Surveying Gwastedyn Hill and Rhiw Gwraidd
23 September 2006

John Barnard and Graham Jackson.
1) Introduction
These two hills are Marilyns in Section 31B of Alan Dawson’s “The Relative Hills of Britain”.  In the latest update, April 2006, they are both classified as “Twin Peak” hills. The purpose of this survey was to try to identify the highest point on each hill and to make quantitative measurements of the summit height relative to its twin.

The data from the April 2006 update reads:-
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Gwastedyn Hill
136,147
SN982663/SN986661
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Rhiw Gwraidd
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SO009633/SO014633

2) Equipment used and method
We have now surveyed a number of hills and are using techniques based on a Leica Automatic Level and Staff coupled with digital photography. Full details of the methods used are not detailed here but can be found in previous survey reports, for example, “Surveying Birks Fell and Horsehead Moor, 10 September 2006 Final” and “Surveying Ward’s Stone, 27 June 2006”.
3) Gwastedyn Hill
3a) The Survey

The OS 1:50000 maps mark a spot height of 477m. We surveyed this area with staff and automatic level and confirmed that the highest point was indeed the base of the cairn on its south side. The cairn here was measured to be 0.93m high. With the level set on a tripod 23cm above the base of the cairn, digital photographs were taken through the level to the large-cairned twin peak about 500m away in a WNW direction. 
Having taken GPS position measurements we then walked over to the twin peak to continue the survey there. Unless the large cairn were built over a higher natural rock, the actual highest point here by about 5cm was the rock 8.6m from the cairn on a bearing of 238 degrees from it. In this area we were able to set up the automatic level on the tripod at exactly the same height as the base of the cairn and photograph back to the previous peak. GPS positions were also recorded. The cairn height was measured with a tape along the sloping side to be 289cm (the measurement excluded the white pole protruding from the top of the cairn). From a photograph, the angle of the slope of the slope of the cairn was measured to be 20 degrees from the vertical, making the cairn 272cm high vertically. 
3b) Survey Results

The GPS grid references for the twin peak were:-

477m spot height
SN 98683 66151
Large Cairn

SN 98203 66311
From the analysis of the photographs, see Appendix 1, the calculations show the height difference between the two peaks to be 1.4m, the 477m summit being the higher of the two. No correction was made for earth curvature since this is only 2cm over the 500m horizontal distance. 
There is good agreement between the “A to B” and “B to A” measurements as they differ by only 3cm. The biggest source of error is probably the unknown quantity of what is underneath the cairns! Therefore, we are confident that these peaks differ in height to between 1.3 and 1.5m. 

4) Rhiw Gwriadd
4a) The Survey
On the 1:50000 OS maps there is a spot height of 441m marked at the west end of the summit “ridge”. We started the survey from this point. The highest ground here is marked with a few stones the top of which would not be visible in a survey from other points on this hill. Therefore, we marked the top of one fence post with a plastic marker so that we had a sighting point on this hill. Using the level we measured the top of this post to be 62cm above the base of the stones. Looking along the “ridge” to the east it was clear that another point could be at least as high or higher. However, since this point was covered with bracken, it was impossible to be sure; the bracken obscured the view.
Having walked east to the twin peak we found the hill to be rather rounded and there was no evidence of a marked high point. So using level and staff we surveyed the top to identify the exact position of the highest point. After marking it, we built a cairn there with a length of pipe in the centre. The top of the pipe to the base of the cairn measured 65cm. (This cairn is on a bearing of 75 degrees to the centre of the large radio tower.) There were no other higher points to the east. The level was then set up further down the hill so that its height corresponded to the base of the newly built cairn. The spot height at 441m appeared to be the same height as the East top with the horizontal line of the Leica grazing the top of the summit.
In circumstances like this it seemed best to move to a point mid-way between the two peaks and survey from there in both directions, thereby removing any systematic error in the automatic level setup. The GPS grid reference of the setup point was SO 01326 63375. Since we had marked a post to be 62cm above the cairn at the 441 spot height and built a cairn on the other peak with the top of a pipe 65cm above the ground, we now had a way to see above the bracken and survey both points. Photographs were taken through the level in both directions.
To complete the survey we returned to the 441m spot height and set up the level at the height of the post. Unfortunately the wind had strengthened by now and the level was being shaken creating a small variation in the readings. Photographs were taken for subsequent analysis.
4b) Survey Results

The GPS measured Grid Refs for the points were:-

441 Spot height 
SO 00984 63408
Easterly twin peak
SO 01612 63436
Mid point for survey
SO 01326 63375
The analysis of the photographs from the mid-point survey is given in Appendix 1. The calculations show only a height difference of 14cm!! This is too close to be confident that this difference is meaningful. The A to B and B to A measurements that we carried out were also contradictory in that one set gave the West top to be higher by 3cm (East to West measurement) and the other the East Top to be higher by 9cm (West to East measurement).  All of these results are very close to our estimate of the error of the measurements of 0.1m.
We cannot tell conclusively which point is the higher and from these measurements they really do represent twin tops to within +/-0.1m.

Before we carried out this survey we had not appreciated that the difference in heights between these two peaks would be so small. There is some evidence that this survey points to the East Top being the higher. With the benefit of experience of this hill, less windy conditions, the use of proper measured markers hammered into the ground on which to sight the level, a “tripod” system to hold the digital camera steady while taking photographs through the level; another careful survey could be carried out with improved accuracy that may well give an answer to identifying the higher peak. 

5) Summary
5.1) Gwastedyn Hill

The spot height marked as 477m on the 1:50000 OS maps at GPS grid reference SN 98683 66151 is conclusively the highest point on this hill.
The base of the large cairn at grid reference SN 98203 66311 is 1.4m +/- 0.1m lower than SN 98683 66151.

Although not as accurate an instrument, we were able to draw the same qualitative result using an Abney Level.

5.2) Rhiw Gwraidd

The spot height marked as 441m on the 1:50000 OS maps at GPS grid reference SO 00984 63408 is confirmed as one of the twin tops.

The position of the other twin top is at grid reference SO 01612 63436. 

The position of the twin top at SO 014633 as given in Alan Dawson’s April 2006 update is incorrect.
Our instruments were unable to confirm which of the two points is the higher and we believe their altitudes are equal to within +/- 0.1m
If you climb this hill and want to tick it off a list, then you will have to visit both points to be sure. We built a cairn on the easterly top to identify its highest point.
J Barnard and G V Jackson, 27 September 2006.

APPENDIX 1

The numbers in red font in these analyses represent calculations made on another set of photographs taken with a different digital camera and processed through a different PC system.

 1) Gwastedyn Hill

Analysis of Photographs

The difference in Grid refs for the two points is

EW  98683 – 98203 = 480m

NS   66311 – 66151 = 160m

By Pythagoras, distance between the two points = 506m 

Analysis of photograph taken to large cairn

Distance between top and bottom stadia lines = 7.0cm (7.35cm)
With 100:1 stadia at 506m distance this represents a height of 5.06m

Therefore height calibration on photograph = 5.06/7.0 = 0.72m/cm. (5.06/7.35 = 0.69m/cm
Height of horizontal line below top of cairn = 1.5cm equiv to 1.08m height. (1.55cm equiv to 1.07m height)
Height of horizontal line above cairn base = 2.72 -1.08 = 1.64m. (2.72 – 1.07 = 1.65m)
Leica Level was set 0.23m above ground.

Difference in height between two peaks = 1.64 - 0.23 = 1.4m (1.65 – 0.23 = 1.4m)
Analysis of photograph taken to 477m spot height

Distance between top and bottom stadia lines = 6.95cm (7.1cm)
With 100:1 stadia at 506m distance this represents a height of 5.06m

Therefore height calibration on photograph = 5.06/6.95 = 0.73m/cm (5.06/7.1 = 0.71m/cm
Height of horizontal line below top of cairn = 3.1cm equiv to 2.26m height (3.15cm equiv to2.24m height)
Height of horizontal line above cairn base = 2.26 - 0.93 = 1.33m (2.24 – 0.93 = 1.31m)
Leica Level was set 0.05m above cairn base.

Difference in height between two peaks = 1.33 + 0.05 = 1.4m (1.31 + 0.05 = 1.4m)
2) Rhiw Gwraidd

Analysis of Photographs

Analysis of photographs taken from mid point position

2.1) To 441 spot height

The difference in Grid refs for the two points is

EW  01326 – 00984 = 342m

NS   63408 – 63375 = 33m

By Pythagoras, distance between the two points = 344m 

Distance between top and bottom stadia lines = 6.9cm (7.6cm)
With 100:1 stadia at 344m distance this represents a height of 3.44m

Therefore height calibration on photograph = 3.44/6.95 = 0.495m/cm (3.44/7.6 = 0.45m/cm 

Height of horizontal line below top of marked post = 3.1cm equiv to 1.53m height (3.4cm equiv to 1.54m height)
Height of top of fence post above highest point = 0.62m

Height of highest point above horizontal line = 1.53 – 0.62 = 0.91m (1.54 – 0.62 = 0.92m)
2.2) To easterly point

The difference in Grid refs for the two points is

EW  01612 – 01326 = 286m

NS   63436 – 63375 = 61m

By Pythagoras, distance between the two points = 292m 

Distance between top and bottom stadia lines = 7.0cm (7.45cm)
With 100:1 stadia at 292m distance this represents a height of 2.92m

Therefore height calibration on photograph = 2.92/7.0 = 0.42m/cm (2.92/7.45 = 0.39m/cm)
Height of horizontal line below top of pipe in cairn = 3.40cm equiv to 1.43m height (3.65cm equiv to 1.42m height)
Height of top of pipe above cairn base = 0.65m

Height of highest point above horizontal line = 1.43 – 0.65 = 0.78m (1.42 – 0.65 = 0.77m)
Therefore East Top is 0.915 – 0.775 = 14cm higher than West Top

2.3) Analysis of photographs taken from East Top to West Top

EW 01612 – 00984 = 628m

NS 63436 – 63408 = 28m

By Pythagoras, distance between the two points = 630m

For three photographs horizontal line of level is coincident with summit

Position of Leica level with summit of East top

Correction for curvature of earth = 3cm

Therefore West top is 3cm higher than East top. 
Analysis of photographs from West top to East top

Distance between top and bottom stadia lines 7.2cm

With 100:1 stadia at 630m distance this represents a height of 6.3m

Therefore height calibration on photograph = 6.3/7.2 = 0.875m/cm
Height of horizontal line above top of pipe in cairn = 0.1cm equiv to 9cm height

Height of top of pipe above cairn base = 0.65m
Height of highest point below horizontal line = 0.09 + 0.65 = 0.74m

But level set 0.62m above summit of West top   
Earth curvature = 0.03m

Therefore East top is 74 – 62 – 3 = 9cm higher than West top
APPENDIX 2
Gwastedyn Hill
Lower summit photographed through Leica from 477m higher summit
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Note that centre horizontal line is significantly above lower summit. This cairn is 2.72m high and the photograph is taken through the level on a tripod 0.23m above the summit. Therefore the base of this cairn is clearly lower than the position of the ground from which this photograph was taken.
Rhiw Gwraidd
View of East Top and West Top from the mid-point position

 East Top



    

West Top
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Note that bracken obscures the base of the cairn of the East Top, thus giving the impression that it is significantly higher than the West top.  Only careful measurements from the tops of the pipe and the post show the two tops to be of approximately equal height within the error of the method employed.  The red rectangle superimposed on the image of the West Top signifies the position of the summit.[image: image3.png]
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