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1) Introduction

Mynydd y Cwm (Section 30C, OS 1:50000 Maps 116, Grid Ref. SJ073767) is listed as a sub-Marilyn with 149m of re-ascent.  The bwlch, Grid Ref. SJ173678 is 13.4km away from the summit of the hill and lies in the region of the 156m spot height, marked on the latest 1:25000 Explorer Map 265, just off the A541 on the minor road leading to the bwlch of Moel Arthur. There is no spot height marked for the summit, but the Explorer map shows a small 305m ring contour which suggests the hill is 305m or higher.

As the 156m spot height marked at the bwlch appears to be on the road which is elevated above the adjacent fields, and the summit probably exceeds 305m, the re-ascent is therefore likely to be greater than 149m. If the re-ascent is over 150m then Mynydd y Cwm should be raised to Marilyn status and this has been suggested in previous issues of MARHOFN but there has been insufficient evidence to support the case. The purpose of this survey was to measure accurately the re-ascent of this hill to see if it should be promoted to Marilyn status.  
2) Equipment used and Conditions for Survey 

Optical levelling measurements were made using a Leica NA730 Professional Automatic Level and extendable “E” staff.
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 surveys on both days were satisfactory. On the 2 December 2008 there was heavy rain/sleet showers earlier in the day, but these held off while the bwlch and summit were measured. There was a patchy covering of snow and ice but this did not cause any particular difficulties for the survey.  The temperature was about 5 degrees Celsius and the winds quite strong but both the bwlch and summit were sheltered. Visibility was good and the survey was carried out between 11.00 and 15.30hrs. The weather on 15 January was better, dry and quite mild with again good visibility. The survey was carried out between 09.30 and 15.00hours.
3) Character of Hill
Mynydd y Cwm is situated at the north end of the Clwydian range of hills between the “villages” of Dyserth to the north and Rhuallt to the south. Once north of the main A541 Denbigh road the Clwydian hills are lower and drop in height towards the sea. Mynydd y Cwm is distinct from the other Clwydians in that its summit is covered with a mixture of deciduous and conifer trees. Access to the summit is easily gained from the east. There is room to park cars at the gate of the forestry track on the minor road that runs NW to SE east of the hill.  The forestry track can be followed to south of the summit where a track leads up through the trees to a cairn. As well as trees there is a lot of thick undergrowth, mostly brambles near the summit, and so winter surveying is recommended for this hill.
The bwlch, 13km from the summit is quite different in character. This is agricultural land that is either grass for animal grazing or planted for crops. A right of way runs through the important field which obviously helps with access. Being winter the “corn” had been cut to stubble making a survey feasible – surveying would not be possible in summer.
4) Summary of Survey Method
The survey was carried out in two main parts. The position of the bwlch was first located with level and staff and then its height measured with GPS. Then we relocated to the summit and carried out the same procedure. Exactly the same process was carried out on the second day of surveying. 
The absolute heights of each top and the bwlch 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 1.000 metre pole for measurements at the bwlch, but on a 2.000 metre pole for measurements of the summit. Data at each point were collected for various times between 15 and 60 minutes with an epoch time of 5 seconds. The data were post-processed using Leica GeoOffice software with RINEX GPS “correction” data downloaded from the OS website for the 5 nearest active base stations. 
5) Survey Details
5.1.) Survey of Bwlch
As stated above the critical bwlch is 13.4km south east from the summit. If man-made ground were accepted, then the exact position of the bwlch would lie on the minor road leading from the A541 to the bwlch at Moel Arthur. Although there is a spot height marked on this road at a height of 156m, it is not clear that its position is at the lowest point on the road. The minor road at this point is built upon a bank and is about 1 to 2 metres higher than the surrounding fields. From the low point of the road it is clear that the exact position of the true bwlch will lie in the farmed field to the east since the drop to the field is lower on the east side and then the ground rises as one crosses into the field. The ground to the west of the road in the adjacent field continues to drop away as the distance from the road increases. Therefore, we focussed our survey on the field to the east of the road.
Visually the shape of the bwlch was not obvious and we had to use the level and staff to build up a picture of the line of the bwlch between the hills. At first glance the land appeared to drop to the farm houses on the south side of the field but the level and staff actually showed the land to be higher there! We located the position of the bwlch by first surveying in parallel lines about 1-2m apart in the line of the bwlch and marking the lowest points with coloured flags. Then we surveyed along the line of coloured flags, at right angles to the line of the bwlch, to locate the highest flag. This procedure was carried out independently on both survey days.

The 10 figure Grid References for the bwlch were:-

Garmin Map60CSx 

SJ 17432 67786
Accuracy 3m
Height = 158m

Garmin Etrex 


SJ 17432 67786
Accuracy 5m
Height = 157m

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

	Date
	System
	Easting

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

	2/12/08


	SR 530
	317430.369
	0.002
	367781.410
	0.003
	154.836
	0.003

	15/01/09
	SR530
	317440.779
	0.002
	367778.923
	0.002
	154.855
	0.003


Therefore the average height for the bwlch from the two readings is 154.846m. From the eastings/northings measurements, the two independent surveys each located the bwlch to within just 10m of one another.  The height differences from the mean value were only about 0.01m and therefore in excellent agreement and giving us confidence that we had located the bwlch position correctly. Bearing in mind the local variation in ground surface height we would estimate the average value to be accurate to about +/-0.1m.

Having set up the Leica NA730 level in the field between the bwlch position and the minor road to the west, we measured the height difference between the bwlch and the lowest point in the minor road. The height difference was 0.94m and therefore the absolute height of the lowest point in the road was 155.80m which compares very well with the spot height of 156m.

5.2) Survey of Summit
There is a cairn on the “top” of the hill but a survey with level and staff showed this not to be the highest point. The summit is about 6m away under a tree and is a few cm higher – we checked this by dismantling the cairn.
The summit area is covered extensively with trees and it was not possible to set up the GPS on the summit position. Satellite reception was a problem generally and we were forced to set up the GPS in nearby clearings and then optically level to the summit position. Over the two surveys, six different positions for the GPS were chosen, but still satellite reception was limited and we were constantly vigilant of loss of satellite reception compromising our data.  This factor reduced the accuracy of our results.

The 10 figure Grid References for the summit were:-

Garmin Map60CSx 

SJ 07307 76734
Accuracy 3m
Height = 309m

Garmin Etrex 


SJ 07307 76732
Accuracy 5m
Height = 308m
The post-processed position and height data for the summit recorded by the Leica 530 were:-
	Point
	System
	Date
	Collection

Time (mins) 
	Height (m)
	error(1SD)
	Levelling

Correction(m)
	Summit

Height (m)

	1


	SR 530
	02/12/2008
	26
	304.523
	0.003
	0.280


	304.80

	2
	SR 530
	02/12/2008
	18
	303.282
	0.014
	1.638
	304.92

	4
	SR 530
	15/01/2009
	60
	303.195
	0.012
	1.623
	304.82

	5
	SR 530
	15/01/2009
	11
	302.644
	0.004
	2.175
	304.82

	6
	SR 530
	15/01/2009
	27
	303.209
	0.004
	1.641
	304.85


The mean summit height for the five sets of results is 304.84m with a standard deviation of 0.05m. Note this standard deviation is five times larger than we would normally expect and this was due to the tree cover, as discussed above.  Consequently, the final result is only significant to 0.1m.  Although the OS do not mark a spot height on the 1:25000 map this is in excellent agreement with the highest small ring contour at 305m.
We had collected data for a “Point 3” for the above table which gave a summit height of 305.10m. However, this point was rejected because satellite reception deteriorated significantly during data collection.
6) Discussion of Results
From the mean results for the height of the summit and bwlch, the reascent for Mynydd y Cwm was calculated to be 150.0+/-0.2m.  The largest error in this height difference (+/-0.15m at three times standard deviation) comes from the scatter in the results for the measurement of the summit height which was caused by the trees obstructing consistently good satellite reception. Unfortunately there is no way around this problem but we did minimise it by choosing winter for the survey, placing the GPS in “clearings” away from the summit and stopping individual reading sets if satellite reception deteriorated. Therefore, we quote the final result for the reascent as 150.0+/-0.2m.
Is Mynydd y Cwm a Marilyn rather than a sub-Marilyn? With 150.0m of re-ascent, the result could not be closer. All we can say is that there is a 50% probability that Mynydd y Cwm is a Marilyn. We do not believe that any further surveying will allow us to come to a more definitive conclusion. 
7) Summary and Conclusions

The summit of Mynydd y Cwm is at height 304.9m, grid reference *SJ 07307 76734 and is under a tree about 6m from the cairn.
The ascent from the bwlch at *SJ 17432 67786 to the summit of Mynydd y Cwm is 150.0+/-0.2m.
Although not a definitive result, serious consideration should be given to changing the status of Mynydd y Cwm from sub-Marilyn to Marilyn status. 


* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 11 March 2009. 
GPS set up at Bwlch
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Levelling from GPS to Summit Position
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