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John Barnard and Graham Jackson.
1) Introduction
Bryn Gwyn (Section 30E, Grid Ref SJ043295, OS 1:50000 Sheet 125) appears not to qualify for the Nuttalls’ list of 2000feet plus hills. The reascent from the bwlch between this hill and Post Gwyn has been measured to be 14m and so the requirement of a minimum of 15m has not been met. However, as the measured reascent is so close to meeting the 15m requirement, we decided that this hill should be subjected to a more detailed and accurate survey.
2) Equipment used and Conditions for Survey 
Positions were recorded using Garmin hand-held Etrex and Venture, and Magellan Explorist 100 GPS units. The instruments were allowed to “stabilise” for at least ten 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 meaningless. The EGNOS signals that give greater accuracy for GPS measurements could not be received.
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 survey was carried out between midday and 16.30hrs. At the beginning the weather was overcast but brightened up to clear sunshine by the end of the day with temperatures around 15 degrees Celsius. Visibility was good. There were periodic light gusts of wind but these were insufficient to cause vibrations on the Leica automatic level which could upset the compensating mechanism. When the staff was extended to 4 or 5m, then holding it steady was occasionally a little difficult. 
3) Character of Hill 
The summit of Bryn Gwyn lies about 550m West-North West of Post Gwyn in the Berwyn Mountains of North East Wales. The bwlch between the two hills lies nearer Bryn Gwyn and is about 250m distant from its summit. The hill slopes at an easy gradient, but the bwlch and the summit are quite flat. The exact positions of the bwlch and the summit were not obvious and there were no marking cairns or rocks.  
The terrain up to the top is a mixture of long grass, bilberry and thick matted heather. The ground was also very wet and spongy due to the amount of rain experienced over the previous six weeks. Although staff placements could be found on “semi-solid” ground, level placements proved a little difficult. At times it proved very difficult to push the pointed legs of the tripod into firm ground, which made the placements more unstable than preferred. The Leica had to be checked before each reading to make sure that the instrument was exactly level.
4) Outline of Survey Method
The survey was carried out in the following way.

a) A survey with Level and staff was carried out to locate the position of the summit which was then marked.
b) A survey with Level and staff was then carried out to locate the position of the bwlch which was then marked.
c) Using the Line Survey method (Three-Wire Levelling) from bwlch to summit, the difference in height was measured.
d) Using the same Line Survey method from summit to bwlch, the difference in height was remeasured.
5) The Survey

5.1) Location of the Summit
The summit area of the hill was quite flat, covered with thick grass and heather and no marker locating the highest point. Visually there were two areas that appeared higher than the surrounding ground. These were checked with an Abney Level and one was found to be clearly higher. This area was then surveyed carefully with staff and level and the highest point found. This was marked for the survey with a trekking pole and subsequently with a stone. The estimated height error in this procedure was 10cm.
The 10 figure Grid Reference for the summit is SJ 04258 29562, GPS height 643m.
5.2) Location of the Bwlch
The exact position of the bwlch was not obvious at all. Following the hill down from the top, the line of the bwlch appeared to sweep in an arc towards the north but there also seemed a similar sweep to the south. The whole area of the bwlch is very flat and was quite water-logged. A couple of areas have been fenced-off, fairly recently from the appearance of the fence posts, but this did not interfere with the survey. From these preliminary observations, it was clear that to find the exact position of the bwlch; this area would have to be surveyed in a systematic way.
The procedure we used was to first survey with staff and level in parallel lines at right angles to the line joining Bryn Gwyn to Post Gwyn, starting on the high side west of the bwlch. The highest point of each of these parallel lines was marked with a small “flag”. We found that 4 lines a few metres apart were sufficient. The line of “flags” then represents the line of the bwlch between the two hills. The next step was to survey again with staff and level along the line of “flags” to ascertain the lowest point which locates the exact position of the bwlch. This technique also enabled us to quantify the possible height error in bwlch location which we estimated to be 10cm. The position was marked with a “flag” for the continuation of the survey and subsequently with a stone.
The 10 figure Grid Reference for the bwlch is SJ 04506 29571, GPS height 635m 

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 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 (Foresight FS). 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. 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 hill with this gradient 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 uphill readings were taken over a total distance of about 30-50m. and downhill readings 225-240m. However, from the instrument specification this would give a maximum error in the height difference of less than 7mm.

As already mentioned, 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. Also we swapped personnel tasks from uphill to downhill to give us confidence in the “independence” of the data sets. 

The results are presented in the next table.

The bwlch to summit height difference = 12.7m

The closure error, that is the difference between the uphill and downhill measurements, is 72mm. Bearing in mind the difficulty of the terrain for making “solid” staff and level placements, this closing error is satisfactory. Therefore, with the internal consistency of the sets of three readings and this closure error, we have complete confidence in the reliability of this result.
6) Location of Post Gwyn Summit

After carrying out this survey we checked the position of the summit of Post Gwyn. There is a large cairn marking a high point which one might assume to be the summit.
The 10 figure Grid Reference for this cairn is SJ 04860 29377, GPS height 671m.

However, measurements with an Abney Level clearly showed the grassy high point to the west to be about 1.5m higher. We built a smaller cairn on this point to mark its location. 

The 10 figure Grid Reference for the new summit location is SJ 04799 29401, GPS height 672m.


[image: image1.emf]Instrument:- Leica NA730 Level Date:- 15/07/2007

        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 and Data Recording JB and Staff GVJ)

1 2.913 0.456 2.565 0.425 3.256 0.489 2.911 0.457

2 2.526 0.518 2.401 0.499 2.652 0.536 2.526 0.518

3 2.980 0.556 2.850 0.525 3.114 0.589 2.981 0.557

4 3.088 0.425 2.912 0.497 3.263 0.355 3.088 0.426

5 3.580 0.646 3.286 0.604 3.868 0.688 3.578 0.646

6 0.910 0.637 0.852 0.594 0.970 0.681 0.911 0.637

SUM = 15.995 3.240 12.755

Survey from Summit to Bwlch  (Level and Data Recording GVJ and Staff JB)

1 0.669 3.225 0.627 2.915 0.715 3.535 0.670 3.225

2 0.382 3.272 0.338 3.068 0.427 3.478 0.382 3.273

3 0.184 3.775 0.158 3.596 0.212 3.959 0.185 3.777

4 0.310 3.953 0.274 3.450 0.347 4.465 0.310 3.956

SUM = 1.548 14.230 -12.683


7) Discussion of Errors
So this survey measures the bwlch to summit height of Bryn Gwyn to be 12.7m but how accurate is this figure? 
7.1) Location of Bwlch and Summit
We believe that the location of the bwlch and summit provide the largest errors in this survey even though we spent most of the time carrying out this task. However, from our results we estimate that we had located these to within a combined height error of 0.20m. Bearing in mind that the bwlch to summit difference was measured at less than 13m, further effort to locate the bwlch and summit with greater confidence, assuming that were indeed possible, was not justified as this would not alter the conclusion that bwlch to summit is less than 15.0m.
7.2) Closing Error and Level Calibration Errors
The closing error in the two line surveys is 0.072m so the results are in good agreement. Because of the nature of the terrain we were unable to place the level in the mid positions for forward and backward measurements. So if the level were incorrectly aligned at setup to the horizontal then a systematic error could be introduced into the readings. However, we have estimated this to be less than 0.007m.
7.3) Incorrect readings

There is no evidence from the surveys that an incorrect reading has been made. The consistency of the data sets and closing error confirm this.
7.4) Instrument Readings and Placement Positions
The problems making these placements due to the nature of the terrain have already been described. This probably contributed to the wider closing error than we have achieved on a survey with more stable placements, but the consistency of the data sets demonstrates that this type of random error is not significant compared with summit and bwlch location.
7.5) GPS Height Measurements

In the body of this report we have reported GPS height measurements as averages from the three different instruments used. The height difference between bwlch and top works out at 8-9m, less than the survey figure.  We include these figures for interest only in order to demonstrate the relative inaccuracy of GPS for height measurements.

8) Summary and Conclusions
The summit of Bryn Gwyn is at grid reference SJ 04258 29562 and is now marked with a stone.
The bwlch between Post Gwyn and Bryn Gwyn is at grid reference SJ 04506 29571.

The height difference between the bwlch and the summit of Bryn Gwyn is 12.7+/-0.3m.
Bryn Gwyn does NOT have sufficient reascent to be included in the Nuttalls’ list of 2000 foot hills.
The summit of Post Gwyn is at grid reference SJ 04799 29401 and is marked with a small cairn.

John Barnard and Graham Jackson, 15 July 2007.   
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