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1) Introduction

Moel Feity (Hill 3514, Section 32A, OS 1:50000 Map 160, Grid Ref. SN848230) and Hill 3518, Cefn Cul [Waun Leuci] (Section 32A, OS 1:50000 Map 160, Grid Ref SN860205) are two hills listed in Michael Dewey’s list of 500m hills. The requirement to carry out surveys on these hills was brought to our notice by Jim Bloomer who climbed them in October 2007 and more recently in September 2011, by Mick Moore. The exact summit position of either of these hills is not clear. The map for Moel Feity shows three separate small contour rings, each of equal height and at the points of an equilateral triangle with a side length of about 100m. In the case of Cefn Cul, there are two contour rings of equal height about 100m apart. Cefn Cul was listed as a HuMP, but was demoted from that list in March 2011 based on information from Vector Mapping.
The purpose of these surveys was to locate accurately the summit positions of both of these hills. 

2) Equipment used and Conditions for Survey 

The line survey and optical survey work was carried out using a Leica NA730 automatic level and a 1m staff extendable to 5m.

Conditions for the surveys were acceptable. The sky was mostly clear and visibility was good but there was quite a strong breeze, gusting to 30mph, which moderated throughout the day. Coupled with temperatures of 4-5 degrees Celsius, the breeze gave a very noticeable wind chill effect. The surveys took place between 10.30 and 15.30 GMT. 

3) Character of Hills 

These hills are vey similar in character and are situated in the Black Mountain about 3km to the East of the Fan Hir to Fan Brycheiniog ridge which dominates the scenery of this area. A minor road runs in a North-South direction between the two hills and access can easily be obtained to either hill from the highest point on this road at SN856222. In fact this highest point is very near to the bwlch between the two hills which is just to the east of the road. Both hills are very similar in character, being broad mounds covered with tussock grass. Moel Feity is the easier to climb as the grass on the South East flank of the hill is less rough and drier than the North West flank of Cefn Cul. However neither of these hills presented any problems with access and at times it was possible to follow tracks leading in the required directions.
4) Survey of Moel Feity
Extracts from the OS 1:50000 and 1:25000 maps for the summit of Moel Feity are shown below. The 1:50000 map shows three distinct small 590m contour rings and the North ring has a spot height of 591m on it. However, the 1:25000 map shows the same three ring contours but the 591m spot height is placed on the East ring contour. (For the purposes of this report we will describe these three ring contours as the North, South and East Tops). Therefore the objective of the survey was to locate the highest points of each top and then measure their relative heights. Thus the summit of the hill would be located.
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The Leica level was set up on the tripod on the North Top at a convenient position near to the highest point. Staff readings taken in this area showed that an embedded rock supporting the summit cairn was the highest point of the North Top. Staff readings were then taken on the highest points of the North and East Tops, the latter position being found by trial and error staff placements.

Staff reading at North Top = 0.475m

Staff reading at East Top = 0.400m

This quick survey shows that the East Top is the higher by 0.075m. Observations were made to the South Top which was clearly more than 0.5m lower. Later in the survey the Leica level was set up again near the North Top and staff readings were taken on the North and South Tops. The results were:-

Staff reading at North Top = 0.376m

Staff reading at South Top = 0.958m

Therefore the South Top is lower than the North Top by 0.582m which confirmed the previous observation.
Since the heights of the North and East Tops are very close, we carried out a more accurate line survey between these two points and the details are tabulated in Appendix 1. As we approached the East Top during the line survey, we took more staff readings around this position to make sure that the highest point here had been identified correctly. The summit of the East Top was marked with a couple of small stones. Subsequently we marked the position more clearly by building a small cairn.
The two line surveys measured the East Top to be higher than the North Top by 0.067m and 0.064m respectively. The closing error between the two surveys was a satisfactory 0.003m and the mean result is about 0.01m less than that obtained from the quick survey. Since the distances covered between the cumulative Foresight and Backsight measurements in the line surveys were approximately equal, this would have eliminated any systematic error associated with a misalignment of the level to the horizontal. As the location of the highest points of the two tops was distinct and the closing error of the line surveys small, we would estimate that we have measured the height difference between the two tops to an accuracy of better than +/-0.01m.
The ten-figure Grid References for the summit, the East Top, were recorded as:-

Garmin Map 60CSx 

SN 84862 23045
Accuracy 3m
Height = 592m

Garmin Venture

SN 84864 23046
Accuracy 3m
Height = 597m

Garmin Etrex


SN 84863 23049
Accuracy 5m
Height = 594m


Magellan Explorist 100
SN 84862 23049
Accuracy 5m
Height = 596m

The ten-figure Grid References for the North Top were recorded as:-

Garmin Map 60CSx 

SN 84781 23114
Accuracy 3m
Height = 593m

Garmin Venture

SN 84782 23116
Accuracy 2m
Height = 595m

Garmin Etrex


SN 84781 23115
Accuracy 5m
Height = 594m


Magellan Explorist 100
SN 84777 23114
Accuracy 5m
Height = 596m

The ten-figure Grid Reference for the South Top was recorded on a previous visit by Mick Moore on 28 September 2011 and is:-

Garmin Etrex


SN 84774 23004
Accuracy 5m
Height = 592m


5) Survey of Cefn Cul [Waun Leuci]
Extracts from the Ordnance Survey 1:50000 and 1:25000 maps are shown below for the summit of Cefn Cul [Waun Leuci]. Essentially there are no differences between the information on the different scale maps. Both maps show two small 560m ring contours, 133m apart, with a spot height of 562m within the North East ring. One might deduce from the maps that the North East Top is the higher.
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Initially we tried to differentiate the two summits using Abney Levels but the height difference was too small and less than the resolution of the instruments. Having set up the Leica Level on the tripod at both summits we were able to identify the highest points of each top by taking trial and error staff readings. The highest point of the South West Top was the top of an embedded rock about 1metre from the cairn. That for the North-East Top, was another embedded rock about 5 metres West of its cairn.
We did not carry out a line survey between the two tops as the shortage of daylight prevented us from doing so. However, we were able to take direct staff measurements from the highest points of the Tops with the level set up on its tripod at each Top in succession. The staff readings were:-

Level at North East Top

Staff reading on North East Top = 0.672m

Staff reading on South West Top = 0.530m

Level at South West Top
Staff reading on North East Top = 0.480m

Staff reading on South West Top = 0.364m

Assume that “h diff” is the height difference between the two Tops and “delta” is any systematic error correction for the level due to collimator misalignment and refraction of the light as it passes through the air. Also assume that “delta” is positive, that is, the level is always pointing slightly upwards. The staff readings obtained above give a set of two simultaneous equations that can be solved for the two unknowns “h diff” and “delta”.
The equations are:-

0.672 = “h diff” + 0.530 – “delta”

0.364 = 0.480 – “h diff” – “delta”

The solutions are:-

“h diff” = 0.129m

“delta” = -0.013m

The results show that South West is higher than the North East Top by 0.129m. As we do not have any measurements of a closing error for this type of survey, we can only make an estimate for the accuracy of the survey which would be about +/-0.01m. The “delta” measurement of -0.013m implies that the level is pointing slightly downwards when it has been set up on the tripod. This height difference of 0.013m over a distance of 133m implies a systematic height difference error of 2.9mm per 30m of distance. The specification of the instrument requires this number not to exceed 3mm before adjustment of the instrument is necessary. However, the instrument will be checked before any further surveys are carried out.
The ten-figure Grid References for the summit, the South West Top, were recorded as:-

Garmin Map 60CSx 

SN 86068 20573
Accuracy 3m
Height = 559m

Garmin Venture

SN 86065 20573
Accuracy 4m
Height = 567m

Garmin Etrex


SN 86066 20574
Accuracy 6m
Height = 562m


Magellan Explorist 100
SN 86065 20574
Accuracy 5m
Height = 567m

The ten-figure Grid References for the North East Top were recorded as:-

Garmin Map 60CSx 

SN 86185 20642
Accuracy 4m
Height = 559m

Garmin Venture

SN 86181 20639
Accuracy 3m
Height = 567m

Garmin Etrex


SN 86185 20640
Accuracy 5m
Height = 559m


Magellan Explorist 100
SN 86181 20640
Accuracy 6m
Height = 565m

6)   Summary

The summit of Moel Feity is the East Top at grid reference * SN 84863 23047 and is marked with a small cairn.

The North and South Tops of Moel Feity are lower than the summit by 0.065m+/-0.010m and 0.58m respectively.
The summit of Cefn Cul [Waun Leuci] is the South West Top at grid reference *SN 86066 20574 and is the top of an embedded rock 1m from the cairn.
The North East Top of Cefn Cul [Waun Leuci] is lower than the summit by 0.13+/-0.01m.

*NB average hand-held Garmin GPS grid refs.

John Barnard and Graham Jackson, 06 December 2011 

Appendix 1


[image: image5.emf]Title:- Survey of Moel Feity

Instrument:- Leica NA730 Automatic level  Date:-

27/11/2011

        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 North Top to East Top (Level JB, Data collection JB, Staff GJ)

1 0.474 1.852 0.425 1.755 0.522 1.950 0.474 1.852

2 1.104 1.128 0.901 1.057 1.306 1.196 1.104 1.127

3 2.030 0.561 1.912 0.457 2.149 0.665 2.030 0.561

SUM = 3.608 3.540 0.067

Survey from East Top to North Top  (Level GJ, Data collection GJ, Staff JB)

1 0.563 2.130 0.460 1.930 0.668 2.330 0.564 2.130

2 1.878 0.376 1.687 0.301 2.069 0.450 1.878 0.376

SUM = 2.442 2.506 -0.064
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