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Abstract— this paper is aimed at bridging the operational gap in some of the marginal fields caused by lack of investors to provide funds 

for the hiring of competent Engineers for complete surveillance of the oil and gas assets. Also to assist marginal field operators on how to 

keep and manage data in order to identify challenges in individual wells for possible maintenance and repairs, A program was developed 

using Microsoft Visual Basic 2010 Version to aid Engineers for an effective well maintenance, production technology inputs, formation 

damage and pressure depletion analysis.  Production well data from fourteen (14) reservoirs marginal field (appendix 1) were used to test 

and validate the program. The production input data were, number of completion zones, reservoir oil rates, water rates, gas rates, liquid 

gross rates, manual sand count, flowing tubing head pressure and choke sizes. The output result variables were reliable and included, 

Gas-Oil-Ratio (GOR), Basic Sediments and Water (BSW), Gas superficial velocities, liquid superficial velocities, mixture superficial 

velocities, erosional velocities and water oil ratio (WOR). Through these results, theoretical and diagnostic plots were established to aid the 

surveillance Engineers identify the challenges and proffer solutions to problematic matured Wells in case of water coning, water channeling 

and sand upsurge. Therefore the software would serve as a tool for analysis to assist marginal field operators to manage their wells 

professionally, efficiently and in decision making, particularly in prediction of production volumes in the life of the asset during the phase of 

production decline. 

Index Terms— Marginal fields, reservoir rates, water rates, gas rates, liquid rates, BS&W,well surveillance .  

——————————      —————————— 

1 INTRODUCTION                                                                    

A Marginal field is one that can be developed with margin-
al profits regardless of the actual size of the oil and gas field. It 
requires special field development planning strategies to have 
an acceptable return on investment, ROI [1]. According to the 
Department of Petroleum Resources (DPR 2019), there are 
over two hundred Marginal Oil Fields in Niger Delta, estimat-
ed to contain over 2.3 billion barrels of Stock Tank Oil Initially 
in Place (STOIIP). With considerable amount of oil retained in 
the ground even after being subjected to many years of prima-
ry recovery methods, it therefore becomes imperative that 
special equipment and technology be employed to achieve 
maximum recovery in the remote marginal fields case. In 2003, 
twenty seven (27) marginal fields were awarded by the gov-
ernment to sole and joint venture operators, only nine have 
been developed and are producing currently while the rest are 
still planning production or seemingly dormant. DPR recent 
index showed a total of 31 new Marginal Fields (16 onshore 
and 15 offshore) to be awarded to qualifying operators [2]. 
Reasons for non-development of these fields are largely linked 
to huge costs associated with conventional development 
methods as well as their remoteness. 

Surveillance has been used in the oil industry since the ear-

ly days but mostly reactive in nature. But, as producing wells 
decline in production, measurements are made to understand 
the cause and appropriate remedial measures through surveil-
lance. Most projects are required to have proactive surveil-
lance not only to monitor the health and safety of the systems 
but also to ensure active Production and Reservoir manage-
ment decision making. This has been possible because of im-
proved correlation of direct and indirect measurements with 
uncertain parameters of interest. The issues of lack of real time 
monitoring, insufficient data, poor management of data and 
the lack of motivation to acquire data at appropriate times 
have been a major challenge for Marginal field operators par-
ticularly during re-entry and post re-entry operations. For ex-
ample, a proper surveillance system would actively limit 
problems associated with Sand Production, Excessive Water 
Production, High GOR and using wrong Choke sizes. 

The need for a computer based program as a tool to simpli-
fy or demystify surveillance in the oil and gas marginal field 
operations has also being a major challenge. Talash in [4] con-
tends that the desire to understand chemical recovery process 
applications led to a significant increase in surveillance activi-
ties. Discussions relating not only to data gathering but also to 
documentation, automated systems, data integration, and oth-
er process elements started to appear [7, 8, 9]. The decision to 
measure a certain parameter at a given point in the system at a 
given time is invariably linked to its value. The value can be 
looked at as a quantification of benefit over cost [10, 11, 12]. 
According to Kikani in [13], the essential part of any project 
especially a supplemental recovery project, like the marginal 
field operation should have a well-designed and well-
executed surveillance plan. This plan should be tailored to 
meet the specific needs of each individual project or field be-
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cause each project or field has different characteristics requir-
ing different degrees of evaluation and observation.  

2 THE WELL SURVEILLANCE MANAGER (WSM) 
OVERVIEW AND PLATFORM 

In developing the model, a computer programming language 
called Microsoft visual basic 2010 version was used to build a 
user friendly program called the WSM as shown in the flow 
chart interface Figure 1. The fundamental tasks done by the 
software were; 
a. To validate and check the quality of the marginal field pro-
duction data. 
b. Deduce possible challenges that the wells faced from the 
production history data plots. 
c. Identify well production problems, like water coning, sand 
problems and others. 
d. Calculate other variables like erosional velocities, superficial 
velocities of gas, liquid and mixture, water – oil – ratio, water 
– oil – ratio derivative, gas – oil – ratio and BSW. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

2.1 Basic equations for Calculated Variables in the 
WSM 

Detailed submission guidelines can be found on the author 
resources Web pages. Author resource guidelines are specific 
to each journal, so please be sure to refer to the correct journal 
when seeking information. All authors are responsible for un-
derstanding these guidelines before submitting their manu-
script. For further information on both submission guidelines, 
authors are strongly encouraged to refer to http://www.ijser.org. 

 
 

The equations used for the calculated variables that were pro-
cessed in the Well Surveillance Manager program automatical-
ly are. 
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Where BSW is the Basic Sediment and Water 
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Where GOR is the Gas-Oil ratio 

A

Q
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      (4) 

Where us is the superficial velocity of a given phase, m/s; Q is 
the volume flow rate of the phase, m3/s and A is the cross 
sectional area, m2 

UU s 
      (5) 

Where Φ is porosity, dimensionless and u is the advection ve-
locity, m/s. 



C
V 

      (6) 

Where V is the maximum recommended velocity, ft/s; ρ is the 
gas/liquid density at the flow temperature and pressure, lb 
ft−3; C is an empirical constant. Equation 6 is only valid for 
horizontal flow with shear stress as the limiting factor.  

2.2 Auto Outlier Correction Method 

Bulky data such as production data surveyed for so many 
years were liable to many errors. Also, the many years of sur-
vey, sampling equipment like gauges and other equipment 
can be faulty or inconsistent. Therefore the responsibility of a 
Surveillance Engineer is to correct the data so that plots can be 
representative. This program automatically did the correction 
on the basis of the concept of the straight line equation, (y = 
mx + C)     

3 RESULTS AND DISCUSSION 

Production data from fourteen (14) reservoirs were used to 
test the capability of the WSM software. The components of 
the input data are the following; Completion zone ), Reservoir 
data, Field and well name , Date of test, Oil Rate (B/D), Gas 
Rate (mmscf/D), Water Rate (B/D), THP (Psi), Choke (/"64), 
Sand (PPTB), BSW (%), GOR (Scf/B), Liquid Rate (B/D). Fig-
ure 2 below shows the uploaded data on the WSM software.  
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Fig. 1 well input data on Well Surveillance Manager Program 

 

 

  Fig. 2 Plot of Oil rate and Water rate versus Production Data 
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Fig. 3 Plot of Sand and Liquid Rate versus Production Data 

 
 
 
 
 
 

 

 

 
 
 
 
 
 

Fig. 4 Plot of THP and GOR versus Production data 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Plot of BSW and GOR versus Production data 
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Fig 6 Results of calculated variables from the WSM 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 Outlier correction of the production data from the WSM 
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Fig. 8 Results of checked erosional velocity from the WSM 

 
Figure 1 shows the well data when uploaded on WSM. Figure 2 
shows how oil rate and water rate fluctuated over time for the 
case study reservoirs. Figure 3 shows how sand and liquid rate 
fluctuated over time for the case study reservoirs. Figure 4 shows 
how Tubing Head Pressure and Gas Oil Ration fluctuated over 
time for the case study reservoirs. Figure 5 shows how the Basic 
Sediment & Water and Gas Oil Ratio fluctuate over time for the 
case study reservoirs. Figure 6 displays the results of some calcu-
lated variables that were useful in this research.  

4 CONCLUSION 

From this study, the following were concluded: 

1. A proactive surveillance management tool was possi-

ble and developed purposely to assist marginal field 

operators in order to effectively manage their wells 

and reservoirs in a more professional and efficient 

manner. 

2. Diagnostic plots were obtained and used to under-

stand the behavior and trend of individual wells as 

well as identify the problems or challenges a well fac-

es during its production life. 
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APPENDIX I 
 

Samples of Actual Field Production Data from a marginal field in the Niger Delta 

Completion Reservoir Field 

Oil Rate 

(B/D) 

Gas Rate 

(mmscf/D) 

Water Rate 

(B/D) 

THP 

(Psi) 

Choke 

(/"64) 

Sand 

(PPTB) 

BSW 

(%) 

GOR 

(Scf/B) 

Liquid Rate 

(B/D) 

AFIE001L M1100X AFAVOUR 8.39 4.03 0 0 0 0 0 0.48 
 

AFIE001L M1100X AFAVOUR 452.27 881.47 0 1480 16 0 0 1.95 
 

AFIE001L M1100X AFAVOUR 70.94 301.97 0 2000 12 2.5 0 4.26 
 

AFIE001L M1100X AFAVOUR 141.37 744.77 0 2116.667 12 3.7 0 5.27 
 

AFIE001L M1100X AFAVOUR 25.9 233.45 0 2250 12 2 0 9.01 
 

AFIE001L M1100X AFAVOUR 0.1 0.9 0 2250 12 1 0 9 
 

AFIE001L M1100X AFAVOUR 29.58 28.26 0.61 2270 12 0 2.03 0.96 
 

AFIE001L M1100X AFAVOUR 441.29 337.48 201.32 836.667 14 7.2 31.33 0.76 
 

AFIE001L M1100X AFAVOUR 710.73 603.07 334.47 513.333 24 9.4 32 0.85 
 

AFIE001L M1100X AFAVOUR 622.52 500.23 468.65 315 30 8.8 42.95 0.8 
 

AFIE001L M1100X AFAVOUR 413.9 301.33 505.87 130 32 5.4 55 0.73 
 

AFIE001L M1100X AFAVOUR 350.58 337.16 428.48 140 26 0 55 0.96 
 

AFIE001L M1100X AFAVOUR 356.13 345.1 435.26 180 32 0 55 0.97 
 

AFIE001L M1100X AFAVOUR 496.71 224.71 533.36 193.333 32 5.8 51.78 0.45 
 

AFIE001L M1100X AFAVOUR 337.94 192.13 762.94 190 32 19.5 69.3 0.57 
 

AFIE001L M1100X AFAVOUR 393.5 222.8 881.33 188.333 32 1.3 69.13 0.57 
 

AFIE001L M1100X AFAVOUR 450.52 177.03 766.81 180 32 0.5 62.99 0.39 
 

AFIE001L M1100X AFAVOUR 344.8 252.1 886.63 175 32 0.6 72 0.73 
 

AFIE001L M1100X AFAVOUR 304.68 212.97 783.45 175 32 4.8 72 0.7 
 

AFIE001L M1100X AFAVOUR 430.74 198.58 874.55 185 32 0 67 0.46 
 

AFIE001L M1100X AFAVOUR 469.6 201.8 953.43 191.667 32 28 67 0.43 
 

AFIE001L M1100X AFAVOUR 210.74 81.77 427.87 200 32 14.6 67 0.39 
 

AFIE001L M1100X AFAVOUR 311.83 361.27 851.87 188.333 32 1.8 73.2 1.16 
 

AFIE001L M1100X AFAVOUR 288 355.39 819.68 185 32 0.6 74 1.23 
 

AFIE001L M1100X AFAVOUR                 
 

AFIE001L M1100X AFAVOUR 216.29 170.48 615.61 195 32 3.5 74 0.79 
 

AFIE001L M1100X AFAVOUR 324.79 156.96 1000.07 215 32 2.1 75.49 0.48 
 

AFIE001L M1100X AFAVOUR 68.87 34.71 218.1 205 32 1.5 76 0.5 
 

AFIE001L M1100X AFAVOUR 205.83 93.67 651.8 190 32 2 76 0.46 
 

AFIE001L M1100X AFAVOUR 78.55 35.74 248.74 190 32 1 76 0.46 
 

AFIE001L M1100X AFAVOUR 233.45 1624.19 1139.77 375.5 32 0.5 83 6.96 
 

AFIE001L M1100X AFAVOUR 226.73 366.7 1049.03 250 32 3.6 82.23 1.62 
 

AFIE001L M1100X AFAVOUR 242.58 379.32 1062.03 250 32 4.8 81.41 1.56 
 

AFIE001L M1100X AFAVOUR 222.53 365.8 977.97 250 32 2.9 81.46 1.64 
 

AFIE001L M1100X AFAVOUR 226.68 363.29 966.35 250 32 3.2 81 1.6 
 

AFIE001L M1100X AFAVOUR 227.81 281.1 971.16 250 32 1.4 81 1.23 
 

AFIE001L M1100X AFAVOUR 220.34 429.79 939.38 260 32 1.1 81 1.95 
 

AFIE001L M1100X AFAVOUR 235.77 409.65 959.97 270 32 4.7 80.28 1.74 
 

AFIE001L M1100X AFAVOUR 272.73 394.77 913.07 265 32 8.5 77 1.45 
 

AFIE001L M1100X AFAVOUR 282.71 408.68 946.45 261.667 32 9.8 77 1.45 
 

AFIE001L M1100X AFAVOUR 290.13 409.87 971.33 260 32 5.6 77 1.41 
 

AFIE001L M1100X AFAVOUR 290.77 412.39 973.45 255 32 9 77 1.42 
 

AFIE001L M1100X AFAVOUR 282.16 415.52 944.61 257.5 32 7.4 77 1.47 
 

AFIE001L M1100X AFAVOUR 187.43 289.77 568.8 261.667 32 5.1 75.21 1.55 
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Completion Reservoir Field 

Oil Rate 

(B/D) 

Gas Rate 

(mmscf/D) 

Water Rate 

(B/D) 

THP 

(Psi) 

Choke 

(/"64) 

Sand 

(PPTB) 

BSW 

(%) 

GOR 

(Scf/B) 

Liquid Rate 

(B/D) 

AFIE001S J2000X AFAVOUR 10.12 15.93 0.45 145 80 7.7 4.26 1.57 
 

AFIE001S J2000X AFAVOUR 12.95 20.4 0.58 145 80 7.7 4.26 1.57 
 

AFIE001S J2000X AFAVOUR 13.78 20.46 0.66 132.5 80 13.3 4.56 1.49 
 

AFIE001S J2000X AFAVOUR                 
 

AFIE001S J2000X AFAVOUR 13.72 18.25 0.75 127.5 80 10 5.19 1.33 
 

AFIE001S J2000X AFAVOUR 9.93 19.03 0.59 132.5 80 8.8 5.64 1.92 
 

AFIE001S J2000X AFAVOUR 13.27 19.27 0.79 115 80 8.8 5.64 1.45 
 

AFIE001S J2000X AFAVOUR 12.29 17.81 0.73 100 80 4.4 5.64 1.45 
 

AFIE001S J2000X AFAVOUR 10.32 14.15 0.75 110 80 8.8 6.74 1.37 
 

AFIE001S J2000X AFAVOUR 15.45 20.04 1.27 120 80 8.8 7.57 1.3 
 

AFIE001S J2000X AFAVOUR 12.86 19.29 1.05 120 80 8.8 7.57 1.5 
 

AFIE001S J2000X AFAVOUR 7.61 12.4 0.62 120 80 4.8 7.57 1.63 
 

AFIE001S J2000X AFAVOUR 4.86 8.16 0.4 120 80 0.4 7.57 1.68 
 

AFIE001S J2000X AFAVOUR 3.66 6.15 0.3 120 80 0.4 7.58 1.68 
 

AFIE001S J2000X AFAVOUR 8 17.83 0.65 93.333 80 10.3 7.57 2.23 
 

AFIE001S J2000X AFAVOUR 9.88 13.28 0.81 80 80 9.4 7.57 1.34 
 

AFIE001S J2000X AFAVOUR 10.2 12.95 0.84 90 80 3.5 7.57 1.27 
 

AFIE001S J2000X AFAVOUR 9.38 17.38 0.77 100 80 4.3 7.58 1.85 
 

AFIE001S J2000X AFAVOUR 10.71 19.62 0.88 100 80 4 7.58 1.83 
 

AFIE001S J2000X AFAVOUR 8.28 12.92 0.68 100 80 2 7.57 1.56 
 

AFIE001S J2000X AFAVOUR 3.89 6.28 0.32 100 80 0.5 7.58 1.62 
 

AFIE001S J2000X AFAVOUR 8.1 17.29 0.76 100 80 2.6 8.59 2.14 
 

AFIE001S J2000X AFAVOUR 7.28 15.78 0.73 100 80 25.1 9.09 2.17 
 

AFIE001S J2000X AFAVOUR 5.66 12.74 0.57 100 80 24.8 9.09 2.25 
 

AFIE001S J2000X AFAVOUR 6.58 18.06 0.66 100 80 1.8 9.09 2.74 
 

AFIE001S J2000X AFAVOUR 3.52 9.66 0.35 100 80 1.8 9.1 2.74 
 

AFIE001S J2000X AFAVOUR 6.34 17.47 0.66 100 80 3.4 9.45 2.76 
 

AFIE001S J2000X AFAVOUR 7.68 18.39 0.87 120 80 3.3 10.14 2.39 
 

AFIE001S J2000X AFAVOUR 4.31 9.11 0.49 140 80 1.7 10.14 2.12 
 

AFIE001S J2000X AFAVOUR 8.96 24.29 1.01 140 80 4.3 10.14 2.71 
 

AFIE001S J2000X AFAVOUR 2 9.32 0.23 140 80 2.6 10.14 4.67 
 

AFIE001S J2000X AFAVOUR 4.88 22.82 0.55 140 80 2.6 10.14 4.67 
 

AFIE001S J2000X AFAVOUR 3.24 11.05 0.37 140 80 3.4 10.13 3.41 
 

AFIE001S J2000X AFAVOUR 5.93 14.79 0.67 120 80 3.9 10.13 2.49 
 

AFIE001S J2000X AFAVOUR                 
 

AFIE001S J2000X AFAVOUR 7.66 18.3 0.86 100 80 3.1 10.14 2.39 
 

AFIE001S J2000X AFAVOUR 5.38 12.86 0.61 100 80 3.1 10.14 2.39 
 

AFIE001S J2000X AFAVOUR 6.3 15.05 0.71 100 80 3.1 10.14 2.39 
 

AFIE001S J2000X AFAVOUR 12.17 29.08 1.37 100 80 3.1 10.14 2.39 
 

AFIE001S J2000X AFAVOUR 7.51 25.17 0.85 100 80 4.7 10.14 3.35 
 

AFIE001S J2000X AFAVOUR 4.82 17.35 0.54 100 80 1.6 10.14 3.6 
 

AFIE001S J2000X AFAVOUR                 
 

AFIE001S J2000X AFAVOUR 7.42 23.89 0.8 100 80 3.6 9.71 3.22 
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