Survey of Fan Brycheiniog
The Team: John Barnard, Chris Crocker, Simon Edwardes, George Gradwell, and Graham                                                                         Jackson.
Date: 13 September 2011
1) Introduction

Fan Brycheiniog (Section 32A, OS 1:50000 Map 160, Grid Ref. SN825217) is situated in the Mynydd Du and Fforest Fawr about 6km North West of Glyntawe (near Dan-yr-Ogof show caves) which lies on the A4067. The summit is marked with a trig point and the OS maps quote a spot height of 802m. However, about 250m further to the North West along the ridge is another top crowned with a cairn. This point bears the name Twr y Fan Foel and also has a spot height of 802m. John and Anne Nuttall in The Mountains of England and Wales volume 1: Wales consider the two points to be of equal height. However, Terry Marsh in his book on the mountains of Wales considers the trig point to be the higher. Jim Bloomer recently surveyed the tops using an Abney Level and while he thought the cairn of Twr y Fan Foel might be higher, he was not confident in claiming this as the summit since the measurement was on the limit of instrument resolution.

The purpose of this survey was to measure accurately the height difference between the highest points on Fan Brycheiniog and Twr y Fan Foel and confirm which is the higher. If Twr y Fan Foel is confirmed higher then this will mean a change in position of the Nuttall/Hewitt in the Database of British Hills. 
2) Equipment used and Conditions for Survey 

The survey to locate and measure the height differences of the two tops was carried out using a Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable to 5m. 
Conditions for the survey, which took place between 11.00hr and 13.00hr, were satisfactory. Initially during the day the weather was deeply overcast and raining, but as we ascended the hill the conditions improved markedly. For the survey, visibility was good with sunny periods and the temperature was about 10 degrees Celsius. However, a strong wind of 30mph gusting occasionally to 40mph introduced a significant wind chill and caused some limitations with staff readings. The wind was too strong for most of the survey to have the staff extended beyond 3 metres in length.
3)  Character of Hill 

The 8km long ridge that runs from Fan Hir in the East to Waun Lefrith in the West undergoes a sharp change in direction at Fan Foel and Fan Brycheiniog lies about 1km South East of this point. The topography of the ridges of the Brecon Beacons to the East and of this area of the Fforest Fawr is unique in Wales. One side is generally easy sloping grassland while the other falls away very steeply over tiers broken ground.  Walking along the edge of these ridges gives a feeling of exhilaration, particularly where gullies drop precipitously to lakes far below.
If only an ascent of Fan Brycheiniog, or that section of the ridge, is required, access is best gained from the minor road that runs in a North to South direction East of the main ridge. Tracks lead from near the highest point on this road across gently sloping grassland to the southern end of Llyn y Fan Fawr. There the path meets the striated East face of the mountain which it climbs steeply to the top of the ridge. The trig point of Fan Brycheiniog then lies a few hundred metres of easy walking to the North West. The cairn on Twr y Fan Foel is reached another 250m further North West over broken ground.
3)  Summary of Survey Method
The survey commenced at the trig point on Fan Brycheiniog. The level was set up North West and near to the trig point, and then adjusted so that the horizontal line intersected with the trig point’s base. The summit of Twr y Fan Foel was then observed and this showed the base of the cairn to be higher than the base of the trig point.
Having repositioned the level to a point closer to the trig point, staff readings were taken at various positions until the highest point was found. This was a small grassy knoll about 1.5m away from the trig point rib and to the East of it. From this point a line survey was carried out to the cairn on Twr y Fan Foel using the standard procedure for this technique. The staff was held vertically at the highest point on Fan Brycheiniog with the level set up in a convenient position towards Twr y Fan Foel. Once a set of readings had been taken (Backsight BS) the staff was then moved to a convenient point on the opposite side of the level, but the level not moved apart from a rotation through 180 degrees to take another set of readings (Foresight FS). This process of alternately moving the staff and level was repeated until the final reading was taken with the staff on the summit position, earth between embedded rocks just on the edge of the cairn of Twr y Fan Foel. In order to reduce errors in the height measurements, readings were taken from the horizontal, lower and upper stadia lines of the level and averaged. The mean result was then compared with the reading from the horizontal line and if the agreement was poorer than 1mm, then the reading set was repeated. 

The line survey was then repeated, but this time in the opposite direction. It is important in line surveying to do this so that two sets of height measurements can be compared to give an indication of the accuracy of the survey. Finally a reading was taken from the staff with it positioned on the Flush Bracket of the trig point so that absolute heights of the two summit positions could be calculated.
4) Fan Brycheiniog Summit
The position of the summit was easy to find with the level and staff and was identified as the top of a small grassy mound about 1m from the trig point. We are confident this was achieved to within +/-0.01m of height.
The ten-figure Grid References for the summit were recorded as:-

Garmin Map 60CSx 

SN 82538 21800
Accuracy 3m
Height = 807m

Garmin Venture

SN 82538 21800
Accuracy 4m
Height = 808m

Garmin Etrex


SN 82537 21798
Accuracy 7m
Height = 807m


Magellan Explorist 100
SN 82536 21803
Accuracy 9m
Height = 807m

5) Twr y Fan Foel Summit
The exact position of the summit was earth between embedded rocks on the edge of the cairn. Although we did not dismantle the cairn to check if there was higher ground under it, we inspected it thoroughly and are confident that we have identified the summit with height accuracy better than +/-0.05m.
The ten-figure Grid References for the summit were recorded as:-

Garmin Map 60CSx 

SN 82439 22065
Accuracy 4m
Height = 815m

Garmin Venture

SN 82436 22066
Accuracy 4m
Height = 806m

Garmin Etrex


SN 82437 22064
Accuracy 6m
Height = 802m
Magellan Explorist 100
SN 82437 22065
Accuracy 10m
Height = 806m
6) Line Surveys between Summits
The results of the two line surveys are presented in the table below. Agreement between the two line surveys was excellent as the closing error was calculated to be only 4mm.
The summit of Twr y Fan Foel is 0.75m higher than the highest point next to the trig point on Fan Brycheiniog. The OS database quotes the height of the flush bracket of the trig point on Fan Brycheiniog as 801.93m. Using this datum, our line surveys therefore give the heights of Twr y Fan Foel and Fan Brycheiniog as 802.47m and 801.72m respectively. 
7) Discussion of Results

The largest error associated with this survey is in the identification of the summit position of Twr y Fan Foel which we estimate to be within +/-0.05m. 

The highest point of the two contenders has been accurately measured and indentified as Twr Y Fan Foel, and therefore a revision in the Database of British Hills is required for the new summit of the Nuttall/Hewitt.
During the survey we also visited Fan Foel, the County top of Carmarthenshire and were able to confirm that a protruding rock in centre of a circle of stones lay at the summit and that the County boundary passed through this point.  The line of the boundary had been taken from a 1:10k map and waypoints along it transferred to a hand-held GPS. 

The ten-figure Grid References for the summit were recorded as:-

Garmin Map 60CSx 

SN 82149 22349
Accuracy 4m
Height = 789m

Garmin Venture

SN 82148 22345
Accuracy 5m
Height = 787m

Garmin Etrex


SN 82149 22347
Accuracy 6m
Height = 786m
Magellan Explorist 100
SN 82145 22348
Accuracy 9m
Height = 787m

8) Summary and Conclusions

The summit of the mountain named generally as Fan Brycheiniog has been identified as Twr y Fan Foel at grid reference * SN 82437 22065 and is ground between embedded rocks adjacent to the cairn. This becomes the Nuttall/Hewitt.
The highest point of Fan Brycheiniog is a grassy knoll about 1m from the trig point and is at grid reference *SN 82537 21800 but this is 0.75m lower. 
Using the trig point flush bracket height from the OS database quoted as 801.93m, the height of Twr y Fan Foel is 802.47+/-0.05m.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 15 September 2011. 
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        Horizontal Line        Lower Stadia Line        Upper Stadia Line

Point Number Backsight BSForesight FSBacksight BSForesight FSBacksight BSForesight FSMean BS Mean FS Height Difference

metres metres metres metres metres metres metres metres metres

Survey from Fan Brycheiniog "trig point" to Twr y Fan Foel cairn (Level GJ, Data collection CC/SE, Staff JB/GG)

1 0.577 2.125 0.564 1.788 0.591 2.463 0.577 2.125

2 0.568 1.753 0.298 1.425 0.838 2.085 0.568 1.754

3 2.023 1.052 1.760 0.883 2.286 1.218 2.023 1.051

4 2.954 0.437 2.811 0.418 3.099 0.458 2.955 0.438

SUM = 6.123 5.368 0.755

Survey from Twr y Fan Foel cairn to Fan Brycheiniog "trig point"  (Level GJ, Data collection CC/SE, Staff JB/GG)

1 0.437 2.434 0.418 2.252 0.458 2.616 0.438 2.434

2 0.511 1.962 0.413 1.706 0.610 2.218 0.511 1.962

3 1.299 1.059 1.004 0.797 1.592 1.324 1.298 1.060

4 2.458 1.805 2.189 1.702 2.729 1.909 2.459 1.805

5 2.253 0.448 2.171 0.424 2.334 0.474 2.253 0.449

SUM = 6.959 7.710 -0.751

Flush Bracket 0.239

Flush Bracket is 0.449-0.239 = 0.210m higher than "high point" near trig.

Flush Bracket Height from Trig Database for Fan Brycheiniog = 801.93m

Height of Fan Brycheiniog = 801.93 - 0.210+ 0.753 = 802.47m
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