Survey of Anne Bower Hill
7 January 2019
The Team: John Barnard, Graham Jackson & Richard Mclellan

1) Introduction
Anne Bower Hill (SK589625) lies just to the NE of Mansfield by the village of Clipstone. The area
has a long history of coal mining and Anne Bower Hill is itself a landscaped colliery tip which is
part of Vicar Water Country Park. The hill is not listed in the Database of British and Irish Hills.
However, Chris Pearson has reported that, following a site visit, he believes Anne Bower Hill might
have 30m or more of drop and therefore could be a Tump (a hill with 30m or more of drop). His
observation is supported by an orienteering map of the area, while the OS 1:25k map indicates a
drop greater than 25m. Consequently, it was decided to carry out a survey of Anne Bower Hill in
order to determine its drop accurately and determine if the hill was a candidate for inclusion in the
list of Tumps.
2) Equipment used and Conditions for Survey
A Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” Estaff extendable to 5m were used to determine the positions of the col and summit.
Absolute heights were measured using a Leica Viva GS15 receiver. This receiver is a dualfrequency, 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. Despite the
on-board features of the 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 were post-processed using
Leica GeoOffice 8.3. Repeated measurements with the Leica Viva GS15 instrument made on the
same point yield a height precision of ±0.06m for 1hour data collection.
Note that most small hand-held GNSS receivers used for general navigation in the UK can receive
signals from up to 12 GPS and 8 GLONASS satellites but each at a single frequency. These
instruments have poorer accuracy. For Garmin instruments this is ± 8 metres for position and no
better than ±10-15 metres for height (three times standard deviation). We believe Satmap Active
instruments have slightly better accuracy. Some older handheld receivers can only receive signals
from GPS satellites. However, their accuracy is very similar, but GLONASS greatly improves the
speed at which modern receivers can achieve a satellite “fix”, particularly in areas where the view
of the sky may be limited.
Conditions for the survey, which took place between 11.00hr and 15.30hr GMT, were fair. The
weather was cool, 10 degrees Celsius, with a wind speed of 5mph to 15mph. While overcast for
much of the day it remained dry except for a brief light shower near the end of the survey.
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3) The Survey
3.1) Character of Hill
Vicar Water Country Park lies in a large recreational area. To its north and east is Sherwood Forest
and to its south is a golf course. The country park contains Vicar Pond, a large area of water, and
near the car park is a smaller pond, which on our visit was home to several species of waterfowl.
The car park is large and free, although there is a pay machine that requests a donation of £1
towards upkeep of the area. On our visit it was out of order. There is a network of excellent paths
one of which winds its way to the summit of Anne Bower Hill. A notice board near the summit
claims that the hill is home to dingy skippers, nightjars, bee orchids, common lizards and three
species of heather. There is also a plinth on the summit (see Appendix) that shows the location of
all the pits that would have been visible when coal mining was at its height; there were over thirty.

The landscape today is very different although the winding gear and associated buildings of a now
closed colliery just under a mile away are clearly visible. The summit itself lies at the convergence
of three well-made paths with surrounding vegetation comprising broom and gorse. Just west along
the ridge the terrain changes to heathland, while copses of birch and pine grow on the steep slopes.
A good path leads along the summit ridge of Anne Bower Hill and down to the area of the col.
Chris Pearson concluded that this lay on or near a wide path that runs to the south of the hill and at
its foot. This path was originally a railway.
3.2) The Summit
Upon arrival at the summit it was quickly concluded this lay close to the plinth. The Leica NA730
level was set up about 15m to the south-west on the path and a staff reading was taken by the plinth.
Staff readings were then also taken of two areas about 30m to the south-west that were densely
covered by broom and gorse. All readings showed these areas to be at least 0.1m lower than the
ground by the plinth. Similarly, an area of gorse and broom to the east of the plinth gave readings
that were also about 0.1m lower than the plinth. Next the area around the plinth, all bare ground,
was investigated. The highest point was ground 2m north of the plinth.
We estimate that the position of the summit was located to within 0.01m of height; this estimate
excludes the measurement uncertainty associated with the GNSS measurement.
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Next the “Quick Set” tripod was set-up over the summit position to support the Leica Viva GS15 on
a 2m pole. GNSS data were collected for 60min with an epoch time of 15 seconds.
The data for the Leica Viva GS15 were processed in Leica GeoOffice 8.3 using ten base stations
under 100km distance and evenly spread around the survey point. In fact, a total of 16 base stations
were available but 6 were deselected where they duplicated nearer base stations that were
approximately in the same directions from the survey point. The Hopfield Tropospheric Model was
used for the calculations. The results are given in the table below:-

System

Easting

error(1SD)

GS15

458996.830 0.001

Northing

error(1SD)

Height(m)

error(1SD)

362504.974

0.002

129.282

0.008

The height of Anne Bower Hill is 129.28m
The ten figure grid reference recorded for the summit is SK 58996 62504 (OSTN15).
3.3) The Col
Following the conclusion of the survey at the summit, we next moved to the area of the col. At first
it was thought that this lay just a few metres south from the path that was the old railway track and
at the point where it is joined by the path from the summit. There is also at this point an entrance
into the field south of the path for farm vehicles which is slightly lower than the path. The Leica
NA730 was set up on the railway path at this position and readings were taken along the railway
path for about 150m in both easterly and westerly directions. These readings showed that the path
was rising towards the west and it gained about 0.3m in height over this distance indicating that the
col should lie somewhere in Mansfield. There is a bridge marked on the 1:50k map, however,
which is absent on the 1:25k map and this was just a few metres west of the junction with the
summit path. This carries the route of the old railway line over a narrow but deep gully which, in
its lower reaches, carries a small stream into Vicar Water on the north side of the hill. This manmade object confuses the picture, as the line of the valley to valley direction drops into the gully
and makes its way north. Consequently, the col to col direction runs from the old railway line to the
east of the bridge and into the gully and thence down to Vicar Water. Further and closer inspection
of the railway line path showed the ground continuing to fall slightly over about three metres of
distance in the hill to hill direction before rising steeply up a bank and into the field that is situated
on the south side of the path. We followed this depression for about 100m east to find its
shallowest point and then took staff readings to determine whether this point or the point near the
path junction was the higher and therefore the best candidate for the position of the col. This had to
be done in two steps as there was no direct line of sight between the two potential col positions.
Staff readings of these features are given below:
Level at position1
Staff reading for field entrance = 1.128m
Staff reading for path = 0.862m
Level at position 2
Staff reading for same position on path = 0.415m
Staff reading for depression = 1.340m
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Measurement difference for the staff position on the path is 0.862 – 0.415 = 0.447m
Corrected reading for depression is: 1.340 + 0.447 = 1.787m
Therefore, depression is 1.787 – 1.128 = 0.659m lower than field entrance and thus may be
discounted as a candidate col position.
What had appeared at first sight to be a straightforward col to determine took nearly an hour to
locate. The diagram below (not to scale) is a summary of the work carried out.

Next the tripod was set-up over the col position to support the Leica Viva GS15 on a 2m pole.
GNSS data were collected for 60min with an epoch time of 15 seconds.
The data for the Leica Viva GS15 were processed in Leica GeoOffice 8.3 using the same ten base
stations as used for the summit calculation and with the Hopfield Tropospheric model. The results
are given in the table below:-

System

Easting

error(1SD)

GS15

458149.182 0.001

Northing

error(1SD)

Height(m)

error(1SD)

361895.134

0.002

96.215

0.013

The height of the col = 96.22m.
The drop as determined by the summit and col heights is 129.28 – 96.22 = 33.06m.
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4) Summary of Operating Conditions

GS15

Data Collection summit (min)

61

Data collection col (min)

61

Number of Base Stations used in
Processing for all points

10

Epoch Time (sec)

15

Tropospheric Model

Hopfield

Geoid Model

OSGM15

Cut off Angle (degs)

15

5) Discussion of Results
For the Leica Viva GS15, a one hour data collection time gives results with a measurement
uncertainty of ±0.06m. This measurement uncertainty applies to both col and summit
measurements. The summit position was found to within ±0.01m of height. In addition, the
measurement uncertainty in height associated with the location of the col is ±0.1m as estimated
from the staff measurements. Therefore, the overall measurement uncertainty for the determination
of drop from the Leica Viva GS15 is ±0.13m [square root (0.062 +0.012 + 0.062 +0.12)]. The drop is
therefore 129.28 – 96.22 = 33.06±0.13m as determined by the Leica Viva GS15.
6) Summary and Conclusions
The summit of Anne Bower Hill is at grid reference * SK 58996 62504 and is ground 2m north of
the plinth. Its height is 129.28m±0.06m.
The col of Anne Bower Hill is at * SK 58149 61895 and is unfeatured ground at entrance to field.
Its height is 96.22±0.12m.
The drop for Anne Bower Hill is 33.1±0.13m and consequently Anne Bower Hill qualifies for the
list of Tumps.
* NB: Grid references are OSTN15.
John Barnard, Graham Jackson & Richard Mclellan 15 January 2019
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Appendix 1

Information board near summit of Anne Bower Hill

Detail of mining information on plinth
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Leica Viva GS15 set up on summit by plinth

Leica Viva GS 15 set up on col looking south towards Strawberry Hill
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Leica Viva GS15 set up on col with lower slope of Anne Bower Hill behind
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