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Abstract
The overall performance of gas reservoirs and the optimization of production, as well as its sensitivity analysis, are affected 
by several factors such as reservoir pressure, well configuration and surface facilities. The Habiganj well no. 06 (HBJ-06) is 
one of the significant gas-producing vertical wells of the Habiganj gas field, currently producing 14.963 MMscfd of natural 
gas from the upper gas sand. The widely used Nodal analysis is an optimization technique to improve the performance and 
was applied for the HBJ-06 to increase its production rate by optimizing manners. By this analysis, each component starting 
from the reservoir to the outlet pressure of the separator was identified as a resistance in the system by evaluating their inflow 
performance relationship and vertical lift performance. The F.A.S.T. VirtuWell™ software package was used to perform 
this analysis, where the declinations of wellhead pressures were suggested as 1300, 1200, 1100 and 1000 psi(a) without any 
modification of the tubing diameter and skin factor. Hence, the respective optimized rates of the daily gas production were 
increased to 38.481, 40.993, 43.153 and 46.016 MMscfd. At the same time, the optimized condensate gas ratio was calculated 
as 0.07, 0.06, 0.06 and 0.05, associated with the optimized condensate water ratio of 0.11, 0.10, 0.09 and 0.08, respectively.

Keywords Nodal analysis · Gas production optimization · F.A.S.T VirtuWell™ · IPR · VLP · Habiganj gas field

List of symbols
μ  Average viscosity
∆ptotal  Total pressure
c  Coefficient from well data
h  Reservoir height (pay zone)
k  Permeability

n  Exponent obtained from well tests
Pi  Initial pressure
Pr  Average reservoir pressure
ptf  Tubing flowing pressure
Pwf  Bottom-hole flowing pressure
q  Production rate
Qg  Gas production rate
Qw  Water production rate
Qc  Condensate production rate
re  Radius of reservoir
rw  Production tube diameter
s  Skin
Z  Gas compressibility factor

Abbreviations
AOF  Absolute open flow
BGFCL  Bangladesh Gas Field Company Limited
Bscf  Billion standard cubic feet
CGR   Condensate gas ratio
CWR   Condensate water ratio
DCA  Decline curve analysis
EOT  End of tubing
GIIP  Gas initially in place/gas initial in place
GWC   Gas water contact
HCU  Hydrocarbon unit of Bangladesh

 * Md. Shaheen Shah 
 shaheenshah_just@yahoo.com

 * Md Hafijur Rahaman Khan 
 mdhrsumon14@gmail.com

1 Department of Oil and Gas Engineering, 
Memorial University of Newfoundland, St. John’s, 
Newfoundland A1C 5S7, Canada

2 Department of Petroleum and Mining Engineering, Jashore 
University of Science and Technology, Jashore 7408, 
Bangladesh

3 Key Laboratory of Ocean and Marginal Sea Geology, South 
China Sea Institute of Oceanology, Chinese Academy 
of Sciences, Guangzhou 510301, China

4 Innovation Academy of South China Sea Ecology 
and Environmental Engineering, Chinese Academy 
of Sciences, Guangzhou 510301, China

5 University of Chinese Academy of Sciences, Beijing 100049, 
China

http://orcid.org/0000-0003-0595-1289
http://crossmark.crossref.org/dialog/?doi=10.1007/s13202-020-00908-2&domain=pdf


3558 Journal of Petroleum Exploration and Production Technology (2020) 10:3557–3568

1 3

HGF  Habiganj gas field
ID  Inner diameter
IKM  Intercomp-Kanata Management Limited
IPR  Inflow performance relationship
km  Kilometer
LGS  Lower gas sand
mD  Millidarcy
MD  Measured depth
MMscfd  Million standard cubic feet per day
MPP  Midpoint of perforation
NPD  The Norwegian Petroleum Directorate
NPI  Normalized pressure integral
OD  Outer diameter
PBTD  Plug bottom total depth
PDA  Production data analysis
psi(a)  Pound per square inch (absolute)
PTA  Pressure transient analysis
RTA   Rate transient analysis
Tcf  Trillion cubic feet
TMD  Measured tubing depth
TPC  Tubing performance curves
TVD  The vertical distance
UGS  Upper gas sand
VLP  Vertical lift performance
WGR   Water gas ratio

Introduction

Energy is an essential prerequisite in industrialization for 
accomplishing or promising innovative change, economic 
development, automation and move through the industrial-
ized part all over the world. Generally, natural gas, oil and 
coal are to be considered as the principal energy sources on 
the planet, where approximately 35% of the world’s essential 
energy utilization originates from natural gas (Hussain 1987; 
Saidur et al. 2010; Hasanuzzaman et al. 2011; Ahmed et al. 
2013; Nasir et al. 2013).

In the natural gas or petroleum industry, one of the pri-
mary objectives is to maximize and/or draw out the gas/
oil production within the specific and budgetary points of 
confinement existent (Jaf 2015; Vieira 2015). Therefore, 
the term “production optimization” denotes the determina-
tion and implementation of optimum values of parameters 
in the production system to maximize hydrocarbon produc-
tion rate (or discounted revenue) or to minimize the operat-
ing cost under various technical and economic constraints 
(Boyun et al. 2007). In the different industry, production 
can be optimized by the different approach; however, Nodal 
(or NODAL) analysis is a method for setting up a well for 
the generation of oil and/or gas from the reservoir to accom-
plish the best conceivable proficiency, which was first used 
by Beggs (2003) in the book of “Production Optimization 

Using NODAL Analysis” (Mohaghegh 2011; Sylvester 
et al. 2015). So, it is defined as a systemic approach to the 
optimization of oil and gas wells, which is used to evalu-
ate a complete production system thoroughly. Although the 
entire production system is analyzed as a total unit, indi-
vidual components are also evaluated individually using this 
method (Boyun et al. 2007). Every component of a well in a 
production system can be optimized to achieve the objective 
flow rate with most economically (Brown and Lea 1985). In 
the term of Nodal analysis, various computer-based software 
is used to find out the optimum condition of the production 
(Khor et al. 2015). The F.A.S.T. VirtuWell™ is a software 
package that is used to model, analyze and optimize flow 
in the wellbores. It allows performing the single and mul-
tiphase flow calculations for different wellbore geometries 
such as vertical, slant, horizontal or complex configurations.

The optimization is specifically dependent on some func-
tions, which might be a single, two or more variables (mul-
tivariate optimization), and a well is said to be optimized 
when it is producing at ideal conditions with the least prob-
lems (Beggs 1991; Bath 1998). Thus, the pith of drilling and 
finishing a production well is to lift oil or gas from its origi-
nal location in the reservoir (formation) to the stock tank or 
sale lines. Generally, the engineer utilizes Nodal investiga-
tion to locate the best size of tubing, the best operating pres-
sure for the production separator, etc. (decision variables). 
Any optimization is restricted to differing the choice vari-
ables on an experimentation premise to locate a reasonable 
blend of the variables (Ravindran and Horne 1993; Wang 
et al. 2002; Wang 2003; Roh et al. 2006). Production opti-
mization can be done in different Nodal applying systems 
such as changing wellhead pressure, changing skin factor 
or changing the tubing size of the oil and gas wells (Greene 
1983; Brown and Lea 1985). In the early 2000s Haq et al. 
(2003) PIPESIM software utilized as a part of the production 
optimization of the Fenchuganj gas field in Bangladesh, it 
has been shown that changing separator pressure and surface 
wellhead choke, which improved gas production rate consid-
erably. Moreover, Haq et al. (2005) also observed by using 
PIPESIM that changing separator pressure and surface well-
head choke, which optimized gas production rate radically 
in the Fenchuganj gas field (Haq et al. 2005). Contrariwise, 
General Allocation Package (GAP) analysis has been applied 
in conducting the system analysis by changing tubing ID 
and separator pressure resulting in optimized gas produc-
tion at Saldanadi gas field and Kailastila gas field. (Salekin 
2011; Ahmed 2012). Rahman and Akter (2014) investigated 
that tubing ID and perforation depth got new optimized well 
deliverability by changing the value of skin in the Habiganj 
gas field. Shah and Hossain (2015) evaluated the natural gas 
production optimization of the Kailashtila gas field by using 
F.A.S.T. Virtu Well™ through decreasing wellhead pressure 
as the Nodal analysis approach. Additionally, Faruque et al. 
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(2018) investigated on the gas production optimization by 
decreasing skin and changing tubing size without changing 
the wellhead pressure by using F.A.S.T. Virtu Well™.

The case study of gas production optimization between 
two different nodes in the same well of a typical gas field 
using nodal analysis resolves that the oil/gas can be pro-
duced more by reducing wellhead pressure than decreas-
ing skin and increasing tubing size neglecting some minor 
limitations (Shah and Hossain 2015; Faruque et al. 2018). 
In addition, some other studies completed in Bangladesh 
(Haq et al. 2003, 2005; Salekin 2011; Ahmed 2012) also 
showed favorable results by changing wellhead pressure. 
Nevertheless, damage or stimulation around the wellbore in 
the formation of oil/gas is known as the skin factor. Positive 
skin can be caused by things like mud and cement infiltra-
tion, wax/asphaltene, water vapor evaporation, etc. On the 
contrary, processes such as acidizing, solvent injection and 
hydraulic fracturing can cause negative skin (Dake 1978; 
Guo 2019). So, the skin factor in the current well has not 
been changed. Furthermore, when the size of the tubing 
becomes larger than the critical tubing size, then it can 
reduce the production rate as a result of increasing the size 
of the tubing if the tubing size of the gas well cannot meet 
the requirement of carrying liquid that may cause a decrease 
in production rate (Wan 2011). Therefore, the size of the 

tubing is considered as the constant of the currently used 
well. This study considers the reduction in well pressure 
upon the Habiganj gas field.

In Bangladesh, 20 gas fields out of 26 are producing 
approximately 2730 MMscfd through 101 wells against a 
demand of 3200 MMscfd cause a deficiency of 500 MMscfd 
during 2016 (BGFCL 2016). Therefore, to supply the gas 
as per the demand, either more wells have to be drilled or 
production should be increased by applying appropriate 
enhancement techniques or the Nodal analysis approach. The 
point of this study has attempted a prospective application of 
Nodal analysis by F.A.S.T. VirtuWell™ software to optimize 
gas production of HBJ-06 in Habiganj gas field.

Habiganj gas field

Habiganj gas field (HGF) lies in Madhabpur Upazila under 
the Habiganj district, northwestern Bangladesh, which 
is about 100 km to northeastern from the capital city of 
Dhaka and located at 24.3750° N and 91.4167° E (Fig. 1). 
It is bounded by Sunamganj district to the north, Tripura 
of India and Maulvibazar district to the east, Sylhet district 
to the northeast, Brahmanbaria and Kishoreganj districts to 
the west covering the total area of 2636.58 km2. Titas gas 

Fig. 1  Location map of the study area of Habiganj gas field, Bangladesh (modified after LGED 1999; Shofiqul and Nusrat 2013)
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field, the largest reserved gas field in Bangladesh, lies about 
32 km southwestern of this gas field (Imam 2013; Rahman 
et al. 2017). The Surma Basin is a dynamically subsiding 
sub-basin of the Bengal Basin situated in the northeastern 
part of Bangladesh, and HGF occupies in the southern part 
of the Surma Basin. It is shaped by a north–south prolonged 
anticline, which lies in the northernmost termination of the 
130 km long Baramura anticlinal and lineated from Tripura 
(India) in the south. The structure has a four-way closure, 
and the gas water content level in the closure is 11.5 km long 
and 4.5 km wide. Near the central part of the structure, the 
dip angles of the western and eastern flank of the Habiganj 
anticline are 10° and 9°, respectively (Imam 2013; Islam 
et al. 2017).

The UGS and LGS are the two gas-bearing zones in the 
reservoirs consisting of sandstones having a place with the 
Surma Group of Miocene–Pliocene age. The UGS is the 
primary gas reservoir that lies at a profundity of 1320 m 
underneath the surface and maximum gross pay of 230 m 
thick. The reservoir formation of UGS is characterized by 
medium to fine-grained sand, very much well-sorted, perfect 
and unconsolidated. Among the 11 producing well, HBJ-
06 is a vertical well, producing the gas vertically from the 
UGS zone (Fig. 2). Through HBJ-6, the UGS reservoir can 

be characterized as: porosity of 30%, average permeability 
of 3500 mD (2000–4000 mD), water saturation of 40% and 
reservoir pressure of 2076 psia (Petrobangla 2011; Imam 
2013; Shofiqul and Nusrat 2013). The water drive mecha-
nism dominates the gas recovery from the UGS, and the 
aquifer is ten times extensive than the reservoir (Haq and 
Gomes 2001).

The HGF is one of the largest gas-producing gas fields in 
Bangladesh, which was discovered by Shell Oil Company in 
1963, and gas production was started in February 1969. At 
the first stage, the production was quite low and fluctuated; 
however, the rate was increased to about 25 MMscfd from 
the first two wells in 1981. Afterward, the more wells were 
drilled in different stages and the production was increased 
gradually. In May 2004, production crossed 300 MMscfd 
marks from 11 producing wells and this rate continued for 
about 6 months, and then it started to decline. In Decem-
ber 2009, field production was 226 MMscfd and a total of 
1671 Bscf has been produced from this gas field (Gustafson 
Associates 2011). In 1992 evaluated by IKM, the GIIP of 
the HGF was 3.66 Tcf with 51.64% recovery factor, along 
these lines recording an initial gas reserve 1.89 Tcf. In 
2003, HCU-NPD reevaluated the GIIP at 5.13 Tcf with a 
75.05% recovery factor; in this manner, recording an initial 

Fig. 2  a Cross-sectional view and b the depth structure on top of upper gas sand of the subsurface formations and the position of wells of the 
Habiganj gas field, Bangladesh (Imam 2013; Rahman et al. 2017; Gustafson Associates 2011)
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gas reserve was 3.85 Tcf. Finally, in 2011, Petrobangla pub-
lished a revised estimate of the gas field based on RPS esti-
mated GIIP of 3.68 Tcf with a suggested 71.47% recovery 
(Petrobangla 2011; Imam 2013; Shofiqul and Nusrat 2013).

Materials and method

For this study, production, well performance and reservoir 
data were collected from BGFCL through Petrobangla and 
annual reports of BGFCL (Petrobangla 2011; Rahman and 
Akter 2014; BGFCL 2016). The Nodal analysis approach 
was utilized through the generation of the IPR–VLP curves 
based on the production data. This method may be utilized to 
determine locations of excessive flow resistance or pressure 
drop in any part of the framework (Coles 1965; Haq et al. 
2003; Jansen and Currie 2004; Wan 2011). Nodal analysis is 
not only used to optimize the production; it is also a strategy 
to find out the stabilized flow rate for a given arrangement of 
conditions (Ravindran and Horne 1993; Boyun et al. 2007; 
Christopher and Uche 2014). In this approach, the AOF/TPC 
analysis by the reservoir model and AOF/TPC analysis by 
Rawlins–Schellhardt (P2) model have been used to evaluate 
gas production optimization in the HGF by using F.A.S.T. 
VirtuWell™ software. At a specific time in the life of the 
well, there are always two pressures that remain fixed and 
are not the function of the flow rate. One of these pressures 
is the average reservoir pressure, and the other is the sys-
tem outlet pressure, usually used as the separator pressure 
(Hossain 2008; Midthun et al. 2015). The Nodal analysis 
approach is based on the following criteria:

AOF (IPR curves) analysis

In AOF analysis, the IPR curve was generated by the data 
of reservoir parameters, including porosity, water saturation, 
permeability, reservoir pressure, drainage area, IGIP, per-
foration angle, skin factor, etc., in the F.A.S.T VirtuWell™ 
software. IPR or back-pressure bend is characterized as the 
functional relationship between the production rate from 
the reservoir and the bottom-hole flowing pressure. IPR is 
described in the pressure range between the average reser-
voir pressure and atmospheric pressure (Economides et al. 
2013; Affanaambomo 2008; Tan et al. 2014; Vieira 2015). 
The inflow performance of a well significantly depends on 
various factors like the sort of reservoir, drive mechanism, 
reservoir pressure, permeability, etc. (Schlumberger 2000; 
Ruysschaert 2012).

At that point shows the production rate as an element of 
the bottom-hole pressure. The graphical representation of 
IVR is based on the flowing pressure (Pwf), and production 

rate (q) can be calculated by the following equation (Econo-
mides et al. 2013; Sylvester et al. 2015):

TPC (VLP curves) analysis

In TPC analysis, the wellbore properties data such as tub-
ing data, wellhead pressure, casing data, liquid ratios and 
flow path were used in F.A.S.T. VirtuWell™ software to 
construct the VLP curves, which depicts how the pressure 
drop influences the flow rate that achieves the surface in the 
tubing. Vertical flow performance is the well capacity to 
deliver under a consistent surface pressure limitation. In a 
producing well, this is called tubing intake or outflow per-
formance (Economides et al. 2013; Affanaambomo 2008; 
Ruysschaert 2012).

where ∆p total = ∆pf + ∆pp + ∆pk= frictional pressure 
loss + potential pressure loss + kinetic pressure loss.

For multiphase flow, the forecast of the pressure drop 
profile is affected by the phase behavior and properties, flow-
ing temperature, flow pattern and mechanical losses. The 
most widely recognized analysis method of this performance 
begins with the fixed back pressure (indicated by wellhead 
or separator pressure), and the pressure losses of the flow-
ing bottom-hole pressure can be measured (Aziz and Govier 
1972; Govier and Fogarasi 1975; Economides et al. 2013; 
Rahman and Akter 2014; Ruysschaert 2012). The connec-
tions of multiphase pressure loss correlations depend on the 
mathematical statement of the Fanning friction pressure loss 
(Sylvester et al. 2015). It can be assembled by considering 
several flow patterns as Beggs and Brill (1973) correlation, 
Petalas and Aziz model (1998) and non-flow patterns as 
Gray (1978) and Hagedorn and Brown (1965) correlation 
(Oddie et al. 2003; Abhari et al. 2010; Ottba and Al-Jawad 
2006; Ahmed and Ayoub 2014; CheGuide 2015). The empir-
ical model developed by Beggs and Brill (1973) has been 
selected for the multiphase flow pressure drop calculations 
in this study.

The determination of well deliverability 
and operating points

The well deliverability is the ability of fluid flow at a con-
stant rate by a particular well, whereas the intersection of the 
curves is the operating point (or natural flow point) that can 
be determined by the combination of IPR and VLP curves 
(Boyun et al. 2007; Okoro and Ossia 2015; Vieira 2015). The 
gas production is directly involved to the well deliverability, 

(1)P2
i
− P2

wf
=

1424ZT

kh

(

ln
0.472re

rw
+ s

)

q +
1424ZT

kh
q2.

(2)Pwf = Ptf + Δptotal
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where the gas production increases proportional with well 
deliverability (Economides et al. 2013; Jansen and Currie 
2004; Rahman and Akter 2014; Shah and Hossain 2015). 
The operating points are measured by the interaction of AOF 
and TPC curves in the F.A.S.T. VirtuWell™ software, which 
is indicated the well deliverability from Nodal analysis.

AOF/TPC analysis by F.A.S.T. VirtuWell™ software

In AOF/TPC analysis in reservoir model, casing data, tub-
ing data, perforation data, wellbore properties, TPC data, 
specific different tubing scenarios data and fluid properties 
are entered into the input feed of F.A.S.T. VirtuWell™ soft-
ware. AOF curves and gas AOF/TPC curves were automati-
cally produced based on the inputted data. This gas AOF/
TPC curve represents the relationship in the form of pres-
sure versus flow rate graph, and the operating point can be 
determined from the intersection of TPC and AOF curves. 
Additionally, TPC data specify different tubing scenarios 
data; reservoir AOF data were also inputted into the software 
for AOF/TPC analysis in Rawlins–Schellhardt (P2) model, 
where IPR–VLP curves were also automatically generated. 
The operating points and the resulting intersection points of 
the curves (Fig. 3b, d) are shown in Tables 2 and 3. Fetko-
vich’s equation for gas reservoirs is one of the most common 
equations for gas rate prediction used as the back-pressure 

equation in the software (Maurer Engineering 1994). The 
equation is denoted as:

Results and discussion

Generally, matrix acidizing, hydraulic fracturing, acid 
fracturing, changing the diameter of tubing and chokes, 
gas injection, water injection, changing wellhead pressure, 
increasing perforation, changing well direction, etc., are used 
to maximize the production of oil and/or gas. The HGF can 
be characterized as a high-performance reservoir with large 
permeability and strong water drive (Ravindran and Horne 
1993; Bieker et al. 2006; Dehua et al. 2011). Therefore, 
hydraulic fracturing, acid fracturing, gas injection or water 
injection methods are not necessary for this field. However, 
the production can be enhanced by changing the condition of 
the controlling parameters in different nodes of a particular 
well by the Nodal analysis approach.

The diameter of HBJ-06 (the well no. 06 of HGF) is 
only 3.5″, perforation height is 430 ft (131.06 m), whereas 
the pay zone is 800 ft (243.84 m). Due to the drilling and 

(3)Qg = c(P2
r
− P2

wf
)n.

Fig. 3  a IPR and b IPR–VLP curves generated by reservoir model, 
c VLP and d IPR–VLP curves generated by the Rawlins–Schellhardt 
(P2) model, by using AOF/TPC analysis for the HBJ-06 well of the 
Habiganj gas field. The different IPR curves  (IPR1,  IPR2,  IPR3 and 

 IPR4) are overlapped with each other due to the very close values of 
production rate and flowing pressure. Additionally, the different VPL 
curves  (VLP1,  VLP2,  VLP3 and  VLP4) of the tubing A, B, C and D 
are indicated by the different colors
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continuous production, the skin is produced near the well-
bore, which value is 8. The average reservoir pressure is 
2076 psia, sandface temperature is 113 °C, and the aver-
age wellhead pressure is 1404.70 psia. The values of gas 
gravity,  N2 and  CO2 are 0.56%, 0.38% and 0.07%, respec-
tively. Presently, the daily gas production rate of HBJ-06 is 
14.963 MMscfd (for details BGFCL 2016). So, considering 
all the factors, the production can be enhanced by reduction 
in the wellhead pressure of HBJ-06 associated while keeping 
the other factors unchanged.

Operating points in AOF/TPC analysis 
in the reservoir model

In the AOF in the reservoir model, the IPR curves pre-
sented in Fig. 3a are initially constructed by the reservoir 
parameters of HBJ-06 using F.A.S.T. VirtuWell™ software 
mentioned as  IPR1,  IPR2,  IPR3 and  IPR4 designating differ-
ent wellhead pressure (Shah et al. 2014; Shah and Hossain 
2015). During the TPC analysis, several tubing configura-
tions were suggested which are designated as A, B, C and 
D; however, they exhibited almost similar patterns (Table 1). 
At the same time, it is primarily investigated VLP curves in 
Fig. 3b in the TPC analysis, which is generated by the pro-
duction wellbore parameters stated as  VLP1,  VLP2,  VLP3 
and  VLP4 to keeping the tubing parameters unchanged (Shah 
et al. 2014; Shah and Hossain 2015).

Additionally, the result of the AOF/TPC reservoir model 
is obtained from the intersection points, which are known as 
operating points, presented in Table 2. The operating points 
value are 38.481, 40.993, 43.153 and 46.016  MMscfd, 
respectively, which are generated by  IPR1,  IPR2,  IPR3 and 

 IPR4 with the respective sandface flowing pressures of 
2070.4, 2070.1, 2069.7 and 2069.5 psi(a) against  VLP1, 
 VLP2,  VLP3 and  VLP4 curves with wellhead pressures of 
1300, 1200, 1100 and 1000 psi(a), respectively, that are the 
relationship in the form the graph of pressure versus flow 
rate (Fig. 3b). The values of different operating points of 
38.481, 40.993, 43.153 and 46.016 MMscfd indicate the 
flow rate points that are mentioned as the well deliverability 
in different pressures conditions (Economides et al. 2013; 
Shah et al. 2014; Shah and Hossain 2015; Vieira 2015).

Operating points in Rawlins–Schellhardt (P2) model

The result of the AOF/TPC analysis in the Rawlins–Schell-
hardt (P2) model is obtained from the intersection points 
(operating points) of AOF and TPC curves (Table 3). In 
the Rawlins–Schellhardt (P2)-type curve analysis, it is ini-
tially investigated by VLP curves  (VLP1,  VLP2,  VLP3 and 
 VLP4) demonstrating the values of 1300, 1200, 1100 and 
1000 psi(a), respectively (Fig. 3c), that are intersected with 
IPR curves  (IPR1,  IPR2,  IPR3 and  IPR4) with the respec-
tive sandface pressures of 2070.4, 2070.1, 2069.7 and 
2069.5 psi(a) and it is formed in the relationship of pres-
sure versus flow rate curves (Fig. 3d). The flow rates in 
the intersecting point of IPR and VLP curves are the well 
deliverability, and the calculated respective values of the 
operating points are found as 38.481, 40.993, 43.153 and 
46.016 MMscfd (Shah et al. 2014; Shah and Hossain 2015; 
Vieira 2015). The respective well deliverability rates are 
very close to that of Table 2, indicating the gas produc-
tion rate is higher than the present gas production rate of 
14.963 MMscfd.

Table 1  The gas TPC data 
of the HBJ-6

TPC Wellhead 
pressure, 
psi(a)

CGR/OGR, 
bbl/MMscf

WGR, bbl/
MMscf

ID, in. OD, in. Length, ft (CF) MD, ft (CF)

A 1300 0.1 0.2 3.28 3.5 4552 4552
B 1200
C 1100
D 1000

Table 2  Operating points result at reservoir AOF/TPC-type curves analysis for HBJ-06 (pressure vs. flow rate)

PSFA, PSFB, PSFC and PSFD are the optimized sandface flowing pressure, and QGA, QGB, QGC and QGD are the optimized gas flow rate in tubing 
A, B, C and D, respectively

AOF PSFA psi(a) QGA MMscfd PSFB psi(a) QGB MMscfd PSFC psi(a) QGC MMscfd PSFD psi(a) QGD MMscfd

1 2070.4 38.481 2070.1 40.993 2069.7 43.153 2069.5 46.016
2 2070.4 38.481 2070.1 40.994 2069.8 43.153 2069.5 46.016
3 2070.4 38.481 2070.1 40.994 2069.8 43.154 2069.5 46.017
4 2070.4 38.482 2070.1 40.994 2069.8 43.154 2069.5 46.017
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Comparison between reservoir and P2 types 
of analytical results

In AOF/TPC analysis in reservoir model, the initially 
generated IPR and VLP curves by the reservoir param-
eters of HBJ-06 mentioned as  IPR1,  IPR2,  IPR3 and  IPR4, 
and  VLP1,  VLP2,  VLP3 and  VLP4 (Fig. 3a) represent the 
inclination of the reservoir pressure which is formed by 
the inflow of the node (Beggs 1984; Jansen and Currie 
2004; Hossain 2008). On the other hand, VLP curves are 
generated by the production wellbore properties stated as 
 VLP1,  VLP2,  VLP3 and  VLP4 at the early stage of AOF/
TPC analysis in Rawlins–Schellhardt (P2) model (Fig. 3b), 
which represent the gas production rate through tubing that 
is formed by the outflow of the node (Beggs 1984; Hossain 
2008). In the AOF/TPC analysis in reservoir model, these 
IPR curves are intersected with VLP curves while AOF/
TPC analysis in Rawlins–Schellhardt (P2) model VLP 
curves are also intersected with IPR curves (Figs. 3b, d), 
which concurrently represent as a form of Nodal analysis 
technique (Ibelegbu 2004). Both IPR and VLP curves are 
generated at the same time through double analyses (Beggs 
1984, 1991; Economides et al. 2013; Jansen and Currie 
2004; Hossain 2008; Midthun et al. 2015). Therefore, both 
of these curve analysis indicating wellhead pressure have 
decreased with the decrease in respective reservoir pres-
sure (Fig. 4; Table 4; Mogensen 1991; Economides et al. 
2013). Through the comparison between the AOF/TPC 
analysis in the reservoir model and Rawlins–Schellhardt 
(P2) model for HBJ-06, it is apparent that operating points 
in both models are similar. This analysis demonstrated that 
the gas-producing rates increase as 38.481, 40.993, 43.153 
and 46.016 MMscfd for the respective wellhead pressures 
of 1300, 1200, 1100 and 1000 psi(a) and the reservoir 
pressures of 2070.4, 2070.1, 2069.7 and 2069.5 psi(a). 
The optimized gas production rates are formed in a rising 
upward curve, which indicates the increase in gas produc-
tion rate with the declination of wellhead and reservoir 
pressure (Fig. 4). 

The suggested vertical wellbore configuration of the 
HBJ-06 is presented in Fig. 5, which is generated by using 

F.A.S.T. VirtuWell™ software in the optimized conditions. 
The TMD is 4980 ft (1518 m) with the casing plug total 
bottom depth of 5515 ft (1681 m), the midpoint of per-
foration (MPP) of 4740 ft (1444.5 m) and datum depth 
4765 ft (1452 m) (Fig. 5). It is mentioned that the depth 
(4765 ft) of the MPP is mainly related to the EOT depth. 
In this configuration, EOT is above the MPP, where the 
fluid flow is within the casing until it reaches to the EOT 
point. However, the tubing with casing ID calculation in 
this study showed the datum depth of 4765 ft (1452 m). 
It is a reference point for the calculations that are either 
derived from the sandface to the datum and/or from the 
datum to the wellhead (Table 5). 

Liquid lift ratio

The effect of the increasing liquid rate is due to the increase 
in both liquids holdup and fluid velocity. This will cause an 
increase in both the hydrostatic and friction losses. CGR is 
the condensate to gas ratio produced at the surface, which 
is usually calculated from direct measurements diving by 
daily gas rate to the known daily condensate. Besides this, 
the CGR is also used to calculate the “Recombined Gas 
Gravity” and the “Recombined Gas Rate,” which are fur-
ther used to calculate the wellbore pressure drop (Beggs 
1991; Ibrahim 2007; Jaf 2015). Similarly, the CWR has 

Table 3  Operating points result at Rawlins–Schellhardt (P2) AOF/TPC-type curve analysis for HBJ-06 (pressure vs. flow rate)

PSFA, PSFB, PSFC and PSFD are the optimized sandface flowing pressure, and QGA, QGB, QGC and QGD are the optimized gas flow rate in tubing 
A, B, C and D, respectively

AOF PSFA, psi(a) QGA, MMscfd PSFB, psi(a) QGB, MMscfd PSFC, psi(a) QGC, MMscfd PSFD, psi(a) QGD, MMscfd

1 2070.4 38.481 2070.1 40.993 2069.7 43.153 2069.5 46.016
2 2070.4 38.481 2070.1 40.993 2069.7 43.153 2069.5 46.016
3 2070.4 38.481 2070.1 40.993 2069.7 43.153 2069.5 46.016
4 2070.4 38.481 2070.1 40.993 2069.7 43.153 2069.5 46.016

Fig. 4  The optimized gas production rate of the HBJ-06
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also been calculated. For the measurement of the liquid 
lift ratio of the vertical wellbore, the fluid properties, using 
tubing data, tubing pressure and temperature, have been 
considered (Maurer Engineering 1994). Previously, the 
HBJ-06 wellbore the CGR and CWR was calculated as 
0.05 and 0.11, respectively (BGFCL 2016). Taking same 
tubing sizes of HBJ-06 well with the suggesting wellhead 
pressure 1300, 1200, 1100 and 1000 psi(a) in F.A.S.T Vir-
tuWell™, C1, C2, C3 and C4 curves and W1, W2, W3 and 
W4 curves are generated, which are mention, respectively, 
for the minimum gas rate to lift condensate and minimum 
gas rate to lift water for this tubing (Fig. 6). The respective 
values of these C1, C2, C3 and C4 curves are 2.776, 2.661, 
2.541, 2.415 MMscfd, and W1, W2, W3 and W4 curves are 
4.321, 4.139, 3.949, 3.751 MMscfd (Table 6). Finally, it has 
been measured based on the optimizing conditions that the 
respective CGRs are 0.07, 0.06, 0.06 and 0.05, and CWRs 
are 0.11, 0.10, 0.09 and 0.08 for the suggesting wellhead 
pressure. Consequently, it is observed that the values of 
CWR have gradually decreased, although there is no sig-
nificant change in the values of CGR due to the declination 
of wellhead pressures. 

Table 4  Optimized gas production in different pressure conditions 
derived from the comparison of the  reservoir model and  Rawlins–
Schellhardt (P2) model

Flowing sandface pres-
sure, psi(a)

Declining wellhead 
pressure, psi(a)

Optimized 
gas produc-
tion, MMscfd

2070.4 1300 38.481
2070.1 1200 40.993
2069.7 1100 43.153
2069.5 1000 46.016

Fig. 5  Schematic diagram of vertical wellbore configuration in the 
optimum condition of HBJ-06

Table 5  Evaluation of natural gas production results of the HBJ-06, Habiganj gas field, Bangladesh

Well No. Reservoir pres-
sure, psi(a)

Average wellhead 
pressure, psi(a)

Production 
rate, MMscfd

Flowing sandface 
pressure, psi(a)

Suggesting wellhead 
pressure, psi(a)

Optimized 
gas produc-
tion, MMscfd

HBJ-06 2076 1404.7 14.963 2070.4 1300 38.481
2070.1 1200 40.993
2069.7 1100 43.153
2069.5 1000 46.016

Fig. 6  The liquid lift ratio in the optimum condition of the HBJ-06, 
where C1, C2, C3 and C4 curves represent the minimum gas rate to lift 
condensate and W1, W2, W3 and W4 curves, minimum gas rate to lift 
water in different wellhead pressure condition. The different curves 
(C1, C2, C3 and C4 or W1, W2, W3 and W4) are overlapped with each 
other due to the very close values of production rate and flowing pres-
sure
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Conclusions

This study was carried out to attempt an application of the 
Nodal analysis approach to optimize the natural gas produc-
tion of HBJ-06 of the HGF, Bangladesh. The HBJ-06 is one 
of the major gas-producing wells of the HGF with a cur-
rent production rate of 14.963 MMscfd. The Nodal analysis 
technique identifies each component as a resistance in the 
system, starting from the reservoir to the outlet pressure of 
the separator while analyzing IPR and VLP curves for the 
vertical wellbore. Following the Nodal analysis by F.A.S.T. 
Virtu Well™ software package, the results are briefly sum-
marized as follows:

• The daily gas production capacity is optimized to 38.481, 
40.993, 43.153 and 46.016 MMscfd by suggesting the 
respective declined wellhead pressure of 1300, 1200, 
1100 and 1000 psi(a) without any significant change of 
the tubing diameter and skin factor.

• The optimized CGRs are 0.07, 0.06, 0.06 and 0.05, as 
well as CWRs are 0.11, 0.10, 0.09 and 0.08, respectively.

Based on this study, the production can be enhanced by 
the decline of wellhead pressure. The economic analysis was 
not included in the scope of this study. So advance study, 
economic analysis and strategic planning must be considered 
before implementing this technique.
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