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1) Introduction
Muncaster Fell (Hill Number 2694, Section 34D, OS 1:50000 Map 96, OS 1:25000 Map OL6N,
Grid Ref SD112983) was surveyed by G&J Surveys on 7 September 2016 and it was found that the
North East Top at SD115986 is higher. Consequently the position of the summit of the Marilyn,
HuMP and TuMP has been changed but the Wainwright summit still remains in its original
position. LIDAR (Light Detection and Ranging) also suggested that the col between the two
summits is low enough that Muncaster Fell-Hooker Crag (Wainwright summit) may also be a new
TuMP. The purpose of this survey is to measure the height of the col to investigate if the
Wainwright summit is indeed a new TuMP.
2) Equipment used and Conditions for Survey
The ground surveys to locate the position of the cols were carried out using a Leica NA730
Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable
to 5m.
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
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 which were postprocessed using Leica Geo Office 8.3 software.
Conditions for the survey, which took place between 11.30hr and 16.30hr BST, were good.
Visibility through the optics was clear, the wind was light at between 5 and 10mph and the
temperature was between 10 and 15 degrees Celsius.
3) The Survey
3.1) Character of Hill
The character of Muncaster Fell has already been described in the previous Survey Report. An
extract for the 1:25000 Ordnance Survey map is shown below. The important features for this
survey are the two cols. The one to the SW is extensive, flat and very boggy with a lot of standing
water. At the time of the survey it was not possible to walk across the expanse of this col without
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sinking below “boot level” despite the number of tussock grass clumps present. The NE Col is
smaller and much more clearly defined. The key to this survey was to identify the lower col.

NE
Col
SW
Col

3.2) Identification of Critical Col
In order to define whether Muncaster Fell- Hooker Crag is a TuMP the critical col needs to be
identified. In this case it is the lower of the SW or NE cols shown on the map above. Therefore the
first task in this survey was to identify the lower col. The position of the NE col was found visually
and because of its shape, we were confident that we had identified the position correctly. This was
confirmed with subsequent level and staff measurements on the NE Col. A line survey was then
carried out from this point to the SW col and the data is presented in Appendix 2. The line survey
showed the NE Col to be lower than the SW col by about 0.3m. Since the SW col is extensive we
took a number of staff readings around its perimeter so that we could estimate the precision of the
result. The mean of all the readings was just 0.04m higher than the point chosen for the line survey
and there was a variation in height readings of +/-0.1m so we are confident that the NE Col is the
lower.
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3.3) Survey of NE Col
Visually the NE col seems quite well defined. A photograph of the col looking towards the NE
summit of Muncaster Fell is shown in Appendix 1. In order to locate the exact position of the col
rows of six white flags spaced 3m apart were set out with an inter row spacing of 3m in order to
make a square grid. The whole matrix of flags was positioned so that it clearly contained the exact
col position. Having set up the Leica NA730 on a tripod at a convenient position, staff readings
were taken from all of the flag positions. For each of the rows in the valley to valley direction the
highest point (lowest staff reading) was marked with a yellow flag. The line of yellow flags is then
in the hill to hill direction and defines the line of the col. The lowest point (highest staff reading)
then defines the position of the col. Local undulations in the terrain, mostly due to vegetation,
complicate this task, but we estimated that we had found the position of the col to a height
uncertainty of +/-0.05m.
The ten figure grid references recorded by hand-held Garmin GNSS receivers for the col were:Garmin Oregon 450
SD 11454 98573
Accuracy: averaged Height = 206m
Garmin Montana 600
SD 11453 98572
Accuracy: averaged Height = 198m
Garmin Etrex 20
SD 11454 98572
Accuracy: averaged Height = 203m
Next the tripod was set-up over the col 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 0.613m (see photograph in Appendix 1) plus 0.255m for the tribrach/hook system. GNSS data
were collected for 1hr with an epoch time of 15 seconds. The results are shown below.
System

Easting

error(1SD)

Northing

error(1SD)

Height(m)

error(1SD)

GS15

311451.172

0.002

498571.413

0.001

201.148

0.005

The height of Muncaster Fell-Hooker Crag (Wainwright summit) as measured from the survey
carried out on 3 September 2016 is 231.39m.
The height of the NE col is 201.15m
Therefore the drop from the above summit to the NE Col is 30.24m
3.4) Survey of SW Col
Although we had shown by line survey that the SW col was higher than the NE Col we confirmed
this with GNSS measurements. It was not possible to set up the Leica GS15 on a tripod near the
exact position of the SW col because of the extremely boggy nature of the ground. However we set
it up in the short tripod configuration in a relatively dry area about 50m East of where we would
estimate the col position to be. 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 0.603m (see
photograph in Appendix 1 for set up position and tape measurement) plus 0.255m for the
tribrach/hook system. GNSS data were collected for 30mins with an epoch time of 15 seconds.
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The results are shown below.
System

Easting

error(1SD)

Northing

error(1SD)

Height(m)

error(1SD)

GS15

311364.656

0.001

498474.871

0.002

201.538

0.007

The height of the SW Col at the Survey point was 201.54m. The GNSS position was 0.39m higher
than the NE Col and we estimated it to be approximately 0.1+/-0.1m higher than the true SW col.
Therefore the GNSS data confirmed that line survey measurement that the NE col is the higher and
therefore the critical col.
4)

Summary of Operating and Processing Conditions

NE Col

SW Col

Data collection summit (min)

64

38

Number of Base Stations used in
Processing for all points

7

7

Epoch Time (sec)

15

15

Troposphere Model

Computed

Computed

Cut off Angle (degs)

15

15

Geoid Model

OSGM36(15)

OSGM36(15)

5) Discussion of Results
From our previous survey report we had estimated that the uncertainty in the height measurement
for Muncaster Fell-Hooker Crag (Wainwright summit) was +/-0.06m. We also estimated the
uncertainties in the height measurement for the NE col to be 0.05m for its location and 0.06m for
the GNSS measurement giving an overall height uncertainty of +/-0.08m. Therefore, the uncertainty
in the calculated drop is +/-0.1m.
The LIDAR results calculated by Mark Jackson for the heights of Muncaster Fell –Hooker Crag and
the NE Col were 231.04m and 201.12m respectively giving a drop of 29.92m. In this instance it
may be seen that LIDAR has determined the heights to within 0.4m, but a more extensive study has
been carried out by Chris Crocker. From the LIDAR data he found the position of the NE Col to be
at SD 1145 9857 and height to be 201.12m or 201.15m depending on which model was chosen. As
expected the LIDAR data for the position of the SW col shows it to be some 45m distant from the
GNSS set-up position . However the LIDAR data for the height of the SW Col only differed from
the GNSS data by 0.04m showing the flatness of the whole areas around the SW Col. Generally the
measured heights and the positions are in excellent agreement showing that in this case the LIDAR
data does produce some very accurate results.
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6) Summary and Conclusions
The col of Muncaster Fell – Hooker Crag (Wainwright summit) is at grid reference * SD 11454
98572and this has a height of 201.1m.
Our previously measured height for the summit of Muncaster Fell – Hooker Crag is 231.4m
The drop for this summit to the NE Col was measured to be 30.2m+/-0.1m
Muncaster Fell – Hooker Crag (Wainwright summit) becomes a new TuMP.
.
* NB average hand-held Garmin GNSS grid references are quoted in the summary.
John Barnard & Graham Jackson

12 October 2016.
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Appendix 1

Tape reading (0.613m) for Leica Viva GS15 on NE Col

GS 15 on NE Col looking towards NE Summit
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The SW Col looking towards Hooker Crag

Leica GS15 on SW Col (not on exact col position) looking NW
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Tape Reading (0.603m) for Leica GS15 on SW Col
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Appendix 2

Point Number

Title:-

Muncaster Fell

Instrument:-

Leica NA730

Backsight R
metres

Date - 30/09/2016

Foresight F
metres

Height Difference
metres

NE Col to SW Col ( JB Staff
and GJ Level)
1
2
3
4

3.614
4.559
1.624
0.489

0.400
3.383
4.530
1.682

10.286

9.995

0.291
NE Col is 0.29m
Lower than SW Col
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