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1) Introduction

Trum y Gwrgedd (Section 30E, OS 1:50000 Map 125, Grid Ref. SH941283) and Foel Goch (Section 30E, OS Map 1:50000 Map 125, Grid Ref. SH943290) at 612m and 613m height respectively just exceed 2000 feet (609.6m). Since measured spot heights have an error within +/-3m, it is possible that one or both of the hills are below 2000feet. If that were the case, then Trum Y Gwrgedd would be demoted from the Nuttalls’list of hills and Foel Goch from the Nuttalls’ and Hewitts list.

The purpose of this survey was to measure accurately the height of each hill.  
2) Equipment used and Conditions for Survey 

Optical levelling was carried out using trekking poles and Abney Levels.
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.  These data were then post-processed using Leica Geo Office software.

Conditions for the survey were good. There was a patchy covering of snow on the summits but this did not cause any particular difficulties for the survey.  The temperature was about 2 degrees Celsius and the winds very light. Visibility was good and the survey was carried out between 11.30 and 14.30hrs.
3) Character of Hills
Trum y Gwrgedd and Foel Goch are adjacent hills on the western side of the Hirnant Valley about 7km due south of Bala. Just to the south of these hills is Foel y Geifr at 626m and the summit is crowned with a trig point. Access to the hills is easy from the high point of the pass from the minor road that leads south to Llyn Vyrnwy.
The eastern flanks are covered with heather and grass and so are the summits. There is a track that leads along the ridge making access between the hills easy.
4) Summary of Survey Method
Each hill survey was carried out in two parts.
The positions for the summits were identified optically using Abney levels and trekking poles set to fixed and equal lengths. 
The absolute heights of each summit were measured with the Leica 530GPS. 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. Data at each point were collected for 30 minutes with an epoch time of 5 seconds. The data were post-processed using Leica GeoOffice V6 software with RINEX GPS “correction” data downloaded from the OS website for the 5 nearest active base stations. 
5) Survey Details
5.1) Trum y Gwrgedd
The exact position of the summit was established with an Abney level and trekking poles set to equal lengths. By placing the poles a few metres apart in straight lines and then observing from the top of one pole to another, the slope of the ground could easily be ascertained. We found the highest point to be in heather and not marked with any feature. 
The 10 figure Grid References for the summit were:-

Garmin Map60CSx 

SH 94118 28407
Accuracy 3m
Height = 615m

Garmin Venture

SH 94117 28406
Accuracy 5m
Height = 612m
Garmin Etrex 


SH 94115 28402
Accuracy 5m
Height = 612m

Garmin Etrex 


SH 94116 28401
Accuracy 5m
Height = 615m

Magellan Explorist 100
SH 94118 28406
Accuracy 6m
Height = 617m

The post-processed position and height data for the summit recorded by the Leica 530 were:-

	System
	Easting

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

	SR 530
	294114.364
	0.004
	328400.009
	0.003
	611.121
	0.021


5.2) Foel Goch
The summit position was found in an identical manner to that described in Section 5.1. Again the highest point, 8m north-east of a small cairn, was not marked with any feature.
The 10 figure Grid References for the summit were:-

Garmin Etrex


SH 94341 29083
Accuracy 5m
Height = 613m

Garmin Etrex


SH 94341 29085
Accuracy 5m
Height = 617m
The post-processed position and height data for the summit recorded by the Leica 530 were:-

	System
	Easting

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

	SR 530
	294338.477
	0.002
	329080.143
	0.004
	612.657
	0.013


6) Discussion of Results
The Ordnance Survey on their latest maps quotes the summit spot heights of Trum y Gwrgedd and Foel Goch as 612m and 613m respectively. Our measurements for these hills are 611.12m and 612.66m respectively. If these results are rounded to the nearest metre then the agreement for Foel Goch is good but we measure Trum y Gwrgedd to be about 1 metre lower. However, bearing in mind that in general OS spot heights have an error of +/-3m, the agreement is well within tolerances.
The largest error in our height measurements is in the location of the highest point of each hill in the rough heather and grass. We would estimate this maximum error to be +/-0.1m.
7) Summary and Conclusions

The summit of Trum y Gwrgedd is at height 611.1+/-0.1m, grid reference *SH 94117 28404 and is not marked with any feature.
The summit of Foel Goch is at height 612.7+/-0.1m, grid reference *SH 94341 29084 and has no feature.

Both Trum y Gwrgedd and Foel Goch exceed 609.6m (2000 feet) and therefore their current statuses in hills’ lists are maintained.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard, Graham Jackson and Myrddyn Phillips, 10 February 2009 
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