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1) Introduction
Halkyn Mountain (Hill Number 14613, Section 30C, OS 1:50000 Maps 116 & 117, OS 1:25000
Map OL265, Grid Ref. SJ195719) is listed as a Tump (a hill with drop greater or equal to 30m) in
the Database of British and Irish Hills (DoBIH); in this case the recorded drop is 30m. As this value
of drop has been calculated from OS map contours, there is the possibility that it could be less than
30m in which case Halkyn Mountain would be removed from the list of Tumps and become an
unclassified hill.
The purpose of this survey was to measure accurately the drop of Halkyn Mountain and thereby
resolve its classification.
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 candidate cols 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.
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
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 11.15hr and 15.30hr GMT, were fair. The
weather was cool, 5 degrees Celsius, with a moderate wind speed of 20mph at the col positions. On
the summit, later in the day, the average wind speed increased to 30mph with gusts of up to 45mph
recorded. Throughout the survey it was overcast, although the cloud base was always above 550m,
and there were also occasional showers of light rain. Nevertheless visibility remained good for the
duration of the survey.
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3) The Survey
3.1) Character of Hill
Halkyn Mountain lies 8km NNW of Mold and about 2km west of the A55 in an upland area that has
been extensively quarried over the centuries for minerals and precious metals. Remnants of this
mining history are numerous small mounds of spoil, now well vegetated and giving rising to a
complicated topography. The small villages of Halkyn and Pentre Halkyn are nearby. The whole
area is in a rural setting despite there being two large and active quarries in the vicinity. The
surrounding land has been designated common land.
An extract of the Ordnance Survey 1:50000 scale map (Crown Copyright Ordnance Survey) is
presented below and shows the summit and two candidate col areas situated about 1km and 2km
SSE of the summit. Neither the summit nor the candidate cols are marked with a spot height on
either the 1:50k or 1:25k maps. Although the summit is crowned with a trig pillar, this feature is not

marked on any Ordnance Survey map. In the Ordnance Survey Database, the trig pillar is named as
Billins. The presence of the minor road running close to the two cols and the summit make access
very easy. For convenience, in this report, we term the col nearest the summit, col 1 and the further
one col 2. Col 1 lies in a complex area of mounds near a fork in the minor road while col 2 lies in a
much more level area of ground close to the B5123 and just south of Halkyn.
3.2) Col 1
On arrival in the vicinity of col 1, we first carried out a visual assessment of what appeared to be a
complex area of mounds which hid the general topography. The 1:25k map (Crown Copyright
Ordnance Survey) below shows a small ring contour in the area of the col, which therefore could lie
on ground to the north or south of this. A preliminary examination of both areas showed that
ground on the north side of the road (col 1a) was higher than that on the SSW side (col 1b) and was
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not considered further. Next attention switched to the SSW area. Here a wide gravel track runs
south from the road towards one of the active quarries. To the SSE the ground rises to a few

buildings and two tall communications masts about 500m away. In between was the complex
terrain of mounds in which lay the col. Further extensive examination of this complex area
revealed a channel winding its way NE towards the road where a few houses were situated. The col
lay along this strip of ground. Next the level was set up at a convenient position and flags placed at
20m intervals along this channel. Staff readings were taken on each flag. The lowest staff reading
gave the approximate location of the col. This was on an undulation in the channel and
confirmatory readings on each side of it showed this to be the position of the col.
The Leica GS15 was setup directly over the col position on a 2m pole (see photographs in
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)

Leica Viva GS15

320363.696 0.001

Northing

error(1SD)

370851.499 0.002

Height(m)

error(1SD)

262.795

0.007

The height of col 1 is 262.80m.
3.3) Col 2
We next turned our attention to col 2. There is a small car park here and a metalled road that leads
to a quarry. On the east side of the main road the ground falls steeply for about three metres to
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natural ground that drops down to the valley. On the west side of the road the ground falls much
more gently towards a copse of trees and then more steeply towards the quarry. The quarry road
takes a more circuitous route. In the hill to hill direction the ground from the communications masts
to the north (mentioned in section 3.2) falls steeply to the junction of the quarry road and the main
road. On the south side of the quarry road the ground rises gently towards the area of the car park.
Thus, the position of col 2 was readily found to be ground about 3m from the junction of the quarry
road and the main road.
The Leica GS15 was setup directly over the col position on a 2m pole (see photograph in
Appendix). GNSS data were collected for 1 hour with an epoch time of 15 seconds. The data were
processed as for col 1.

System

Easting

error(1SD)

Leica Viva GS15

320803.696 0.001

Northing

error(1SD)

370065.830 0.001

Height(m)

error(1SD)

265.720

0.009

Therefore, the height of col 2 is 265.72m and consequently col 1 is the critical col.
3.4) The Summit
Next we moved to the summit where the Leica NA730 level was set up close to the trig pillar. The
1:25k map shows three 290m summit contours, albeit the one most southerly is tiny. It was quickly
established that the most northerly one was the highest and that ground 2m south of the trig pillar
was the highest point of Halkyn Mountain. We also took a staff reading on the flush bracket of the
trig pillar in order to determine its height. This value was then used to compare with the value in
the Ordnance Survey database which records that the trig pillar was knocked over in 1996, but it has
since been re-erected (between May 2007 and June 2008: information courtesy of Douglas Law).
Next the Leica GS15 was set up over the summit position on a 2m pole (see photograph in the
Appendix). GNSS data were collected for 1 hour with an epoch time of 15 seconds. The data were
processed as for col 1.

System

Easting

error(1SD)

Leica Viva GS15

319572.005 0.002

Northing

error(1SD)

371923.604 0.002

Height(m)

error(1SD)

293.828

0.008

The height of Halkyn Mountain is 293.83m
The drop for Halkyn Mountain is: 293.83 - 262.80 = 31.03m
Our staff readings for the flush bracket on the trig pillar and the summit were:
Staff reading for the flush bracket on the trig pillar = 0.242m
Staff reading for the summit = 0.709m
Therefore the flush bracket is 0.709 – 0.242 = 0.467m higher than the summit.
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Adding this to our value for the summit gives 293.828 + 0.467= 294.295m for the height of the
flush bracket. The Ordnance Survey height is 294.281m a difference of only 1.4cm.
4) Summary of Operating Conditions
GS15

Data Collection at col 1 and 2
(min)

63 and 61

Data collection summit (min)

60

Number of Base Stations used
in Processing for all points

10

Epoch Time (sec)

15

Tropospheric Model

Hopfield

Cut off Angle (degs)

15

Geoid Model

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 both the col and
summit measurements. The measurement uncertainty in height associated with the location of the
summit is estimated to be +/-0.005m as this position could be accurately determined. The
measurement uncertainty in height associated with the location of the col is also +/- 0.005m as this
was short grass on an obvious rise.
Combining the uncertainties estimated above we give the overall values as: Summit – [square root (0.062 +0.0052] = +/-0.06m.
Col - [square root (0.062 +0.0052)] = +/- 0.06m.
Drop - [square root (0.062 +0.0052 + 0.062 +0.0052)] = +/-0.09m.
The drop for Halkyn Mountain calculates to be 293.828m – 262.795m = 31.033m. This is 1.03m
more than the minimum requirement of 30m for this hill to be classified as a Tump. Since this
difference is much greater than the total uncertainty in the drop measurement, we can confirm the
classification of Halkyn Mountain.
6) Summary and Conclusions
The summit of Halkyn Mountain is at grid reference * SJ 19572 71923 and is a ground 2m south
of the trig pillar. Its height is 293.83m+/-0.06m.
The col of Halkyn Mountain is at * SJ 20363 70851 and is unfeatured ground. Its height is
262.80+/-0.06m.
The drop for Halkyn Mountain is 31.03+/-0.09m and consequently this hill remains classified as a
Tump.
•

NB: Grid references for OSTN15 are quoted in the summary.
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John Barnard and Graham Jackson, 22 February 2020
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Appendix 1

The area in which lies col 1 as seen from track to quarry

Leica GS15 collecting data on col 1
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Leica GS15 collecting data at col 2

Leica Viva GS15 set-up on summit
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The flush bracket on the trig pillar
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