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1) Introduction

Shadwell Hill (Section 31B, OS 1:50000 Maps 137, Grid Ref. SO203874) has a summit marked with a spot height of 497m, and 498m on the latest 1:25000 Maps. Since spot heights measured by photogrammetry have a possible error of +/-3m, there is a chance that this hill exceeds 500m and therefore is eligible for Michael Dewey’s list of 500m hills.

The purpose of this survey was to measure accurately the height of Shadwell Hill to see if it exceeds 500m in height.
2) Equipment used and Conditions for Survey 

Absolute heights were measured using a Leica Geosystems 530 GPS receiver. It is a dual-frequency, 12-channel instrument, which means it can lock on to a maximum of 12 satellites and receive two signals (at different frequencies) from each of these satellites.  The latter feature reduces inaccuracies that result from atmospheric degradation of the satellite signal.  As a stand- alone instrument it is capable of giving position and height to an accuracy of about one and two metres respectively.  Note that a hand-held GPS receiver can only receive up to 12 satellites and each at a single frequency and therefore it has a poorer positional accuracy of +/-5m and a height accuracy of no better than 10 metres.  Despite the on-board features of the 530 GPS receiver, there are still sources that create residual errors.  To obtain accurate positions and heights, corrections were made to the GPS data via imported RINEX data from the Ordnance Survey which was post-processed using Leica Geo Office Version 7 software.
Conditions for the survey were satisfactory although cold at 0 to 3 degrees Celsius.  Most of the work was carried out in dense coniferous woodland which severely limited visibility. The survey took place between 12.00 and 14.30 GMT. 

3) Character of Hill 

Shadwell Hill is situated about 10km South of Montgomery and its summit lies about 200m from the Kerry Ridgway which passes on the Southern boundary of the forest. The Kerry Ridgeway is a 15mile walk running from Newtown to Bishop’s Castle and passes over many interesting historical features from the Bronze, Stone and Iron Ages and Norman times. The summit of Shadwell hill is not that interesting as it is covered with extensive coniferous forest which obliterates the views of this scenic part of Powys. 
As shown in the extract from the OS 1:25000 Map (Appendix 1), forest tracks surround the summit as the sides of a “400m square”. Access to the summit can be obtained from any of these tracks providing one can find a suitable route through the trees, but the approach from the West, although the shortest, is not the easiest. The summit appears to be in a small clearing and part of the survey was to try to verify this.
4) Summary of Survey Method
The first stage of this survey was to try to locate the exact position of the summit. Unfortunately, due to the density of the trees and unevenness of the ground’s surface, it was not possible to use a Leica automatic level and staff to carry out ground surveys. We assumed that the 498m spot height was in the approximate position and approached this point from four different directions, that is, from each one of the forest paths surrounding the summit area. The approaches from the North, East and South all seemed to show continuously rising ground to a small clearing in the woods. However, the approach from the West was less clear. Again this route leads to what appears to be the highest ground in the clearing, but there may be ground of similar height in the trees to the South West of this area. Because there was a small dip between these two points, it was not possible to ascertain exactly which was the higher, but we would estimate that the difference in height is no more than 1 metre. It is likely that the point in the trees to the South West corresponds to the 498m spot height marked on the 1:25000 OS Map.  Note that this point is the blue spot beneath the 7 of 497 on the 1:50000 map.  The 497m spot height on the 1:50k map is the small black dot to the right of the number and the GPS set up position is the blue dot just to the left of the 497m spot height.  

The Leica 530GPS was set up with tripod support to hold it firmly over the highest point in the forest clearing with the AT502 Antenna mounted on a 3.000m pole. (See Appendix 2 for photograph). Data were collected for 1 hour with an epoch time of 30 seconds. The data were post-processed using Leica GeoOffice 7 with RINEX data downloaded from the OS website for the eight nearest Active Base Stations.

5) The Summit
The exact position used for the GPS measurement was more based on practicality than knowing that it was the actual summit position. Because of the tree density, setting up the GPS out of the forested area and line surveying from it to any other point would have been impossible. Therefore, we used the central position in the small clearing. On the South view, using an Abney level, we estimated that the angle to see clear sky above the trees was about 35 degrees from the ground. On the other sides, the angle was less, at between 20 and 30 degrees. (For GPS measurements a minimum angle of 15 degrees from the horizontal is usually accepted for best practice). In order to make sure that we could achieve the lowest angle for data collection, the AT502 antenna was fitted to a 3m pole instead of the usually used 2metre pole. (See photograph in Appendix 2). An extract from the latest Ordnance Survey 1:25000 map is shown in Appendix 1. 
The position and height data for the summit that were recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data, a cut-off angle of 25 degrees, and the Hopfield Tropospheric model were:-
	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	320391.938
	0.002
	287490.343
	0.001
	496.896
	0.010


The ten-figure Grid References recorded for the summit were:-

Garmin Map60CSx 

SO 20392 87499
Accuracy 5m
Height = 498m
Garmin Venture

SO 20394 87495
Accuracy 7m
Height = 497m
Garmin Etrex 


SO 20394 87496
Accuracy 5m
Height = 497m
Magellan Explorist 100
SO 20393 87498
Accuracy 9m
Height = 500m

6)   Discussion of Results

The largest possible uncertainty in the measurement of the height of this hill was associated with the location of the summit. Even in the clearing where we placed the GPS, the ground was very uneven due to man-made drainage trenches and general shrub vegetation. However, from general observations made with an Abney level, we would expect the uncertainty of the height measurement in this clearing to be about +/-0.5m or better. However, if we consider the other high point located in the trees to the South West, we would only be confident that the height measurement had been measured to an uncertainty of about +/-1m.

We also checked the effect of the data collection angle on the final result by carrying out calculations with cut-off angles between 15 and 30 degrees. The variation in these results in height was about 0.006m and therefore this effect is insignificant compared with the previously described uncertainty.

Since the height was measured to be 496.9m with an uncertainty of  +/-1.0m, we are confident that Shadwell Hill does not reach 500m in height and is therefore not eligible for Michael Dewey’s list of 500m hills.

7)   Summary and Conclusions

The summit of Shadwell Hill is at grid reference * SO 20394 87497 and is not marked with any feature.  The hill’s height was measured to be 497+/-1m.
Shadwell Hill does not exceed 500m and is therefore not eligible for Michel Dewey’s list of 500m hills.

*NB average hand-held Garmin/Magellan GPS grids taken from Database of British Hills are quoted in the summary.
John Barnard and Graham Jackson, 25 January 2012 
Appendix 1
Extract of OS 1:25000 map showing “summit” spot height of 498m
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Extract of OS 1:50000 map showing “summit” spot height of 497m
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Appendix 2
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