
M
A

Y
 2

0
14

 •
 V

O
L

U
M

E
 6

6
, N

U
M

B
E

R
 5

J
O

U
R

N
A

L
 O

F
 P

E
T

R
O

L
E

U
M

 T
E

C
H

N
O

L
O

G
Y

MAY 2014JOURNAL OF PETROLEUM TECHNOLOGY  •  www.spe.org/jpt

DEEPWATER PROJECTS

INTELLIGENT FIELDS 
TECHNOLOGY

MULTILATERAL/ 
EXTENDED REACH

WELL 
CONSTRUCTION

Drilling’s Digital Evolution

Arctic Vessels Face Barriers

What’s Missing From 
the Big Data Revolution

FEATURES

Gulf of Mexico 
Resurgence

May14_JPT_Cover.indd   1 4/11/14   6:52 AM



131JPT • MAY 2014

The Burgan reservoir in Kuwait has 
the potential for premature water 

breakthrough, leaving behind bypassed 
zones of oil. The placement and 
completion of horizontal wells in such 
reservoirs is a challenge necessitating a 
collaborative approach from petroleum 
geoscience, reservoir engineering, and 
petroleum engineering. This paper 
describes placement of horizontal wells 
in this kind of heterogeneous reservoir 
through an integrated approach. 

Introduction
The Minagish field was discovered in 
1959 and is located in the southwestern 
part of Kuwait. It contains several res-
ervoir intervals in its stratigraphic col-
umn, varying from Early Jurassic to Late 
Cretaceous. The field is situated 12 km 
northwest from the West Umm Gudair 
field (Fig. 1). The field has been pene-
trated by more than 180 wells. The field 
structure of the Burgan formation is a 
closed elongated asymmetrical anticline 
oriented in a north/south direction. The 
top of the Burgan structure is located 
at approximately 5,500-ft true vertical 
depth (TVD) minus the elevation above 
mean sea level of the depth reference 
point of the well.

Regional Geology. The Burgan forma-
tion consists of a lower braided river sys-
tem with stacked sand bodies. The sedi-
ment ranges from fine to medium grain 
sizes, and the porosities are high enough 

for lateral migration. On top of the upper 
Burgan channels, the sediments are gen-
erally finer but still retain a fluvial char-
acter. The amount of shale is higher. The 
marsh and tidal sediments, which con-
sist of fine sands, silty sands, and sandy 
silts, seem to be of lower connectivity for 
vertical migration. The porosity is rela-
tively low (between 15 and 18%), and 
the minimum of the measured perme-
ability is close to 1 md for these layers. It 
seems that these shaly sediments can act 

as permeability barriers for vertical mi-
gration, but oil is observed in all chan-
nels and has been able to reach the res-
ervoirs. This complex channel geometry 
makes these reservoirs the most chal-
lenging clastic reservoirs in the Minag-
ish field. 

The Burgan reservoir is informal-
ly divided into upper and lower sec-
tions. Lower Burgan sands are more ex-
tensive and blocky in nature, with few 
variations in their properties. The lower 
Burgan reservoir section lies above the 
oil/water contact (OWC) and is of sig-
nificance from a hydrocarbon-bearing 
perspective. Upper Burgan sands are 
mainly in the form of channel sands, 
ranging in thickness from a few feet 
to nearly 45  feet and having extensive 
lateral facies variation. The lower part 
of the Burgan reservoir has active bot-
tomwater drive, whereas the upper part 
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Fig. 1—Location of the Minagish field.
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of the reservoir has an edgewater-drive 
system. The reservoir contains high- 
permeability sands on the order of a few 
darcies associated with active faults and 
has highly viscous reservoir fluid with a 
viscosity of approximately 40 cp at res-
ervoir conditions. This heterogeneous 
nature of the reservoir accelerates water 
movement inside the reservoir and re-
sults in premature water breakthrough 
in existing vertical and horizontal wells, 
in spite of maintaining high standoff 
from the OWC. 

Scope of the Work. The current work 
is an integrated approach combining 
X-ray fluorescence (XRF), logging-while- 
drilling (LWD) data, and petrophysical 
interpretations in real time to geosteer 
and place horizontal wells successfully in 
the zones of interest with the maximum 
possible drainage area. After success-
ful implementation of the workflow in 
the lower lateral (LAT-0) of the first well 
(Well A) placed in the lower Burgan, the 
workflow was used to geosteer and place 
the upper lateral (LAT-1) of Well A in the 
upper Burgan and both laterals of Well B 
(in the lower and upper Burgan, respec-
tively). This paper uses the results of 
LAT-0 of Well A in general except where 
it is necessary to show some important 
features from other laterals.     

Prejob Modeling 
Prejob modeling is an important aspect 
of geosteering because it not only en-

ables understanding of reservoir chal-
lenges but also helps to develop possible 
solutions to mitigate them. In the current 
work, the prejob modeling consisted of 
(a) a geosteering model based on offset-
well logs, geological information, and 
geophysical information, and (b) a geo-
chemical model based on XRF analysis of 
core chips from offset wells. 

Geosteering Prejob Model. A 3D geo-
steering model was built with offset-
well-log data and structural grid data of 
the lower and upper Burgan formations, 
to predict log responses through the de-
sired high-angle section. 

The main challenges from the upper 
and lower targeted zones are as follows:

◗◗  Faults encountered in the lateral 
sections have a remarkable 
amount of throws.

◗◗  Significant dip changes 
associated with faults or with no 
association with faults.

◗◗  Lateral facies variations. 

Generally, there are three methods 
used for well placement, depending on 
the well complexity, the objectives, and 
the geological markers’ availability for 
lateral correlation. Because of known un-
certainties in this field, the first meth-
od of geosteering based on conventional 
LWD tools was found to be inappropriate. 
The second geosteering method, based 
on borehole images, was not considered 
a primary tool for geosteering strategy 

Fig. 2—Geological prejob model for Well A Burgan multilateral. Cross-section 
presents the geosteering model generated for the the upper and lower Burgan 
sands, with the expected faults and tools response. The gamma ray (GR) log is 
a generated synthetic log along the plan trajectory for the two lateral sections.

Well A

Fault 2 Fault 2A Fault 3

Upper Burgan
target sand

Lower Burgan
target sand

Shale marker

London
AnnuAL

ConferenCe
opportunities and Investment  

in upstream oil and Gas

4–5 June 2014
The Royal Institution

London, UK
www.spe.org/events/lond

organised by Society of Petroleum engineers
founded by the SPe London Section

reGISter now!

ML24002.indd   132 4/14/14   12:37 PM



134 JPT • MAY 2014

but was not excluded because of a po-
tential application (fractures and faults 
identification). The third geosteering 
method, based on deep directional mea-
surements, was chosen and used as the 
primary tool for geosteering strategy; 
the few markers available in the targeted 
upper and lower Burgan sands were used 
as boundary references in order to place 
the wellbore accordingly within the tar-
gets (Fig. 2). The main challenges were to 
identify how far the boundaries could be 
seen in these particular zones and to es-
tablish the geosteering strategy for drill-
ing the lateral sections. 

Geochemical Prejob Model. Pilot 
Study. Before building the geochem-
ical model on the basis of the offset 
well (please see the complete paper for 
details about the offset-well study), a 
pilot geochemical study was conducted 
on three Wara-Burgan wells. The high-
resolution geochemical analysis defined 
10 chemostratigraphic packages and 15 
chemostratigraphic units for the Wara-
Burgan reservoir of the Minagish field. 

The pilot geochemical study of the 
upper Burgan reservoir shows an in-
crease in heavy-mineral contents, par-
ticularly in the middle part of the main 
clean-sand channel, and then an increase 
in dolomite content followed by maxi-
mum elevated iron values in the lower 
part. This is followed by increasing urani-
um/thorium and potassium/thorium ra-
tios, indicating dirty-sand and shaly sec-
tions at the lowest part (Fig. 3). 

Well-Location Optimization
The well locations for smart multilat-
eral wells are optimized by integrating 
data from multiple disciplines, from the 
macroscale (seismic) to the microscale 
(petrography). Furthermore, data from 
seismic, geology, petrophysics, reservoir 
engineering, and well surveillance were 
incorporated into the predrill charac-
terization program. The lower lateral, 
LAT-0, is placed in the lower Burgan, 
consisting of a braided river system with 
stacked sand bodies. The sediment in-
cludes fine-, medium-, and coarse-grain 
sizes, with porosity ranging from 20 
to 30% and permeability values on the 
order of a few darcies.  The bottom part 
of the massive sand bodies is directly 
connected to the bottom aquifer. 

The upper lateral, LAT-1, of the 
smart multilateral well is targeted in the 
upper Burgan, consisting of silt to me-
dium sands. The porosity is relatively 
low (between 15 and 18%), and the per-
meability values are on the order of hun-
dreds of millidarcies because the reser-
voir still retains a fluvial-sand character. 
There are shaly sediments between the 
lower and upper Burgan regions, which 
can act as a permeability barrier or as 
a baffle for vertical migration of fluids. 
This complex channel geometry makes 
these reservoirs extremely challenging 
for implementation of smart multilat-
eral wells. The well trajectories were op-
timized to encounter the best reservoir 
sections by minimizing the exposure to 
fault networks as interpreted from high-
resolution seismic. 

Real-Time Geosteering 
Operations
Advanced multilateral-well drilling/com-
pletions requires the application of inno-
vative technologies while drilling to place 
the well in “sweet spots” by managing 
geological uncertainties. The smart mul-
tilateral wells were drilled by integrating 
advanced high-resolution chemostratig-
raphy (XRF) and advanced gas analysis 
along with real-time geosteering forma-
tion characterization and seismic-data 
interpretation. The prejob chemostrati-
graphic analyses of offset-well data and 
modeling have provided reference indi-
cations for geochemical steering to char-
acterize various facies in heterogeneous 
formations of the Burgan reservoir. The 
high-resolution 3D-seismic-data inter-
pretation has allowed refinement of the 
geological model in terms of faults and 

reservoir boundaries. The real-time geo-
steering is performed by use of advanced 
and innovative technologies, including 
high-resolution XRF geochemical analy-
sis, to identify geochemical “proxies” 
and allow geochemical steering. The op-
timum use of geochemical models was a 
major asset while steering the multilat-
eral well in the complex structure of Bur-
gan. In addition, azimuthal deep resis-
tivity as a tool for distance-to- boundary 
measurements, at-bit measurements, 
and petrophysical interpretation has 
been used in real time to correct well po-
sitioning and locate faulted areas. For a 
detailed discussion of the XRF-aided che-
mosteering results and azimuthal resis-
tivity measurements, please see the com-
plete paper.

Real-Time Petrophysical Evaluation. 
In the present work, real-time log-based 
petrophysical evaluation complemented 
with XRF analysis and mud-logging data 
was used to better geosteer the wellbore 
in the zone of interest and maximize the 
drainage area. In the complete paper, 
details are presented from an integrat-
ed interpretation based on the real-time 
data set for the LAT-0 section of Well A. 
A similar approach was adopted for the 
LAT-1 section of Well A and for both sec-
tions of Well B.  

Identification of Faults/Fractures. An 
azimuthal lithodensity image was inter-
preted while drilling, not only to under-
stand the formation dip but also, most 
importantly, to identify clusters of frac-
tures/faults; this process was comple-
mented with XRF analysis. Fig. 4 shows 
four fault zones identified through the 

Fig. 3—Proposed geochemical model for the upper Burgan.
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LAT-0 section of Well A; these were quite 
evident from XRF analysis.

Nature of Fractures/Faults. With a lim-
ited data set, it is difficult to interpret 
whether the fractures are open or healed. 

Nonetheless, an attempt was made to 
understand the nature of the fractures 
through crossplots, which indicate that 
92% of the drilled section is clean sand-
stone with excellent reservoir quality. 
Meanwhile, saturation analysis per-

formed while drilling (by use of Archie’s 
empirical correlation) for the entire 
horizontal section indicates a very low 
 water-saturation value across the entire 
interval. This, in turn, implies no water 
along the fractured zones, supporting 
the previous interpretation performed 
on the basis of total- and sonic-porosity 
crossplots that indicate that the fractures 
are closed or healed. Both resistivity 
and Pickett-plot analysis show no water 
across fractures/faulted zones, which is 
in agreement with XRF-data analysis. 

Rock-Quality Indexing. Quick volumet-
ric analysis was conducted and a few 
crossplots were created to understand 
the rock quality over the drilled inter-
val and plan for the completion design. 
The rock type and quality interpreted 
from log data were validated further 
through XRF analysis and cuttings de-
scription. The rock quality, along with 
other LWD data, was used to geosteer 
the well successfully.  For a detailed dis-
cussion of these findings, please see the 
complete paper. JPT

Fig. 4—Lithodensity image showing zones of faults as clusters of fractures. 
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