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1) Introduction

Bell Crags (Long Moss) (Section 34B, OS 1:50000 Maps 89/90, Grid Ref. NY298143) and belongs to Michael Dewey’s 500m+ list of hills. On the latest OS 1:25000 map, the summit is given a spot height of 558m. There is no spot height on the extensive col to the south, but the map contours indicate that it is between 520 and 530m. This means that the re-ascent for Bell Crags lies between 28 and 38m.

The purpose of this survey was to accurately measure the re-ascent of the hill in order to establish whether it meets the 30m criterion to belong to Michael Dewey’s hills list.
2) Equipment used and Conditions for Survey 

Ground surveys to determine the positions of the col and summit were carried out using a Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable to 5m. 
Absolute heights were measured using a Leica Geosystems 530 GPS receiver. It is a dual-frequency, 24-channel instrument, which means it can lock on to a maximum of 24 satellites and receive two signals (at different frequencies) from each of these satellites.  The latter feature reduces inaccuracies that result from atmospheric degradation of the satellite signal.  As a stand alone instrument it is capable of giving position and height to an accuracy of about one to two metres respectively.  Note that a hand-held GPS receiver can only receive up to 12 satellites and each at a single frequency and therefore it has a poorer positional accuracy of +/-5m and a height accuracy of no better than 10 metres.  Despite the on-board features of the 530 GPS receiver, there are still sources that create residual errors.  To obtain accurate positions and heights, corrections were made to the GPS data via imported RINEX data from the Ordnance Survey which was post-processed using Leica Geo Office 6 software.
Conditions for the survey, which took place between 11.00hr and 16.00hr, were good. The weather bright and sunny, but despite this, the temperature was at freezing point or below. There was almost no wind at the col but a stiff breeze at the summit made conditions very cold, especially later in the day.
2.1) Character of Hill 

Bell Crags lies about 2km West of the southern end of Thirlmere in the Central Region of the Lake District. It is part of a long South to North “ridge” that starts in the Langdale Pikes and ends at Castlerigg which is just East of Keswick. The hill may be accessed from the East, where there is a large National Trust Car Park on the West bank of Thirlmere. A good track leads up through the woods to Harrop Tarn. Here there are a number of tracks, but the one to Bell Crags continues up through woods for about another 1km before breaking out onto grassy hillside, and from there up to the col south of Bell Crags. (The continuation of this path leads to Blea Tarn). A short diversion north up grass with rocky outcrops then leads to the “double summit” of Bell Crags.  
The col to the south of the summit is quite extensive. Although not marked on the 1:25000 map, there are two possible cols in this area separated by high ground, and to the unaided eye it is not obvious which is the lower. A North to South line of fence posts running over the col is visually confusing since it does not quite follow the line of the col which appears to be more in a North East to South West direction.

2.2) Summary of Survey Method
Having identified two possible areas for the true col, the first task was to try to eliminate one of these areas from the survey. The Leica level was set up on the tripod on higher ground between the two cols and staff measurements were taken from each region. It quickly became clear that the cols were very similar in height and therefore detailed surveys of each col would be needed. For the purposes of the survey we designated these two cols as the North Col and the South Col, the latter one being further from Bell Crags.

Detailed surveys of each of the cols were carried out in a systematic way. Having identified the area of the col to be surveyed, we next set out with a square matrix of white flags each 10m apart. The lines of white flags were set so that they ran along and perpendicular to the line of the col. The level was set up at a convenient place on higher ground and staff readings were taken from each flag. For each line of flags perpendicular to the line of the col, the highest white flag (lowest staff reading) was replaced by a yellow flag. The resulting line of yellow flags then represents the line of the col and the lowest of these the col position. Some interpolation measurements between the line of yellow flags were taken with the staff in order to pinpoint the col position more accurately. 

The absolute heights of the North and South Col were measured with the Leica 530GPS. The instrument was set up with tripod support to hold it firmly over the point to be measured. The AT502 antenna was mounted on a 2.000 metre pole for all measurements. Data at each point were collected for 30 minutes with an epoch time of 5 seconds.
The summit of the hill was found to be either the base of the cairn or the top of a rock about 80m away directly to the North.  On a previous visit Jim Bloomer had used an Abney level and determined the rock to be the higher.  In order to confirm this the level was set up on the tripod at a convenient point near to the cairn to enable the height difference between these two features to be measured.  The rock was found to be 1.28m higher than the base of the cairn.

2.3) South Col
The exact position of the col was established by the method described Section 2.2. From the range of staff measurements taken around the col position we estimate the accuracy of the measurement to be +/-0.08m.

The ten-figure grid references recorded for the South col were:-
Garmin Map60CSx 

NY 29618 13771
Accuracy 4m
Height = 532m

Garmin Venture

NY 29615 13770
Accuracy 2m
Height = 532m
Garmin Etrex 


NY 29616 13769
Accuracy 6m
Height = 528m

Magellan Explorist 100
NY 29615 13770
Accuracy 9m
Height = 531m

The position and height data for the South col recorded by the Leica 530 and post-processed with Leica GeoOffice 6 using imported OS RINEX data from the five nearest base stations were:-
	System
	Easting

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

	SR 530
	329613.140
	0.003
	513770.026
	0.002
	527.139
	0.008


2.4) The North Col
The exact position of the col was established by the method described Section 2.2. From the range of staff measurements taken around the col position we estimate the accuracy of the measurement to be +/-0.08m, the same as for the South col.
The ten-figure grid references recorded for the North col were:-

Garmin Map60CSx 

NY 29694 14049

Accuracy 2m
Height = 534m

Garmin Venture

NY 29689 14049

Accuracy 2m
Height = 531m

Garmin Etrex 


NY 29692 14048

Accuracy 6m
Height = 532m
Magellan Explorist 100
NY 29686 14049

Accuracy 5m
Height = 530m
The position and height data for the North col that were recorded by the Leica 530 and post-processed with Leica GeoOffice 6 using imported OS RINEX data from the five nearest base stations were:-
	System
	Easting

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

	SR 530
	329689.333
	0.004
	514048.911
	0.003
	526.721
	0.012


The height of the South col was measured to be 527.14m compared with 526.72m for the North col. Therefore, as the North col is lower by 0.42m, then the North col is the critical col for Bell Crags.

2.5)   The South Top

The South Top is defined as the high point on the hill crowned with a cairn. 

The ten-figure grid references recorded for the South top were:-

Garmin Map60CSx 

NY 29828 14221

Accuracy 3m
Height = 563m

Garmin Venture

NY 29827 14219

Accuracy 6m
Height = 562m

Garmin Etrex 


NY 29829 14219

Accuracy 5m
Height = 558m
Magellan Explorist 100
NY 29824 14220

Accuracy 7m
Height = 563m
The position and height data for the South top that were recorded by the Leica 530 and post-processed with Leica GeoOffice 6 using imported OS RINEX data from the five nearest base stations were:-
	System
	Easting

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

	SR 530
	329827.313
	0.002
	514218.715
	0.004
	557.841
	0.012


2.6   The Summit
The summit of the hill was identified as the top of the large rock 80m north of the South Top. As stated earlier, this was measured to be 1.28m higher than the South top.

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

Garmin Map60CSx 

NY 29828 14304

Accuracy 3m
Height = 564m

Garmin Venture

NY 29829 14300

Accuracy 6m
Height = 563m

Garmin Etrex 


NY 29829 14300

Accuracy 7m
Height = 560m
Magellan Explorist 100
NY 29824 14303

Accuracy 7m
Height = 561m
Using the height measured by the Leica 530 GPS for the South top as 557.84m and adding the correction of 1.28m, the summit of the hill is measured to be 559.12m.
The drop from summit to col is 559.12 – 526.72 = 32.40m

3) Discussion of Results
The largest errors associated with the measurement of the cols were in the uncertainty in their positions. We estimate this to be +/-0.08m in the respective height measurements.  The error in the GPS results is +/-0.10m giving an overall uncertainty of +/-0.13m for the measurement of their absolute heights.
For the summit measurement we would estimate the same error in the GPS measurements as above but also an error of +/-0.03m for the levelling from the South Top to the Summit. This gives an overall uncertainty in the summit measurement of +/-0.10m

The drop measurement is 32.40+/-0.16m and therefore Bell Crags does achieve the 30m required to give it Dewey status.
4) Summary and Conclusions

The summit of Bell Crags (Long Moss) is at grid reference * NY 29828 14302 and is the top of a large rock.  Its height is 559.1+/-0.1m.
The South top is at grid reference *NY 29827 14220 and is 1.28m lower than the summit.

The re-ascent from the col to the summit is 32.40+/-0.16m and therefore Bell Crags is confirmed as belonging to Michael Dewey’s list of 500m+ hills.
The critical col is at grid reference *NY 29690 14049 and its height is 526.72+/-0.13m. The col at NY 29616 13770 is 0.4m higher. 

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 20 March 2010
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