirlenen Jeribe, Dhiban, Bajawan/Baba, Tarjil,

Palani, Jaddala, ve Aliji formasyonlarimin kisa
actklamalart.
Well Formation (DISZP) (DI_{;)) %e:;:l M;a“
(gm/cc)
EB-02 Fatha 0.0093  0.013 0.112 2.65
EB-02 Jeribe 0.359 0.278 0.155 2.50
EB-02 Dhiban 0.144 0.043 0.214 2.49
EB02  BUWAV a0 0175 0211 245
Baba
EB-02 Tarjil 0.37 0.5 0.182 2.48
EB-02 Palani 0.43 0.60 0.163 2.53
EB-02 Jaddala 0.03 0.26 0.230 2.31
EB-02 Aliji 0.58 0.92 0.226 2.41
EB-02 Shiranish - - -

Figures 5 and 6 illustrate the porosity-depth
and density-depth relationship of all formations
within the Fatha—Hartha interval (except Shiranish
Formation, which does not appear due to lack of
data).
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Figure 5. Porosity-depth relationship of (a) Fatha, (c) Jeribe, (¢) Dhiban, (g) Bajawan/Baba Formations and its
parameters in well EB-02; Density-depth relationship of (b) Fatha, (d) Jeribe, (f) Dhiban, (h) Bajawan/Baba
Formations and its parameters in well EB-02.
Sekil 5. EB-02 kuyusunda: (a) Fatha, (c) Jeribe, (e) Dhiban, (g) Bajawan/Baba formasyonlarimin gozeneklilik
derinlik iliskileri ile parametreleri ve (b) Fatha, (d) Jeribe, (f) Dhiban, (h) Bajawan/Baba formasyonlarinin
vogunluk-derinlik iliskileri ile parametreleri.

219



Maan H. Abdullah AI-MAJID

Tarjil y = -7E-05x? + 0.2289x - 191.08 Tariil y=0.0001x2- 0.3778x+ 317.27
R?=0.3686 J R?=0.4997
0.3 2.65
0.25 26
T @
0.2 2.55
g ;
2 015 0 25
3 =
g 0.1 3
g 2.45
& 5
a
0.05 2.4
0 235
1640 1650 1660 1670 1680 1690 1700 1710 1640 1650 1660 1670 1680 1690 1700 1710
a DEptnim) b Depth(m)
Palani y=3E05X 0001853731203 Palani y = -7E-05x2 +0.2294x- 194.98
R?=0.4321 R?=0.603
03 2.65
0.25 2.6
- o 255
T 02 Q2
° E 25
Z o1s >
‘G 80 245
g 2 2
8 0.1 2 X
GJ
£ 235
0.05
23
01700 1710 1720 1730 1740 1750 1760 1770 1780 e
1700 1710 1720 1730 1740 1750 1760 1770 1780
?I Depth(m) ﬂ Depth(m)
- y = -6E-06x2 + 0.0227x- 20.463 _— y = 4E-05x2- 0.1531x+ 141.41
Jaddala R?=0.0268 addala R?=0.2631
035 2.45
03 24
— 0.25 )
3 T 235
I 03 S
> .
& 2B 23
g o1s z
o 7]
o 01 € 225
=3
0.05 22
o 235
1760 1770 1780 1790 1800 1810 1820 1830 1840 1850 1860 1760 1770 1780 1790 1800 1810 1820 1830 1840 1850 1860
o Depth(m) f Depth(m)
y=0.0003x2- 0.9603x + 898.05 Aliji y=-0.0012x*+4.478x-4177.3
Aliji R?=0.5801 R?=0.918
0.35 255
03 25
— 025 o™ 245
g <
3; 0.2 E 2
£ 88235
3 015 >
5 ‘3 23
< 01 s
0 225
0.05 22
0 215
1850 1855 1860 1865 1870 1875 1850 1855 1860 1865 1870 1875
g Depth(m) h Depth(m)

Figure 6. Porosity-depth relationship of (a) Tarjil, (c) Palani, (¢) Jaddala, (g) Aliji formations and its parameters in
well EB-02; Density-depth relationship of (b) Tarjil, (d) Palani, (f) Jaddala, (h) Aliji Formations and its parameters

in well EB-02.

Sekil 6. EB-02 kuyusunda: (a) Tarjil, (c) Palani, (e) Jaddala, (g) Aliji formasyonlaruimin gézeneklilik-derinlik
iliskileri ile parametreleri ve (b) Tarjil, (d) Palani, (f) Jaddala, (h) Aliji formasyonlarinin yogunluk-derinlik iligkileri

ile parametreleri.
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Following this, the porosity and density
polynomial relationships with the depth of the
whole interval (Fatha-Hartha) were determined,
as shown in Figure 7.
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Figure 7. (a) Porosity-depth relationship and (b)
density-depth relationship of Fatha-Hartha interval and
its parameters in well EB-02.

Sekil 7. (a) EB-02 kuyusu Fatha-Hartha arasindaki
gozeneklikik-derinlik ile (b) yogunluk-derinlik iliskileri
ve parametreleri.

Polynomial equation of porosity (5) and
density (6):

y=-3*107x>+ 0.0013x- 1.0606 (5)
y: The porosity in (%),

x: The depth in (m).

y=1*%10°x*-0.0038x + 6.0179 (6)

y: The density in (g/cm?),
x: The depth in (m).
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These equations were applied to the whole
field to produce average porosity and density
maps for this interval (Figures 8).

Km

Km

T
25
Km

Figure 8. (a) Porosity and (b) Density maps of Fatha-
Hartha interval in study area.

Sekil 8. Calisma alanminda Fatha-Hartha araliginin (a)
gozeneklilik ve (b) yogunluk haritalari.

DISCUSSION

The log interpretations were carried out using the
Interactive Petrophysics program (IP) and show
that the formations consist mainly of limestone
with the inclusion of dolomite, anhydrite, siltstone,
shale, marl, claystone, and salt rocks.



The porosity and density polynomial equations
together with the depth were determined using
the well log data. After applying the polynomial
equations to the depth information of 131 sites,
porosity and density contour maps for the Fatha-
Hartha interval were established.

The coefficient of determination (R?) of these
polynomial equations ranges from weak (0.01)
to strong (0.92) depending on the correlation
between porosity and density with compaction
in the formation. The low R? values in (Fatha,
Dhiban, and Jaddala) formations may be due to
the heterogeneity of formation components or low
compacted materials, while their high values in
the Aliji and Shiranish formations may be caused
by homogeneity or highly-compacted materials.

The polynomial equations of the Fatha-Hartha
interval were utilized to calculate the porosity and
density rates for the whole area. Porosity in this
interval is distributed gradually, reaching 11.5%
in the northern part while increasing to (18-26%)
in the middle part and then increasing gradually
toward the southeast (33%). The density exhibits
a reverse behavior as it increases in the northern
part and decreases southwards.

In spite of the sediment thickness increasing
in the south-east part of the study area, the porosity
increases in this direction.

CONCLUSIONS

1. This
equations

study produced new polynomial
(porosity-depth, density-depth)
for all formations in Fatha-Hartha seismic
interval using well log data.

2. Average porosity and density maps for the
seismic interval in the study area were created
by applying the new polynomial equations to
131 velocity analysis sites.

3. The value of R? can be used as a function of

homogeneity between formation components.
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Increased porosity values toward the south-
eastern part of the study area, despite
increased sediment thickness, may give
information on changing lithological facies or
possibly indicate an increase in hydrocarbon
concentrations in that direction.

GENISLETILMIS OZET

Dogu Bagdat petrol sahasi, 11 milyar varilden
fazla goriiniir rezervi ve yaklagsik 17 milyar varil
tahmini rezervi ile dev bir petrol sahasi olarak
kabul edilmektedir. Dogu Bagdat petrol sahasinin
jeolojik yapist bircok fayin varligi nedeniyle
olduk¢a karmasiktir. Aynt zamanda alan, islenmis
tarim arazileri ve kentsel alanlarin altinda yer
almaktadir. Sahanin toplam alam yaklasik 660
km? dir.

Dogu Bagdat petrol sahasi, Bagdat sehrinin
10 km dogusunda, Irak’in merkezinde kuzeybati-
glineydoguya dogru uzanmaktadir (Sekil 1). Bu
alanda bir¢ok kuyu acilmistir. Bu kuyularin ¢ogu
Kretase formasyonlarmma ulasirken, bunlardan
biri Kretase formasyonlarini keserek Ust Jura’ ya
ulasir (Al-Ameri ve Al-Obaydi, 2011).

Stratigrafik kesit; karbonatlar, seyl, anhidrit,
marn, kumtast ve silttasi gibi deniz ve lagiin
ortamlarinda ¢okelen bir¢ok kaya tiriinii icerir.
Bu ¢okellerin yasi Jura’dan Pliyosen’e kadar
uzanmaktadir (Al-Ameri ve Al-Obaydi, 2011).
Sekil 2, bu alandaki formasyonlarin stratigrafik
kesitini gostermektedir.

Rezervuarin kalinlig, gozenekliligi
biiyiik olgiide etkiler. Yani rezervuar ne kadar
kalin olursa, gozeneklilik o kadar biiyiik olur.
Tamunosiki vd. (2014) asagida gosterildigi gibi
iki kuyuda derinlige ait bir gozeneklilik denklemi
olusturmustur:

Z=-138,76 ¢_+12383 (1)

Z: feet cinsinden derinlik,

¢z verilen derinlikteki gozeneklilik
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Bu, karot orneklerin yoklugunda bile (denklem
1)  kullanilarak her derinlikte gozeneklilik
degerlerinin hesaplanabilecegini gostermektedir.

Bu calismanin amaclart:

Fatha-Hartha — araligi  i¢indeki
formasyonlar igin gézeneklilik ve yogunluk
degerlerini hesaplamak amaciyla kuyu log
bilgisi kullanarak calisma alani icin yeni
polinom denklemlerin (vogunluk derinligi,
gozeneklilik derinligi) olusturulmasi,

1- tiim

Yeni denklemlerin belirleme katsayisina
(R’) dayanarak, ¢alisma alani i¢indeki tiim
formasyonlarn yiiksek ve diisiik kompaksiyon

alanlarinin belirlenmesi,

Bu calismadan
polinom denklemleri kullanilarak Fatha-
Hartha araligi icin gozeneklilik ve yogunluk
degerlerinin hesaplanmasi,

tiiretilen  yeni  ampirik

Calisma alamindaki Fatha-Hartha aralig
icin gozeneklilik ve yogunluk haritalarinin
olusturulmasidir.

Bu ¢alismada, Bagdat petrol sahasindaki ii¢
kuyunun (EB-02, EB-04 ve EB-16) Gamma 1§1n1
ve Notron-Yogunluk loglari kullaniimigtir. Ayrica,
bir sismik hat agu iizerinde dagilmus 131 sismik hiz
analiz alan i¢in derinlik bilgisi kullanilmistir (Al-
Majid, 1992; Sekil 3).

Fatha-Hartha araligi  stratigrafik  kesiti
(kuyu log verilerine gére), Fatha, Jeribe,
Dhiban, Bajawan, Tarajil, Palani, Jaddala, Aliji
ve Shiranish olmak iizere dokuz formasyondan
olusmaktadur.

Seyl (Vsh),
kullamlarak hesaplanmistir. Her formasyon igin
ortalama goézeneklilik ve yogunluk, nétron ve
yogunluk loglarimin kombinasyonu kullanilarak
hesaplanmugtir.

Fatha-Hartha  araligi icindeki
formasyonlaricin (gézeneklilik-derinlik, yogunluk-
derinlik) polinom denklemleri, yukarida belirtilen

hacmi mevcut denklemler

tiim
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ti¢ kuyunun loglarindan elde edilen gozeneklilik,
yvogunluk ve derinlik verileri kullanilarak elde
edilmistir (Tablo 1). Daha sonra, tiim Fatha-
Hartha gegisi icin optimum ampirik denklemler
(gozeneklilik-derinlik,
tiretilmis ve tiim alan i¢in genellestirilmistir.

yogunluk-derinlik)

Tiiretilmis polinom denklemleri, bu aralik
icin ortalama gézeneklilik ve ortalama yogunluk
haritalart tiretmek iizere tiim alana uygulanmistir

(Sekil 8).

Uretilen tiim denklemlerin zayif (0,01)
ila giiclii (0,92) arasinda degisen belirleme
katsayist (R?), formasyondaki kompaksiyon ile
gozeneklilik ve yogunluk arasindaki korelasyona
bagl olarak degismektedir. Fatha, Dhiban ve
Jaddala formasyonlarindaki diisiik R* degerleri
heterojenlige veya diisiik sikistirtimis malzemelere
bagliyken, Aliji ve Shiranish formasyonlarindaki
yiiksek degerlerine homojenlik veya yiiksek
stkistirtlmis malzemeler neden olabilir.

Tiim alan icin gozeneklilik ve yogunluk
hesaplanmasinda  Fatha-Hartha
araligimin polinom denklemleri kullanilmistir. Bu
araliktaki gozeneklilik dereceli olarak dagilir,
kuzey kisimda %11,5 e ulasirken, orta kisimlarda

oranlarinin

%I18-26" ya yiikselir ve giineydoguya dogru
kademeli olarak %33 olur. Yogunluk ise, kuzey
kisimda yiiksek ve giineye dogru diisiik olacak
sekilde ters bir davranisa sahiptir.

Calisma alamimin  giiney-dogu  kisminda
¢okel kalinligimin artmasina ragmen, bu yonde
gozeneklilik artmaktadir.

Bu c¢alismada,
edilmistir:

asagidaki  sonuglar elde

*  Bu caliyma, kuyu log verileri kullanilarak
Fatha-Hartha araligindaki
formasyonlar igin yeni polinom denklemleri
(gozeneklilik derinligi, yogunluk derinligi)
tiretmigtir.

sismik tiim

e 31 hiz analiz alanina yeni polinom
denklemleriniuygulayarakcalismaalanindaki



bu aralik icin ortalama gozeneklilik ve
yogunluk haritalarimin olusturulmugtur.

* R’ degeri, formasyon bilesenleri arasinda

homojenligin ~ bir  fonksiyonu  olarak
kullanilabilir.
e Sediman kalinligimin artmasina ragmen

calisma alamimin giineydogu kismina dogru
gozeneklilik  degerleri, litolojik
fasiyes degisimi veya bu yonde hidrokarbon
konsantrasyonlarint artmasi hakkinda bilgi

artan

verebilir.
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