Survey of theCounty Top of the Vale of Glamorgan

4 and 5" November2013and 01 December 2013

The Team:
Sponsor Howard Mann
G&J SurveysJohn Barnard, Graham JacksMyrddyn Phillips

1) Introduction

Lillypot (ST059749 OS 1:50000 scale Landranger MBfD and OS 1:25000 scale Map 15iE
currently considered to be the County Top for the Vale of Glamorgan. The summit of this hill is
capped with a covered reservoir about 2.5m in height. Latest OS maps have a spot height of 140m
which seems to relate the top of the reservoir. Assuming that covered reservoirs aramada

features and therefore cannot be included, the height of the natural ground at the base of the
reservoirs estimated to be 13¥38m. An alternative position for the County Top is Taimnen
(ST036739)2 . 5km di stant in a West South West direc
is marked with an OS trig point which may or may not be on the actual highest point of thkehill.

OS databasksts the Flush Bracket height for thirgy pointas 137.75m but OS maps maile

summitwith a spot height of 137mTair Onnen was the original position of the County Top but

this was moved to Lillypot following a study of old maps which gave a height of 4463612m)

for Tair Onne and 47.6ft(136.4m)for Lillypot. These heights preceded the building of the

covered reservoir on llypot but provided the only information on the relative heights of the two
tops. In summarythe balance of evidence is that Lillypot is the higher hilltbigtis clearly not
definitive.

Detailed study of the larger scale OS maps in this area also reveals several other points surrounded
by 135m contour rings and therefore there is a possibility that neither Tie@n@or Lillypot is the
County Top for the/ale of Glamorgan.

The purpose of this survey is to locate the highest point for all contenders for the County Top and
then to accurately measure its heigfitis survey work was commissioned by Howard Mann who

has writtenabook nt i t | ed 0 é&totheaQolniy Mogps ofWalesl the North of England

and the Isle of Mano, available 2014 and want

2) Equipment used and Conditions for Survey

A Leica NA730 automatic level mounted on a tripod in conjunctionwith &0 st af f ext er
5m was used for the location of high points that were contenders for the County Top. This system
was also used if levelling were needed to obtain a height difference between a survey point and a
GNSS setup position.

Absolute heightsvere measured using a Leica Geosystems Viva GS15 Professig8a (Global
Navigation Satellite Systenng¢ceiver. This is a dudtequency, multichannel instrument, which
means it can lock on to a maximum of 12 GPS and 8 GLONASS satellites and recesignais
(at different frequencies) from each of these satellittteansmitted The latter feature reduces
inaccuracies that result from atmospheric degradation of the satellite signal. As-alstend
instrument it is capable of giving position andgie to an accuracy of about two metres and five
metres respectively. Note that a hdreld GPS receiver can only receive up to 12 GPS satellites



and each at a single frequency and therefore it has a poorer positional accureay aintgf a

height accuragof 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 ac hhboaerdfeatuses oftheiedGSILS t e A f i
receiver, there are still sources that create residual errors. To obtain accurate positions and heights,
corrections were made to the data via imported RINEX files from Ordnance Survey which were
postprocessed using Leica Geo Office 8.3 software.

We regularly check the functioning of the Leica Viva GS15 against Statistical Quality Control

(SQC) charts generated for a marked position. The chart associated with height measurement is
shown below. The mean height above Ordnance Datum Newlyn (QiDi)fixed point (measured

on 20 different occasions for 30mins of data collection at each time) was calculated to be 136.391m.
Further height measurements have been made at this point on separate occasions over a period of 3(
months using the same processametersThe last and penultimate measurements were carried out
after and before the mountain surveys described in this r@partesults shown on the graph are

all within a range of +/two SD (Standard Deviation), in this case one SD-8.816m.This

demonstrates that our Leica Viva GS15 receiver is giving consistently precise results within the
expected range of uncertainty for the measurements.
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In addition, we check the instrument periodically by taking measurements on an Ordnance Survey
Furdamental Bench Mark, processing the data and comparing it with the OS derived values. Height
should agree within about 0.05m. The latest tmeasurements are given in the table below.

Processing Height(m)
OS measurement 73.24
JB/GVJ GeoOffice 7 73.22
JB/GVJ GeoOffice 7 73.22




The line survey from GNSS position to summit for Maes y Ward was carried out using the standard
procedure for line surveying. The staff was held vertically at the GNSS position and the level set up
in a convenient position towagdhe hill. Once a 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). This process of alteovatglyhe

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 misrewdi and to improve accuracy. If in any set of three
readings the average was greater than 1mm different from the horizontal reading, then that set was
remeasured.

Conditions for the surveyvhich took place betweer2D0hr and Z.00hr on 4 November and
between 09.00hrs and 13.00hrs on 5 Novemberegood. Despite the weather forecast for most
of Britain being cloudy and wet, the two days were mostly sunny with gsdality albeit a bit

cold with temperatures around 10 degrees Celsius. Winds weregy westllight and were therefore
not a problem to the surve$ince the point MaegWard, spot height 137m on the OS 1:25000
map, was overlooked, we returned to survey this on 01 December 2013. Conditions were again
good with clear visibility, no wind an@mperature a comfortable 8 degrees Celsius.

3) The Survey

3.1) Character of the Reqion and Critical Areas to be surveyed

Theextract from the 1:50000 OS magee belowshows high points that have been identified as
possible summits for the County Top of thal& of Glamorgan. The points were identified by a
detailed study of OS larger scale maps and have been marked below by rebefiqgsnts were
identified whose heights exceeded 135m and these lie in three rdgitims;Westhe isolated trig
point of Tair Omenand the 137m spot height of Maes y Ward 1.5km to the Nditha group of
four points including the curfouwpoitststhdgastiote o f
of which lies south of the A48.

The survey was carried out by fasing on each of these three regions in turn since the distances
involved and the nature of the terrain did not allow optical sighting from one region to another.

Normally our surveys are conducted on uninhabited mountain terrain so there is usually no
interference from the results of human activity. However, the terrain in the Vale of Glamorgan is
undulating farmland interspersed with many minor roads, hedges, fences and private properties.
Although we expected this to create some difficulties, partilguiar accessthe onlyproblem we
encounteredvas access to Maes y WakRkrmissiorior access to all othesurvey pointsvhere
required wagiven willingly.



B » 7
—dteacn Catie - STV ycoed
ot -

2w .._)} A""/ ]
Phacy ¢ : p
\ ;‘ N e % A

4 J
Y 2 !
NAwis

e VAE OF GLANIBAGA

3.2) Survey of Lillypot and adjacent Points

An extract from the OS 1:25000 map shown below cotersmportant area around Lillypot. The
current summit for the Vale of Glamorgan County Top is shown with a spot height ofalDis
| abel | ddThiR probabty applies to the top of the covered resemvoirasthis pointis on a
manmadestrucure,itwoul d not apply as an el igible point
we have established for survey technique. The covered reservoir is surrounded by a 135m contour
ring indicating that the highest natural ground under the reservoir whilktigeen 135 and 140m in
height. However, to the West of the covered reservoir two points can also be observed, both
surrounded by 135m contour rings, and so either of these could be as high as the natural ground at
the covered reservoifhese are labelleB o i 24 sa3d A
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Ouir first task for this survey was to locate the highest natural ground around the base of the covered
reservoir. It was recognised that this would have to be partly subjastivés impossible to know

exactly what is natural gund and what is mamade. However, on the western edge, it was clear

that the ground rose up to a maximum height at the right angle point in the fence South West of the
spot height. This was confirmed with the Leica NA730 level. The ground on all thresathe of

the reservoir was | ower. Therefore the Leica
tripod at the identified highest point and 1hour of data were collected. A photograph of this setup
position is shown in Appendix 1.

While data were bag collected, the Leica NA730 level was set up on a tripod at a convenient point
so that the highest points of the ground contained within the 135m contour ring&8\fesheould

be identified and measured relative to tHeSS setup positiorStaff readiigs were taken in each

areato identify thehighest pointand thesevere marked with flagg:inally staff readings were

taken at the highest points to measure their relative heights.

Staff reading at GPS setup pointPy i 1t 0.383m
Staff reading asummit pointfi2d = 2.020m
Staff reading at summit poifiBd =228 . 2

These readi ngs20s ladw afrhea tl oRPweirnttshafin t he Hd ghest
by 1.63m and 1.83m respectively and therefore are NOT contendéns County Top.

Thetenfigure grid referencemeasuredor these pointausing haneheld GPSwere-

Poi 2ot i

GarminMontana 600 ST058117485 Height =133m
GarminEtrex 20 ST058107484 Height =139m
Garmin Map60CSx ST 05810 74855 Height = 131m
Garmin Oregon 450 ST05812 748% Height =140m
Poi 3t i

GarminMontana 600 ST0574374873 Height =129m
GarminEtrex 20 ST0574174872 Height =138m
Garmin Map60CSx ST 05748 74875 Height = 139m
Garmin Oregon 450 ST 0574274876 Height =142m

The GNS datacb | ect edloatweP @i ptr ot essed with the Lei c:
Software. RINEX correction data were imported from the Ordnance Survey Website Tor the

nearest Active BasBtations(Cardiffi CARI 20km, Swansed SWAS44km, Tauntoni TAUT

52km, Brecon- BREC55km, Appledorei APPL 73km, Stroud- STRU 80kmandWarminstef

WARS 87km). Weused Broadcast Ephemeris degaeivedby the GPS during th&urvey rather

than Precise Ephemeris data, since we have found this makes little difference tgtheekalts.
TheHopfield Tropospheric model was chosen for the calculations to sulit fimeirdata collection

times



The results are:

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

Poi Iot 305910318 0.004 174886517 0.00L 136174 0.005

The enfigure grid references measured for this point using fretd GPS were

GarminMontana 600 ST0591174893 Height =140m
GarminEtrex 20 ST 0591074892 Height =143m
Garmin Map60CSx ST 05915 74891 Height = 143m
Garmin Oregon 450 ST05911 74894 Height =140m

Therefore our best measurement for the height of natural ground around the covered reservoir at
Lillypot is 136.2m.

33) Surveyof ACrosswayso and Tair Onnen

Detailed study of the 1:25000 map showed a 135m ring contour near Cressway a b e Ud ed P
on the extract from the map shown b®l ow. thli 4
point just South of the A48 and about 2km awa

g Z2TTLS
(2 { A
7 A Al

i LIPS
:‘Ta!r-gqen\ XA 2N\ \i0e 12 AN
‘orest Nursery, \"o/o £ N ==/ ">

\__,__,__% X\:\:’—*’/:- 3 214 Bl

P £

et (B2
DEReN

g

] £\ ‘ \
\,l Pantylladron q
Tair
i anen \ o
\ 5137 ‘ %

>

NI\

\ RO
Pant y Ffyn

Dua\rries I8
disused) .y 5
.

A



P o i 40tvas approached from the minor road running in a NorBotath direction and about

100m distant. Access, which is a Public Right of Way, through a gate leads to a Riding Centre.
Although the ground to the east of the gate seemed to rise, the slope was quite shallow. The Leica
NA730 level was set up on the trippt outside the gate. Although the level was about 0.8m

higher than the ground on which it was positioned, the level was still lower than the highest point in
the Riding Centre. It was also possible to observe some of the ground around Lillypot asd it wa

i mmedi ately clear that the area aroumdwas | | yp
ruled out as a contender for the highest point in the Vale of Glamorgan and no further surveying

was carried out here.

Tai r On n 8iscronpeadibynatig pdint and this is marked with a spot height of 13[ns.

in the centre of a field which earlier in the year had been planted with corn and surveying would not
have been possible. However the crop had been cleared and the field mostly ploughedarfeamall
around the trig point had been left and was covered with grass although it may have been ploughed
in earlier years.

The Leica NA730 level was set up on a tripod a few metres away from the trig point but in a

position to be able to observe the Flushdket. Staff readings were taken systematically around

the trig point and the highest ground was identified as next to the trig point on its West side. A staff
reading was also taken for the Flush Bracket. The Leica Viva GS15 was set u)0@racire

pol e and supported by a fiQuickseto tripod over
photograph of the setup is shown in Appendix 1.

The collected data eveprocessed in Leica GeoOffice 8.3 as described in Section 3.2. The results
are:

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

Poi 5ot 303660.666 0.004 173979.166 0.002 137.259  0.009

The enfigure grid references measured for this point using freatd GPS were

GarminMontana 600 ST 0366673986 Height =136m
GarminEtrex 20 ST0366473987 Height =138m
Garmin Map60CSx ST 03661 73984 Height = 128m
Garmin Oregon 450 ST 03666 73987 Height =139m

The OS database quotes the height of the Flush Bracket on Tair Onnen as 137.75m
Staff Reading for Flush Bracket = 0.155m
Staff reading for Highest point = 0.607m

Therefore, the highest point is 0.600.155 = 0.452m LOWER than the Flush Brackéting the
OS data, the highest point is 137176.45 = 137.30m which compare well with our measured
height of 137.26m.



3.4) Surveyof The Meadow and Downs
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Detailed study of the 1:25000 OS map shows three more 135m contour rings that needed to be
surveyed. These 6@/)//enas8hd ofn & & e p mma pdisahie Bighest Poi n
point of an opendwwepdCocatdaedydybley MeBRar ko and
Poi md sa®d afppear to | ie under buildings clear/l
when these propert i 8dxhadween mgrevicusigestifiedfrom aneoldl 443fP o i nt
(135.0m) imperial height othhe Ordnance Survey Historical 1:25,000 map.

Access 600 waci mgtaifm ed v ieading flore theRA4]tdithe South. TWa y

summit area was covered with open mature trees and it would not be possible to place tlie GNSS
this wood due to obstruction of the satellite signals. However, the first task here was to locate the
highest point. The Leica NA730 was set up at a convenient point on its tripod and staff readings
were taken from flags set out in a square array, adetv metres apar©nce the highest point had

been identified it was marked with additional flags. A point was then chosen to the North as a
suitable place for the GNSS measurement where the obstruction from the trees was minimised. The
LeicaVivaGSl5ws set up on a 2.000m pole and was su
collected for 1 hour(See photos Appendix 1).



Staff readings were also taken for the GNSS set up position and the summit. The readings were:
Staff reading at summit = 0.539m
Staff reading at GNSS set up = 3.349m

The GNSS data &olwercd egdr mde Pod chtwiit h t he Lei c:
Software. RINEX correction data were imported from the Ordnance Survey Website for the 9

nearest Active BasBtations(Cardiffi CARI 20km, Swanse& SWAS 44km, Tauntoih TAUT

52km, Brecon BREC 5%m, Appledorei APPL 7&m, Stroud- STRU 80km Warminsteri

WARS 8%&m, Shobdori SHOB 93km and ExmouthEXMO 94km). Weused Broadcast

Ephemeris dateeceivedby the GPS during th&urvey rather than Precise Ephemeris data, since we

have found this makes little difference to the height results. The Hopfield Tropospheric model was
chosen for the calculations to suit the 1 hour data collection times.

The results are:

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

Poi 6ot 310337254 0.004 174795591 0.003 132.409 0.013

Therefore the sutmi ¢ heaRgihexva3s.2mBa® i

The enfigure grid references measured for this point using fmeatd GPSwvere-

GarminMontana 600 ST1030774795 Height =139m
GarminEtrex 20 ST1030674797 Height =141m
Garmin Map60CSx ST 10309 74794 Height = 128m
Garmin Oregon 450 ST 1030574795 Height =147m

Observations through the Leica NA730 optical leveifrthis summit showed that the area of
ground ar 8u mmdR2sHoer.nAtvisitivas made to the site surrounding the building and

it was clear that the ground here had been excavated and was no longer in contention for the County
Top.

Finalywemoed East to i8vedticgasewBeiatlittle diff
existed it would be to the rear of one of the houses. Fortunately one of the neighbouring properties
did not seem to be occupied and we were able to see around the oEsisgand confirm higher

ground did not existHowever, the field to the South East appeared to be higher and this was
confirmed when the Leica NA730 level was set up there and observations made back to the houses.
The Leica Viva GS15was setupinthdfid on a 2. 000m pole supporte
over what visually had seemed the highest pggete photo Appendix 1data were collected for 1

hour. Meanwhile the field was systematically surveyed with level and staff having set out an array
offfags. The higRRestwgpoifnrdyundoticmtbedi about 5m fro
the measured height difference was 0.03m. Since the variation in ground height was as large as this
the correction was considered unnecessary.



The GNSS datacolleate at 9B owert efiprocessed with the Lei c:
Software as described earlier in this section

The results are:

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

Poi 90t 310950.438 0.003 174524.765 0.002 135.125 0.016

Therefore the su®miits Hei5ght3mat Point A
The enfigure grid references measured for this point using fretd GPS were

GarminMontana 600 ST 1094974533 Height =135m
GarminEtrex 20 ST1094974532 Height =137m
Garmin Map60CSx ST 1093 74539 Height = 134m
Garmin Oregon 450 ST 10949 74534 Height =139m

3.5) Survey of Maesy Ward

The survey of Maes y Ward was carried out on 1 December 2013. Unfortunately this point had been
overlooked at the previous visit to the Vale of Glamordpan with a spot height of 137m marked

on thel:25kmap it was a serious contender that needed to be surveyed. The possibility of Maes y
Ward being the County Top had been brought to our nptstgreviouslyy David Purchase.
Unfortunately there are acces#fidulties to Maes y Ward and the landowneiMates y Ward Farm
wishes to keep this summit private.

Bearing in mind the aboyae hoped that if there was a clear view of Ma&%ard from the

summit of Tair Onnen we would be able to determine the heideteiiice using the Leica NA730
optical level. Although the two points are about 1.5kpart previously we have found that
providing the height difference was more than about 0.2m, the difference would be redolvable
make a valid distinction

The level vas set up on the summit of Tair Onnierobserve the summit of MagdVard.
Unfortunately the trees just to the North of the A48 are too tall and the view of Maes y Ward is
obscured. Therefore this method to determine the relative heights proved impossible

The extrad from the OS 1:2500and overhead mapeproduced belowhow the positioawhere

the Leica GS15 was set up and also pidirit Qtlie 137m spot height. Since it was not feasible to

set up the Leica GS15 on the summit of Ma&%gard, it was plaed about 300 metres to the North
West in a field where permission had been gained from the landowner. Previously, a staff reading
had been taken at that point with the Leica 730 automatic hewihg beerset up on a tripod about
30m to the SouthiThe GS5 was set up on a 2.000m pole supported by a Quickset tripod (See
photo Appendix 1)Once the GS15 had been switched on to collect data, a line survey was then
carriedoutto the summit of Maes y Ward.

1C
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An important feature in the summit aref Maes y Ward is an old quarry which is shown as a wood
on the OSnap but more clearly seen on the overhead map. This was alflsueBes higher than

the surrounding field and wéiled with all kinds of refuse. Some of the edgestained high
vegetaion andalthough we were unable to make a detaimsgection, weeoncluded much of this
area was also part of the tfp few staff readings were taken on the western side of the hedge and
the highest point was found just near a gakat point was takefor the final staff placement in the
line surveyWe were not able to cheelth staff placementthe ground to the East of the gate
because of access difficultigmita qualitativevisualexamination through the levigld us to

believe thathe landwasdescendingWe believe we have located the summit position to within a
height uncertainty of +0.2malthough somelement ofdoubt must remain

The details of the line survey are given in Appendix 2.

The GNSS data wa&00 cbbt eith aneedoahaimenoPld sesands &nd were
processed with the Leica GeoOffice Version 8.3 Software.

The results are:

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

Poi ¥Wd 303246752 0.003 175468821 0.002 114.137  0.005

From the line srvey the Summit of Maes y Ward is 22.720m higher than the GNSS set up position.
Therefore the height of Maes y Ward is 114.137 + 22.720 = 136.86m or 18&28+/

4) Discussion of Results
The results for the survey are summarised in the table below.

Survey Name Grid Reference Measured Height m
Point
5 Tair Onnen ST 03664 73986 137.3
10 Maes y Ward ST 03451 75293 136.9
1 Lillypot covered reservoir base ST 0591274893 136.2
6 The Meadow burial ground ST 10307 74795 135.2
9 Downs ST 10949 74534 135.1
2 Li llypot alternative ST 05811 74855 134.6
3 Lillypot alternative ST 05744 74874 1343
4 Crossways ST 043745 <134 estimated
7 Downsalternative ST 102747 <134 estimated
8 Downs alternative ST 108746 <134 estimated

12



The highest point surveyed, 137.3mhs ground next to the trig point at Tair Onnen and this
becomes the new position for the County Top of the Vale of Glamorgan. We would estimate that
the uncertainty in this measurement is withirO+/m.

The previous County Top was the Lillypot covereceresir but from the measurements made in

this survey, the 140m spot height shown on OS maps relates to the top of the covered reservoir.
Judgement for the highest point of natural ground was subjective. However the highest position of
natural ground was masured to be 136.2m with an uncertainty 6006m. We are confident that

to exceed 137.3m in height, ground at Lillypot woulddeénitelymanmade and therefore not
eligible for consideration.

Maesy Ward with a measured height of 136.9m was the clasdeightto Tair Onnen. We are
confident that within the uncertainties in our measurements that this is lower than Tairv@hnen
the proviso thatve cannotunequivocally discourttigher natural ground within themall inilled
quarry adjacent twhere we assesseadh e hi | | 6 stomeat ur al summit

All other points measured were at least 2m lower than Tair Onnen and therefore do not need to be
considered.

4.1) Hand-held Garmin Grid References and Heights

In this report we quote data recorded on kiaeld Garmin GPS units. Where grid references
coincide with those obtainaging the Leica Viva GS15, there will be differences a few metres in
position. This results from an approximate transformation used in Garmin instruments to convert
WGS84 latitude/logitude data, as measured by GPS, into OS grid and also the inherent higher
accuracy of the Leica instrument.

The height data recorded from the Garmin units should not be taken as a measurement of surveyed
heights. The numbers recorded clearly demonstinetenaccuracy of these instruments and the
variation that is obtained from one instrument to another.

5) Summary and Conclusions

Thesummit of theCounty Top of the Vale of Glamorgan is ground next to the trig point a&air
Onnen, grid referenceé ST 03664 73986and 137.3+/-0.1m

The highest natural groundthie covered reservoir at Lillypot, grid referenc&T 05912 74893
and heightl36.2mis replaced by Tair Onnenas the County Top.

Maesy Ward at grid referenc&T 03451 75298vas measured to He6.9+/0.2mhigh and is
higher than Lillypot

* NB for the convenience of walkers using a hdredd Garmin GPS, grid references quoted
in the summary are from these instruments.

John Barnard, Graham Jackson and Myrddyn Phillp&ecembe013.
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Appendix 1

Leica Viva GS15 set up at highest natural ground Lillypot

Leica Viva GS15 set up at highest natural ground Tair Onnen
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