Surveying Clogwyn Llech Lefn (Bwlch Tri Marchog Top)
18 October 2007
John Barnard and Myrddyn Phillips.
1) Introduction
Clogwyn Llech Lefn (Section 30B, Grid Ref SH709627, OS 1:50000 Sheet 115) appears not to qualify for the Nuttalls’ list of 2000feet plus hills. The reascent from the bwlch between this hill and Pen Yr Helgi Du has been measured by Myrddyn Phillips to be 47feet (14.3m) and so the requirement of a minimum of 15m for this list has not been met. However, Myrddyn used a simpler levelling technique and so the point of this survey was to remeasure the reascent using more accurate equipment.
2) Equipment used and Conditions for Survey 
Positions were recorded using Garmin Venture and Magellan Explorist 100 GPS models set up to receive the EGNOS correction service thereby improving the accuracy of these units. The instruments were allowed to “stabilise” for at least five minutes before any readings were taken. All grid refs are recorded to 10 figures but we acknowledge that the 5th figure in each direction is probably only accurate to the nearest 5m. 

The surveying was carried out using a Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable to 5m. 
 The day was sunny but a little overcast. The temperature was 8-10degrees Celsius with almost no wind. The survey was carried out between 12.30 and 14.30hrs. 
3) Character of Hill 
The summit of Clogwyn Llech Lefn lies about 1100m to the east of Pen Yr Helgi Du on the ridge towards Pen Llithrig Y Wrach. The critical bwlch lies to the west of Clogwyn Llech Lefn and is about 145m from its summit. The exact position of the bwlch, covered with fairly short grass, could be identified to an area within a few square metres with two possibilities.  
The terrain up to the top is a mixture of shorter grass and rocks, and presented no problems for staff and level placements – in fact all staff placements were made on rock. However the hill is steep towards the summit and a rather precarious level placement was needed for the final reading on the summit!
The summit area consists of a number of large rocks. These were checked with the level and the rock farthest to the east was found to be the highest point.
4) Outline of Survey Method
The survey was carried out in the following way.

a) A short survey with level and staff was carried out to locate the position of the bwlch. (If needed this would be re-surveyed with more accuracy)
b) Using Line Survey method from bwlch to summit, the difference in height was measured. The exact summit position was identified.
c) Using Line Survey method from summit to bwlch, the difference in height was remeasured.
5) The Survey

5.1) Location of the Bwlch
By observation the position of the bwlch seemed to be in one of two small areas. These were marked with “flags” and their heights compared relative to the obvious stone with a fence post protruding from it only a few metres away. These points differed by only 4mm but were about 25mm higher than the stone as measured with level and staff.
If the ascent from the bwlch to summit had been very close to the critical 15.00m required for inclusion in the Nuttalls’ list, then the intention was to return to the bwlch to survey this area more accurately. However, as a good staff placement could be made on the above mentioned stone we decided to use this as the first point.
The 10 figure Grid References for the bwlch are:-
Garmin Venture 

SH 70758 62700
Accuracy 8m
Height = 628m

Magellan Explorist 100
SH 70757 62700
Accuracy 4m
Height = 631m
5.2) Location of the Summit Position
The 10 figure Grid References for the summit are:-

Garmin Venture 

SH 70899 62745
Accuracy 2m
Height = 643m

Magellan Explorist 100
SH 70902 62745
Accuracy 4m
Height = 648m
5.3) Line Surveys Uphill and Downhill from Bwlch to Summit

This survey was carried out using the standard procedure for line surveying. The staff was held vertically at the bwlch position and the level set up in a convenient position towards the hill. Once a set of readings had been taken (backsights BS) the staff is then moved to an uphill position 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 is repeated uphill until the final reading is taken with the staff on the summit position. The whole process was then repeated from summit to bwlch.
Ideally to eliminate any level systematic errors, the distances between backsight and foresight positions should be the same, but on a fairly steep hill side this is not possible. If the differences between the upper and lower stadia readings are multiplied by 100 then this gives the distances between the level and staff. An analysis of the data indicates that foresight readings were taken over a total distance of about 60m.   and backsight readings over 110m. However, from the instrument specification this would give a maximum error in the height difference of less than 2mm.

Readings were taken from the horizontal, lower and upper stadia lines of the level to obtain three sets of data to provide a check on any staff misreading and also to improve accuracy with more reading sets.  

The results are presented in the next table.

Allowing for the correction of 0.025m for the bwlch:-

The bwlch to summit height difference = 14.00m

The closure error, that is the difference between the uphill and downhill measurements, is only 2mm. Therefore, with the internal consistency of the sets of three readings and the very small closure error, we have complete confidence in the reliability of this result.
We would estimate from the uncertainty of the position of the bwlch that the error in our measurement is less than +/-0.10m
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Instrument:- Leica NA730 Level Date:- 18/10/2007

        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 Bwlch to Summit  (Level JB, Staff  MP)

1 3.148 0.326 2.960 0.312 3.336 0.344 3.148 0.327

2 4.215 0.876 4.073 0.636 4.355 1.120 4.214 0.877

3 4.012 0.544 3.859 0.521 4.165 0.567 4.012 0.544

4 4.607 0.211 4.529 0.204 4.688 0.216 4.608 0.210

SUM = 15.982 1.959 14.023

Survey from Summit to Bwlch  (Level JB, Staff MP)

1 0.211 4.805 0.204 4.731 0.216 4.879 0.210 4.805

2 0.807 4.428 0.776 4.261 0.839 4.596 0.807 4.428

3 1.224 4.240 1.008 4.065 1.440 4.415 1.224 4.240

4 0.046 2.840 0.021 2.695 0.072 2.985 0.046 2.840

SUM = 2.288 16.313 -14.025


6) Summary and Conclusions
The summit of Clogwyn Llech Lefn is at grid reference SH 70901 62745 and is the top of the most easterly large rock.
The bwlch between Clogwyn Llech Lefn and Pen yr Helgi Du is at grid reference SH 70758 62700.

The height difference between the bwlch and the summit of Clogwyn Llech Lefn is 14.00+/-0.10m.
Clogwyn Llech Lefn has insufficient reascent to be included in the Nuttalls’ list of 2000 foot hills.
John Barnard and Myrddyn Phillips, 18 October 2007.   
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