
ISSN 2682-681X (Paper), ISSN 2705-4241 (Online) | http://unilorinjoger.com | https://doi.org/10.63745/joger.2025.12.30.015    

Ibrahim et al, 2025                                                                                                   JOGER 8(2) 

165 
      

 
Geomatics-Based Approaches for Boundary Revalidation and Asset 
Delimitation at Erelu Water Works, Oyo State. 
 
Ibrahim A.*1, Afonja Y. O.2, Iyiola F.O.2, Ejirika H. C.3, Oduyemi A. T.1 

1Department of Surveying and Geoinformatics, Federal School of Surveying, Oyo. 
2Department of Cartography and GIS, Federal School of Surveying, Oyo. 
3Office of the Surveyor General of the Federation, Lagos. 

 
Corresponding email: *brawnabdulibrahim@gmail.com 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1. INTRODUCTION 
Sea-level The Erelu Dam, constructed in 1961 on the Awon River in Oyo town, was designed to provide a 
reliable supply of potable water. Officially commissioned in 1962, the Erelu Water Works has been crucial 
for local development, continuously supplying treated water. However, the original 1960 topographic survey 
plan, created with analogue methods, now necessitates an update due to its outdated nature (Oladejo et 
al., 2024; Falaye et al., 2015; Adewale & Ikeola, 2005). Accurate boundary delineation is vital for efficient 
water management, infrastructure planning, and preventing encroachment, which could disrupt operations 
or cause legal disputes. As the population grows, so does the demand for water and infrastructure 
expansion (Ben et al., 2021; Azizi & Leandro, 2025) Thus, Erelu Water Works symbolizes the town's 
commitment to public welfare, requiring precise boundary mapping for planners, engineers, and local 
authorities (Adewale & Ikeola, 2005; Falaye et al., 2015). Recognizing encroachment on the Erelu Water 
Works boundary, the Water Corporation of Oyo State raised concerns about the extent of their landmass. 
In response, this study was carried out to re-establish boundary beacons. The goal was to accurately 
delineate boundary lines, restore original property limits, and prevent further encroachment (Okoli et al., 
2024). This study aims to safeguard the water supply infrastructure, supporting future planning, land use 
management, and infrastructural development. Ensuring accurate boundaries protects the integrity of the 
waterworks, contributing to the provision of clean, treated water for the growing population of Oyo town and 
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its environs. This initiative underscores the importance of modern geomatics approaches to ineffective land 
management. 

Cadastral systems have evolved with changes in human-land relationships and technology. During the 
agricultural revolution and feudal system, land symbolized wealth, and cadastres recorded land ownership. 
In the Industrial Revolution, cadastres supported land transfers and markets (Yomralioglu & McLaughlin, 
2017). Cadastral surveying establishes property lines and corners, involving physical delineation of 
boundaries and determining dimensions, areas, and property rights (Barnes, Chaplin, & Moyer, 1998). It is 
a specialized branch of geodetic engineering focused on real property boundaries, land partitioning, and 
area determination (Ezeomedo, 2019). Boundary revalidation ensures accurate, legally defined property 
boundaries, addressing discrepancies and encroachments (Audu & Mercy, 2017). Pillar re-establishment 
replaces missing beacons using suitable surveying processes (Dashe, 1987). This comprehensive 
approach to cadastral and boundary revalidation surveying ensures the ongoing functionality and 
sustainability of vital infrastructure like the Erelu Water Works, highlighting the critical role of accurate, 
modern geomatic techniques in land management. 

2. STUDY AREA  

The Erelu Water Works stands as a crucial piece of infrastructure in the historic town of Oyo, located within 
the Oyo West Local Government Area of Oyo State, Nigeria. This facility plays a vital role in supporting the 
water supply needs of the region, underscoring its strategic importance in both urban planning and resource 
management (Adewale & Ikeola, 2005). 

Geospatially, Erelu Water Works is situated within the geographic coordinate extent of Latitude 7° 52’ 
10.06’’ N to 7° 54’ 59.04’’ N and Longitude 3° 52’ 50.88’’ E to 3° 55’ 26.40’’ E, relative to the Greenwich 
Meridian as shown in Figure 1. The site encompasses a vast land area of approximately 7,096,705.990 
square meters (709.671 hectares), making it one of the most expansive infrastructural installations in the 
region (Okoli et al., 2024). 

The facility's large spatial footprint emphasizes its capacity to serve the water demands of both urban and 
peri-urban areas within Oyo State. Furthermore, its strategic location and extensive coverage necessitate 
careful geospatial planning and monitoring to ensure sustainable resource management and infrastructure 
maintenance (Awodumi & Olatubara, 2023). Detailed geospatial studies of Erelu Water Works provide 
valuable insights for optimizing water resource distribution, managing land use, and mitigating potential 
environmental impacts in the region.  
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3. METHODOLOGY 

3.1 Materials and Methods 
3.1.1 Data Acquisition 
The study relied on the strategic acquisition of high-precision data using specialized instrumentation and 
techniques tailored to meet rigorous research requirements especially time and accuracy. This is 
summarized in Table 1. 

Figure 1. Erelu Water Works 

Source: (Authors Lab, 2025) 
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Table 1. Summary of materials and methods 

Category Description 

Hardware Materials 
Includes 2 No. South Differential Global Positioning System (GPS) 
(Serial numbers SG13B9148016918EDN and SG13B1948016921EDN) 
with accessories, and a Hand-Held GPS. 

Software Materials 
AutoCAD 2022, Global Mapper, South Geo Office, ArcGIS 10.8, QGIS 
Desktop 3.34.4, and Google Earth Pro (desktop and Android versions). 

Station Selection 
Stations were strategically placed on stable ground near roads for 
accessibility, ensuring clear horizons for Global Navigation Satellite 
System (GNSS) signals and non-reflective areas to avoid interference. 

Monumentation 
Involved building and embedding concrete beacons (1:2:3 mix) 
measuring 150 cm in length, with 12 mm iron rods as markers, buried 
110 cm into the ground. 

Geometric Data Acquisition 
Observations were conducted in static mode using a single reference 
point (XSN07) for a minimum of 60 minutes per station to ensure 
precision. 

Boundary Re-establishment 
Included automatic georeferencing of the existing 1960 survey plan and 
plotting bearings/distances in AutoCAD during office planning. 

Beacon Re-establishment 
Employed the Real-Time Kinematic (RTK) method in stop-and-go mode. 
Verification was done by comparing observed results with known 
coordinates to ensure millimetre-level accuracy. 

Stake Out Procedure 
Physically locating beacons using uploaded coordinates in a GNSS 
logger. Found beacons were re-validated, and missing ones were noted 
or re-observed. 

Detailing & Digitization 
Conducted using GNSS in Real-Time Kinematic (RTK) mode alongside 
high-resolution georeferenced imagery from Google Earth (July 2024), 
digitized in ArcGIS 10.8 to enhance speed. 

(Authors Lab. 2025) 

3.1.2 Monumentation 

All control stations for the project were strategically selected and positioned on stable ground, minimizing 
survey lines and placing stations near roadsides or edges for accessibility. Key factors considered in 
establishing control points at Erelu Water Works included safety, optimal range from the highest point for 
stake-out and survey validation, clear horizons for GNSS observations, and placement in non-reflective 
areas to avoid signal interference. This was followed by monumentation that involved constructing and 
embedding beacons (pillars) for control points. Beacons FSS2/EW24/20 and FSS2/EW24/21 were built 
using a 1:2:3 concrete mix (cement, sand, gravel) with dimensions of 150 cm in length, 40 cm in width, and 
40 cm × 40 cm × 40 cm surface area. The pillars were embedded 110 cm into the ground, with 40 cm above 
ground, and each contained a 12 mm iron rod at the centre to serve as the station marker, see figure 2. 
 
3.1.2 Geometric Data Acquisition 
The observational procedure utilized a single reference point, XSN07, located at the Federal School of 
Surveying, Oyo. Observations were conducted in static mode using South GNSS receiver equipment. The 
South GNSS base unit was set up at XSN07 to serve as the reference for newly established points 
(FSS2/EW24/20, FSS2/EW24/21, SBM1S, and FSS2/EW15/06). Temporary adjustments, including 
centring and levelling, were made, and the base height, date, and observation start time were recorded. 
The rover receiver was then mounted on a tripod at the first station (FSS/EW15/06), where similar 
adjustments were made, and observation data, including height and timing, were recorded. Each station 
was observed for a minimum of 60 minutes to ensure precision. The process was repeated for all stations, 
and the raw data collected were downloaded and processed using South Geo Office software to generate 
X, Y, and Z coordinates, as presented in Table 2. 
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Table 2. Established Control Coordinates. 

Beacon Number Easting (m) Northing (m) Height (m) 

FSS/EW15/06 598476.826 870700.648 246.444 
FSS2/EW24/20 598712.773 871159.077 240.580 
FSS2/EW24/21 598237.496 870845.178 236.808 
SBM1S 598291.404 871156.396 242.815 

(Authors Lab. 2025) 

3.1.3 Boundary Re-establishment 
The boundary re-establishment started with automatic georeferencing. The coordinates from the 
established control points (Table 2) and those of the beacons found on site were utilized to georeference 
the existing old survey plan shown in Figure 3. After georeferencing, the bearings and distances from the 
existing boundary, which had been converted into meters, were plotted in AutoCAD during the office 
planning phase. The detailed features from the existing survey, such as wire fences, the entrance gate, and 
the pumping station building, were used as reference points.  
 
3.1.4 Beacons Re-establishment 
The Real-Time Kinematic (RTK) method was employed to coordinate all points using South GNSS 
receivers in stop-and-go mode. The base receiver was set up on control point FSS2/EW15/06, where its 
coordinates were input, and both the base and rover receivers were configured to operate in RTK mode. 
To ensure system accuracy, the rover receiver was positioned at control point FSS2/EW24/21, and the 
observed results were compared with the station's known coordinates. The comparison revealed millimetre-
level errors, which were within acceptable tolerances. Subsequently, the turning points of the perimeter 
fence, five additional points along the wire fence, and the edges of the entrance gate were coordinated and 
plotted in AutoCAD. Bearings and distances were calculated from the plotted points and were found to 
match those on the existing map, with minor variations in minutes, while the degrees remained consistent. 
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Figure 2. Top and Sectional View of Control Beacon. 
Source: (Authors Lab, 2025). 
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The boundary bearings and distances, initially plotted without coordinates, were aligned with the plotted 
coordinates through iterative superimpositions in AutoCAD. This process continued until geometric 
agreement was achieved, ensuring alignment accuracy before the stakeout procedure began. 

Figure 3. Existing Topographic Survey Map of Erelu Water Works in 1960. 
Source: (Office of the Surveyor General Oyo State, 2024). 
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3.1.5 Boundary Beacons Stake Out 
The procedure involved physically locating boundary beacons using GNSS equipment. Coordinates 
generated after georeferencing and superimposition were uploaded into the South GNSS logger. The 
GNSS base receiver was set up at FSS2/EW24/21, and the rover was verified at FSS2/EW15/06, yielding 
millimetre-level errors within acceptable limits. Beacon PBY 2682, near the main entrance gate, was the 
first staked out. It was buried due to erosion but was located and found intact after excavation, though its 
prefix number was blurred. Beacon PBY 2681, near the wire fence, had been displaced and mislabelled. 
Similarly, beacon PBY 2680 was located beneath the surface with a damaged prefix. Of the three, only 
PBY 2682 remained in good condition and was re-observed to generate accurate coordinates for replotted 
boundary points in AutoCAD. A new set of coordinates for the boundary was created, saved in CSV format, 
and converted to KML using Global Mapper. The project was configured to UTM Minna Nigeria Datum, 
Zone 31, and the boundary CAD file was exported in KML and shapefile formats. The KML file was 
visualized in Google Earth for navigation to precisely locate the beacons, as shown in Figure 4. The base 
receiver was reset at SBM1S, and the rover was verified at FSS2/EW24/21 with millimetre-level accuracy 
before proceeding with a stakeout and boundary revalidation. Beacon PBY 2683 could not be located, likely 
due to erosion, while beacons PBY 2684 and PBY 2685 were successfully found with minimal positional 
deviations. However, beacon PBY 2685 had a prefix mismatch, displaying PBY 4685 instead of PBY 2685. 
All identified beacons were revalidated, and their coordinates were saved. The process was repeated for 
other beacons, with some found in good condition and others tampered with or inaccessible. 
 

 
 
 
 
 
3.1.6 Detailing 
Detailing was conducted using GNSS in RTK mode, with the base set on a control point and details 
collected using the rover. Additionally, high-resolution georeferenced imagery of the area, downloaded from 
Google Earth via QGIS plugins in July 2024, was utilized. This method eliminated the need for manual 
georeferencing and was deemed more precise. The imagery was digitized using ArcGIS 10.8, with the 
coordinate system set to UTM Zone 31 Minna datum to align with existing GNSS field data. Upon importing 
the imagery, the software automatically recognized it as WGS 84 and prompted a transformation to UTM 
coordinates, which was applied. The area’s DWG boundary file was overlaid on the imagery to ensure 
accurate delineation of details within the Erelu Water Works boundary. Shapefiles were created for line, 
polygon, and point data, and details were digitized using ArcGIS’s editing tool. These shapefiles were 
converted to DWG format for compatibility with AutoCAD. GNSS-captured details were plotted and merged 
with the digitized features in the same environment, ensuring a comprehensive and accurate dataset. 
 
  

Figure 4. Boundary KML on Google Earth Pro (PC and Mobile Version). 
Source: (Authors Lab, 2025). 
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4. RESULTS 

4.1  Results  
This section presents the findings from the GNSS-based survey, focusing on spatial accuracy, 
encroachment analysis, and coordinate comparisons. It includes maps and plans that illustrate the spatial 
distribution of features, the extent of encroachments, and the relationship between revalidated and original 
coordinates, see figure 6 & 7. The accuracy assessment evaluates deviations in Easting and Northing 
values as shown in Figures 5 & 8, identifying areas of high precision and potential discrepancies. 
Encroachment analysis quantifies land use changes, highlighting affected parcels and their implications. 
The comparison of revalidated and original coordinates provides insights into positional shifts, ensuring the 
reliability of the dataset for geospatial analysis and decision-making. This analysis evaluates the accuracy 
of GNSS data by comparing the observed Easting and Northing coordinates (Point B) with the 
corresponding reference coordinates (Point A) and assessing the system's precision based on the 
differences in values. The Easting differences range from -2.3256 to 0.5738 meters, while the Northing 
differences range from -0.1987 to 4.9962 meters. The largest deviations were observed at PBY2695A, with 
-2.3256 meters in Easting and 4.9962 meters in Northing, indicating a slight shift in positioning accuracy. 
Conversely, several points, such as PBY2707A, PBY2709A, and PBY2705A, exhibited minimal 
discrepancies, with sub-centimeter-level differences as low as 0.0016 meters in Easting and -0.0022 meters 
in Northing. The majority of the measurements fall within the acceptable range for RTK GNSS, typically 
below ±1 meter, with a few exceptions, such as PBY2693, PBY2694A, and PBY2695A. To further assess 
the accuracy, the average percentage error was computed, revealing an Easting error of approximately 
0.22% and a Northing error of 0.35%. Overall, the data aligns with RTK GNSS performance standards, 
demonstrating high accuracy, with most deviations confined to sub-meter or millimetre levels. The identified 
outliers, such as PBY2695A and PBY2694A, may be attributed to environmental factors, signal 
interference, or field conditions. Despite these minor inconsistencies, the results remain reliable for 
geospatial analysis and engineering applications. 
 

 

 Figure 5. Combined Scattered plots showing different revalidated boundary coordinates 
Source: (Authors Lab, 2025). 

http://unilorinjoger.com/
https://doi.org/10.63745/joger.2025.12.30.015


ISSN 2682-681X (Paper), ISSN 2705-4241 (Online) | http://unilorinjoger.com | https://doi.org/10.63745/joger.2025.12.30.015    

Ibrahim et al, 2025                                                                                                   JOGER 8(2) 

173 
      

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Plan of Boundary Revalidation of Erelu Water Works 
Source: (Authors Lab, 2025). 

 

 

 

Figure 7. Digitized map showing encroachment 
Source: (Authors Lab, 2025). 
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Table 3. Difference between Boundary Coordinates and Revalidated Coordinates (A = Revalidation 
Coordinates, B = Boundary Coordinates). 

A (Point ID) A (Easting) A (Northing) B (Point 
ID) 

B (Easting) B (Northing) Diff in 
Easting 

Diff in 
Northing 

PBY 2684 870926.0222 598004.5669 PBY2684 870926.596 598004.877 0.5738 0.3101 

PBY 4685 871066.3687 598016.0645 PBY2685 871066.857 598016.942 0.4883 0.8775 

PBY 4686 871245.9829 598039.6306 PBY2686 871245.572 598039.466 -0.4109 -0.1646 

PBY 4687 871350.5563 598016.7305 PBY2687 871349.782 598017.252 -0.7743 0.5215 

PBY 4688 871475.2851 597990.2217 PBY2688 871475.018 597990.023 -0.2671 -0.1987 

PBY 4691 871841.0978 598393.9391 PBY2691 871841.345 598394.716 0.2472 0.7769 

PBY 4692 871851.7422 598489.2629 PBY2692 871851.992 598489.394 0.2498 0.1311 

PBY 4693 871950.7708 598634.0178 PBY2693 871949.112 598638.376 -1.6588 4.3582 

PBY4694A 871993.229 598742.6602 PBY2694 871991.06 598747.18 -2.169 4.5198 

PBY4695A 872130.5016 598808.1238 PBY2695 872128.176 598813.12 -2.3256 4.9962 

PBY2696A 872196.5561 598845.3964 PBY2696 872196.162 598845.378 -0.3941 -0.0184 

PBY2697A 872392.2275 598854.3104 PBY2697 872392.305 598854.228 0.0775 -0.0824 

PBY2698A 872345.5657 599045.0404 PBY2698 872345.497 599045.035 -0.0687 -0.0054 

PBY2699A 872433.7611 599184.7245 PBY2699 872433.695 599184.82 -0.0661 0.0955 

PBY2700A 872550.9816 599301.1052 PBY2700 872551.145 599301.114 0.1634 0.0088 

PBY2701A 872660.086 599380.2103 PBY2701 872660.061 599380.343 -0.025 0.1327 

PBY2702A 872722.3372 599419.6686 PBY2702 872722.28 599419.676 -0.0572 0.0074 

PBY2703A 872853.6373 599502.6111 PBY2703 872853.648 599502.617 0.0107 0.0062 

PBY2704A 872961.6097 599553.5308 PBY2704 872961.631 599553.545 0.0213 0.0142 

PBY2705A 873093.3957 599615.7682 PBY2705 873093.401 599615.692 0.0053 -0.0762 

PBY2706A 873003.9828 599819.558 PBY2706 873003.975 599819.572 -0.0078 0.014 

PBY_2707A 873060.9704 599962.2539 PBY2707 873060.972 599962.194 0.0016 -0.0599 

PBY_2708A 873185.9299 600089.5699 PBY2708 873185.824 600089.541 -0.1059 -0.0289 

PBY_2709A 873279.142 600163.6762 PBY2709 873279.119 600163.751 -0.023 0.0749 

PBY_2710A 873367.95 600348.068 PBY2710 873367.916 600348.121 -0.034 0.0531 

PBY_2711A 873483.7467 600369.7465 PBY2711 873483.781 600369.77 0.0343 0.0235 

PBY_2712A 873606.9996 600391.6163 PBY2712 873606.939 600391.671 -0.0606 0.0547 

PBY_2713A 873718.9428 600337.684 PBY2713 873719.008 600337.695 0.0652 0.011 

PBY_2714A 874121.2156 600305.9477 PBY2714 874121.215 600305.923 0 -0.0247 

PBY_2715A 874265.126 600373.0241 PBY2715 874265.129 600372.981 0.003 -0.0431 

PBY_2716A 874384.2323 600482.3227 PBY2716 874384.22 600482.362 -0.0123 0.0393 

PBY2678A 870892.5129 598672.0112 PBY2678 870892.581 598672.061 0.0681 0.0498 

PBY2679A 870783.0622 598549.5974 PBY2679 870783.099 598549.541 0.0368 -0.0564 

PBY2680A 870800.3935 598403.7988 PBY2680 870799.444 598403.823 -0.9495 0.0242 

PBY2681A 870701.7733 598327.7348 PBY2681 870701.684 598327.81 -0.0893 0.0753 

PBY2682A 870820.0119 598171.8232 PBY2682 870820.015 598171.821 0.0031 -0.0022 

(Authors Lab. 2025) 

The combined scatter plot in Figure 5 visually represents the differences in Easting and Northing 
coordinates, with blue markers for Easting deviations and red markers for Northing deviations. Most data 
points cluster within ±1 meter, aligning with the expected precision for RTK GNSS surveys. However, a few 
outliers, such as PBY2695A and PBY2694A, show deviations exceeding 2 meters in Easting and 4 meters 
in Northing, likely due to environmental factors, signal interference, or multipath errors. Based on geomatic 
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standards, the results demonstrate a high degree of accuracy and reliability, as the majority of deviations 
fall within acceptable tolerances for RTK GNSS applications. 

Based on the coordinate differences provided for the 36 points, the Root Mean Square Error (RMSE) has 
been computed for the Easting (E), Northing (N), and the total horizontal position (P) using the following 
formular. 

𝑅𝑀𝑆𝐸 = √
𝛴(𝛥𝐸𝑖)

2

𝑛
  and 𝑅𝑀𝑆𝐸 = √

𝛴(𝛥𝑁𝑖)
2

𝑛
 for Easting and Northing respectively……………..…. Equation (1) 

𝑅𝑀𝑆𝐸 = √
𝛴((𝛥𝐸𝑖)

2+(𝛥𝑁𝑖)
2)

𝑛
  = √𝑅𝑀𝑆𝐸𝐸

2 + 𝑅𝑀𝑆𝐸𝐸
2 for positional RMSE…………………………...Equation (2) 

The total positional Root Mean Square Error (RMSE) of 1.508 meters indicates the aggregate precision of 
the revalidation survey across all 36 points. The error in the Northing component (1.357 m) is significantly 
higher than the Easting component (0.657 m), primarily due to larger deviations observed in points such as 
PBY 4693, 4694A, and 4695A. 

5.  DISCUSSION 

The Encroachment Analysis focuses on identifying and assessing unauthorized intrusions by the 
community and government institutions into the Erelu Water Works land. This analysis compares the 
current land usage with the official perimeter boundary as defined by the existing topographic map, using 
spatial data and imagery to determine areas of encroachment. It is displayed in Table 3 

Table 3: Encroachment status 

S/N Parcels Occupier/encroacher Land use status Approximate  

Area covered in 
hectares 

Percentage   % 

1 A Community Farm Area 39.356 5.546 

2 B Community Built-up Area 4.855 0.684 

3 C Community Built-up Area 134.256 18.918 

4 D Community Built-up Area 34.465 4.856 

5 E Emmanuel Alayande University 
of Education, Oyo. 

Farm & Built-up Area 154.104 21.715 

6 F Community Built-up Area 13.969 1.968 

7 G Community Built-up Area 17.406 2.453 

8 H Community Farm Area 4.551 0.641 

9 I Erelu Water Works Premises Erelu Water Works 
Premises 

14.208 2.002 

10 J Erelu Water Works. 
Additional Land located beside 
the Erelu Water Works 
Boundary, which also belongs to 
Erelu Water Works but is not 
included in the existing Survey 
plan. 

Farm Area 2.774  
 
 
 
 

11 K Community Farm / built-up area 27.749 3.910 
12 L Community Farm Area 40.238 5.670 

13 M Community Built-up Area 0.367 0.052 

14 N Community Farm Area 53.784 7.579 

15 O Community Farm Area 93.924 13.235 

16 Setback 
from River 
boundaries  

Erelu Rivers and setback from 
River And all boundaries 

Erelu Rivers and setback 
from River And all 
boundaries 

76.385 10.763 
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The largest encroachment is observed in Parcel E (Emmanuel Alayande University of Education, Oyo), 
covering 154.104 hectares (21.72%), followed by Parcel C with 134.256 hectares (18.92%) of community-
built structures and Parcel O (Community Farm Area) at 93.924 hectares (13.24%). In contrast, the smallest 
encroachment occurs in Parcel M (Community Built-up Area), covering just 0.367 hectares (0.05%). Farm-
related encroachments account for approximately 38.69% of the total encroached land, primarily in Parcels 
A, J, K, L, N, and O, while built-up areas contribute around 40.13%, spanning Parcels B, C, D, F, G, and 
M. Special-use encroachments, including the Erelu Water Works premises (Parcel I) and river setbacks 
(Parcel 16), make up 21.18%. Notably, 13 out of 16 parcels are encroached upon by community activities, 
highlighting land use conflicts between public institutions and local communities. Figure 5 illustrates the 
revalidated boundary of Erelu Water Works Corporation, highlighted in red, providing a clear delineation of 
its officially recognized extent. The water body within the area is represented in blue, emphasizing its spatial 
relationship with the surrounding land. In contrast, Figure 6 presents a detailed analysis of encroachment 
within the vicinity, categorizing the degree of land use intrusion. It identifies key encroachment types, 
including agricultural expansion, communal settlements, and institutional developments, showcasing the 
extent to which each category has affected the designated boundaries. These figures collectively offer a 
comprehensive visual representation of land use dynamics and encroachment pressures in the area. 

While the overall positional RMSE was 1.508m, localized outliers such as PBY2695A exhibited shifts 
exceeding 5 meters. These anomalies were primarily attributed to the physical destruction and unauthorized 
relocation of original concrete beacons by encroachers, compounded by GNSS signal multipath 
interference from dense vegetation in the southern sector. Furthermore, the encroachment total of 707.391 
hectares signifies that nearly the entire 709.671-hectare gazetted area has been subjected to land-use 
conversion, leaving less than 1% of the site unencumbered. 

The geomatics methodology employed in this study provides a highly transferable framework for the digital 
revalidation and protection of public utility assets globally. By integrating GNSS field precision with GIS-
based spatial analysis, this approach addresses the common regional challenges of archival degradation 
and rapid urban encroachment. The workflow serves as a technical blueprint for various sectors, including 
water resource management and transport infrastructure, proving that the shift from legacy analogue 
records to centralized digital spatial databases is essential for sustainable land administration and the 
protection of vital public assets in rapidly developing regions. 

5.1 Limitation 
This study faced several limitations, beginning with the historical data constraints of relying on degraded 
1960 analogue plans, which required intensive georeferencing to bridge the gap between legacy techniques 
and the modern Minna Datum. Physical and anthropogenic barriers, such as dense canopy cover and illegal 

Figure 8. Encroach distribution by land type 
Source: (Authors Lab, 2025). 
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structures, induced localized GNSS multipath errors that necessitated extended observation periods to 
uphold the 1:5000 accuracy standard. Furthermore, boundary uncertainty arose from the destruction of 
original beacons, forcing a reliance on interpolation from surviving controls, while institutional and access 
challenges involving land disputes and the lack of a unified digital land information system complicated data 
cross-referencing. Acknowledging these factors provides essential context for the observed RMSE of 
1.508m and underscores the necessity of transitioning toward a centralized digital repository for sustainable 
land management. 
 
6. CONCLUSION AND RECOMMENDATION 
The revalidation survey successfully confirmed the boundaries and analyzed encroachments using high-
precision GNSS and GIS-based spatial analysis, ensuring reliable results for land management and 
planning. The confirmed revalidated boundary covers a total area of 709.671 hectares, with observed 
coordinate variations within acceptable limits, reaffirming the accuracy of the methodology used. The 
encroachment analysis revealed that 707.391 hectares of land had been encroached upon, with farming 
activities contributing 38.69%, urban development accounting for 40.13%, and special uses, including Erelu 
Water Works and river setbacks, making up 21.18%. Parcel E had the highest percentage of encroachment 
(21.72%), followed by Parcel C (18.92%) and Parcel O (13.24%), with community activities being the major 
cause of land use conflicts. This initiative underscores the importance of integrating AI-driven geomatic 
tools in modern land management to support informed decision-making and nation-building. To improve 
efficiency in future surveys, it is recommended to prioritize the availability of updated base maps, continue 
leveraging GNSS and GIS technologies for high precision, and conduct regular inspection and maintenance 
of beacon points to prevent displacement due to environmental or human factors. Establishing a centralized 
digital repository for boundary data and using durable beacons, as demonstrated by their integrity after 60 
years, is also vital for ensuring sustainable and accurate boundary management practices. This study 
highlights the value of modern geomatic approaches in effectively addressing contemporary land-use 
challenges. 
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