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Abstract To decide between Test Separators (TS) and Multi-Phase Flow Meters (MPFM), the Capital &
Operating Expenditures (CAPEX and OPEX) of each facility must be compared. An economic model is
developed for evaluating the economics of Multi-Phase Flow Meters, MPFM and Test Separators, TS. A
comparative study was made to consider which is more economically viable to be installed between the
multiphase flow meter, MPFM and test separator, TS. The NPV was evaluated and was found to be a positive
value, since Present Value (PV) for Multiphase Flow Meter, (MPFM) is - $332,618 and Present Value (PV) for
Test Separator, (TS) is -$583,648. Hence, MPFM was selected, because NPV =PV pem-PV1s = (- $332,618) - (-
$583,648) = $251,030.This shows that Multi-Phase Flow Meters, MPFM is a more cost-effective means of
obtaining well-test data.

Keywords Test Separators, Multi-Phase Flow Meters, Multi-Phase Flow, Economic Model, Net Present Value
(NPV).

Introduction

The production stream from the oil wells contains gas and water, and particulate matter in a high mixed state.
The ability to control and monitor the separation process is of critical essence in the oil and gas energy industry.
Multiphase flow measurement is a general term that explains multiple flow measurement in a general term. Qil
and water are known to be multiphase in the energy industry. The flow is a difficult subject principally as a
result of the form in which the two fluids exist inside the pipe, known as the flow regime. Until recently, large
test separators that are expensive are used to separate oil, water and gas, which are measured using conventional
technology. The production stream from the oil, separation and measurement approach has inaccuracies and
requires operator attention and maintenance [1]. Multi-Phase Flow Meters, MFPM application has become a
very promising technology nowadays. It is proven that MPFM is environment-friendly since it generates zero
emission to the environment (closed loop). Despite most careful preparation of the separator metering devices,
there are still limitations on the accuracy of the test separator measurements [2]. Multiphase metering delivers
real-time simultaneous measurement of oil, water and gas eliminating the need for test separators. It provides
instant information on reservoir production [3]. One of the problems of the multiphase measurement technology
is the uncertainty of the measurement. The main source for these higher measurement uncertainties in well test
data is the fact that they measure unprocessed and far more complex flows. The problem now arises as to
whether the accuracy of multiphase flow meter (MPFM) compares well with that of the test separator? More so,
how economically viable are the multiphase flow meters (MPFMs) when compared to test separators?

MPFM eliminates the requirement of test separators, test lines, manifold and valve system. The drawback is that
it cannot be applied for offloading and well cleaning purpose [4]. Prior industry attempts to utilize the new
technology of multiphase metering for production well testing in mature fields has been hampered by the high

cost of multiphase meters [5].
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Figure 1: Flow Chart for Economic Model Development
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Objectives of Study

To develop an economic model in order to compare the cost of expenditures on the multiphase flow meter and
test separator for selecting best metering method for production operations that will bring about maximum
benefit and return on investment.

Scope of Study

In terms of multiphase flow meters (MPFM), this work is limited to the measurement of the in-line meter of the
multiphase flow of oil, gas and water. The profitability indicators will be limited to the Net Present value
(NPV).

Materials and Methods

The profitability indicator such as NPV is used to select the economic service-producing investments, such as
the Test Separator and Multiphase Meters.

Economic Model

The NPV is obtained by subtracting the present value of periodic cash-out flows from the present value of
periodic cash inflows. The NPV can be calculated has follows:

n (MPFM -TS)
NPV(MPFM—TS) = ZileC W

@
When the NPV is calculated, decision is made as follows:

If NPV is greater than zero, select multiphase flow meter (MPFM);

If NPV is less than zero, select Test Separator (TS);

If NPV is zero, select either of them

The following are the assumptions made in this study:
1. The equipment has a twelve-year service life;

2. There is no tax implication to the investment;

3. There is no salvage value;

4.  Base case of 15% discount factor is considered.

Results and Discussion
This study gives a comparative economic evaluation of both the multiphase flow meter and the test separator.
This is important, for one to decide which method to select or reject. Selecting the best equipment for
production operations will bring about maximum benefit and good return on investment.
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Table 2: Cost of Operation for Test Separator

Years Test Separator
from Start "CAPEX (5) OPEX ()
0 150,000 0
1 0 80,000
2 0 80,000
3 0 80,000
4 0 80,000
5 0 80,000
6 0 80,000
7 0 80,000
8 0 80,000
9 0 80,000
10 0 80,000
11 0 80,000
12 0 80,000
Peried of Investment Cash Flow
Enter Time Length (tyr) | 12 ok Choose Discount Rate |0 !Eg g
Input Parameters for Flow Meter . Disc'Factor_FM{%) PV_@&_Disc'Factor_FN
Enter CAPEX(C. §) Engaged g ? ;"DDDD 1o o ke
Enter OPEX(D. 8) Engaged 52 o i 22683
DiscountRate(%) 15 oK ] o 19725
&4 0 17154
Input Parameters for Test Separator £ B 0 14916
Enter CAPEX(C, ) Engaged - o 12583
Enter OPEX(O. 5) Engaged gl 0 L2
DiscountRate(:) 15El = f}: ; g g
&0 0 7416
g 11 0 G447
12 0 5607
L3 10 KA TOTAL =332618

Advice = Select Multiphase Meter

Figure 2: Model Result for Multiphase Flow Meter of 15 % Discount

! Granville
Pericd of Investment Cash Flow
Enter Time Length (ty1) | 12 B Choose Discount Rete |0
et e * OPEX_TS(S) TC_TS(S) X isc’Factor_TS{Frac)
Enter CAPEX(C. S Engaged
nter (C.5) ngag ) 20000 20000 69568
EegCIEEA G Engaged i B0000 B0000 50488
DiscountRate( ) 15 oK o 20000 20000 52600
1] 80000 80000 45744
Input Parameters for Test Separator 1] 20000 80000 39776
Enter CAPEX(C. 5) Engaged o 80000 80000 34584
0,
Enter OPEX(O. §) Engaged " 806000 50000 -
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Advice = Select Multiphase Meter

Figure 2: Model Result for Test Separators of 15 % Discount
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The NPV was evaluated based on equation (1). Here, the NPV was found to be a positive value, since Present
Value (PV) for Multiphase Flow Meter (MPFM) is - $332,618 and Present Value (PV) for Test Separator is -
$583,648. Hence, MPFM was selected, because NPV =PV ipem-PV1s = (- $332,618) - (-$583,648) = $251,030.
Figure 4 below shows the relationship between the CAPEX and OPEX for both MPFM and Test Separator. It is
cheaper to install a Test Separator when compared to a Multi-Phase Flow Meter (MPFM), but the cost of
operating a Multi-Phase Flow Meter (MPFM) over a period of time is far lesser than that of a Test Separator.

( )

Time (Years)

—4—MPFM

Expenditure ($) ——TEST SEPARATOR

CAPEX

Figure 4: Expenditure curves for MPFM and Test Separator
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Figure 5: Model Result for Multiphase Flow Meter of 5 % Discount
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Period of Investment Cash Flow
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Figure 6: Model Result for Test Separator of 5 % Discount
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Figure 7: Model Result for Multiphase Flow Meter of 10 % Discount

Period of Investment Cash Flow |
Enter Time Length (tyr) |12
Input Parameters for Flow Meter _T5(Frac)
Enter CAPEX(C, §) Engaged (=]

Enter OPEX(C. 5) Engaged (=] 0 20000 66112
DiscountRate(%) 10 1] 20000 60104
0 20000 54640
Input Parameters for Test Separator (i} 20000 49672
Enter CAPEX(C, €) Engaged = 0 BO000 45160
Enter OPEX(O, §) Engaged (=] E Mm ;;ﬁ
DiscountRate(%) 10 oK 0 80000 23928
0 20000 30840
0 BO000 28040
[\ 20000 25438
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Figure 8: Model Result for Test Separator of 10 % Discount
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Pericd of Investment Cash Flow |
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Figure 9: Model Result for Multiphase Flow Meter of 20 % Discount
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Figure 10: Model Result for Test Separator of 20 % Discount
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Advice = Select Multiphase Meter

Figure 11: Model Result for Multiphase Flow Meter of 25 % Discount
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Period of Investment Cash Flow
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Figure 12: Model Result for Test Separator of 25 % Discount
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Figure 13: Model Result for Multiphase Flow Meter of 30 % Discount
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Figure 14: Model Result for Test Separator of 30 % Discount
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Table 3: NPV at Various Discount Factors

Discount NPV ($)

Factor (%) MPFM  Test Separator

5 435,893 901,472

10 374,408 695,088

15 332,618 583,648

20 303,179 505,144

25 281,753 452,408

30 265,706 407,856

( N
DISCOUNT FACTOR(%)

(e e —— C

NPV ($)

——-TEST SEPARATOR

- J

Figure 15: Plot of NPV against Discount Factors
Figure 15 above shows the relationship between NPV and discount factors of 5% to 35%. To obtain the
breakeven point, the total cost of both MPFM and Test Separator were discounted at various discount rate and
the present value (NPV) obtained were used to generate Figure 15 above. From the trend, it shows that it will
get to 80% to 90% for breakeven to occur. i.e when NPV for MPFM is equal to that of the Test Separator.
MPFM gives a better investment proposal than the Test Separator which will give a better investment proposal
if the discount factors continue to increase.

Conclusion

1. An economic model was developed for evaluating the economics of MPFM and Test Separators.

2. MPFM is more economically viable to install than the Test Separators. This means that MPFM is a more cost-
effective means of obtaining well-test data.

3. Further study should be considered whether it will be more economical to replace a test separator with a
multiphase flow meter when the test separator is already in place.

4.1n order to enjoy the benefits of multiphase metering, companies will have to provide the financial support to
the development of higher performance meters.
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