Surveys of Creag na Caillich & Carn na Caim South Top
29 & 30 July 2015
The Team:Surveyors – John Barnard, Graham Jackson and Myrddyn Phillips
Scottish Mountaineering Club (SMC) – Rab Anderson and Andy Nisbet
The Munro Society (TMS) – David Batty, Alan Brook, Ian Collie, Eleanore Hunter, Stewart Logan,
Iain Robertson, John Rogerson, Bill Wheeler and Peter Willimott.
1) Introduction
G&J Surveys was invited by The Munro Society to be part of a team filming for German television.
The company ARD is making a programme on Scotland which will include a section on the Munros
and Scottish hillwalking. The programme will be shown on German television in November. This
gave us the opportunity to prolong our stay and carry out surveys on two hills close to 3000ft in
height.
The first, Creag na Caillich, is a Munro Top with a height of 916m (3005ft) on the 1:25k and 1:50k
OS maps. This has recently been surveyed on two occasions by Alan Dawson who, using a Leica
RX1250 receiver, found its height to be 914.3m (2999.7ft). At just below 3000ft this would mean
that Creag na Caillich would no longer be eligible as a Munro Top and would be removed from
Munros Tables. However, the datasets were shorter than the 2hrs required for Ordnance Survey
verification, a criterion specified by The Scottish Mountaineering Club before addition or removal
of a candidate summit from Munros Tables and relevant SMC guide books.
The second survey was of Carn na Caim South Top just to the East of Drumochter. This top is
traversed on the way to the Munro Carn na Caim, when approached by the quarry track from the
south-west. The 1:25k map has a spot height of 914m for the summit and a spot height of 884m for
the col that links the top to Carn na Caim, giving it a drop of 30m. This top has also been surveyed
by Alan Dawson who measured a summit height of 914.6m making Carn na Caim South Top
eligible for status as a Munro Top. He found the col height to be 884.3m.
The purpose of our surveys was the collection of a minimum of 2hr of GNSS data for each hill
which would then be submitted to Ordnance Survey for verification.
2) Equipment used and Conditions for Survey
The summit positions were identified using a Leica NA730 Professional Automatic level (X30
telescopic system)/tripod system and a “1m” E-staff extendable to 5m. The col of Carn na Caim
South Top was also located with this equipment.
Absolute heights were measured using a Leica Geosystems Viva GS15 Professional receiver. This
instrument is dual-frequency and multi-channel, which means it is capable of locking on to a
maximum of 12 GPS and 8 GLONASS satellites as availability dictates, and receiving two signals
(at different frequencies) from each of these satellites. The latter feature reduces inaccuracies that
result from atmospheric degradation of the satellite signals. As a stand-alone instrument it is
capable of giving position and height to an accuracy of about two metres and five metres
respectively. Note that small hand-held GPS receivers used for general navigation can only receive
up to 12 GPS satellites and each at a single frequency and therefore these instruments have a poorer
positional accuracy of +/-5metres and a height accuracy of no better than +/-10 metres. Some
recently produced hand held GPS Garmin receivers can also receive signals from GLONASS
satellites which greatly improve the speed at which these units can achieve a satellite “fix”. Despite
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the on-board features of the Viva GS15 receiver, there are still sources that create residual errors.
To obtain accurate positions and heights, corrections were made to the GNSS (Global Navigation
Satellite System) data via imported RINEX data from the Ordnance Survey and this dataset was
post-processed using Leica Geo Office 8.3 software. Confirmation of heights was carried out by
Mark Greaves, Geodetic Analyst of Ordnance Survey.
The Leica NA730 level is routinely checked to make sure that the line of sight is correct when the
instrument is set up horizontally; there is a standard surveying method to do this described in the
users’ manual for these instruments. Just prior to this survey this level was checked by M&P
Surveys, who are Leica agents, and its accuracy was verified and certificated. We also regularly
check the functioning of the Leica Viva GS15 GNSS receiver against Statistical Quality Control
(SQC) charts generated for a marked position. The chart associated with height measurement is
shown below. The mean height above sea level for a fixed point (measured on 20 different
occasions for 30mins of data collection at each time) was calculated to be 136.392m. Further height
measurements have been made on separate occasions over a period of 18 months using the same
process parameters. The last and penultimate measurements were carried out after and before the
mountain surveys described in this report. The results shown on the graph are all within a range of
+/- two SD (Standard Deviation), in this case one SD is +/-0.018m and the moving average is
within 1SD. This demonstrates that our Leica Viva GS15 GNSS receiver is giving consistently
precise results within the expected errors for the measurements (all points are within a range of
0.05m of one another).

In addition, we check the instrument periodically by taking measurements on an Ordnance Survey
Fundamental Bench Mark, processing the data and comparing it with the OS derived values. Height
should agree within about 0.02-0.03m.
Checks were carried out on 19 June 2015 and 26 August 2015 at the Daresbury Fundamental Bench
Mark and the results in the table below show excellent agreement between the Ordnance Survey
measurement and our own.
Processing

Date

OS measurement

Height(m)
73.24

JB/GVJ GeoOffice 8.3

19-06-2015

73.23

JB/GVJ GeoOffice 8.3

26-08-2015

73.22
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Conditions for the survey of Creag na Caillich, which took place between 11.00hr and 15.00hr BST,
were satisfactory. The temperature was about 10 degrees Celsius on the summit and the wind speed
was about 20mph. Visibility was good with sunny periods and an occasional shower.
Conditions for the survey of Carn na Caim South Top were also fair. The sky was overcast, but
with a cloud base above 1000m. The temperature was 8 degrees Celsius and the wind speed was
about 10mph.
3)

The Survey of Creag na Caillich

3.1) Character of Mountain
Creag na Caillich (Hill Number 167, Hill Section 02B, OS 1:50000 Map 51, OS 1:25000 Map
378W, Grid Ref NN562376) lies at the western end of the Tarmachan Ridge above Loch Tay and
entered Munros Tables in the 1981 Edition. It is readily accessible and the walker has a choice of
routes. The most popular is by a traverse of the whole ridge, starting from the walkers’ car park
NN608378 on the minor road from Loch Tay to Bridge of Balgie. Two other options are also
available to the walker from this car park. One is to follow the vehicle track that contours West
along the hillside taking the second branch left which terminates at the foot of the southern end of
the hill. The third option is to take the same track, but to choose the right-hand fork at each of two
junctions. This brings the walker to a disused quarry. From here easy slopes on short grass leads to
the bealach between Creag na Caillich and Beinn nan Eachan at NN565381 and thereafter it is just a
short stroll of 600m and 60m of ascent to the summit. It was this third approach that was chosen for
this survey.
The East face of Creag na Caillich comprises crags and cliffs and presents an imposing façade to
the walker on the approach. By contrast the West side of the hill is much less steep and falls gently
in a series of minor tops to Glen Lochy. The summit, which is obvious, is the first rocky top when
approached from the North. It comprises a small outcrop topped by a flat grassy area about 2m
square which bears no cairn (see photograph in Appendix 1). From here the ridge descends South
over a series of small tops. From this airy platform the views are magnificent. To the East the full
length of the Tarmachan Ridge is visible with the tops of Beinn nan Eachan and Meall Garbh
dominating the view. To the South the whole of Loch Tay is spread below the observer with Ben
Vorlich and Stuc a’ Chroin readily identifiable on the sky-line. To the East Meall Ghaordaidh
dominates the view and beyond it Beinn Sheasgarnaich and Creag Mhor, while just to the SE over
Sgiath Chuil are the prominent hills of Ben More and Stob Binnein. To the North over the minor
top of Meall Ton Eich and the vast expanse of Rannoch Moor lie the distant Munros of the Ben
Alder group. Irrespective of its classification Creag na Caillich is a fine summit.
3.2) Summary of Survey
The first task was to identify the exact highest point of the small summit area. Although quite flat,
we knew from the previous surveys by Alan Dawson that it was important to identify the exact
position, since the result was likely to be very close to the qualifying height of 3000ft (914.4m).
The Leica NA730 automatic level was set up on the tripod about 5m away and using the staff, we
determined the highest point which was near the centre of the small plateau area. This was just
0.1m away from the point determined by Alan Dawson.
Next the tripod was set-up over this position and the Leica Viva GS15 was then fixed to it with a
clamp and tribrach (the “short tripod” configuration). The height of the receiver above the ground
was then measured with the integral tape. The vertical offset from measuring point to the ground
was 0.379m (see photograph in Appendix 1) plus 0.255m for the tribrach/hook system. GNSS data
were collected for 2hr with an epoch time of 15 seconds.
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3.3) Results for Creag na Caillich
The ten-figure grid references for the summit recorded with hand-held GPS receivers were:Garmin Oregon 450
Garmin Montana 600
Garmin Etrex 20

NN 56287 37693
NN 56288 37690
NN 56289 37692

Accuracy 3m Height = 918m
Height = 913m
Height = 920m

The data were processed in Leica GeoOffice 8.3 using the eight nearest base stations: (Fort
Augustus – FAUG 74km, Braemar – BRAE 81km, Dundee – DUDE 90km, Edinburgh - EDIN
92km, Killin – KILN 6km, Glasgow- GLAS 72km, Lochgilphead – LOCG 87km and Oban –
OBAN 68km). We used Broadcast Ephemeris data received by the GPS during the survey rather
than Precise Ephemeris data, since we have found this makes little difference to the height results.
The computed Tropospheric model was chosen for the calculations to suit the data collection times
and the wide difference in height between the base stations and the summit of the mountain.
The distances and directions of the base stations from Creag na Caillich are shown in the scaled
diagram below. As far as is possible, the base stations are evenly distributed around the survey point
and heights measured from each base station were within +/-0.03m of the mean result.

The results are tabulated below:
Processing

Feature

Easting

Northing

Height(m)

Leica GeoOffice 8.3

No feature

256285.1.9

737699.546

914.304
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The data file was also sent to Ordnance Survey for confirmation of the result. This has been
accepted by the Senior Geodesist and the new height passed to Ordnance Survey Cartography for
addition to the map.
3.4) Summary of Operating Conditions

Variable

GS15

Data collection summit (min)

128

Number of Base Stations used in
Processing for all points

8

Epoch Time (sec)

15

Tropospheric Model

Computed

Cut off Angle (degs)

15

3.5) Discussion of Results
The measured height for Creag na Caillich is 914.3m which is 2m LOWER than the spot height of
916m that currently appears on the Ordnance Survey 1:25k & 1:50k maps. Following OS
verification, this result has been accepted by the Scottish Mountaineering Club and since the
measured height is below 914.4m (3000.0feet) Creag na Caillich loses its Munro Top classification
and becomes a Corbett Top and Sim.
4) Survey of Carn na Caim South Top
4.1) Character of Mountain
Carn na Caim South Top (Hill Number 394, Hill Section 05B, OS 1:50000 Map 42, OS 1:25000
Map 394W, Grid Ref NN663806) lies just 2km SW of Carn na Caim. The obvious route to the
summit is via the vehicle track that leaves the A9 at NN639821. The track winds its way up the
hillside to a disused and landscaped quarry at just under 3000ft on the ridge midway between Carn
na Caim and its companion Munro A’Buidheanach Bheag on the East side of Drumochter. At the
quarry the track bifurcates with the NE branch passing over the summit of Carn na Caim South Top
and terminating on the lower slopes of Carn na Caim. The route to the South Top is 4km and with
just 500m of ascent can be easily completed in under an hour and a half. The summit area of short
grass and moss is broad and featureless and is crowned by a tiny cairn just by the track. The
remains of a fence also crosses close to the summit. Beyond the ground falls gently to a bealach
900m NE that links the hill to its parent Carn na Caim. Despite the flat nature of the summit, the
views are extensive. Prominent to the South is Schiehallion lying behind the shoulder of Carn na
Caim’s neighbouring Munro, A’ Bhuidheanach Bheag, while to the North there are distant views to
the Cairngorms. To the West the long ridge of The Fara dominates the skyline and to the SW lie
the Ben Alder group and the other Drumochter Hills. A summit photograph with the team is shown
in the Appendix 2.
4.2) Summary of Summit Survey
The first task of the survey was to locate the highest point which we did using the Leica NA730
level and staff. The level was set up a few metres away from the tiny cairn and two transects were
taken in North-South and West-East directions. Staff readings were taken along each transect (see
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diagram in Appendix 2) and these quickly showed that the cairn did indeed occupy the summit
position (smallest staff reading in centre of transects), as found by Alan Dawson.
Next the tripod was set-up over this position and the Leica Viva GS15 was then fixed to it with a
clamp and tribrach (the “short tripod” configuration). The height of the receiver above the ground
was then measured with the integral tape. The vertical offset from measuring point to the ground
was 0.636m (see photograph in Appendix 2) plus 0.255m for the tribrach/hook system. GNSS data
were collected for 2hr with an epoch time of 15 seconds.
4.3) Summary of Bealach Survey
The bealach comprises an area of bog approximately 30m square from which drain two small
streams to the West and East. The bog was interspersed with tussocks of grass, which were
unsuccessfully attempting to colonise the area, and runnels and small peat hags where the ground
had been eroded. The whole area had a complex micro topography. The Leica NA730 level was set
up at a convenient position on dry ground to the South and transects taken in the hill to hill and
valley to valley directions (see diagram in Appendix 2). For each reading the staff was placed on
lower ground and in runnels, rather than on the top of peat hags, in order to ensure consistency of
measurement. Two positions, one of which was in a runnel, were identified as col positions and,
since these were just 2m apart, we were confident that the bealach position had been identified.
This position was 20m from the position found by Alan Dawson. Despite the distance between our
position and that found by Alan Dawson, there is only 0.08m in height difference between them,
which emphasises the flat nature of the bealach area.
Although we cannot measure how this area might change in height during periods of extreme dry
weather or extreme wet weather, we estimated that the nature of the bealach would add +/-20cm to
our measurement uncertainty.
Next the tripod was set-up over this position and the Leica Viva GS15 was then fixed to it with a
clamp and tribrach (the “short tripod” configuration). The height of the receiver above the ground
was then measured with the integral tape. The vertical offset from measuring point to the ground
was 0.728m (see photograph in Appendix 2) plus 0.255m for the tribrach/hook system. GNSS data
were collected for 2hr with an epoch time of 15 seconds.
4.4) Results for Carn na Caim South Top
The ten-figure grid references for the bealach recorded with hand-held GPS receivers were:Garmin Oregon 450
NN 66974 81293
Accuracy 3m Height = 891m
Garmin Montana 600
NN 66973 81293
Height = 890m
Garmin Etrex 20
NN 66974 81292
Height = 890m
No summit grid references were taken with hand-held GPS receivers.
The data were processed in Leica GeoOffice 8.3 using the seven nearest base stations: (Braemar –
BRAE 51km, Dundee – DUDE 94km, Killin – KILN 49km, Oban – OBAN 90km, Loch CarronLCAR 96km, Fort Augustus – FAUG 40km and Inverness – INVR 66km). We used Broadcast
Ephemeris data received by the GPS during the survey rather than Precise Ephemeris data, since we
have found this makes little difference to the height results. The computed Tropospheric model was
chosen for the calculations to suit the data collection times and the wide difference in height
between the base stations and the summit of the mountain.
The distances and directions of the base stations from Carn na Caim South Top are shown in the
scaled diagram below. As far as is possible, the base stations are evenly distributed around the
survey point and heights measured from each base station were within +/-0.05m of the mean result.
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The results are tabulated below:
Processing

Feature

Easting

Northing

Height(m)

Leica GeoOffice 8.3

Tiny cairn: summit

266386.683

780690.605

914.610

Leica GeoOffice 8.3

None: bealach

266969.903

781301.150

884.203

The data file for the summit was also sent to Ordnance Survey for confirmation of the result.
4.5) Summary of Operating Conditions

Variable

Leica Viva GS15

Data collection summit (min)

126

Data collection bealach (min)

63

Number of Base Stations used in
Processing for all points

7

Epoch Time (sec)

15

Tropospheric Model

Computed

Cut off Angle (degs)

15

4.6) Discussion of Results
The measured height of 914.6m means that the height on maps will be revised to 915m. The data
file has been accepted by the Senior Geodesist at Ordnance Survey and the new height passed to
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Ordnance Survey Cartography for addition to the map. Since the summit height exceeds 914.4m
(3000 feet) and the drop from summit to bealach of 30.4m exceeds that of some Munro Tops, Carn
na Caim South Top is eligible for consideration by the Scottish Mountaineering Club as a Munro
Top. The change in status has since been accepted.
5) Coordinate Recovery Analysis
In order to verify the accuracy and consistency of a GNSS dataset, Ordnance Survey recommend a
procedure called Coordinate Recovery Analysis. Instead of processing the data with reference to all
the nearest OS Base Stations under 100km distance, as used in this report, the data is first processed
with reference to only the nearest Base Station. The data is then reprocessed with the survey point
taken as a Reference Point and all the remaining Base stations under 100km distance taken as
survey points. These measured values for the OS Base Stations can then be compared directly with
the actual OS values for Position and Height. (This has been carried out via an Excel Spreadsheet
supplied to us by OS).
Although the spreadsheet calculates a number of different parameters, two important ones are
presented in the tables below. “Height Difference U metres” is the vertical height difference
between the height of the Base Station as measured in this survey compared with the actual OS
value. “Separation Dij metres” is the distance in 3-d space between the measured and actual OS
values for each Base Station.
The results for the two surveys are presented below.
Creag na Caillich:Base Station

Code

Distance to
Survey Point km.

Height Difference
U metres

Separation
Dij metres

Killin

KILN

6

Oban

OBAN

68

0.007

0.024

Fort Augustus

FAUG

72

-0.015

0.016

Braemar

BRAE

74

0.006

0.013

Lochgilphead

LOCG

81

-0.013

0.014

Dundee

DUDE

88

0.016

0.026

Edinburgh

EDIN

90

0.027

0.029

The results for the Creag na Caillich show a consistent dataset as all measured OS Base stations are
within 0.03m distance and height of the OS actual values.
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Carn na Caim South Top:Base Station

Code

Distance to
Survey Point km.

Height Difference
U metres

Separation
Dij metres

Fort Augustus

FAUG

40

Killin

KILN

49

0.039

0.043

Braemar

BRAE

51

0.020

0.024

Inverness

INVR

66

0.020

0.027

Oban

OBAN

90

0.023

0.028

Dundee

DUDE

94

0.042

0.049

Loch Carron

LCAR

96

0.003

0.006

The results for the Carn na Caim South Top also show a consistent dataset as all measured OS Base
stations are within 0.05m distance and height of the OS actual values. This implies a little less
accurate dataset than that for Creag na Caillich. However this is to be expected since the nearest
Base Station used for the Carn na Caim South Top survey is 40km distant compared with 6km for
Creag na Caillich.
6) Summary of Heighting Results
Creag na Caillich was measured to be 914.3m +/-0.05m, the summit being a small grassy area of
about 2m square on a rocky outcrop at NN 56288 37692*. As this height is below 914.4m (3000.0
feet), the mountain is removed from Munros Tables.
Carn na Caim South Top was measured to be 914.6m +/-0.08m, the summit being a tiny cairn at
NN 66389 80682*. This is over 3000ft and therefore the summit is eligible for consideration as a
Munro Top; the reclassification has since been accepted by the SMC.
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Appendix 1: Creag na Caillich

Surveying for the summit position of Creag na Caillich

Measuring the offset for the Leica Viva GS15
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Leica Viva GS15 collecting data on the summit of Creag na Caillich

Creag na Caillich from near the bealach with Beinn nan Eachan
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Appendix 2: Carn na Caim South Top

The team on the summit prior to collecting data

Schematic diagram of transect measurements on summit (not to scale)
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Measuring the offset for the Leica Viva GS15 on the summit

The Leica Viva GS15 set up on the bealach with grid of flags in background
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Schematic diagram of transect measurements at bealach (not to scale)

Measuring the offset for the Leica Viva GS15 at the bealach
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