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1) Introduction

Pen y Bedw west top (Section 30D, OS 1:50000 Map 115, Grid Ref. SH779469) is included in Michael Dewey’s list of hills. This hill also has an east top (Grid Ref. SH783471), about 500m distance from the west top which is currently regarded as lower. However, recent independent simple surveys by both Graham Jackson and Myrddyn Phillips indicate that the current data is incorrect, and that it is the east top that is the higher. Also their surveys indicate that there is insufficient drop between the two hills to make both of these tops meet the 30m re-ascent requirement for Michael’s list. 
The purpose of this survey was to measure accurately the height of each hill in order to identify the higher point and also to check the re-ascent to each top.  
2) Equipment used and Conditions for Survey 

Optical measurements were taken using a Leica NA370 professional automatic level.

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 which was post-processed using Leica Geo Office software.

Conditions for the survey were good. The weather was cool, 5 to 10 degrees Celsius and the wind was light. Although overcast and showery during the day, the weather was dry for the period of the survey from 11.30 to 15.00hrs.
3. The Survey
3.1) Character of Hill 

Pen y Bedw lies about 8-9km east of Blaenau Ffestioniog and just north of the “Africa- shaped” Llyn Conway. This whole area is very wild and desolate country, covered extensively with bog, heather and tussock grass. The best route to the hill is from the west although the path marked on the map starting from Hafodyredwydd is more a feature of the OS map than reality! Having reached the north point of Llyn Conway, the ascent to the west top is tough going through thick vegetation. Once on the west top the direct route to the east top is easier. The west top has a cairn, not at the summit, but the east top is featureless. The bwlch between the two tops is quite dry but covered with rough grass and heather. 
3.2) Summary of Survey Method
The survey was carried out in two parts.
The positions from each top to the other were observed using the automatic level and quantitative estimates of the height difference were made. 
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 2.000 metre pole for all measurements. Data at each point was collected for 30 minutes with an epoch time of 1 second.
3.3) Summit of the West Top.
The exact position of the summit of the west top was established using the level and staff. The summit is not the cairn but a featureless point 67m from it on a bearing of 109 degrees (roughly SSE).

The 10 figure Grid References for the summit are:-

Garmin Map60CSx 

SH 77918 46988
Accuracy 3m
Height = 530m

Garmin Venture

SH 77918 46989
Accuracy 5m
Height = 528m
Garmin Etrex 


SH 77916 46987
Accuracy 5m
Height = 528m

Magellan Explorist 100
SH 77917 46987
Accuracy 6m
Height = 529m

And for the cairn:-

Garmin Etrex 


SH 77855 47011
Accuracy 5m
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
	277913.800
	0.002
	346983.170
	0.003
	527.288
	0.006


3.4) Summit of the East Top
Again using the automatic level and staff, the featureless summit position of the east top was located.

The 10 figure Grid References for the summit are:-

Garmin Map60CSx 

SH 78405 47068
Accuracy 3m
Height = 532m

Garmin Venture

SH 78404 47065
Accuracy 5m
Height = 531m
Garmin Etrex 


SH 78403 47066
Accuracy 5m
Height = 531m

Magellan Explorist 100
SH 78402 47067
Accuracy 4m
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
	278401.673
	0.002
	347062.442
	0.003
	527.762
	0.001


3.5) Bwlch between West and East Tops
The bwlch was not surveyed with level and staff to find its exact position. However, the whole area was inspected visually and a point chosen that we believed was as close as possible to the true position. We estimated that we had located the true bwlch to a position with an error of about +/-0.3m in height but if needed then we would return to the bwlch and survey it in more detail. Therefore, because of the uncertainty of the position we only present 8 figure grid references.
The 8 figure Grid References for the bwlch were:-

Garmin Map60CSx 

SH 7813 4697

Accuracy 3m
Height = 510m

Garmin Venture

SH 7813 4697

Accuracy 5m
Height = 510m
Magellan Explorist 100
SH 7813 4697

Accuracy 7m
Height = 512m

The position and height data for the bwlch 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
	278129.542
	0.003
	346972.344
	0.002
	503.986
	0.001


3.6) Optical Survey of West and East Tops
The automatic level on its tripod was set up on the west top away from the summit but approximately at the same horizontal level to it. Using the staff we measured the level to be 0.157m higher than the summit. We also checked the height of the base of the cairn 67m distance and that measured to be 0.486m LOWER than the identified summit position.
When the level was focussed on the east top from this position it was quite clear that the east top was higher. In order to subsequently quantify the difference, digital photographs of the east top were taken through the level.

This process was repeated from the opposite direction; east top to west top. However, before leaving the west top we placed a “ranging pole” vertically at its summit and knowing that the top of the pole was 1.95m above the summit. This allowed us to make a more accurate measurement for the digital photographs taken through the level since the top of the pole can easily be located on the photographs. Using the staff we measured the automatic level position to be set 0.64m higher than the east summit.
The distance between the west and east summits can be calculated by Pythagoras’s theorem from the GPS coordinates and works out to be 497m. At this distance the vertical height between image of the upper and lower stadia lines (100:1 distance/height ratio) calculates as 4.97m. Therefore, it is possible to vertically calibrate paper prints of the photographs and then measure height differences from the horizontal level line. Using this procedure, the following height differences were obtained:-
West to East Top – East Top is 0.50m (+/-0.1m) higher.
East to West Top – East Top is 0.55m (+/-0.1m) higher.

4) Discussion of Results
The GPS measurements taken with the Leica 530 system show that the east top is higher by 0.47m with an error (3 times standard deviation) of +/-0.02m. This result is in excellent agreement with the cruder optical measurements where the average value shows the east top to be higher by 0.53m. (To obtain an accurate optical height difference measurement, then a line survey should have been carried out.) 
From the means of the results from the handheld Garmin and Magellan instruments, the height difference between the two tops calculates to be 3m. This demonstrates the lack of accuracy of these instruments compared with professional surveying equipment. Also of interest is the comparison of Grid References taken with the different instruments. The Leica 530 consistently gives Grid References about 5 to 7m south west of the averages for the hand-held instruments. This is consistent when comparisons are made in this part of the country between OS and Garmin/Magellan grid references.  The reason for this is discussed in detail in the Database Notes at www.biber.fsnet.co.uk
The ascent to each top from the intermediate bwlch was measured to be between 23 and 24metres with an estimated accuracy of +/-0.3m. This value is so far from the 30m required for both tops to meet the requirements of Michael Dewey’s list of hills that no further surveying was necessary.
5) Summary and Conclusions

The summit of Pen y Bedw East Top is at grid reference *SH 78404  47067 and has no associated identifying feature.  Its height is 527.76m.
The summit of Pen y Bedw West Top is at grid reference *SH 77917  46988 and also has no associated summit feature.  Its height is 527.29m.
Pen y Bedw East Top replaces the West Top as the “Dewey” since it is 0.47m higher. 

The re-ascent from the intermediate bwlch to the West Top is 23.3m and therefore the West Top is deleted as a “Dewey”.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 28 November 2008. 
Views through level of each summit from the other
Note these views are not quantitatively comparable one with another, as the level was set to a different height above each summit.
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View of E top from W top.  Horizontal is about 0.65m lower than E top, but in this view level is positioned 0.15m above summit of W top








View of  W top from E top.  Horizontal is just over 1m above W top, but in this view level is positioned 0.64m above summit of E top
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