Survey of Kirkby Fell

10 April 2011

The Team: - John Barnard, Graham Jackson, Brent Lynam, Myrddyn Phillips and Mark Trengrove.

1) Introduction

Kirkby Fell (SD873635, Spot Height 546m.) is an unclassified hill in the Yorkshire Dales 6km East of Settle and 2.5km West of the village of Malham. It forms a close triangle of hills with two other “Deweys”; Rye Loaf Hill and Grizedales.  David Purchase and John Kirk have both observed that there could be at least 30m of re-ascent from the critical col to the north of the hill. The latest 1:25000 OS Map shows contour lines indicating the col to lie between 510m and 520m and the drop from the summit will lie between 26m and 36m. Therefore, there is a good chance that Kirkby Fell should be included in Michael Dewey’s list of 500m hills.

The purpose of this survey was to measure accurately the drop from summit to col to determine if it exceeds 30m.

2) Equipment used and Conditions for Survey
Ground surveys to find the positions of the summit and col, and line surveys were carried out using a Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable to 5m. In addition, the absolute heights of the summit and col were measured with our Leica 530GPS to provide an alternative measurement for the drop.

Conditions for the survey, which took place between 11.30hr and 17.00hr, were excellent. The weather was dry and warm, 15-20 degrees Celsius, with almost no wind. Visibility was good all day, although at times some heat shimmer was apparent when taking measurements with the optical level.

3) The Survey

3.1) Character of Hill

The latest 1:25000 OS Map, see below, shows the summit area of Kirkby Fell with a single spot height of 546m. About 1km West South West lies the slightly higher Dewey, Rye Loaf Hill (547m). The col between the two hills, at a disused quarry, is between 500m and 510m and therefore is not critical to the classification of either hill. The critical col for Kirkby Fell lies about 0.35km to the North West of the hill’s summit and is between 510m and 520m in height.

The area exhibits the typical limestone terrain of the Yorkshire Dales. It is littered with shake holes (sink holes) and pot holes formed by long term water erosion of the carboniferous limestone that forms the basic rock structure of this area of England. The map also shows the presence of dry stone walls that characteristically divide up the agricultural grazing land.

To the North of Kirkby Fell lies another Dewey, Grizedales at 553m height. Together with Rye Loaf Hill and Kirkby Fell, these three hills form the corners of a small triangle with easy access via a right of way from the minor road that runs in a North South direction West of Malham Cove.
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3.2) Survey of Col

The approximate “hill to hill” line of the col was first identified visually and confirmed by level and staff measurements.  It was then marked out with a series of flags set about 5m apart. Staff readings were then taken from each of these flag positions and the lowest position identified. The actual col position appeared to lie close to the “T” junction of the two walls, one of which runs in a WSW to ENE direction while the other runs NNW from the col position (see map above). Further staff measurements showed that ground to the East of this line was lower. A second line of flags was then placed about 5m from, and parallel to, the first line, but on the West side of it. Staff measurements of these flag positions also showed the ground to be lower and hence the first line of flags had identified the “hill to hill” line of the col. 

The exact col position was identified as lying North of the WSW to ENE wall and West of the one running NNW, and a few metres distance from both of them. The ten-figure grid references measured for the col were:-

Garmin Map 60CSx
SD 87194 63809
Accuracy 3m
Height 523m

Garmin Venture
SD 87191 63812
Accuracy 2m
Height 521m

Garmin Etrex 

SD 87192 63810
Accuracy 5m
Height 516m

Explorist 100

SD 87190 63811
Accuracy 7m
Height 519m
The position and height data for the col that were recorded by the Leica 530 GPS and post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest eight OS Active Base stations and the Hopfield Tropospheric model were:-

	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	387191.009
	0.001
	463810.154
	0.002
	515.271
	0.010


Another possible position for the col was South of the WSW to ENE wall where there was a flat area of several square metres in size. However, staff measurements showed this area to be 0.05-0.10m higher.  The ten figure grid references encompassing this area were:

Garmin Etrex 

SD 87187 63777
Accuracy 5m

Garmin Etrex 

SD 87182 63774
Accuracy 5m

Garmin Etrex 

SD 87184 63767
Accuracy 5m

Garmin Etrex 

SD 87189 63770
Accuracy 5m

3.3) Survey of Summit

The summit was identified using trekking poles and an Abney level to be the top of a fixed rock. This position was confirmed with level and staff measurements as part of the last readings from the col to summit line survey.  The summit position was several metres to the East of a cairn. 

The ten-figure grid references measured for the summit were:-

Garmin Map 60CSx
SD 87380 63530
Accuracy 4m
Height 554m

Garmin Venture
SD 87381 63531
Accuracy 2m
Height 551m

Garmin Etrex 

SD 87381 63532
Accuracy 5m
Height 546m

Explorist 100

SD 87380 63534
Accuracy 9m
Height 547m

The Leica 530 GPS was set up a short distance from the summit and the position and height data recorded.  These were post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest eight OS Active Base stations and the Hopfield Tropospheric model.  The results were:-

	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	387380.167
	0.002
	463526.277
	0.002
	546.377
	0.011


Level and staff measurements showed the that the GPS had been set up 0.044m lower than the summit position and therefore applying this correction to the GPS height measurement yields the height for Kirkby Fell as 546.377+0.044 = 546.42m 

3.4) Line Surveys to Measure Drop between Summit and Col
The line survey between the col and summit was carried out using the standard procedure for line surveying. The staff was held vertically at the col position and the level set up in a convenient position in the direction of the summit. Once a set of readings had been taken (backsights BS) the staff was then moved beyond the level position and in the direction of the summit, 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 on the summit position. The whole process was then repeated in the reverse direction.

Ideally to eliminate any level systematic errors, the distances between backsight and foresight positions should be the same, but on a hill with some steep gradients this can be difficult to execute. However, measurements on the steeper gradients were carried out in a zigzag pattern which helped to balance the foresight and backsight distances.

In order to improve accuracy and eliminate errors from staff readings, “Triple Wire Levelling” was used. For this, readings were taken from the horizontal, lower and upper stadia lines of the level to obtain three sets of data. Once a set had been obtained, the average of the three readings was calculated and had to agree with the horizontal measurement to 1mm or better. If this level of agreement was not obtained, then the set of readings was re-taken.

The detailed measurements and results are contained within the table at the end of this report.

The two line surveys are in satisfactory agreement with a closing error of 0.034m.  

4) Discussion of Results

The two line surveys show the drop from summit to col to be 31.12m with a closing error of 0.034m. This compares with the difference in GPS height measurements for the summit and col calculated to be 31.15m.  Therefore, these measurements are in agreement to within 0.03m and clearly show that the 30m criterion of drop has been exceeded. 

The closing error of 34mm between the two line surveys is satisfactory but larger than we normally achieve. If we assume we can measure a single set of readings, backsight and foresight, to an accuracy of 4mm, then the error for 19 sets of readings, as carried out in this survey, would be expected to be 4x SQRT(19) = 17mm.  Therefore the closing error is about twice the expected value. Although we cannot be sure, we suspect a small error of about 20-30mm was made on the final staff placement of the summit to col survey. 

The 1:25000 Ordnance Survey Map marks Kirkby Fell summit with a spot height of 546m. One does not know if this is exactly at the highest point of the hill, but the published figure is in good agreement with our GPS measured value of 546.4m.

For 1 hour of GPS data collection, the measurement uncertainty in height measurement is +/-0.1m. Since the summit position was identified as the top of a rock, there would be only about 2mm of uncertainty in this measurement and therefore we would estimate that the height of Kirkby Fell had been measured to an accuracy of +/-0.1m. The error for the col height would be greater since we have to combine the uncertainty in the GPS measurement with the estimated uncertainty of +/-0.08m from the range of staff measurements taken around this area. Therefore, we would estimate the height measurement of the col to have an uncertainty of +/-0.15m. 

5) Summary
The summit of Kirkby Fell is at GPS grid reference SD 87381 63532 and is the top of a rock. Its height is 546.4+/-0.1m.

The col of Kirkby Fell is at grid reference SD 87192 63811 and is at a height of 515.30+/-0.15m. 

The drop for Kirkby Fell is 31.1m. As this exceeds 30m, Kirkby Fell qualifies for Michael Dewey’s list of 500m hills.

J Barnard and G V Jackson, 12 April 2011.
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Instrument:- Leica NA370 Automatic level  Date:- 10/04/2011

        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 Col to Summit (Level JB, Staff  MT and Data Collection BL

1 1.245 0.515 0.953 0.354 1.537 0.676 1.245 0.515

2 4.568 1.643 4.474 1.505 4.663 1.782 4.568 1.643

3 4.411 1.741 4.316 1.639 4.502 1.843 4.410 1.741

4 4.594 1.400 4.478 1.316 4.709 1.484 4.594 1.400

5 4.034 1.060 3.930 0.985 4.135 1.136 4.033 1.060

6 3.946 1.351 3.831 1.255 4.063 1.446 3.947 1.351

7 4.328 0.794 4.165 0.679 4.491 0.906 4.328 0.793

8 3.883 1.030 3.714 0.895 4.053 1.162 3.883 1.029

9 3.693 0.484 3.470 0.384 3.916 0.585 3.693 0.484

10 3.705 0.452 3.445 0.279 3.965 0.623 3.705 0.451

11 3.541 0.341 3.354 0.285 3.729 0.397 3.541 0.341

SUM = 41.947 10.809 31.138

Survey from Summit to Col (Level GJ, Staff  BL and Data Collection MT

1 0.342 3.917 0.285 3.619 0.398 4.217 0.342 3.918

2 0.408 3.427 0.312 3.163 0.504 3.690 0.408 3.427

3 0.398 4.233 0.371 4.089 0.426 4.378 0.398 4.233

4 0.187 4.625 0.152 4.511 0.223 4.742 0.187 4.626

5 0.285 4.811 0.248 4.711 0.322 4.912 0.285 4.811

6 0.528 4.553 0.482 4.466 0.574 4.639 0.528 4.553

7 0.638 4.854 0.602 4.748 0.675 4.962 0.638 4.855

8 0.484 3.952 0.425 3.418 0.543 4.488 0.484 3.953

SUM = 3.271 34.375 -31.104
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				Title:-		Survey of Kirkby Fell

				Instrument:-		Leica NA370 Automatic level								Date:-		4/10/11

				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 Col to Summit (Level JB, Staff  MT and Data Collection BL

		1		1.245		0.515		0.953		0.354		1.537		0.676		1.245		0.515

		2		4.568		1.643		4.474		1.505		4.663		1.782		4.568		1.643

		3		4.411		1.741		4.316		1.639		4.502		1.843		4.410		1.741

		4		4.594		1.400		4.478		1.316		4.709		1.484		4.594		1.400

		5		4.034		1.060		3.930		0.985		4.135		1.136		4.033		1.060

		6		3.946		1.351		3.831		1.255		4.063		1.446		3.947		1.351

		7		4.328		0.794		4.165		0.679		4.491		0.906		4.328		0.793

		8		3.883		1.030		3.714		0.895		4.053		1.162		3.883		1.029

		9		3.693		0.484		3.470		0.384		3.916		0.585		3.693		0.484

		10		3.705		0.452		3.445		0.279		3.965		0.623		3.705		0.451

		11		3.541		0.341		3.354		0.285		3.729		0.397		3.541		0.341

														SUM =		41.947		10.809		31.138

		Survey from Summit to Col (Level GJ, Staff  BL and Data Collection MT

		1		0.342		3.917		0.285		3.619		0.398		4.217		0.342		3.918

		2		0.408		3.427		0.312		3.163		0.504		3.690		0.408		3.427

		3		0.398		4.233		0.371		4.089		0.426		4.378		0.398		4.233

		4		0.187		4.625		0.152		4.511		0.223		4.742		0.187		4.626

		5		0.285		4.811		0.248		4.711		0.322		4.912		0.285		4.811

		6		0.528		4.553		0.482		4.466		0.574		4.639		0.528		4.553

		7		0.638		4.854		0.602		4.748		0.675		4.962		0.638		4.855

		8		0.484		3.952		0.425		3.418		0.543		4.488		0.484		3.953

														SUM =		3.271		34.375		-31.104
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