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Abstract

Overall performance of a production system is determined hv the flow rate. This rate is sustainable for the
conditions established by the svstem components (tubing, pipelines. chokes, etc). reservoir pressure, and
separator pressure. Nodal analysis technigue identifies each resistance in the svstem starting from sand
face to the outlet of the separator. It allows sensitivity studv of each component and optimizes the overall
performance of the production system. Production capacity of all the wells of the Saldanadi Gas Field has
been optimized using nodal analvsis method. The results are based on production data up to August 31,
2002 At the same time different sensitiviey studies have been performed to determine the effect of the
svstem components. This study finds that the production rates of all the wells in this field have not been
mamtained at the optimum production capacity in the past.

Introduction

Bangladesh  Petroleum  Exploration and  Production
Company Ltd (BAPEX) with the drilling of the
Saldanadi well # 1 in 1986 discovered Saldanadi Gas
Ficld. 1t 1s located approximately 40 km north of
Comuilla.

Three distinct commercial hydrocarbon accumulations
arc cncountered by the two wells in this field. The
upper, middie and lower gas zones are found at a depth
ot approximately 7130 ft true vertical depth (TVD),
7103 tt (TVD). and 7890 ft (TVD) respectively.

Saldanadi Well # 1 was completed as a dual producer
(short and long strings). It started production on March
28, 1998 from upper and lower zones. Saldanadi well #
2 was dircctionally drilled in 1999. Production began
from middle zonc on May 3, 2001.

Initial production rates' of the Saldanadi well # 1 for
short and long strings were about 5.34 mmscfd and
1.43 mmscfd. respectively. Short and long strings
wellhead pressures were 1980 psia and 2120 psia,
respectively. Cumulative productions of the Saldanadi
well # 1 (short and long strings) from March 28, 1998 to
August 31, 2002 arc about 3324 mmscf and {4521
mmscf, respectively. Production rates (August 31, 2002)
of the two strings (short and long) were 1.16 mmscfd
and 5.99 mmsctd and the flowing wellhead pressures
(FWHP) were 1264 psia and 2244 psia respectively.
The initial reservoir pressure and FWHP of the well # 2
* were 3244 psia and 2299 psia, respectively. The initial
production rate was about 15 mmscfd. On August 31,
2002, the production rate and FWHP of the wel] # 2
were about 10.30 mmscfd and 2099 psia respectively.
Cumulative production of the Saldanadi well # 2 from
May 3, 2001 to August 31. 2002 is about 6663 mmscf

The objectives of the study are to perform production
system analysis of the Saldanadi Gas Field as of August
2001 to understand the production behavior, to
recommend optimum production approach and future
adjustments for the wells and to find out optimum
production rates under diffcrent operational conditions.
Using the nodal analysis method and the PIPESIM
software, the individual well performances have been
conducted for sensitivity studies of the important well
variables.

Nodal Analysis

Nodal Analysis® is the method for analyzing any well,
which will allow dectermination of the producing
capacity for any combination of components. This
method may be used to determine locations of excessive
flow resistance or pressure drop in any part of the
system. The success of Nodal Analysis method,
however, depends on the use of appropriate correlation
and cquations while analyzing inflow performance
relationship (IPR) and outflow performance relationship
(OPR).

The nodal analysis method can be summarized in five
steps:

Ist: Solution node is selected. This node usually
corresponds to a component or point in the system. It is
the most convenient for specific sensitivity calculations.
2nd: Appropriate correlation and equations are assigned
to each component for analyzing IPR and OPR.

Jrd: Pressures are calculated at the selected node for
each part of the system (one part always starts from the
reservoir pressure and the other part from the separator
pressure) for several flow rates,

4th: Calculated results (pressures and rates) are used to
generate a plot of node pressure vs flow rate.



Sth: A plot of node pressure versus flow rate will

produce two curves of Inflow and Outflow. The overall
production performance of the system 1s determined
from the mtercept of the inflow and outflow
performance curves. The procedure 1s illustrated
graphically i Figure 1.

The cftect of a change in any of the components can be
analyzed by recalculating the node pressure versus flow
ratc using the new characteristics of the component that
was changed. If a change was made i an upstream
component. the outflow curve will remain unchanged.
However, 1t cither curve 1s changed. the intersection
will be shifted. and a new flow capacity and node
pressure will be established. The curves will also be
shifted 1f either of the fixed pressures 1s changed. which
may occur with depletion or a change i separation
conditions.

Pressure Losses in Producing Wells

A scrics of pressurc drops occur when reservoir fluid
moves from the reservoir to surface through wellbore,
tubing string and process facilities” The system has been
divided into five major components for better
understanding of the pressure losses. Figure 2 shows the
pressure losses in a producing well’. These are
summarized as follows:

. the pressure loss in the producing formation
required to get the fliid into the wellbore;

2. the pressure loss in the tubing string from the
bottom of the tubing to the surface which includes
all downhole chokes. restrictions, etc. within the
tubing string and the wellhead:;

3. the surface choke;

4. the surface flow lines from the choke to the
separator; and

5. the separator (or separators).

Adding up all five pressure losses give the total pressure
loss that occurs between the reservoir and the stock tank
or sales hne. The design pressure drop can be
determined when any four of the pressure drops arc
known. In our country, the separator pressure is fixed
depending upon the flow rate. Therefore, any trial and
crror solution of any of the other losses will require
beginning the calculation cither in the reservoir, or at
the separator, or both.

Phase Envelope

The PIPESIM® software using the composition given in
Table 1 has drawn three phase envelopes ftor three zones
of upper, lower and middlc respectively. Phase
envelopes for three zones are shown in Figures 3, 4 and

“The cfitical point B, is the intérsecting point of the two

curves. Point € 1s the criocondenbar, which 1s the
maximum pressure at which liquid and vapor may
subsist 10 equilibrium. Point D 1§ the cricondentherm,
the maximum temperature at which liquid and vapor
may co-exist i equilibrium. The same parameters are
determined for lower and middle zones tfrom Figures 4
and 5 respectively.

Systems Analysis as Applied to Producing Wells

The ctfect of various changes in one component of the
system has an overall cffect on the cntire system.
Typical wells are selected in order to show the effect of
various changes, such as: scparator pressure, surface
choke stze. tubing size and average reservoir pressure.
The ceffect on production rate of various restrictions,
such as surface chokes. downhole chokes. safety valves,
and completion restrictions, can all be properly
accounted for. The analysis will show whether or not
the particular well 1s limited in its production rate by the
reservoir's ability to give up fluids or by the producing
system.

(1 )Eftect of Separator Pressure:

The selection of some parameters, such as separator
pressure 1s related to economics. For example, the
selection of the scparator pressure in a gas-litt system 1s
extremely important  Iin determining  compressor
horsepower (HP). Scparator pressures between 300 and
[100 pst may have very little cffect on the tlow rate
from a low productivity well, but may have a very
decisive effect on the flow rate of high productivity
wells. A complete systems analysis will show the effect
of varying the separator pressure on compressor HP
and, hence, the economic feasibility of buying more or
less HP. The various profit indicators such as payout,
rate of rcturn, nct present value etc can be used to make
the decision.

In analyzing these wells, it 1s important to see the effect
of different scparator pressures while maintaining
everything else constant. Input data of this case study 1s
presented in Table 3. Absence of measurcd average
reservolr pressure has forced the use of calculated
rescrvoir pressure from IPR curves. These valucs could
not be verified. Salda Well # | (Short String} did not
have production test data. Results from DST were used.
Several computer runs were made varying the scparator
pressure from 500 to 1000 psia. The delivery pressure
out of gas processing plants in Bangladesh i1s 1000 psia.
From Bakhrabad gas ficld, gas is being supplied around
600 psia. The separator pressure range was sclected on

the basis of prevailing operating conditions in most of

5. In Figure 3 (Upper Zone, Well # 1), line AB is the ‘
the Bangladeshi ficlds. At the same time average

bubble point curve and line BE is the dew point curve.



reservoir pressure were also varied from 1500 psia to
initial reservorr pressure. The results of this case study
arc in Figures 6 to 8. The change in separator pressure
has a significant effect on the tlow rate.

Figurc 6 shows the variation of average reservoir
pressure with outlet pressure of Salda well # | (short
string). Optimum gas flow rate can be calculated at
average reservolr pressure rangimg between 1500 psia
and 3358 psia and outlet pressurc between 500 psia and
1000 psia. At initial reservoir pressure of 3358 psia and
outlet pressure of 1000 psia, the optimum gas rate 1s
2.80 mmsctd. Actual gas rate on August 31. 2002 and
flowing wellhcad pressure arc 1.1628 mmscfd and
1264.7 psia respectively. The optimum production rate
of the Salda well # 1 (short string) is 1.20 mmscid.
Similarly, from Figures 7 and 8 optimum gas rates arg
determined for well # 1 (long string) and well # 2.
Actual gas rates on August 31, 2002, and optimum gas
rates are shown in Table 4.

A case study’ was also made when there is no Surface
Critical Sub-surface Safety Valve (SCSSV) present at
the tubing. It indicates that there was a pressure loss
across the SCSSV. SCSSV has an effect on gas rate 1n
the well # 2. Removing SCSSV will cause a flow
increase by about 1.09 %. But no pressure loss was
found 1in the well # 1.

(2)Effect of Surface Wellhead Choke:

The production rate largely depends on the surface
chokes. The casicst way of increasing the flow ratc 1s to
increasc the opening of the choke. The input data of this
casc study 1s presented in Table 5. Several computer
runs were made varying the average reservoir pressure
from 1500 psia to intial reservoir pressure and choke
size 0.10 inch to 1 inch keeping all other parameters

constant. Results of this study are shown in Figures 9 to
| 1.

The variation of average reservoir pressure with choke
size of Salda well # 1(short string) 1s shown in Figure 9.
The present bean size of Salda well # 1 (short string) 1s
0.2366 inch. It has been calculated from upstream and
downstream pressure. On August 31, 2002 actual
production rate 1s 1.1628 mmscfd and optimum gas rate
has been found from Figure 9 as 1.20 mmsctd.
Similarly, optimum rates for well # 1 (long string) and
well # 2 have been determined from Figures 10 and 11.
On August 31, 2002 average reservoir pressures were
1900 psia, 3600 psia and 2900 psia for the Well # 1
(Short and Long Strings) and Well # 2 respectively.
Optimum gas rates at different bean sizes on those
reservolr pressures can be calculated from Figures 10
and 11 and the values are presented in Table 6.

Optimum gas rate from this study 1s same¢ as the
previous results, because all parameters remain same.
Changing separator pressure or bean size can change
optimum rate. The purposc of the optimization process
is finding out the most cost-cffective way to increase
the optimum ratc. In this case it is casier and
economically feasible to change optimum rate by
changing bean size.

A casc study ~ was made in absence of the SCSSV at
the tubing. Pressurc loss across the valve was found and
affected the gas rate in the well # 2 but no cftect was
found in the well # | If the valve 1s removed then the
gas flow will increase by 1.09%(approximate).

Conclusions

. In the well # 1 (short string), separator pressure
may affect the optimum gas rate within the range of
0 to 2 mmscfd. Separator pressure was varied from
500 psia to 1000 psia. For well # 1 (long string). the
maximum optimum ratc of 5.00 mmscfd was
achicved by lowering the separator pressure 1o 500
psia. For the same hmiung separator pressure of
500 psia. a maximum optimum rate of 7.00 mmsctd
was found for well # 2.

2. The increase of bean size can considcrably affect

the production rate of the well # 1 (short string and
long string) and well # 2. Significant additional
production rate may be achicved in these wells
after the bean size increasc (Table 6).

3. The optimum production rates under the present

operating condition as of August 31, 2002 are:

4.
Well ] Optimum (as Rate |
* L | (mmsctd)
| Well no 1 (Short String) | 1.20 o
Well no 1 (Long String) | 6.10
| Well no 2 4|_8.30 _—_—I
Recommendations

. Pressure survey should be conducted on a regular
basis in each well to know the present reservoir
pressure.

2. Bean size of the surface wellhead chokes of the

well # 1 (short string and long string) should be
exactly measured to find out the up to date values
of the optimum rate.

3, A good reservoir simulation model should be
developed for future optimization of the field.
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Figure 6 Effect of Seperator Pressure (Short String)
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Figure 7 Effect of Seperator Pressure (Long String)
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_Table 1 Gas Composition of Salda Well # 1 & 2

er | Lower | Middle |

Components __Mole (")
Nitrogen ) 0.3727 | 0.26 4* 0.3503 |
Carbon dioxide | 0.6130 | 0.7] ! 0.5727 *
Mecthane 94.8083 ] 96.17 | 94.5613
Ethane 2.8796 { 218 [ 2.8314 |
Propane 0.8598 | 0.45 | 0.9155
[so-Butane 0.1630 | 0.12 (0.2355
h-Butane 0.1145 0.06 [0.2044 |

k[so-Pcntane [ 0.0815 | 0.03 iO.l 137 |

| n-Pentane 0.0732 0.02 0.1226

| Hexane l 0.0344 I | 0.0926 |

Table 2 Critical

Middle Zones

Point,

Tricondenbar And
Tricondentherm Values of Upper, Lower and

Critical Point

| Temp. (°F)

Critical
Pres. (psia)
Tricondenbar
sila)

9635

Tricondentherm
°F

-25

= AL

Point | 814 | 757

187

-71

Table 3 Input Data for Separator Pressure

Salda Well # |

EE l Lower | Middle

92

846

|

Nodal Analysis Point

Maximum Gas

Inflow
Sensitivity

Rate(mmscfd)

Av. Res.
Pres (psia)

20

3358-
1500

Sep Outlet
Pres. (ps! 12)

H Short
Strin

Long

Slnng_l Well # 2 ‘

1108

0

Salda

c

20

Bottomho_

30

1500

3244- |
1500

T 1000-
500

[ 000-

Table 4 Results of Separator Pressure

. g

1 G00-500

Salda Well # ] Salda
| Short Long | Well#2 |
- String | String ]
Optimum Gas 1.20 6.10 8.30
Rate(mmscfd) —k
Actual Gas 1.1628 | 5.9943 | 10.2979
Rate(mmscfd) (August

31, 2002

Table S Input Data for Surface Wellhead Choke

Salda Well # 1 | R
Short Long Salda
String String Well #

2

Nodal Analysis Point | Bottomhole
Maximum Gas 20 20
Rate(mmscfd)

System Qutlet Pressure
i {psia) ! [ B B
Inflow Av. Res. 3358 - 3650- 3244-
Sensitivity Pres. (psia) | 1500 1 1500 1500
Outflow Bean Size 0.10- 0.10- 0.10-
Sensitivity L {inch) 1 00 L 1.00 | 1 00

Table 6 Results of Surface Welthead Choke

1 Salda Wcll #
| Short Long
J String | String
_Bean Size (inch) | 0.2366 | 0.3795
Actual Gas 1.1628 5.9943
Rate(mmscfd)

| (August 31, 2002)

Bean Size (inch)

Optimum Gas Rate (mmscfd)

Short Long Well #
{String | String |2
I 0.1000 ) 0.10 ] 0.50 0.40
L0.2000 1090 | 2.20 1190
0.2366 1.20° 1
0.3000 1.60 1 4.40 4.10
0379 6.10"
0.4000 2.10 +6.60 6.90
0.4440 1 | 8.30°
0.5000 2.30 8.20 10.00
0.6000 2.40 0.20 12.90
0.7000 248  19.80 15.10
| 0.8000 2.50 1 10 16.70
0.9000 2.5] | 102 17.70
1.0000 2.52 IO3 {8.40
a. Gas f ﬂow rate from the well on August 31, 2002




