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1) Introduction

Tryfan (Section 30B, OS 1:50000 Map 115, Grid Ref. SH664593) is situated just South of Llyn Ogwen at the bwlch between Nant Ffrancon and the Ogwen valley.  Its rocky profile and close proximity to a main road has made Tryfan the iconic mountain of Wales and very popular with walkers and climbers.  The traverse of the mountain via its North ridge is a classic scramble. On OS maps it is given a height of 915m (3,002ft) and so Tryfan only just attains its status as one of the elite 3000ers.  Given the measurement uncertainty of +/-3m in spot heights, as determined by photogrammetry, it could well be that Tryfan is actually less than 3000ft in height.   
The purpose of this survey was to determine accurately the height of the mountain using survey grade GPS equipment.  The project was jointly planned by Alun Pugh on behalf of The Snowdonia Society, Chris Dearden for the BBC and Myrddyn Phillips, John Barnard and Graham Jackson of G&J Surveys.
2) Equipment used and Conditions for Survey 

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 Ordnance Survey which was post-processed using Leica Geo Office Version 7 software. Confirmatory post-processing using leading-edge Bernese software was also carried out by Mark Greaves.

Conditions for the survey, which took place between 09.15hr and 12.30hr, were fair. The weather was wet when the ascent of the mountain began at 06.00hr, although the rain soon stopped.  The cloud base was below 750m until the survey was in progress, whereafter the sun gradually burned off the cloud, and from 10.30hr onwards the day was sunny and warm (15 - 20 degrees Celsius).  The wind was light throughout the day.
3) The Survey
3.1) Character of Hill 

Tryfan has a very distinct profile when observed from any direction.  Its summit is guarded by crags on all sides so that even the easiest ascent, the South ridge, requires scrambling.  The mountain boasts three tops which according to some etymologists give Tryfan its name, although this derivation is disputed by others.  The lowest far South top was surveyed by us on 21 April 2010 and is about 100m lower than the other two.  The South top is unmarked by a cairn, while the highest North Top is crowned by two giant monoliths named Adam and Eve.  The larger and higher of these stands well over 4m above ground level and has a width of about 2m.  The blocks are clearly seen from the A5 and give the casual observer the impression of two figures standing on the summit. Since they stand only a metre or so apart and it has become customary for people to leap from one to the other.   
3.2) Summary of Survey Method
A reconnaissance was carried out on 21 April 2010 which enabled us to determine the best configuration for the survey, thus potentially saving time on the day itself.  This proved a wise decision as several issues were raised on the reconnaissance.  First, we found that the true summit was the northerly of the two blocks which is 5cm higher than its southerly companion.  Secondly, we found that the blocks were much bigger than any of us had remembered. Thirdly, it was apparent that the height of the blocks and the rocky terrain would preclude any remote siting of the GPS.  Finally, we took with us on the reconnaissance a pole extendable to 2.5m plus a fixed one metre pole, in the belief that the combination of these would enable us to lash the antenna flush with the top of the summit block.  In order to achieve this, however, it was recognised that an extra one metre pole would be needed.  The concept of lashing the antenna to a summit block was demonstrated successfully on the smaller of the two and we also checked satellite availability in this configuration.       
On the day of the survey the antenna of the Leica 530 GPS was set level to the highest point at the edge of the summit block and supported on a pole extendable to 4.5m (see photograph).  Rocks were also placed at the foot of the pole to prevent lateral movement and the pole was also lashed to the block with two lengths of climbing rope.  On the advice of Mark Greaves the cut-off angle of the antenna was set to 0 degrees; Leica GeoOffice can filter data for higher take-off angles during post processing and Bernese software is capable of processing data down to 5 degrees cut-off angle. Data were collected for 3 hours and 15 minutes with an epoch time of 5 seconds. 
3.3) Summit of Tryfan
The position and height data for the summit recorded by the Leica 530 and post-processed with (i) Leica GeoOffice 7 and (ii) Bernese software both using imported OS RINEX data were:-
	Software
	easting
	northing
	Ortho height (m)

	Leica GeoOffice 7
	266405.26
	359387.21
	917.50

	Bernese
	266405.26
	359387.20
	917.48


4) Discussion of Results
The largest error in this measurement was instrumental and better than +/-0.05m.  The alignment of the antenna to the summit position was achieved to better than +/-0.02m while the uncertainty in processing is of the order of +/-0.02m giving an overall measurement uncertainty of +/-0.06m or better.  The Ordnance Survey determination is considered definitive.  The official height of Tryfan is therefore 917.48m 
5) Summary and Conclusions

The summit of Tryfan is at grid reference * SH 66408 59390 and is the NE corner of the northerly summit block.  Its height is 917.48+/-0.06m.
· NB for GPS users the equivalent hand-held Garmin/Magellan GPS grid reference is quoted in the summary.
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John Barnard and Graham Jackson, 13 July 2010. 
Photograph showing the antenna of the Leica 530 GPS attached to the summit block
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