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Abstract

With the current growing demand for oil, oil price and the concerns about future oil supplies
increases the pressure in securing oil resources. Enhanced oil recovery processes are applied to
recover oil not produced by natural and secondary energy drive of the reservoir. In this study,
Simulation has been carried out on a hypothetical model using (ECLIPSE 100) as the simulator.
Three cases natural depletion, waterflooding, and injection of low saline polymer were
considered.5-spot pattern of four vertical producers wells and one vertical injector well was used
as a hypothetical well model. Economics analysis were carried out in this three scenario to
determine their net present value, profit per dollar invested, payout and Discounted flow-rate of
return. The results shows that low salinity polymer flooding has the highest recovery of 62% and
profit with NPV @ 10 ($412.9MM), payout 0.9 years, profit per dollar invested $25.9 and dcf-ror
82%. However, waterflooding gave recovery of 42%. NPV @10 ($ 317.3MM), payout 1.2 years,
profit per dollar invested $20.8, dcf-ror 78%. Natural depletion gave recovery of 16.5 %, profit
with NPV @10 (230.0MM), payout 1.0 years, profit per dollar invested $9.3, dcf-ror 78%.
Decision rule was applied using NPV, DCF-ROR, NCR and payout which states that project with higher
NPV, DCF-ROR, NCR and less Payout are more economically viable. The result of the three cases
considered shows that low salinity polymer injection is more profitable followed by waterflooding and
natural depletion.

Key words: Low Salinity Polymer; Economics; Net Present Value; Profit and Discounted Rate of
Return

1. INTRODUCTION

Low salinity waterflooding is an enhanced oil recovery method that uses water with a low concentration of
dissolved salts as a flooding medium (Morrow et al, 2011). Polymer flooding, which is a technique for enhanced
oil recovery (EOR), is the process of injecting a viscous polymer solution into the reservoir. Polymer flooding is
now considered to be a technically and commercially proven EOR method. Low salinity waterflooding is an
incremental oil recovery technique used to improve oil production by reducing the amount of residual oil
saturation within the reservoir by subjecting it to waterfloods containing low concentration of salts or simple
having low salinity (Morrow et al, 2011). Polymer flooding is applied to reservoirs as a tertiary method when
water-flooding has reached its recovery efficiency limit (Green and Wilhite, 1998). Low salinity increases
polymer solution viscosity that can improve sweep efficiency of polymer flooding (Natthaporn, 2012). Robertson
(2007) reported that oil recovery increases as the salinity of injection brine decreases. Morrow and Buckley (2011)
noted that Low salinity waterflooding (LSW), is an emerging and promising EOR process and includes the
dilution or change in the ion composition of injection brine. McGuire (2005) noted that when low salinity brine
with a salinity of 1500ppm was injected, oil recovery increases from 56% to 73%. He proposed that as low
salinity water is injected into the core, hydroxyl ions are generated through reactions with the clay minerals
present in the reservoir. Lighthelm et al (2009) proposed that wettability modification toward water-wet is the
main mechanism for Low Salinity Waterflooding.
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2. METHODOLOGY

Steps adopted in this study are as follows;

i. Reservoir data (PVT, SCAL, Pressure).

ii. Building a hypothetical model representing Niger Delta reservoir model

iii. Reservoir simulation was ran for natural depletion, waterflooding and low salinity polymer

iv. Reservoir software (Eclipse100) provides a mean to generate field oil efficiency, oil production total, field
pressure and field water cut.

v. Excel package used for Economic analysis.
Table 1
Reservoir rock and fluid properties for X-field in the niger
delta

Parameter Range
Depth (ft) 6400
Initial pressure (psi) 3288
Reservoir temperature, T (°F) 162
Oil density, (Ib/ft%) 51
Water density, (Ib/ft%) 62
NTG 0.89
Porosity, ®© 0.25
Permeability, k 1000md
WOC depth (ft) 6683
Water saturation, swi 0.18
Oil viscosity 2cp
API 26°

2000ppm and polymer

Low Salinity polymer concentration of 0.35%wt.

Figure 1: Reservoir well connections

2.1 Reservoir Model Description

A hypothetical model was designed having a centre blocked linear model. The reservoir model has grid block size
of 20>20x10. The grid cell is 250>250>60 (feet) representing X, Y and Z. The reservoirs have 574 acre making
up of 4000 grids as shown below. The simplistic reservoir model used in the simulation was built using the rock
and fluid data obtained from X-Field in the Niger Delta as given in Table 1. The well is connected to four vertical
oil producers (P1, P2, P3, and P4) and 1 injector. It has a 5 spot pattern for maximum reservoir contact and
reservoir sweep.

2.2 PVT Model

The PVT model was defined in the reservoir simulation. When the BRINE keyword is activated in the RUNSPEC,
PVTWSALT keyword is used to supply the water PVT data for simulation. However, the keyword PVTDO is
used to supply the dead oil PVT data. Polyacrylamide was used as a polymer for this research work.

2.3 Initialization

On initializing the reservoir model in Eclipse black oil model, it was discovered that 220 ,000,000 rb of oil was
obtained for this reservoir. However, other property of the reservoir and parameters considered in this research
work and reservoir constraints are outlined in detailed in a work by l1zuwa et al (2019).

3. ECONOMIC ANALYSIS

3.1 Economic Model

To evaluate the viability and feasibility of low salinity polymer flooding potential in the Niger delta, an economic
model was designed to simulate the operation of this projection for a given period of time. Profit indicators that
were utilized in evaluating the profitability of this design include the following:

i.NPV: NPV is the measure of profitability of any project. The net present value (NPV) or net present worth
(NPW) of a time series of cash flows, both incoming and outgoing.

ii. Payout period (PO): The payout for a project refers to the time at which the initial investment on the project is
just recovered. It could also be the time at which cumulative NCR becomes zero.

iii. Profit per dollar invested: it is the ratio of cumulative net cash recovery to CAPEX

iv. DCF-ROR: Discounted Cash flow-Rate of return: It is the discount rate that returns the NPV of a project to
zero.
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3.2 Decision Rule
To embark on any capital intensive projects in the oil and gas industry, it is usually good to proceed with such
projects if the profitability calculations are in line with the following decision rules (Obah, 1999).

i. NPV (accept the highest and NPV greater than zero)

ii. Payout period (the shorter the better)

iii. Profit per dollar invested (the highest the better)

iv. DCF-ROR (accept if >10%).

Table 2
Cost of Items, taxes and royalties used for the economic analysis
Cost Value References
Investment cost
Well licensing to site cleanup $ 250 000 Schlumberger 2016
Cost of drilling and completing a well $ 850/ft Shelf Drilling 2013
Cost of drilling and completing a well (total depth 6400ft) $ 5.4million -
Cost of installation of wellhead and equipment $20 000 -
Total cost per well $5.46million -
Cost of 5 vertical wells $27.3 million -
Cost of drilling a water well (1500ft) $2500 Oil service 2012
Surface gathering ,water treatment and processing facilities $ 18million Oil service 2014
Cost of installation of water injection $180 000 i
Pump
Cost of installing a gathering system for the water gathering $60 000 -
C(_)st of installing a_water lines for transporting water from 8 $1.3 million Shelf drilling
miles away from oil wells
Miscellaneous expenses $3.5 million
Total capital cost $ 50.6 million
Total capex for natural depletion without water injection $ 44.6 million
Capex for waterflooding $ 50.6 million
Capex for low salinity polymer $ 50.6 million

Operating cost
Bluwat chemical

Cost of polymer (1 Ton wt) $2100 (polyacrylamide polymer)

china 2018
Cost of transportation $300 000 Assumed
Cost of 0.35% wt polymer + transportation and operating $18.5 million i
cost
Annual labour cost assume 50 workers $1.2million Assumed
Labour cost per worker $ 3000/month -
Total maintenance costs $ 2million -
Management costs $ 300 000 -
Annual operating cost $3.5million

Tax and royalties
Royalties 18% of Net revenue Napims, 2017
Tax 30% of net revenue Napim, 2017
Qil price $25/bbl Assumed
Gross income(GR) Oil price * Cum oil production
Net cash recovery (NCR) Gross income-(Capex +Opex + Tax +
Royalty)

4. RESULTS PRESENTATION

The results of natural depletion, waterflooding and low salinity polymer flood simulation are presented below to
determine their oil recovery factor, oil production rate, field water cut and field pressure.
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4.1 Production Forecast for Natural Depletion
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Figure 2: Plot of recovery factor and cumulative oil
production against Time for natural depletion

Figure 3: Plot of field water cut, pressure and
production rate against Time for natural depletion

4.2 Production Forecast for Waterflooding

Waterflooding was used as the base case. This flooding technique was evaluated to determine the recovery factor
(FOE), field water cut (FWCT), field pressure (FPR), oil production rate (FOPR) and cumulative production total
(FOPT).
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Figure 4: Plot of recovery factor and cumulative oil
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4.3 Production Forecast for Low Salinity 2000ppm With Polymer Concentration

(0.35%wt)

—RETH

FOPT s TIUE (LS ROLVIER 9]

FOE  dimensicnless

L e e e e e e
I | I I I I 1
w

&

1E+48

1E+8

0E+0

TME YEARS

I
40 50

Figure 6: Plot of recovery factor and cumulative
production total against time for POL 0.35% wt
2000ppm salinity
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Figure 7: Plot of field water cut, pressure and
production rate against time for POL 0.35% wt
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4.3.1 Summary Results for Cases of Natural Depletion, Waterflooding and Low Salinity Polymer Flooding

for X-Field
Table 3

Recovery results for natural depletion, waterflooding and low salinity polymer concentration

Case SCENARIO Field oil efficiency Cumulative production
1 Natural Depletion 16.5% 37.8 MM stb
2 Waterflooding 42% 92.8 MM stb
3 LSP(2000ppm)with 0.35 %wt POL 62% 131.2 MM stb
4.4 Economic Analysis
4.4.1 Economic Analysis for Natural Depletion
Table 4
Summary of the cash flows for natural depletion
NCR ($
Capex  Opex Gross NCR ($ MM) Royalty + CUM PV @ PV @
T;';e M':AP " © 6  Rev(S bi4Royalty&  Tax($ MM) MRM) alftter NCR  10% ($ P\;%IAS% 100 ($
(YR)  (MMstb) MM)  MM)  MM) Tax 48%of NCR gzxy (SMM) MM) ¢MM) MM)
0 0 -44.6 0 0 -44.6 0 -44.6 -44.6 -44.6 -44.6 -44.6
1 35 0.0 35 87.5 84.0 40.3 43.7 -0.9 39.7 24.9 21.8
2 35 0.0 35 87.5 84.0 40.3 43.7 42.8 36.1 14.3 10.9
3 34 0.0 35 85.0 81.5 39.1 42.4 85.2 35.6 7.9 5.3
4 34 0.0 35 85.0 81.5 39.1 42.4 127.6 28.9 4.5 2.6
5 3.3 0.0 35 825 79.0 37.9 411 168.7 255 2.5 13
6 3.2 0.0 35 80.0 76.5 36.7 39.8 208.5 22.5 14 0.6
7 3.2 0.0 35 80.0 76.5 36.7 39.8 248.3 204 0.8 0.3
8 31 0.0 35 775 74.0 355 385 286.8 17.9 0.4 0.2
9 3.0 0.0 35 75.0 715 34.3 37.2 324 15.8 0.2 0.1
10 3.0 0.0 35 75.0 715 34.3 37.2 361.2 143 0.1 0.0
11 2.7 0.0 35 67.5 64.0 30.7 33.3 394.5 11.7 0.1 0.0
12 15 0.0 35 375 34.0 16.3 17.7 412.2 5.6 0.0 0.0
13 0.3 0.0 35 7.5 4.0 1.9 21 414.3 0.6 0.0 0.0
927.5 837.4 423.1 414.3 230.0 125 -1.5

NET PRESENT VALUE: From Table 4, the Net present value, NPV at the expected rate of return and at the
discounted rate of 10% which is the sum of all the present values in the column = $230.0 million
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Pay-out (PO) = 0.9/43.7+1= 1.0 years

Profit per Dollar invested: The total net cash recovery for the natural depletion is $414.3 Million and the
Capital invested $44.6 Million

P/$=$4143MM / $44.6 MM = $9.3

DCF-ROR: DCF-ROR is gotten from the graph of Figure 8 for natural depletion, the point where the NPV is
equal to zero

Table 5
s 500 — Result of economic analysis for natural depletion
s 0 Annual operating cost $3.5 million
©v 50 100 150 Total investment cost $44.6 million
> 500 2 3 Total Gross revenue $927.5million
S interest rate % Total Net revenue $837.4million
Pay-out 1.0
NPV @ 10 % $230.0 million
Figure 8: DCFROR for natural letion Profit per dollar invested $9.3
gure 8: DCFROR for natural depletio DCE-ROR 8%

4.4.2 Economic Analysis for Waterflooding

Table 6
Summary of the cash flows for waterflooding

Gross  NCR(SMM)  Royalty+  NCR($MM)  CUM PV @ PV @ PV @

I\'{";; (M':A:tb) (i:;’:/l); (s(s)r\m) Rev b/4Royalty — Tax ($MM)  afterRoyalty ~ NCR 10% 75% 100%

($ MM) & Tax 48%of NCR &Tax GMM)  (SMM)  (SMM) (S MM)

0 0 -50.6 0 0 -50.6 0 -50.6 -50.6 -50.6 -50.6 -50.6
1 33 0.0 35 825 79.0 37.9 411 95 37.4 235 206
2 33 0.0 35 825 79.0 379 411 316 339 13.4 10.3
3 3.3 0.0 35 82.5 79.0 37.9 41.1 72.7 30.9 7.7 5.1
4 32 0.0 35 80.0 765 36.7 39.8 1125 272 42 25
5 32 0.0 35 80.0 765 367 39.8 1523 247 2.4 12
6 3.2 0.0 35 80.0 76.5 36.7 39.8 192.1 225 1.4 0.6
7 3.2 0.0 35 80.0 76.5 36.7 39.8 231.9 20.4 0.8 0.3
8 31 0.0 35 775 74.0 355 385 2704  17.9 0.4 0.2
9 3.1 0.0 35 775 74.0 355 38.5 308.9 16.3 0.3 0.1
10 31 0.0 35 775 74.0 355 385 3474 1438 0.1 0.0
11 3.1 0.0 3.5 775 74.0 355 38.5 385.9 13.5 0.1 0.0
12 3.1 0.0 35 775 74.0 355 38.5 424.4 12.3 0.0 0.0
13 31 0.0 35 775 74.0 355 385 4629 112 0.0 0.0
14 31 0.0 35 775 74.0 355 385 5014 101 0.0 0.0
15 3.0 0.0 35 75.0 715 345 37.2 538.6 8.9 0.0 0.0
16 3.0 0.0 35 75.0 715 345 37.2 575.8 8.1 0.0 0.0
17 3.0 0.0 35 75.0 715 345 37.2 613.0 7.4 0.0 0.0
18 3.0 0.0 35 75.0 715 345 37.2 650.2 6.7 0.0 0.0
19 2.9 0.0 35 72.0 68.5 32.8 35.6 685.8 5.8 0.0 0.0
20 2.8 0.0 35 70.0 66.5 317 345 720.3 5.1 0.0 0.0
21 2.6 0.0 35 65.0 61.5 295 31.9 818.8 4.3 0.0 0.0
22 25 0.0 35 62.0 585 28.1 304 849.2 37 0.0 0.0
23 2.5 0.0 35 62.0 58.5 28.1 30.4 879.6 3.4 0.0 0.0
24 2.3 0.0 35 575 54.0 25.9 28.1 907.7 2.9 0.0 0.0
25 2.0 0.0 35 50.0 46.5 223 24.2 931.9 22 0.0 0.0
26 18 0.0 35 45.0 41.0 19.7 213 953.2 18 0.0 0.0
27 15 0.0 35 37.0 33.0 15.8 17.2 970.4 1.3 0.0 0.0
28 15 0.0 35 37.0 33.0 158 172 987.6 12 0.0 0.0
29 1.3 0.0 35 37.0 29.0 139 15.1 1002.7 0.9 0.0 0.0
30 1.0 0.0 35 25.0 21.0 10.1 10.9 1013.6 0.7 0.0 0.0
31 1.0 0.0 35 25.0 21.0 101 10.9 10245 06 0.0 0.0
32 0.9 0.0 35 22.5 19.0 9.1 9.8 1034.3 0.5 0.0 0.0
33 0.6 0.0 35 15.0 11.5 55 5.9 1040.2 0.3 0.0 0.0
34 0.6 0.0 35 15.0 11.5 55 5.9 1046.1 0.2 0.0 0.0
35 03 0.0 35 75 40 19 2.1 10482 0.1 0.0 0.0
36 0.3 0.0 35 7.5 4.0 1.9 2.1 1050.3 0.1 0.0 0.0
37 0.2 0.0 35 5.0 15 0.7 0.8 1051.1 0.0 0.0 0.0
38 0.2 0.0 35 5.0 15 0.7 0.8 1051.9 0.0 0.0 0.0
2267.0 2069.4 1017.54 1051.9 317.3 3.7 -9.7
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NET PRESENT VALUE: From Table 6, the Net present value, NPV at the expected rate of return and at the
discounted rate of 10% which is the sum of all the present values in the column = $317.3 million

Pay-out, (PO) = 9.5/41.1+1 =1.2 years

Profit per Dollar invested: The total net cash recovery for waterflooding is $1051.9 Million and the Capital
invested $50.6 Million

P/$ = $1051.9 MM / $50.6 MM = $20.8

DCF-ROR: DCF-ROR is gotten from the graph of Figure 9 for waterflooding, the point where the NPV is
equal to zero

Table 7
500 Result of economic analysis for waterflooding
\ Annual operating cost $3.5 million
s 0 Total investment cost $50.6 million
= (P 50 100 150 Total Gross revenue $2267.0 million
g -500 - s Total Net revenue $2069.4 million
4 interest rate % Pay-out 1.2
z NPV @ 10 % $317.3million
Profit per dollar invested $20.8
Figure 9: DCFROR for waterflooding. DCF-ROR 78%
4.4.3 Economic Analysis for Low Salinity (2000ppm) With Polymer (0.35% wt)
Table 8
Summary of the cash flows for low salinity (2000ppm) with polymer (0.35%wt)
Royalty NCR
) NP Gross NCR ($MM + Tax Cum PV @ PV @ PV @
(T\'(r;;e (MMs giﬁ:ﬂ’; ((?$PME,\;§ Rev  bi4Royalty  (SMM) ($'\F:'x;|?;ter NCR 10% 75% 120%
th) ($ MM) & Tax 48%of &Tax BMM)  BMM)  (BMM)  ($MM)
NCR
0 0 -50.6 0 0 -50.6 0 -50.6 -50.6 -50.6 -50.6 -50.6
1 5.0 0.0 12.2 125.0 112.8 54.1 58.7 8.1 53.4 335 255
2 5.0 0.0 12.2 125.0 112.8 54.1 58.7 66.8 48.5 19.2 111
3 5.0 0.0 12.2 125.0 112.8 54.1 58.7 125.5 44.1 10.9 4.8
4 4.5 0.0 12.2 1125 100.3 48.1 52.2 177.7 35.7 5.6 19
5 4.3 0.0 12.2 107.5 95.3 45.7 49.6 227.3 30.8 3.0 0.8
6 4.3 0.0 12.2 107.5 95.3 45.7 49.6 276.9 27.9 1.7 0.3
7 4.3 0.0 12.2 107.5 95.3 45.7 49.6 326.5 255 0.9 0.1
8 4.3 0.0 12.2 107.5 95.3 45.7 49.6 376.1 23.1 0.6 0.1
9 4.2 0.0 12.2 105.0 92.8 445 48.3 424.4 20.5 0.3 0.0
10 4.0 0.0 12.2 100.0 87.8 42.1 45.7 470.1 17.1 0.2 0.0
11 4.0 0.0 12.2 100.0 87.8 42.1 45.7 515.8 16.0 0.1 0.0
12 4.0 0.0 12.2 100.0 87.8 42.1 45.7 561.5 14.6 0.1 0.0
13 3.9 0.0 12.2 97.5 85.3 40.9 44.4 605.9 12.9 0.0 0.0
14 3.9 0.0 12.2 97.5 85.3 40.9 44.4 650.3 11.7 0.0 0.0
15 3.9 0.0 12.2 97.5 85.3 40.9 44.4 694.7 10.6 0.0 0.0
16 3.8 0.0 12.2 95.0 82.8 39.7 43.1 737.8 9.4 0.0 0.0
17 3.8 0.0 12.2 95.0 82.8 39.7 43.1 780.9 8.5 0.0 0.0
18 3.8 0.0 12.2 95.0 82.8 39.7 43.1 824.0 7.7 0.0 0.0
19 35 0.0 12.2 87.5 75.3 36.1 39.2 863.2 6.4 0.0 0.0
20 34 0.0 12.2 85.0 72.8 34.9 37.9 901.1 5.6 0.0 0.0
21 3.2 0.0 12.2 80.0 67.8 325 35.3 936.4 4.7 0.0 0.0
22 3.0 0.0 12.2 75.0 62.8 30.1 32.7 969.1 4.0 0.0 0.0
23 3.0 0.0 12.2 75.0 62.8 30.1 32.7 1001.8 3.6 0.0 0.0
24 2.9 0.0 12.2 725 60.3 28.9 314 1033.2 3.2 0.0 0.0
25 2.8 0.0 12.2 70.0 57.8 21.7 30.1 1063.3 2.8 0.0 0.0
26 2.8 0.0 12.2 70.0 57.8 21.7 30.1 1093.4 2.5 0.0 0.0
27 2.7 0.0 12.2 67.5 55.3 26.5 28.8 1122.2 2.2 0.0 0.0
28 2.7 0.0 12.2 67.5 55.3 26.5 28.8 1151.0 2.0 0.0 0.0
29 2.5 0.0 12.2 62.5 50.3 241 26.2 1177.2 1.7 0.0 0.0
30 2.5 0.0 12.2 62.5 50.3 241 26.2 1203.4 15 0.0 0.0
31 2.5 0.0 12.2 62.5 50.3 241 26.2 1229.6 14 0.0 0.0
32 2.2 0.0 12.2 55.0 42.8 205 22.3 1251.9 11 0.0 0.0
33 2.2 0.0 12.2 55.0 42.8 20.5 22.3 1274.2 0.9 0.0 0.0
34 1.7 0.0 12.2 425 30.3 145 15.8 1290.0 0.6 0.0 0.0
35 15 0.0 12.2 375 25.3 121 13.2 1303.2 0.5 0.0 0.0
36 12 0.0 12.2 30.0 17.8 8.5 9.3 1312.5 0.3 0.0 0.0
37 1.0 0.0 12.2 25.0 12.8 6.1 6.7 1319.2 0.2 0.0 0.0
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Royalty NCR
) NP Gross NCR ($MM + Tax Cum PV @ PV @ PV @
(T\'(rgs (MMs (iah;’f/l’; ((;F;/.Eh;() Rev  bi4Royalty  (SMM) ($'\é'g"; ft‘ﬁer NCR 10% 5% 120%
th) S MM) & Tax 48%of &Yraxy GMM)  SMM)  (SMM)  ($MM)
NCR

38 1.0 0.0 122 250 128 6.1 6.7 1325.9 0.1 0.0 0.0

39 09 0.0 122 225 10.3 4.9 5.4 1331.3 0.1 0.0 0.0

40 07 0.0 122 175 5.3 25 28 1334.1 0.1 0.0 0.0

31475  2608.9 1274.8 1334.1 412.9 255 -6.0

Continued

NET PRESENT VALUE: From Table 9, the Net present value, NPV at the expected rate of return and at the
discounted rate of 10% which is the sum of all the present values in the column = $412.9 million

Pay-out (PO) = 50.6/58.7+0= 0.9 year

Profit per Dollar invested: The total net cash recovery for the low salinity polymer flooding is $1311.8 Million
and the Capital invested $50.6 Million

P/$ = $1311.8 MM / $50.6 MM = $25.9

DCF-ROR: DCF-ROR is gotten from the graph of Figure 10 for low salinity polymer flooding, the point

where the NPV is equal to zero

Table 10
__ 500 Result of economic analysis for LS (2000ppm) with
S \ polymer (0.35%wt)
S b Annual i $12.2 milli
a0 IPURE nnual operating cost 2 million
> 50 100 150 Total investment cost $50.6 million
S T T i Total Gross revenue $3147.5 million
-500 - Total Net revenue $2608.9 million
interest rate % Pay-out 0.9
NPV @ 10 % $412.9 million
Profit per dollar invested $25.9
Figure 10: DCFROR for low salinity polymer DCF-ROR 80%
Table 11
Summary of the economic analysis for X-oil field
Scenario (s) NPV @ 10% Payout Profit per dollar DCF-ROR Recovery factor
(3MM) (Years) invested (%) (%) (%)
Natural depletion 230.0 1.0 9.3 78% 16.5%
waterflooding 317.3 1.2 20.8 78% 42%
Low salinity polymer 412.9 0.9 25.9 82% 62%

4.5 Discussion of Result

Table 2 shows the cost of items, taxes and royalties used in the analysis, it was observed from the result
presentation that injection of low salinity polymer flooding increases recovery as a result of polymer injection
which reduces water mobility to enhance reservoir sweep compared to waterflooding and natural depletion cases.
In Table 11, it can be observed that the recovery factor for low salinity polymer was 62%, waterflooding 42% and
natural depletion 16.5%. From the economic analysis conducted, it can be observed that low salinity (2000ppm)
polymer injection (0.35%wt) has the highest profit at NPV @ 10 $412.9 MM. Profit per dollar invested $25.9,
payout 0.9 years which is very short time to recover the cost of investment and DCFROR 82% as the earning
power is quite good for the project since the oil price is projected at $25. However, in the case of waterflooding,
profit at NPV @ 10 $317.3MM. Profit per dollar invested $20.8, payout 1.2 years and DCFROR 78% while
natural depletion profit at NPV @ 10 $230.0 MM. Profit per dollar invested $9.3, payout 1.0 years and DCFROR
78%. It can be observed that the payout in waterflooding is higher compared to natural depletion and DCFROR is
the same. This is as a result of the cost incurred in the capital expenses and operation expenses. Table 11
summarizes the economic analysis for the different cases considered in this evaluation. Based on the decision rule
that Net present value is better when it is highest, Payout period (the shorter is better), Profit per dollar invested
(the highest the better), DCF-ROR (accept if >10%). It can be said that the project is more economically viable.
Application of low salinity polymer flooding in the Niger Delta oil fields will be realistic to recover by-passed oil
not recovered by primary and secondary mechanisms to meet up high demand for energy.

CONCLUSION

From the detailed economic analysis conducted on this research work, the following conclusions are made:
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i. injection of low salinity polymer flooding gave higher profit, NPV @ 10 $412.9 MM.

ii From the payout period, natural depletion (1.0 year) appears to be economically viable compared to
waterflooding (1.2 years). This is as a result of the cost incurred in capital expenditure, cost of water maintenance
and cost of drilling an injector wells).

RECOMMENDATION

More detailed profitability analysis should be carried out incorporating the risk and uncertainty associated with
each of the investment choices so that the management can choose wisely when faced with the uncertainties of
petroleum exploration.

CONTRIBUTION TO KNOWLEDGE

It will be useful to the oil and gas industries to make proper decision(s) before undertaking on enhance oil
recovery project.
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