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ABSTRACT:

During oil — production by gaslift method,
because of the limitation of injection gas rate, the
optimization of distributing injection gas rate for
group of well is universally interesting. There are
some optimization methods for gaslift well in
Vietnam, nearly all uses analytical mathematic

method with solutions finding the extrema for
multivariable function. This paper presents an
optimization method for group of gaslift well to
increase the oil rate for Dai Hung field, Nam Con
Son Basin, offshore Vietham.
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1. INTRODUCTION

Optimization, as a branch of mathematics, has many
applications and widely effective. Therefore, the field of
optimization is becoming increasingly diverse, with
many different names such as Mathematics
Programming, Optimal Control, Operation Research,
Games Theory...

In mathematics, term optimization refers to the study
of problems:

Given a function f: A — R, find an element xo € A
such that f(xo) <f{x), V& € A or f(xo) >f(x) ¥x € A.

One such material formulation is sometimes called a
mathematical programming. Many practical problems
and theoretical model can be generalized in that way.

The domain A of fis called the search space. Typically,
A is a subset of Euclidean space R", usually defined by a
set of constraints that the elements of A must satisfy. The
elements of A are called the candidate solutions. The
function f is called an objective function. A feasible
solution that minimizes or maximizes the objective
function is called an optimal solution.

To apply to design optimal regime for exploitation of
gas-lift system, we will seek objective function based on
production and injection gas data of each well satisfy
constraints and find value to achieve the objective
function value optimal.

2. THEORETICAL BASIS
2.1 Methods of analysis and research

Optimizing gas-lift production has many different
definitions, but the general approach is to make the
highest profit factor. Thus, the goal of optimization is to
exploit the maximum flow, the minimum individual cost
and maximum profit. In this paper based on criteria
optimal maximum flow and minimum operators own
expense. Optimizing group of gas-lift well will clear the
following practical problem:

+ Group wells for maximum flow rate while excluding
limited amounts of injection gas.

+ Distribution of injection gas to group of gas-lift wells
for maximum flow rate for a given amount of injection
gas.
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On each operation curve Q = f(V) has a feature called
optimal flow-rate point, corresponding to the highest
effective factor of gas-lift process, n.

The factor n will reach a maximum value at the point
where the ratio (Q/V) peak. Also, at tangent point to curve
Q(V) drawn from the origin of axis. In this mode, the ratio
(VIQ) is minimal, or the minimum amount of injection
gas to raise a unit volume of fluid. The production rate
corresponding to the maximum value of n is called
optimal rate.

The more volume of injection gas, the more production
rate we have because of the decrease of fluid density in
tubing. But, this only increased to Qmax Value, after that if
volume of injection gas continues increasing the
production rate will reduce because of slipping between
injection gas and oil.

Therefore, the operation mode of the wells located
between optimal mode (Qopt) and maximum mode (Qmax)
(Fig. 1)
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Figure 1. The effect of injection gas to production rate.
2.2 Survey method

Basically, the survey method presented here is based
on the change of production rate versus volume of
injection gas.

Survey procedures:

- Reduced injection gas volume small enough so that
the well still working stability, write down injection
gas volume (Vii), injection gas pressure (Pki) and
production rate (Qz).

- Increase the amount of injection gas to about 25%,
write down injection gas volume, pressure and
production rate when the well working stability.
Continue to increase the amount of injection gas by

25% of each time and write down those parameters
until the production rate decrease.

- Draw the relationships of the injection gas rate R =
f(Vk), the injection gas pressure Px = f(Vi), the
production rate QL = f(V«) and injection gas volume
Vi. (Fig. 2)

The more volume of injection gas, the more
production rate we have because of the decrease of fluid
density in tubing. But, this only increased to Qmax value,
after that if volume of injection gas continues increasing
the production rate will reduce because of slipping
between injection gas and oil.

As shown in Fig.2, we can see point 1 at optimal
mode (the curve Qu = f(\V«) corresponding to point 2 the
minimum injection rate (the curve R = f(\Vk). This means
that at this point the cost for injection gas volume is
smallest. This is the optimal mode is determined from the
perspective of energy.

The maximum production rate of each well can be done
at point 3. The operation mode of a well between optimal
mode (point 1) and maximum mode (point 3).
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Figure 2. The relationships between injection rate, injection
pressure, and production rate versus injection volume

2.3 The operation equation of each well

The form of the production rate of each well:

Q=AV2+BYV +C
(1)
with:

- Q: production rate (m?d)
- V:injection gas rate (m%/d)
- A, B, C: the parameters
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From the survey values and equation (1), we have:

Q= A-V12 +BV,+C
Q,= A.\/22 +BV,+C (2
Q,= A.\/32 +BV,+C

We get A, B, C from the solution of equation system (2).

2.4 Apply Mathematical Programming to optimizing
gas-lift production method

As shown above, we will define the objective
function and constraints and find out the value of
injection gas volume to objective function reach the
optimal one.

Assume that, we have a group of wells (include n
wells). Vi is the injection gas volume of the well i(i =
1,2,...,n) and Qi = A.(Vi)? + B.Vi + C is the operation of
well i. VT is the total available volume of injection gas
for group of wells.

From the survey method show in item 3, we will find
out the Viepy and Vimax) of well i. The problem now
become:

Objective function: Q = ZQI — Mmax

DV <V,

Vi <V, <V,

i i(critical)

Constraints:

3. DAl HUNG FIELD CASE STUDY

Optimization using mathematical programming
method for group of 4 wells in Dai Hung Field, DH-4X,
DH-8P, DH-9P, DH-10P with given data in table 1 and
2 below:

Table 1. The situation before optimizing

Volume of . . .
o Production Oil Oil
injection gas Water .
Well Name x10° Rate cut (%) density rate
m¥/da Y1 kgmd) | (m3da
miday) (m*/day) (kg/m®) | (m*/day)
DH-4X 8 32 20 780 19,97
DH-8P 15 32 30 780 17,47
DH-9P 45 46 30 780 25,12
DH-10P 35 50 20 780 31,2
Total 103 160 93,76

Table 2. The result from gas-lift well survey

Vol f P i Wi
Well . _0 l:_me © rogu:uon Catter Oil density Oil rate
injection gas ate u 3 3
Name kg/m m°/da
(A0 m¥iday) | (miiday) | (g | 9™ | (M)

5 20 12,48
8 32 19,97
10 38 23,71

DH-4X 20 780
14 45 28,08
17 46 28,70
20 44 27,46
9 18 9,83
12 26 14,20
15 32 17,47

DH-8P 30 780
20 40 21,84
25 42 22,93
32 39 21,29
12 22 12,01
23 48 26,21
30 55 30,03

DH-9P 30 780
35 56 30,58
40 53 28,94
45 46 25,12
15 15 9,36
35 50 31,2
50 65 40,56

DH-10P 20 780
65 70 43,68
80 66 41,18
95 52 32,45

3.1 Optimization for each of gas-lift well in Dai Hung
Field

From table 2, and use eqg. (1) and (2) we find out the
Qopt and Vopt. From the peak of the curve Q(V) we also
have Qmax and Vmax. The optimal operation mode for
each well between optimal to maximum mode. The
calculation results shown below:

Well DH-4X:
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From Operation Curve DH-4X, we get:
Qmax = 46.5 (m¥/day) and Viticas = 16.5x10% (m?/day)
Qopt = 25.74 (m3/day) and Vo, = 6.3x10° (m®/day)

Well DH-8P:

Operation Curve DH-8P
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From Operation Curve DH-8P, we get:
Qmax = 38.3 (m¥/day) and Vitical = 22.5x10% (m?/day)
Qopt= 27.64 (m3/day) and Vop= 12.7x10% (m3/day)

Well DH-9P:

Operation Curve DH-9P
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From Operation Curve DH-9P, we get:
Qmax = 55.7 (m¥/day) and Viticas = 33x10° (m3/day)
Qont=40.61 (m3/day) and Von = 19x10% (m¥/day)

From Operation Curve DH-10P, we get:
Qmax = 70.4 (m¥/day) and Vitical = 65.8x10% (m?/day)
Qopt = 46.24 (m3/day) and Vo= 32.4x103 (m3/day)

3.2 Simultaneous optimization for Group of 4 wells
above

From data from table 2, using eq. (1) and (2) we
have the operation equation for each well shown below:

- DH-4X:Q=-0.2V?>+ 6.6V -8

- DH-8P: Q =-0.111V?+5V -18

- DH-9P: Q =-0.076V? +0.015V - 27.273

DH-10P: Q = 0.021V? + 2.821V - 22.5

Apply mathematical programming for this problem:
Obj. function:

Q = QoH-4x + QpH-8p + QpH-9p + QDH-10p — max
Constraints:

Vbh-ax+ VbH-gp + VDH-9p + VDH-10p < 130

and Viept) < Vi < Viritical)

The result of solution we have:
VpH-ax = 14.14; VVpH-sp = 18.24;
VpH-9p = 26.86; VpH-100 =43.76

Calculate the production rate for each well after
optimization by this equation:

Q=(AV2+B.V+C).(1-n).p

With: - n: water cut; - p: oil density
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- Table below show us the detail of calculation results:

Table 3- The results of calculation after optimization

for the group wells

Injection gas | Production rate | Oil Production
Well Name volume each _af_ter ) Rgite_ aftgr
well (x10° optimization optimization
mé/day) (m3/day) (ton/day)
DH-4X 14,14 45,33 28,29
DH-8P 18,24 36,24 19,79
DH-9P 26,86 52,78 28,82
DH-10P 43,76 59,93 37,4
Total 103 194,28 114,29

After optimization of distribution the amount
injection gas for the group wells we get the production
rate increase by 34.28 m3day, oil-production increase
by 20.53 ton/day. The comparison of production rate,
volume of injection gas before and after optimization
shown by the charts below:

Volume of injection gas before and after
optimization
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Figure 3. The comparison between volume of injection gas
before and after optimization for each well
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Figure 4. The comparison between oil production rate before
and after optimization for each well

4. CONCLUSION

With the limitation of injection gas about 103x10°
md/day, after optimization the production rate increase
by 34.28 m3/day, and the oil rate increase by 20.53
ton/day. When compared with the real-production data
from practice, the results of each is equivalent. This can
prove the correctness of this method.
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ng dung phwong phap quy hoach toan hoc
tdi wu hoa lwong khi nén bom ép cho mé
Pai Hung, bdn triing Nam Cén Son, ngoai

kKhoi Viet Nam

¢ Phung bai Khanh
e Lé& Thanh Liém

e Hoang Trong Quang
Trwdng Pai hoc Bach khoa, PHQG-HCM

TOM TAT:

Trong khai thac ddu bang phuong phap
gaslift, do lrgng khi nén thuong la co han, nén van
dé téi wu héa viéc phan bé lrong khi nén cho céac
giéng trong mét mé luén duoc quan tam. Pa co
mot sé phuong phép téi wu héa cho nhém giéng
khai thac gaslift & Viét nam, nhung chi yéu 1a si

dung phuwong phap gidi tich toan hoc véi loi gidi la
tim cuc trj ciia ham da bién. Bai bao nay sé dé cép
dén viéc ap dung mot phuong phap tdi uu héa cho
nhém giéng khai thac gaslift - phuong phap Quy
hoach toan hoc - ¢ng dung cho mé Dai Hung bén
trdng Nam C6n Son Viét Nam.

Tor khéa: Quy hoach todn hoc, téi wu héa, gas-lift, khi bom ép.
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