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1) Introduction

Hail Storm Hill (Section 36, OS 1:50000 Map 109, Grid Ref. SD835193) is situated 8km North West of Rochdale and separates the town from its neighbours, Bacup, Rawtenstall and Haslingden.  A windfarm covers the southern flanks of the hill and there is a service road to some of the turbines just on the summit plateau.  The hill is a Marilyn and also a County Top with the Unitary Authority boundary of Rochdale running across its summit plateau.
The purpose of this survey was first to determine the position of the summit and measure its absolute height and secondly to locate the highest point along the county boundary and also to measure its absolute height.   
2) Equipment used and Conditions for Survey 

Ground surveys to determine the positions of the summits 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 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 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 was warm, 15 to 20 degrees Celsius and the wind was light.
3) The Survey
3.1) Character of Hill 

Access to Hail Storm Hill is easily gained from a free car park (SD833215) near the junction of the A681 and a minor road that leads to Cowpe reservoir.  From here a single track road leads South West for 1km to two dwellings and thence it becomes a grassy track to the col between Cowpe Lowe and Hail Storm Hill.  From the col the summit plateau is easily gained through old quarry workings.  The summit, marked as 477m on the 1:50,000 and 1:25,000 maps, lies at the West end of the plateau.  The plateau itself is extensive, stretching for about 2.5km eastwards to a trig point and covering an area of about two square kilometres which is all above the 450m contour.
The Rossendale Way passes just beneath the plateau on the northern side of the hill and provides a quick and convenient return route to the car park.

3.2) Determination of the Summit
The first objective was the western end of the summit plateau where the level was set up for a general sweep of the plateau.  Three potential summit areas were identified, the first in the vicinity of the current position, the second about 1km South East where the 1:25,000 map marks a 476m spot height and the third a point about 1.5km ESE which appeared to be a rock tor.
3.2.1 West Summit
The staff was used to investigate the area around the West summit and the highest point was very soon located by the systematic measurement of the relative heights of features around the level.  This position was marked with a pile of stones and, in fact, was only 20m from the point determined qualitatively by one of the authors on a previous visit.

The absolute height of the summit was then 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 and data were collected for 30 minutes with an epoch time of 5 seconds.
The ten-figure Grid References for the West summit were:-
Garmin Map60CSx 

SD 83498 19348

Accuracy 3m
Height = 479m

Garmin Venture

SD 83497 19349

Accuracy 5m
Height = 479m

Garmin Etrex 


SD 83500 19348

Accuracy 6m
Height = 477m
Magellan Explorist 100
SD 83498 19349

Accuracy 4m
Height = 475m
The position and height data for the West summit that were recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data were:-
	System
	Easting

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

	SR 530
	383497.323
	0.002
	419346.166
	0.002
	476.645
	0.010


3.2.2 South East Summit

Again the level was set up at a point in the vicinity of the highest point of the South East summit and the staff used to determine the relative heights of features around the level.  In this way the highest point was again soon located (see photograph).

The absolute height of the South East summit was then measured with the Leica 530GPS which was set up according to the parameters described above.

The ten-figure Grid References for the East summit were:-
Garmin Map60CSx 

SD 84094 19014

Accuracy 3m
Height = 481m

Garmin Venture

SD 84094 19013

Accuracy 5m
Height = 481m

Garmin Etrex 


SD 84092 19014

Accuracy 5m
Height = 480m
Magellan Explorist 100
SD 84092 19017

Accuracy 6m
Height = 483m
The position and height data for the South East summit that were recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data were:-
	System
	Easting

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

	SR 530
	384090.798
	0.002
	419010.638
	0.002
	476.517
	0.010


3.2.3 The Tor

Upon closer approach this feature was found to be the remains of a stone building, probably erected at the time the quarry was in operation.  It was thus eliminated from the survey.

3.3) The Unitary Authority Boundary Top
The line of the Unitary Authority boundary was taken from a 1:10,000 map found on the Magic Interactive Map website (www.magic.gov.uk/website/magic/viewer).  Ten-figure grid references of several points along the boundary were read off from the location tool on the map and fed into a Garmin Etrex GPS.  Once on site the GPS was used to locate these points which were then marked with flags.  In this way the line of the boundary was marked out on the ground and the level and staff were then used to survey the boundary line and find the highest point.  A small cairn was built to mark this position.  The readings from the staff are summarised in the table below.  
	Position no.
	Boundary position
	Backsight reading (m)
	Foresight reading (m)
	Height difference (m)

	1
	SD 84305 18857
	
	
	

	
	
	1.765
	0.395
	+1.37

	2
	SD 84382 18907
	
	
	

	
	
	0.781
	1.190
	-0.409

	3
	SD 84469 18963
	
	
	

	
	
	0.333
	0.615
	-0.282

	4
	SD 84531 19015
	
	
	

	
	
	1.578
	1.338
	+0.24

	5
	SD 84604 19078
	
	
	


The table shows that between boundary positions 1 and 2 the ground rose by 1.37m and thereafter dropped by a total of 0.691m between positions 2 and 4.  By position 5, just beneath the ruined building, the ground had risen by 0.24m from position 4.
The ten-figure Grid References for the highest point of the boundary were:-
Garmin Map60CSx 

SD 84377 18912

Accuracy 3m
Height = 478m

Garmin Venture

SD 84375 18910

Accuracy 5m
Height = 478m

Garmin Etrex 


SD 84375 18912

Accuracy 6m
Height = 477m
Magellan Explorist 100
SD 84374 18909

Accuracy 5m
Height = 480m
The Leica 530 GPS was set up a few metres from the cairn on drier, more stable ground at the edge of the windfarm access road.  This ground was measured to be 0.34m higher than the summit position.  Note therefore that the position reported by the instrument and given below is spurious.

The height data for the highest point of the boundary recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX was:-
	System
	Easting

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

	SR 530
	384379.601
	0.002
	418902.941
	0.001
	474.483
	0.008


Therefore the summit height of the Unitary Authority boundary is 474.48 – 0.34 = 474.14m.

4) Discussion of Results
The terrain on the summit plateau is wet and boggy and comprises a weak growth of heather and grasses.  On this type of terrain, we estimate that the error associated with the correct location of the summit is +/-0.05m in height and up to 5m in position.  Instrumental error associated with the GPS measurement of height is about +/-0.08m.  The overall error in height is therefore +/-0.1m.  Our position for the summit lies within 50m of the 477m spot height given on the 1:25,000map and our height value of 476.6m confirms the value given by the Ordnance Survey.  Our position of the SE top lies within 30m of the 476m spot height given on the 1:25,000 map and our height of 476.5m suggests that 477m would be a more appropriate value to be recorded on the map.  The South East top is 0.012m lower than the West top.    

The position of the Unitary Authority boundary summit lies in a very flat area of ground.  Our more detailed surveying of this area showed height differences of the order of 5cm or less over a line for several tens of metres on either side of its position.  In a NE direction along the boundary the ground only falls by a further 0.6m until the site of the ruined building is reached.  Here the boundary passes just South of the building and traverses a track, which in this location is carried by an engineered embankment.  If this feature were considered eligible, then the boundary summit could be located in this position depending on the exact line of the boundary; the gradient of the embankment is large just here and in the immediate vicinity of the ruined building the track is higher.  For the purposes of this survey however, we chose the natural ground as discussed above.  
5) Summary and Conclusions

The summit of Hail Storm Hill is at grid reference * SD 83498 19349 and is now marked by a tiny cairn.  Its height is 476.6m+/-0.1m.  The SE top is at SD 84093 19015 and at 476.5m+/-0.1m is 0.12m lower than the summit.
The Unitary Authority boundary summit is at SD 84375 18911 and is now marked by a small cairn next to a track leading to wind turbines.  Its height is 474.1m+/-0.1m.  However, it should be noted that there is ground on an engineered embankment to the NE by a ruined building that could be as high or higher depending on the exact line of the boundary.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 27 July 2009.
Photograph showing GPS set up on the SE summit of Hail Storm Hill

[image: image1.jpg]v

“


























PAGE  
1

