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1) Introduction

Tryfan Far South Peak (Section 30B, OS 1:50000 Map 115, Grid Ref. SH663591) is an unclassified summit on the ridge that leads in a southerly direction down from the summit of Tryfan to the bwlch between Tryfan and Glydyr Fach.  It has been surveyed previously by Myrddyn Phillips, who measured the drop to be 45 feet (13.7m). If the drop had exceeded 15m, then the mountain would qualify for the list of John and Anne Nuttall’s 2000foot Mountains of England and Wales. Close scrutiny of the contours on the latest OS 1:25000 map also suggests that the spot height of the summit at 850m may also be incorrect. 
The purpose of this survey was to re-measure the absolute height and drop of Tryfan Far South Top, primarily to confirm that the drop does not exceed 15m. 
2) Equipment used and Conditions for Survey 

The positions of the summit and bwlch were located 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 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 to two metres respectively. 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, which took place between 15.30hr and 17.30hr BST, were excellent. The weather was bright and sunny with a temperature of about 7 degrees Celsius and visibility was good. The cold strong breeze felt earlier in the day on the summit of Tryfan had eased making conditions altogether more pleasant.  
3) Character of Hill
Tryfan Far South Peak is a minor summit on the rocky ridge that runs South West from the summit of Tryfan itself down to Bwlch Tryfan. It is probably little visited since the main path to ascend/descend Tryfan passes to the west side of this small summit. As is the case on most of Tryfan over about 750m, the mountain is rocky and steep and requires the use of hands in places to make progress. The critical narrow bwlch lies about 50m North of the summit. There is a stone wall there running in the direction of the ridge with a stile which provides access down to Heather Terrace on the “East” flank of Tryfan. The summit of the hill is not clear since there are two rocky outcrops 30m apart which appear indistinguishable in height. 

4)  Survey of Bwlch
The first objective was to identify the exact position of the bwlch using the automatic level and staff. A quick measurement with the staff showed clearly that the ground to the East of the wall was lower and therefore the bwlch position would be on the West side of the wall. The level was set up on higher ground to the North West and staff readings were taken in the area close to the stile until the bwlch position had been located. Marking this area out with flags to survey in a systematic way was deemed unnecessary as the position of the bwlch is visually quite clear once the ground to the East side of the wall had been discounted.

The Leica 530GPS was set up about 8m to the West of the wall in order to improve the reception of satellite signals to the antenna. At this position, the GPS had been measured with level and staff to be 0.045m higher than the bwlch position and therefore the appropriate correction was made to the vertical offset in the GPS set up. With the antenna set on a 2.000m pole, data were collected for 30 minutes with an epoch time of 5 seconds. 
The ten-figure Grid References measured for the bwlch were:-

Garmin Map 60CSx 


SH 66320 59164

Accuracy 3m
Height = 830m
Garmin Etrex 



SH 66319 59162

Accuracy 5m
Height = 824m
The position and height data recorded by the Leica 530 and post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest five OS Active Base stations were:-
	System
	Easting

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

	SR 530
	266309.549
	0.003
	359165.780
	0.004
	817.661
	0.021


5)  Survey of Summit
The summit of Tryfan Far South Peak has two rock outcrops about 30m apart which visually appear indistinguishable in height. The first objective of this part of the survey was therefore to identify which of these two outcrops is the higher. The Leica level was set up on the tripod at a convenient point between the two outcrops and staff readings were taken from the highest point of each of the outcrops. 

Staff Reading for the “North” Outcrop = 0.427m

Staff Reading for the “South” Outcrop = 0.415m

These measurements show that the southerly of the two outcrops is the higher by 0.012m
It was not possible to set up the Leica 530GPS directly over the summit position so it was positioned at a point about 3m to the north of it. The staff reading taken through the level for this point was 2.039m. Therefore this position was 2.039m – 0.415m = 1.624m lower than the summit. Since the antenna was set up on a 2.000m pole, the vertical offset required for the measurement was 2.000m – 1.624m = 0.376m. Data were collected for 30 minutes with an epoch time of 5 seconds.
The ten-figure Grid References measured for the summit were:-

Garmin Map 60CSx 


SH 66330 59115

Accuracy 2m
Height = 836m
Garmin Etrex 



SH 66327 59117

Accuracy 5m
Height = 838m
The position and height data for the summit that were recorded by the Leica 530 and post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest five OS Active Base stations were:-
	System
	Easting

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

	SR 530
	266323.349
	0.002
	359120.170
	0.003
	830.788
	0.012


The ten figure Grid References measured for the outcrop to the North were:- 
Garmin Map 60CSx 


SH 66324 59143

Accuracy 3m
Height = 834m
Garmin Etrex 



SH 66325 59145

Accuracy 5m
Height = 837m
6)  Discussion of Results
The summit of Tryfan Far South Top was measured to be 830.8m and clearly indicates a mistake on the Ordnance Survey 1:25000 maps that have a spot height of 850m for this point. We suspect that the cartographer at the OS made a typing error and meant to place 830m on the map. The result will be submitted to the Ordnance Survey but already, in private communication, the typing error has been accepted as the likely explanation.

We measured the drop from summit to bwlch to be 830.79 – 817.66 = 13.13m or 43 feet 1inch. This is within the experimental error of the less accurate survey carried out by Myrddyn Phillips who measured the drop to be 13.7m. Therefore we can confirm that Tryfan Far South Peak does not have the 15m of re-ascent to qualify for John and Anne Nuttalls’ list of 2000 foot mountains. 
The position of the summit could be identified precisely with the level and staff and so we would expect the accuracy in height for its location to be better than +/-0.01m. Therefore, the error for the height will be that of the GPS measurement which for a 30minute data collection time we would estimate to be +/-0.1m. 
We would estimate the height error for the position of the bwlch to be better than +/-0.1m. Since the bwlch was narrow and sheltered by the steepness of Tryfan and its Far South Peak, satellite reception was not ideal and the result may have been influenced by a greater number of reflected signals. There is some evidence from the standard deviation of 0.021m for the GPS bwlch dataset which is about double that which we normally expect. We would estimate the error in the GPS height measurement to be +/-0.15m. The overall height error for the bwlch is therefore estimated to be better than +/-0.18m. 
Combining the errors from the measurements of the summit and bwlch, we estimate the error in the drop measurement to be +/-0.2m.
7)  Conclusions
The summit of Tryfan Far South Peak is at grid reference * SH 66329 59116 and is the top of rock outcrop. Its height was measured to be 830.8+/-0.1m
Since Tryfan Far South Peak has a re-ascent of 13.1+/-0.2m it does not qualify as a “Nuttall”.
The spot height of 850m on the OS 1:25000 OL17 Map is incorrect and the OS will be informed.


* NB average hand-held Garmin GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 10 May 2010. 
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