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1) Introduction

Chinley Churn (Section 36, 1:50000 Map 110, Grid Reference SK035836), qualifies as a HuMP, a hill with 100m drop from all sides. David and Ed Gradwell visited this hill in December 2010 and from visual observations and hand-held GPS measurements, suspected that the highest point within the larger 450m contour to the North was in fact the summit of the hill. They estimated the height of this point to be 455m, some 3m higher than the height of the currently accepted summit at SK035836.  Later George Gradwell confirmed that OS Vector Mapping showed a spot height of 457m within the northerly 450m ring contour.
The purpose of this survey was to locate accurately the summit position of Chinley Churn and to measure its height.
2) Equipment used and Conditions for Survey 

Absolute height was 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 12 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 three metres respectively. 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 Version 7 software.

The positions of the highest points were located using a Leica NA730 automatic level and a staff extendable to 5m.

Conditions for the survey, which took place between 10.30hr and 14.30hr GMT, were satisfactory. The weather was cold, about 5 degrees Celsius with a very light wind, and visibility was good. 
2.1) Character of Hill 

Chinley Churn is situated about 4km North East of the small town of Chapel-en-le-Frith in the High Peak District of the Derbyshire Dales. As viewed from the A624 to the East, the hillside is quite steep and rises up to a band of crags called Cracken Edge. However, to the west of the summit ridge the grassy ground slopes away much more gently. At the southern end of the hill, there is a trig point marked on the maps with a height of 451m. More recent 1:50000 and 1:25000 OS maps also include a bracketed height of 452m which applies to the highest ground in this area. Just to the North of the trig point there is a stone wall with no stile. This southern area of the hill is on private land but to the North, beyond the wall, the ground is open Access Land. Moving North from the wall, the ground drops a few metres in height before rising up to another high point 750m away.  The highest point there is on the Eastern edge by the crag and is the likely new summit for the hill. 
2.2) Summary of Survey Method
The survey was started on the high ground to the North on the summit ridge. Having set up the Leica NA730 level, we observed the ground 750m to the South.  All visible ground there was lower by at least 3 to 4m (estimated from the stadia lines of the level).  While the trig point itself was not visible, since it was hidden by a wall adjacent to it, nevertheless, the top of the wall was also clearly lower than the observation position by at least an estimated 2 to 3m. Next, staff readings were taken for selected placements in order to confirm the highest point of the North summit. Once this was done, the Leica 530GPS was set up over the summit position to measure its absolute height. The antenna was mounted on a 2.000m pole, and data were collected for 75 minutes with an epoch time of 30 seconds.  
Next we carried out measurements from the South Top by the trig point. The Leica NA730 level was set up on top of the adjacent wall and the high ground to the North was observed. This confirmed that the summit of the hill was indeed the highest ground to the North which we had just previously surveyed.
After setting up the Leica NA730 near the trig point, the highest point was located with staff measurements. This was a grassy knoll a few metres to the North of the trig point.  The absolute height of this point was then measured with the Leica 530GPS using the same conditions as those used for the North summit except that data were collected only for 30 minutes. 

Photographs of the summit and South Top are shown in Appendix 1

2.3) The Summit 
We estimated from the staff readings taken in the area that we had located the summit position to a height accuracy of +/-0.01m or better. Near the East edge just a few metres to the North of the summit position was another high point which a staff measurement showed to be about 0.040m lower than the summit.
The ten-figure Grid References measured for the summit were:-

Garmin Map 60CSx 


SK 03695 84371

Accuracy 3m
Height = 461m
Garmin Venture


SK 03696 84371

Accuracy 6m
Height = 462m
Garmin Etrex 



SK 03694 84372

Accuracy 6m
Height = 462m
Magellan Explorist100

SK 03694 84373

Accuracy 6m
Height = 464m
Nokia5230 ViewRanger

SK 03692 84369

Accuracy 1m
Height = 458m

The position and height data for the summit that were recorded by the Leica 530 and post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest ten OS Active Base stations and the Hopfield Tropospheric model were:-
	System
	Easting

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

	SR 530
	403693.845
	0.001
	384366.341
	0.002
	456.957
	0.010


2.4)   The South Top/Trig Point
Using the level and staff, we measured the South Top to be 0.330m higher than the Flush Bracket (451.47m) on the trig point. Also we estimated the highest point had been located to a height accuracy of better than 0.01m.
The ten-figure Grid References measured for the summit were:-

Garmin Map 60CSx 


SK 03557 83649

Accuracy 3m
Height = 453m
Garmin Venture


SK 03555 83645

Accuracy 5m
Height = 453m
Garmin Etrex 



SK 03557 83647

Accuracy 5m
Height = 453m
Magellan Explorist100

SK 03557 83649

Accuracy 3m
Height = 456m
Nokia5230 ViewRanger

SK 03554 83643

Accuracy 1m
Height = 452m

The position and height data for the summit that were recorded by the Leica 530 and post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest ten OS Active Base stations and the Hopfield Tropospheric model were:-
	System
	Easting

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

	SR 530
	403555.426
	0.002
	383641.945
	0.002
	451.793
	0.013


3) Discussion of Results

The largest error associated with the measured heights of the summit and South Top lies with the GPS measurement itself and from previous work we have found this to be about +/-0.1m for data collection times of an hour. 
Using the OS data for the height of the Flush Bracket (FB) on the trig point as 451.47m and adding the correction of 0.330m for the height difference between the South Top and the FB, the absolute height of the South Top calculates to be 451.80m. This is in excellent agreement with our GPS measurement for this point of 451.79m and also confirms the ground spot height of 452m on the 1:25000 and 1:50000 maps.
The spot height of 457m on the OS vector maps at the hill’s summit is also confirmed by our measurements.

4) Summary and Conclusions

The summit of Chinley Churn is at grid reference * SK 03694 84371 and is marked with a small cairn. Its height was measured to be 457.0+/-0.1m
The South Top, previously thought to be the hill’s summit, is at grid reference * SK 03556 83646 and is the top of a grassy mound.  Its height was measured to be 451.8+/-0.1m

* NB hand-held Garmin determination is quoted in this summary.  Note that the Nokia 5230 ViewRanger converts latitude and longitude to OS grid reference using OSTN02.  Consequently, the reading taken on the day were recalculated using GPS Utility and GridInquest to align with the Garmin and Magellan readings.
John Barnard and Graham Jackson, 18 January 2011. 
Appendix 1
Summit of Hill looking South East
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Leica 530 GPS set up on South Top
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