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1) Introduction

Gamallt (Section 31B, OS 1:50000 Maps 136/147, Grid Ref. SN955709) is listed as a sub-Marilyn with 148m of re-ascent. The summit is marked with a spot height of 475m. The bwlch is at Grid Ref SN979708, is 2.25km due east of the summit and from the 1:10000 scale maps (A Dawson) is believed to have a height of 227m.  
The purpose of this survey was to locate the positions of the summit and bwlch and measure their heights accurately in order to see if the re-ascent of Gamallt exceeds 150m thus raising the hill to Marilyn status.
2) Equipment used and Conditions for Survey 

Ground surveys to determine the positions of the col and summit were carried out 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, 12-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 were excellent. The bwlch was surveyed between 11.00 and 12.00hrs. The wind was very light, visibility excellent and the temperature about 8 degrees Celsius. The summit was surveyed between 14.00 and 15.30hrs. Conditions improved with the temperature rising to a pleasant 15 degrees Celsius.
3) The Survey
3.1) Character of Hill 

Gamallt is situated about 1km east of the A470 and about 3.5km north west of the town of Rhayader. The ground from its summit drops very steeply to the north down to a nature reserve by the minor road that runs in an east west direction. Continuing north the ground rises steeply again to the Marilyn, Garreg Lwyd, and then onto Bryn Titli now covered by a wind farm. The summit of Gamallt has no special feature but the highest point is on a small rock outcrop. Access to the hill is easily gained from the east where a farm track can be followed first before crossing grassy upland to the summit. The summit area is rougher and covered with a mixture of grass and heather.
The bwlch to the east lies on grazing agricultural land, short grass, to the east of an old cottage. The land is private and permission was sought from the landowner before the survey was carried out. The line of the bwlch is not absolutely clear and is confused by the presence of a man-made bank on the north side of the right of way to the south of the field. There is also an ancient tumulus in the field but this appears to be well away from the bwlch position.
3.2) Summary of Survey Method
The survey was carried out in two parts. Firstly the position of the bwlch was identified with detailed surveying with level and staff and its height measured. Secondly, the summit position of Gamallt was identified easily and then its height measured with GPS. 

Absolute heights were measured with the Leica 530 GPS unit. 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 2.000m pole for the bwlch measurement but on a 1.000m pole, to improve stability, for the summit measurement. Data at each point were collected for 1 to 1.5hours with an epoch time of 5 seconds. The data were post-processed using Leica GeoOffice with RINEX data downloaded from the OS website for the 5 nearest Active Stations.

3.3) The Bwlch
It was clear from the topography that a detailed survey with level and staff would be needed to accurately identify the bwlch position and this would be a lengthy process. Therefore, to be more time efficient, we chose a position close to where we thought the bwlch might be and set up the GPS over it to collect data, while we carried out the level and staff survey. At the end of this survey the height difference between the bwlch and GPS position was measured with the level and staff and thereby the actual height of the bwlch was calculated.  The GPS was set up at SN 97878 70836 and the level was set up on a tripod just a few metres away from where the GPS was collecting data. 
The line of the bwlch appeared to run roughly in a west to east line parallel to the edges of the field. In order to pinpoint its exact position we set out a line of white flags about 5m apart and perpendicular to the line of the bwlch but over it, starting at point SN 97897 70801 and finishing at SN 97905 70850. Once in place we then set out several other lines of flags parallel to the first line and about 5m distant. Each line was surveyed with automatic level and staff to find the highest point and that was marked with a yellow flag. The line of yellow flags thus represented the line of the bwlch and where there were discontinuities in this line, further interpolated lines were surveyed to provide greater detail.  Finally the line of yellow flags was surveyed to find the lowest point which was then marked as the exact position of the bwlch.
Finally, we levelled from the bwlch to the position of the GPS 17m away.  The staff readings were 1.177m (bwlch) and 1.158m (GPS).  Thus the true position of the bwlch was 0.019m lower than the position on which the GPS had been set up.  
The ten-figure Grid References for the bwlch were:-

Garmin Map60CSx 

SN 97884 70819

Accuracy 3m
Height = 326m

Garmin Venture

SN 97883 70822

Accuracy 4m
Height = 332m

Garmin Etrex 


SN 97884 70820

Accuracy 4m
Height = 327m
Magellan Explorist 100
SN 97883 70819

Accuracy 4m
Height = 330m

The position and height data for the col that were recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data were:-
	System
	Easting

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

	SR 530
	297875.310
	0.001
	270832.310
	0.001
	327.171
	0.004


Therefore the height of the bwlch is 327.171-0.019 = 327.152m.

At the base of one wall of the cottage that is situated to the west of the field where the bwlch lies, there is an old OS bench mark. The OS database gives the height of this as 329.623m, although this has not been checked since 1955 and cannot be trusted as a reference point. However with level and staff we were able to use this reference to measure the height of the bwlch. The level was set up in the field and adjusted so that the horizontal line was at exactly the height of the bench mark The staff reading at the bwlch was measured to be 2.461m and therefore the height of the bwlch is calculated as (329.623-2.461) = 327.162m
There is excellent agreement between the OS derived position for the bwlch at a height of 327.16m and our GPS measurement of 327.15m.
3.4) Summit of Gamallt
The exact position of the summit was visually easily identified as a rock protrusion on heathery ground. Another possibility was about 25m to the south west but using an Abney level this was measured to be about 0.2m lower. GPS data were collected directly on the summit position.
The ten-figure Grid References for the summit are:-
Garmin Map60CSx 

SN 95543 70944
Accuracy 3m
Height = 478m

Garmin Venture

SN 95543 70944
Accuracy 5m
Height = 474m
Garmin Etrex 


SN 95542 70943
Accuracy 2m
Height = 479m

Magellan Explorist 100
SN 95545 70944
Accuracy 4m
Height = 479m

The position and height data for the summit recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data were:-
	System
	Easting

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

	SR 530
	295540.500
	0.001
	270938.194
	0.003
	474.540
	0.007


4) Discussion of Results

The largest error was associated with the correct location of the col which gives an uncertainty of +/-0.10m in its height.  We also estimate that the summit height was measured to better than +/-0.04m. Therefore the overall error in drop measurement for the hill is no more than +/-0.11m. 
The drop measurement is 474.540 – 327.171 = 147.37m and therefore Gamallt does not achieve the 150m required to give it Marilyn status. 
5) Summary and Conclusions

The summit of Gamallt is at grid reference * SN 95543 70944 and is a rocky protrusion on heathery ground.  Its height is 474.54+/-0.04m.
The bwlch separating is at grid reference *SN 97884 70820.  Its height is 327.2+/-0.1m.
The re-ascent from the col to the summit is 147.4+/-0.1m and therefore the Gamallt is not promoted to Marilyn status.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 29 March 2009. 
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