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1) Introduction

Hill of Tillymorgan (Section 21B, OS 1:50000 Map 29, Grid Ref. NJ652348) is a Marilyn situated South-east of Huntly and about 40km North-west of Aberdeen by the A96 trunk road from Aberdeen to Inverness.  The hill has 153m of re-ascent and therefore a more accurate measurement is desirable to confirm its Marilyn status.
The purpose of this survey was to locate the exact position of the bealach and summit and measure their respective heights in order to determine a value for re-ascent.
2) Equipment used and Conditions for Survey 

Ground surveys to determine the positions of the bealach and summit were carried out using a Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable to 5m. 
Absolute heights were measured using a Leica Geosystems 530 GPS receiver. It is a dual-frequency, 24-channel instrument, which means it can lock on to a maximum of 24 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 to 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 were post-processed using Leica Geo Office Version 6 software.
Conditions for the survey, which took place between 11.00hr and 14.00hr, were poor. The weather was cool, 5 to 10 degrees Celsius, the wind was strong, 45 -50mph, and there were occasional showers.
3) The Survey
3.1) Character of Hill 

Hill of Tillymorgan is a small conical hill 381m high and its bealach is just 1.3km to the North-west by the side of a minor road which runs parallel to the line of the bealach.  The summit area is dotted with small, old spoil heaps and old quarry workings, while the trig point sits in a large area of short grass surrounded by these workings.  The trig point is the obvious summit of the hill and is situated on undisturbed ground.  The bealach is in farmland and on our visit one half of it had been recently ploughed and the other half was planted with crops.
3.2) Summary of Survey Method
The position of the bealach was identified as a narrow strip of ground about 200m long and 20m wide easily accessible from the road.  Sightings through the level from this area quickly showed that the ground was descending gradually in both NE and SW directions.  In the orthogonal direction the profile of the ground was more pronounced, rising more steeply both towards and away from the hill.  Having identified the area of the bealach more systematic staff placements quickly identified the position of the bealach which lay just next to a fence running from SW to NE through the bealach.  The GPS was set up on a grass path nearby to avoid disturbance to the crop.
Staff Readings were:- GPS position = 2.805m, Bealach position = 2.460m.  
Thus the GPS was set up on ground 0.345m lower than the true bealach
The summit of the hill required only cursory measurement with level and staff in order to identify the highest point.
The absolute heights of the summit and the bealach were measured with the Leica 530 GPS. The instrument was set up with tripod support to hold it firmly over the point to be measured. The AT502 antenna was mounted on a 2.000 metre pole for the bealach measurements and on a 1.000 metre pole for the summit determination; the shorter pole reduced the effect of wind on the stability of the tripod. Data at each point were collected for 40 minutes with an epoch time of 5 seconds.
3.3) The Bealach
The bealach was surveyed with level and staff as described in Section 3.2 and we are confident this was achieved to within +/-0.1m of height.
The ten-figure Grid References for the bealach were:-

Garmin Map60CSx 

NJ 64279 35687

Accuracy 4m
Height = 229m

Garmin Venture

NJ 64280 35686

Accuracy 6m
Height = 227m

Garmin Etrex 


NJ 64280 35688

Accuracy 6m
Height = 230m
Magellan Explorist 100
NJ 64280 35688

Accuracy 6m
Height = 227m

The position and height data for the bealach that were recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data were:-
	System
	Easting

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

	SR 530
	364278.896
	0.006
	835695.075
	0.003
	227.273
	0.013


The true height of the bealach is therefore 227.273 + 0.345 = 227.618m
3.4) Summit of Hill of Tillymorgan
The exact position of the summit was the trig point.  The Leica 530 GPS receiver was set up a few metres away, however, in order to gain more shelter from the strong NE wind.  The level and staff were used to determine the relative heights of flush bracket, summit ground and GPS position.  To achieve this, the level was set at the height of the flush bracket and the readings for summit ground and GPS position were measured as 0.435m and 1.004m respectively.  Thus, the GPS was set up on ground that was 0.569m lower than the trig point base.  An old spoil heap 70m SSW of the summit was also measured as this looked at least as high as the trig point.  The staff reading for this point was 1.230m, showing the feature to be 0.795m lower than the trig point base. 

The ten-figure Grid References for the summit are:-
Garmin Map60CSx 

NJ 65236 34804
Accuracy 3m
Height = 385m

Garmin Venture

NJ 65237 34802
Accuracy 5m
Height = 382m
Garmin Etrex 


NJ 65236 34804
Accuracy 5m
Height = 379m

Magellan Explorist 100
NJ 65235 34805
Accuracy 6m
Height = 381m

The position and height data for the summit recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data were:-
	System
	Easting

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

	SR 530
	365240.678
	0.005
	834812.483
	0.001
	380.219
	0.016


Consequently, the height of the hill is calculated to be 380.219 + 0.569 = 380.788m
(The Ordnance Survey lists the height of the trig point flush bracket as 381.30m and from this the height of the hill is calculated to be 380.86m in broad agreement with our measured result although one might have expected the results to be closer from previous experience)
4) Discussion of Results
The largest error was associated with the correct location of the bealach which gives an uncertainty of +/-0.10m in its height.  We also estimate that the summit height was measured to better than +/-0.05m. Therefore the overall error in drop measurement for the hill is no more than +/-0.11m. 

The drop measurement is 153.2+/-0.1m and therefore Hill of Tillymorgan does achieve the 150m of reascent required to retain its Marilyn status. 
5) Summary and Conclusions

The summit of Hill of Tillymorgan is at grid reference * NJ 65236 34804 and is the trig point.  Its height is 380.80+/0.05m.
The bealach separating Hill of Tillymorgan is at grid reference *NJ 64280 35687.  Its height is 227.6+/-0.1m.
The re-ascent from the bealach to the summit is 153.2m and therefore Hill of Tillymorgan retains its Marilyn status.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 31 March 2009.
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