Surveys of Beinn Teallach and Ben Vane
15 and 16 May 2009
The Teams:-
Surveyors - John Barnard, Graham Jackson and Myrddyn Phillips
15 May, TMS Volunteers Beinn Teallach – David Batty, Angus Campbell, David Cran, Alistair Milner, Iain Robertson, Colin Walter, Peter Willimot and Walter MacArthur.
16 May, TMS Volunteers Ben Vane – Angus Campbell, John Ross, Iain Robertson, Derek Sime, Fred Ward, and Peter Willimot

1) Introduction

The development of more accurate survey methods based on the use of satellites allows for very precise height measurements to be undertaken.There has been a tradition of checking and re-checking the heights of Scottish mountains which stretches back to Sir Hugh Munro and his cohort.   The Munro Society is aware of this tradition and has identified a group of mountains whose current heights seem sufficiently close to 3,000 ft (914.4m) to warrant checking with the modern technology.   The identified mountains have been sub-divided into five groups or phases, beginning with those nearest to 3,000 ft.   The extent to which a continuing programme of “heightings” will be justified depends on two factors: 1) the extent to which significant discrepancies are found between current given heights and those produced by the new technology and, 2) the resources of The Munro Society.

The first phase involved the Corbetts, Foinaven and Beinn Dearg both listed at 914m, and this was completed in 2007. The surveys were carried out by CMCR Ltd using a range of Leica GeoSystems GPS equipment. Their measurements confirmed by The Ordnance Surveys were 911.05m and 913.68m respectively for Foinaven and Beinn Dearg. Consequently both mountains have been confirmed as Corbetts. Perhaps the height change of 3m was larger for Foinaven than expected?

The plan for the second phase, to commence in 2008, was to measure the heights of Sgurr nan Ceannaichean, Ben Vane, Beinn Teallach, Beinn a’Chleibh and Sgurr a’Choire-bheithe. The Munro Society became aware of our surveying activities on hills/mountains south of the Scottish border and commissioned us to carry out in 2009 heighting surveys for Beinn Teallach (NN361860) and Ben Vane (NN277098), two Munros with heights listed at 915m. Being close to 3000feet (914.4m), there was a possibility that either or both of these Munros could be demoted to Corbett status.
2) Equipment used and Conditions for Survey 

Summit positions were identified using a Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable to 5m. 
Absolute height was measured using a Leica Geosystems 530 GPS receiver. It is a dual-frequency, 24channel 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 1 to 3 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 at best 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. 
The Leica NA730 level is routinely checked to make sure that the line of sight is correct when the instrument is set up horizontally – there is a standard surveying method to do this described in the users’ manual for these instruments. We also regularly check the functioning of the GPS against Statistical Quality Control charts generated for two marked positions. We also check the instrument periodically by taking measurements on an Ordnance Survey Fundamental Bench Mark, processing the data and comparing it with the OS derived values. Height should agree within about 2-3 cms.
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 6 software. In addition post processing was carried out by James Whitworth of Leica GeoSystems using both Leica GeoOffice Version 7 software and Smart Net. The definitive processing was carried out by Mark Greaves at the Ordnance Survey who used Bernese Software.
Ideal conditions for surveys are clear visibility, little or no wind and a reasonable ambient temperature. We had planned for such conditions by carefully monitoring the weather forecast until we seemed to have a settled spell of weather before making the decision to carry out the surveys. However, after the decision had been made to proceed, the Met. Office changed their minds with a rapidly deteriorating forecast of rain and high winds!!

Conditions for the survey on Beinn Teallach, which took place between 11.00hr and 15.00hr on 15 May, can only be described as atrocious. The weather was dull and wet with the average wind speed 50mph gusting up to over 70mph as measured by a hand held anemometer. The wind speed strengthened during the afternoon and the weather deteriorated even more. We had hoped to collect GPS data for more than 2 hours but there was a significant risk of the equipment being blown away so we quickly abandoned after 2 hours to descend to more comfortable climes.
Conditions for Ben Vane on 16 May were not much better where the survey took place between 11.00 and 15.00 hours. The wind had dropped in speed, but was still strong and gusty. However, we were frequently confronted with rain and hail showers, and the top was enshrouded in cloud making visibility very poor. In fact, for most of the time conditions were so poor it was impossible to carry out any work with optical instruments. 

3) The Survey of Beinn Teallach
3.1) Character of Mountain 

Beinn Teallach lies about 5km north of Tulloch on the A85 in Glen Spean. There is parking near the Laggan Dam and access to the mountain can be gained via the forestry track leading North West from Roughburn. After crossing the Allt a’Chaorainn to the west bank, this can be followed to the grassy easy-angled south ridge which leads all the way to the hill’s summit. Near the top the terrain becomes stony. 
The latest 1:25000 map (see Appendix 1), shows two ring contours at 910m about 200m apart with the “centres” on a roughly South West to North East line. The North East contour contains a marked spot height of 915m at NN 36135 85973. There is no spot height marked within the South West 910m contour and therefore one would assume that the 915m spot height represents the highest point on the mountain. There are cairns within both contours and visually one gets the impression that the South West cairn is the higher.
3.2) Summary of Survey 
The first task was to find out which of the two 910m contours contained the higher point. The Leica NA730 level was set up by the South West top and using the staff it was quickly ascertained that a boulder about 10m North East of the cairn was the highest point (lowest staff reading).  The level/tripod was then repositioned so that it was set at the height of the top of the boulder and the North East Top viewed.  Immediately it was clear that the North East Top contained the higher ground, approximately 0.5 m, so the survey was curtailed and moved over to that area.

The level was set up on the tripod about 20m South of the cairn and with the staff the highest point (lowest staff reading) was found to be the top of a rock about 5m south of the cairn (see photograph in Appendix 2). The tripod and level were then repositioned so that the level was exactly at the height of the rock and the South West summit observed to be about 0.5m lower confirming the previous observation of the relative heights of these two points.
For the height measurement, the Leica 530GPS was set up with tripod support to hold it firmly directly over the summit rock (see photograph in Appendix 2). The AT502 antenna was mounted on a 1.000 metre pole and data were collected for 2 hours with an epoch time of 5 seconds. The tripod had to be heavily weighted down with rocks because of the strong winds, but as the 2 hours of data collection approached, the strengthening winds were causing significant movement of the antenna and so it seemed prudent to stop the survey at 2 hours in case the equipment became damaged.
3.3) Results for Beinn Teallach
The ten-figure Grid References for the summit were:-
Garmin Map60Csx

NN 36140 85966
Accuracy 3m 
Height = 924m

Garmin Venture

NN 36139 85963
Accuracy 5m
Height = 916m 
Garmin Etrex 


NN 36139 85964
Accuracy 5m
Height = 915m
Magellan Explorist 100
NN 36139 85965 
Accuracy 6m
Height = 919m
Other 10 figure Grid references collected on Beinn Teallach were:-

Cairn by summit on North East top:-

Garmin Map60Csx

NN 36141 85969
Accuracy 3m 
Height = 926m

Garmin Venture

NN 36140 85969
Accuracy 5m
Height = 917m 
Garmin Etrex 


NN 36139 85970
Accuracy 5m
Height = 920m
Magellan Explorist 100
NN 36140 85965 
Accuracy 6m
Height = 915m

Cairn on South West Top:-

Garmin Map60Csx

NN 36023 85905
Accuracy 3m 
Height = 926m

Garmin Venture

NN 36023 85906
Accuracy 5m
Height = 920m 
Garmin Etrex 


NN 36023 85907
Accuracy 5m
Height = 916m
Magellan Explorist 100
NN 36021 85906 
Accuracy 6m
Height = 917m

These measurements made by hand held GPS units clearly show their usefulness for defining position but their inadequacy for giving an accurate representation of height!
The table below summarises the results by four different processing methods.

Mark Greaves from the OS processed the data using Bernese software which is a very sophisticated and expensive GPS processing tool developed by the University of Berne in Switzerland and is widely used commercially. We have no details other than a summary of results from the OS but the accuracy for the height is stated to be about 0.03m.

We processed the results using the Leica GeoOffice Version 6 Software with a hired “dongle” – an electronic key needed to unlock the processing modules of the software. RINEX “correction” data was imported from the Ordnance Survey Website for the 5 nearest Active Base Stations (Fort Augustus – FAUG 23km, Killin – KILN 57km, Inverness – INVR 69km, Mallaig – MALX and Oban – OBAN 70km). We also used Precise Emphemeris (satellite positions) data, imported from the IGS website, rather than the Broadcast Emphemeris data picked up by the GPS during the survey but in practice this was found to make no significant difference to the results. The computed Tropospheric model was chosen for the calculations to suit 2 hour data collection time and the wide difference in height between the base stations and the summit of the mountain.
James Whitworth from Leica GeoSystems processed the results using Leica GeoOffice Version 7 software, the same Active OS Base Stations and Tropospheric Model but Broadcast Emphemeris data instead.
James also used the post processing facility available on SmartNet – Leica’s on line service for providing real time processing and post processing for GPS data. In this case only the nearest 3 Active Base Stations were used for “corrections” and the Hopfield Tropospheric Model was selected.

	Processing
	Easting

	Northing
	Height(m)

	OS Bernese Software
	236135.812
	785973.026
	914.598

	JB/GVJ GeoOffice 6
	236135.815
	785973.031
	914.639

	Leica/GeoOffice 7
	236135.820
	785973.029
	914.613

	Leica/SmartNet
	236135.815
	785973.032
	914.621


3.4) Discussion of Results

The “official” Ordnance Survey height for Beinn Teallach is 914.598m and therefore it just exceeds 914.4m (3000feet) and retains its Munro status. The OS believe the result is accurate to within 0.03m so it is more realistic to quote the height as 914.60+/-0.03m. The three other methods of processing give slightly higher heights but are all within 0.04m of the OS figure. From our experience of data collected for 2 hours we would expect the mean height to be precise to within +/-0.08m. Therefore we are confident in the accuracy of these results.

The position coordinates when placed on the OS 1:25000 map are exactly on the spot height. The agreement for the position coordinates is much better as one would expect. The Easting and Northing result are within a range of 0.008 and 0.006m respectively. It is worth noting the difference between these coordinates and those generated by the handheld Garmin/Magellan instruments which are systematically 5m and 8m higher in Easting and Northing respectively. This discrepancy results from an incorrect coordinate transformation that is built into the software of the handheld units. 
4) Survey of Ben Vane
4.1) Character of Mountain 

Ben Vane lies about 4km West of Inveruglas on the A82 which runs along the west bank of Loch Lomond. There is a large parking place about 1km further north which is used by customers of the visitors’ centre and the Loch cruises. Access to Ben Vane is easily obtained via the private road that leads up to the Loch Sloy dam. About 2km from Inveruglas, a track turns off in a South Westerly direction to cross the dam outflow. Having passed under the row of electricity pylons, the broad track narrows to a path which leads up the eastern face of Ben Vane. This path becomes very steep and “scrambly” the higher one goes, and is very unforgiving particularly in bad weather conditions. After passing over a flattish top at about 860m, the path steepens again and soon leads up to the summit area. 

The latest 1:25000 map (see Appendix 1), shows two ring contours at 910m about 150m apart with the “centres” on a roughly a West to East line. The West contour contains a marked spot height of 915m at NN 27750 09847. There is no spot height marked within the East 910m but there is a large cairn there which is usually taken as the mountain’s summit. Again one would assume from the spot height that the West top would be the higher and would correspond to the position of the smaller cairn.
4.2)  Summary of Survey
The first task was to find out which of the two 910m contours contained the higher point. The highest point on the west top was an obvious large rock a few metres away from the cairn. We set up the Leica Na730 level and tripod at the same horizontal as the top of the rock in order to view the East Top (see photograph in Appendix 2). However, the weather conditions were so poor that the West Top was not observable! Therefore in order to try to identify the higher top we decided to line survey between the two points. However, this had to be abandoned because it was impossible to take staff readings from only a few metres distance. So without knowing which top was the higher, we decided to measure the summit of the West top and hope that during the rest of the time while we were collecting GPS data the weather might improve to give us the visibility to carry out the optical work.

It was not possible to place the GPS directly over the summit position since the tripod could not be positioned there. So we set up the Leica 530 GPS on the sheltered side of the summit rock and only a few metres away from it (See photograph in Appendix 2). Using an Abney Level we adjusted the level of the AT502 antenna by placing stones under its supporting 1m pole until its height was exactly that of the summit rock. The tripod legs were than supported with heavy rocks to prevent any movement caused by the strong winds. Data were collected for 2 hours with an epoch time of 5 seconds. 

Towards the end of the 2 hour period of data collection the weather started to improve with an increasing number of clear spells. This gave us the opportunity to set up the Automatic level again and check the height difference between the East and West Tops. The staff measurements showed the base of the Eastern cairn to be 0.523m lower and that we had correctly identified the summit position.
4.3)  Results for Ben Vane
The ten-figure Grid References for the summit were:-

Garmin Map60Csx

NN 27757 09838
Accuracy 3m 
Height = 917m

Garmin Venture

NN 27757 09836
Accuracy 6m
Height = 912m 
Garmin Etrex 


NN 27758 09836
Accuracy 5m
Height = 910m
Magellan Explorist 100
NN 27754 09837 
Accuracy 5m
Height = 913m

Other 10 figure Grid references collected on Ben Vane were:-

Cairn on East Top:-

Garmin Map60Csx

NN 27793 09825
Accuracy 3m 
Height = 923m

Garmin Venture

NN 27793 09825
Accuracy 6m
Height = 914m 
Garmin Etrex 


NN 27793 09826
Accuracy 5m
Height = 911m
Magellan Explorist 100
NN 27791 09824 
Accuracy 5m
Height = 913m

The table below summarises the results by four different processing methods.
The details for each set of results are the same as described in Section 3.3 of this report. However, a different set of 5 OS Active Base Stations were used for the imported RINEX “correction” data. These were; Killin – KILN 38km, Oban – OBAN 46km, Lochgilphead – LOCG 48km, Glasgow – GLAS 53km, and Drumalbin – DRUM 95km.
	Processing
	Easting

	Northing
	Height(m)

	OS Bernese Software
	227750.059
	709847.225
	915.762

	JB/GVJ GeoOffice 6
	227750.085
	709847.234
	915.788

	Leica/GeoOffice 7
	227750.090
	709847.243
	915.797

	Leica/SmartNet
	227750.085
	709847.235
	915.787


4.4) Discussion of Results
The OS measurement for the height of Ben Vane at 915.762m shows that Ben Vane keeps its Munro status. The accuracy for these results is worse than Ben Vane due to much more disturbance in the atmosphere that distorted the GPS measurements. However, the OS believe the accuracy to be within 0.05m.  Again the results are consistent with a spread of 0.04m and the OS measure result is the lowest of the set. It may be more prudent to accept that these results have a larger error than Beinn Teallach and place an error of +/-0.08m on the final result although that makes no difference to the status of the mountain.
The spread of the position coordinates is 0.031m and 0.018m for Easting and Northing respectively and reflects the accuracy comments made above. One should also bear in mind that the position coordinates represent the data collection point rather than the actual summit that was a few metres away.

5) Summary of Heighting Results
Beinn Teallach was measured to be 914.60+/-0.03m and just retains its Munro status.
Ben Vane was measured to be 915.76+/-0.08m and comfortably retains its Munro status.
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.
John Barnard and Graham Jackson, 11 June 2009. 
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1:25000 map reproduced from Streetmap.co.uk showing the summit area of Ben Teallach.
	

	


	


	


	



	


	


	



	


	


	




	
	


1:25000 map reproduced from Streetmap.co.uk showing the summit area of Ben Vane.
Appendix 2

Beinn Teallach – Locating the summit point. Staff on that position
[image: image19.jpg]e
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. Beinn Teallach – GPS set up over summit position. Cairn of SW top in distance to the right.
[image: image20.jpg]



Ben Vane – Summit rock to the left with GPS antenna set to that height.
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Ben Vane – summit area with summit rock to the right and lower East Top cairn in the distance.
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