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THE USE OF WATER POWER FOR COMPRESSED 
AIR GENERATION, AT BREWERY SHAFT, NENTHEAD 

Paul Thorne 

Abstract: In 1896 a Belgian company, the Vieille Montagne Zinc Company, took over the leases of many of the Nenthead mines. 

They reworked the mines for zinc as well as lead, and were successful due to them bringing modern technology to the area. This 

technology included compressed air rock drills, pumping and hoisting machines. Originally the compressed air was generated 

by steam engine driven reciprocating compressors. During their tenure this was supplanted by water powered plant. The details 

of operation, and the remains to be seen, form the basis for this article. 

Introduction 
Nenthead is situated on Alston Moor in the North Pennines, 
close to where the counties of Cumbria, Durham and 
Northumberland meet. Brewery shaft is located in a field just 

a short way up the main road leading over to Weardale. The 
site is now owned by the North Pennines Heritage Trust from 
whom permission to visit must be obtained. 

A Brief History 
The Nenthead Mines were first worked on a large scale during 
the 18th century. In 1735 the mineral rights and land were 
granted by the Crown to the Greenwich Hospital for Seamen. 

They divided the area up into vein leases. The dominant 
leaseholder for the mines at the head of the Nent valley, from 
1820 to 1882 was The London Lead Company. This company 

largely created the extensive, unified, interconnected workings 

that are accessible today. They also would have created the 
surface infrastructure for their use of waterpower. This 
includes many of the dams, reservoirs and leats still in 
existence today. In 1814 they purchased the Cherry Tree Hill 

Estate from the Alston Brewery Co. Much later on Brewery 
Shaft gained its name from this connection. The mines were 

Fig. 1. Nenthead Mines waJerpower scheme, vertical section. 
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leased to the Nenthead and Tynedale Lead and Zinc Company 
from 1882 to 1896. Their tenure ended at a time oflow metal 
prices. In 1896 the Vieille Montagne Zinc Company took over. 
They expended large sums of capital to modernise the mines 

and the surrounding infrastructure. A total of £32,000 was 

spent on the compressed air system, including steam and water 
driven compressors, and the rock drills themselves. 

Water Supply: Dams and Reservoirs 
The Nenthead Smelt Mill complex is at about 1520 feet AOD 
( 460m). The high ground at the watershed of the Nent valley 
reaches 1870 feet (570m). To the east (towards Weardale) the 

moors rise to 2190 feet (668m) at Knoutberry Hill. The shallow 
slope and section of the higher valley does not lend itself to the 
'conventional' type of dam across the valley. Instead the two 
main dams, Perry's Dam and Smallcleugh Dam, take the form 

of contour dams perched up one side of the valley. 

Perry's dam is situated at 1920 feet (585m), and held 16.5 

million gallons (74 000 cubic m). A leat extends southwards 

for 1. 5 miles, nearly to Yad Moss. This extends the catchment 
to Burnhope Seat at 2450 feet (746m). This creates a 
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catchment area of 1.6 square 
miles (4 km2

). It was built in 
184 7 to supply the huge 
waterwheel that drove the Stagg 
condenser. It was enlarged to its 
present size in 1903. 

Smallcleugh reservoir is situated 
at 1640 feet (500m) and held 
375 thousand gallons (1700 cub. 
m). The additional catchment 
area it collects from amounts to 
0.8 square miles (2 km2

). It was 
finished in 1825 and was built 
for supplying waterpower to the 
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f!,oo 1 The annual average rainfall here 
is about 80 inches (2m). For the 

1400' 
Perry's dam catchment area this 

l~oo1 equates to 55 gallons (0.25 cubic 

1200 1 metres) per second average. This 
would completely refill Perry's 

~o' dam in four days, under average 

tooo 1 conditions. If the total catchment 
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were directed into Smallcleugh 
Reservoir it would refill in less 
than 2 hours! 

Efficient Utilisation of Head of 
Water: 
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For a given flow rate of water 
the potential energy available is 
proportional to the height 
difference, i.e. the 'head'. It is 
not practical to utilise a high 
head using a single waterwheel, 
fifty feet could be considered a 
practical maximum. It is 
possible to efficiently utilise a 
higher head by cascading several 
waterwheels, but if several 
hundred feet is available then 
turbines or other water pressure 
engines become a better choice 
for certain types of load. This 
also allows the power to be used 
at the base of the hillside, often 
nearer the mine buildings. A 
pipeline replaces a run of flat 
rods for power transfer. 
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Fig 2. Brewery Shaft, simplified water flow schematic. 

Water Outlet: the Nentforce Level: 
Between 1776 and 1843 the Nentforce Level was 
driven as a deep level drainage and exploration tunnel 
from Alston up to Nenthead, nearly five miles long. 
The level changes height before it reaches Nenthead, 
and reaches the base of what is now called Brewery 
Shaft, 262 feet below Rampgill Level. This in absolute 
terms is at 1180 feet (360m). By using this level as a 
drain, then an extra head of 262 feet is gained. The 
only considerable inconvenience is that the 'Engines' 
using the water need to be placed down the bottom of 
Brewery shaft, rather than conveniently accessible on 
the surface. 

How was this head utilised? 
The head from Perry's dam to Nentforce Level is 740 
feet (226m) whilst the head from Smallcleugh 
Reservoir to Nentforce Level is 460 feet (140m). 

It would have been possible to directly use the 7 40 foot 
head, but this was not the way the scheme actually 
developed. The water from Perry's Dam was directed 
into pipelines, which led down the adjacent Bogg 
Shaft. Here a hydraulic direct air compression scheme 
was constructed (principle of operation to be described 
under Brewery Shaft details). The outflow water went 
along Hodgsons High Level, (which was lined with 
concrete for the purpose) and via an inverted siphon 
into Smallcleugh Reservoir. Whilst it is still possible 
to enter Bogg shaft underground at three levels, 
collapse makes examination difficult. 

In later years (post 1923) a pipeline took water from 
Perry's Dam to the surface built Middlecleugh 
compressor house, where a Pelton wheel drove a 
reciprocating compressor, the outlet water running in 
surface leats to Smallcleugh Reservoir. It is likely that 
this surface scheme superseded the Bogg shaft scheme, 
thus allowing Bogg shaft to be abandoned. 

Fig. 3. Brewery Shaft, composite plan. 
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The entire catchment thus found its way 
into Smallcleugh Reservoir, having 
already produced some compressed air 
from the 280 feet head used. The 
remainder of the head, 460 feet, with 
increased flow (due to the larger total 
catchment area of 6 km2 available at 
this level), went to the Brewery Shaft 
scheme. 

The Origins of Brewery Shaft. 
Brewery Shaft was originally an 
un-named sump, sunk down from 
Rampgill Horse Level to the end of the 
Nentforce level, for ventilation and 
possibly waste rock removal. Date about 
1843? It almost certainly was in two 
dog-legged stages of about 110 and 150 
feet deep. It would not then have come 
up to surface. 

Some time before 1882 a deep trial was 
Plate 1. Desce11di11g Rampgill Brewery Slraft, April 1987. 

undertaken below the free drainage Plate 2 (below). Base of Brewery Slraft, April 1987. 
horizon of the Nentforce Level. This 
utilised pumps, driven by an 
underground waterwheel which, 
remarkably, still survives in-situ. There 
are remains of a balance bob, gear 
driven rocking beam, and chain 
couplings to the pumps. A water feeder 
in the level halfway down provides the 
water for the wheel. Of the 150 feet 
available head, the small waterwheel 
only uses 14 feet, sufficient for the low 
power required. 

When the Vieille Montagne Company 
decided to use this sump as a 
waterpower shaft, they enlarged the 
shaft to become vertical from the 
surface to the bottom, 328 feet (100m) 
below. The 12 feet diameter shaft was 
lined with cast-in-situ concrete. 

The shaft was fitted out with stagings 
and a ladderway, but sadly these had Plate 3. 140 lrp compressor Pelto11 wlreel, Brewery Slraft, September 1994. 
collapsed before my first visit, so I have 
no pictures of them. 

The first compressor installation may be 
represented by a pair of concrete 
machine beds very close to the base of 
the shaft. This is most likely to be some 
form of water turbine driving a 
reciprocating compressor. Unfortunately 
little remains to examine. · 

The Hydrautomat Compressor 
Scheme. 
This unusual scheme resembles a giant 
size waterblast arrangement, capable of 
efficiently producing 90 psi air from a 
falling column of air and water. A 90 
feet tall steel tower was built on top of 
Brewery shaft. The top 20 feet of the 
structure was an "aspirator"tank. This 
device finely mixed air into a falling 
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column of water. The source of the water was 
from a pair of cast iron pressure pipelines from 
Smallcleugh reservoir, forming inverted 
siphons. 

The amount of air drawn into the falling water 
column was regulated by blocking up some of 
the 'snore' holes in the aspirator. What lovely 
terms! The falling column consisted of two 9 
inch bore pipes of 400 feet vertical height. 

At the bottom of the shaft the downpipes go 
into the base of a separator/receiver tank. This 
is 5 feet diameter by 14 feet high, riveted-steel, 
construction. Inside this tank the compressed 
air separated from the water and rose to the 
top. An automatic level-regulating valve 
controls the turbulent water level to be about% 
full. The compressed air passes out into the air 
main pipe work. A 12-inch bore pipe goes back 
up the shaft into Rampgill Level (262 feet 
above), carrying the water plus a residual 
amount of entrained air. This head is adequate 
to compress the air to 90 psi. 
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A small settling tank built directly between 
Rampgill Level and the shaft side receives this 
water. The out flowing water probably would 
resemble a giant soda-syphon; the release of 
dissolved and residual entrained air would 
make it fizzy! Excess water can flow out of an 
upper sluice to discharge into Rampgill Le~el. 

( .............. ) 

t}·tffi f0$moN OF' 
L,'11AQ£ cw,,.,.euo~. 
F~·e·~K 
ONL.Y R~#S t-10:a' .. 

'" C:AA~I( Off'iflT. 

Bl_. PEl:TON...,UC 
(!•POU.,.. R.,,._) 

,f,o" ¢ ,1...,,.,d 

of; ""'' ... sw,uw. ... " 

,4Z"t, FLY'°'HML..111. -,''M"CE'. 

The water has thus lost 160 feet of its head. 
From records it is possible to estimate the 
efficiency of this system. Fortunately for us, the 
North of England Institute of Mining and 
Mechanical Engineers visited the site in 
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August 1913. The records of their visit include technical data. 
They record that 6 cubic metres of water per minute would 
generate 13 cubic metres of compressed air or 460 cubic 
feet/minute ( cfm). If one calculates the energy released from 6 
cubic metres of water (6 tonnes) per minute, falling 162 feet 
(50 metres), it equates to 50 kw or 65 hp. Thus this scheme 
generated 460 cfm. air from 65 hp, or about 7 cfm per hp. By 
comparison, a reciprocating compressor would achieve 
between 3 and 4 cfm per hp. Thus this scheme was remarkably 
energy efficient. In addition the absence of moving parts would 
enhance reliability. A disadvantage is that in this case less than 
half the available head was used. 

The Pelton Wheel Driven Compressors. 
The exhaust water from the Hydrautomat compressor still has 
260 feet ofuseable head. Whilst excess water can overflow into 
Rampgill level, this clearly wastes its energy. So another 
descending pipeline of 9 inch bore is to be found in the shaft. 
This connects to a 40 inch diameter Pelton Wheel Turbine at 
the shaft base. This turbine almost certainly came from Gilkes 
of Kendal, although details of the operating head do not tie up 
with Gilkes records. Its power rating can be calculated from 
the head, the approx flow rate, and a nominal efficiency figure 
of 80%. This gives a figure of 78 hp. Mine drainage water 
could be directed from Rampgill level through another sluice 

Fig. 4 (top right). Brewery Shaft, air "circuit". 
Fig. 5 (centre). Brewery Shaft, compressor chamber. 
Fig. 6 (bottom right). Brewery Shaft, generating plant. 
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PlaJe 4. 801,p generator (twin) Pe/Jo11, Brewery Shaft, October 1994. 
PlaJe 5. Underground waterwheel at Brewery Shaft October 1994. 
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to provide an additional source of water for this Pelton 
wheel. 

This large Pelton Wheel drove two compressors, each via 
a reduction gearbox of about 1:3 ratio. The underground 
engine house was clearly built at two different dates, as the 
arching is clearly built in two parts. One part is stone lined, 
the other, presumably newer part, is lined with typical 
V.M.Co 'breeze blocks' (concrete blocks made from mill 
waste). 

The 42 inch diameter flywheel belonging to the larger 
compressor still remains. This is coupled to a crankshaft. 
A picture of this compressor when in use fortunately 
survives, clearly showing it to be a two-cylinder tandem, 
single-acting, water-cooled machine. The connecting rods 
and piston rings also survive, but sadly the machine has 
gone for scrap. The crankshaft of a smaller machine also 
remains, but its air outlet pipe connection has been blanked 
off, sugg~sting it was disused and disconnected prior to 
final abandonment. There is a Broome and Wade 
nameplat~ remaining, presumably from one of these 
compressors. 

The Maintenance Winch. 
In the side of the shaft about 30 feet below the surface is a 
compressed air winch, presumably installed for shaft 
maintenance. A kibble used to hang from it, but this 
disappeared many years ago. The winch was made by 
Clarke Chapman & Co. of Gateshead. It has two 
double-acting cylinders, followed by single reduction spur 
gearing. 
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The Gi!nerating Set 
Whilst this lecture is about compressed air generation, details 
of a rather nice generating set, still largely intact at the bottom 
of Brewery shaft must not be left out. This generated 230 volts 
at 37 amps, used for illumination at the shaft bottom, and far 
more importantly for the mill on the surface. This would run 
a couple of hundred small light bulbs. 

The Pelton wheel, which fed this, was only 14 inches in 
diameter, but had a double runner. One could run off the 400 
foot head supply from Smallcleugh Reservoir, alternatively the 
other had a pipe feed directly from the settling pit in Rampgill 
Level, thus giving 260 feet head. 

The speed governor mechanism is intact, and comprises a 
spring and weight loaded centrifugal governor, driving a 
deflector blade using servo-hydraulic control. This would be 
capable of the accurate speed control needed for the generator. 
It is presumed that the output would be alternating current. 

The decline and decay of the installation 
By 1921 the main mines complex had become uneconomic, 
and the Vieille Montagne Company terminated its current 
lease. They negotiated a new lease in 1923 to cover the 
continued use of the waterpower scheme, principally to support 
mining at Nentsberry Haggs Mine nearby, and processing of 
mineral brought in from elsewhere. The large mill in the 
village was still in use, and would need some compressed air. 
The lease map produced is most informative. 

The V.M.Co. left the area in 1948. In the following year Anglo 
Austral Mines took over the leases. They agreed a new lease to 
use the waterpower in 1953, in a drastically simplified form (a 
more elaborate lease of 1952 was never agreed). By then much 
of the plant would be in a poor state, and in 1954 the tower 
above Brewery shaft was demolished, reputably because it had 
become unsafe. In the following years some of the plant was 
scrapped. 
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This was effectively the end of mining at Nenthead, although 
the mill carried on for many years, final closure being in or 
about 1965. 

The Future of Brewery Shaft. 
The land surrounding the shaft top was purchased by the North 
Pennines Heritage Trust in 2001. They also lease the mineral 
rights, thus the underground area. They have installed a 
viewing platform above the shaft in a darkened room, with 
floodlighting down the shaft for the benefit of visitors. Access 
to descend the shaft for mine explorers should be possible by 
special arrangement. There are no plans to restore a useful 
function to the shaft, for obvious health and safety reasons. It 
should be noted that the structural safety of the many tons of 
cast iron pipes in the shaft, is in doubt, due to the collapse of 
all the wooden staging, which provided lateral support. 

There is plenty of scope for further research around this 
fascinating and complex site. 
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