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1) Introduction

Thorpe Fell Top (Section 35B, OS 1:50000 Map 104, Grid Ref. SE008596) is listed as a “Marilyn”. However, in Alan Dawson’s 2006 update to “The Relative Hills of Britain” it is considered as a “Twin Peak” with Cracoe Fell (Map 103, Grid Ref. SD993588). Visually it is not possible to tell which is the higher peak, although the shape of Cracoe Fell with its large obelisk tends to draw the eye to favouring it as the higher. The latest OS maps are not much help as each hill has a 500m ring contour as the highest contour. Thorpe Fell Top has a Trig Point at the “summit” with a Flush Bracket height of 506.2m (OS4). Therefore, all we know is that the height of Cracoe Fell is between 500m and 510m if the maps are correct.
The purpose of this survey was to establish the higher peak, and if it were Cracoe Fell, then to measure its height relative to the Thorpe Fell Top trig. point.

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, 13 May 2008, was mainly mostly sunny with quite a strong easterly wind. The temperature was between 12 and 18 degrees Celsius but the wind made it feel a lot colder than that. Visibility was a bit hazy and there was some heat shimmer, particularly in the earlier part of the day. The survey was carried out between 10.30 and 17.30hrs. 
The second day, 25 May 2008, the weather was similar except the wind was much stronger and hampered the line survey from Thorpe Fell Top to Cracoe Fell. However, by finding sheltered positions where possible and restricting the height of the extended staff to only 2 or 3 metres, the survey was carried out successfully but required many more placements. This one line survey took from 11.15 to 19.00hrs.
3) Character of Hill 

Thorpe Fell Top and Cracoe Fell are a “double summit” hill about 9km north of Skipton in the Yorkshire Dales. The obelisk and the crags on the north west side of the hill are very prominent from the minor road that leads through the small village of Cracoe. Ascent of the hill can easily be made via the track that leads from Thorpe Village up to a building at 450m and then south west to the summit of Thorpe Fell Top.
Cracoe Fell and Thorpe Fell Top are about 1.75km apart. The terrain between the two hills is quite rough and heathery. The maps imply that the area near the col is quite boggy but we did not find this to be the case. However, generally the ground was very spongy even on areas along the paths and where the heather had been burnt. The col is very broad, generally flat, and it would take a lot of surveying work to identify its “exact” position. A footpath runs from Cracoe Fell alongside a wall on the north west side of the line joining the two hills. Although this drops away from the col, we used this in the line survey because it provided better placements for staff and level and also some protection against the wind.
4) Outline of Survey Method

  The key objectives were:

· Locate the summit position of Thorpe Fell Top and then with the level set up near it, measure the relative height of Cracoe Fell
· Locate the summit of Cracoe Fell and then with the level set up near it, measure the relative height of Thorpe Fell Top.
· Line Survey from Cracoe Fell to Thorpe Fell Top to measure the height of Cracoe Fell relative to Thorpe Fell Top and the Flush Bracket height on the Trig. Point.  

· Line Survey from Thorpe Fell Top summit to Cracoe Fell summit to measure the height difference and also to establish a closing error.

5) The Survey

5.1) The summit of Thorpe Fell Top
Using Level and staff we checked the ground around the trig point which visually seemed to be the highest point. A point on a rock 4.0m away and in a north westerly direction from the trig point was 10mm higher. We also checked out what appeared to be some higher ground to the south west but we found it in fact to be about 1m lower than the base of the trig point.
The 10 figure Grid References for the trig point were recorded as:-

Garmin Venture 

SE 00850 59689
Accuracy 5m
Height = 504m

Garmin Map 60CSx

SE 00849 59691
Accuracy 3m
Height = 506m

Garmin Etrex


SE 00849 59691         
Accuracy 5m
Height = 505m

Magellan Explorist 100
SE 00854 59687
Accuracy 5m
Height = 513m
5.2) Relative height Measurement to Cracoe Fell
The level was set up at SE 00718 59623, a point 150m from the trig point and on a bearing of 244 degrees from it. This position, calculated from the GPS Grid References, is also 1610m from the summit of Cracoe Fell. The height of the level was adjusted to be the same as the base of the trig point of Thorpe Fell Top. The “summit” of Cracoe Fell was then viewed from this position and observed to be higher. (In fact the summit of Cracoe Fell cannot be observed from Thorpe Fell Top as it lies on the North West corner of the rock slab on which sits the obelisk). Sets of digital photographs were taken through the level of both Thorpe Fell Top and Cracoe Fell and a set is shown in Appendix 1 (Page10).
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 Cracoe Fell is 1610m 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 1610m represents a height of 16.1m. 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 photographs taken on two different digital cameras, we measured Cracoe Fell to be 2.0+/-0.2m higher than Thorpe Fell Top. This includes a correction for the difference in height that we measured subsequently in this survey from the front of the obelisk slab to its highest point and also 0.20m for the curvature of the earth. 
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 Cracoe Fell
The summit position of Cracoe Fell was visually obvious as the North West corner of the rock on which the obelisk sits. However, its position was confirmed using the level and staff.

The 10 figure Grid References for this  point were recorded as:-

Garmin Venture 

SD 99311 58837
Accuracy 5m
Height = 507m

Garmin Map 60CSx

SD 99311 58837
Accuracy 3m
Height = 513m

Garmin Etrex


SD 99312 58837        
Accuracy 5m
Height = 507m

Magellan Explorist 100
SD 99310 58837
Accuracy 5m
Height = 510m
5.4) Relative Height Measurement to Thorpe Fell Top

The summit of Thorpe Fell Top cannot be seen directly from the summit of Cracoe Fell as the obelisk obscures a direct sighting. However, we managed to “perch” the level on the tripod on the North East corner of the rock on which the obelisk sits so that we could see the summit positions of both hills. It was not possible to lower the level enough to get it exactly level with the summit of Cracoe Fell so we measured its height above this with the staff. Sets of Digital photographs were then taken of each summit and examples are shown in Appendix 2 (page 10). Printouts of these photographs were analysed as described in Section 5.2.
From these photographs we measured Cracoe Fell to be 1.8m+/-0.2m higher than Thorpe Fell Top.

5.5) Line-survey from Cracoe Fell to Thorpe Fell Top (13 May 2008)
This survey was carried out using the standard procedure for line surveying. The staff was held vertically on the summit rock 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 Thorpe Fell Top.

Wherever possible we used the line of footpaths for the survey to optimise the stability of our level and staff placements even though they did not represent a direct line between the two hills.
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 set of results is shown in the attached table on Page 7.
This survey measures Cracoe Fell to be higher than Thorpe Fell Top by 1.833m.

5.6) Line-survey from Thorpe Fell Top to Cracoe Fell (25 May 2008)

This survey was carried out using the same procedure as described in Section 5.5. However, the wind was strong, particularly at the summits and the col. Since we were forced to restrict the height of the staff to a maximum of 3m and survey on the sheltered side of the wall that runs up to Cracoe Fell, this increased the number of reading sets from 27 in the previous survey to 42! We also surveyed down via a rock (marked as a datum for subsequent surveys if needed) near Shooting Butt No 5 which we assessed visually as being quite close to the true col. The results are shown in the two tables on Pages 8 and 9.
This survey measures Cracoe Fell to be higher than Thorpe Fell Top by 1.855m
6) Discussion of Results and Errors

Having carried out line surveys in both directions, we obtained a closing error of 22mm (1855-1833), which shows an excellent consistency in the results considering the total distance covered was 2 miles. Therefore, we are completely confident in the correctness of these results and they are consistent with the measurements made for the height difference from the photographs.
In order to “eliminate” errors introduced through earth curvature, refraction and collimator alignment in a line survey, it is important to balance the cumulative distances of Foresight and Backsight measurements. These distances can be calculated for each reading set by multiplying the difference between the upper and lower stadia line readings by 100 and then summing the measurements to get the overall distances surveyed.  For both surveys, the total distances for foresight and backsight readings were about 1055m and 955m respectively. So for each line survey there is an imbalance of 100m which would give an error of a maximum of about 4mm in the height measurement (3mm for potential collimator error and 1mm for earth curvature)
Our experience indicates that we can achieve an accuracy of within 1mm per reading set as a random error. Bearing in mind the windy conditions for the second line survey, we should halve this accuracy estimate to within 2mm a reading set. Therefore, over 42 reading sets, the random error introduced into the cumulative height is (2 X Square Root (42)) = 13mm, still within the closing error.
7) The Status of Thorpe Fell Top
If the results of this survey are accepted, Thorpe fell Top is demoted from “Marilyn” and “Dewey” status and Cracoe fell promoted to it. However, if the reascent from the summit of Thorpe Fell Top is greater than 30m, then its status as a “Dewey” should be retained. In order to verify this, the exact position of the col between Thorpe Fell Top and Cracoe Fell needs to be located and a line survey carried out from this point to the summit of Thorpe Fell Top and back.  Time did not allow us to carry out this work.

However, we can draw some inferences from our measurements that indicate Thorpe Fell Top will not have “Dewey” status. In the first line survey the lowest point reached was at reading set 13 which was 29.8m below the summit of Thorpe Fell Top.
This position was next to the wall and off the “line” joining the two hills and hence appeared to be below the col. The better inference is given by the second set of readings. Shooting Box No 5 appears visually to be somewhere near the col position but was only 27m below the summit of Thorpe Fell Top. It is difficult to envisage that the exact position of the col is more than 3m below this point to give the required 30m of reascent for Michael Dewey’s hills’ list. 
8) Summary and Conclusions

The summit of Cracoe Fell is at grid reference SD 99311 58837 and is the North West corner of the rock on which the obelisk sits.
The summit of Thorpe Fell Top is the rock 4m from the Trig Point in a North Westerly Direction from it. The grid reference for the Trig Point is at SE 00851 59690. The actual summit measured to be 10mm higher than the rock on which the Trig Point sits.
Cracoe Fell is higher than Thorpe Fell Top by 1.84+/0.03m
Assuming the height of the Flush Bracket on Thorpe fell Top is 506.2m, the absolute height of Cracoe Fell is 507.8m

Cracoe Fell should be promoted to Alan Dawson’s list of “Marilyns” and Michael Dewey’s list of hills.

Thorpe Fell Top should be demoted from the “Marilyn” list.

Although the proper survey work needs to be carried out, the evidence strongly suggests that Thorpe Fell Top should be demoted from Michael Dewey’s list of hills.
John Barnard and Graham Jackson, 28 May 2008.   


[image: image1.emf]Instrument:- Leica NA370 Automatic level  Date:- 13/05/2008

        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 Cracoe Fell to Thorpe Fell Top  (Level JB, Staff  GJ for first 15 points then jobs swapped)

1 0.095 1.168 0.095 1.168

2 0.352 3.925 0.325 3.610 0.376 4.245 0.351 3.927

3 0.635 2.632 0.605 2.524 0.665 2.738 0.635 2.631

4 1.002 3.596 0.950 3.520 1.055 3.675 1.002 3.597

5 0.345 3.674 0.312 3.467 0.378 3.877 0.345 3.673

6 0.358 3.396 0.302 3.086 0.414 3.708 0.358 3.397

7 0.195 2.825 0.081 2.495 0.310 3.157 0.195 2.826

8 0.234 1.737 0.121 1.364 0.347 2.115 0.234 1.739

9 0.292 2.167 0.178 1.940 0.404 2.395 0.291 2.167

10 1.105 3.520 1.012 3.245 1.202 3.796 1.106 3.520

11 0.281 3.604 0.200 3.247 0.362 3.963 0.281 3.605

12 0.412 3.328 0.305 3.037 0.518 3.618 0.412 3.328

13 1.375 2.724 1.198 2.172 1.552 3.276 1.375 2.724

14 2.207 0.938 1.934 0.664 2.483 1.212 2.208 0.938

15 2.015 0.722 1.577 0.458 2.453 0.988 2.015 0.723

16 1.608 0.919 1.402 0.620 1.813 1.219 1.608 0.919

17 4.390 0.552 3.908 0.528 4.874 0.575 4.391 0.552

18 2.978 0.742 2.610 0.686 3.348 0.800 2.979 0.743

19 2.678 0.478 2.431 0.358 2.927 0.600 2.679 0.479

20 3.552 0.363 3.306 0.319 3.798 0.408 3.552 0.363

21 3.093 0.179 2.889 0.148 3.298 0.214 3.093 0.180

22 3.698 0.476 3.499 0.461 3.897 0.491 3.698 0.476

23 3.961 0.491 3.744 0.442 4.178 0.541 3.961 0.491

24 3.484 0.805 3.218 0.679 3.752 0.931 3.485 0.805

25 2.311 0.967 2.015 0.618 2.605 1.316 2.310 0.967

26 1.254 0.502 0.958 0.408 1.553 0.595 1.255 0.502

27 1.206 0.515 1.161 0.470 1.253 0.562 1.207 0.516

SUM = 45.121 46.954 -1.833

Flush Bracket on Trig 0.258



[image: image2.emf]Title:- Survey of Cracoe Fell and Thorpe Fell Top (Down to Shooting Butt 5)

Instrument:- Leica NA370 Automatic level  Date:- 25/05/2008

        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 Thorpe Fell Top to Cracoe Fell  (Level GJ, Staff  JB, jobs swapped every 16 reading sets, Data recording JJ)

1 0.427 1.553 0.376 1.238 0.478 1.862 0.427 1.551

2 0.578 1.205 0.554 0.978 0.603 1.432 0.578 1.205

3 1.432 2.100 1.253 1.948 1.611 2.254 1.432 2.101

4 0.839 1.299 0.774 1.101 0.906 1.496 0.840 1.299

5 0.356 2.138 0.324 1.946 0.389 2.334 0.356 2.139

6 0.487 2.468 0.451 2.350 0.523 2.587 0.487 2.468

7 0.498 2.788 0.446 2.679 0.550 2.897 0.498 2.788

8 0.101 2.493 0.073 2.379 0.131 2.605 0.102 2.492

9 0.373 2.634 0.318 2.495 0.428 2.773 0.373 2.634

10 0.302 2.791 0.247 2.652 0.357 2.928 0.302 2.790

11 0.556 2.693 0.502 2.521 0.611 2.863 0.556 2.692

12 0.486 2.508 0.380 2.266 0.593 2.750 0.486 2.508

13 0.416 2.167 0.329 1.947 0.501 2.390 0.415 2.168

14 0.631 2.732 0.510 2.662 0.751 2.802 0.631 2.732

15 0.273 2.394 0.211 2.167 0.337 2.623 0.274 2.395

16 1.078 1.774 0.921 1.483 1.237 2.065 1.079 1.774

17 0.825 0.926 0.697 0.889 0.953 0.963 0.825 0.926

SUM = 9.661 36.663 -27.002

NB. SURVEY CONTINUED ON NEXT SHEET



[image: image3.emf]Title:- Survey of Cracoe Fell and Thorpe Fell Top (Up from Shooting Butt 5)

Instrument:- Leica NA370 Automatic level  Date:- 25/05/2008

        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 Thorpe Fell Top to Cracoe Fell  Continued.

9.661 36.663

18 0.694 2.625 0.557 2.470 0.832 2.785 0.694 2.627

19 0.872 1.596 0.743 1.380 1.000 1.817 0.872 1.598

20 0.232 2.615 0.146 2.505 0.316 2.725 0.231 2.615

21 0.188 1.565 0.052 1.295 0.322 1.835 0.187 1.565

22 1.014 0.845 0.791 0.605 1.235 1.085 1.013 0.845

23 1.775 2.436 1.728 2.304 1.821 2.573 1.775 2.438

24 1.238 0.395 1.142 0.286 1.336 0.504 1.239 0.395

25 2.597 0.306 2.488 0.255 2.705 0.360 2.597 0.307

26 2.334 0.361 2.166 0.261 2.501 0.461 2.334 0.361

27 2.618 0.383 2.478 0.291 2.759 0.476 2.618 0.383

28 2.545 0.326 2.315 0.218 2.775 0.436 2.545 0.327

29 2.517 1.073 2.330 1.259 2.710 0.885 2.519 1.072

30 2.758 0.226 2.592 0.160 2.926 0.292 2.759 0.226

31 2.533 0.416 2.385 0.267 2.681 0.566 2.533 0.416

32 2.032 0.767 1.793 0.610 2.269 0.925 2.031 0.767

33 2.273 0.348 2.016 0.226 2.532 0.468 2.274 0.347

34 2.674 0.376 2.402 0.277 2.945 0.476 2.674 0.376

35 2.389 0.245 2.242 0.179 2.536 0.312 2.389 0.245

36 2.830 0.416 2.690 0.372 2.969 0.460 2.830 0.416

37 2.557 0.168 2.484 0.131 2.632 0.206 2.558 0.168

38 2.179 0.489 2.094 0.441 2.265 0.538 2.179 0.489

39 2.065 0.718 1.918 0.610 2.213 0.828 2.065 0.719

40 1.375 0.188 1.340 0.147 1.405 0.231 1.373 0.189

41 2.054 0.415 2.023 0.395 2.085 0.436 2.054 0.415

42 2.637 0.816 2.620 0.813 2.655 0.819 2.637 0.816

SUM = 58.641 56.786 1.855
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[image: image4]
Two photographs taken through the Leica level situated 150m from the Thorpe Fell Top trig point.  The horizontal line runs through the base of the trig point (left) but well below the base of the monument on Cracoe Fell (right).
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Two photographs taken through the Leica level situated at the corner of the monument.  The photograph (right) shows the staff which has been placed on the summit position with the horizontal running through the staff at 9.5cm.  The photograph (left) shows the horizontal well above the trig point on Thorpe Fell Top.
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		34		2.674		0.376		2.402		0.277		2.945		0.476		2.674		0.376

		35		2.389		0.245		2.242		0.179		2.536		0.312		2.389		0.245

		36		2.830		0.416		2.690		0.372		2.969		0.460		2.830		0.416

		37		2.557		0.168		2.484		0.131		2.632		0.206		2.558		0.168

		38		2.179		0.489		2.094		0.441		2.265		0.538		2.179		0.489

		39		2.065		0.718		1.918		0.610		2.213		0.828		2.065		0.719

		40		1.375		0.188		1.340		0.147		1.405		0.231		1.373		0.189
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		11		0.281		3.604		0.200		3.247		0.362		3.963		0.281		3.605

		12		0.412		3.328		0.305		3.037		0.518		3.618		0.412		3.328

		13		1.375		2.724		1.198		2.172		1.552		3.276		1.375		2.724

		14		2.207		0.938		1.934		0.664		2.483		1.212		2.208		0.938

		15		2.015		0.722		1.577		0.458		2.453		0.988		2.015		0.723

		16		1.608		0.919		1.402		0.620		1.813		1.219		1.608		0.919

		17		4.390		0.552		3.908		0.528		4.874		0.575		4.391		0.552

		18		2.978		0.742		2.610		0.686		3.348		0.800		2.979		0.743

		19		2.678		0.478		2.431		0.358		2.927		0.600		2.679		0.479

		20		3.552		0.363		3.306		0.319		3.798		0.408		3.552		0.363

		21		3.093		0.179		2.889		0.148		3.298		0.214		3.093		0.180

		22		3.698		0.476		3.499		0.461		3.897		0.491		3.698		0.476

		23		3.961		0.491		3.744		0.442		4.178		0.541		3.961		0.491

		24		3.484		0.805		3.218		0.679		3.752		0.931		3.485		0.805

		25		2.311		0.967		2.015		0.618		2.605		1.316		2.310		0.967

		26		1.254		0.502		0.958		0.408		1.553		0.595		1.255		0.502

		27		1.206		0.515		1.161		0.470		1.253		0.562		1.207		0.516

														SUM =		45.121		46.954		-1.833

		Flush Bracket on Trig				0.258
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Sheet1

				Title:-		Survey of Cracoe Fell and Thorpe Fell Top (Down to Shooting Butt 5)

				Instrument:-		Leica NA370 Automatic level								Date:-		5/25/08

				Horizontal Line				Lower Stadia Line				Upper Stadia Line

		Point Number		Backsight BS		Foresight FS		Backsight BS		Foresight FS		Backsight BS		Foresight FS		Mean BS		Mean FS		Height Difference

				metres		metres		metres		metres		metres		metres		metres		metres		metres

		Survey from Thorpe Fell Top to Cracoe Fell  (Level GJ, Staff  JB, jobs swapped every 16 reading sets, Data recording JJ)

		1		0.427		1.553		0.376		1.238		0.478		1.862		0.427		1.551

		2		0.578		1.205		0.554		0.978		0.603		1.432		0.578		1.205

		3		1.432		2.100		1.253		1.948		1.611		2.254		1.432		2.101

		4		0.839		1.299		0.774		1.101		0.906		1.496		0.840		1.299

		5		0.356		2.138		0.324		1.946		0.389		2.334		0.356		2.139

		6		0.487		2.468		0.451		2.350		0.523		2.587		0.487		2.468

		7		0.498		2.788		0.446		2.679		0.550		2.897		0.498		2.788

		8		0.101		2.493		0.073		2.379		0.131		2.605		0.102		2.492

		9		0.373		2.634		0.318		2.495		0.428		2.773		0.373		2.634

		10		0.302		2.791		0.247		2.652		0.357		2.928		0.302		2.790

		11		0.556		2.693		0.502		2.521		0.611		2.863		0.556		2.692

		12		0.486		2.508		0.380		2.266		0.593		2.750		0.486		2.508

		13		0.416		2.167		0.329		1.947		0.501		2.390		0.415		2.168

		14		0.631		2.732		0.510		2.662		0.751		2.802		0.631		2.732

		15		0.273		2.394		0.211		2.167		0.337		2.623		0.274		2.395

		16		1.078		1.774		0.921		1.483		1.237		2.065		1.079		1.774

		17		0.825		0.926		0.697		0.889		0.953		0.963		0.825		0.926

														SUM =		9.661		36.663		-27.002

								NB. SURVEY CONTINUED ON NEXT SHEET
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