Survey of Iwerddon
 The Team:

John Barnard and Myrddyn Phillips
1) Introduction

Iwerddon (Section 30B, OS 1:50000 Map 115, Grid Ref. SH688482) is situated about 2km North West of Blaenau Ffestiniog. It is the second hill in a clockwise horseshoe that starts with the Moel Dyrnogydd and continues over Allt-fawr, Moel Druman, Ysgafell Wen and Yr Arddu. Iwerddon is currently in Michael Dewey’s list of 500m+ hills and was surveyed by Myrddyn Phillips who obtained a re-ascent of 30m using his simple level and staff technique. 
The purpose of this survey was to re-measure accurately the drop from summit to bwlch in order to confirm the status of the hill. 
2) Equipment used and Conditions for Survey 

Ground surveys to determine the positions of the bwlch and summit, and the height difference between them, were 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 10.30hr and 16.00hr, were good. The weather was cold, 0-5 degrees Celsius, but sunny and clear with a slight breeze. There were some patches of frozen snow between the bwlch and the summit but these did not interfere with the survey.
2.1) Character of Hill 

Iwerddon lies about 1.5km South West of the Crimea pass, the high ground crossed by the A470 from Blaenau Ffestiniog to Betwys-y-Coed. It is a rocky hill that forms part of the cwm around Llyn Fridd-y-bwlch. Access is easily achieved from the parking area at the top of the pass on the A470. The sides of the hill are quite steep with rocky outcrops. To the South West of the hill and high in the cwm, lies Llyn Iwerddon, with the critical bwlch between Iwerddon and Allt-fawr lying about 30-40m above the West end of the llyn. The ridge from the bwlch goes North East up to an intermediate top and then continues to the “double” summit of Iwerddon. The summit and bwlch are covered with grass and rocky outcrops.
2.2) Summary of Survey Method
The survey commenced at the bwlch, the approximate position of which was fairly obvious just by visual inspection.  The ridge at this point is only a few metres wide and the line through the bwlch from high ground to high ground is very steep.  The exact position was quickly established by the placement of flags about 2 metres apart along the line of the bwlch for approximately 20 metres.  For correct placement, each flag position needed to be adjusted to its highest point in a direction perpendicular to the line of the bwlch. This was achieved using the Leica NA730 level and staff measurements. Once all the flags had been adjusted to their correct positions, the line of flags was then measured with the level and staff to find the lowest point which represents the exact bwlch position. This was then marked for future reference.

The survey continued with a line survey from the bwlch to the summit which was carried out using the standard procedure for this technique. 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 (Backsight 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. In order to eliminate 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. 

As part of the line survey, the exact position of the summit had to be identified. There were two possible contenders for this 60m apart. Preliminary measurements with an Abney level indicated that the actual summit was the contender further away from the bwlch. This was confirmed from staff readings taken from the two contenders with the level set at a fixed position. 
The line survey was then repeated, but this time in the opposite direction from summit to the marked bwlch. 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.
2.3) The Bwlch
The bwlch was surveyed with level and staff as described in Section 2.2 and we are confident this was achieved to within +/-0.05m of height.
The ten-figure Grid References for the bwlch were recorded as:-

Garmin Map 60CSx 

SH 68409 47880
Accuracy 3m
Height = 561m

Garmin Venture

SH 68409 47881
Accuracy 2m
Height = 562m

Magellan Explorist 100
SH 68408 47880
Accuracy 5m
Height = 561m

2.4) Summit of Iwerddon
The exact position of the summit was a rock partially covered with grass. We are confident that we have identified this point with height accuracy better than +/-0.05m.
The ten-figure Grid References for the summit were recorded as:-

Garmin Map 60CSx 

SH 68823 48218
Accuracy 3m
Height = 590m

Garmin Venture

SH 68822 48217
Accuracy 2m
Height = 589m

Magellan Explorist 100
SH 68821 48217
Accuracy 5m
Height = 587m

The other point 60m to the South West, a grass covered rock, was measured with the level and staff to be 0.46m lower which confirmed the measurements taken with the Abney level.
The ten-figure Grid References for this lower point were recorded as:-
Garmin Map 60CSx 

SH 68784 48170
Accuracy 3m
Height = 591m

Garmin Venture

SH 68785 48169
Accuracy 2m
Height = 587m

Magellan Explorist 100
SH 68782 48169
Accuracy 6m
Height = 586m

2.5) Line Surveys Uphill and Downhill from Bwlch to Summit
The results are presented in the table below.
3) Discussion of Results

The largest errors associated with this survey are in the identification of the bwlch and summit positions. Each was estimated to have an accuracy better than +/-0.05m. 

The drop measurement is 25.23+/-0.08m and therefore Iwerddon does not achieve the 30m required to retain its Dewey status. The closing error of 0.007m, the difference between the two sets of line survey measurements, is small and is a very satisfactory result. Normally we would expect closing errors between 0.010 and 0.020m for line surveys over this sort of terrain. 

4) Summary and Conclusions

The summit of Iwerddon is at grid reference * SH 68822 48217 and is an obvious rock partially covered with grass.
There is a subsidiary high point at *SH 68784 48169 but this is 0.46m lower. 
The re-ascent from the bwlch to the summit is 25.23+/-0.08m and therefore the Iwerddon does NOT retain its Dewey status.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 15 March 2010. 
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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 bwlch to summit (Level and data collection JB , Staff MP)

1 1.247 0.637 1.184 0.537 1.310 0.737 1.247 0.637

2 4.203 0.256 4.065 0.237 4.345 0.274 4.204 0.256

3 4.244 0.388 4.152 0.364 4.335 0.412 4.244 0.388

4 2.185 0.690 2.041 0.395 2.331 0.984 2.186 0.690

5 3.902 0.906 3.741 0.834 4.062 0.978 3.902 0.906

6 0.965 4.109 0.799 3.872 1.133 4.345 0.966 4.109

7 2.376 4.294 2.138 4.141 2.615 4.446 2.376 4.294

8 2.175 0.152 1.871 0.040 2.482 0.264 2.176 0.152

9 4.867 0.697 4.808 0.652 4.925 0.745 4.867 0.698

10 4.899 0.221 4.839 0.185 4.959 0.256 4.899 0.221

11 4.362 0.167 4.256 0.134 4.469 0.202 4.362 0.168

12 2.419 2.466 2.318 2.274 2.522 2.660 2.420 2.467

13 2.774 0.405 2.646 0.385 2.899 0.425 2.773 0.405

SUM = 40.621 15.389 25.232

Survey from summit to bwlch (Level and data collection JB , Staff MP)

1 0.405 0.862 0.385 0.542 0.425 1.182 0.405 0.862

2 0.506 4.586 0.487 4.428 0.524 4.745 0.506 4.586

3 0.093 4.308 0.071 4.247 0.116 4.370 0.093 4.308

4 1.197 4.582 1.173 4.550 1.221 4.613 1.197 4.582

5 0.182 4.620 0.161 4.481 0.203 4.760 0.182 4.620

6 1.232 0.371 0.780 0.214 1.681 0.527 1.231 0.371

7 0.917 0.401 0.665 0.131 1.171 0.672 0.918 0.401

8 1.474 3.750 1.407 3.525 1.541 3.975 1.474 3.750

9 2.631 4.624 2.420 4.532 2.840 4.716 2.630 4.624

10 0.329 4.252 0.291 4.152 0.367 4.352 0.329 4.252

11 0.297 2.131 0.264 1.928 0.333 2.334 0.298 2.131

SUM = 9.263 34.488 -25.225
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