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1) Introduction
Cadair Bronwen East Top (Section 30E, Grid Ref SJ087352) appears in the Nuttall’s list of 2000feet plus hills. The other important qualification for a hill to appear in this list is that it must have at least 15m of reascent from all directions. There have been reports on the Internet that the hill does not meet the 15m criterion, and a figure of about 7m has been quoted. If this were true, then Cadair Bronwen East Top would not qualify for the Nuttall’s list of hills.
The purpose of this survey was to ascertain the exact positions of the bwlch and summit, and then to measure the height difference.
2) Equipment used and Conditions for Survey 
Positions were recorded using Garmin hand held GPS models. The instruments were allowed to “stabilise” for at least five minutes before any readings were taken. All grid refs are recorded to 10 figures but we acknowledge that the 5th figure in each direction is probably meaningless. 

The main surveying was done using a Leica Runner 20 Automatic level (X20 telescopic system)/tripod system and a “1m” E-staff extendable to 5m. Preliminary surveying was carried out using Abney Levels.
 The day was clear and sunny but quite cold, less than 10 degrees Celsius. Visibility was excellent. There was quite a strong breeze but this was insufficient to cause vibrations on the Leica automatic level which might upset the compensating mechanism. When the staff was extended to 5m, then holding it steady at times was a little difficult, so for the main survey we restricted the extension to give a staff height of 3m or less.
3) Character of Hill 
The hill is about 1.1-1.2km north east of Cadair Bronwen and the main north south Berwyn ridge.  The bwlch between Cadair Bronwen and the East Top is about half way between the two hills and is covered with quite thick heather and vegetation. It is also quite flat and as the direct line of “high” ground between the two hills there seems to twist, location of the exact position of the bwlch was made more complex. 
The terrain up to the top is also heather clad but there is a “path” that leads up the hill. This is eroded in some places and was very wet at the time of this survey. However, it is largely free from heather and gives the natural route for the survey direction. A fence runs to the top on the south side of this “path”.
The summit of the East Top is not clearly defined. There is a small “rocky” knoll to the north east which at first may appear to be the high point, but the survey found the highest point further south west and near the fence posts. The “rocky” knoll is in fact about 0.5m lower than the summit.
4) Outline of Survey Method
The survey was carried out in the following way.

a) The “exact” position of the bwlch was first located and marked.

b) The height of the bwlch was then measured relative to a convenient fence post near the path which we could then use as a reference point.

c) We ascended the East Top and then located the position of the highest point and marked that.

d) We then carried out a fairly “quick” one direction measurement in stages surveying downhill from the top to the marked fence post.

e) Using the standard surveying technique of backward and forward measurements, we surveyed back up to the summit of the East Top.

f) Following the procedure mentioned in e), we resurveyed downhill to the fence post. As well as an additional survey, this also gave us a “closing error” as a check on the validity of the results. 
5) The Survey

5.1) Location of the Bwlch
Because of the nature of the terrain, this proved a little more complex than expected. Near the bwlch there did not appear to be a natural straight line going from Cadair Bronwen to the East Top. As checked with an Abney level, the “ridge” seemed to follow a zigzag line for 100metres or near the bwlch. Therefore, the identification of the exact position of the bwlch was a little subjective.

Having “traced out” the line of the bwlch and marked it with trekking poles, we used the level and staff to take a series of readings in one direction and then at right angles to that direction. Often it was difficult to get the bottom of the staff placed on “solid” ground because of the thickness of the heather and vegetation. However, with perseverance, we believe that we were able to identify the relevant point and the scatter of measurements taken around the area suggested we had placed it to an accuracy of about 0.3m in height.

The 10 figure Grid Reference for the bwlch is SJ 08357 34905, GPS height 686m.
Since measurement directly from the bwlch was not convenient for the rest of the survey we measured its height relative to a fence post near the path. The relevant readings from the setup position were:-

Bwlch staff reading =0.85m
Fence Post staff reading = 1.19m

Therefore the base of fence post is LOWER than bwlch by 1.19-0.85 = 0.34m.
5.2) Location of Summit Position
The summit position of the East Top was not marked with any notable feature and therefore the area had to be surveyed with level and staff to find the highest point. This turned out to be very near the fence and not the “rocky” bump some metres away that to the eye may vie for the highest point.
The 10 figure Grid Reference for the summit is SJ 08713 35222, GPS height 698m.

5.3) Downhill Survey from Summit to Bwlch
This was our “scouting survey” for the hill since before deciding on the next course of action as we wanted to have an idea of the height difference between summit and bwlch. For example, if this had revealed a difference of between 14m and 16m the problem of a measurement to give a judgement on the hill is different from if the height difference is say less than 10m or more than 20m.

Having set up the automatic level at the “summit” and with the staff extended to 5m, the staff was positioned down the hill at a point where its top, when held vertically, was on the horizontal line of the level and then a reading taken. The level was then set up at the position of the staff, the staff moved downhill and another reading taken as above. In three readings we were able to survey down to the “datum” fence post. In each case it was also necessary with a rule to measure the height of the automatic level on the tripod above the ground.
	Position of Leica
	Ht of Leica above ground

m.
	Position of Staff
	Staff Reading

m.

	Position 1
	0.85
	At summit
	0.50

	Position 1
	0.85
	Position 2
	4.70

	Position 2
	0.83
	Position 3
	4.95

	Position 3
	0.88
	At Fence Post
	3.40


At Position 1 the summit is 0.85-0.50 = 0.35m higher. So to calculate the height from summit to bwlch we need to calculate the height drop from the base of Position 1 to the base of the fence post, and then correct for the Position 1 to summit, and fence post to bwlch, height differences. That is (4.70+4.95+3.40) – (0.85+0.83+0.88) + 0.35 – 0.34 = 10.5m
Therefore, the height difference measures to be 10.5m.

5.4) Backward/Forward Measurement from Bwlch to Summit

This is the standard surveying technique for measuring height differences with staff and level and is more accurate that the process detailed in the previous section. The process is to commence with the staff positioned at the starting point and the level set up in the direction of the survey. The “backward” reading is taken from the staff. The staff is then positioned ahead of the level but the level position is not changed, and a “forward” reading taken. Next with the staff kept in the same position, the level is set up ahead of the staff and a “backward” reading taken. This alternating process is continued until the last “forward” measurement is taken with the staff on the final position. This process eliminates any need to take into account the height of the level on the tripod above the ground – often difficult to measure accurately on rough terrain.
The survey started with the staff set up at the “datum” fence post and followed the direction of the path. Using this route it was easier to find better and consistent positions for measurements than in the thick heather. The results are displayed in the following table.

	Leica Position
	Backward Measurement
M
	Forward Measurement
m

	Position 1
	1.62
	0.04

	Position 2
	2.88
	0.16

	Position 3
	2.67
	0.06

	Position 4
	2.76
	0.09

	Position 5
	1.93
	0.47

	Cumulative Measurement
m.
	11.86
	0.82


The height difference between summit and bwlch is then given by the difference of the cumulative backward and forward measurements with the correction for base of fence post to bwlch.

Height difference = 11.86-0.82-0.34 = 10.7m

5.5) Backward/Forward Measurements from Summit to Bwlch
The whole process described in section 5.4) was repeated in the opposite direction. If carried out correctly the results should agree with the previous results and the difference is called the closing error. If this were significant, then it would mean that the survey would need to be repeated. Although the route was now down the path, placement positions for the level and staff were not the same. However, in the final analysis we are dealing with cumulative differences so this will make no difference to the final result and in fact, any route could be followed between the start and end points.
	Leica Position
	Backward Measurement

M
	Forward Measurement

m

	Position 6
	0.48
	2.32

	Position 7
	0.21
	2.88

	Position 8
	0.07
	2.86

	Position 9
	0.19
	2.94

	Position 10
	0.52
	1.42

	Cumulative Measurement

m.
	1.47
	12.42


  As before, Height Difference = 12.42-1.47-0.34 = 10.6m
6) Discussion of Errors
So the more accurate survey as detailed in sections 5.4 and 5.5 measure the bwlch to summit height of Cadair Bronwen East Top as 10.6-10.7m but how accurate is this figure? 
6.1) Location of Bwlch
As described in Section 5.1 the terrain certainly introduces some error into the measurement. The only way we can make any estimate here is from our scatter of staff readings and a semi quantitative view on the thickness of the vegetation. We believe that we located the position of the bwlch to within 5m, and from our measurements with the level and staff we estimate a maximum error of 20cm in height due to error in the location. The uncompressed depth of heather at this point was about 40cm, and an estimate of error due to resting on compressed heather rather than the surface of the ground is 15cm. Therefore the maximum error for the bwlch measurement is 35cm.
6.2) Closing Error and Level Calibration Errors
The closing error in the two main surveys is 0.1m so the results are in extremely good agreement. Because of the nature of the terrain we were unable to place the level in the mid positions for forward and backward measurements. So if the level was incorrectly aligned at setup to the horizontal then a systematic error could be introduced into the readings. However, we can make an estimate of this.
The summit and bwlch are about 500m apart. Assume that the terrain only allowed us to take measurements 400m in one direction and 100metres in the other in the surveying process. The manufacturers of the level give a calibration to check systematic misalignment and they say this should be corrected if more than 3mm of height in 30m distance. (I check the calibration of my instrument and measure it to be at most 1-2mm). At in the worst case the height error over 400m would be 3 X 400/30 = 40mm = 4cm. Clearly this is not an issue.
6.3) Incorrect readings

There is no evidence from the surveys that an incorrect reading has caused a significant error. The closing error of 10cm is excellent for such a survey. Also the “scouting” survey which measured the height difference to be 10.5m is consistent with the results.

6.4) Instrument Readings and Placement Positions
Care was taken at all times to carefully mark staff placement positions so that they could be repeated when necessary. Also care was taken to make sure at each setup position of the level, the instrument had been correctly levelled and the tripod legs were firmly pushed into the ground for maximum stability. Therefore, it is difficult to see any errors here having a major effect. Again the consistency of the results supports a lack of these errors.
7) Summary and Conclusions
The summit of Cadair Bronwen East Top is at grid reference SJ 08713 35222 and is not marked with a feature but is near the fence. This corresponds to the position described in “The Mountains of England and Wales”, Volume 1, by John and Anne Nuttall.
The bwlch between Cadair Bronwen and Cadair Bronwen East Top is at grid reference SJ 08357 34905.

The height difference between the bwlch and the summit of Cadair Bronwen East Top is 10.7m.
Cadair Bronwen East Top does NOT qualify as a Nuttall since the bwlch to summit criterion is less than the required 15m.

John Barnard and Graham Jackson, 06 March 2007.   
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