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1) Introduction

Milk Hill (Section 39A, OS 1:50000 Map 173, Grid Ref. SU104643) is listed as a sub-Marilyn with 148m of re-ascent. There are two interesting aspects to this hill. The col is at SU236632 and is a railway cutting and therefore is in man-made ground. It is difficult to estimate the height of the col prior to the railway cutting but from the surrounding ground around the railway bridge we would estimate it to be about 7m higher.  This whole area has been investigated thoroughly by David Purchase and he produced very good evidence that Milk Hill cannot be classified as a Marilyn; he estimated the re-ascent to be less than 150m. 
In a conversation between Radio Wiltshire and the OS which was broadcast in Sept 2008, the question of the highest point of Wiltshire was raised. The OS was not definitive in its answer but cited Milk Hill and Tan Hill (SU082647) as the two contenders, with Milk Hill being the preferred option. In Chris Cole’s book “The Cream of Walks in North East Wiltshire”, published in November 2008, he refers to a recent survey of the two hills which measured Milk Hill to be the higher. The 1:50000 OS Map shows the heights of both hills to be 294m, but the latest 1:25000 map has a small ring contour on the top of Milk Hill at 295m and we suspect that Chris Cole’s information must be taken from these maps. BBC’s Country File programme has expressed an interest in resolving the issue of Wiltshire’s highest point and filming for that will take place in Mid August 2009. The Ordnance Survey has also agreed to take part in the project. (See addendum in this report).
The purpose of this survey was to visit these two hills and carry out some preliminary surveys. Also the height of the col would be checked to confirm if either of these hills could reach Marilyn status.
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 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 1 to 3 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 Version 6 software.
Conditions for the surveys were excellent with clear sunny weather and a light wind. Temperatures during the day were between 15 and 20 degrees Celsius and the warm sun created some haze which limited visibility over long distances with the optical level. The surveys took place between 11.30hr and 19.30hr. 
3.0)   Character of Hills 

Milk Hill and Tan Hill are a part of the east to west line of chalk hills in the Vale of Pewsey. The area is well known not only for its historical/archaeological significance, but also for highly elaborate crop circles two of which appeared on Milk Hill in 2001 and 2007. The view from the south is very impressive as, although the hills are not high, the sides are quite steep. The land is agricultural with the tops planted with cereal or left for animal grazing.
Access to the summit of either hill is easy as there are number of tracks from all sides. Although not passing over the summits, there is a long distance footpath, “The White Horse Trail” that follows the ridge in an East/West direction and passes just to the North of the hills. The owner of the land on the South side of Milk Hill, Bill Daw, kindly gave us permission to take our car along the rough track up the southern slopes to a point about 500m North West of the summit of Milk Hill. 

The summit of Milk Hill, owned by Brian Reed, had been ploughed and planted with barley so access and surveying would not have been possible later in the year until the corn had been cut. However, the landowner has left a strip of grass that he believes goes over the actual summit position in order to allow access to the summit and to prevent damage to his crops.
The summit of Tan Hill is crowned with a trig point that may not be exactly at the highest point. This area has been left as a “wild flower” meadow by its owners Richard and Vera Oram, and was covered with thick lush grass. We gained access to this hill with permission via the rough “vehicle” track that passes about 300m away from the summit on the western side.

4.0)  Milk Hill Summit Survey
The summit of Milk Hill is quite flat and the location of the highest point is not obvious. Our first working assumption was that the summit would lie on the grassy strip crossing between two cultivated areas. The automatic level was set up on the grassy strip but East of its highest point and the level’s height adjusted to be horizontal with the high point. Ground further to the south looked higher but we were able to confirm that this is in fact at least 1-2m lower. The summit of the hill was within the cultivated land just to the south of the grassy strip. However, a more detailed survey was needed to pinpoint its position.
The area around the summit, about 60m by 90m, was divided up into 15m squares which were marked out at the corners with flags. With the level set up on the tripod on the approximate highest point of the grassy strip, staff readings were taken for the position of each flag. This systematic approach allowed us to identify the approximate highest point of the hill – lowest staff reading. To refine the measurement, further staff readings were taken around this point. A small cairn was built to mark the summit position. Also the staff measurements allowed us to build up a three-dimensional representation of the summit area and this is shown in Appendix 1.
The ten-figure Grid References for the summit were:-

Garmin Map60CSx 

SU 10426 64314

Accuracy 3m
Height = 293m

Garmin Venture

SU 10426 64314

Accuracy 5m
Height = 293m

Garmin Etrex 


SU 10428 64316

Accuracy 5m
Height = 291m
Magellan Explorist 100
SU 10426 64314

Accuracy 4m
Height = 295m
The ten-figure Grid References for the position of the automatic level to measure the summit profile were:-
Garmin Map60CSx 

SU 10412 64344

Accuracy 2m
Height = 293m

Garmin Venture

SU 10413 64345

Accuracy 5m
Height = 294m

Garmin Etrex 


SU 10414 64344

Accuracy 5m
Height = 292m
Magellan Explorist 100
SU 10413 64341

Accuracy 3m
Height = 293m
To be efficient on time, the Leica 530 GPS was set up close to the summit while the staff measurements were being taken. The AT502 antenna was supported on a 2.000 metre pole and data were collected every 5 seconds for 100 minutes. The post processed data for the position and height of the GPS were:-
	System
	Easting

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

	SR 530
	410428.366
	0.003
	164339.510
	0.003
	294.140
	0.009


The ten-figure Grid References measured for the position of the Leica 530 GPS were:-
Garmin Map60CSx 

SU 10428 64345

Accuracy 4m
Height = 293m

Garmin Venture

SU 10430 64345

Accuracy 5m
Height = 295m

Garmin Etrex 


SU 10432 64346

Accuracy 4m
Height = 287m
Magellan Explorist 100
SU 10428 64343

Accuracy 4m
Height = 296m
Since the Leica 530 had not been set up on the true summit a levelling correction was taken with level and staff. 
Staff Reading for Leica 530 = 1.038m

Staff Reading for Summit = 0.923m

Therefore, altitude of Milk Hill = 294.140+1.038-0.923 = 294.255m
5)  Tan Hill Summit Survey
The summit area of Tan Hill is also quite flat and required a detailed systematic survey to find the highest point. This was carried out with level and staff by the method described in Section 4. Again a three dimensional profile of the summit area was built up and this is shown in Appendix 1. 
 The ten-figure Grid References for the summit were:-

Garmin Map60CSx 

SU 08212 64709

Accuracy 3m
Height = 295m

Garmin Venture

SU 08211 64709

Accuracy 5m
Height = 295m

Garmin Etrex 


SU 08211 64708

Accuracy 5m
Height = 295m
Magellan Explorist 100
SU 08211 64707

Accuracy 2m
Height = 296m
The ten-figure Grid References for the position of the automatic level to measure the summit profile were:-
Garmin Map60CSx 

SU 08187 64693

Accuracy 4m
Height = 295m

Garmin Venture

SU 08187 64692

Accuracy 5m
Height = 294m

Garmin Etrex 


SU 08187 64693

Accuracy 5m
Height = 295m
Magellan Explorist 100
SU 08187 64691

Accuracy 4m
Height = 295m
While the systematic level and staff survey was being carried out the Leica 530 GPS had been set up next to the trig point. The AT502 antenna was mounted on a 2.000m pole and data were collected every 5 seconds for 2 hours. The post processed data for the position and height of the GPS were:-

	System
	Easting

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

	SR 530
	408185.819
	0.003
	164690.296
	0.002
	293.900
	0.009


The ten-figure Grid References measured for the position of the Leica 530 GPS were:-
Garmin Map60CSx 

SU 08188 64696

Accuracy 4m
Height = 296m

Garmin Venture

SU 08189 64701

Accuracy 5m
Height = 300m

Garmin Etrex 


SU 08188 64699

Accuracy 5m
Height = 295m
Magellan Explorist 100
SU 08188 64697

Accuracy 6m
Height = 295m
Since the Leica 530 had not been set up on the true summit, a levelling correction was taken with level and staff. 

Staff Reading for Leica 530 = 1.167m

Staff Reading for Summit = 1.053m

Therefore, altitude of Tan Hill = 293.900+1.167-1.053 = 294.014m

The Ordnance Survey lists the height of the trig point flush bracket as 294.21m. As a check on our result we also levelled from the Flush Bracket to the hill’s summit.

Staff Reading for Flush Bracket on Trig Point = 0.843m

Staff Reading for Summit = 1.053m

Therefore, the Flush Bracket height was measured to be 294.014+1.053-0.843 = 294.224m which is in excellent agreement with the OS measured height.

 6) Survey of Col
The critical col for defining whether Milk Hill is a Marilyn is at GR SU 236632 and is at the bottom of a railway cutting. Since this was a busy railway it was impossible to carry out a detailed survey. Also one has to answer the question whether we should be measuring to the bottom of the railway cutting as this is clearly man-made ground? However to avoid this particular debate, we adopted the following logic for the measurement. The minor road between Stibb Green and Durley crosses the Railway at approximately its lowest point and if the railway cutting were not present then this would be the near the position of the col. The railway track is about 8m lower than the bridge and therefore would be lower than any natural col. If we measure the col as on the railway track, and Milk Hill does not reach Marilyn status, that is 150m of re-ascent, then it would never have been a Marilyn before the cutting was made.
The Leica 530 GPS was set up on the verge on the north side of the railway bridge and data were collected for 30mins. Using level and staff we took height readings for the position of the GPS, and the base of the bridge parapet at the “middle” of the bridge. Using the staff only we measured the height of the bridge parapet and with a Leica Disto A8 laser distance measuring unit, we measured the drop from the bridge parapet onto the railway sleepers. From these measurements we were able to calculate the height drop from the GPS to the railway line.

The post processed data for the position and height of the GPS were:-

	System
	Easting

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

	SR 530
	423590.911
	0.002
	163249.641
	0.002
	154.967
	0.013


Staff reading for GPS = 1.38m

Staff reading for base of bridge parapet = 0.94m

Height of bridge parapet = 1.03m

Drop from bridge parapet to railway line = 8.44m

Therefore the absolute height of the railway track was 154.97- (8.44-1.03+0.94-1.38) = 148.00m
The re-ascent for Milk Hill is 294.26 – 148.00 = 146.26m and so does not qualify for Marilyn status.

7) Discussion of Results
The summit of Milk Hill is within an area which is frequently cultivated and therefore the height and position may change depending on the extent of the ploughing. However, at the time of measurement we estimate that we had located the summit position to within +/-0.08m. We would also estimate a similar maximum error for the height measurement of Tan Hill. Although the summit of Tan Hill was laid to rough grassland, it may be that in the future the land is cultivated causing the summit position to be altered.
Our measurements show that Milk Hill is the higher hill by 0.24m. Based on the above errors for individual heights, the error in the maximum error in the height difference at the time of measurement is estimated to be +/-0.11m and therefore we are confident in the conclusion that Milk Hill is the higher hill. Confidence in the measurements is also improved by the fact that we measured the flush bracket height on the trig point of Tan Hill to be  294.22m compared with the OS figure of 294.21m, a difference of only 0.01m.
We measured the re-ascent of Milk Hill to be 146.01m. The measurement was taken to the railway sleepers but the ground to the side of the track was lower. Although we did not measure this we estimate it to be no more than 1.0m lower which would increase the re-ascent to only 147m and so Milk Hill still remains a sub-Marilyn. The debate whether man-made ground of the railway cutting should be included in the col measurement is irrelevant in this case since measurement to some imaginary point before the cutting was engineered would only decrease the value for re-ascent.
8)  Summary and Conclusions

The summit of Milk Hill is at grid reference * SU 10426 64314, is within cultivated land and is marked with a small cairn (The cairn may disappear in subsequent cultivation?). Its height is 294.26+/-0.08m.
The summit of Tan Hill is at grid reference * SU 08211 64708 and is not marked with any feature.  It lies 25m ENE of the trig point and its height is 294.01+/-0.08m.
Milk Hill is higher than Tan Hill by 0.24m and therefore Milk Hill is the highest point in Wiltshire.

The re-ascent of Milk Hill is less than 147m and therefore Milk Hill remains a sub-Marilyn.

The 1:25000 Explorer OS map shows a 295m contour at the summit of Milk Hill. This is misleading and the map should mark a spot height of 294m. However, the Ordnance Survey could argue that the recorded heights are within their acceptable quality limits.
* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 15 October 2009
Appendix 1
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Addendum
Survey of Milk and Tan Hills carried out by the OS for BBC Countryfile on 18 August 2009.
1) Introduction
As explained in the introduction to the main report, the Ordnance Survey agreed to survey Milk and Tan Hills for BBC’s Countryfile programme which was transmitted on 23 August 2009.  It had been agreed with the OS and the BBC that there would be two surveying Teams, each with a Leica 530, simultaneously measuring the height of Milk and Tan Hills. Both surveys would be carried out using Real Time corrections from the OS network and therefore a height difference would be broadcast during the programme. This idea was thwarted the night before the survey when an in-built software problem with all Leica 530s made them inoperable. Therefore the plan had to be changed and one Leica 1200 was used instead for all the measurements.

2)  The Survey

The survey started with a height measurement of Tan Hill. From previous GPS measurements we knew the approximate position of the summit. However, we set up the Leica NA730 level and took staff measurements to reconfirm its position. The OS then placed the Leica 1200, supported on a tripod, over this position to take measurements. Three sets of measurements for 3 minutes duration (epoch time 1 second) with Real Time Corrections were taken with a 20 minute break between each set. The final result was given as a mean measurement of the three sets.
The process was repeated on Milk Hill but the summit position was not checked with level and staff as the small cairn we had built was still marking the position.

3) Survey Results

Height of Tan Hill = 293.93m (Our measurement 294.01m)
Height of Milk Hill = 294.19m (Our measurement = 294.26m)
Milk Hill is higher than Tan Hill by 0.26m.

4) Conclusions

 Both surveys agree that Milk Hill is the higher hill and therefore is the highest point in Wiltshire. The OS result for the height difference at 0.26m agrees well with our result of 0.24m.
The individual height measurements taken by the OS are 7-8cm lower than our measurements. Although within our estimate of error,, we might have expected the agreement to be closer than this based on previous duplicate measurements.  Regrettably, we were not able to investigate the reason for this during filming.

J Barnard and G V Jackson, 15 October 2009
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