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1) Introduction

Cerrig y Ieirch (Section 30D, 1:50000 Map 124, Grid Reference SH758425), is listed in Michael Dewey’s list of 500m hills. The 1:50000 OS Map shows six 510m ring contours and one spot height at 513m. The 1:25000 OS Map shows the same ring contours, but two of these have 513m spot heights within them.  Consequently, the exact summit position is not clearly identifiable from the maps.

On 22 April 2008 we surveyed the summit area with a Leica NA730 automatic level/1m-5m Extendable staff and located the exact summit position, no feature, at SH 75889 42513. The second highest point is at SH 75987 42343, again with no summit feature, and is 0.18m lower.
The drop for Cerrig y Ieirch had previously been measured by Rob Woodall and Myrddyn Phillips.  Their survey technique relied on accuracy in height and position of the map contours and a systematic line survey with automatic level and staff was not carried out. Their results were not completely conclusive, but their best estimate of the drop was  30m.
The main purpose of this second survey was to measure accurately the drop for Cerrig y Ieirch in order to see if this hill qualifies for Michel Dewey’s list of 500m hills. 
2) Equipment used and Conditions for Survey 

Absolute height was 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 three metres respectively. 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 7 software.

The positions of the summit and bwlch were located using a Leica NA730 automatic level and a staff extendable to 5m.

Conditions for the survey, which took place between 10.30hr and 15.30hr BST, were satisfactory. Although the temperature was between 5 and 10 degrees Celsius, the breezy conditions made it feel quite cold. The weather was cloudy but this did not affect visibility. 

2.1) Character of Hill 

Cerrig y Ieirch lies South East of the B4407 and North East of the B4391 and within 1km of each road. The terrain is desolate and the summit area consists of a number featureless mounds covered extensively with deep heather and grass. The whole area is very exposed to the weather, and being quite flat, is therefore boggy. The bwlch, about 1km South East of Llyn y Dywarchen, is extensive and exceptionally boggy. 
2.2) Survey of Summit
The survey to confirm the summit position was started at the North top, the mound on which we had located the summit on our previous survey. The Leica NA730 automatic level was used to determine the highest point on this mound, which was unmarked, via measurements from systematic staff placements. The GPS grid references taken at this point confirmed that this was the summit position that we had previously identified. Staff measurements were taken from the surrounding contending mounds and again the conclusions agreed with our previous survey.

The ten-figure Grid References measured for the summit were:-

Garmin Map 60CSx 


SH 75889 42513

Accuracy 5m
Height = 520m
Garmin Venture


SH 75889 42516

Accuracy 5m
Height = 516m
Garmin Etrex 



SH 75886 42514

Accuracy 5m
Height = 518m
Magellan Explorist100

SH 75886 42516

Accuracy 3m
Height = 521m
The Leica 530GPS set up over the summit positions with the antenna mounted on a 2.000m pole. Data were collected for 1 hour with an epoch time of 30 seconds.  The data was post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest six OS Active Base stations and the Hopfield Tropospheric model. The results were:-

	System
	Easting

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

	SR 530
	275885.125
	0.002
	342509.981
	0.002
	511.011
	0.003


2.3) Survey of Bwlch
The area of the bwlch was very uneven with tussock grass interspersed with bog and peat. These factors made a systematic survey of the bwlch impractical since it was not possible to set out a grid of flags from which to take staff measurements.
The map indicates that the line of the bwlch is in a North West to South East direction and therefore the exact position of the bwlch will be on the lowest point on a line in this orientation. Using this information, we first located the bwlch’s approximate position visually and set up the Leica level at that point. Staff measurements taken at right angles to the line of the bwlch confirmed that the ground dropped away on either side, even though height readings were within +/-0.2m for a distance of about 30m either side of this line.

A few metres South East of the position where the level was located, there was an area of deep bog containing pools of water and with channels that drained out to either side of the line of the bwlch. It appeared that these pools comprised one inter-connected system, but staff measurements taken from the water’s surface in several places showed height variations of up to 0.2m, thus proving that the areas of water were not in fact linked directly.  The small area containing the highest of these pools thus formed the bwlch.
The ten-figure Grid References measured for the bwlch were:-

Garmin Map 60CSx 


SH 77083 41386

Accuracy 4m
Height = 489m
Garmin Venture


SH 77082 41385

Accuracy 4m
Height = 488m
Garmin Etrex 



SH 77082 41383

Accuracy 6m
Height = 487m
Magellan Explorist100

SH 77081 41382

Accuracy 6m
Height = 489m
Since the ground was too boggy at our identified bwlch position to set up the Leica 530 GPS there, we set it up on slightly higher firm ground a few metres away. Staff readings showed that the GPS position was 0.282m higher than the bwlch position. The GPS Antenna was mounted on a 2.000m pole and data were collected for 1 hour with an epoch time of 30 seconds. The position and height data for the “bwlch” that were recorded by the Leica 530 and post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest six OS Active Base stations and the Hopfield Tropospheric model were:-
	System
	Easting

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

	SR 530
	277079.499
	0.002
	341380.730
	0.004
	482.123
	0.008


Subtracting the correction to the height because the GPS was not at the bwlch position, the absolute height of the bwlch is 482.123 - 0.282 = 481.841m. 
3) Discussion of Results

The drop calculated from the measured heights of the summit and bwlch is 511.01 – 481.84 = 29.17m and therefore this hill does not have the required 30m of drop to be included in Michael Dewey’s list of 500m hills.

The individual measurement uncertainties are:
Height uncertainty in summit location: 0.03m

Instrumental measurement uncertainty in summit height for 1hr data collection: 0.08m

Computational uncertainty in summit height measurement: 0.03m

Height uncertainty in bwlch location: 0.3m

Instrumental measurement uncertainty in bwlch height for 1hr data collection: 0.08m
Computational uncertainty in bwlch height measurement: 0.03m

Combining these errors gives a measurement uncertainty for the summit of 0.09m (0.1m rounded to the nearest 0.05m) and a measurement uncertainty for the bwlch of 0.31m (0.3m rounded to the nearest 0.05m).  The overall measurement uncertainty for the drop is 0.32m (0.3m rounded to the nearest 0.05m)

The largest error associated with the drop measurement lies in the absolute measurement of the bwlch height. The extreme bogginess of this area is the main factor preventing higher accuracy and we believe that further effort in locating its position would yield little improvement.  To illustrate just how waterlogged the bwlch was we were able to push the antenna pole into the more stable ground to a depth of 2metres! 
It should be noted that after a significant period of dry weather this ground would probably shrink and consequently the height of the bwlch would drop. However, we do not know if this would ever be enough to increase the drop from 29.2m to over 30m and thereby alter the categorisation of this hill.
4) Summary and Conclusions

The summit of Cerrig y Ieirch is at grid reference * SH 75888 42515 and is not marked with any feature. Its height was measured to be 511.0+/-0.1m
The bwlch of Cerrig y Ieirch is at grid reference *SH 77082 41384 and is not marked with any feature but is on the edge of the significant area of standing water (under survey conditions). Its height was measured to be 481.8+/-0.3m.
The calculated drop for Cerrig y Ieirch is 29.2+/-0.3m and is below the 30m requirement. Michael Dewey has deleted this hill from his list of 500m hills.

* NB hand-held Garmin determination is quoted in this summary.
John Barnard and Graham Jackson, 24 October 2010. 
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