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The Early Jurassic rock of Alan Formation in Barda Rash field
have been examined using petrophysical wireline log analysis,
drilling stem test, mud logging reports, drilling cutting and core
samples for evaluation of reservoir potentiality and fluid
production throughout heterogeneous rocks intervals in three
exploration and appraisal wells. The Alan Formation consists of
intercalation of light, chalky and argillaceous limestone beds
with shale layers in the upper part and dominantly anhydrite
layers from the middle to the lower parts of the formation.
Qualitatively, weak oil shows of light brown to dark brown and
blackish heavy oil have been observed while drilling.
Furthermore, light brown trace oil has been recorded in the
fracture surfaces of the core samples. The wireline log analysis
provided an overestimated result for the hydrocarbon bearing
interval identification and fluid movability index as the
anhydrite layers confused the fluid distribution detection in the
drilled interval. However, the combined results achieved from
the mud logging reports and drilling stem tests were operated
with in the drilled intervals shown a limited productivity levels
from the limestone beds of the Early Jurassic Alan Formation.
The oil production from the studied interval does not exceed
10% and the entire production rates were composed of formation
water with a trace amount of gases. As a result, the Early
Jurassic Alan Formation can be considered as a tight carbonate
reservoir rocks in the Barda Rash field.

Copyright © 2019 Kurdistan Journal of Applied Research.
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1. INTRODUCTION

The newly discovered fields in the Kurdistan region of Irag contain multiple petroleum
systems and isotropic reservoir rocks from Triassic to Tertiary rocks type with extensive
fracture distributions and variable hydrocarbon qualities throughout NW-SE elongated surface
and sub-surface structures [1, 2, 3, 4, 5, 6, 7]. The dominant proved hydrocarbons were
expelled from organic rich shale and carbonate rocks of Triassic and Jurassic formations and
entrapped in the heterogeneous and highly fractured carbonate reservoir rocks of the
Cretaceous and Tertiary rocks in Zagros folded belt [8, 9,10].

The investigated source rocks have variable potentiality and distinctive geochemical properties
[11, 12, 13]. Besides of the source rock potentiality behaviors of the Triassic-Jurassic rocks
throughout the Kurdistan region fields, these successions are considered as a productive
reservoir rocks including the Upper Triassic Kurra Chine Formation in Shaikan Field [14]
Jurassic Barsarin, Sargelu, Alan, Mus, Adaiyah, Butmah Formations in Atrush field [ 15] and
Jurassic Sargelu, Mus and Butmah formations in the Shaikan Field [16].

In this work, Jurassic Alan Formation in Barda Rash field in the Zagros Folded Belt is being
selected, that previously identified as a source rock in Qarachug and Jabal Qand [17] and
Miran West field [18]. The objectives of this research are to use wireline log information, well
tests and rock description to understand variations in the stratigraphy and fluid movability of
the Alan Formation across the field, to assess the lithology and fluid distribution of the
reservoirs, and to ascertain how the petrophysical properties of the rocks include porosity and
shale volume vary, taking particular role of heterogeneity and anisotropy. These improve the
understanding of the lithology variation influences on the reservoir quality including porosity,
permeability, and productivity with document potential reservoir intervals in term of available
fluid movability.

2. STUDY AREA

Barda Rash Block is located in the Kurdistan region of northern Irag, close to the northern
boundary of the NW-SE trending Kirkuk Embayment region of the Zagros Fold and Thrust
Belt. This region contains several NW-SE trending subsurface structures included Kirkuk,
Jambur, Khabaz, Bai Hassan, Chamchamal and Taq Taq anticlines. The Barda Rash anticline
lies in the folded foothills to the southwest of the Mountain Front Fault, which separates the
High Zagros Mountains from the Kirkuk Embayment [19, 8, 20, 21].

The structure is elongated anticlinal developed on the direction NW-SE with approximately
longitudinal axis of 20 km and cross axis of 6 km, Figure (1). The anticline is flanked to the
north and south by two major tectonic accidents jumps by about 300-500m towards the north-
western flank and about 200-400m towards south-eastern flank, developed approximately
parallel to the axis and gave the appearance like a horst of the structure [22]. This anticline is
suited geographically about 25 km north-east of Mosul city from the northwest side. The
Barda Rash structure is bound to the northwest by the AL Khazir River and by Sarta and Ain
Sifni structures; to the southeast, by Ain-Al-Safra structure; to the south, by the Bashiga and
Magloub structures to the northwest. The Miocene-Pliocene Upper Fars-Lower Fars and
Bakhtiari formations are cropping out at the surface on and near Barda Rash anticline.

Three wells have been drilled on this structure during exploration stage. The exploration well
number 1 (BR-1) was drilled close to the crest of the Barda Rash fold, and has mainly targeted
to explore Cretaceous, Jurassic and Triassic successions to investigate and estimate fluid
content in these intervals [22]. The exploration Well number 2 (BR-2) is the second on the
anticline and was drilled on the north-west of the well BR-1. This well was targeted to explore
and prove Jurassic formations and identify the fluid content in these formations. The third
exploration well (BR-3) was drilled on south-east of the well BR-1 with a distance about 10
km. This well was drilled for proving the Jurassic formations extension and estimation of the
fluid content [23, 24].
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3. METHODS AND MATERIALS

The gathered data for this work consists of a wireline log data sets from open and non-cased
drilled wells from the Jurassic Alan Formation intervals throughout three exploration wells
including BR-1, BR-2 and BR-3 in Barda Rash block. The wireline logs contain the three
types of porosity derived logs (Sonic, Density, and Neutron), nuclear radiation gamma ray log,
electrical resistivity logs and drawn lithologies strip log. In addition, drilling stem test (DST),
mud Log reports, core samples and drilled cutting samples have been intercalated with the
physical parameters of the logs to improve the reservoir parameters measurements.

The achieved data for this study is summarized the table (1).

The LAS format of the wireline logs data have been applied to determine the lithology
characterisation, shale volume calculations, porosity counting and fluid content estimation in
the Alan Formation using Interactive Petrophysics (IP). The log analysis results have been
integrated with lithologic description of cutting and core samples, oil show investigation and
well test results of the selected wells

3.1. Lithology

Wireline log interpretation is one of the common and effective methods in petroleum industry
use to identify hydrocarbon bearing interval, reservoir thickness, fluid type distribution, and to
predict a reservoir potentiality by identification of physical properties of the subsurface rocks
including the magnitude of porosity, pore geometry and pore filling types [25, 26].
Lithological investigation is the dominant result can be achieved from the conventional
wireline log analysis. In this analysis limestone, dolomite, anhydrite and clay have been
assumed to be present, and the log tool responses (neutron (NPHI), density (RHOB), gamma
ray (GR), sonic (DT) have been used to describe the mineral components of the studied
intervals.
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Figure 1: Maps show the position of the Barda Rash structure and selected wells. (a) Geologic

map of the study area and nearby structures shows the Barda Rash anticline and drilled well

positions modified after [27, 28]. (b) Contour map was drawn on the top of Jurassic Formations
throughout the Barda Rash structure [22, 23, 24].

The porosity logs have a difference respond to lithological variations and fluid filled pore
types, as a result based on the combination of two or all three types of the logs, porosity types
and lithology types can be identified clearly for a logged interval [25, 26 and 30].
Furthermore, log cross plots give potential results for mineralogical and lithological
components examination. The wireline logs cross plots work based on the slope and intersect
of two types of porosity logs response, dependent on matrix lithology and pore fluid [29, 31,
25, and 26]. Density-Neutron and Neutron-Sonic cross plots are the two essential plots that
dominantly used in mineralogical analysis from the petrophysical wireline logs. The outcomes
of the lithological investigation from the wireline log data have been integrated with the
lithologic description of drilling cutting samples and available core samples of the same
logged interval in the selected wells.
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Table 1: Summary of the gathered data from the selected wells in the Barda Rash

Data BR-1 BR-2 BR-2

Gamma ray (GR),

Gamma ray (GRY), Sonic Gamma ray (GR), Sonic (DT),  Sonic (DT),

(DT), Compensated

- . Compensated Density Log Compensated
Wireline Log Density Log (CDL), (CDL), Compensated Neutron  Density Log (CDL),
Compensated Neutron d
Log (CNL) Log (CNL) Compensate
Neutron Log (CNL)
Cutting 36 48 44
sample
Core sample - 40 meters -
Well Test DST DST DST
Mud Log Mud losses report Mud losses report Mud losses report

3.2. Shale Content

Gamma ray log was applied for estimating shale volume content in the studied intervals. The
volume of shale (Vg,) depends on the magnitude of gamma ray index for each interval
throughout the studied field. The gamma ray index (IGR) was calculated using equation (1)
from the shale base line (gamma reading = 100 API, maximum gamma ray reading), clean
sand line (gamma reading= 5.0 API, minimum gamma ray reading) were obtained from the
logged well and the gamma ray log reading from the selected interval [32].

I _ GRlog - GRmin
R GRmaX - GRmin
IGR : Gamma ray index.
GRyog : Gamma ray reading from log, API.

GRin: Minimum gamma ray reading (clean carbonate), API.
GR .« - Maximum gamma ray reading (shale), API.

€y

The non linear relation models (Larionov, 1969) who predicted the volume of shale based on
geological age using older (pre-Tertiary) consolidated rocks was applied for the shale volume
calculation, equation (2).

Vg, = 0.33(2%6r — 1) (2)

Vg, : Shale volume.

3.3. Porosity

The porosity logs have been used to determine the magnitude of porosity in the studied
intervals. The apparent density was collected from the reading of the density logs in
combination with value of the standard matrix density and the fluids occupying the pores was
converted to the density log derived porosity with applying equation (3). In addition, the
hydrogen concentration was recorded from the neutron log can be immediately transferred to
neutron porosity [29, 33]. The Total log porosity was obtained from the mean value of the
density derived porosity and neutron porosity, equation (4) and eventually corrected for the
shale content for all intervals , equation (5).

(pma - pbulk)

(pma - pﬂ) (3)

d)p:
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¢,:  Density porosity, fraction.
Pma. Matrix density, g/cm3.
Ppuik. LOg reading density, g/cm3.
pn:  Fluid density, g/cm3.

+
e o

¢r: Total porosity, fraction.
¢ Neutron derived porosity, fraction.

b= or— (1 - Vg) (5)

¢g: Effective porosity, fraction.

4. RESULTS AND DISCUSSION

The Jurassic Alan Formation was first described from subsurface section in well Alan-1 in the
northwestern part of Iraq as 87 meters of intercalation of anhydrite and limestone beds [34, 35,
20]. In the Barda Rash field this formation composed of alternation of shales, limestones and
anhydrite beds at the top and these components change to intercalation of anhydrite and
limestone beds from the middle to the bottom of the formation interval, Figure (2) and Figure
3 (A and B). The maximum thickness of the Alan Formation in Barda Rash field at the current
stage was recorded in well BR-2 as 245m and this thickness become 185m in well BR-1 and
220m in well BR-3.

Shale layers are characterised by dark brown to blackish colour, soft, compacted and
occasionally fissile of rocks that dominantly have calcareous composition. The limestone beds
are consisting of mudstone to wackestone microfacies with argillaceous and chalky
components.
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Figure 2: Typical Stratigraphic column of the Jurassic Alan Formation in well BR-1. The
lithological components were drawn based on rock description of core samples, cutting
samples and wireline log analysis.
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These beds have light brown to dark brown colour, moderately hard, and fine crystalline
texture with poor observed pores and weak oil show observation in well BR-1 and BR-3 but
light brown to dark brown and blackish heavy oil as oil shows have been observed in well BR-
2 as patchy to uniform oil stain distribution on fissures that gave a strong oil order to the
drilled intervals, Figure 3 (C and D). Anhydrite beds were commonly recorded in the middle
and lower part of the formation can be identified as white colour to occasionally pearlescent,
soft and amorphous microstructure rocks intercalated with limestone beds. In pores of the
limestone beds, brown to dark brown oil stain, spotty oil stain; moderately to good oil shows,
moderately trace of oil have been recorded.

VT T W TS TY

Figure 3: Core samples drilled from the early Jurassic Alan Formation in well BR-2 in the Barda Rash
field. (a) Light grey, argillaceous and compacted limestone, 2772m-2777m. (a) Light brown, soft and
chalky limestone, 2470.5m-2475.5m. (c) Light brown oil observed on the fractured surfaces of limestone
beds, 2475.5m-2477.5m. (d) Dark brown to blackish heavy oil recorded on the surfaces of fractures of
dark grey limestone beds.

The estimated shale contents were achieved from the gamma ray log reading by applying the
equation number (1) and (2) respectively for the drilled intervals throughout the study wells.
The magnitude of calculated shale volume in the Alan Formation changed apparently between
the wells. The shale volume in both wells of BR-1 and BR-3 are similar and the amounts of
shale in these two wells are lower than in BR-2, Figure 4 (A, B, and C). Overall, the
percentages of the maximum shale contents in the Alan Formation have reached to 20% in the
well BR-1 and BR-3, while this amount is enhanced to 30 % in well BR-3.

The calculated effective porosity was obtained from the mean values of the density log
derived porosity and the neutron derived porosity of the Alan Formation and the impactions of
shale contents have been corrected. As a result, the porosity value is considered as an effective
porosity. The deflections of the total porosities have not had uniform and regular distribution
throughout the drilled intervals. The magnitude of the porosity has nearly similar ranges in
the Alan Formation throughout the studied field. The porosity values started from 0.0 from
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anhydrite beds to 0.12 for limestone beds with an average of 0.003 in well BR-1, Figure 4 (D,
E, and F). The magnitude of porosity in well BR-2 starts from 0.0 to 0.24 with an average of
0.053 and 0.0 to 0.17 with an average of 0.023 in well BR-3.
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Figure 4: Histogram of the calculated shale volume and total porosity throughout the
studied wells. a-c plots are shale volume consents in the Alan Formation were measured by
old rock model. d-f plots are total porosity values derived from wireline log data.

Kurdistan Journal of Applied Research | Volume 5 — Issue 1 — June 2020 | 9



Test operation was run for the drilled intervals of the Alan Formation while drilling
progressing includes drilling stem test (DST). The test results show producing different fluid
types within the limestone beds of Alan Formation, Figure (5). In well BR-2 a number of tests
were run consequently for the Alan Formation interval. DST2 provided recovering of 2000
bbl/d of formation water, film of oil and hydrogen sulfide gas. DST3 was recorded only 965
bbl/d of recovered fluids including drilling mud (96%) and crude oil (4%). The fluid
recovered in DST5 was 750 bbl/d that contain formation water (98%), crude oil (1%) and
solid content (1%). The last test for this interval was DST6 that was recorded about 792bbl/d
composed of formation water (90%), crude oil (9%) and solid content (1%). Furthermore, the
DST results for well BR-1 and BR-2 have provided a weak oil show with solid content in

drilling mud fluid.
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Figure 5: Drilling stem test (DST) was run in drilled interval of the Jurassic Alan Formation
in well BR-2.

The carbonate beds of the Early Jurassic Alan Formation are slightly argillaceous and chalky
limestone. Despite of low shale content, qualitatively these beds do not yield reservoir
potential throughout the studied wells. No macro porosity and micro porosity have been
observed during core sample description; however, several fractures were observed which
possibly provide an unknown amount of open and connected porosity. In contrast, the
intercalation of the limestone beds of the formation with shale beds at the top and with
anhydrite beds from middle to the bottom of the formation was destroyed matrix porosity and
reduced the impaction of fracture distribution on reservoir quality and terminated the fluid
path way connectivity within the limestone beds.

The wireline log cross plots clearly provide that the limestone beds of the Alan Formation
have tight reservoir properties, Figure (6). The plotted data have fallen on the lower part of
the limestone line and commonly smaller than 10% of apparent porosity. The scattering of the
plotted raw data is related to anhydrite and shale minerals in the limestone beds especially for
the density log reading which is very sensitive to matrix and grain density variations. The
similarity between results of the N-D and N-S plots refers to the fact that the pores in the
limestone beds are dominantly primary origin and these pores has been destroyed by
compaction, cementation and dewatering.
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Figure 6: Wireline log data cross plots. Neutron-Density and Neutron-Sonic cross plots for the
Alan Formation in the Barda Rash field.
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The early Jurassic Alan Formation is located in the oil bearing zones of the Jurassic petroleum
system in the Barda Rash field [21, 22, 23]. The resistivity log in the un-invaded zone (LLD)
shows high resistivity reading (LLD>50 ohm.m) which is probably indicator for oil bearing
intervals or the phenomena is related to anhydrite matrix distribution on the rock mass of the
formation Figure (7). The fluid recovery test results achieved from the drilling stem tests
(DST) shown limited amount of oil flow throughout the wells. As a result, high reading of the
resistivity logs in the virgin zone are corresponded to the anhydrite rock type intervals [37].
Furthermore, resistivity fluctuations were recorded by the MSFL from the flushed zone of the
same intervals.
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Figure 7: Resistivity logs of Alan Formation in well BR-2, Barda
Rash field. The resistivity logs are including Deep Laterolog (LLD)
of un-invaided zone, Shallow Laterolog (LLS) of transition zone
and MicroSpherically focused log (MSFL) of flushed zone.
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The buckle plot was drawn between the calculated water saturation and total porosity achieved
from wireline log data for understanding the formation water mobility for the flow tested
intervals, Figure (8). However, the magnitude of the porosity is not yield multiphase fluid
flow productivity and the dominant produced fluid is expected to be the formation water. The
residual water still can be seen from the plotted buckle figures as the plotted data was fallen to
the similar line that represent a non-movable water trapped within nano-scale pores [7,38 and

39] and the movable water data have scattered distribution on the figure.
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Figure 8: Buckles plots are drawn between the log derived porosity and calculated water saturation
for Alan Formation in well BR-2, Barda Rash field. The plotted intervals were chosen based on
drilling stem test intervals of the same intervals.

The wireline log analysis was not given a potential sign from the resistivity logs for oil and
water zones availability throughout the drilled interval of the Early Jurassic Alan Formation,
but the DST results were recorded the maximum volume of oil fluid as 5% to 9% while the
other amounts are presented by formation water and drilling fluid. The fluid flow tests do not
give a commercial result for the volume of the reserved hydrocarbon in this interval for the
early stage exploration in this field. This formation with the obtained petrophysical outputs
and observed reservoir characterisation possibly has source rock behavior rather than to be
acted as a reservoir rocks. However, acidisation of the oil bearing intervals probably improve
fracture aperture and consequently enhances the fluid movability and recovery of the available
hydrocarbon in the early stage of development of the field or hydraulic fracturing can be
considered as an alternative technique for enhancing fluid recovery throughout the Jurassic
formation in the Barda Rash field.
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5. CONCLUSION

The dominant conclusions of the reservoir characterisation investigation and hydrocarbon
movability study the Early Jurassic Alan Formation in Barda Rash field from the wireline log
analysis, rock description and test results are as follows:

The Alan Formation consist of the heterogeneous limestone beds intercalated with
shale layers in the upper parts and anhydrite beds in the middle and lower part
throughout the studied wells. The shale contents and anhydrite beds are negatively
impacted on the reservoir quality of the formation.

The limestone beds are characterised by lack of visible pore types and macro pores
cannot be observed within the cored intervals. Furthermore, the primary and
secondary pores occluded by secondary minerals. In addition, the fracture surfaces
filled with anhydrite, shale and calcite and eventually the reservoir fluid flow
connection has been destroyed.

The magnitude of the effective porosity is started from 0.0 of the anhydrite layers to
0.18 of the limestone beds with an average of 0.026. The quantity of the available
porosity is not enough to qualify the formation as a potential reservoir rocks within
the Jurassic petroleum system. In contrast, similar to the other carbonate rocks in the
Zagros basin this formation is considered as tight carbonate reservoir rock and has
very limited amount of producible hydrocarbon.

The fluid distribution throughout the drilled interval of the formation from the
resistivity wireline log analysis has been identified as oil bearing interval specifically
upper part of the formation. However, the drilling stem test result shown very limited
amount of recordable hydrocarbon which indicate low matrix permeability and weak
fracture interconnection network.
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