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1) Introduction

Cerrig Coediog (Section 30E, OS 1:50000 Map 125, Grid Ref. SJ113386) is a “Dewey” situated in the Berwyn Hills about 7km South East of Corwen. The latest 1:25000 OS map marks a spot height for the summit at 593m. The critical bwlch lies about 600m to the North East and separates this hill from Moel Fferna. The bwlch is marked with a spot height of 563m which therefore indicates that Cerrig Coediog has 30m of drop.
The purpose of this survey was to measure the drop accurately and confirm the status of the hill. 
2) Equipment used and Conditions for Survey 

Ground surveys to determine the positions of the bwlch and summit, and line surveys 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 17.00hr, were good. The weather was quite cold, 5 to 10 degrees Celsius, but with bright sunshine and a only a slight breeze. There were some snow patches on the hillside but these did not inhibit the survey.
2.1) Character of Hill 

Cerrig Coediog is the second hill encountered, after passing over Bryn-llus, when travelling in a South Easterly direction from Corwen. It is part of a “horseshoe of hills” centred on Cynwyd and includes Pen Bwlch Llandrillo Top and Moel yr Henfaes. A minor road leads out of Cynwyd to the South East for about 2km where there is a large area by a cottage that provides adequate parking. However, it is possible to drive about 1km further, although the track is not surfaced, and park by a locked gate leading into the forest.  Access is then easily gained to Cerrig Coediog by forest tracks which lead out onto open hillside and finally to the bwlch between Cerrig Coediog and Moel Fferna. A track alongside a fence leads up to the summit. 

The hillside is covered with thick heather but fortunately around the bwlch it had been burned making the surveying easier to carry out. The summit was easily identified as a heathery mound on the west side of the fence.
2.2) Summary of Survey Method
An initial visual inspection of the bwlch suggested two possible areas to survey, along the main track running perpendicular to the line of Moel Fferna and Cerrig Coediog, and a flat area to the south in the region of the spot height. Having set up the Leica level on the tripod, the area on the main track was identified as being about 1.6m higher and therefore was eliminated from further survey work.

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 place near the bwlch, and three parallel lines of white flags were set out 10m apart in a West East direction. The distance between the lines of flags was also set at 10m so that the flags formed a square matrix.  Each flag position was then measured with the staff.  The highest of these along each line of flags was replaced with a yellow flag. The lowest yellow flag would then be at the position of the bwlch. However to find this position more accurately, some interpolation of staff measurements between the rows was needed. Finally the position of the bwlch was marked for reference.

From the array of results we estimated that the position of the bwlch was fixed to within about 1m of distance and 0.1m of height.  

Next a line survey from bwlch to summit was carried out using the standard procedure for line surveying. The staff was held vertically at the bwlch position and the level set up in a convenient position towards the hill. Once a set of readings had been taken (backsights BS) the staff was then moved to an uphill position, but the level 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 uphill until the final reading was taken with the staff on the summit position. 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. If in any set of readings the average of the three readings was greater than 1mm difference from the horizontal reading, readings for the whole set were taken again. The line survey process was then repeated from summit to bwlch.

While the line survey from bwlch to summit was taking place, the Leica 530GPS was set up over the bwlch. The antenna was set on a 2.000m pole and data were collected for 1 hour with an epoch time of 5 seconds. Once this had been completed the GPS was moved to the summit and a set of data under the same conditions was collected. 

2.3) The Bwlch
The bwlch was surveyed with level and staff as described in Section 2.2 and we are confident this was achieved to within +/-0.1m of height.
The ten-figure Grid References measured for the bwlch were:-

Garmin Etrex 


SJ 11547 39154

Accuracy 5m
Height = 563m
Garmin Etrex 


SJ 11546 39156

Accuracy 5m
Height = 566m
The position and height data for the summit that were recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data from the nearest five OS Active Base stations were:-
	System
	Easting

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

	SR 530
	311545.235
	0.003
	339153.034
	0.002
	561.353
	0.007


2.4) The Summit
The exact position of the summit was a heathery mound on the west side of the fence. 
The ten-figure Grid References measured for the summit were:-
Garmin Map 60CSx

SJ 11313 38622
Accuracy 3m
Height = 598m
Garmin Venture

SJ 11312 38618
Accuracy 5m
Height = 597m
Garmin Etrex 


SJ 11313 38618
Accuracy 4m
Height = 600m
Magellan Explorist100
SJ 11311 38623
Accuracy 6m
Height = 596m
The position and height data for the summit that were recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data from the nearest five OS Active Base stations were:-
	System
	Easting

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

	SR 530
	311310.189
	0.002
	338613.696
	0.001
	591.781
	0.006


2.5) Line Surveys Uphill and Downhill from Bwlch to Summit
The results are presented in the table below.
3) Discussion of Results

From the table it is seen that the drop is measured to be 30.39m with a closing error of 0.017m. This compares with a difference of 30.43m between the GPS measurements for summit and bwlch, and so the two sets of results are in good agreement.
The largest error was associated with the correct location of the bwlch which gives an uncertainty of +/-0.1m in its height.  We also estimate that the summit position was measured to better than +/-0.05m. Therefore, the overall error in drop measurement carried out by the line survey for the hill is no more than +/-0.11m. 

The drop measurement is 30.4+/-0.1m and therefore Cerrig Coediog does achieve the 30m required to retain its Dewey status. 
4) Summary and Conclusions

The summit of Cerrig Coediog is at grid reference * SJ 11312 38620 and is a heathery mound.
The bwlch separating Cerrig Coediog from its neighbour Moel Fferna is at grid reference * SJ 11547 39155.
The re-ascent from the bwlch to the summit is 30.4+/-0.1m and therefore the Cerrig Coediog retains its Dewey status.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 18 March 2010. 
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        Horizontal Line        Lower Stadia Line        Upper Stadia Line

Point Number Backsight BSForesight FSBacksight BSForesight FSBacksight BSForesight FSMean BS Mean FS Height Difference

metres metres metres metres metres metres metres metres metres

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

1 0.169 4.205 0.144 3.955 0.195 4.457 0.169 4.206

2 1.592 4.270 1.229 4.015 1.952 4.522 1.591 4.269

3 0.735 1.985 0.376 1.490 1.095 2.480 0.735 1.985

4 1.426 4.034 1.386 3.755 1.466 4.313 1.426 4.034

5 0.275 4.684 0.254 4.599 0.296 4.767 0.275 4.683

6 0.343 4.812 0.315 4.729 0.374 4.893 0.344 4.811

7 1.558 4.926 1.537 4.866 1.579 4.986 1.558 4.926

8 0.132 2.653 0.070 2.392 0.192 2.914 0.131 2.653

9 0.318 3.915 0.264 3.755 0.372 4.075 0.318 3.915

10 0.324 1.789 0.287 1.654 0.358 1.924 0.323 1.789

SUM = 6.871 37.271 -30.400

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

1 1.787 0.597 1.654 0.554 1.924 0.641 1.788 0.597

2 4.227 0.264 4.053 0.205 4.404 0.323 4.228 0.264

3 3.318 0.606 3.010 0.579 3.627 0.635 3.318 0.607

4 4.575 0.253 4.522 0.237 4.629 0.266 4.575 0.252

5 4.746 0.373 4.665 0.341 4.827 0.405 4.746 0.373

6 4.452 0.366 4.342 0.297 4.562 0.435 4.452 0.366

7 2.338 0.622 2.074 0.252 2.604 0.994 2.339 0.623

8 4.385 0.353 3.904 0.333 4.867 0.374 4.385 0.353

9 1.782 2.517 1.552 2.221 2.013 2.815 1.782 2.518

10 4.136 0.726 3.918 0.678 4.355 0.774 4.136 0.726

11 1.894 0.582 1.835 0.562 1.951 0.601 1.893 0.582

SUM = 37.644 7.260 30.384

SUM = 44.515 44.532 -0.017
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