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 showed that the greatest challenge to the existence and sustainability of these controls in Nigeria is that these controls are destroyed during engineering works like buildings, road construction and other infrastructural developments. It therefore behoves on the Geodesists to seek out areas that pose minimal challenges to these controls. The Right of Way of the high tension power lines appear promising in this regards. Being maintained by the Federal Ministry of Power, Works and Housing, and free from major constructions, it appeared as a safe haven for geodetic controls. However, the effect of the electromagnetic waves from the current bearing power lines on survey techniques and instruments, especially GNSS Signals needs to be assessed and modelled before this "safe haven" is to be explored. To analyse the effect of the power line on GNSS signals, the Magellan Promark 3 GPS was used in both Stop-and-go and Static Post Processing methods on a set of points established using Kolida L420 both under and off the high tension poweline. The two results from the GPS observation were compared against the coordinates of the controls. The Root Mean Square Errors of the Stop-and-Go was 7.607mE and 0.534mN while that of the Static Post Processing are 0.0013mE and 0.0014mN. It was recommended that the option of establishing controls under High Tension Power Line be explored. It was further recommended that caution should be taken to abide by the 90minutes duration stipulated in the Surcon Specification for Geodetic Surveys for Static Post Processing under High Tension Power Line.

Introduction

The geodetic control is a monument placed on the ground whose 2-D co-ordinates or 3-D co-ordinates have been observed, processed, and all necessary adjustments made. [START_REF] Ono | Status of Geodetic Controls and their Coverage in Anambra State[END_REF]. Geodetic Controls are monuments that are very essential to the development and maintenance of the Geospatial Infrastructure of any country. They are a set of points defined by coordinates, used for the determination of the location of other points. They are established by geodetic surveying methods, upholding high accuracy standards (Federal Geographic Data Committee FGDC, 2008). According to [START_REF] Dawod | Establishement of a Precise Geodetic Control Network for Updating the River Nile Maps[END_REF], Geodetic Control Networks are mandatory for a wide variety of disciplines such as mapping, urban management, engineering projects, hydrography, aerial photography, astronomy, geophysics, and deformation monitoring. They are the physical realization of a geodetic reference system. Years ago, triangulation and trilateration controls are established, using optical instruments, on hills and mountain tops creating room for intervisibility and safety of the controls. In recent times, especially with the advent of GNSS methods, geodetic controls are established on the roadsides, roundabouts, public premises etc. The establishment of these controls on hill and mountain tops, helps in carrying out works, no doubt, but these places (hills) are largely inaccessible and also pose problems to the safety of surveyors because these hills are safe havens for wild animals and hoodlums. The controls established along the road sides have over time been destroyed by engineers without any recourse to their importance (Ono et al,2013).

A big case study is the Anambra State GPS Densification Network for Awka Capital Territory (fig. 1). According to [START_REF] Ono | Evaluation of Geodetic Control Network of Awka, Capital Territory of Anambra State for Sustainable Development[END_REF], out of the thirty controls visited in 2008 by [START_REF] Ono | Status of Geodetic Controls and their Coverage in Anambra State[END_REF], only twelve of the controls were still in place. These controls were revisited to analyse their present condition. Typical among the visited controls were the eight (8) controls positioned along the Enugu-Onitsha Expressway. Out of the three controls confirmed to be existent by [START_REF] Onwuzuligbo | Status of Geodetic Controls and their Coverage in Anambra State, Nigeria[END_REF], none of the controls were found to be fixed. A visit to the three controls found fixed in 2012, showed that they have been removed

during road expansion and reconstruction. Table 1 shows an adaptation of the information on the 15 controls visited in 2008 and 2012 from [START_REF] Ono | Evaluation of Geodetic Control Network of Awka, Capital Territory of Anambra State for Sustainable Development[END_REF]. It is therefore pertinent to seek out new locations that are both safe for the controls and the surveyors who go to occupy them. [START_REF] Ono | Evaluation of Geodetic Control Network of Awka, Capital Territory of Anambra State for Sustainable Development[END_REF] Since the controls at the hilltops are inaccessible and those established by the road sides are destroyed during constructions, it is imperative to seek out locations that pose minimal challenges to these controls. The Right of Way (RoW) of High Tension Power Lines (HTPL) are largely free from developments and constructions. They run through all major cities in Nigeria from one power station to the other, forming a type of network known as the National Grid. Another advantage this RoW appears to possess is the fact that it is being maintained annually by the Federal Ministry of Works, Power and Housing. The ministry monitors and removes trees and houses within the RoW.

GNSS Signals and Power Lines

Global Navigation Satellite System (GNSS) is a system that sends microwave signals that Areas with very high wireless communication traffic or nearby high voltage power lines should be avoided. Longer sessions could overcome some of the effect of the interference.

Interference has a significant influence on the tracking of GNSS satellite signals by a GNSS receiver. This can range from a degradation of the performance to a total prohibition of satellite signal acquisition and/or tracking.

Evaluation of the Effects of HTPL on GPS Signals

In this research, survey monuments were established under the HTPL and at different distances from the power line. The locations of the points were determined using a total station, Kolida L420, believed generally not to be affected by the HTPL.

Fig 2: Reconnaissance Diagram

Using the Magellan Promark 3 DGPS, using the XSV982 as the base, the nine survey beacons were observed both in stop-and-go method and static mode. While the Stop-and-Go method concentrates on the PDOP, the Static method was carried out in line with the SURCON Guideline for Geodetic Surveys, maintaining a duration of 90minutes per station.. The essence is to test the stop-and-go method and also evaluate the static mode under the Nigerian HTPL. The coordinates of the stations acquired in the two modes were compared against the adjusted coordinates of the points. All the analyses were done in the UTM system, in order to avoid inconsistencies arising from the use of different transformation parameters for the NTM system. Analysing the accuracy, the residuals of the stop-and-go and that of the static method were computed. The root mean square (rms) error were computed and found to be 7.607mE, Figure 4a shows the total satellite signal pattern obtained from the NOM1 station away from the power line. Except for G15 and G24 that had minimal satellite loss, steady signals were maintained under this station with a total of 10 visible satellites. Figure 4b shows the total satellite signal pattern obtained from the third station under the power line.

The signal pattern indicates a consistent interference in the signals obtained, with signal from G14 and G31 experiencing the greatest interference under this station with a total of 11 visible satellites. Figure 4c indicates that although a greater number of the signal residuals for this station (NOM 9) outside power line were found to be minimal, some of the signals still witnessed interference which can be attributed to the proximity of the University Engineering workshop to the station. This is in agreement with [START_REF] Bilham | Chapter: 10 Static Positioning[END_REF] recorded that presence of metals can introduce scattering in the signals received by the GPS. NOM 6 in Figure 4d shows an interfered signal similar to figure 4b.

Conclusion and Recommendation

Doing the same thing repeatedly and expecting a change or different result, they say, is foolishness. Having observed that the location of the controls either make them inaccessible or worse off, susceptible to destruction, it was imperative to investigate on the possible substitutes to hills and road sides. We conducted the research, and discovered that although the signal residuals of the stations under the HTPL were affected by some kind of interference, the accuracy of the static post processing was very much acceptable.

It is, therefore, recommended that the opportunity which the HTPL R0W affords us be utilized. Furthermore, it is recommended that the 90 minutes occupation duration of observations, stipulated by the SURCON Guidelines for Geodetic Surveys, be ensured for observation of the established controls under the High Tension.
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 1 Fig. 1: Awka Capital Territory GPS NetworkSource:[START_REF] Ono | Evaluation of Geodetic Control Network of Awka, Capital Territory of Anambra State for Sustainable Development[END_REF] 

  enable receivers on or close to the earth surface to determine their locations. The GPS error sources are known to be mostly multipath interference, canopy effect, atmospheric delays, orbital anomalies, satellite clock errors, receiver clock errors and others(Lee and Ge, 2006). So far, divergent views exist in literature as to the effect of the current carrying high tension power lines on the GPS Signals Received under the power line. According to[START_REF] Rabba | Investigating the Impact of High Voltage Power Lines on GPS Signal[END_REF], power lines primarily affect the Radio Frequency (RF) section of each GPS receiver. However, each manufacturer has different methods of shielding to detect and minimize external interference, hence each receiver will react differently in that environment. Depending on its amplitude, this reaction will affect the GPS solution. The issue of potential interference with GPS receivers under or close to electric power lines has been raised since some documentation from GPS receivers manufactures include vague warnings about such use.GPS signals can be overwhelmed or seriously interfered by other radio signals orelectromagnetic radiation, which results is appreciable errors. In Interference, Electromagnetic signal interference can cause lower values and less reliable observations.
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Table 1 . Status of Some of the Visited Controls Stations S/N CONTROL POINT STATUS (2008) STATUS (2012) PRESENT STATUS (2018)

 1 

	1.	GPS A1	On ground though	Uprooted and displaced	Not Replaced
			shifted		completely	
	2.	GPS A2	Not on ground		Not on ground		Not Replaced
	3.	GPS A3	Fixed		Uprooted & displaced	Not Replaced
					Completely	
	4.	GPS A4	Not on ground		Not on ground		Not Replaced
	5.	GPS A5	Not on ground		Not on ground		Not Replaced
	6.	GPS A6	Not on ground		Not on ground		Not Replaced
	7.	GPS A7	Not on ground		Not on ground		Not Replaced
	8.	GPS A8	Fixed		Not on ground		Not Replaced
	9.	GPS A28	Fixed		On ground but Defaced Not Replaced
	10. GPS A35	Fixed		On ground but shifted	Not Replaced
	11. GPS A15	Fixed		Fixed		Destroyed
	12. GPS A16	Uprooted	and	Uprooted	and	Not Replaced
			Displaced Completely	Displaced Completely
	13. GPS A27	Uprooted & Displaced	Uprooted	and	Not Replaced
			Completely		Displaced Completely
	14. GPS A9	Fixed		Fixed		Destroyed
	15. GPS A29	Fixed		Fixed		Destroyed
			Source: Modified from	

Table2: Stop and Go Coordinates

  

	Pt ID	Eastiing	Northing	E. Height
	NOM1 292328.892 690839.692 61.672
	NOM2 292423.038 690722.876 61.266
	NOM3 292400.685 690711.375 61.467
	NOM4 292378.247 690699.844 61.567
	NOM5 292363.02 690686.278 61.393
	NOM6 292338.98 690674.258 66.109
	NOM7 292484.97 690586.766 61.166
	NOM8 292353.282 690527.774 61.832
	NOM9 292235.812 690784.182 62.933

  and 0.0013mE, 0.0014mN respectively. Using GNSS Solution, the signals of the observations under the HTPL and those away from the power line were analysed.

	0.534mN			
				Table3: Static Coordinates
			Pt ID	Eastings	Northings	E Height
			NOM1 292323.629 690840.824 60.115
			NOM2 292423.028 690722.881 61.266
			NOM3 292400.693 690711.398 61.461
			NOM4 292378.262 690699.874 61.584
			NOM5 292355.352 690688.019 61.294
			NOM6 292332.43 690676.605 61.551
			NOM7 292485.058 690586.728 61.265
			NOM8 292353.279 690527.75 61.806
			NOM9 292230.538 690785.283 61.535
	Table4: Adjusted Coordinates
	Pt ID	Eastings	Northings
	NOM1 292323.674 690840.827
	NOM2 292423.001 690722.811
	NOM3 292400.698 690711.361
	NOM4 292378.26 690699.835
	NOM5 292355.358 690687.997
	NOM6 292332.419 690676.625
	NOM7 292485.09	690586.78
	NOM9 292230.619 690785.286