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1) Introduction

Hangingstone Hill-Pale Heights (Section 36, OS 1:50000 Map 117, Grid Ref. SJ543696) is a HuMP situated just to the South of Delamere forest (figure 1).  The Ordnance Survey database gives the flush bracket height of the trig point, which is situated in the summit area of the hill, as 175.97m.  However, we were contacted recently by Malcolm Corbett who suggested High Billinge, a hill situated about 3.5km to the SSE, may be higher.  Although this is not obvious from the 1:50k map, as there is no spot height on this summit, scrutiny of the 1:25k map shows a sizeable 175m ring contour (figure 2). 
The purpose of this survey was to investigate this claim by locating the summit position of both hills and measuring their respective heights.
2) Equipment used and Conditions for Survey 

Ground surveys to determine the positions of the two 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 two and five metres respectively.  Note that a hand-held GPS receiver 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 version 7 software.
Conditions for the survey, which took place between 10.00hr and 16.00hr, were fair. The weather was cold, 5 degrees Celsius with a moderate wind and while the morning was fine and dry, showers developed during the afternoon.  
3) The Survey
3.1) Character of Hill 

Hangingstone Hill-Pale Heights is situated close to the Sandstone Trail and about one kilometre South of Delamere forest.  The car park at Gresty’s Waste on the A54 just East of Kelsall is a convenient starting point and gives very easy access to the hill via good footpaths.  The summit area has been extensively modified by human activity and we could identify no natural ground.  There is a large telecommunications complex split into two fenced compounds and serviced by a metalled road.  Between these two compounds is an old circular concrete tower also surrounded by an old fence of metal railings.  The trig point is situated in this area, although access is easily gained as there are two large gaps in the old fence.  North-West of the trig point and to the West of the larger telecommunications compound is a grass-covered reservoir.  Finally, earth from the construction of these facilities has been formed into a large bank within the northerly of these compounds and appeared to be the highest ground in the summit area.  A sketch of the summit area is given in figure 3.

By contrast, High Billinge, comprises a copse of trees set in a field of short grass and access is gained by a gate into the field and another gate in a fence that surrounds the copse.  The trees are mainly beech and sycamore with an under-planting of Scots pine.  The ground in the copse rises gradually to an obvious high point which, according to the map, is a tumulus.  There is no clear demarcation between the tumulus and surrounding ground and, if it were not for the information on the map, it would be very difficult to tell that the ground on the summit was anything other than natural.  A local farmer informed us that the tumulus had been excavated by Manchester University twenty or thirty years ago, but he was not aware of the findings of the work.  There are two other 170m ring contours in the vicinity of the hill, one 300m West and the other 400m South-West, but neither of these show a 175m ring contour and are lower than High Billinge itself.  These were not surveyed.  There is convenient parking for High Billinge in a lay-by about 100m South of the gate into the field.  
3.2) Summary of Survey Method
On Hangingstone Hill-Pale Heights it was decided to set up the level on the top of the covered reservoir in such a position that there was a line-of-sight view to the trig point and the top of the high earth bank.  Staff readings were then taken at each corner of the reservoir, the top of the earth bank and of the flush bracket of the trig point.  Regrettably, a high hedge partially obscured the view of the bank from the top of the reservoir which necessitated a slight re-positioning of the level to achieve these readings successfully.   These measurements enabled the height differences of these points to be measured and related to the position where the GPS was set up.
For High Billinge it was not possible to set up the GPS on the summit as the tree canopy obscured the satellite signals.  Consequently, a line survey was carried out from the summit to a convenient point in the field well away from the obstruction caused by the trees and the GPS was set up at this point.
The absolute heights of both summits were measured with the Leica 530 GPS. 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 one hour with an epoch time of 30 seconds.
3.3) The Summit of Hangingstone Hill-Pale Heights
The summit area was surveyed with level and staff as described in Section 3.2 and we are confident this was achieved to within +/-0.1m of height.  The ten figure grid references for the earth bank and the trig point are given below along with a table of staff readings that were made on these features:
The ten-figure Grid References measured for the earth bank were:-
Garmin Map60CSx 

SJ 54335 69654

Accuracy 3m
Height = 186m

Garmin Venture

SJ 54332 69652

Accuracy 2m
Height = 182m

Garmin Etrex 


SJ 54332 69650

Accuracy 6m
Height = 180m
Magellan Explorist 100
SJ 54331 69652

Accuracy 6m
Height = 182m
The ten figure grid references measured for the trig point were:

Garmin Map60CSx 

SJ 54327 69628

Accuracy 4m
Height = 182m

Garmin Venture

SJ 54324 69631

Accuracy 4m
Height = 172m

Garmin Etrex 


SJ 54325 69629

Accuracy 6m
Height = 174m
Magellan Explorist 100
SJ 54324 69629

Accuracy 6m
Height = 178m
Staff readings were (see also Figure 3):
	Location
	Reading (m)

	SE corner of reservoir (1)
	0.933 (0.926 for flush bracket)

	SW corner of reservoir (4)
	1.023

	NW corner of reservoir (3)
	1.022

	NE corner of reservoir (2)
	0.921

	Summit or earth bank (5)
	1.038

	Flush bracket of trig point (6)
	2.252


It may be seen that, within measurement error, the SE and NE corners are of the same height while there is a slight downward slope of about 0.1m toward the western edge of the reservoir.  The earth bank situated in the larger northern telecommunication compound is (1.038 - 0.933) or 0.105m lower than the top of the reservoir while the flush bracket is (2.252 - 0.926) or 1.326m lower than the top of the reservoir.  The flush bracket was measured to be 0.32m above ground level and so the ground here is1.646m lower than the summit position on the reservoir.

 The position and height data for Pale Heights 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
	354316.059
	0.003
	369655.596
	0.003
	177.235
	0.014


3.4) Summit of High Billinge
The exact position of the summit was established using the level and staff and is represented by no specific feature, although it may be easily estimated by eye to within a couple of metres.  The set-up position of the Leica 530 GPS in the field to the North of the copse was found by line survey (Appendix) to be 8.541m lower than the summit.  (The closing error between the two sets of line survey data was just 0.001m.). The GPS set-up position was well away from the trees so that there was no obstruction of the satellite signals.  Two sets of data were collected because collection of the first set was interrupted when the battery ran down.  This occurred during the line survey and consequently at the time it was not known how long data had been collected for prior to the instrument closing down.  However, subsequent analysis of the first data set showed it to be acceptable since data had been collected for over 1 hour . Both sets of data are shown below and demonstrate the reproducibility of the GPS method of measuring heights. The heights calculated for the two data sets only differ by 0.017m.  
The ten-figure Grid References measured for the summit are:-
Garmin Map60CSx 

SJ 55469 66215
Accuracy 6m
Height = 171m

Garmin Venture

SJ 55466 66218
Accuracy 6m
Height = 178m
Garmin Etrex 


SJ 55468 66216
Accuracy 7m
Height = 178m

Magellan Explorist 100
SJ 55466 66215
Accuracy 8m
Height = 184m
The position and height data for the summit 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

SR 530
	355428.579
355428.583
	0.001
0.001
	366347.525
366347.521
	0.002
0.002
	170.064
170.047
	0.009
0.008


4) Discussion of Results
We estimate the error associated with one hour’s data collection to be +/-0.08m, while summit positions were measured to better than +/-0.05m.   Therefore we estimate the total error in all measurements to be +/-0.1m,

The height of the summit of the reservoir on Hangingstone Hill-Pale Heights was found to be 177.24m, thus making the summit of the earth bank (177.235m – 0.105m) 177.13m and the ground by the trig point (177.235m – 1.646m) 177.59m.  The flush bracket height is (177.235m – 1.326m) 175.91m.  This is in excellent agreement with the value of 175.97m quoted in the Ordnance Survey’s trig point database accessible from their website.
The summit height of High Billinge is (170.056m + 8.541m) 178.60m.

5) Summary and Conclusions

The summit of Hangingstone Hill-Pale Heights is at grid reference * SJ 54333 69652 and is an earth bank situated within the large telecommunications compound.  Its height is 177.1+/-0.1m.  The summit of the reservoir is 177.2+/-0.1m and therefore slightly higher although this man-made feature would not be considered eligible by many.
The summit of High Billinge is at grid reference *SJ 55467 66216 and is the top of an earth tumulus.  Its height is 178.6+/-0.1m.
High Billinge therefore qualifies as the new position of the HuMP.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 17 December 2011. 
Figure 1: Summit area of Pale Heights (Courtesy of Ordnance Survey)
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Figure 2: Summit area of High Billinge (Courtesy of Ordnance Survey)
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Figure 3: Sketch of summit area of Pale Heights showing positions where readings were taken with the level and staff
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Appendix


[image: image4.emf]Title:- Survey of High Billinge

Instrument:- Leica NA370 Automatic level  Date:-

15/12/2011

        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

Summit to GPS Setup (JB Level, GVJ Staff, MP Data recording)

1 0.451 3.713 0.424 3.572 0.477 3.855 0.451 3.713

2 0.489 2.489 0.423 2.336 0.554 2.642 0.489 2.489

3 0.335 3.021 0.232 2.855 0.436 3.187 0.334 3.021

4 0.833 1.424 0.726 1.340 0.938 1.507 0.832 1.424

SUM = 2.106 10.647 -8.541

GPS Setup to Summit (GVJ Level, JB Staff, MP Data Recording)

1 1.424 0.597 1.340 0.480 1.507 0.715 1.424 0.597

2 3.032 0.384 2.839 0.313 3.228 0.454 3.033 0.384

3 2.615 0.871 2.439 0.781 2.793 0.962 2.616 0.871

4 3.848 0.527 3.703 0.507 3.992 0.548 3.848 0.527

SUM = 10.920 2.380 8.540
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				Title:-		Survey of High Billinge

				Instrument:-		Leica NA370 Automatic level								Date:-		12/15/11

				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

		Summit to GPS Setup (JB Level, GVJ Staff, MP Data recording)

		1		0.451		3.713		0.424		3.572		0.477		3.855		0.451		3.713

		2		0.489		2.489		0.423		2.336		0.554		2.642		0.489		2.489

		3		0.335		3.021		0.232		2.855		0.436		3.187		0.334		3.021

		4		0.833		1.424		0.726		1.340		0.938		1.507		0.832		1.424

														SUM =		2.106		10.647		-8.541

		GPS Setup to Summit (GVJ Level, JB Staff, MP Data Recording)

		1		1.424		0.597		1.340		0.480		1.507		0.715		1.424		0.597

		2		3.032		0.384		2.839		0.313		3.228		0.454		3.033		0.384
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		4		3.848		0.527		3.703		0.507		3.992		0.548		3.848		0.527

														SUM =		10.920		2.380		8.540

														SUM =		13.026		13.027		-0.001
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