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2. Dantzig-Wolf Decomposition
3. Special Order Set of Type 2
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2. Net Present Value
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Introduction

The reservoir properties such as water cut (WCUT),
gas-oil ratio (GOR), pressure, temperature and
composition change gradually during reservoir life.
Also, drilling new wells and shutting down some
wells are possible because of increasing water
content. Also, there are different operating pressures
and gas, oil and water production rates for each
well and surface facilities, including manifolds and
separators. Therefore, the production engineer should
make different decisions for choosing the operating
conditions to maximize daily oil production. Many
researchers have been used different approaches for
optimizing production in petroleum fields [1-2]. One
of the best methods for optimizing oil production is
real-time production optimization (RTPO) which
examined by various researchers [3-7]. The main goal
of this paper is to introduce a mathematical model
for calculating optimum wellhead pressures for the
Azadegan oil field through Mixed-integer linear
programming (MILP).

Materials and Methods
Mathematical Modelling

The upstream pressure should be more than the
downstream pressure where the reservoir fluid comes
to the surface in all surface facilities. In Fig. 1, the
schematic of the oil field surface facilities is shown.
The well reservoir fluid is passed through choke valves
and routed to the manifolds to handle the production.

Accepted: March/15/2021

Then, the well fluid from the manifolds enters the
separators through transfer pipes. The reservoir,
wellhead, choke, manifold and separator’s pressures
determine the production rate. The wellhead, manifold,
and separator pressures should be optimized for
maximum production. It is obvious that the pressure
of each of these parts of the system is a function of the
wellhead pressures. Therefore, by finding the optimal
wellhead pressure, the optimal amounts of pressure are
produced in the whole system and using it, the optimal
production rate is calculated.

Well No

Pin Pds
L O

1
Giiq

Manifold S
Separator

Fig. 1 Schematic of an oil field surface facilities.

Based on Figure 1, an oil field includes n wells with
the wellhead pressure of p? . Produced oil, gas and
water pass through the choke valves with the pressure
drop of AP and reach the manifold m. then, the fluid
is transferred to the separator with a pressure of p_by
passing through a pipeline with the pressure drop of
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AP, q'y, is the liquid production rate from the well n
which is a function of the wellhead pressure of p" .
For the optimization, GOR and WCUT are considered
congtant. Oil, gas and water production is a nonlinear
function of the wellhead pressure as follows:

qa",-, Zé;q (pv:’h).(l—wcut") (1)
a5, =4, (pl, ) GLR" )
Direr =1ty (P ) Wit 3)

The pressure drop from the wellhead to manifold (Ap
" ) 1is a nonlinear function and can be defined as:

Pas = Py T AP, (4)

Equation 5 shows the pressure drop from the manifold
to the separator, which should meet the condition 6.

P, =P, (6)

The other required equations for the modelling include
mass balance. In these equations, the sum of oil, gas
and water flow rates from wells should be equal to
the fluid flow rate to the separator. Also, the produced
liquid from the wells should be equal to the summation
of oil and water flow rate as follows:

ng = q:jl +qv:ater (8)
ql';lq = qo’?] +qv:':ner (9)
The system constraints, including allowable fluid flow
rates in pipeline and wellhead pressure, should be
considered in modelling which show in Equations 10
and 1.

n,lower n nupper
qliq Sqliq Sqliq (10)

Gry <q" (11)

Considering nonlinear nature of these equations,
Mixed Integer Linear Programming (MILP) method
was used to linear the equations.

Results and Discussion

Azadegan oil field surface facilities were simulated
using PIPESIM software. Table 1 shows the simulation
results. The next step is to find the optimal production
rate using MILP method.

The discrete points used in the MILP method have
been extracted from the simulation results. Using these
points, the weighting variables have been calculated,
and the optimal results of the oil production rates were
predicted for each well. Table 2 shows the optimization
results.

Table 1 Simulation results of the Azadegan oil field.

Well No. p",, (Psia) q", (STB/d)
36 503.7 925.8
45 4680.5 2366.5
49 4348.3 5194.1
53 634.2 1171.1
62 565.6 1037.1
63 510.2 950.1
65 626.5 792.6
78 415.7 784.1
82 602.7 772.7
84 497.2 922.8
101 478.3 893.6
110 3675.6 4601.8
122 4404.2 4551.2

Manifold 158.9 24964.1

Separator 115.7 24964.1

Table 2 Optimization results of the Azadegan oil

Well No. p*,, (Psia) Ay (STB/d)

36 400 1099.473

45 4500 4637.4

49 4400 4880.572

53 173.3 2422227

62 300 1583.877

63 300 1349.345

65 280 1387.427

78 250 1156.46

82 400 1071.62

84 161.6 1549.45

101 161.5 1514.91

110 3720 4503.07

122 4380 4698.189

Manifold - 31899.047

Separator - 31899.047

The comparison of Tables 1 and 2 show that the oil
production rates are 24964 and 31899 bbl/day for
simulation and optimal conditions, respectively.
Consequently, oil production increases by 27.7% after
optimization.

Conclusion

This study introduces a mathematical modeling for
optimization of oil production in Manifold No. 7
of Azadegan oil field using Real-Time Production
Optimization (RTPO). Simulation of 13 wells was
performed using PIPESIM software to generate
discrete points for optimization. MILP method was
used to optimiza the problem through linearization of
the equations. Results showed that the production rate



increased by 27.7% after optimization.
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