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1) Introduction

Gowbarrow Fell (Hill 2610, Section 34A, OS 1:50000 Map 90, Grid Ref. NY407218) appears in Wainwright’s Pictorial Guide to the Lakeland Fells, book 1 and in Birkett’s Complete Lakeland Fells.  More recently it has been recognised to have 98m of drop, thus failing by just 2m to be included in the list of One Hundred Metre Prominences (HuMPs).  Gowbarrow Fell is situated on the north bank of Ullswater and just over a kilometre north-east of the popular tourist attraction of Aira Force.  The 1:25k and 1:50k maps bear a spot height of 481m at the trig point, but the vector map and 1977 1:10k map both give a spot height of 482m on the small top just 100m south of the trig point (see Appendix).  Moreover, an old 1:10,560 map of 1900 shows a bench mark height of 1249.9ft (381.0m) near the col, which is situated on or near the minor road that passes 0.5km south of Little Mell Fell at NY423235 (see Appendix).  Consequently, there is a strong possibility that the value of drop could be over 100m which would make Gowbarrow Fell a HuMP. 
The purpose of this survey was to assess this probability.
2) Equipment used and Conditions for Survey 

Ground surveys to determine the positions of the col and summit were carried out using a Leica Runner Professional Automatic level (X20 telescopic system)/tripod system and a “1m” E-staff extendable to 5m. 
Regrettably, our Leica 530 survey grade GPS was not available for this survey.

Conditions for the survey, which took place between 13.00hr and 16.00hr, were fair. The weather was cool, 10 – 12 degrees Celsius and the wind was light, but sufficient to cause slight vibration in the level.
3) The Survey
3.1) Character of Hill 

Gowbarrow Fell is very accessible as it lies near the junction of the A5091 from Ullswater to Troutbeck and the A592 Penrith to Windermere road which runs along the north bank of Ullswater.  There are two car parks close by which serve visitors to Aira Force and a good path to the summit.  The fell is steep and craggy on its southern flanks and there are outcrops also around the summit area.  The lower parts of the fell are covered in bracken.
The col is situated just over 2km to the north-east and this area is crossed by a minor road.  There is parking for a few cars at the col which gives easy access to Little Mell Fell.  We noted that the benchmark near the col was no longer present.  
3.2) Summary of Survey Method
The position of the col was identified as ground just a few metres south of the road in an area of rough pasture near a sheep enclosure.  Sightings through the level from this area quickly showed that the ground was descending in both W and E directions.  Having identified the area of the col, a more detailed survey was next carried out to locate its position.  The level was set up at a convenient place on the road and then staff readings taken in the valley to valley direction to find the highest point.  Then a line of points marked by small flags was laid down in a North – South (hill to hill) direction across the col.  The lowest of these (highest staff reading), as measured by the level, was marked with a different coloured flag and identified as the position of the col.  Regrettably, there was insufficient time to lay a second and third line of flags to each side of this line in order to ensure that the position of the col had been identified more accurately.  We believe the measured position was within 5m of distance and 20cm in height of the true position.  Once located the height difference between the col position and the benchmark position was measured.  
At the summit of the hill the level was set up on the knoll that is 100m south of the trig point.  There are two high points to this knoll about 25m apart.  The level was situated on the more northerly of these and staff readings were taken from both of these tops and the trig point area in order to determine the highest point.  Next the level was set up near the trig point and the process repeated.  This gave forward and back readings for the three positions.  It was possible to read the staff to about 1cm over the 100m distance between the trig point and the south knoll, the breeze that was ever present causing a slight vibration in the level.  
3.3) The Col
The col was surveyed with level and staff as described in Section 3.2 and we are confident this was achieved to within +/-0.2m of height.  The benchmark (BM) we were using for reference was absent, but its position on the 1900 1:10,560 map showed it to be located at a fence junction just west of the col.  Fortunately, the fence junction was present in the position shown on the map. The height difference between the BM position and the col was measured to be:
Staff reading at BM position:
2.063m
Staff reading at col position:
1.410m

Therefore the col position is 0.653m higher than the BM position
The ten-figure grid references for the col were:-
Garmin Etrex


NY 42352 23520

Accuracy 3m
Height = 385m

Garmin Etrex


NY 42352 23517

Accuracy 3m
Height = 385m

Garmin Etrex 


NY 42353 23517

Accuracy 3m
Height = 385m
Garmin Etrex


NY 42353 23518

Accuracy 3m
Height = 385m
3.4) Summit of Gowbarrow Fell
It was quickly established that the higher of the two tops on the south knoll was the northerly one.  Staff readings were:

South knoll = 0.630m

North knoll = 0.537m

Thus the North knoll is higher (lower staff reading) by 0.093m

The level was then repositioned on the north top slightly further way from the summit position in order to enable an easier reading of the staff.  Staff readings of the north top on the South knoll and the highest rock by the trig point were then taken.

North top of South knoll = 0.405m

rock 3m SW of trig point = 0.410m

Therefore the north top of the south knoll is the higher by 0.005m.  The measurement error of the Leica Runner over 100m is +/-0.01m 

Next the level was set up in the area of the trig point.  Two rocks one 3m SW and the other 8m SW from the trig point were identified to be of equal height.  Staff readings in the area of the trig point were:

Rock 3m SW of trig point = 0.504m
Rock 8m SW of trig point = 0.504m

Flush bracket of trig point = 0.343m

Thus the two rocks are 0.161m lower than the flush bracket

From the same position the summit reading for the north top of the South knoll was made:
Summit of South knoll = 0.495m

Thus the south knoll is higher than either rock near the trig point by 0.009m.  The level has a measurement uncertainty of +/-0.01m over 100m.

The balance of probability just favours the north top of the South knoll being the summit of the fell.
The ten-figure grid references for these positions are:-
rock 3m SW of trig point

Garmin Etrex
 

NY 40761 21817
Accuracy 6m
Height = 488m

rock 8m SW of trig point

Garmin Etrex


NY 40760 21812
Accuracy 6m
Height = 487m

trig point

Garmin Etrex 


NY 40763 21821
Accuracy 6m
Height = 490m

Garmin Etrex 


NY 40762 21817
Accuracy 3m
Height = 486m

North top of South knoll

Garmin Etrex


NY 40730 21719
Accuracy 6m
Height = 489m
Garmin Etrex


NY 40730 21721
Accuracy 3m
Height = 483m

South top of South knoll

Garmin Etrex


NY 40732 21699
Accuracy 6m
Height = 489m

The Ordnance Survey lists the height of the trig point flush bracket as 481.2m and from this the height of the hill is calculated to be 481.04m.
4) Discussion of Results
First, we have estimated the best value for the height of the benchmark we use for calculating the col height.  The 1900 1:10,560 map gives 1249.9ft (380.97m).  The same map shows another benchmark further down the road with a height of 1188.4ft (362.22m).  On the 1974 1:2,500 map the 1249.9ft BM is not shown but the 1188.4ft BM is and this has a new height of 362.06m.  The difference between the 1900 and 1974 value for this BM is therefore 0.16m and we assume the 1974 value to be the more accurate.  This gives a corrected value for the 1249.9ft BM of (380.97m – 0.16m) 380.81m as measured to the Newlyn datum.  
Benchmarks are not installed to a specific height above ground level.  A study of 46 from http://www.yorkbenchmarks.org.uk gives a mean height above ground level of 0.49m and we have used this in our calculation.  

The height difference between the BM and the col position is 0.653m.
Therefore the height of the col is: 380.81 - 0.49 + 0.653 =  380.97m
The height of Gowbarrow Fell is 481.04m giving a value for drop of 100.07m

The errors associated with the measurement of drop are:
location of col position:



+/-0.2m

location of benchmark (BM) position:

+/-0.2m

estimate of BM height above ground level:

+/-0.6m

measurement uncertainty of BM value:

+/-0.3m

uncertainty in flush bracket height


+/-0.3m

This gives an overall measurement uncertainty of +/-0.8m assuming the errors are all independent of one another
Therefore the drop measurement is 100.07+/-0.8m.  The balance of probability from this survey is just in favour of Gowbarrow Fell being a HuMP. 

5) Summary and Conclusions

The summit of Gowbarrow Fell is at grid reference * NY 40730 21720 and is the North top of the South knoll.  However, it should be noted that two rocks close to the trig point on the summit 100m to the North are also within 0.01m of this in height.  The height of Gowbarrow Fell is 481.04m referenced to the flush bracket of the trig point.
The col separating Gowbarrow Fell from Little Mell Fell is at grid reference * NY 42353 23518.  Its height is 380.97m referenced to the corrected value for the BM at a fence junction by the road as shown on the 1900 map.
The re-ascent from the col to the summit is 100.07m and therefore the balance of probability just favours Gowbarrow Fell becoming a HuMP.
It is recommended that the drop for Gowbarrow Fell is re-measured using our Leica 530 survey-grade GPS.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard, Chris Crocker and Graham Jackson, 3rd November 2011
Appendix
Summit area of Gowbarrow Fell on Vector map showing 482m spot height on south knoll
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Col of Gowbarrow Fell from 1900 1:10,560 map showing 1249.9ft BM and 1188.4ft BM
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