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1) Introduction

Garreg Lwyd and Bryn Titli (Section 31B, OS 1:50000 Map 136, Grid Refs:  SN942733 and SN930762) lie about 10km North West of the villager of Rhayader and just to the east of the A470.  The area surrounding these hills in now an extensive wind farm which extends for about 3km south from the summit of Bryn Titli.  Garreg Lwyd is a Marilyn with a spot height of 499m, and Bryn Titli does not belong to any list, but has a spot height of 497m. Both or either of these two hills could reach 500m and therefore could be promoted to Dewey status.
The purpose of this survey was to locate the summit of each hill and accurately measure its absolute height.
2) Equipment used and Conditions for Survey 

Summit positions were located 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, 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.  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 which was post-processed using Leica Geo Office Version 6 software.
Conditions for the survey, which took place between 11.00hr and 15.00hr, were fair. The weather was cool, 5 degrees Celsius and the wind quite strong, particularly later in the day on Bryn Titli.
3) The Survey
3.1) Character of Hills
Garreg Lwyd and Bryn Titli are easily accessed by the wind farm service road that starts on the A470 at SN928738. Once at the “ridge” joining the two hills, a service road continues south for about 500m and then another 700m over the grassy hillside leads to the summit of Garreg Lwyd.  The summit of Bryn Titli is reached by retracing to the service roads and following them northwards to the hill’s summit. Apart from the developments, the whole area is covered with grass and heather.  
3.2) Summit of Garreg Lwyd
The exact summit position was located using the Leica NA730 automatic level and staff, and was identified as a rock buried in grass.

The ten-figure Grid References for the summit are:-
Garmin Map60Csx

SN 94217 73334
Accuracy 3m 
Height = 503m

Garmin Venture

SN 94217 73332
Accuracy 5m
Height = 498m

Garmin Etrex 


SN 94217 73333
Accuracy 6m
Height = 499m
Magellan Explorist100
SN 94216 73332
Accuracy 5m
Height = 502m

 For the height measurement, the Leica 530GPS was set up with tripod support to hold it firmly. The AT502 antenna was mounted on a 1.000 metre pole and data were collected for 60 minutes with an epoch time of 5 seconds.
The position and height data recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data from the five nearest OS Active Base Stations were:-
	System
	Easting

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

	SR 530
	294214.492
	0.003
	273326.721
	0.001
	498.091
	0.007


3.3) Summit of Bryn Titli

The exact summit position was located using the Leica NA730 automatic level and staff, and was identified in grass just on the edge of the service road.

The ten-figure Grid References for the summit are:-
Garmin Map60Csx

SN 93041 76174
Accuracy 3m
Height = 499m

Garmin Venture

SN 93041 76174
Accuracy 5m
Height = 497m
Garmin Etrex 


SN 93040 76172
Accuracy 6m
Height = 496m
Magellan Explorist 100
SN 93040 76171
Accuracy 6m
Height = 504m

For the height measurement, the Leica 530GPS was set up with tripod support to hold it firmly. The AT502 antenna was mounted on a 1.000 metre pole and data were collected for 30 minutes with an epoch time of 5 seconds.
The position and height data recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data from the five nearest Active Base Stations were:-
	System
	Easting

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

	SR 530
	293038.178
	0.001
	276169.000
	0.002
	495.624
	0.006


4) Discussion of Results
Once found the positions for the summits of both Garreg Lwyd and Bryn Titli were well defined and we would estimate the error in summit location to be +/-0.05m
5) Summary and Conclusions

The summit of Garreg Lwyd is at grid reference * SN 94217 73333 and is a rock buried in grass. Its height is 498.09+/-0.05m.
Garreg Lwyd does not exceed 500m and therefore cannot be promoted to Dewey status.
The summit of Bryn Titli is at grid reference *SN 93041 76173 and is in grass to the edge of the service road. Its height is 495.62+/-0.05m
Bryn Titli does not exceed 500m and therefore also cannot be promoted to Dewey status.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 23 April 2009. 
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