Survey of Bailey Hill (Fryn y Beile)
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1) Introduction
Bailey Hill (Hill Number 18946, Section 30C, OS 1:50000 Map 117, OS 1:25000 Map 265, Grid
Ref SJ235643) is currently not listed in the Database of British and Irish Hills. However Myrddyn
Phillips and Mark Trengove surveyed this hill using a Trimble Geo XH 6000 receiver on 18 March
2014 and 08 April 2014 and measured its drop to be 31.5m. Therefore Bailey Hill would now
qualify for the list of TuMPS (hills with prominence of 30m or greater). The purpose of this survey
was to identify the positions of the summit and bwlch, carry out a line survey between the two and
measure the absolute heights of bwlch and summit in order to confirm the hill’s new status.
2) Equipment used and Conditions for Survey
The ground surveys to locate the positions of the summit and bwlch and the line survey between the
two 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 Viva GS15 Professional receiver. This
instrument is dual-frequency and multi-channel, which means it is capable of locking on to a
maximum of 12 GPS and 8 GLONASS satellites as availability dictates, 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 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 +/-5metres and a height accuracy of no better than +/-10 metres. Some
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 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 the Ordnance Survey which were postprocessed using Leica Geo Office 8.3 software.
Conditions for the survey on 11 July, which took place between 10.30hr and 14.00hr BST were
good. Visibility through the optics was clear. It was warm, about 20 degrees Celsius, and with no
wind. The GNSS data at the bwlch was collected on 13 July when again conditions were good but
the sky a little overcast.
3) The Survey
3.1) Character of Hill
Shown below are extracts from the OS 1:25000 and Street maps for Mold Town centre. Bailey Hill
is contained within a network of four roads; Pwll Glas, Dreflan, Denbigh Road and the upper end of
Mold High Street. It is the site of an ancient Norman castle dating from around 1100AD and is
popular with local residents. A photograph of the design of the castle together with historical
information is shown on a notice board at the entrance (see photograph in Appendix 2). Bailey Hill
is mostly surrounded by private gardens but access can be gained via a gate, which is locked in the
1

evenings, at the top of Mold High Street. However, access can also be gained if one is prepared to
vault a 4 foot wall on the Eastern grassy bank of Bryn Noddfa.
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The hill consists of two quite steep sections rising from the base to the inner Bailey and then from
the inner Bailey to the Motte. The whole hill is covered with mature deciduous trees which
significantly limit the view available from its summit.

3.2) Bwlch Survey
The bwlch for Bailey Hill lies to the West but its position is not clear because this whole area is
suburban development, a council estate and Mold Community Hospital. However, it is possible on
the 1:25000 OS map to identify 120m contours in the hill to hill (West to East) and 110m contours
in the valley to valley direction (North to South). The detailed Geograph map shows a 111m spot
height on the Gwernaffield Road near the junction with Hillside Crescent. It is probably not
possible to identify the natural bwlch even if one had the freedom to enter the various relevant
properties because the development has made it very difficult to obtain a clear picture of the land
contours.
Having walked the streets in the vicinity of the Gwernaffield Road, one is drawn to this road as the
line of the bwlch in the hill to hill direction. To the West of the junction with Park Avenue and to
the East where it changes to Pwll Glas the road clearly rises in both directions. The section between
the junctions with Hillside Crescent and Dreflan is very flat and it is not possible by eye to
accurately identify the slope of the ground. If the assumption that the Gwernaffield Road is the hill
to hill line of the bwlch and its position between Dreflan and Hillside Crescent is correct, then land
to the North and South of Gwernaffield Road should be lower (valley to valley direction for the
bwlch).
The Leica NA730 automatic level was set up in turn at various convenient positions around the
junctions of Parkside, Hillside Crescent and Dreflan with Gwernaffield Road and staff readings
were taken along these streets. These readings confirmed that although this area is generally quite
flat, the ground does slope down from the Gwernaffield Road in both North and South directions
indicating that the line of the bwlch in the hill to hill direction is the Gwernaffield Road.
As one goes South along Park Avenue, the ground clearly descends at first and after about 150m
dips and then appears to rise slowly again. Although Park Avenue was not line surveyed to quantify
this, it could mean that the actual line of the bwlch is not along the Gwernaffield Road but further to
the South. By inspection the line of the bwlch may run through the grounds of Mold Community
Hospital where the lowest point in this line is in the car park for the hospital. If the absolute height
of this point were measured to be lower than the position of the bwlch on Gwernaffield Road then
this alternative line for the bwlch can be eliminated. This measurement was carried out two days
later and is described further on in this section of the report.
The most consistent line to measure on the Gwernaffield Road was down the centre of the road.
Staff readings were taken along this line and the highest reading (lowest point) was found to be
approximately midway between the junctions with Dreflan and Hillside Crescent. However,
because of heavy traffic, the Leica GS 15 had to be set up on the pavement adjacent to the bwlch
position. A point on a BT telephone Inspection chamber was identified as a reference point which
could easily be found at a later stage when the GNSS height measurement was made. Staff readings
were noted from this reference point and the bwlch in the centre of the road.
Staff Reading at GNSS set up point = 0.979m
Staff reading at bwlch in centre of Gwernaffield Road = 1.05m
The GNSS set up point is 1.05-0.979 = 0.07m higher than the bwlch.
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The Leica GS15 was subsequently set up over the reference point on the BT Inspection Chamber
supported with a “Quickset” tripod. The unit was mounted on a 2.000m pole and a photograph of
the set up is shown in Appendix 1. GNSS data were collected for l hr 2 minutes. The position and
height data recorded by the Leica Viva GS15 was post-processed with Leica GeoOffice 8.3 using
imported OS RINEX data for the eight nearest base stations under 100km distance and the
Computed model for tropospheric correction.
System

Easting

error(1SD)

Northing

error(1SD)

Height(m)

error(1SD)

Viva GS 15

323316.003

0.002

364421.121

0.002

111.448

0.006

The height of the bwlch is therefore 111.448 – 0.07 = 111.38m
The following ten-figure grid references were taken for the bwlch:Garmin Montana 600

SJ 23314 64419

Height = 116m

Garmin Etrex 20

SJ 23314 64421

Height = 116m

Garmin Oregon 450

SJ 23313 64421

Height = 117m

As mentioned previously an alternative line for the hill to hill direction of the bwlch may pass
through the grounds of Mold Community Hospital to the South. The Leica GS15 was set up in the
car park of the hospital which is probably the lowest point of this line. The unit was mounted on a
2.000m pole and supported with a “Quickset” tripod – see Appendix 1 for photograph. GNSS data
were collected for 30 minutes and processed under the same parameters as for the bwlch. The
results were:-

System

Easting

error(1SD)

Northing

error(1SD)

Height(m)

error(1SD)

Viva GS 15

323318.449

0.004

364257.659

0.001

110.832

0.007

The absolute height measured at 110.83m is 0.6m lower than the point measured on the
Gwernaffield Road and therefore was considered unlikely to be an alternative line for the bwlch. No
further work was carried out on this possible alternative.

3.3) Line Survey
This procedure commenced at the GNSS set up position for the bwlch. The Leica NA730 level was
set up on a tripod at a convenient position nearer to Bailey Hill and staff readings were taken with
the staff set up on the GNSS set up position. Once this set of readings had been taken (Backsights
BS) the staff was then moved to an uphill position, but the level not moved apart from a rotation
through 180 degrees to take another set of readings (Foresights FS). The line survey route went
along the Gwernaffield Road, turned up Bryn Noddfa, up the bank on the East side of Bryn Noddfa,
over the stone wall and then up to the summit of Bailey Hill. This process of alternately moving the
staff and level was repeated uphill until the final reading was taken with the staff on the summit
position. Readings were taken from the horizontal and also the lower and upper stadia lines of the
level to provide a check on any staff misreadings and to improve accuracy. If in any set of three
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readings the average was greater than 1mm different from the horizontal reading, then that set was
remeasured. This procedure was repeated until the final reading was taken on the summit position.
The results of the survey are given in Appendix 3. The drop for Bailey Hill was measured to be
31.612 + 0.07 = 31.68m.
3.4) Summit Survey
The position of the summit was located during the final measurement of the line survey. Staff
readings were systematically taken for all high points on the Motte ground and the summit was
identified as a point in grass on the Western edge of the Motte (see photograph in Appendix 1).
The following ten-figure grid references were taken for the summit:Garmin Montana 600

SJ 23544 64370

Height = 153m

Garmin Etrex 20

SJ 23549 64370

Height = 154m

Garmin Oregon 450

SJ 23545 64377

Height = 159m

Because of the tree cover on the Motte, no attempt was made to take GNSS measurements here.
Instead the height of Bailey Hill was calculated from the GNSS height measurement at the bwlch
set up position added to the drop measured from the line survey.
Height of Bailey Hill = 111.448 + 31.612 = 143.06m
4) Discussion of Results
The line survey measured the drop for Bailey Hill to be 31.68m. The largest uncertainty in the line
survey measurements would be the location of the bwlch. Note that all the land in the area of the
bwlch has been extensively engineered and natural ground no longer exists. This affects the
confidence with which the bwlch position and hence its height may be measured. We would
estimate from the scatter of staff measurements that the height of the bwlch has been measured to
better than +/-0.10m. An estimate for the uncertainty in the summit height would be +/-0.02m.
Therefore, combined with the typical error for a line survey taken over a 9 reading set of +/-0.005m,
we would estimate that the overall uncertainty for the drop measurement calculated from the line
survey to be +/-0.10m. Therefore the drop is 31.7+/-0.1m.
5) Summary and Conclusions
The summit of Bailey Hill is at grid reference * SJ 23546 64372 and has no feature but is on the
edge of the Motte. Its height is 143.1+/-0.1m.
The bwlch of Bailey Hill is at grid reference *SJ 23314 64420 and is in the middle of Gwernaffield
Road. Its height is 111.4+/-0.1m
The measured drop for Bailey Hill is 31.7+/-0.1m and therefore this hill is reclassified as a
TuMP.


NB average hand-held Garmin GNSS grid references are quoted in the summary.

John Barnard and Graham Jackson 06 August 2014.
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Appendix 1
The summit of Bailey Hill

Leica Viva GS 15 set up adjacent to bwlch
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Leica Viva GS15 set up in grounds of Mold Hospital – another bwlch possibility?
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Appendix 2
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Appendix 3
Title:-

Survey of Fryn y Beili

Instrument:-

Leica NA730 Automatic level

Date:-

11/07/2014

Horizontal Line
Lower Stadia Line
Upper Stadia Line
Backsight BS Foresight FS Backsight BS Foresight FS Backsight BS Foresight FS Mean BS
metres
metres
metres
metres
metres
metres
metres
GNSS Ref point at Bwlch to Summit (GVJ Level and Data recording, JB Staff)
1
1.308
0.298
1.032
0.119
1.580
0.479
1.307
2
3.658
0.136
3.485
0.078
3.830
0.193
3.658
3
4.538
0.853
4.391
0.813
4.686
0.894
4.538
4
4.794
0.572
4.651
0.413
4.939
0.730
4.795
5
4.884
0.334
4.818
0.328
4.952
0.342
4.885
6
4.646
0.106
4.596
0.098
4.697
0.114
4.646
7
3.697
0.466
3.508
0.461
3.885
0.471
3.697
8
4.749
0.765
4.702
0.755
4.795
0.776
4.749
9
3.511
0.642
3.462
0.606
3.559
0.675
3.511
Point Number

SUM =

9

35.784

Mean FS
metres

Height Difference
metres

0.299
0.136
0.853
0.572
0.335
0.106
0.466
0.765
0.641
4.172

31.612

