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1) Introduction
Y Garn - Glan Hafon (Section 30E, Grid Ref SJ078274, spot height 608m, OS 1:50000 Sheet 125) qualifies for Michael Dewey’s list of hills between 500m and 609.6m with at least 30m of reascent from all directions. Recently Eric Hardman visited this hill and thought there was ground at least 3m higher to the South East. To verify this, Myrddyn Phillips subsequently visited this hill and confirmed Eric’s observation, but thought the higher ground to the South East to be a little higher than 3m. However, he also surveyed from the 607m Trig Point but the identified higher ground only seemed to be about 1 metre higher. Therefore, the likely conclusion is that the spot height recorded at 608m on the OS maps is NOT the summit of the hill and is about 3m lower than it.
The purpose of this survey was to find the highest point of the hill, and to measure the absolute heights of the summit and OS Spot height using the Trig Point Flush Bracket at 607.1m as a datum.

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 slightly misty at first but became sunny during the survey. The temperature was 5-8 degrees Celsius with almost no wind. The survey was carried out between 12.00 and 15.15hrs. 
3) Character of Hill 
Y Garn-Glan Hafod lies about 3km North East of the village of Llangynog (Section 30E). At the South East “edge” of the summit “plateau” there is a Trig Point given on the maps at 607m. The hill extends to the North West to a higher point and then dips and rises again to the spot height marked on the OS maps at 608m. Further to the North West the hill drops to about 525m before rising up to Post Gwyn 3km further on.
The terrain on the summit plateau is a mixture of grass with a few rocks, and there are one or two boggy patches. To the north of the “summit fence”, the grass is short as it is on fenced grazing land. There were no problems with staff and level placements.
4) Outline of Survey Method
The survey was carried out in the following way.

a) A quick survey with level only from the spot height position to confirm the higher ground to the South East – two candidates for the summit were identified.
b) Having established the highest points of the summit candidates with level and staff, these were Line Surveyed to establish the higher point and quantify the height difference.
c) Using the Line Survey method from summit to Trig Point, the difference in height was established and hence the altitude of the summit was calculated.
d) Using the Line Survey method from Summit to Spot Height the height difference was measured and the absolute height of the spot height calculated.

e) GPS positions for all the above were recorded.

5) The Survey

5.1) Location of the OS Spot Height 608m at SJ078274
This spot height is on a grassy knoll and the highest point is visually obvious.
The 10 figure Grid References for this spot height are:-
Garmin Venture 

SJ 07820 27425
Accuracy 5m
Height = 609m

Magellan Explorist 100
SJ 07820 27426
Accuracy 2m
Height = 610m
5.2) Location of the Summit Position
Using the level set up on the spot height (as above), it was clear that there were two contenders for the summit position. One was the highest point on a grassy knoll right next to the line of fence posts and the other was the top of a rock on the rocky knoll about 110 metres to the west of the grassy knoll.

The level was then set up near the highest point of the grassy knoll and using the staff the actual highest point was located and marked. The rocky knoll to the west seemed very close in height so to measure an accurate height difference we line surveyed to this point. The highest point of this was on an obvious rock. The results are shown in the table on Page 5.
The summit of the hill is the grassy knoll next to the line of fence posts.

The 10 figure Grid References for the summit are:-

Garmin Venture 

SJ 08063 27288
Accuracy 3m
Height = 612m

Magellan Explorist 100
SJ 08063 27289
Accuracy 4m
Height = 614m
The 10 figure Grid References for the rocky knoll which is 0.14m LOWER are:-
Garmin Venture 

SJ 07953 27271
Accuracy 2m
Height = 611m

Magellan Explorist 100
SJ 07952 27273
Accuracy 4m
Height = 612m

5.3) Line Survey from Summit to Trig Point
This survey was carried out using the standard procedure for line surveying. The staff was held vertically at the summit position and the level set up in a convenient position towards the trig point. Once a set of readings had been taken (backsights BS) the staff was then moved to a position nearer the trig point 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 positioned by the trig point at exactly the same height as the flush bracket.
Ideally to eliminate any level systematic errors, the distances between backsight and foresight positions should be the same. 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 90m. and backsight readings over 70m. However, from the instrument specification this would give a maximum error in the height difference of less than 1mm.

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 middle section of the table on Page 5.

Assuming the flush bracket height on the trig point is correct at 607.1m,
The summit height = 607.1+0.706 = 607.8m.
Ideally we should have repeated the survey in the opposite direction to confirm the result. However, since we were only requiring accuracy to the nearest 0.1m we considered it unnecessary to carry out the reverse survey. However, these measurements were checked with an alternative survey method as described later in this report.
From experience with previous line surveys, we would estimate the error in the height difference measurement to be less than +/-0.02m.
The 10 figure Grid References for the trig point are:-

Garmin Venture 

SJ 08221 27258
Accuracy 5m
Height = 613m

Magellan Explorist 100
SJ 08221 27259
Accuracy 3m
Height = 613m

5.4) Line Survey from Summit to OS Spot Height at 608m
This was carried out in exactly the same procedure as described in section 5.3) and the results are also presented in the final part of the table on Page 5. The total backsight measurements were taken over a distance of 125m and the foresight measurements over 175m which would impose a maximum error of about 2mm. Again the line survey was not repeated in the opposite direction as maximum accuracy was not required.
The absolute height of the OS spot height = 607.806-3.136 = 604.7m.

5.5) Resurvey of Trig Point to Summit Height Difference
The trig point to summit height difference was checked in the following way. The level was set up near the summit and its height above the ground adjusted until the horizontal exactly matched the top of the trig point. Using a digital camera photographs of this were taken through the level. The level was then turned to view the rocky knoll, which had already been measured to be 0.143m lower than the summit, and again photographs were taken through the level. The position of the level was also recorded with GPS. Knowing the GPS coordinates of the trig point, level position and rocky knoll, the distances between the trig point and level, and rocky knoll and level were calculated.

Grid reference of level position is SJ 08077 27286.
Distance of trig point to level = 146m

Distance of rocky knoll to level = 124m 

Height of top of trig point above flush bracket = 0.85m
The upper and lower stadia lines in an automatic level are used for range finding. If these readings are taken from a staff and the difference multiplied by 100, then that is the distance of level to staff. In the case of the observation of the rocky knoll, we know that the distance is 124m. The difference between the upper and lower stadia lines represents 1.24m of height at that distance. Knowing this, therefore one has a height calibration on the photographic print and the difference in height of the rocky knoll to the level can be calculated.

From the photograph the height difference between the level and summit of the rocky knoll = 0.30m
The rocky knoll is 0.85-0.30 = 0.55m higher than the flush bracket on the trig point.

The summit has been measured to be 0.14m higher than the rocky knoll.

Therefore, the summit is 0.14+0.55 = 0.69m higher than the trig point flush bracket.
This is in good agreement with the figure obtained by line surveying and validates that result.


[image: image1.emf]        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 Summit to Rocky Knoll  (Level JB, Staff  MP)

1 0.463 4.157 0.424 3.967 0.501 4.350 0.463 4.158

2 1.622 0.623 1.215 0.540 2.034 0.705 1.624 0.623

3 2.634 0.083 2.585 0.066 2.684 0.101 2.634 0.083

SUM = 4.721 4.864 -0.143

Survey from Summit to Trig Point  (Level JB, Staff MP)

1 0.153 4.214 0.092 3.876 0.214 4.555 0.153 4.215

2 4.071 0.712 3.795 0.664 4.346 0.759 4.071 0.712

3 0.723 0.725 0.676 0.665 0.766 0.785 0.722 0.725

SUM = 4.945 5.652 -0.706

Survey from Summit to OS Spot Height at SJ 078274  (Level JB, Staff MP)

1 0.428 4.059 0.385 3.886 0.472 4.232 0.428 4.059

2 0.232 4.365 0.179 4.141 0.283 4.589 0.231 4.365

3 0.158 2.896 0.132 2.697 0.187 3.095 0.159 2.896

4 3.872 0.895 3.613 0.670 4.132 1.122 3.872 0.896

5 2.795 0.989 2.606 0.954 2.983 1.025 2.795 0.989

6 3.191 0.608 3.143 0.589 3.239 0.627 3.191 0.608

SUM = 10.677 13.813 -3.136


6) Summary and Conclusions
The summit of Y Garn (Glan Hafon) is at grid reference SJ 08064 27289 and is the top of the grassy knoll against the fence.
Assuming the Flush bracket height on the trig point to be 607.1m, the summit height of Y Garn is 607.8m.

The rocky knoll 110 metres west of the summit is lower than the summit by 0.14m.
The OS spot height at SJ07820 27426, 608m altitude is incorrect. Its height was measured to be 604.7m.
It would appear that the data on the OS maps is incorrect and the Spot height of 608m should be at the summit of the hill.

The GPS height measurements in this survey are too inaccurate to be of use.
John Barnard, Eric Hardman and Myrddyn Phillips, 24 October 2007.   
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				Title:-		Survey of Y Garn (Glan Hafon) - Grassy Knoll to Summit

				Instrument:-		Leica NA730 Level								Date:-		10/23/07

				Horizontal Line				Lower Stadia Line				Upper Stadia Line

		Point Number		Backsight BS		Foresight FS		Backsight BS		Foresight FS		Backsight BS		Foresight FS		Mean BS		Mean FS		Height Difference

				metres		metres		metres		metres		metres		metres		metres		metres		metres

		Survey from Summit to Rocky Knoll  (Level JB, Staff  MP)

		1		0.463		4.157		0.424		3.967		0.501		4.350		0.463		4.158

		2		1.622		0.623		1.215		0.540		2.034		0.705		1.624		0.623

		3		2.634		0.083		2.585		0.066		2.684		0.101		2.634		0.083

														SUM =		4.721		4.864		-0.143

		Survey from Summit to Trig Point  (Level JB, Staff MP)

		1		0.153		4.214		0.092		3.876		0.214		4.555		0.153		4.215

		2		4.071		0.712		3.795		0.664		4.346		0.759		4.071		0.712

		3		0.723		0.725		0.676		0.665		0.766		0.785		0.722		0.725

														SUM =		4.945		5.652		-0.706

		Survey from Summit to OS Spot Height at SJ 078274  (Level JB, Staff MP)

		1		0.428		4.059		0.385		3.886		0.472		4.232		0.428		4.059

		2		0.232		4.365		0.179		4.141		0.283		4.589		0.231		4.365

		3		0.158		2.896		0.132		2.697		0.187		3.095		0.159		2.896

		4		3.872		0.895		3.613		0.670		4.132		1.122		3.872		0.896

		5		2.795		0.989		2.606		0.954		2.983		1.025		2.795		0.989

		6		3.191		0.608		3.143		0.589		3.239		0.627		3.191		0.608

														SUM =		10.677		13.813		-3.136
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