Surveying Birks Fell and Horsehead Moor
10 September 2006

John Barnard and Graham Jackson.
1) Introduction
The exact summit of Birks Fell/Horsehead Moor (RHB Section 35B) has been the subject of controversy for some time. Originally the highest point was defined as Birks Fell but some recent data from the OS suggested that the highest point was Horsehead Moor. A number of people who have climbed the hill and walked the summit “ridge”, including us, were not convinced by this data. Therefore Graham Jackson and I have made it a “personal quest” to accurately locate the highest point.
We carried out a detailed survey of this hill on 3 June 2006 and the final report was posted in the Files Section on the RHB newsgroup website. The conclusions from this survey provided evidence that the highest point of the “ridge” is Birks Fell and that this summit exceeded 2000 feet making it a new Nuttall/Hewitt.
We reproduce the main conclusions from this first report:-

“The highest point at the North West end of the ridge is located at SD 89441 76950, on the north side of the wall, and is marked by a cairn 50cm high.

The base of the larger cairn located 130m away on the other side of the wall at SD 89384 76832 is 35 (+/-5) cm lower. If this were the summit as in RHB revisions, then the Grid reference would have to be moved to the point with the smaller cairn. 

The highest point on the hill is at SD 91878 76369 and is marked by a broad cairn. This is 1.3 -1.5 metres higher than the point at SD 89441 76950.

Independent measurements of the heights taken of the two contending points from the nearest trig points confirm that SD 91878 76369 is still the highest point but the measured difference was 1.2m. However, the accuracy of this approach would not be as good as the direct measurements.

We believe that errors have been eliminated that would change the conclusion on which is the highest point. The unknown remains refraction caused by atmospheric conditions, but we believe we have taken steps to minimise its effect on the measurements.

Our best estimate of the absolute height of the summit is 610.7m – 610.9m

If you think GPS always gives accurate measurements of heights on which conclusions can be based – forget it! At the 605m trig point the GPS machines both recorded 10m higher”.

2) Equipment used and method
Positions were recorded using Garmin hand held GPS models. The instruments were allowed to “stabilise” for several minutes, mostly more than 10, 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. Also as many measurements we have taken suggest GPS height measurements with these instruments cannot be trusted, we do not use them as the basis for any conclusions.

The main surveying was done using a Leica Runner 20 Automatic level (X20 telescopic system)/tripod system with a 5m extendable staff used when appropriate. Automatic levels of this type have “100:1 ratio stadia lines” These are two horizontal lines on the vertical axis top and bottom of the main levelling line as seen through the telescope. These additional lines are used by surveyors to take readings to check for mistakes and also to measure distances of object to level. For example, if readings taken from a staff show the measured difference in height for the two stadia lines is 40cm then the level is 40 X 100 cm, i.e. 40m, from the staff.  We are using this technique in reverse. We can measure the distances between points using GPS and then by dividing by 100, have a vertical height scale to quantify height differences. This means making visual estimates through the telescope. However, we have improved this method by positioning a digital camera behind the automatic level to take photographs of the images that can then be printed out from a PC for subsequent analysis. This also means we are generating a photographic record of the survey that is available for scrutiny and can be included in the report. In fact, we took two sets of photographs with different digital cameras and processed them through different PCs to check the reproducibility of the results.
Standard techniques to eliminate systematic errors, measuring A to B and B to A and measuring from the “mid point” between A and B were used. Corrections for the earth’s curvature have been included in the calculations. The day was clear, sunny and quite hot (> 20degrees Celsius). Under these conditions there is a risk that air refraction effects can distort readings, but with the measures we took we do not believe they were relevant to the accuracy of this survey and saw no evidence of them anyway.
3) Objectives for this Survey
Having surveyed it once why do it again?  Since our first survey we have developed the photographic method for measuring heights that has proved to be more accurate than the visual estimates we made through the view finder of the automatic level. Also, we were not aware of the concept of a “flush bracket” on a Trig point whose height is detailed in the data files on the “Trigonometry Website” and we had not measured its exact position on the Trig point itself. Therefore, with improved technique and new data, we felt another survey would allow us to confirm that the height of the summit clearly exceeded 2000 feet. At the same time we would double check the conclusions of the first survey and provide photographic evidence for scrutiny to confirm the highest point.
4) The Photographic Method and is it valid?
As our method of taking digital photos through an automatic level appears to be a new technique, one must ask the question “Is the technique valid to give reliable results?” We believe we have addressed the issues this question asks and are confident that the method is valid. However, the key issues that could effect the measurements and our actions to check their effects are listed below.
4.1) Is the 100:1 Stadia Calibration on the Leica Level accurate?

We have taken readings from the top and bottom stadia lines of a staff graduated in mm and then measured with a steel tape the distance from level to staff. The ratio comes out at exactly 100:1 and therefore the stadia calibration of the instrument is correct.

4.2)  Is the height linear in the vertical plane of the instrument?

On previous occasions we have taken photographs of an extended staff through the Leica level and checked the photographs in the height plane. We can confirm that the same height increment as seen on the staff is reproduced linearly on the photographic print. Therefore, height distortion across the vertical plane through the optical train is not a problem.
4.3)  Is the position of the Digital camera behind the eyepiece of the level critical?

At first one might think that the camera must be aligned exactly down the light axis of the level. We have taken many photographs of different objects with the camera at slightly different alignments. Providing the camera is roughly aligned it seems to have no effect on the measurements from the photographic prints.

4.4) Does the type of Digital Camera have any effect?

No. In this survey we used both Fuji and Nikon digital cameras and got the same results.

4.5) Does the fact we are surveying at large distances, up to 2km, have any effect on the height measurements?

This was one of our major concerns that distortions because of the distances involved could give errors in the optical train. To check this we strapped a staff to the Trig point and extended it 1.90m above the top of the Trig point. In the photographs taken 680m and 1690m away, we have a calibration to check that the measurements taken using the stadia lines agreed with the size of the staff. Good agreement was obtained and these measurements are given in the Appendix 1.
5) The Survey

We started the survey at the 607 metre Trig point SD925748 and continued north west to the spot height (Birks fell summit) at SD918763. Surveying was carried out in both directions from these points which enables any slight systematic misalignment errors in the automatic level to be calculated out. In addition we chose a position roughly mid point so we could survey in both directions and provide another data set.

After completing the above we continued to Moss Top SD906763 which is roughly mid point between Birks Fell and Horsehead Moor, and set up the instrument there. By rotating the level through 180 degrees we could get a direct comparison of the heights of the two tops. All the data is reproduced in Appendix 1 together with the detailed calculations that hopefully with patience are easily followed. One set of data is shown in red font. This represents the equivalent set of data taken with a different Digital camera and processed through a different PC/printer.

Perhaps more immediately relevant is the data in Appendix 2. These show some of the Digital photographs taken through the automatic level and have been aligned in the document to the common horizontal. Therefore the visual comparison between the height of Birks Fell and Horsehead Moor is easy to see.
6) Comparison of Height Measurements with Previous Survey

In our first survey we estimated the height of Birks Fell to be 610.7-610.9m which is higher than the value quoted here of 610.4m. Also in the first survey we assumed that the base of the trig point at SD925748 was at 607m. However, we now know that the flush bracket is recorded as 607.1m above sea level and is 0.38m above the base of the trig point. If we correct for this on the measurements obtained in the first survey, then the height of Birks Fell becomes 610.4-610.6m. 
7) Summary and Conclusions
The highest point of the hill at 610.4m is the base of the cairn on Birks Fell at SD 91879 76367 assuming that the flush bracket on the trig point at SD925748 is 607.1m.
Birks Fell is confirmed as a Nuttall/Hewitt as its height exceeds 2000 feet.

The highest point of Horsehead Moor is the point with the smaller cairn on the north side of the wall at SD 89441 76950. This is 1.1m lower than Birks Fell.
The larger cairn on Horsehead Moor at SD89384 76832 is 1.5m lower than Birks Fell.

We would estimate that these measurements are accurate to +/- 0.2m. The largest error is probably in the unevenness of the ground at the set up points.

The conclusions from this survey are in total qualitative agreement with our previous survey. We believe the height measurements are more accurate in this survey but again agreement between the two surveys is excellent.
We have total confidence that we have addressed all the issues and possible areas of errors and that these results are conclusive.

John Barnard and Graham Jackson, 12 September 2006. 
APPENDIX 1

1) Measurement from “mid point” to 607m Trig and Summit

Leica set up at SD 92268 75432.

Grid refs:
607m trig point – SD 92595 74836



Summit – SD 91879 76367

Distance of 607m trig to survey point:-

92595 – 92268 = 327m and 75432 – 74836 = 596m

By Pythag. Distance = 679m

Distance of “summit” to survey point:-

92268 – 91879 = 389m and 76367 – 75432 = 935m

By Pythag. Distance = 1012m  

Separate photographs taken by rotating Leica through 180 degrees. As only height difference required height of Leica on tripod not relevant.

Analysis of photographic print of 607m trig point

Distance between top and bottom stadia lines on paper print = 6.95cm (7.5cm)
Distance of survey point to trig point = 679m.

With 100:1 stadia, on print 6.95cm (7.5cm) represents a height of 6.79m

Therefore calibration on print is 1.0cm represents 0.977m (0.905m) height

Leica horizontal line to trig top is 4.7cm (5.1cm) equivalent to height difference of 4.59m (4.62m).

Top of trig to flush bracket as measured by rule = 0.84m

Therefore Leica horizontal to flush bracket = 4.59 – 0.84 = 3.75m (4.62-0.84=3.78m)
Check on Stadia Calibration from above photographic print.

Staff strapped to trig point and extended to 3m. Unextended rule at top of rule adds 0.12m to this height (measured by rule). Trig point from concrete base stands 1.22m high as measured by rule. Therefore staff extends 3.00+0.12-1.22 = 1.90m above trig.

Height of staff above trig as measured on print = 1.95cm equivalent to 1.95 x 0.977 = 1.91m. Spot on calibration agreement! 

Analysis of photographic print of “summit”

Distance between top and bottom stadia lines on paper print = 6.95cm (7.65cm).

Distance of survey point to summit = 1012m

With 100:1 stadia, on print 6.95cm (7.65cm) represents a height of 10.12m.

Therefore calibration on print is 1.0cm represents 1.46m (1.32m) height.

Leica horizontal line to summit cairn top is 5.4cm (5.95cm) equivalent to a height difference of 7.86m (7.87cm).

Top of summit cairn to base as measured by rule = 0.81m.

Therefore Leica horizontal to summit cairn base = 7.86 – 0.81 = 7.05m 

(7.87-0.81=7.06m)

Calculation of summit height relative to 607m Trig flush bracket.

Height of summit cairn base above Leica horizontal = 7.05m (7.06m)
Height of trig point flush bracket above Leica Horizontal = 3.75m (3.78m)
Height difference = 7.05 – 3.75 = 3.30m (7.06-3.78=3.28m)
Absolute flush bracket height above sea level = 607.1m (from trigonometry database on web)

Correction for earth curvature for a distance of 679 m = 0.03m

Correction for earth curvature for a distance of 1012m = 0.07m

Correction difference = 0.04m –too small so ignore.

Height of Summit above sea level = 610.4m or 2002.5feet (agreement)

2)  Measurements from 607m Trig to Summit and Reverse.

2a) Measurement from 607m Trig to Summit

Leica set up next to trig point at 64cm above the height of the flush bracket (measured by rule)

Grid ref of 607m trig point is SD 92595 74836

Grid Ref of summit is SD 91879 76367

Distance between summit and 607m trig point:-

92595 – 91879 = 716m and 76367 – 74836 = 1531m

By Pythag. Distance = 1690m

Distance between top and bottom stadia lines on paper print = 6.95cm (8.05cm)
Distance of survey point to summit = 1690m.

With 100:1 stadia, on print 6.95cm (8.05cm) represents a height of 16.90m.

Therefore calibration on print is 1.0cm represents 2.43m (2.10m) height

Leica horizontal line is BELOW base of summit cairn

Leica horizontal to top of summit cairn is 1.25cm (1.45cm) equivalent to a height difference of 3.04m (3.05m).

Top of summit cairn to base as measured by rule = 0.81m.

Therefore Leica horizontal to summit cairn base = 3.04 – 0.81 = 2.23m 

(3.05-0.81=2.24m)

Leica is set 64 cm above flush bracket.

Height of base of summit cairn above flush bracket = 2.23 + 0.64 = 2.87m (2.24+0.64=2.88m)
Height Correction for earth curvature 1690m = 0.20m 

Height of summit above sea level = 607.1+0.2+2.9 = 610.2m (agreed)

2b) Measurement from Summit to 607m Trig.

Leica set up next to cairn so that its height was 0.58m (measured with rule) above the base of the summit cairn.

Distance between top and bottom stadia lines on paper print = 6.95cm (7.20cm)
Distance of survey point to summit = 1690m

With 100:1 stadia, on print 6.95cm (7.20cm) represents a height of 16.90m

Therefore calibration on print is 1.0cm represents 2.43m (2.35m) height.

Leica horizontal line is ABOVE flush bracket level.

Leica horizontal line to top of trig point is 1.3cm (1.4cm) equivalent to a height difference of 3.16m (3.29m)
Top of trig point to flush bracket =0.84m.

Leica horizontal line to flush bracket = 3.16 + 0.84 = 4.00m (3.29+0.84=4.13m)
Subtract height of Leica on tripod = 4.00 – 0.58 = 3.42m (4.13-0.58=3.55m)
Correction for earth curvature = 0.20m 

(Correction is subtracted as Leica horizontal is above flush bracket)

Height of summit above sea level = 607.1-0.2+3.4 = 610.3m (607.1-0.2+3.6=610.5m)

Calibration check:-

Staff protrudes 1.90m above top of trig.

Top of trig to top of staff as measured on print = 0.75cm (0.85cm) equivalent to 1.82m (2.00m).
Calibration in good agreement. (agreed)
2c) Average of Measurements

Height of summit above sea level as measured in trig to summit direction = 610.2m

Height of summit above sea level as measured in summit to trig direction = 610.4m 

Mean height of summit above sea level = 610.3m or 2002.3feet (agreed)
3) Measurements of Old and New Summits from Moss Top

Grid Refs:

Old Summit large cairn 
SD 89384 76832

Old Summit small cairn
SD 89441 76950

New Summit

SD 91879 76367

Moss top

SD 90609 76383

Distance of Old Top Large cairn to Moss Top = 1304m.

(90609-89384 = 1225m, 76832-76383 = 449m)

Distance of New Summit to Moss Top = 1270m. 

(91879-90609 = 1270m, 76383-76367 = 16m)

Analysis of Photographic Print to New Summit

Distance between top and bottom stadia lines on paper print = 6.95cm (6.95cm)
Distance of survey point to trig point = 1270m.

With 100:1 stadia, on print 6.95cm represents a height of 12.7m

Therefore calibration on print is 1.0cm represents 1.83m height (agreed)
Leica horizontal line to cairn top is 3.85cm (3.80cm) equivalent to height difference of 7.04m (6.95m).

Cairn height =0.81m

Therefore Leica horizontal to cairn base = 7.04 – 0.81 = 6.23m (6.95-0.81=6.14m)
Analysis of Photographic Print to Old Summit Large cairn

Distance between top and bottom stadia lines on paper print = 6.95cm (7.30cm)
Distance of survey point to trig point = 1304m.

With 100:1 stadia, on print 6.95cm (7.30cm) represents a height of 13.04m

Therefore calibration on print is 1.0cm represents 1.88m (1.79m) height

Leica horizontal line to top of cairn is 3.1cm (3.35cm) equivalent to a height difference of 5.83m (5.98m).

Height of cairn = 1.1m (previous survey)

Leica horizontal to cairn base = 5.83-1.1 = 4.73m (5.98-1.1=4.88m)
Height Measurement of New Summit above Old Summit
Leica Horizontal to cairn base on new top = 6.23m (6.14m)
Leica Horizontal to cairn base on old top (larger cairn) = 4.73m (4.88m)
Height difference between tops = 1.5m (1.3m)
At old top, height of base of smaller cairn above base of large cairn = 0.35m (previous survey)

Height difference between true summit and old summit small cairn = 1.15m (0.95m)
John Barnard & G V Jackson, 12 September 2006

APPENDIX 2
The September 2006 Survey of Birks Fell

Summits of Birks Fell (left) and Horse Head Moor 609m spot height (right) taken from Moss Top
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These pictures were taken through the Leica Runner from Moss Top, the top which is midway between the summits of Birks Fell and Horsehead Moor.  The first photograph shows the summit of Birks Fell from this position.  The mound is clearly visible in the picture and the upper stadia line of the instrument passes through the mound.  The instrument was then rotated through 180 degrees and focussed on the large cairn (the position of the 609m spot height) of Horsehead Moor.  The instrument is self-levelling and has a quoted accuracy of a standard deviation of 2mm in a 1km double pass.  The upper stadia line in this picture passes through the pole that sticks out of the cairn.  On our previous visit we measured the height of the cairn to be 1.1m and the height from ground to the top of the pole to be 2.2m.  The pictures clearly show the height difference between the two summits to be about 1.5m and indeed measurement of the original photographs gives a height difference of 1.4m. 

The 607m trig point taken from the summit of Birks Fell


[image: image2]
In this picture is seen the 607m trig point and a staff extended to 3.1m tied to it.  The photograph is taken from the summit of Birks Fell through the Leica Runner, the distance to the trig point being 1.69Km.  The middle line in the photograph is the horizontal, which is about a metre above the top of the staff.  Since the Leica was on a tripod of about 0.5m height, it may been seen that the summit of Birks Fell is approximately 3.5m above the base of the 607m trig point, making Birks Fell about 610.5m in height.  The actual measurements from the photographs showed the height of Birks Fell to be 610.3m.
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