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1) Introduction

Moel Cae’r-defaid (Section 30D, OS 1:50000 Map 124, 125, Grid Ref. SH800246) is situated south of Bala just above the village of Rhydymain and is overshadowed to the north by its larger neighbours Rhobell Fawr and Dduallt.  The hill has a West top and an East top, the latter also being known as Craig y Benglog, and both summits belong to Michael Dewey’s list of hills.  The West top comprises several large knolls five of which break the 520m contour and consequently there is confusion regarding the exact position of the summit.  Neither the West top nor the East top is marked with spot heights on either the 1:50,000 or 1:25,000 maps and the drop between the two tops is recognised to be very close to 30m.  On the latest 1:25000 map available there is a minute ring contour on the West top at 530m, but this is not marked on the 1:50000 maps. It is possible that only one of the tops qualifies for Dewey status.
The purpose of this survey was to:
1. Find the summit position of Moel Cae’r-defaid West top.
2. Determine the absolute heights of the West and East tops and their height difference.
3. Determine the position of the bwlch.
4. Measure the drop between the bwlch and lower summit.
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, 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 to 10 degrees Celsius, the wind was very light and the cloud cover was broken giving long periods of sunshine.
3) The Survey
3.1) Character of Hill 

Moel Cae’r-defaid is most easily approached from Rhydymain on the A494 Bala to Dolgellau road.  Just South of the village a minor road makes its way North for nearly 2km finishing at a gate, beyond which a forestry road climbs to within 0.5km of the West top.  There appears to be no restriction on vehicles using the forestry road.  Just before the highest point of this forestry road (SH797247) a spur branches South and finishes in the forest, but a rough track then continues through the trees concluding at a wall at the forest edge at SH799243.  From here the West top is easily gained.  The western slopes are tree covered but the summit area is clear of the trees and the major knolls all comprise short turf, the highest bearing a significant rocky outcrop.  The East top, Craig y Benglog, also comprises short turf, although the ground between both tops is rough with one or two small outcrops.  The bwlch, which lies just beneath Craig y Benglog, is traversed by a high wall and the ground here is soft and boggy.
3.2) Summary of Survey Method
The summits of both the West and East tops required only cursory measurement with level and staff in order to identify the highest points.  By sighting through the level from the West top it was quickly determined that the East top was the lower.  
The position of the bwlch was identified as a narrow strip of ground, about 15m wide, and on the SE side of the wall beneath Craig y Benglog.  Having identified the area of the bwlch, a detailed survey was next carried out to locate its exact position.  The level was set up at a convenient point and then a line of positions marked by small flags was laid down in a North East – South West direction starting at a distance that was obviously lower than the bwlch.  The highest of these, as measured by the level, was marked with a different coloured flag.  Next a second parallel line was marked out 5m nearer the level and again the highest point identified by the level and marked with a different coloured flag.  The resulting array of flags, with a line of different coloured ones marking the highest points of each line, gave a very clear picture of the geography of the bwlch.  By surveying the highest points of each line and determining the lowest of these, the position of the bwlch was fixed to within about 10m.  Finally, the staff was used to pinpoint the position of the col to the nearest metre. 
The absolute heights of the summits 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 2.000 metre pole for all measurements. Data at each point were collected for 30 minutes on each summit and 60 minutes at the bwlch with epoch times of 5 seconds.
The survey from the bwlch to the summit of the East top was carried out using the standard procedure for line surveying. The staff was held vertically by the flag marking the bwlch and the level set up in a convenient position higher on the hill. Once a set of readings had been taken (backsights BS), the staff was then moved to a position further up the hill towards the summit, but the level was not moved apart from a rotation through “180 degrees” to take another set of readings (Foresight FS). This process of alternately moving the staff and level was repeated until the final reading was taken with the staff positioned at the summit of the East top.  Readings were taken from the horizontal, lower and upper stadia lines of the level to obtain three sets of data to provide a check on any staff misreading and also to improve accuracy with more reading sets.
In addition to absolute height measurements, the height difference between the West and East tops was measured photographically to provide a comparison with the GPS results.  The level was set up near the summit of the West top with the horizontal at the same height as the summit. Sets of digital photographs were then taken of the East top.  The same procedure was repeated from the East top looking to the West top.  Printouts of these photographs were analysed to determine the height difference between the two summits.
3.3) The Bwlch
The bwlch was surveyed with level and staff as described in Section 3.2 and we are confident this was achieved to within +/-0.1m of height.  It is situated near a small boggy pool.  The results are given in Table 1 and show the drop from the East top to the bwlch to be 32.60+/-0.11m.
The ten-figure Grid References for the col were:-
Garmin Map60CSx 

SH 80437 24503

Accuracy 4m
Height = 497m

Garmin Venture

SH 80435 24507

Accuracy 6m
Height = 499m

Garmin Etrex 


SH 80434 24505

Accuracy 10m
Height = 497m
Magellan Explorist 100
SH 80434 24507

Accuracy 6m
Height = 503m
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
	280428.479
	0.002
	324506.381
	0.001
	492.670
	0.006


3.4) Summit of West top
The exact position of the summit was established using the level and staff and is ground by a small free-standing rock on the most northerly ring contour on the 1:50,000 map.  This point was shown to be 1.63m higher than the summit of a knoll 65m to the SW 
The ten-figure Grid References for the summit are:-
Garmin Map60CSx 

SH 80080 24690
Accuracy 2m
Height = 536m

Garmin Venture

SH 80079 24690
Accuracy 5m
Height = 534m
Garmin Etrex 


SH 80079 24689
Accuracy 5m
Height = 534m

Magellan Explorist 100
SH 80076 24691
Accuracy 5m
Height = 530m
And for the lower top 65m to the SW

Garmin Map60CSx

SH 80094 24625
Accuracy 2m
Height = 533m

Garmin Venture

SH 80094 24625
Accuracy 5m
Height = 532m

Garmin Etrex


SH 80094 24625
Accuracy 5m
Height = 532m

Magellan Explorist 100
SH 80091 24624
Accuracy 6m
Height = 530m
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
	280075.785
	0.00
	324686.634
	0.002
	531.142
	0.012


Photographs taken through the level of the West top from the East top were used to determine the height difference of the two summits.  From knowledge of the distance between the summits, the vertical distance between the stadia lines may be calibrated and hence the height difference between the tops calculated.  This method has been described in detail in earlier reports.
The height difference was calculated to be 5.95m
3.5) Summit of the East top

The exact position of the summit was established using the level and staff and is a rock incorporated into the base of the cairn.  
The ten-figure Grid References for the summit are:-

Garmin Map60CSx 

SH 80508 24421
Accuracy 3m
Height = 531m

Garmin Venture

SH 80510 24420
Accuracy 5m
Height = 528m
Garmin Etrex 


SH 80508 24421
Accuracy 5m
Height = 527m

Magellan Explorist 100
SH 80509 24419
Accuracy 6m
Height = 533m
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
	280504.357
	0.002
	324416.626
	0.001
	525.238
	0.007


Photographs taken through the level of the East top from the West top were used to determine the height difference of the two summits, as described above.
The height difference was calculated to be 6.10m
4) Discussion of Results
The largest error for both level and staff measurements and for GPS measurements was associated with the correct location of the col which gives an uncertainty of +/-0.10m in its height.  We also estimate that the error in summit positions gave rise to no more than +/-0.02m error in height. Both the line survey and the GPS measurements have errors of about +/-0.05m.  Therefore, the overall error in drop measurement for the hill is no more than +/-0.11m. 

The drop from the East top as measured by the line survey is 32.60+/-0.11m. This compares very well with 32.57+/-0.11m measured by the difference in the GPS measurements and therefore Moel Cae’r-defaid East top does achieve the 30m required to give it Dewey status. 
The difference between the west top and east top as measured by GPS is 5.90+/-0.07m., the west top being the higher. The photographic method gave the height difference as 5.95m and 6.10m for the two independent measurements and for the simplicity of the measurements are in good agreement with the GPS measurements.

5) Summary and Conclusions

The summit of Moel Cae’r-defaid West top is at grid reference * SH 80079 24690 and is the base of a loose rock on the craggy north-western most knoll by the forest.  Its height is 531.14+/-0.05m. and its Dewey status is confirmed.
The summit of Moel Cae’r-defaid East top is at grid reference * SH 80509 24420 and is the rock at the base of the cairn.  Its height is 525.24+/-0.05m. 
The bwlch separating the two summits is at grid reference * SH 80435 24506 and is featureless ground near a boggy pool.  Its height is 492.7+/-0.1m.
The re-ascent from the col to the east summit is 32.6+/-0.1m and therefore Moel Cae’r-defaid East top (Craig y Benglog) retains its status as a Dewey.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 26 January 2009. 

[image: image1.emf]Instrument:- Leica NA370 Automatic level  Date:- 26/01/2009

        Horizontal Line        Lower Stadia Line        Upper Stadia Line

Point Number Backsight BSForesight FSBacksight BSForesight FSBacksight BSForesight FSMean BS Mean FS BS DistanceFS Distance

metres metres metres metres metres metres metres metres metres metres

Survey from bwlch to summit (Level GJ, Staff  MP, and data collection JB)

1 3.628 0.444 3.514 0.307 3.742 0.582 3.628 0.444 22.800 27.500

2 4.382 0.549 4.312 0.517 4.453 0.582 4.382 0.549 14.100 6.500

3 4.454 0.489 4.408 0.426 4.498 0.552 4.453 0.489 9.000 12.600

4 4.382 0.371 4.302 0.297 4.462 0.444 4.382 0.371 16.000 14.700

5 4.888 0.407 4.833 0.346 4.943 0.474 4.888 0.409 11.000 12.800

6 4.653 0.258 4.608 0.197 4.697 0.321 4.653 0.259 8.900 12.400

7 4.618 0.224 4.512 0.173 4.727 0.275 4.619 0.224 21.500 10.200

8 4.425 0.090 4.328 0.073 4.522 0.107 4.425 0.090 19.400 3.400

SUM = 35.430 2.835

Difference= 32.595 122.700 100.100
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				Title:-		Craig Y Benglog ( Moel Cae'r-defaid East Top) Bwlch to Summit

				Instrument:-		Leica NA370 Automatic level								Date:-		1/26/09

				Horizontal Line				Lower Stadia Line				Upper Stadia Line

		Point Number		Backsight BS		Foresight FS		Backsight BS		Foresight FS		Backsight BS		Foresight FS		Mean BS		Mean FS		BS Distance		FS Distance

				metres		metres		metres		metres		metres		metres		metres		metres		metres		metres

		Survey from bwlch to summit (Level GJ, Staff  MP, and data collection JB)

		1		3.628		0.444		3.514		0.307		3.742		0.582		3.628		0.444		22.800		27.500

		2		4.382		0.549		4.312		0.517		4.453		0.582		4.382		0.549		14.100		6.500

		3		4.454		0.489		4.408		0.426		4.498		0.552		4.453		0.489		9.000		12.600

		4		4.382		0.371		4.302		0.297		4.462		0.444		4.382		0.371		16.000		14.700

		5		4.888		0.407		4.833		0.346		4.943		0.474		4.888		0.409		11.000		12.800

		6		4.653		0.258		4.608		0.197		4.697		0.321		4.653		0.259		8.900		12.400

		7		4.618		0.224		4.512		0.173		4.727		0.275		4.619		0.224		21.500		10.200

		8		4.425		0.090		4.328		0.073		4.522		0.107		4.425		0.090		19.400		3.400

														SUM =		35.430		2.835

														Difference=		32.595				122.700		100.100
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