Surveys of Carn na CoinnichandMe a | BhogaidMor
(Part 1 of atwo-part report on surveys ofthe Carn na Coinnich/Meall nan Damhgroup)

11 May 2017

The Team:
Surveyors John Barnar@ndGraham Jacksoof G&J Surveys.

1) Introduction

G&J Surveydhas agreed a project with the Scottish Mountainedrimgt (SMT)to measure

accurate heights for several Scottish mountains. The aim of the project is the resolution of
anomalies that currently exist in several listshefhills that are of interest thoth the Scottish
Mountaineering Club (SMC) and the wider hillwalking communiye such list is th&rahams

hills in Scotlandof height betwee2000feetand 2500 feet but with 158etresor moreof drop.

Thislist waspulishedby Fiona Grahann the November 1992 issue of The Great Outddbes

same year as the publication of The Relative Hills of Britaiklayy Dawson Fiona Gr aha
was not identical to the subset of Marilyns termed the Elsies in The RelalivefBritain, but the

two authors met and decidemlunify the lists.The unified list was to be called The Grahams, but

the data used would be taken from AAlabecdinaws on
thesolelist author.

Carn na CoinniclgHill number914, Grid Ref NFB2451Q andMe a | | a 6 B(Hitd mumber Mo r
4351 Grid Ref NF83052) are bothon OS 1:50000 Map @ andalso onOS1:25000 Map 43TThe
latest1:25000 scal®S Map gives therapot heights of B3m and 672m respectivelyn addition,
Meall nan Damh (Hill Number 3319, GR NH353522)iven a spot heigldf 673mand Meall

Doire Fheara (HilNumber 4352, GR NH313524)conbur height of >670m All four of these

hills are possibleontenders fobeingthe highesbf this groyp and thereforé is unclear which
deserves&raham classificatiorm hese hills were surveyed by Alan Dawson in 2014 who found
Carn na Coinnicho be the highgt and thereforét becamehe Graham. However, the SMC

requires surveys to be verified by OS atfds verification has not been reported for these hills. The
aim of ths surveywasto obtain accurate heightor the summg of Carn na CoinniclandMeall

a 6 B h o g aising a ddrvay gradeeica Viva GS 15 Professional GNSS (Global Navigation
SatelliteSystem)eceiver obtain @dnanceSurvey verificationandreport tte resultdo the SMC

2) Egquipment used and Conditions for Survey

The summitpositiors wereidentified using a Leica NA730 Professional Automatic level (X30
telescopic system)/tripod systemn d  a E-gtaff extendable to 5mas required by Ordnance
Survey

Absolute heights were measured using a Leica Geosystems Viva GS15 Professional receiver. This
instrument is duafrequency and mukthannel, which means it is capable of locking on to a
maximum of 12 GPS and@BLONASS satellitesis availability dictatesnd receiestwo signals

(at different frequencies) from each of these satellites. The latter feature reduces inaccuracies that
result from atmospheric degradation of the satellite signals. As aat@melinstrument it is

capable of giving position artteight to an accuracy of about two metres and five metres
respectively.Despite the otboard features of the Viva GS15 receiver, there are still sources that
create residual errors. To obtain accurate position®(@1m) and heights (€1.05m), corretions

were made to the GNSS (Global Navigation Satellite Systemaataported RINEX data from



Ordnance Survey and this dataset was-postessed using Leica Geo Office 8.3 software.
Confirmation of heights was carried out by Mark Greaves, Geodaettyst of Ordnance Survey.

Note that small hanteld GPS receivers used for general navigation can only receive up to 12 GPS
satellites and each at a single frequency and therefore these instruments haree posdional

accuracy of +7 to 8metres an@ height accuracy of no better tharl®/to 15metres. Some

recently produced hand held GPS Garmin receivers can also receive signals from GLONASS
satellites which greatly iIimprove the speed at

The LeicaNA730 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
userso6 manual for these i ns nhctioningefithte keicaWWa al s o
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
ODN (Ordnance Datum Newlyfigr a fixed pont (measuredn 20 different occasions for 30mins

of data collection at each time) was calculated td3®&392mFurther height measurements have

been made on separate occasions over a peri®gezrsusing the same process parameters. The
penultimateand lastmeasurements were carried out befamd afteithe surveys described in this

report. The results shown on the graph are all within a range thfre£SD (Standard Deviation),

in this case one SD #9-0.018mand the moving average is within 1SIhis demonstrates that our
Leica Viva GS15 GNSS receiver is giving consistently precise results within the expected errors for
the measurementall points are within a range 6f07m of one another)

SQC Chart for GS15 Height Measurement
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In addition, we check the instrument periodicalfytbking measurements on an Ordnance Survey
Fundamental Bench Mark, processing the data and comparing it with the OS derived values. Height
should agree within about 0AR03m. Checks were carried out @4 April 2017 and12 June 2017

at theDaresbury Fundamental Bench Mark and the results in the table below show excellent
agreement between the Ordnance Survey measurement and our own.

Processing Date Height(m)
OS measurement 73.24
JB/GVJ GeoOffice 8.3 04-04-2017 73.23
JB/GVJ GeoOffice 8.3 12-06-2017 73.23




Conditions for the survesywhich took place betweel0.45hrs and X.30hrsBSTon 11 May 2017,
weregood The temperature was abdutlegrees Celsiughe wind on the sumnstvaslight,
blowing betweer® and5mph Although the sky was overcastr much of the daygenerally
visibility wasgoodand sahe weather conditions did not impede the susvey

3) Character of the Hills

Carn na CoinniceandMe a | | a 6 Blke omgtlee isauth $tle of Strathconnokccess to this

glen is from Marybank, a small village on the A832 just 6km NW of Muir of Oraingletrack

road leaves the A832 here and winds its way up the glen for nearly 30km before terminating just
before Scardroy LodgeAfter 17km te road crases the River Meigver a bridge at the hamlet of
Bridgend Just before the briddbereis a small parking area and a private road that gives access to
Dalbreac Lodge. After leaving the parking aihgs private road is followed for about 1km to a
junction and then a track to the left is taken that winds its way up hill on the south side of the glen.
This track continues uphill and after about 4km arrives at a col just 1km north of Carn na Coinnich.
From here the track is left and an ascent of abOnit 8ver rough matandleads to the summit of

Carn na Coinnich just 700m away to the south.

An extract from the OS 1:25000 méprdnance Survey Crown Copyrigla) the summit aress
shown below.
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4) Survey of the Summit of Carn na Coinnich

Thefirst taskfor the survey wato identify the position of thesummit Thisappeared to bground

by the trig point The Leica M\730 automatic level was set up at a convenient positiatstaff
readings wergaken frompossible summit candidap®sitions This work confirmed that ground
immediately adjacent to the trig point was indeed the suniNaitt the Leica Viva GS15 was set up
over the summit using the short tripod configuration (see photo in App&ndike heghtof the
receiver above the ground was then measured with the integral begoeertical offset from
measuring point to the ground wé304m plus 0.255m for the tribrach/hook system. GNSS data
were collected for 2hr with an epoch time of 15 seconds.

4.1) Resulis forthe Summit of Carn na Coinnich

The data for the Leica Viva GS15 were processed using Leica GeoOffice 8.3 ugightinearest
basestations: [nverness INVR 35km, Lochcarroni LCAR 41km, Fort AugustusFAUG 43km,
Ullapooli ULLO 48km, Arisaig’ ARIS 93km,Helmsdaleé” HELS 96km,Braemarn BRAE

10&xm andKinlochberviei KINL 106km). 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 thedata collection times and the wide difference in height between the base stations and the
summit of the mountain.

As far as is possible, the base stations are evenly distributed around the survey points and heights
measured from each base station wereiwittt0.06m of the mean result fahe summit

The resultdor Carn na Coinniclare tabulated below:

System Easting error(1SD)  Northing error(1SD) Height(m)  error(1SD)

GS15 232454.432 0.002 851053.895 0.002 673.396 0.014

The data for theummitof Carn na Coinniclhhecorded by hantield Garmin GNSS receiveasd
converted to OSTN1@ere -

Garmin Oregon 450 NH 32456 51056  Accuracy: averaged Height =680m
Garmin Montana 600 NH 32457 5164 Accuracy: averaged Height =689m

5) Survey of the SummitofMe a | BhogailbMor

Having completed the survey of the summiGairn na Coinnichwe now moved otoMe al | a o
Bhogair Mot This summit is easily accessed by a return to the col andathascent of about 80m
overgrass and short heather for 600m to the rockydep 1:25k map aboveYhere is a cairn on

the summitalthough an outcrop immediately adjacent is slightly higheadtition,there arghree
outcrops in the summit area that required checglong ofwhich was also crowned with a cairn

(see photographs in the Appendlitg the unaided eye all of these were thought to be lower. The
Leica NA 730 was set upearthe cairn and staff readings taken on each outcrop and that adjacent
to the cairn. It was ts confirmed that the outcrop adjacent to the cairn was the highest point of
Me al | a &or BRhataygaphs showing the summit azeagiven in the AppendiZ and their

grid references are given below.



Next the Leica NA730 level was set up to beelewith the top of the summit outcrop and then
photographs were taken throutdpe levelof the summit of Carn na Coinnich and the two tops of

Meall nan Daml{see photographs in Appendix 2)he horizontal lin®f the level is seen to be

below the summito Carn na Coi nni ¢ h BhbgaigvordsHowerthandgarn h a t
na Coinnich. If it is assumed that the trig point is 1.25m high then an estimate of the height
difference determined from the photograph is 2.3m. For Meall nan Damh thénhevisl above the
twotopss howi ng them to be | ower t han therbfae lavarmmi t
thanCarn na Coinniclalsa From the photograph the higher of the two tops of Meall nan Damh is
about Imlowet han Meal | af @ is &sumey ahat the fvhee posts in the picture are

about 1m high. Meall nan Danh2.25kmaway r om Meal | ad Bhogair Mor
earthcurvaturei® . 4 m maki ng Meall nan Damh abodhg 0. 6m
gave us uself information while on the hill of what might be expected fromgtzanned ananore

accurate GNSS datehen the survey of Meall nan Damh is undertaken

Next theLeica Viva GS15 was set up over the summit using the short tripod configuration (see
photo in Appendix 2). The heigbf the receiver above the ground was then measured with the
integral tapeThe vertical offset from measuring point to the ground &a99m plus 0.255m for

the tribrach/hook system. GNSS data were collected for 2hr with an epoch time of 15 seconds.

5.1) Results for the Summit of Mealla 6 odgain Mor

The GNSS Data were processed as described in Section 4.1 using the same nearest Base stations a
for Carn na Coinnich

The results foMe a | | ogairdMorBré tabulated below:

System Easting error(1SD)  Northing error(1SD) Height(m)  error(1SD)

GS15 233071.947 0.001 852116.108 0.002 670.876 0.004

The data for theummitonMe a | | ogairdor B2borded by hantield Garmin GNSS receivers
andconverted to OSTN1®ere-

Garmin Oregon 450 NH 33073 52114  Accuracy: averaged Height = 673n
Garmin Montana 600 NH 33074 52118 Accuracy: averaged Height = &1m

Grid references (OSTN15) for the other feataksneasured to be lower are:

Outcrop

Garmin Oregon 450 NH 33055 52131  Accuracy averaged Height =673m
Outcrop

Garmin Oregon 450 NH 33043 52134  Accuracy averaged Height =673m
Outcrop with cairn

Garmin Oregon 450 NH 3306952149  Accuracy averaged Height =671m



6) Summary of Operating Conditions

Variable Carn na Coinnich  Me a | | ad Bh
Data collection summit (min) 121 121

Number of Base Stations used it 8 8

Processing for all points

Epoch Time (sec) 15 15

Tropospheric Model Computed Computed

Geoid Model OSGM15 OSGMi15

Cut off Angle (degs) 15 15

7) Discussion of Results

Thesummitpositiors for both hills wereclearly definecandwe would estimatéhe height
uncertaintyassociated wittheir correct locatios to bet+/-0.01m. The height uncertainty associated
with a2hr dataset has been measured by us andd€)5Mmfor data processed in propriety
software

The measurement uncertainty for the hefteachsummitis therefore(0.01% + 0.06%)°° = 0.05m.

8) Coordinate Recovery Analysis

In order to verify theprecisionand consistency of a GNSS dataset, Ordnance Survey recosianend
procedure called Coordinate Recovery Analysis. Instead of processing the datdexmghce tall

the nearest OS Base Stations urajgroximatelylOOkm distance, as used in this report, the data is
first processed with reference to only the nearest Base Statiodaldes then reprocessed with the
survey pointaken as &eferencé”ant and all the remaining Baseéaonstakenas survey points.
Thesemeasured values for the OS Base Stations can then be cordpaotigt with the actual OS
values for Position and Heigh{ his has been carried out via an Excel Spreadsheet supplisd t

by OS).

Although the spreadsheet calculates a number of different parameters, two important ones are
presented in the t ablUaeaestreshistievenrtical heighediffgrdante Di f f er
between thdaeightof the Base Station as measured in this survey compared with the actual OS
val ue. fnempar astdons 4dbpace deiwsen therrmeasuredand3actual OS
values for each Base Station.

The results for thesurveyof Carn na Coinnich and & e a | Bhogairdlor are presentenh the
tablebelow.



Carn na Coinnich Me a | BhogaibMor
Base Station Code | Distanceto] Height Separation| Height | Separatiorn
Survey Difference | p; metres | Difference| p; metres
Pointkm. | U metres U metres

Inverness INVR 35
Lochcarron LCAR 41 -0.0480 0.0486, -0.0134 0.0158
Fort Augustus| FAUG 43 -0.0320 0.0327, -0.0145 0.0160
Ullapool ULLO 48 -0.0183 0.0188, -0.0145 0.0149
Arisaig ARIS 93 -0.0789 0.0802| -0.0311 0.0324
Helmsdale HELM 96 0.0563 0.0563 0.0041 0.0062
Braemar BRAE 103 -0.0069 0.0088 0.0115 0.0133
Kinlochbervie | KINL 106 -0.0070 0.0149 -0.0177 0.0233
Buckie BUCK 112 0.0179 0.0201 0.0079 0.0119
Stornaway STOR 120 -0.0543 0.0572| -0.0176 0.0241

All of the datasets havecovered to 08m or better in terms of distance and heigihthe OS

actual valuesbelow Q1mis considered acceptable by O%wRdata are prossed with base

stations up to 1&m from the survey poinh this caseBeyonda distanceof 100kmthe models

used to determine atmospheric corrections begin to break down because the atmosphere (in terms of
pressure, temperature and composition) is less likely to be uniform over distances greater. than this
(Of course 100km is somewhatdrbitrarybut has becomgenerally accepted throughrveying

working practicg. However, Cordinate Recovery uses distances greater than 100km to help probe

the robustness of a GNSS dataset. The base st8litOK andSTORwerenotused in the

calculatiors for the heights of the sumnmsit

Even a 2hiIGNSS dataset casometimegproduce anomaliedevetheless, it emphasises the
importance of long collection times for maximisipgecisionand consistency for position and
height determinations.

9) Ordnance SurveyVerification

Theresults for thissurvey were submitted for validatiamd accepted bylark Greaves at

Ordnance SurveNo map changes are required for Carn na Coinnich. However, the spot heights of
672m for Meall a O0Bhogai rscad®% mapswilltbénchandedt@d 5 0 0 0
671m.

10) Summary of Heighting Results

Carn na Coinnich was measured to 63.4m+/-0.05m at Grid Referenc&NH 3245451053and
is groundimmediately adjacent to tlidg point(see photograph in Appendix.1)

Me a | BhogaibMor was measured to lr0.9m+£0.05m at Grid ReferencéNH 3307152116
and is an outcrop 1m from the cairn (see photograph in Appendix 2)

Carn na Coinnich is the higher hill.



*grid referencesre OSTN5
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Appendix 1
Carn na Coinnich

Taxi Service to Carn na Coinnich!

GS15 on the summit of Carn na Coinnich



Measuring the offset, 0.704m for the Leica Viva GS15 on the summit
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Appendix 2

Meall adébBhogair Mor

Leica Viva GS 15 collecting Data on theummit.

Measuring the offset, 0399m, for the Leica Viva GS15 on the summit
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Leica Viva GS15 on summit by cairn with lower cairned outcrop in the distance

Leica Viva GS15with summit area in background and Meall Doire Fheara in background
above Lochan Daimh Ghlais
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