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1) Introduction

Pen y Castell (Section 30B, OS 1:50000 Map 115, Grid Ref. SH721688) is a Nuttall in the Carneddau group of mountains.  It is a subHewitt with a drop, as measured from the map, of 29m.  The summit is described as a rocky tor at the far (East) end of a rock-studded top in John and Anne Nuttall’s book The Mountains of England and Wales volume 1: Wales.
The purpose of this survey was to measure the drop of Pen y Castell to determine whether this was 30m or greater.  If so, then the mountain would be eligible for the Hewitts list.
2) Equipment used and Conditions for Survey 

Ground surveys to determine the positions of the col and summit were carried out using a Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable to 5m.  This equipment was also used for the line survey to measure the drop. 
Conditions for the survey, which took place between 11.00hr and 17.00hr, were very good. The weather was mild, 10 to 12 degrees Celsius, with warm sunshine.  Upon arrival at the summit we were surprised to find that the wind was strong, averaging 40mph and gusting to 45mph.  However, within an hour the wind speed had dropped to a mild breeze and allowed the surveying to proceed unhindered for the rest of the day. 
3) The Survey
3.1) Character of Hill 

Pen y Castell is situated in the northern Carneddau on a south-eastern spur of Drum.  The view from the summit affords views across Conwy bay to the North while the main Carneddau mountains dominate the scene to the West.  The easiest ascent of Pen y Castell is from the end of the minor road which ascends into the hills from Tal-y-Bont in the Conwy valley and terminates in a small parking area at SH743692.  This is also the parking area for visitors to the iron age hill fort of Pen-y-Gaer just to the East.  From the car park a good track is followed for just over 1km to a small stream and from there a large well-constructed wall is followed West nearly to the summit.  The summit area itself comprises a large rocky tor, as described in the Nuttalls’ book, together with a smaller outcrop to the East and a large area of high ground topped with grass and heather to the West.  To the unaided eye the rocky tor appears to be the obvious summit.  The bwlch is a further 300m north-west and is broad and flat.
3.2) Summary of Survey Method
Surprisingly, the summit of the hill required a significant survey to identify the highest point.  This was achieved by setting up the level near one of the candidate high points and scanning the vicinity for other candidate high points.  Staff readings were taken at each of these candidate positions to identify the true summit.

The approximate position of the bwlch, identified using an Abney level, was found to be ground just to the East of a boulder which is the only rock in the vicinity of the bwlch.  Sightings of this area through the NA730 level quickly confirmed that this was indeed the approximate position of the bwlch, and next a detailed survey was carried out to locate its exact position.  For this a grid of flags was laid out at about 5m intervals aligned with the orthogonal directions of the bwlch.   These directions were NW – SE for the summit to summit direction and NE – SW for the valley to valley direction. From the scouting work with the Abney level, we were confident that this grid encompassed the position of the bwlch itself. The level was then set up at a convenient place, the staff placed by each flag and height readings taken.  Yellow flags were used to identify the lowest staff reading (highest ground) of each valley to valley line of flags.  This yielded a line of yellow flags running in the summit to summit direction.  Finally, once the whole grid had been measured, the yellow flag with the highest reading (lowest ground) was identified and marked and this represented the position of the bwlch to within 5m.  Finally, the staff was used to pinpoint the position of the bwlch to the nearest metre. 
The survey was carried out using the standard procedure for line surveying. The staff was held vertically by the marker flag at the bwlch and the level set up at a convenient position towards the hill. Once a set of readings had been taken (backsights BS), the staff was then moved to a position further up the hill towards the summit, but the level was 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 positioned on the top of the summit boulder. Because of the steepness of sections of the hill, the survey could not be carried out in a straight line. Instead a zig-zag approach was made in order to find suitable placements and also to balance as practically as possible the distances between foresight and backsight measurements.  Regrettably the terrain limited our ability to achieve a good balance in this respect.  Once at the summit, the line survey was repeated back to the bwlch in order to give a closing error.

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.  
3.3) The Summit
To the unaided eye the highest point of the mountain appears unquestionably to be the rocky tor near the East end of the summit area and this feature is described as the summit in The Mountains of England and Wales.  However, even a cursory check with the Abney level confirmed to our surprise that the highest ground lay about 250m to the West near where the 623m spot height appears on the 1:50k map.  Accordingly, the level was set up in that area near a rocky outcrop decorated with vertical stones, that is also described by John and Anne Nuttall in The Mountains of England and Wales.  The true summit was identified as a boulder 60m SW of this point.  The top of the boulder is 0.46m higher than the rocky outcrop and the ground near the foot of the boulder is 0.23m higher than the rocky outcrop.  We believe that all the vertical stones protruding above the ground at the outcrop have been placed in these positions and therefore should not be considered; indeed the majority of them were loose.  However, we can confirm that even the highest vertical stone was still 0.03m lower than the top of the boulder.  Finally, there is a clear and uninterrupted view of the rocky tor that from this viewpoint still gives the impression to the unaided eye of being the summit of the mountain.  Even at a distance of 230m away it was possible to read the staff to the nearest centimetre and confirm that the rocky tor is 2.43m lower than the true summit.
The ten-figure Grid References (Garmin Etrex) for the summit features are:-
Summit boulder


SH 72190 68884
Accuracy 6m
Height=627m

Rocky outcrop with vertical stones
SH 72222 68925
Accuracy 6m
Height=625m

Rocky tor



SH 72437 68877
Accuracy 6m
Height=623m

3.4) The Bwlch
The exact position of the bwlch was established using the level and staff by the method described in Section 3.2
The ten-figure Grid Reference (Garmin Etrex) for the bwlch is:-
SH 71946 69033
Accuracy 6m
Height = 597m
3.5) Line Survey

A line survey was carried out as described in Section 3.2 and the results are given in the table.  It is seen that the measured drop is 29.004m and the closing error of only 1mm gives a very high degree of confidence in the result.
4) Discussion of Results
The largest error was associated with the correct location of the bwlch which gives an uncertainty of +/-0.10m in height.  Since the top of the summit boulder was located to 0.01m or better, the total error is estimated to be +/-0.10m
The drop measurement is 29.0+/-0.10m and therefore Pen y Castell does not achieve the 30m required to give it Hewitt status. 
5) Summary and Conclusions

The summit of Pen y Castell is at grid reference * SH 72190 68884 and is the top of a boulder.
The bwlch separating Pen y Castell from its higher neighbour Drum on the main Carneddau ridge is at grid reference * SH 71946 69033.
The re-ascent from the bwlch to the summit is 29.00m and therefore Pen y Castell is not promoted to Hewitt status.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 11 April 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 GVJ, Staff  MP)

1 3.985 0.315 3.515 0.283 4.458 0.348 3.986 0.315

2 4.663 0.302 4.462 0.278 4.863 0.324 4.663 0.301

3 4.502 0.738 4.414 0.702 4.592 0.775 4.503 0.738

4 4.294 0.223 4.188 0.186 4.400 0.257 4.294 0.222

5 4.672 0.702 4.574 0.678 4.770 0.726 4.672 0.702

6 4.576 0.317 4.490 0.288 4.663 0.345 4.576 0.317

7 3.767 0.418 3.645 0.218 3.890 0.618 3.767 0.418

8 1.961 0.405 1.769 0.376 2.153 0.434 1.961 0.405

SUM = 32.422 3.419 29.003

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

1 0.405 2.145 0.376 1.892 0.434 2.398 0.405 2.145

2 0.639 4.758 0.519 4.581 0.760 4.935 0.639 4.758

3 0.100 4.618 0.075 4.522 0.126 4.716 0.100 4.619

4 0.242 4.564 0.217 4.465 0.266 4.661 0.242 4.563

5 0.444 4.414 0.415 4.354 0.473 4.474 0.444 4.414

6 0.216 4.713 0.200 4.611 0.232 4.815 0.216 4.713

7 0.357 4.418 0.335 4.140 0.378 4.699 0.357 4.419

8 0.758 2.535 0.720 2.285 0.797 2.784 0.758 2.535

SUM = 3.161 32.166 -29.004
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		3		4.502		0.738		4.414		0.702		4.592		0.775		4.503		0.738
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		Survey from summit to bwlch (Level and data collection GVJ, Staff  MP)
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		3		0.100		4.618		0.075		4.522		0.126		4.716		0.100		4.619
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