Surveys of Sgurr a’Choire-bheithe and Sgurr nan Ceannaichean
14 and 15 July 2009
The Teams:-
Surveyors - John Barnard, Graham Jackson and Myrddyn Phillips
14 July, TMS Volunteers Sgurr a’Choire-bheithe – David Batty, David Cran, Stewart Logan, Alistair Milner, Iain Robertson, and Peter Willimot 
15 July, TMS Volunteers Sgurr nan Ceannaichean – David Batty, Stewart Logan, Alistair Milner, Iain Robertson, and Peter Willimot 

1) Introduction

The background to The Munro Society’s heighting programme has been described in our recent report for heighting surveys carried out on 15 and 16 May 2009 for Beinn Teallach and Ben Vane. These surveys were part of the plan for the second phase of the project, which was to measure the heights of Sgurr nan Ceannaichean, Ben Vane, Beinn Teallach, Beinn a’Chleibh and Sgurr a’Choire-bheithe. Due to a very generous donation from “Clem“ Clements to The Munro Society, sufficient funds became available to continue with more surveys this year. The donation was made to commemorate the 40th anniversary of Clem’s completion in Knoydart of his first round of the Munros and Clem is particularly interested in the results of the heighting project.
Sgurr a ‘Choire-bheithe (NG895015) has a height on current OS maps of 913m, and now that Foinaven and Beinn Dearg have been surveyed, represents the highest Corbett with the possibility of reaching Munro status. Sgurr nan Ceannaichean (NH087480) has a height of 915m and is very close to 914.4m (3000feet) and so there is a reasonable probability that this Munro could be reclassified 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. 
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. The definitive processing was carried out by Mark Greaves at the Ordnance Survey who used Bernese Software.

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 cm.
A check was carried out on 18 July at the Daresbury Fundamental Bench Mark and the results in the table below show good agreement between the OS and our data.

	Processing
	Easting

	Northing
	Height(m)

	OS Data
	357737.377
	382363.621
	73.243

	JB/GVJ GeoOffice 6
	357737.365
	382363.623
	73.225


Conditions for the survey on Sgurr a’Choire-bheithe, which took place between 12.00hr and 16.00hr on 14 July, were good. The temperature was between 15 and 20 degrees Celsius and there was almost no wind. At times the summits became misty and we experienced showers of rain which became more prolonged towards the end of the survey.
Conditions for Sgurr nan Ceannaichean on 15 July were very similar and the survey took place between 11.00 and 15.00hrs.
3)   The Survey of Sgurr a’Choire-bheithe
3.1)  Character of Mountain 

Sgurr a’Choire-bheithe lies in the east of the inaccessible area of Knoydart. The usual route to this Corbett is from the car park at Kinlochhourn following the 9km of track along the South side of Loch Hourn to the bothy of Barrisdale for an overnight stay. From Barrisdale the track south up Gleann Unndalain is followed to the start of the NW ridge. Although steep in a few places, the ridge can be followed, mostly over grassy ground, to the summit. Alternatively one can continue up Gleann Unndalain to the bealach, turning North up very steep broken ground to the ridge and then East summit. 

For this expedition, we were able to hire a boat from Arnisdale, and although quite expensive, it made access to Barrisdale in Knoydart very quick and easy.  This was particularly convenient because we were carrying bulky and heavy surveying equipment.  We then followed the route as described above up the NW ridge. 
The latest 1:25000 map (see Appendix 1), shows an oval shaped ring contour at 910m with a spot height of 913m at its NE end. At the SE end of the ring contour there is a cairn about 50m distance from the spot height. In between the two, but closer to the summit, is a small lochan and an intermediate high point. (See photograph in Appendix 2)
3.2)  Summary of Survey 
The first task was to identify the highest point of the summit area. The Leica NA730 level was set up near the spot height position at the NE end of the summit area and then potential summit candidates were measured with the staff. It was quickly ascertained that the summit was a rock- embedded mound at the NE end of the summit area, as per the OS spot height. The intermediate high point between this and the SE cairn was measured to be 0.324m lower. The base of the cairn to the SE was measured to be 0.681m lower. In order to be sure that there was no hidden high ground under the cairn, we also heighted to the cairn’s top and found this to be 0.075m lower than the summit, thereby negating the relevance of this possibility.
For the height measurement, the Leica 530GPS was set up with tripod support to hold it firmly directly over the summit position (see photograph in Appendix 2). The AT502 antenna was mounted on a 2.000 metre pole and data were collected for 3 hours with an epoch time of 5 seconds. 
3.3)  Results for Sgurr a’Choire-bheithe
The ten-figure Grid References for the summit were:-
Garmin Map60Csx

NG 89598 01589
Accuracy 3m 
Height = 924m

Garmin Venture

NG 89600 01589
Accuracy 4m
Height = 922m 
Garmin Etrex 


NG 89601 01592
Accuracy 8m
Height = 929m
Magellan Explorist 100
NG 89600 01586 
Accuracy 5m
Height = 921m
Other 10 figure Grid references collected on Sgurr a’Choir-bheithe were:-

South West Cairn on summit area:-

Garmin Map60Csx

NG 89561 01562
Accuracy 3m 
Height = 923m

Garmin Venture

NG 89561 01558
Accuracy 4m
Height = 919m 
Garmin Etrex 


NG 89561 01561
Accuracy 5m
Height = 915m
Magellan Explorist 100
NG 89561 01561 
Accuracy 5m
Height = 918m

Intermediate high point between summit and SW cairn:-

Garmin Map60Csx

NG 89575 01568
Accuracy 6m 
Height = 923m

Garmin Venture

NG 89574 01567
Accuracy 7m
Height = 920m 
Garmin Etrex 


NG 89573 01566
Accuracy 6m
Height = 920m
Magellan Explorist 100
NG 89574 01567 
Accuracy 6m
Height = 920m

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!
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 were imported from the Ordnance Survey Website for the 5 nearest Active Base Stations (Mallaig – MALX 22km, Loch Carron – LCAR 41km, Fort Augustus – FAUG 49km, Oban – OBAN 67km Inverness – INVR 90km). We used Broadcast Ephemeris data picked up by the GPS during the survey rather than Precise Ephemeris data since we have found in practice this makes little difference to the height results. The computed Tropospheric model was chosen for the calculations to suit the 3 hour data collection time and the wide difference in height between the base stations and the summit of the mountain.
	Processing
	Easting

	Northing
	Height(m)

	JB/GVJ GeoOffice 6
	189594.314
	801596.733
	913.317


3.4) Discussion of Results

The measured height for Sgurr a’Choire-bheithe is 913.32m. Therefore, it is less than 914.4m (3000feet) and the mountain retains its Corbett status. Since this measurement is compatible with 913m spot height as marked on the Ordnance Survey maps, we did not seek OS verification for the height, as had previously been agreed with The Munro Society. Having collected data for 3 hours and made sure that signals from 7 or more satellites were received during this time, we are confident of the accuracy of the result. We would estimate the error in the final result to be better than +/-0.07m.
4)  Survey of Sgurr nan Ceannaichean
4.1)  Character of Mountain 

Sgurr nan Ceannaichean lies about 5km South of the A890 which runs through Glen Carron to Achnasheen. The A890 has recently been upgraded but there is a large lay-by on the south side of the road that gives ample parking for access to this mountain. A track leads underneath the railway and follows Alltan na Feola when the ascent can be completed along the North ridge. As the track is a little to the west, it is possible simply to make a direct line across the grassy slopes from the lay-by to reach the North ridge. 
The latest 1:25000 map (see Appendix 1), shows a summit area enclosed within a single 910m contour. At the North West end of this contour, there is a spot height at 915m marked with a large cairn. There is no spot height marked at the South East within the 910m contour ring but there is a small cairn there right on the edge of the ground dropping steeply to the South east and this small cairn is generally regarded to be the summit. The summit area is shown in the photographs presented in Appendix 2.

 4.2)  Summary of Survey
The first task was to identify the highest point on the summit area. We set up the Leica Na730 level and tripod about 10m away from the small cairn at South East end of the summit area and took measurements from the staff. Visually one might expect  the large cairn at the North West end to be the actual summit but this was measured to be 0.913m LOWER than the small cairn at the South East corner. Further work with level and staff identified the small cairn as the highest point of the mountain.
For the height measurement, the Leica 530GPS was set up with tripod support to hold it firmly directly over the summit position (see photograph in Appendix 2). The AT502 antenna was mounted on a 2.000 metre pole and data were collected for 3 hours with an epoch time of 5 seconds. 

4.3)  Results for Sgurr nan Ceannaichean
The ten-figure Grid References for the summit were:-

Garmin Map60Csx

NH 08728 48055
Accuracy 3m 
Height = 919m

Garmin Venture

NH 08727 48052
Accuracy 2m
Height = 917m 
Garmin Etrex 


NH 08727 48053
Accuracy 5m
Height = 923m
Magellan Explorist 100
NH 08725 48054 
Accuracy 5m
Height = 922m

Other 10 figure Grid references collected on Sgurr nan Ceannaichean were:-

Large Cairn on North West end of summit area:-

Garmin Map60Csx

NH 08682 48134
Accuracy 3m 
Height = 918m

Garmin Venture

NH 08684 48133
Accuracy 2m
Height = 918m 
Garmin Etrex 


NH 08683 48134
Accuracy 5m
Height = 917m
Magellan Explorist 100
NH 08682 48133 
Accuracy 3m
Height = 920m

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; Loch Carron – LCAR 17km, Ullapool – ULLA 46km,  Fort Augustus– FAUG 49km, Inverness – INVR 59km, and Mallaig – MALX 65km.
The processing carried out by the OS uses Precise Ephemeris data and a computed Tropospheric model.

	Processing
	Easting

	Northing
	Height(m)

	OS Bernese Software
	208723.793
	848062.963
	913.431  

	JB/GVJ GeoOffice 6
	208723.795
	848062.974
	913.459


4.4) Discussion of Results
The OS measurement for the height of Sgurr nan Ceannaichean at 913.43m shows that this mountain is below 914.4m (3000feet) and therefore we would advise that it is reclassified from Munro to Corbett status. The Ordnance Survey estimates the height to be accurate to about 0.02m. Our measured height at 913.459m agrees very well with the OS measurement and we would estimate our result to be within +/-0.07m.

 The spread of the position coordinates is 0.002m and 0.011m for Easting and Northing respectively for the two sets of measurements is very small and provides further evidence of the accuracy of the results. 

5) Summary of Heighting Results
Sgurr a’Choire-bheithe was measured to be 913.32+/-0.07m and retains its Corbett status.
Sgurr nan Ceannaichean was measured to be 913.43+/-0.02m and we advise it be reclassified from Munro to Corbett status.
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1:25000 map reproduced from Streetmap.co.uk showing the summit area of Sgurr a’Choire-bheithe.
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1:25000 map reproduced from Streetmap.co.uk showing the summit area of Sgurr nan Ceannaichean.
Appendix 2

Sgurr a’Choire-bheithe – Looking SW from Summit to lower cairn.
[image: image19.jpg]



. Sgurr a’Choire-bheithe – GPS on summit with TMS members.
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Sgurr nan Ceannaichean – Looking SE from lower cairn to GPS on Summit
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Sgurr nan Ceannaichean - summit with TMS members.
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