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1) Introduction 

Wirswall Hill (Hill Number 17193, Section 36, OS 1:50000 Map 117, OS 1:25000 Map OL257W, 

Grid Ref. SJ549440) is listed as a Tump (a hill with drop greater or equal to 30m) in the Database 

of British and Irish Hills (DoBIH). The summit position, currently as recorded in DoBIH, is the 

natural ground at the base of an old covered reservoir. However, Malcolm Corbett, via a posting to 

“The Tump Forum” (6 March 2020) questioned this position since he pointed out that there are 

numerous 155m contours in the area and also there is a 157m spot height on the boundary of the 

water tower at SJ 5479 4424 which may or may not be on natural ground. Malcolm also asked if 

LIDAR data were available for this hill that could help resolve the identification of the summit 

position.  

LIDAR Data is available for the area around Wirswall Hill and has been thoroughly analysed by 

Chris Crocker and George Gradwell. This provided very strong evidence that the summit position is 

located just to the SSW of  the water tower as above, but a site visit was considered necessary to 

assess the data and confirm that there was no higher natural ground within the wooded area by the 

water tower. Therefore, the purpose of this survey was to confirm the LIDAR data and its 

conclusions with a detailed survey using GNSS technology and optical surveying so that the natural 

summit of Wirswall Hill is correctly located and measured.  

 

2) Equipment used and Conditions for Survey  

A Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-

staff extendable to 5m were used to determine the positions of the candidate summits.  

Absolute heights were measured using a Leica Viva GS15 receiver. This receiver is a dual-

frequency, multi-channel instrument, which means it is capable of locking on to a maximum of 12 

GPS and 8 GLONASS satellites as availability dictates, and receiving two signals (at different 

frequencies) from each of these satellites.  The latter feature reduces inaccuracies that result from 

atmospheric degradation of the satellite signals.  As a stand-alone instrument, it is capable of giving 

position and height to an accuracy of about two metres and five metres respectively.   

Note that small hand-held GPS receivers used for general navigation can only receive up to 12 GPS 

satellites and each at a single frequency and therefore these instruments have a poorer positional 

accuracy of +/-5 metres and a height accuracy of no better than +/-10 metres.  Some more recently 

produced hand held GPS Garmin receivers can also receive signals from GLONASS satellites 

which greatly improve the speed at which these units can achieve a satellite “fix”.  

Despite the on-board features of the Leica Viva GS15 receiver, there are still sources that create 

residual errors.  To obtain accurate positions and heights, corrections were made to the GNSS 

(Global Navigation Satellite System) data via imported RINEX data from Ordnance Survey, which 
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were post-processed using Leica GeoOffice 8.3. Repeated 1hr measurements with the Leica Viva 

GS15 on the same position give a height precision of +/-0.06m (to three standard deviations). 

Conditions for the survey, which took place between 10.30hr and 15.30hr GMT, were good.  The 

weather was mild, 14 degrees Celsius, but with quite a strong wind which varied between 10 and 40 

mph becoming stronger throughout the day. The sky was partially cloudy and visibility was 

excellent throughout the day. 

 

3) The Survey 

3.1) Character of Hill  

Wirswall Hill lies about 2.5km north of Whitchurch and 1.5km east of the A49. The whole area in 

the rural setting of the south Cheshire plain is a mixture of small farms and affluent “out of town” 

properties, typical of South Cheshire and North Shropshire, and linked by a dense patchwork of 

minor roads. This is generally not mountainous or even hilly terrain, but the area around Wirswall 

Hill, although only reaching altitudes of not much more than 150m, can hardly be described as flat. 

There are numerous small hills which only rise a few metres but create an interesting and varied 

topography. Some of these hills are topped with trees or man-made features; for example, 

transmitter towers, water towers and covered reservoirs. Crops are grown, but generally the land is 

covered with lush grass ideally suited to grazing stock. Another feature is the number of named 

footpaths created by Shropshire and Cheshire Councils! Within a few kilometres of Wirswall there 

are the Sandstone Trail, the Bishop Bennett Way and South Cheshire Way. 
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An extract of the Ordnance Survey 1:25000 scale map (Crown Copyright Ordnance Survey) is 

presented above. Three candidate summit positions are identified by the numbered blue arrows. 

Summit No 3, topped by the trig pillar is marked with a spot height of 156m. On the 1:25000 and 

1:50000 scale OS Maps there are no spot heights marked for the other candidate summits 1 and 2. 

3.2) LIDAR analysis 

LIDAR data were available at 1m resolution from surveys by the Environment Agency. 

The water tower at Summit 1 lies on a pronounced mound. From its regularity it had every 

indication of being man-made, which was supported by the Google satellite image below. The 

highest ground at the base of the tower that we could be confident of being natural was 157.3m, just 

outside the security fence and a little to the NW of the 157m spot height on Geograph’s largest 

scale. However, a gentle rise in an arable field to the SW was higher, the summit being 157.7m at 

SJ 54752 44204. A summit further along the ridge WSW was 156.3m, and the next summit lower 

still. 

Summit 2 lies at the base of a disused covered reservoir. Our best estimate of the highest natural 

ground was 157.0m at SJ 54922 44031. The same location had been submitted to the DoBIH with 

the description “Grassy shoulder on N side of covered reservoir taken as highest natural ground.” A 

possibility that some vegetated ground 0.5m higher on the SE side might be natural was 

contradicted by the GPS submission above and a photograph taken by Charles Leventon which 

strongly suggested this ground was part of the reservoir. Even if the ground were natural, it would 

be lower in height than Summit 1. 

The highest ground in the vicinity of the trig pillar (Summit 3) was 155.9m in the Digital Terrain 

Model (DTM) and therefore quickly eliminated as a candidate. 

Our conclusion was that the summit was most likely to be at the 157.7m height in arable field, but 

we could not discount the possibility that higher natural ground might exist inside the water tower 

compound. Hence, the need for a site survey.
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3.3) Survey of Summit 1   

A photograph of the area around Summit 1 is shown in the Appendix. The water tower contained in 

the surrounding ring of trees is clearly built on man-made land. On arrival in the vicinity of Summit 

1, we first carried out a visual assessment of the area surrounding the ring of trees. The highest 

natural ground we could identify was in the field, from where the photograph is taken, to the SW of 

the tower. 

The Leica NA730 level was set up in a convenient position in the field to the SW of the tower and 

staff readings were taken systematically in this area. The highest point found was marked with a 

flag. Staff readings were also taken at the base of the trees encircling the tower which showed the 

ground in this area to be lower. 

The Leica GS15 was setup directly over the summit position on the “short tripod” assembly (see 

photographs in the Appendix).  GNSS data were collected for 1 hour with an epoch time of 15 

seconds. 

The data were processed in Leica GeoOffice 8.3 using the ten nearest base stations under 100km 

distance from the survey point and the Hopfield Tropospheric model. The results are given in the 

table below: - 

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

Leica Viva GS15 354753.564 0.002 344204.698 0.002 157.667 0.007 

The height of Summit 1 is 157.67m.  

 

3.4) Optical Survey of Summit 2 from Summit 1 

Since Summit 2 is visible from the vicinity of Summit 1, we took the opportunity before moving on 

to survey Summit 2, to make an optical assessment of the relative heights of the two summits. To 

do this we set up the Leica NA730 optical level about 20m SW of Summit 1in a position where we 

could observe Summit 2. The height of the level was then adjusted on the tripod so that it the 

horizontal line coincided with the position and Height of Summit 1. Then, Summit 2 was observed 

from this position. Photographs were taken on a Smartphone Samsung Galaxy A70 through the 

level for each of these positions and these photographs are shown in Appendix 2. 

At this stage, having not yet visited it, we were not clear of the exact position for Summit 2. 

However, our observations through the optical level indicated that the summit 2 position was most 

likely to be the grassy ground in front of a new barbed wire fence (replacing the remnants of an old 

iron fence) that surrounds the old covered reservoir. From the photographs taken through the level it 

is possible to calculate a height difference. From subsequent Grid References taken for the positions 

of the two summits, the distance between them is calculated to be 244m. Above and below the 

horizontal line observed through the level there are two further smaller horizontal lines which are 

called stadia lines. The lines are used for range finding and they provide a 1:100 ratio between 

vertical and horizontal distances that are observed. Therefore, at 244m distance, we observe a 

height difference between the two stadia lines of 2.44m. Having printed out on paper the 

photograph of summit 2 from Summit 1, we can then measure the distance on the print from the two 

stadia lines to give a height calibration for the print and therefore measure the height of the summit 

position below the horizontal line. This calculates to be 0.72m. A closer look at the photograph of 

Summit 1indicates that the level had been set 2 or 3 centimetres too high as the height of the grass 

obscures the actual position. Therefore, the height difference between the two summits is estimated 

to be 0.70m.  
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3.5) Survey of Summit 2 

Next, we moved to the Summit 2 and carried out a visual assessment. The summit position is 

clearly adjacent to the fence that surrounds the man-made ground containing the old covered 

reservoir. The Leica NA730 level was set up on its tripod about 15m from the fence and on the 

same side of the hill as Summit 1. Staff readings were then taken around the perimeter of the 

covered reservoir until the highest point had been found and marked with a flag.  

The Leica GS15 was set up over the summit position on the “short tripod” assembly (see 

photographs in the Appendix).  GNSS data were collected for 1 hour with an epoch time of 15 

seconds.  The data were processed as for Summit 1. 

 

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

Leica Viva GS15 354925.540 0.002 344031.180 0.002 157.038 0.007 

The height of Summit 2 is 157.04m which is 157.67 – 157.04 = 0.63m lower than Summit 1. 

 

3.6) Survey of Summit 3 

The survey now moved onto Summit 3 where the highest ground appears to be adjacent to the trig 

pillar and on its eastern side. The Leica NA730 level was set up a few metres from the trig pillar so 

that the grass area to the east of the trig point could be surveyed with systematic staff readings to 

find the highest point and also a staff reading taken from the flush bracket on the trig pillar. The 

summit was found to be 3m from the centre of the trig pillar and on a bearing of 80 degrees from it. 

Staff reading at Summit 3 = 0.467m 

Staff reading for Flush Bracket on trig pillar = 0.121m 

Therefore, Flush Bracket is 0.467 – 0121 = 0.346m higher than Summit 3.   

The Leica GS15 was set up over the summit position on the “short tripod” assembly (see 

photographs in the Appendix).  GNSS data were collected for 1 hour with an epoch time of 15 

seconds.  The data were processed as for Summits 1 and 2. 

  

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

Leica Viva GS15 355001.020 0.001 343845.566 0.002 155.884 0.005 

The height of Summit 3 is 155.88m 

The height of the Flush Bracket on the trig pillar is 155.884 + 0.346 = 156.23m 
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4) Summary of Operating Conditions 

 Summit 1 Summit 2 Summit 3 

Data collection time (min) 63 61 61 

Number of Base Stations used 

in Processing for all points 
10 10 10 

Epoch Time (sec) 15 15 15 

Tropospheric Model Hopfield Hopfield Hopfield 

Cut off Angle (degs) 

Geoid Model 

15 

OSGM15 

15 

OSGM15 

15 

OSGM15 

 

5) Discussion of Results 

For the GNSS results from the Leica Viva GS15, a 1-hour data collection time gives results with a 

measurement uncertainty of ±0.06m.  This measurement uncertainty applies to all the summit 

measurements.  The measurement uncertainty in height associated with the location of all the 

summits is estimated to be  ±0.02m as these positions, although on unfeatured grass, could be 

accurately determined.   

Combining the uncertainties estimated above we give the overall values as: - 

Summits 1, 2 and 3 – √ (0.062 + 0.022) = ±0.06m.   

The largest factor in the uncertainty of the positions of Summits 1 and 2 is whether the highest point 

of natural ground had been identified correctly. Both the area in the water tower at Summit 1 and 

the old covered reservoir at Summit 2 exhibit substantially higher man-made ground but we have no 

way to identify if higher natural ground occurred at these positions. However, from the shape of the 

two summits and the fact that Summit 1 was measured to be 0.64m lower than Summit 2, we are 

confident that Summit 1 is the highest point. 

We measured the height of the Flush bracket on the trig pillar to be 156.23m. This is in excellent 

agreement with the 156.25m height quoted for trig pillars in the Ordnance Survey Legacy database. 

 

6) Summary and Conclusions 

The summit of Wirswall Hill is at grid reference * SJ 54753 44204 and is on unfeatured grassy 

ground SSW of the water tower.  Its height is 157.67m ±0.06m.  The location and height are 

identical with the LIDAR position. 

The highest point on the hill 244m SE of the summit is at * SJ 54925 44031 and is on unfeatured 

ground adjacent to the old covered reservoir.  Its height is 157.04 ±0.06m which is 0.63m lower 

than the summit. This too is in excellent agreement with the LIDAR. 

The highest ground next to the trig pillar is on unfeatured grassy ground at SJ 55001 43845. Its 

height is 155.88 ±0.06m. This is within experimental error of the LIDAR height. 

• NB: Grid references for OSTN15 are quoted in the summary. 

John Barnard, Graham Jackson and Chris Crocker,  02 April 2020
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Appendix  

Summit 1 Photographs 

 

The water tower, built on man-made ground, surrounded by a ring of trees 

 

 

Leica GS15 collecting data over summit position  
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Vertical offset tape reading for Leica GS15 collecting data 
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Photo of Summit 1 through Leica NA730 Level 

 

 

 
Photo of Summit 2 taken from Summit 1 through the Leica NA730 Level 
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Summit 2 Photographs 

 

Leica GS15 collecting data over summit position 

 

 
Vertical offset tape reading for Leica GS15 collecting data 
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Summit 3 Photographs 

 
Leica GS15 collecting data over summit position 

 

 
Vertical offset tape reading for Leica GS15 collecting data 

 

 


