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1) Introduction

Easington Fell (Section 36, OS 1:50000 Map 103, Grid Ref. SD) is listed as a “Marilyn” in Alan Dawson’s “The Relative Hills of Britain”. However, in the April 2006 update it appears as a “Twin Peak” with Waddington Fell (SD714474).  The OS Maps indicate that Easington Fell is the higher of the two hills, but only with 1m height difference. Several people have reported that they believe Waddington Fell to be the higher hill.
The purpose of this survey was to establish the higher peak and measure its height relative to the trig point on Waddington Fell. The trig point is not the highest point on Waddington Fell.
2) Equipment used and Conditions for Survey 

Positions were recorded using Garmin Etrex, Venture and Map60CSx and Magellan Explorist 100 GPS hand held units. 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 only accurate to the nearest 5m. 

The surveying was carried out using a Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable to 5m.
Digital Photographs were taken through the level on Fuji FinePix F450 and Canon Digital Ixus 750 digital cameras.

The first day, 23 May 2008, was mainly mostly sunny with a mild breeze from the west and temperatures between 12 and 18 degrees Celsius. Visibility was good and the survey was carried out between 10.30 and 14.30hrs. However, during the line survey from Easington to Waddington Fells, the tripod broke preventing further surveying. Fortunately we were close to a dry stone wall and we were able to mark a clear reference point to continue on another day.  
On the second day, 09 June 2008, the weather was similar and although the wind was a little stronger it did not hamper the line survey which continued from the marked reference point. The survey was carried out between 10.30 and 17.30hrs
.
3) Character of Hill 

Waddington and Easington Fells lie either side of the B6478 about 4km north of the village of Waddington. There is a large lay-by at the top of the pass with plenty of car parking that provides easy access to both hills. 
To the east side of Waddington Fell there is a large active quarry but access can easily be gained to the hill by following the fence around the top of the quarry to the trig point. There is a track near the fence but most of the ground near the summit (not the trig point) is covered with quite thick heather and bilberry. 

Easington Fell is further away from the road and there are several tracks leading up the hill. The hillside is covered with grass and is quite boggy in places near the road. There is a wall that leads from the road up to the wood and then a diversion to the North West leads to the summit cairn. It is not possible to view the Trig point on Waddington Fell directly from the summit of Easington Fell.

4) Outline of Survey Method

  The key objectives were:

· Locate the summit position of Waddington Fell and then with the level set up near it, measure the relative height of Easington Fell using the photographic method.
· Confirm the summit cairn position on Easington Fell and then with the level set up near it, measure the relative height of Waddington Fell using the photographic method.
· Line Survey from the summit of Easington Fell to the summit of Waddington Fell and then calculate the absolute heights of each hill using the flush bracket on the trig point of Waddington Fell as the datum.
· A secondary objective of the survey was a comparison of the photographic and line survey methods.

5) The Survey

5.1) The Summit of Waddington Fell
The trig point is clearly not the highest point on Waddington Fell. Using Level and staff we located the highest point, being careful not to include the stones from the broken wall. This summit is 25m away from the trig point and on a bearing of 54 degrees from it.
The 10 figure Grid References for the summit were recorded as:-

Garmin Venture 

SD 71501 47505
Accuracy 5m
Height = 395m

Garmin Map 60CSx

SD 71502 47504
Accuracy 3m
Height = 400m

Garmin Etrex


SD 71501 47505        
Accuracy 5m
Height = 398m

Magellan Explorist 100
SD 71500 47505
Accuracy 3m
Height = 398m

The 10 figure Grid References for the Trig Point were recorded as:-

Garmin Venture 

SD 71480 47490
Accuracy 5m
Height = 400m

Garmin Map 60CSx

SD 71481 47487
Accuracy 3m
Height = 400m

Garmin Etrex


SD 71480 47490      
Accuracy 5m
Height = 398m

Magellan Explorist 100
SD 71482 47490
Accuracy 5m
Height = 398m

On the two days we visited this hill we measured using level and staff the height difference between the flush bracket on the trig point and the position we identified as the summit. The results for the two measurements were 0.303m and 0.278m. 

Assuming the flush bracket height to be 395.3m, the altitude of Waddington Fell is 395.6m.

To aid identification of the summit position of Waddington Fell from Easington Fell (tall grass obscures the ground in the summit area), we used the top of a fence post as a datum and we measured this to be 1.75m higher than the summit of Waddington Fell.
5.2) Relative height Measurement to Easington Fell
The level was set up at a few metres away from the summit of Waddington Fell. This position, calculated from the GPS Grid References, was about 1920m from the summit of Easington Fell. Sets of digital photographs were taken on different digital cameras through the level of the staff held on the summit of Waddington Fell, and the summit 1.9km away of Easington Fell. 
Having made paper printouts of the digital photographs it is possible to use these to make a quantitative measure of the height difference between the two hills. The level has lower and upper horizontal lines in addition to the main horizontal line. These are called stadia lines and are used for range finding. However, it is possible to use them in a converse way. For example, we know Easington Fell is 1920m away from the level and the “distance” between the upper and lower stadia lines are set exactly for a ratio of 100:1 for distance to height. So in this case the difference between the upper and lower stadia line at a distance of 1920m represents a height of 19.2m. Therefore, we have a height calibration on the printouts from the digital photographs which is then used to calculate the height difference between the two hills.
From four different sets of photographs taken on two different digital cameras, we measured Easington Fell to be 0.8m (spread of results +/-0.1m) higher than Waddington Fell. This includes a correction for the curvature of the earth which if not taken into account would underestimate the height of Easington Fell by 0.29m 
There was a larger spread of the results from the different photographs than we would have expected and most of this was caused by wind disturbance to the level.
5.3) The Summit of Easington Fell
The summit position of Easington Fell was confirmed with level and staff to be the base of the cairn.

The 10 figure Grid References for the summit were recorded as:-

Garmin Venture 

SD 73027 48685
Accuracy 5m
Height = 399m

Garmin Map 60CSx

SD 73029 48686
Accuracy 3m
Height = 399m

Garmin Etrex


SD 73028 48686        
Accuracy 5m
Height = 397m

Magellan Explorist 100
SD 73027 48687
Accuracy 6m
Height = 399m
5.4) Relative Height Measurement to Waddington Fell

The level was set up near the summit of Easington Fell with the horizontal at the same height as the base of the cairn. Sets of Digital photographs were then taken of Waddington Fell. Printouts of these photographs were analysed as described in Section 5.2.
From these photographs we measured Easington Fell to be 0.6m (spread of results +/-0.05m) higher than Waddington Fell.
Two photographs showing each summit from the other are shown side by side in Appendix 1.  It may readily be seen from these that Easington Fell is the higher.
5.5) Line-survey from Easington Fell to Waddington Fell (23 May and 9 June 2008)
This survey was carried out using the standard procedure for line surveying. The staff was held vertically by the summit cairn and the level set up in a convenient position lower on the hill. Once a set of readings had been taken (backsights BS), the staff was then moved to a position further down the hill towards the col, but the level was not moved apart from a rotation through “180 degrees” to take another set of readings (Foresight FS). This process of alternately moving the staff and level was repeated until the final reading was taken with the staff positioned at the summit of Waddington Fell.

We used the line of the “footpath” near the wall for the descent of Easington Fell since this provided better placements than the rough ground in a straight line between the two hills. Unfortunately one of the brackets holding a set of legs on the tripod fractured at reading number 14 causing us to abandon any further measurements that day. However, we were able to take a reading to a very solid and identifiable position at the base of the wall. When the line survey was resumed on the 9 June 2008 we continued from this point.
Readings were taken from the horizontal, lower and upper stadia lines of the level to obtain three sets of data to provide a check on any staff misreading and also to improve accuracy with more reading sets.  The full sets of results are shown in the attached tables on Pages 6 and 7
This survey measures Easington Fell to be higher than Waddington Fell by 0.680m.

6) Discussion of Results and Errors

Ideally the line survey should have been repeated in the opposite direction to obtain a closing error for the measurements. However, from our experience with other surveys over this distance, we would estimate the closing error to be 30mm or better. The total distance of 1120m for “Backsight” measurements is quite close to 1270m for the “Foresight” measurements. As these distances are “equal” then errors due to collimation/refraction/earth curvature will be negligible, probably less than 3mm in height in total. 
Our experience indicates that we can achieve an accuracy of within 1mm per reading set as a random error. However if we double the inaccuracy to 2mm a reading set, then over 40 reading sets, the random error introduced into the cumulative height is (2 X Square Root (42)) = 12mm.
The largest error in the line survey probably occurs in the location of the summit of Waddington Fell. On the separate occasions when we measured the height difference between the flush bracket on the trig point and the summit we obtained results of 0.303 and 0.278m respectively. This 25mm difference was caused by a slightly different location of the summit. However, taking all the errors into account, we estimate that the line survey would give accuracy within +/-50mm.
The two photographic measurement sets showed Easington Fell to be the higher by 0.8m and 0.6m respectively and are in excellent agreement with the line survey result of 0.68m. Apart from minor vibrations causing variations in the results, assuming a collimation error of 1mm height for every 30m distance (within the specification of the instrument), the total error over 1930m distance would be 65mm. Since this would be a systematic error it would be eliminated by averaging the two photographic measurements sets and we obtain a height difference of 0.7m. The effect of refraction could also be significant over this distance, but we can only make the assumption that atmospheric conditions were similar and this would mostly cancel out when taking the average of the two reading sets. 
7) Summary and Conclusions

The summit of Easington Fell is at grid reference SD 73028 48686 and is marked with a cairn.
The summit of Waddington Fell is at grid reference SD 71501 47505, is unmarked in thick grass, near the broken wall and is about 25m from the trig point.
Easington Fell is higher than Waddington Fell by 0.70+/0.05m
Assuming the height of the Flush Bracket on Waddington Fell is 395.3m, the absolute height of Waddington Fell is 395.6m and Easington Fell is 396.3m
No amendment to Alan Dawson’s list of Relative Hills needs to be made as Easington Fell remains the Marilyn, but Waddington Fell should be removed as a “twin top”.
John Barnard and Graham Jackson, 18 July 2008.   


[image: image1.emf]Title:- Survey of Easington Fell and Waddington Fell

Instrument:- Leica NA370 Automatic level  Date:- 23/05/2008

        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 Easington Fell to Waddington Fell (Level JB, Staff GJ, and Data JP)

1 0.143 2.965 0.028 2.690 0.260 3.240 0.144 2.965

2 0.286 3.503 0.233 3.175 0.338 3.833 0.286 3.504

3 0.250 2.505 0.176 2.223 0.323 2.787 0.250 2.505

4 0.377 2.715 0.114 2.483 0.643 2.948 0.378 2.715

5 0.532 4.616 0.494 4.448 0.568 4.785 0.531 4.616

6 0.325 4.572 0.284 4.360 0.366 4.781 0.325 4.571

7 0.644 3.813 0.627 3.667 0.662 3.957 0.644 3.812

8 0.292 3.703 0.262 3.541 0.322 3.862 0.292 3.702

9 0.356 2.012 0.319 1.717 0.393 2.305 0.356 2.011

10 2.021 3.320 1.537 3.022 2.502 3.620 2.020 3.321

11 1.177 3.711 1.334 3.561 1.022 3.861 1.178 3.711

12 0.063 3.742 0.025 3.591 0.099 3.894 0.062 3.742

13 0.211 3.630 0.175 3.360 0.246 3.898 0.211 3.629

14 0.253 0.345 0.197 0.304 0.308 0.387 0.253 0.345

SUM = 6.929 45.151 -38.222

NB. Survey Results continued on next Sheet



[image: image2.emf]Title:- Survey of Easington Fell and Waddington Fell (continued)

Instrument:- Leica NA370 Automatic level  Date:- 09/06/2008

        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 Easington Fell to Waddington Fell ( Level GJ and staff JB, swapped about every 12 readings)

Totals from Previous Sheet     =  6.929 45.151

15 0.314 3.686 0.283 3.382 0.347 3.989 0.315 3.686

16 0.228 4.718 0.190 4.542 0.267 4.894 0.228 4.718

17 0.122 4.110 0.079 3.649 0.165 4.569 0.122 4.109

18 1.411 3.600 1.204 3.270 1.615 3.934 1.410 3.601

19 3.111 0.268 2.898 0.067 3.324 0.469 3.111 0.268

20 1.218 0.552 1.103 0.405 1.334 0.699 1.218 0.552

21 0.970 0.350 0.850 0.170 1.091 0.530 0.970 0.350

22 4.388 0.261 4.331 0.124 4.446 0.398 4.388 0.261

23 3.949 0.587 3.841 0.556 4.058 0.619 3.949 0.587

24 4.163 0.844 4.102 0.824 4.225 0.865 4.163 0.844

25 3.344 0.209 3.294 0.163 3.394 0.256 3.344 0.209

26 3.361 0.278 3.295 0.244 3.427 0.313 3.361 0.278

27 2.135 2.753 1.849 2.506 2.423 3.001 2.136 2.753

28 1.853 3.593 1.542 3.259 2.162 3.931 1.852 3.594

29 2.303 1.306 1.699 1.074 2.910 1.538 2.304 1.306

30 2.250 0.879 1.946 0.826 2.555 0.934 2.250 0.880

31 3.660 0.551 3.351 0.479 3.972 0.623 3.661 0.551

32 3.575 0.352 3.419 0.334 3.729 0.371 3.574 0.352

33 4.176 0.156 3.982 0.114 4.362 0.197 4.173 0.156

34 3.312 0.329 3.145 0.302 3.478 0.356 3.312 0.329

35 3.481 0.274 3.270 0.236 3.693 0.312 3.481 0.274

36 3.630 0.227 3.376 0.185 3.884 0.271 3.630 0.228

37 3.960 0.599 3.822 0.557 4.101 0.641 3.961 0.599

38 3.050 0.317 2.892 0.270 3.207 0.364 3.050 0.317

39 4.453 0.614 4.238 0.556 4.667 0.672 4.453 0.614

40 1.076 0.535 1.021 0.515 1.133 0.555 1.077 0.535

SUM = 76.424 77.104 -0.680


Appendix: 1

Comparison photographs of Waddington Fell and Easington Fell taken fro the opposite summits

[image: image3]






�








These pictures of the two summits side by side show qualitatively that Easington Fell is the higher.  On Waddington Fell (left) there is a fence to the right of the picture and a wall to the left.  The summit is at the junction in the middle of the picture.  It may be seen that the ground here is lower than that on the summit of Easington Fell (right) where the cairn is clearly visible in the picture.
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