
W a t e r  t u r b i n e s  i n  S u r r e y
A L A N  C R O C K E R

During the late 19th and the first half of the 20th century over a hundred water turbines were installed in 
mills and other establishments in Surrey, including south-west London. A few  were also used at sites on the 
borders of the county or were supplied to Surrey engineers for installation elsewhere. A gazetteer of these 
turbines is presented giving details, where available, about their location, owner, manufacturer, dates, type, 
power, speed and use. However, background information is first provided on the earlier use of water power 
in Surrey, the development of turbines and the types and manufacturers represented in Surrey. Finally the 
significance of the information contained in the gazetteer is discussed. *

The development o f wa te r power in Surrey
The Domesday survey of 1086 records 118 mills in Surrey, including five which are 
described as parts of mills (Hillier 1951, 21—3). All these would have been water powered 
as windmills were not built in Britain until the late 12th century, one of the earliest being 
at Warlingham in Tandridge (Farries & Mason 1966, 220). Also, all the mills were probably 
corn mills, although water power was being used elsewhere in Britain for other purposes, 
such as crushing mineral ores. However, the term ‘mill5 in Domesday could have meant a 
pair of millstones rather than a building, so there may have been fewer than a hundred 
separate mill sites. Nevertheless, at that time each pair of stones was powered by one 
waterwheel (Holt 1988, 131). Some of these waterwheels may have been horizontal, the 
water being channelled down a chute on one side of the wheel to strike the radial, inclined 
vanes near their ends. The wheel would have had a vertical shaft which turned the upper 
millstone directly, without the need for gearing. Such wheels are still common around the 
eastern Mediterranean and in Scandinavian countries. In England, the only known 
examples date to the 9th and 10th centuries and it appears that only vertical wheels were 
being used in the 13th century (Holt 1988, 5 -7, 119). Most, or perhaps all, of the 
waterwheels in the Surrey Domesday survey would probably have been of this more 
familiar vertical type with a horizontal shaft. Gearing was therefore required in order to 
drive millstones.

The waterwheels, of either type, would have been small and made of timber. The 
vertical ones would have been undershot or low breast-shot, the water meeting the wheels 
low down. Later, additional waterwheels were erected at mill sites. For example, from the 
late 13th century some sites would have had a corn mill on one side of a watercourse and a 
fulling mill on the other, each with its own waterwheel. Also, in order to obtain more 
power, longer leats and higher dams were constructed so that larger heads of water were 
created. This meant that high breast-shot and overshot wheels became common, the water 
being introduced higher up or at the top of the wheel. Some sites went out of use as a result 
of these changes but most continued until the 20th century. New sites also became 
available, particularly when navigable waterways were constructed and mills could be 
located near locks. There are several examples of this in Surrey including Bowers Mill at 
Burpham, Guildford, and Coxes Lock Mill at Addlestone, Runnymede (Stidder 1990, 50, 
112). The net result of these changes is that by the middle of the 19th century there were 
probably about 200 waterwheels in Surrey. This includes the river Wandle — the tradition 
that it alone once powered 200 waterwheels being a gross exaggeration (Reid 1987,

* Letters followed by a number in parentheses, eg (Wa7), refer to entries in the Gazetteer, where the code is 
explained, metric equivalents are given and detailed references are provided.



153-4). Larger diameter wheels were also constructed, particularly in mountainous 
districts where it was relatively easy to create big heads of water. For example the one at 
the Welsh Slate Museum at Llanberis, Caernarfonshire, and the Lady Isabella wheel at 
Laxey on the Isle of Man have diameters of 50ft and 72.5ft respectively (Woodward-Nutt 
2000, 91,110). In Surrey, the waterwheel at Painshill Park, Cobham, is 36ft in diameter 
but is low-breast shot, its large size being explained by the need for it to be a dramatic 
garden feature (Woodward-Nutt 2000, 71).

In spite of these changes, until the 18th century, the basic design of vertical waterwheels 
remained the same. Then, with the coming of the industrial revolution, steam power 
became available as an alternative to water power. However, at first, the steam engine had 
a simple reciprocating action. It was therefore restricted to pumping, and was used at mill 
sites to return water from the tail race to the head race so that it could be used again. In 
Surrey for example, in 1778, James Watt advised the gunpowder maker at Worcester Park 
about installing a steam engine for this purpose (Crocker 1996, 17-18). The demand for 
increased power also meant that research was carried out on the design of waterwheels 
and sluices to make water power as efficient as possible (Smith, N  1981, 37-41). Also, as 
iron had become readily available, it was gradually adopted, at first for shafts and later for 
arms and buckets, making wheels more expensive to purchase but longer-lasting and easier 
to maintain (Smith, D  1981, 61-7). An important Surrey example of a cast iron shaft was 
the one installed by Smeaton at Carshalton oil mill in 1780 (Dickenson & Gomme 1950, 
18-19). Then, in 1781, James Watt invented the rotative steam engine which could drive 
machinery directly (Singer et al 1958, 185-7) so that, at least in England where ample 
supplies of coal were available, the importance of water power started to decline. In much 
of Surrey however the adoption of these new developments was slow. For example at Sickle 
Mill in Haslemere the papermaker did not have an iron waterwheel until 1840 and did not 
introduce a steam engine until 1852 (Crocker & Kane 1990, 69, 120).

The situation was very different in France where less coal was available but there was a 
plentiful supply of water in the big rivers and, with considerable heads, in mountainous 
regions (Smith, N  1980, 115-16). The continued development of water power was 
therefore most important and in 1826 a prize was offered to anyone who could develop 
and apply satisfactorily on a large scale a horizontal waterwheel or turbine. The word 
‘turbine5, from the Latin turbo meaning a spinning object, had been introduced four years 
earlier to describe a wheel rotating at a high speed. This was significant as textile and other 
machinery, which had recently come into use, had shafts which needed to turn rapidly and 
with a slow-turning waterwheel this could only be achieved by using much inefficient 
gearing. Also a horizontal wheel with a long water chute or flume could make effective use 
of very large heads of water, whereas the diameter of a vertical wheel was restricted by 
available construction materials. The prize was awarded in 1833 to an engineer called 
Benoit Fourneyron. One of his early turbines worked at 2300rpm with a head of over 350ft 
of water, dramatically in excess of what was possible with a traditional vertical waterwheel 
(Derry & Williams 1960, 618). For example, not until the end of the 20th century was it 
possible to construct the ‘London Eye5 which is 450ft in diameter.

Other types of turbine were soon developed in France and the designs were copied 
elsewhere, particularly in Ireland, where there was no coal, and in North America where 
there were suitable rivers and big waterfalls. Some of these had vertical wheels, some 
rotated relatively slowly and some operated with small heads of water but all were carefully 
designed to obtain the maximum power from the available supply of water. In Scotland 
the earliest turbine worked in 1839 but the first in England was probably one designed in 
Ireland and installed in Cumbria in about 1850 (Wilson 1958, 225; 1974-6, 74). However, 
it was 1869 before one was used in Surrey, at Spicers’ paper mill at Catteshall in 
Godalming (Wa7). It was built in Belfast and based on the type developed by Fourneyron. 
Remarkably it is the largest turbine of this type which is known to survive. In the following 
years the owners of many Surrey water-powered sites replaced their waterwheels with



Fig 1 Map of Surrey showing the locations of known water turbine installations. Numbers indicate multiple 
installations, either contemporary or sequential. In all, 104 turbines were installed and a further'13 are 
known to have been delivered to engineers, millwrights or works at Albury (2), Carshalton (3), Chertsey, 
Croydon (2), Guildford (3), Oxted and Woking, some of which are known to have been installed outside 
of Surrey. 

turbines. However, this was the time when many corn mills which ground locally-produced 
grain using traditional millstones were in difficulties because of competition from large 
steam-powered roller mills on the coast, which used grain imported from North America. 
Most millers did not have the resources to introduce turbines and the mills closed. The 
sites were then re-used for other purposes such as pumping water, powering farm 
machinery, printing, flock making and electricity generation. The new owners often 
installed turbines mainly because of the advantages to be gained from their high speed. 
Surprisingly, turbines were also used at steam-powered water works. They could, for 
.example, generate power when water was being piped from high-level to low-level 
reservoirs or by using pumped high-pressure water. Similarly they were used at hydraulic 
pumping stations and at sites supplied from these stations. Finally water turbines were 
purchased for teaching purposes by the engineering departments of some Surrey colleges.

In all, 117 water turbines are known to have been installed in Surrey, including some in 
south-west London, and a map showing the distribution of these is given as figure 1. Many 
different types are represented and these are explained in general terms in the next section 
of this paper. This is followed by a brief account of the different companies involved in 
making these turbines. Details of the Surrey turbines are then provided in a gazetteer and 
finally the information presented is discussed and some conclusions are drawn. No doubt 
some readers will know of other turbines which have existed and perhaps still survive in



the county , or have additional information about those listed. If so, it is hoped that 
publication of this paper will prompt them to inform the author so that a more 
comprehensive list can be prepared.

For a general introduction to the use of water power nationally many other texts are 
available, eg Schools Council (1975), and more detailed technical information and 
accounts of selected early turbines of national importance have been presented elsewhere 
(Crocker 2000a, 2000b).

Types o f wate r turbine  repre s ented  in Surrey

Many different types of turbine have been used in Surrey and schematic diagrams 
illustrating their mode of operation are shown in figure 2. They fall into two broad 
categories, impulse and reaction (Lea 1919, 300-1). In impulse turbines the wheel, which 
must not be submerged in the mill tail, rotates because water strikes its vanes by means of 
one or more jets. In Surrey, 24 turbines of this type have been recorded. Twenty of these 
were Felton wheels and three were Turgo Impulse wheels, both types using only one jet and 
requiring high-pressure water. They were not therefore suitable for mill sites in Surrey, 
which did not have a sufficient head of water. However, they were used where water was 
being pumped at, for example, Surbiton Water Works (El 13—15) or at hydraulic pumping 
stations in Rotherhithe and Southwark (SW L14-27). In addition two were used for 
teaching purposes, at Kingston Technical College (SWL9) and the Polish University 
College at Putney (SWL12). Finally one was delivered to Oxted (Ta2) but may well have 
been used elsewhere. The other impulse turbine in Surrey (Tal) is a Girard with a large 
number of jets. It was installed in Oxted mill in 1893 and is the only one known to survive 
in the British Isles.

In reaction turbines it is important that the wheel be kept full of water, because it turns 
as a result of the pressure of this water. This means that it can either be completely 
submerged in the mill tail or enclosed in a pipe or flume which descends from the head 
race to the tail race. In either case it is difficult to see the internal structure of the turbine. 
Reaction turbines can have axial-flow, outward radial-flow, inward radial-flow, or a 
mixture of these. The rotating wheel is known as the rotor and, like conventional 
waterwheels, has a large number of vanes forming buckets. The water is directed to these 
buckets by a set of guide vanes mounted in a ring which is sometimes known as a stator. 
The amount of water entering a turbine can be controlled in three distinct ways (Engineers' 
1924, 1261-2). The simplest is the cylinder gate, which consists of a cylinder closely fitting 
the ring of guide vanes. It moves parallel to the axis of the turbine, thus increasing or 
decreasing the area through which the water can enter. The second is the register gate in 
which the guide vanes are in two parts mounted on separate inner and outer rings which 
can slide past each other, gradually closing or opening the passages as they do so. The 
third is the wicket gate in which the guide vanes can rotate about pivots which again alters 
the area of the passages. Finally in turbines with horizontal wheels the water can be 
introduced either from above or from below. In Surrey 93 reaction turbines are known, 
including representatives of most of these types. Schematic diagrams of these turbines are 
given in figure 2 and they are described below, roughly in chronological sequence.

Fig 2 (opposite page) Schematic diagrams illustrating the operation of different types of turbine. In all cases 
single-headed arrows indicate the direction of flow of water and double-headed arrows the sense of 
rotation of the turbine. The shafts were usually vertical for (a), (b), (d) and (e), horizontal for (f) and (g) 
and either for (c) and (h). The reaction turbines are: (a) and (b) outward-flow, (c) inward-flow, and (d) 
and (e) mixed-flow. The impulse turbines are: (f) and (g) single jet and (h) multiple jet. In (h), the 
opposed head and tail arrows indicate the possible movements of the gate over the water inlets or guide 
ports. Other illustrations are provided for six of these turbines as follows: (b) Fourneyron, fig 3; (c) Vortex, 
fig 5; (d) Francis, figs 6-9; (e) Little Giant, fig 10; (f) Pelton wheel, fig 12; (h) Girard,.fig 13.
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b a r k e r ’ s  m i l l  (numerous modern applications) 
An early type of reaction turbine was invented in England in about 1740 and is known as 
Barker’s mill. It consists, as shown in figure 2(a), of a fixed vertical tube at the bottom of 
which two hollow horizontal arms project, one on each side (Desaguiliers 1744, 453). 
Water flows down the tube, outwards through the arms, and escapes through a hole near 
each end. These holes are placed on opposite sides of the arms and due to the reaction of 
the discharging water the arms and a shaft, which passes upwards through the vertical 
tube, rotate. An improvement in which the water was introduced from below was described 
in 1775. This enabled greater heads of water to be used and resulted in less wear on the 
bearings. Generally, the mill was considered to be a scientific novelty and not of much 
practical significance (Wilson 1958, 223) but, today, the same principle is used in many 
applications. These include sewage filter-bed sprinklers which can be seen in Surrey, for 
example, on the north side of the railway tracks near Weybridge station (TQ 066 631), 
Hersham station ( T Q  125 656) and Berrylands station ( T Q  199.684). The principle is also 
used in lawn sprayers and dishwashers so that there are vast numbers in Surrey. They 
could not therefore be included in the gazetteer section of this paper.

f o u r n e y r o n  tu rb i n e s  (4: 2 MacAdam, 2 Easton & Anderson (see below, Green &
Carter))
In 1844 two Ulster millwrights made independent visits to France to try to persuade 
Fourneyron to allow them to manufacture the successful outward-flow turbine with which 
he had won his prize in 1833. They failed, but in 1848 Gardner & Co of Armagh were able 
to make a turbine based on Fourneyron’s designs and two years later MacAdam Bros of 
Belfast also produced one (Gribbon 1969, 29-32). As shown schematically in figure 2(b), 
these turbines had two concentric horizontal wheels, the inner one, the stator, being fixed 
and the outer one, the rotor, being attached to the bottom of an upright shaft. Water 
entered axially at the centre of the turbine and flowed outwards between the curved guide 
vanes of the stator to impinge upon the vanes of the rotor, which are curved in the opposite 
sense (Hetherington  ̂ 1896, 4-9). This caused the rotor and the shaft of the turbine to 
rotate. The water could enter from above or from below. A  cylindrical sluice gate was 
placed inside the stator. Raising and lowering this controlled the flow of water through the 
wheels and enabled the turbine to be operated at its design speed. To make this 
arrangement more effective the two wheels were divided into several tiers, usually four or 
five, by horizontal plates.

The Fourneyron turbine which was installed in Spicers’ paper mill at Catteshall, 
Godalming, in 1869 (Wa7) was built by MacAdam Bros. It is the largest turbine of this type 
which is known, the rotor being 1 1ft 9ins across, and is the earliest turbine in Surrey. It 
generated 50hp, which is consistent with a letter written by Spicers to the Godalming 
Navigation Commissioners in 1873 complaining that the level of water in their tail race 
had been raised, decreasing the head of water available at the mill. They stated that ‘the 
loss of a foot fall on our turbine is equivalent to a loss of 12 horse power, by no means a 
small matter with the present price of fuel’ . The turbine was dismantled in 1981 and 
rescued from the mill. Figure 3 shows the rotor and stator during the removal operation. 
Since 1981 the turbine has been stored at Westbrook Mill, Godalming, but there are plans 
to re-erect it at a new Centre for Engineering at the Ironbridge Gorge Museum, 
Shropshire.

A  second Fourneyron turbine (G u l6) also appears to have been built by MacAdam Bros 
and seems to be the smallest one which survives. It was installed by Unwins at their 
printing works at Chilworth, probably shortly after they acquired the site in 1870. In 1895 
it was disused as a fire which destroyed the whole factory was said to have started in ‘the 
old turbine house’ which was being used to store paper. Its vertical shaft can be seen in a 
photograph of the works, taken after the fire, which is reproduced as figure 4. Since then



The rotor and stator of the dismantled 
MacAdam-Fourneyron turbine (Wa7) seen 
during its removal from Catteshall Mill, 
Godalming, in 1981. The rotor, which is 
11ft 9ins across, is resting on the ground 
and the stator, fixed to a timber frame, is 
hanging from a crane. The vertical shaft 
of the rotor passes through the tube of the 
stator but the large bevel crown wheel at 
its upper end has been removed. When 
the turbine was working, the stator was 
located inside the rotor, both having four 
sets of vanes. (Photograph Surrey Advertiser)

Fig 4 Remains of the water turbines at 
Unwins’ printing works at Chilworth 

(Gul6, 17) immediately after the fire of 
November 1895. In the foreground is the 

control wheel of the Francis turbine, part of 
the casing of which can be seen at the 

bottom left beneath the charred beams. In 
the background is the vertical shaft of the 

earlier Fourneyron turbine. (Courtesy 
Richard Unwin)



the rotor and stator have been used as decorative flowerpots in a garden adjacent to the 
millstream. Two further turbines (Gu4,5) which were installed by Easton & Anderson (see 
below, Green & Carter) at Albury in 1880 were also almost certainly of Fourneyron type, 
but with the water entering from below.

T h o m s o n  v o r t e x  tu rb i n e s  (13 Gilkes, including 1 Williamsons)

James Thomson developed his inward-flow Vortex turbine in Belfast in 1846 and patented 
it in December 1850. The mechanism is shown schematically in figure 2(c). Early examples 
had vertical shafts but many later ones had horizontal shafts. An example of the latter type 
(Gilkes c 1893, 5) is shown in the engraving of figure 5. The water enters the casing at the 
top and is directed by four curved guide vanes on to the outer circumference of the rotor 
at the centre. The guide vanes can be turned about pivots near their inner ends in order to 
accommodate different water supplies and the rotor has a large number of curved vanes, 
in some cases 48. Having lost its energy in turning the rotor, the water is discharged 
through suction pipes on each side of the turbine. Vortex turbines were manufactured in 
England by Williamsons of Kendal from 1855 and by their successors Gilkes from 1881.

In Surrey a Williamsons Vortex turbine, designed for a 50ft head of water, was delivered 
in 1875 to Mr Maddox of Chertsey (Ru2) and presumably used pumped water. Later, 
Gilkes Vortex turbines were installed by Mr Courage at Snowdenham in Bramley (Wal) 
and by Mr Bridges at Ewell Court (EEI) and one was sent to Haslemere after being 
purchased by Wenham & Waters of Croydon (SWL8). Five further Vortex turbines 
(SWL28-32) were supplied in the 1920s to the Sturtevant Engineeering Co, Bankside, 
Southwark, and these must have used high pressure water from the adjacent pumping 
station of the London Hydraulic Power Company. They were also installed at the 
Kempton Park (Spl) and Hampton (Sp6,7) Water Works, the Hampton ones being the last 
recorded delivery, in 1939, of Vortex turbines. None of these turbines are thought to survive 
but in 1999 one was discovered, very similar to that shown in figure 5, at Waverley Abbey 
Farm, Farnham (Wa3). It bears the namplate ‘Gilbert Gilkes & Co, Kendal’, which is 
unusual as Gilkes normally cast their name on the casing. Also, as Gilkes was established 
in 1881 and became a limited company in 1894, the turbine was presumably installed at 
the farm between these dates. However, the company has no record of this, which suggests 
that it is a re-used turbine originally delivered elsewhere. For example, its design is 
consistent with the Chertsey turbine (Ru2) discussed above. This could explain the Gilkes 
nameplate, which might have been placed on the Williamsons turbine when it was moved. 
The turbine was used for powering farm machinery and has been taken to the Rural Life 
Centre at Tilford, where it is displayed. Unfortunately when it was rescued it was 
discovered that the rotor was missing.

f r a n g i s  tu rb i n e s  (64, including 12 Armfield, i Boving, 33 Gilkes, 3 Green & Carter, 1 
Gwynne, 5 Nell)
In the 1850s, the English-born hydraulic engineer James B Francis used test facilities, 
which he had developed at Lowell, Massachusetts, to improve the performance of existing 
turbines. This resulted in his name being associated with the development of the mixed- 
flow or American turbine, shown schematically in figure 2(d), in which the vanes of the 
rotor are shaped so that the water enters radially inwards but leaves axially. Francis 
turbines were manufactured by a large number of companies in America and given trade 
names such as Samson, H ercules, Victor and American. Many of these were imported into the 
British Isles in the last quarter of the 19th century. They were also made under different 
trade names by several companies in Britain, examples being Gilkes of Kendal, who made 
the L unedale, the Trent and the Turgo, and Joseph J  Armfield of Ringwood in Hampshire, 
who made the River Patent. Two rotors of Armfield River Patent t urbines are shown in figure 6.



Fig 5 Engraving of a Vortex turbine. This is the same as the installation at 
Waverley Abbey Farm, Farnham (Wa3), except that in the engraving the 
pipe I for the water supply is at the top of the casing whereas at the farm 
the water entered from below. It leaves through the pair of suction pipes 
K which descend to below the water level in the tail race. The rotor, 
inside the casing, is fixed to a horizontal shaft which passes through the 
gland G, and the power is taken from the pulley L. The angle of the guide 
vanes around the rotor is controlled by the gearing F and the cranks and 
coupling rods E. Catalogue illustration. (Gilkes c 1893, 5)

Fig 6 Rotors of Armfield River 
Patent turbines, of Francis mixed- 
flow type, measuring 12ins and 
48ins in diameter. The water 
enters radially inwards and is 
discharged downwards. Catalogue 
illustration. (Armfield c 1920, 2)



Fig 8 (opposite page, top) A cylinder gate Victor turbine (see fig 7) 
dating from about 1890 in operation at Westbrook Mill, 
Godalming (WalO). The photograph, which is undated 
but could be as recent as the 1950s, was provided by the 
late Francis Haveron.

Fig 9 (opposite page, bottom) The Francis mixed-flow turbine 
enclosed in a spiral casing at Hatch Mill, Godalming 
(Wa8). The lettering cast on the casing reads ‘Gilbert 
Gilkes & Gordon Ltd Kendal No 4491, 1940’. The water 
enters the casing from the pipe on the right which 
descends from the mill pond. It spirals around the casing 
and reaches the central rotor through guide vanes. These 
are controlled by the visible cranks and coupling rods, 
which are operated from inside the mill in the 
background.

The Francis turbines installed in Surrey include: L unedales at Postford Lower Mill, St 
Martha (Gu21), Woking Mill (Wo3), Wonham Mill near Reigate (RBI) and the Hurst 
Road Waterworks at Walton-on-Thames (El 16-18); River Patents at Frensham Manor 
(Wa5), the Royal Mills at Esher (E14,5), Rake Mill, Milford (Wal5), Postford Lower Mill, 
St Martha (Gu22), Rickford Mill, Worplesdon (Gu27) and Witley Park (Wal6); Trents at 
Eashing Mill (Gu7) and Shillinglee Park near Chiddingfold (Wa2); Turgos at Stoke Mill 
(Gu24,25) and Unstead Mill (Gu23), all in Guildford; Victors at Woking Mill (Wo 1,2), 
Westbrook Mill, Godalming (WalO), and Guildford Mill (Gu8,9). An engraving of a Victor 
turbine is shown in figure 7 and a photograph of what appears to be an identical one 
working at Westbrook Mill, Godalming, in figure 8. Many others were simply described as 
Francis turbines by their manufacturers or their origins are unknown. Several of these 
Francis turbines survive in situ, including the one installed by Gilkes at Hatch Mill, 
Godalming (Wa8), a photograph of which is shown in figure 9. Others have been removed 
from mills and displayed as industrial heritage features. For example a Gilkes Series ‘CP 
Francis turbine from Guildford Mill (GulO) is now mounted at Dapdune Wharf on the 
Wey Navigation and one of the two Gilkes Turgos from Stoke Mill (Gu25) has been re-
erected outside the mill, which in 1999 became the offices of the The Surrey Advertiser.

LITTLE  GIANT AND BRITISH EMPIRE TURBINES ( i 2! 9 Howes & E well, 3  Arm field )

Two distinct mixed-ffow turbines with the name Little Giant were developed in the USA in 
the early 1870s (Hay 1993, 28-9). The one patented by George H Jones was simple, 
relatively cheap and made in large numbers by several firms in North America, Britain 
and Germany and in particular under the name British E mpire by Armfields of Ringwood 
in Hampshire (Armfield cl905). The turbines usually had the double rotor shown 
schematically in figure 2(e) and an engraving of a complete turbine is reproduced as figure 
10. It had a vertical shaft, a spiral casing, a rectangular gate but no guide vanes or stator. 
The water entered through the two central sets of spoon-shaped buckets, was deflected





Fig 10 An Armfield British Empire turbine in which the right-hand part of the spiral casing 
has been removed to show the rotor, with water entering its upper and lower sets of 
spoon-shaped buckets. The water is then discharged from the other spoon-shaped 
buckets at the top and bottom of the turbine. Catalogue illustration. (Armfield 
c 1905, 3)

upwards or downwards and discharged radially outwards from the top and bottom sets of 
vanes. Alternatively the rotor could have a single set of buckets, the water being discharged 
downwards or, when the shaft was mounted horizontally, on one side. Several of these 
turbines were installed in Surrey mills, British E mpires for example at Rickford Mill, 
Worplesdon (Gu26) and the Upper Mill at Carshalton (SWL6) and imported ones at 
Ockford Mill, Godalming (Wa9) and Waverley Mill, Farnham (Wa4). A working example 
of an imported Little Giant can be seen at Caudwell’s Mill at Rowsley in Derbyshire and of 
a British E mpire at Sturminster Newton Mill in Dorset (Woodward-Nutt 2000, 18, 24). The 
following two accounts extoll the virtues of the imported variety supplied by Howes & 
Ewell of Silver Creek, New York, and London, which were installed in Shotter Mill (Wal 1) 
and Sickle Mill (Wal2) in Haslemere (Howes & Ewell c 1886, 39, 40).

The first concerns the engineer and millwright William Tomsett of Ockford Works, 
Godalming, whose advertisement is reproduced as figure 11 (Craddock 1883). It dates 
from 1883, the year in which he installed his first turbine which is described in the following 
report. The advertisement mentions waterwheels but not turbines specifically.

We had pleasure in seeing a 21 inch Little Giant at the mill of Mr Oliver at Haslemere, 
Surrey, which was supplied by Howes & Ewell and was the first to be fitted up by Mr 
William Tomsett, millwright and engineer of Ockford Works, Godalming, Surrey. 
The Little Giant, insignificant as it appears when standing motionless in the corner of 
the pit in comparison with the immense waterwheel which recently occupied the 
same place, will drive three pairs of millstones and the wheat-cleaning and flour- 
dressing machinery, without turning a hair. ( The M iller, 3 Sept 1883)

H Appleton & Sons, military braid and worsted lace manufacturers at Sickle Mill, 
Haslemere (Crocker & Kane 1990, 3), sent the suppliers the following testimonial dated 4 
August, 1886:



C r a d d o c k * s  S o d a l m i n g  S & l m a n a c  &  d i r e c t o r y .

G O D A L M I N G .

T O M S E T T ,
HJiUwvigltt,

I R O N " &  B R A S S  F O U N D E R ,
SU P P L IE S

M O D E R N  E N G I N E S ,
FROM 1 TO 40 HORSE POWER,

W A T E R  -+- W H E E E S ,
Shafting, Pulleys, &c.,

F L O T J R  S I L K S
EXHAUST FANS, SAW BENCHES,

P U M P S , H O R S E  G E A R , & e . f

L A T H E  &  T O O L S ,
F O R G IN G S **• TO *f» PATTERN ,

A N D  A I.L  K IN D S  OF

M A C H I N E R Y .

CASTINGS IN F r AsT T n D GUN-METAL.
Estimates and Valuations on the shortest notice.

1 ■ ■■ -    ■ -  -
Fig 11 Advertisement of William Tomsett, Millwright and 

Engineer of Ockford Works, Godalming. This was 
published in 1883, the year in which he installed his 
first turbine. Almanac illustration. (Craddock 1883)

Gentlemen. Respecting the Little Giant Turbine you supplied us with, we would say 
that we have been running it for about nine months; our fall is 20ft and we took out 
an overshot wheel to make way for the 14in turbine. We are doing the same amount 
of work with the turbine that we did with the overshot, but we use less water. Since 
starting it, during the time we used it we have had no trouble or expense with it. The 
turbine runs very regularly, and we are perfectly satisfied with it in every way. We 
think it more suitable for our fall than an overshot wheel.

p e l t o n  w h e e l s  (20 : 9 Hydraulic Engineering, 6 Gilkes, 3 Pelton Co, 2 Pitman)

The Pelton wheel is in principle a very simple and cheap type of impulse turbine. In about 
1870, Lester Pelton, a British engineer working in the Californian gold-field, discovered 
that a waterwheel can be driven fast and powerfully by directing a high-pressure water jet 
at hemispherical cups placed around its circumference, as shown schematically in figure 
2(f). To improve the efficiency he divided each cup into two symmetric compartments by 
means of a central partition and patented this in 1880 (Schools Council 1975, 91). Later 
models sometimes had two or more jets or two or more rotors. An engraving of a complete



Fig 12 Engraving of a Pelton 
wheel. It has divided buckets and 
the nozzle for the water jet is at the 
bottom of the wheel, partly hidden 
behind the control mechanism. 
Catalogue illustration. (Gilkes 
c 1893, 17)

Pelton wheel is shown in figure 12. These turbines work efficiently with high heads of water 
and some may be seen, for example, in Cumbria. However, high water pressures could 
also be obtained by pumping using steam and later electricity and in Surrey 20 examples 
worked in this way. Fourteen of these were at the London Hydraulic Company’s pumping 
stations at Rotherhithe (SWL14-20) and Southwark (SWL21-7) and three others at 
pumping stations at Surbiton (El 15) and Kempton Park (Sp4,5). Two were used, for 
teaching purposes, at Kingston Technical College (SWL9) and the Polish University 
College, Putney (SWL12). The final one was delivered to Oxted (Ta2), was very small, 
only 8 inches in diameter, and its use is not known. The Putney Pelton wheel was moved 
to the University of Surrey at Guildford in 1968.

Pelton wheels were also used to power ‘water motors’, which could be run from the 
ordinary mains water supply and generated between 0.02 and 2hp (Taylor rl876, 1; 
Pitman, Cesar c 1920, 16). They were used to drive all types of small machinery including 
dynamos for charging accumulators, pork butchers’ mincing machines, dental lathes, 
ventilating fans, sewing machines, bottle washing machines, potato peelers, coffee grinders 
and roasters, church organs, printing presses, etc. In particular when used for ventilating 
fans they were Very efficient and economical for smoke rooms and lavatories, the water in 
the latter case being used for the flushing of the tanks’. No attempt has been made to 
include water motors in the gazetteer section of this paper but no doubt many were 
installed in Surrey.

TURGO IMPULSE WHEELS (3 Gilkes)

In this type of impulse turbine a single jet of water enters from one side of the wheel, at an 
angle of about 70 degrees to the shaft, and leaves on the opposite side, as shown 
schematically in figure 2(g). The buckets are asymmetric and, unlike those of the Pelton 
wheel, occupy much of the surface area of the rotor and are not attached to the outside of 
its perimeter. This turbine was developed and manufactured solely by Gilbert Gilkes & Co 
of Kendal to be used with medium heads of water and the firm claimed that it filled a gap 
between reaction turbines and Pelton wheels (Gilkes 1920, 15-17). In Surrey, Turgo Impulse



turbines were installed at the Surbiton Pumping Station (El 13,14) and the Sutton Pumping 
Station at Merton (SWL11).

g i r a r d  t u r b i n e s  (i Gunther)
A more sophisticated type of impulse turbine was developed on the Continent in the 1840s. 
This became known as the Girard turbine and it was introduced to the British Isles by W 
Gunther & Sons. The simplest type of Girard turbine had a vertical shaft, the water flowed 
axially from above, and guide-ports directed jets of water simultaneously into buckets 
around the full circumference of the horizontal rotor. This is shown schematically in figure 
2(h). However, as each jet of water is independent of the others, any number of guide ports 
could be closed to accommodate a decrease in water supply, without lowering the efficiency 
to any great extent. Outward-flow Girard turbines were also made, with the water entering 
either from above or below. Alternatively these could have horizontal shafts, partial 
injection being used, with the water being introduced on the inside near the bottom of the 
rotating vertical wheel. The first turbine supplied by Gunther in the British Isles was 
installed in 1881. However it appears that he concentrated on the export market and the 
only known Girard turbine is one installed in 1895 at Oxted Mill in Surrey (Tal). The 
general arrangement is as shown in the catalogue illustration of figure 13.

OTHER TYPES OF TURBINE NOT REPRESENTED IN SURRE Y! SCOTCH, JONVAL

James Whitelaw, a Glasgow engineer, developed Barker’s mill into an efficient reaction 
turbine which became known as the Whitelaw or Scotch turbine. He did this by tapering 
the arms towards their ends and bending them to create an S-shaped pipe in the horizontal 
plane. He patented his design in 1839 and claimed that it had an efficiency of 90%. This 
was challenged and it appears that his success was, at least in part, due to good 
salesmanship. Very few Scotch turbines survive but a restored one dating from 1856—7 can 
be seen at the Sutton Poyntz pumping station in Dorset (SY 706 839) (Falconer 1980, 
91-2).

The first efficient axial-flow reaction turbines, known as Jonval turbines, were developed 
in France in the early 1840s. They have vertical shafts and the water can enter from above 
or below. They were expensive but are particularly suited to low falls and are relatively 
easy to maintain. Only a few survive and one in the corn mill at Bridport in Dorset (SY 
463 931) has been restored (Stanier 1989, 15, 38).

M anufac turers  o f wate r turbines  repre s ented  in Surrey

It has been possible to establish the manufacturer of all but ten of the Surrey water turbines 
listed in the gazetteer section of this paper. The market was dominated by Gilkes of Kendal 
in Cumbria and, to a lesser extent, by Armfields of Ringwood in Hampshire. Ten other 
makers are however represented and a brief account of all twelve companies, together in 
two cases with their predecessors, is given below in alphabetical order.

a r m f i e l d  (14:3 British E mpire, 11 Francis, including 9 River Patent)

In 1875, Joseph Armfield, a young Fondon engineer, went into partnership with William 
Munden, engineer and iron and brass founder, who had an established business at 
Ringwood in Hampshire (Cross 1967, 161-4; Freeman 1971, 373-80). Armfield soon took 
over the business which expanded rapidly. In 1882 he started to install Little Giant turbines 
imported from North America but soon produced his own very similar turbine known as 
the British E mpire. In 1890 he opened his new Vale of Avon Iron Works at Ringwood and by 
1905 nearly 200 of these turbines had been manufactured. By that time Armfields were



Fig 13 The general arrangement of a vertical-shaft Girard impulse turbine, with 
its piping and gearing, as installed in 1893 at Oxted Mill, Tandridge (Tal).
Water enters the turbine casing through the vertical pipe at the left and 
leaves through buckets in the horizontal rotor at the bottom of the turbine 
immediately above the water. The number of active jets is controlled from 
the hand-wheel on the floor above. Catalogue illustration. (Gunther 
c 1900, 31)

also making Pelton wheels and in 1913 introduced the River Patent turbine. This was of 
Francis mixed-flow type, particularly suitable for low falls and large volumes of water. 
Fater they manufactured the Torrent turbine which was used for high falls of upwards of say 
40ft. The firm o fJ J  Armfield & Son was sold to Wellworthy Ftd in 1943 and the water 
turbine branch became the Armfield Hydraulic Engineering Company. The company 
ceased to trade in the 1980s. In Surrey, British E mpire turbines were installed at Rickford 
Mill, Worplesdon (Gu26), the Upper Mill, Carshalton (SWF6), and at Postford House 
Mill, St Martha (Gu20), and River Patent turbines at, for example, Rake Mill, Milford 
(Wal 5), and Postford Fower Mill, St Martha (Gu22).



b o v i n g  (i Francis)
Boving & Co Ftd (Boving 1924, 3, 7-18, 32) were established in about 1910 and in 1924, 
had their main office in Kingsway, Fondon, with branch offices in Japan, New Zealand 
and India. They built Pelton wheels, Francis turbines, hydraulic governors and pipe lines. 
However, their turbines appear to have been manufactured by KMW, an associated 
company at Karlstad and Kristinehamn in Sweden where, at that time, the largest turbines 
in the world were being produced. For example, one in Spain generated 20,500hp. The 
only Boving turbine in Surrey is a small mixed-flow Francis, installed in 1928 by the 
Hambledon Water Company at its pumping station in Chilworth (Gul9); it generated 
19hp.

g i lk e s ,  i n c lu d i n g  w i l l i a m s o n  b ro s  (55: 1 3 Vortex, 6 Pelton, 3 Turgo Impulse, 33 Francis, 
including 6 Lunedale, 3 Trent and 3 Turgo)

The brothers Henry and William Williamson started business as agricultural machinery 
manufacturers near Kendal in Cumbria in 1853 and two years later advertised that they 
could supply water turbines (Wilson 1958, 234). These were Vortex turbines designed by 
James Thomson of Belfast. They built 439 of these before they sold their business to 
Gilbert Gilkes in 1881. Only one of these (Ru2) came to Surrey, to a Mr Maddox of 
Chertsey, and may have been installed at Waverley Abbey Farm, Farnham (Wa3).

Gilbert Gilkes was born in Dublin and trained as an engineer in Middlesborough 
(Wilson 1958, 234-5; 1974-6). After he purchased Williamsons he continued to make 
Vortex turbines. However, in 1888 he built his first Girard turbine, in 1894 his first Pelton 
wheel and later several types of Francis turbines, including the Lunedale, the Trent and the 
Turgo, and also the Turgo Impulse wheel (Gilkes 1911, 1920). At the end of 1894 Gilkes were 
registered as a limited liability company. They took over Charles Hett’s turbine business in 
1895, then James Gordon & Co of Fondon in 1928, to become Gilbert Gilkes & Gordon 
Ftd, then Carrick & Ritchie of Edinburgh in 1930 and W Gunther & Co of Oldham in 
1932. Gilbert Gilkes & Gordon are still in business at Kendal, manufacturing some 
turbines but mainly pumping equipment. Gilkes sold far more turbines in Surrey than any 
other company mainly because of those provided for water works. The turbine runners on 
display at Dapdune Wharf (GulO) and Stoke Mill (Gu25) in Guildford are both from 
Gilkes installations.

g r e e n  & c a r t e r , i n c l u d i n g  e a s t o n  a n d  v a c h a r  (4: 2 Fourneyron, 2 Francis)

The firm of Green & Carter, of Ashbrittle near Wellington in Somerset, was established in 
about 1913 when the founding partners acquired the Vulcan Iron Works at Kingsworthy, 
Winchester, Hampshire (Charles Doble, pers comm). These works had been established in 
1868 by A & W Williams but were later operated by H P Vacher, who manufactured water 
turbines. Then in 1928 Green & Carter acquired the business of the Easton family which 
commenced in 1774 and in 1814 had obtained the rights to manufacture and market 
hydraulic rams in the British Isles and British territories around the world. In 1836 (Perrett 
1980, 30) this firm became known as Easton & Amos, and later Easton, Amos & Sons, who 
in 1862 showed a Fourneyron turbine at the International Exhibition at South Kensington 
(Wilson 1958, 233). In 1866 the firm became Easton, Amos & Anderson, in 1871 Easton & 
Anderson, in 1888 Easton & Anderson Ftd, in 1893 Easton, Anderson & Goolden, who 
still advertised Fourneyron turbines (Easton et al 1895), and in 1901 Easton & Co, who 
continued to make hydraulic rams. Green & Carter therefore claim to be the world’s oldest 
manufacturer of hydraulic rams. They continued to make water turbines based on the 
Vacher models until 1953, specializing in the country estate market. In 1970 the firm was 
acquired by Charles Doble, was moved to Ashbrittle and now concentrates on rams. 
Easton & Anderson supplied two turbines to the duke of Northumberland’s Albury Estates



in 1880 (Gu4,5). Green & Carter installed one at Albury in 1948 (Gu6) and supplied one 
to Hewett & Leigh of Guildford in 1945 (Gul 1), but this was sent to Holyhead.

g u n t h e r  ( i Girard)

W Gunther was of German extraction and had founded his firm in 1869 (Gunther c 1900, 
5). However, it seems that it was in 1881 when he established his central engineering works 
at Oldham, where he built Girard, Francis and Jonval turbines and Pelton wheels. The 
first turbine he supplied in the British Isles was a Girard. It was installed in a worsted mill 
at Greenock and generated 580hp from a head of 165 feet and ran at a speed of 143rpm. It 
was probably the most powerful turbine in Britain until well into the 20th century and was 
used daily until 1950 when it was scrapped. The firm was taken over by Gilkes in 1933. 
The only Gunther Girard turbine known to survive in Britain is at Oxted Mill, Tandridge 
(Talj.

g w y n n e  (i Francis, Schiele)

John and Henry Gwynne were centrifugal pump makers of London with works at 
Hammersmith. They also manufactured water turbines based on a Schiele design which 
appears from illustrations to have been a variant of the Francis vertical-shaft, inward-flow 
turbine with a spiral casing. They claimed that it was 80% efficient (Gwynne 1871, 68). 
Schiele also designed a vertical-shaft, inward-flow impulse turbine which was displayed at 
the 1862 International Exhibition at South Kensington by the North Moor Foundry of 
Oldham (Wilson 1958, 233) and a vertical-shaft, outward-flow turbine with helical guide 
vanes (Fairbairn 1878, 170-3). It seems likely that it was Gwynnes who supplied the 
Schiele turbine which was at the Chilworth Gunpowder Works in 1881 (Gul5).

h o w e s  & e w e l l  (g Little Giants)

Howes and Montgomery and Sons started making grain cleaning machines for corn mills 
at Silver Creek, New York, in 1856 (Hay 1995, 22-3). The company became Howes 
Babcock & Go in 1865, Howes Babcock & Ewell in 1880, Howes & Ewell in 1883 and S 
Howes in 1888. By 1874 G Harrison & Co of 17 Fenchurch St, London, were their sole 
agents in Britain and Europe for their milling machines and also American water turbines, 
which were made by Stout Mills & Temple of Dayton, Ohio. Then in 1880 Louis L 
Barbeau of Thorold, Ontario, became the firm’s London salesman and managing agent 
and added Little Giant turbines, manufactured b yj C Wilson & Co of Glenora, Ontario, to 
the product range. In 1882 Barbeau opened large new show rooms in Mark Lane, London 
EC and a catalogue (Howes & Ewell c 1886, [ii]) records that, of the 40 Little Giants they 
had sold for installation in Britain, nine were to millwrights or mill owners in Surrey: John 
Smith of the Grove Iron Works at Garshalton (SWL3-5), W Tomsett of Godalming (Gul 2; 
Wa9,l 1), Weyman & Co, engineers of Guildford (Gul 3), C A Anderson of Waverley Mill, 
Farnham (Wa4), and Appleton & Sons of Sickle Mill, Haslemere (Wal2). They also sold 
three Little Giants to Munden, Armfield & Co of Ringwood (see Armfield above) and one to 
J  G Gordon of London (see Gilkes above). At that time they were also selling Vulcan 
turbines and Paxton’s Leffel turbine, again imported from America. The S Howes Company 
of Mark Lane was still advertising Little Giant turbines in 1924 (Engineers' 1924, 1263) and 
as S Howes Co Inc was still in business in the 1990s at Silver Creek, making food processing 
and packing equipment (Hay 1995, 22-3).

HYDRAULIC ENGINEERING (9 Pelton)

The Hydraulic Enginering Co, Chester, had supplied 35 of the 42 Pelton wheels being 
used by the London Hydraulic Power Co in August 1937 (Tim Smith, 1991 and pers



comm; LMA). Seven of these (SWL14-20) were at the Renforth Street Pumping Station, 
Rotherhithe, and two (SWL21,22) at the Falcon Wharf Pumping Station, Bankside, 
Southwark. The Company was registered in 1874 and supplied most of the hydraulic 
machinery to the General Hydraulic Power Company, which was set up in 1882 by 
Edward Bayzard Ellington and was the parent company of both the London and Liverpool 
Hydraulic Power Companies. Ellington was also Chief Engineer of the London Company 
and became President of the Institution of Mechanical Engineers in 1912.

m a c a d a m  (2 Fourneyron)

The brothers James and Robert MacAdam established their Soho Foundry in Belfast in 
1837 and built their first Fourneyron-type outward-flow turbine in 1850 (McCutcheon 
1980, 261-3; Gribbon 1969, 30-3). They also made Thomson Vortex turbines and a 
Francis-type inward-flow turbine called the Red Hand, but in 1894 sold the business to John 
Hetherington of Manchester (Hetherington rl896, 10, 15-16). The largest surviving 
turbine which they built is the one installed at Catteshall paper mill in Godalming in about 
1868 (Wa7) and the smallest may be the one at Chilworth Mill in the Tillingbourne Valley 
(Gul 6).

n e l l  (5 Victor)

Frederic Nell was the British Sales Agent of the Stillwell-Bierce & Smith-Vaile Co of 
Dayton, Ohio (Nell rl900, 1; Stillwell Bierce & Smith-Vaile 1902, 1). He was based at 
Queen Victoria Street in London and in particular sold the Victor cylinder-gate turbine, 
suitable for low and medium heads of water, and associated pumping equipment. He 
installed two Victor turbines at Woking paper mill in 1883 (Wo 1,2), two at Guildford Mill in 
1897 (Gu8,9) for pumping water to a reservoir at the top of Pewley Hill and was probably 
responsible for one installed at Westbrook leather mill at Godalming in about 1890 (WalO).

p e l t o n  co (3 Pelton)

The Pelton Water Wheel Co had supplied five of the 42 Pelton wheels being used by the 
London Hydraulic Power Co in August 1937. One of these (SWL23) was at the Falcon 
Wharf pumping station at Bankside, Southwark, and two (SWL24,25) were at Hatfields 
Workshop, also at Bankside (Tim Smith, pers comm; LMA). The company is not otherwise 
known but is likely to have been based in North America.

p i t m a n  (2 Pelton)

Percy Pitman had supplied two of the 42 Pelton wheels being used by the London 
Hydraulic Power Co in August 1937. Both of these (SWL26,27) were at Hatfields 
Workshop, Bankside, Southwark. In 1926 Pitman, whose office was at 25 Victoria Street, 
London SW1, described himself as having been a turbine-maker for .20 years (Tim Smith, 
pers comm; LMA). An earlier catalogue gives the name of the firm as Pitman, Cesar & Co 
and contains illustrations with captions in both English and French. It is therefore possible 
that his turbines were manufactured in France (Pitman, Cesar c 1920).

Gazetteer o f wa te r turbines  in Surrey

This gazetteer is arranged alphabetically under administrative district and parish for 
modern Surrey and under South-west London for places formerly in the county. The code 
letters El, EE, Gu, RB, Ru, SH, Sp, Ta, WayWo and SWL are used for Elmbridge, Epsom 
& Ewell, Guildford, Reigate & Banstead, Runnymede, Surrey Heath, Spelthorne,



Tandridge, Waverley, Woking and South-west London, no turbines being known in Mole 
Valley. For each District a number is allocated to each turbine. For example the turbine at 
Hatch Mill, Godalming, Waverley, is given the code Wa8. In each entry the information, 
when available, is provided in the following order: place, name of site and its owner, 
national grid reference, manufacturer and their reference number for the turbine, date of 
installation, type of turbine and whether the shaft is vertical or horizontal, diameter, horse 
power and design speed of the turbine, head and flow of water for which the turbine was 
built, and use of turbine. Further information is then provided as appropriate. The 
abbreviations used are as follows: cf/m: cubic feet per minute; diam: diameter; ft: feet; 
horiz: horizontal; hp: horse power; ins: inches; psi: pounds per square inch; rpm: 
revolutions per minute; vert: vertical. Note that, approximately, lin — 25mm, lhp = 
746W, lpsi = 6.9kPa and that 1ft = 12ins. The information in this gazetteer has been 
compiled from many sources. These are stated in each case except for some of the details 
on Gilkes turbines which come from Dennis Taylor (pers comm) and Gilkes ([1990]).

E lmbridge

El 1 - 5  Esher, Royal Mills, TQ131 658
1-3: c 1900, Francis vert shaft, r72ins diam, move-
able guide vanes, c 10ft head.
Recorded in 1980 prior to destruction (Clapham 
1980; Crocker 1980, 4-5). Perhaps installed when 
mills taken over by James Burn & Co Ltd, wholesale 
bookbinders in 1902 or following a fire in 1908.
4: J  Burn & Co Ltd, Armfield River Patent, 1920, 39ins 
diam (Yoward 1991, 19, entry 676).
5: J  Burn & Co Ltd, Armfield River Patent, 1938, 39ins 
diam, single vert shaft, clockwise (Yoward 1991, 19, 
entry 679).

E16-15 Long Ditton, Surbiton Pumping Station 
(Metropolitan Water Board), TQ 172 672 
6-9: Gilkes nos 3756-9, 1930, Francis horiz shaft, 
8ins diam, 18hp, 1400rpm, 130ft head, 104cf/m.
10: Gilkes no 3916, 1933, Francis vert shaft, 13.5ins 
diam, 83hp, 900rpm, 135ft head, 411cf/m.
11: Gilkes no 3917, 1933, Francis vert shaft, 13.5ins 
diam, 78hp, 900rpm, 135ft head, 386cf/m.
12: Gilkes no 3918, 1933, Francis vert shaft, 9ins 
diam, 32hp, 1300rpm, 135ft head, 162cf/m.
13,14: Gilkes nos 3919-20, 1933, Turgo Impulse rt 
shaft, 19.5ins diam, 140hp, 910rpm, 285ft head, 
324cf/m.
15: Gilkes, 1934, Pelton vert spindle (MWB 1961, 
197).
These turbines (6-15) were supplied through 
Worthington Simpson, pump manufacturers. The 
adjacent Chelsea and Lambeth Water Works, on the 
border between Ditton and Surbiton, were restruc-
tured by the Metropolitan Water Board from 1930 
(Alan Stoyel, Ron Howes and Peter Tarplee, pers 
comm). Water turbines were installed to drive pumps 
which raised water from low level filter beds into the 
suction tank of the main units and also to raise water 
from low level to high level reservoirs in the event of 
a breakdown of other plant. The large heads and 
small flows recorded for these turbines indicate that 
they used pumped high-pressure water.

El 16-18 Walton-on-Thames, Hurst Road Water 
Works (Metropolitan Water Board) probably at TQ 
117 683

Gilkes nos 1917—19,1908, Twin Lunedale horiz shaft, 
18ins, 140hp, 350rpm, 29.5ft head, 3350cf/m.
The three turbines drove pumps by utilizing the 
surplus energy of the unfiltered water flowing by 
gravity under the Thames from high level reservoirs 
to the Southwark & Vauxhall filter beds at Hampton. 
One was withdrawn in 1933 and the other two in 
1945 (Peter Tarplee, pers comm). The pumps lifted 
water from the river into low level reservoirs. The 
levels of the high and low level reservoirs and of the 
filter beds were 65ft, 48ft and 21ft OD respectively.

El 19 Weybridge, Thames Lock (The Oil Mills), A 
Whittet & Co Ltd, TQ072 654 
Gilkes no 4462, 1940, Francis vert shaft, -33418, 
55.6hp, 107rpm, 7ft head, 5050cf/m.

Epsom and Ewell

EE1 Ewell, Ewell Court (John Henry Bridges), TQ 
209 638
Gilkes no 815, 1892, horiz shaft, 30ins diam, 6hp, 
102rpm, 7ft head, electricity generation. Probably 
installed in former corning house of Ewell gunpow-
der mills and marked as Electric Light Works on 
estate plan of 1921 (Jeremy Harte, pers comm).

Guildford

Gul Albury, Albury Mill (Weston Street), TQ052 
479
A turbine-driven roller milling system was installed 
before the corn mill closed in 1910 (Stidder 1990, 
50).

Gu2,3 Albury, supplied to W A Saul, clerk at the 
Albury Estate Office
Armfield, 1924, River Patent, 9ins, double head side 
gate, common shaft (Yoward 1991, 9 ,-entry 300). 
Possibly these were for installation at Sherbourne 
Farm (TQ060 485).

Gu4 Albury, Albury Estate, Home Farm, TQ 062 
483



Easton & Anderson (see Green & Carter), 1880, 
probably Fourneyron (Easton et al 1895, 24), 8hp. 
Powered farm machinery such as a mangle grinder 
and a chaff cutter (Haveron 1993, 12). On a leat 
from Sherbourne Ponds (Silent Pool) which formed 
part of a watercourse to the Evelyn Gardens at 
Albury Park (Walmsley c 1976).

Gu5 Albury, Albury Estate, Albury Park, TQ 062
479
Easton & Anderson (see Green & Carter), 1880, 
probably Fourneyron (Easton etal 1895, 24). Pumped 
water for laundry, on site of earlier paper mill, and 
house (Charles Doble, pers comm).

Gu6 Albury, Albury Estate, Weston Lake, TQ 058
480
Green & Carter, 1948, Francis, 21 ins diam, vert 
shaft, pumped 600 gallons an hour to 400ft. Disused 
(Haveron 1993, 13). Replaced a breast-shot water-
wheel about 10ft in diameter (Simmons 1940s).

Gu7 Eashing, Eashing Mill, Louis Major, Mitcham 
Wool Co, SU 946 437
Gilkes no 1484, 1901, Trent vert shaft, 55ins diam, 
44hp, 54rpm, 7ft head, 4440cf/m. Powered uphol-
stery factory. Gone in 1950.

Gu8-10 Guildford, Guildford Town Mill, SU 996 
492
8,9: Nell, 1897, American Victor cylinder-gate, each 
33ins diam, 27.5hp, 80rpm, 6ft head, £ 940 including 
triplex double-acting pumps, together raised 
20,000galls of water per hour to a height of 300ft 
(Mason 1902).
10: Gilkes no 3718, 1930, Francis Series ‘O’ vert 
shaft, 42ins diam, 68hp, 75rpm or 90rpm, 6ft head, 
7420cf/m. Replaced 8,9 but removed in 1990; rotor 
now on display at Dapdune Wharf, Guildford 
(Haveron 1993, 13).

G ull Guildford, Hewett & Leigh, managers of 
agricultural estates
Green & Carter, 1945, Francis, 48ins diam, sent to 
Holyhead (Charles Doble, pers comm).

G ul2 Guildford,J T Sudbury 
Howes & Ewell, before 1886, Little Giant, 14ins diam, 
ordered by W Tomsett, Godalming (Howes & Ewell 
c 1886, [ii]).

Gu 13 Guildford, Weyman & Co, Engineers 
Howes & Ewell, before 1886, Little Giant, 14ins diam 
(Howes & Ewell c 1886, [ii]). In 1886 J  G Weyman 
were at the Church Acre Iron Works in Leapale 
Lane, Guildford (Russell 1886) and ‘Weyman & 
Hitchcock, Engineers, Guildford 18955 is cast on the 
penstock for the waterwheel of Heath Mill, Worples-
don (Stidder 1990, 80).

G ul4 Puttenham, Cutt Mill, Mr Thornton owner, 
Mr L Lunan tenant, SU 914 455 
Gilkes no 4453, 1939, Francis horiz shaft, 7ins diam, 
2.9hp, 730rpm, 16ft head, 128cf/m. Probably closed

as a corn mill in 1898. Turbine probably for 
electricity generation. (Sold in 1953 to G Penne- 
father, Kenilworth, Co Cork).

G ul5 St Martha, Chilworth gunpowder mills, TQ 
028 474
Schiele, probably supplied by Gwynne, before 1879, 
vert shaft, c 24ins diam, 4-5hp, 12ins cast iron pipes. 
Powered hydraulic press, removed by 1922 (Pari 
Papers 1878/9, 377; Lightfoot 1881, 2-3).

Gul6,17 St Martha, Chilworth Mill, G Unwin, TQ 
024 475
16: Probably MacAdam, c 1870?, Fourneyron, 30hp. 
17: Francis?, 12hp?. Powered printing works. In 
1895 a fire, which destroyed the works, started in 
‘the old turbine house’ which was being used to store 
paper (fig 4).

Gu l 8,19 St Martha, Hambledon Water Co, TQ024 
475
18: Francis? ‘to be installed’ in 1901, 12hp?
19: Boving, drawing no 4547.T, 1928, Francis mixed 
flow, 21 ins diam, 12 guide vanes, vert shaft, 19hp, 
3 lOrpm, 12.5ft head, disused but intact (Kim Owen, 
pers comm).

Gu20 St Martha, Postford House Mill, TQ039 477 
Armfield, British Empire, single rotor, horiz shaft, 16ft 
head. No wheel or turbine in 1922 (Albury Estate 
1922, 60). Not in Yoward (1991). Powered a saw 
mill. Survives in derelict state.

Gu21, 22 St Martha, Postford Lower or Albury Mill, 
C ABotting,TQ039 479 .
21: Gilkes no 2055, 1909, Lunedale, twin, horiz shaft, 
21 ins diam, 45hp, 190rpm, 12ft head, 2640cf/m.
22: Armfield, 1929, River Patent, 18 ins diam, single 
head side gate, installed inside the Gilkes flume.
Both powered a roller corn mill (Yoward 1991, 14, 
entry 483). No 22 was rescued c 1996 and taken to 
Botley Mill, Hants, SU 515 130.

Gu23 Shalford, Unstead Mill, Louis Major (Surrey 
Chairs Ltd, Wey Valley Wool Works) SU 991 460 
Gilkes no 2907, 1921, Turgo vert shaft, 39ins diam, 
60hp, 95rpm, 7ft head, 6000cf/m.

Gu24, 25 Stoke, Stoke Mill, Bowyer & Sons, SU 998 
510
24: Gilkes no 2610, 1915, Turgo vert shaft, 40ins 
diam, 25hp, 68rpm, 4ft head, 4,500cf/m.
25: Gilkes no 2611, 1915, Turgo vert shaft, 48ins 
diam, 35hp, 55rpm, 4ft head, 6,200cf/m.
Both powered a roller corn mill which worked until 
1956 (Stidder 1990,87).

Gu26, 27 Worplesdon, Rickford Mill, J  E Charnock,
‘ SU 965 546 ■
26: Armfield, 1906, British Empire, 25ins diam 
(Stidder 1990, 83).
27: Armfield, 1922, River Patent, Q26, 6ins diam, 
single head side gate, c400rpm, r5ft head (Yoward 
1991, 7, entry 217; Evans 1989).



Control wheels labelled ‘Upper Hatch’ and ‘Lower 
Hatch’ survive in mill which is house-converted. 
The later turbine itself has been encased in concrete.

Mole Valley

None known.

Reigate and Banstead

RBI Wonham, Wonham Mill, H ATrower, TQ224 
496
Gilkes no 2329, 1912, Lunedale horiz shaft, 12ins 
diam, lOhp, 376rpm, 15ft head, 470cf/m. Corn 
milling ceased in 1930 and turbine then used for 
electricity generation. ‘Defunct’ (Cross & Crocker 
1984, 7; not in Stidder 1990).

Runnymede

Rul Addlestone, Coxes Lock Mill, TQ061 641 
Swiss, 1894, vertical shaft, 40hp, 6ft head. Serviced 
by .a German-Swiss engineer. Originally auxilliary 
power for a roller corn mill and later, until about 
1970, for generating electricity and driving one pair 
of millstones; the mill closed in 1983 (.Miller 1949; 
Evans 1984, 4; Stidder 1990, 113).

Ru2 Chertsey, Mr Maddox, site unknown 
Williamsons (see Gilkes) no 311, 1875, Vortex vert 
shaft, 9ins diam, 5hp, 900rpm, 50ft head. If installed 
at Chertsey must have used pumped water. Perhaps 
the same turbine as Wa3.

Spelthorne

S p l- 5  Kempton Park Water Works (Metropolitan 
Water Board), TQ 110 708 (turbines strictly in 
Hounslow)
1: Gilkes no 3513, 1928, Vortex, 0.8hp, 1620rpm, 
150ft head, 0.54cf/m.
2: Gilkes, 1932, 15hp.
3: Gilkes, 1932, 90hp.
4,5: Gilkes nos 4673-4, 1947, Pelton, 24hp, 
1450rpm, 140ft head, lOcf/m (Cross & Crocker 
1984).

Sp6-7 Hampton Water Works (Metropolitan Water 
Board), TQ 128 693 (turbines strictly in Hounslow) 
Gilkes nos 4336-7, 1939, Vortex, 76hp, 540rpm, 120ft 
head, 430cf/m.

Surrey Heath

SHI Chobham, Emmett’s Mill, F W Benham & 
Sons, SU 995 618
Gilkes no 3723, 1930, Francis vert shaft, 17.25ins 
diam, 20.3hp, 247rpm, 9ft head, l,528cf/m. Corn 
mill closed by 1900 (Hillier 1951, 155).

Tandridge

Tal Oxted, Oxted Mill, TQ397 505
Gunther, 1893, Girard, 48 ins diam, just over 34hp,
60rpm, 12ft head. Powered a roller corn mill,

installed by Henry Simons of Manchester, also in 
1893; milling ceased August 1951 (Crocker 1989,
2-3; Stidder 1990, 36).

Ta2 Oxted, A P Barry, site unknown
Gilkes no 1935, 1908, Pelton horiz shaft, 8ins diam.

Waverley

Wal Bramley, Snowdenham Mill, Robert Courage, 
TQ001 441
Gilkes no 632, 1887, Vortex, horiz shaft, 21ins diam, 
6.75hp, 210rpm, 14.5ft head. The turbine pumped 
water to Courage’s house, Snowdenham (now Snow-
denham Hall). Later the pump was powered directly 
by the overshot waterwheel at the mill.

Wa2 Chiddingfold, Shillinglee Park, for Earl of 
Winterton, SU 962 320 (strictly in Sussex)
Gilkes no 1923, 1908, Trent, twin, horiz shaft, 12ins 
diam, 24hp, 480rpm, 24ft head, 706cf/m.

Wa3 Farnham, Waverley Abbey Farm, SU 868 456 
Gilkes 1881-94? or perhaps Williamsons 1875?, 
Vortex, horiz shaft, c lOins diam, 3hp, r800rpm, c40ft 
head, c 50cf/m. Used a reservoir supplied with water 
pumped by a waterwheel at the outflow of the lake 
at Waverley Abbey House (SU 866 454). Powered 
farm machinery. Rescued in March 2000 and since 
displayed at The Rural Life Centre, Tilford (SU 858 
433). Probably re-used and perhaps the same turbine 
as Ru2.

Wa4 Farnham, Waverley Mill, C A Anderson, SU 
871 455
Howes & Ewell, before 1886, Little Giant, 21 ins diam 
(Howes & Ewell c 1886 [ii]). Corn mill'still working 
in 1895 but demolished 1900; later used for electri-
city generation; survives but vert shaft removed 
(Stidder 1990, 88).

Wa5 Frensham, Frensham Manor, T A Stevens, SU 
836 407
Armfield, 1929, River Patent Q25, single vert shaft, 
moving guide vanes, 24ins diam, 27hp, electricity 
generation (Yoward 1991, 16, entry 535).

Wa6 Godalming, Busbridge Hall, R Earle, SU 968 
422
Green & Carter, 1941, horiz shaft, 6.5ins diam, 
single discharge; pumping (Charles Doble, pers 
comm). 

Wa7 Godalming, Catteshall Mill, Spicer family, SU 
982 443
McAdam, 1869, Fourneyron Variable Flow, vert 
shaft, 11ft 9ins diam, 4 tiers, 50hp, 25rpm, 6ft head, 
5000cf/m. Paper mill, closed 1928, and later engin-
eering works; powered beating engines and later 
electricity generator and large lathe; last-worked in 
about 1960; dismantled (fig 3) and stored at 
Westbrook Mill, Godalming (Crocker & Crocker 
1981, 16, 31-3; Crocker, G 1986). To be rebuilt at 
the Ironbridge Gorge Museum, Shropshire (SJ 667 
046).



Wa8 Godalming, Hatch Mill, J  C Withers & Co, SU 
966 438 
Gilkes no 4491, 1940, Francis horiz shaft, 13.5ins 
diam, 17.5hp, 325rpm, 11.5ft head, lOOOcf/m (fig 
9). Corn mill; closed 1950 (Stidder 1990, 77).

Wa9 Godalming, Ockford Mill, SU 962 433 
Probably Howes & Ewell, c 1886, Little Giant, 
installed by Wm Tomsett, Ockford Works, Godalm-
ing. Corn mill; closed 1934 (Howes & Ewell c 1886, 
[ii]; Stidder 1990,82).

WalO Godalming, Westbrook Mill, R & J  Pullman 
Ltd, SU 966 442
Probably Nell, c 1890, American Victor cylinder-gate. 
Still used in the 1950s (fig 8). Only a pit in river bed, 
about 4ft 6ins diam, now remains.

W all Haslemere, Shotter Mill, Mr Oliver, SU 882 
324 (strictly in Sussex)
Howes & Ewell, 1883, Little Giant double tier, 21 ins 
diam, lif t head, 19.7hp, installed by Wm Tomsett 
of Ockford Works, Godalming, cost £ 50. Survives; 
corn mill with 3 pairs of stones closed by 1939 
(Howes & Ewell c 1886, 40; Eric Thomas, pers 
comm).

Wal2-14 Haslemere, Sickle Mill, Appletons braid 
factory, later Haslemere Urban District Council, SU 
888 325
12: Howes & Ewell, 1885, Little Giant, 14ins diam, 
20ft head (Howes & Ewell c 1886, 39).
13: Two Little Giants Mins and 12ins diam in 1911 
and 1925 (Sickle Mill, 1911; Sickle Mill 1925).
14: Gilkes no 4268, 1937, Francis, horiz shaft, 
10.5ins diam, 7.5hp, 500rpm, 17ft head, 298cf/m, 
survives.

Wal5 Milford, Rake Mill, Messrs Girdlestone, SU 
951 412
Armfield, 1929, River Patent, horiz shaft, single head, 
12ins diam, 10ft head. Ceased milling 1895; turbine 
for generating electricity (Bott 1990, 80-4; Yoward 
1991, 11, entry 367).

Wal6 Witley, Witley Park estate, W Beaton, prob-
ably SU 920 397
Armfield, 1927, River Patent, 8ins diam, 18.5hp with 
oil pressure governor (Yoward 1991, 3, entry 265).

Wal7 Wonersh, Wonersh mill, TQ022 445 
Howes & Ewell?, 1885, Little Giant, 18ft head, 
survives partially dismantled. Possibly the same 
turbine as G ul3. Corn milling ceased in 1910 
(Stidder 1990, 90-1).

Woking 

Wo 1-6 Woking, Woking mill, Unwins’ printing 
works, TQ015 564
1-2: Nell, 1883, American Victor, 35ins diam (Sim-
mons 1940s, Woking).
3: Gilkes no 1052, 1896, Lunedale, vert shaft, 43ins 
diam, 30hp,;60rpm, 5ft head, 4236cf/m.

4: Armfield, 1923, River Patent Q26 single vert shaft 
moving guide vanes, 48ins diam," 93rpm, 7ft head 
(Yoward 1991, 21, entries 727-8).
5: Armfield, after 1943.
6: ‘In addition to the Gilkes turbine there were 
turbines of 50, 100 and later 150hp’ (Crocker, G 
1984, 10), but the 150hp probably included a gas 
engine.

Wo 7 Woking, High Street, F W Benham & Sons 
Gilkes no 3723, 1930, Francis, 17.25ins diam, 
20.3hp, 247rpm, 9ft head, 1528cf/m, supply pipe 
33ins diam, suction pipe 27-36ins diam.

South-west London

SWL1 Brixton Pumping Station (Metropolitan 
Water Board), TQ305 743
Gilkes no 3950, 1933, Francis horiz shaft, 6ins, 
9.5hp, 1800rpm, 150ft head, 45cf/m.

SWL2 Carshalton, British Industrial Solvents Ltd 
(The Methylating Co Ltd), TQ281 650 
Gilkes no 3464, 1927, Francis vert shaft, 18ins diam, 
9.6hp, 200rpm, 6.5ft head, lOOOcf/m.

SWL3-5 Carshalton, Grove Iron Works, John 
Smith, TQ 283 649
3: Howes & Ewell, 1883, Little Giant, 33in diam, 
installed by Smith in Robertsbridge Mill, West 
Sussex, TQ737 241 (Stidder & Smith 1997, 55-6). 
4: Howes & Ewell, c 1883, Little Giant, 18ins diam (for 
J  H Standford of Broadbridge, Horsham, Sussex).
5: Howes & Ewell, rl883, Little Giant, 16ins diam 
(Howes & Ewell c 1886, [ii]).

SWL6 Carshalton, Upper Mill, TQ279 646 
Armfield,  ̂1914, British Empire, 24ins diam (David 
Jones, pers comm). Powered electricity generator, 
installed c 1890 (Michael Wilks, pers comm). Disused 
since 1925, awaiting restoration.

SWL7 Croydon, East Surrey Iron Works, G Banbury 
Gilkes no 3592, 1929, Francis, 0.75hp, 1200rpm, 
45ft head, 13.2cf/m (Cross & Crocker 1984, 7).

SWL8 Croydon, Wenham & Waters, Paragon 
Works, Vicarage Road, TQ314 655 
Gilkes no 1674, 1904, Vortex horiz shaft, 13.5ins 
diam, 10.5hp, 500rpm, 34ft, 220cf/m. ‘Haslemere 
Stn ....t in India. Gone away’.

SWL9-10 Kingston, Kingston Technical College, 
TQ181 685
9: Gilkes no 4986, 1950, Pelton, 12ins diam, 2.27hp, 
565rpm) 60ft head, 35cf/m.
10: Gilkes no 4987, 1950, Francis, 6ins diam, 2.57hp, 
l,450rpm, 65ft head, 27cf/m.

SWL 11 Merton, Sutton Pumping Station (per 
Cr'ossley Bros), TQ259 694 
Gilkes no 3914, 1932, Turgo Impulse, horiz shaft, 
12ins diam, 11.3hp, 566rpm, 70ftdiead, 11 lef/m.



SWL12-13 Putney, Polish University College, TQ 
241 754
12: Gilkes, c 1948, Pelton, horiz shaft, r27ins diam, 
c 100ft head.
13: Gilkes(?), c 1948, Francis, c 50ft head.
Both turbines moved to the University of Surrey, 
Guildford, SU 985 502, in 1968 but disposed of 
c 1972. (David Pollard, pers comm).

SWL 14-20 Rotherhithe, Renforth Street Hydraulic 
Pumping Station, TQ 353 795 (Tim Smith, pers 
comm; LMA)
Hydraulic Eng Co, Chester, Pelton, two 12ins diam 
and five 18ins diam, to power economizers, stoker 
motors, a coal elevator, a coal conveyor and a 
workshop. Used water at a pressure of about 750psi.

SWL21-23 Southwark, Falcon Wharf Hydraulic 
Pumping Station, Bankside, TQ 320 805 (Tim 
Smith, pers comm; LMA)
21,22: Hydraulic Eng Co, Chester, Pelton, 18ins 
diam, to power stoker motor and coal elevator.

23: Pelton Water Wheel Co, 18ins diam, to power 
coal elevator. Used water at a pressure of about 
750psi. Two in use in August 1937.

SWL24-27 Southwark, Hatfields’ Workshop, Black- 
friars Rd, TQ 316 804 (Tim Smith, pers comm; 
LMA).
24,25: Pelton Co, Pelton, one 12ins diam and one 
18ins diam for a grinding wheel and cleaning pipes. 
26,27: Percy Pitman, one 18ins diam and one 24ins 
diam for machinery. Used water at a pressure of 
about 750psi. Three in use in August 1937.

SWL28-32 Southwark, Sturtevant Engineering Co 
Ltd, heating engineers etc, 29 Bankside, TQ322 805 
Gilkes no 2899, 1921; no 2969, 1922; no 3115, 1924; 
no 3162, 1924; no 3452, 1927: all Vortex, 0.5hp, 
2500rpm, 92ft head, 50cf/m.

SWL33 Southwark, Isler & Co, artesian well engin-
eers, Bear Lane, TQ318 802 
Gilkes no 1961, 1908, Trent, 2hp, 230rpm, 7ft, 
18.84cf/m.

Discussion
The information compiled for this paper has revealed that, in the period between 1869 
and 1950, 117 water turbines were installed in Surrey, including south-west London, or in 
a few cases were supplied to Surrey engineers for use elsewhere. Since then, as far as is 
known, none have been installed and none are now working. The earliest and physically 
the largest was that at Catteshall Mill in Godalming (Wa7) and remarkably it was still in 
use in about 1960. Most of the others had much shorter working lives. Indeed, in some 
cases the original turbine was replaced by a new one after 20 years or so, sometimes from 
the same manufacturer (eg Gu26,27) and sometimes from a different one (eg Gu21,22). In 
general many have been scrapped, several rescued and parts of them displayed as heritage 
features (eg Gu 10,25) and only twelve are known to occupy their original sites.

The decades in which the Surrey turbines were installed are indicated, at least 
approximately, in figure 14. This shows an interesting distribution with two maxima. The 
first of these is in the period between 1880 and 1910 and is mainly because owners of mill 
sites wanted to obtain more power from the available water supply. This was because mills 
of all kinds were introducing more machinery and therefore required more energy. Also 
the flow of water at mill sites was already being reduced by water extraction so that there 
was an increasing need for water to be used more efficiently. There is then an 
understandable minimum at the time of the First World War followed by a second larger 
maximum. This is partly because owners of derelict mill sites wanted to generate their own 
electricity but also because a large number of turbines were installed at waterworks and 
hydraulic power sites. Then, in the 1940s, the number declined again and the last two, in 
1950, were for teaching purposes and not industrial use.

The geographical distribution of turbines in Surrey, as indicated in figure 1, is also 
interesting. Of the 57 turbines which were powered by Surrey rivers and streams rather 
than by pumped water, one was on the southern Bourne, 45 were on the Wey and its 
tributaries, six on the Mole, one on the Hogsmill, two on the Wandle and two on streams 
flowing into rivers in neighbouring counties. The large number on the Wey is partly 
explained by the length of this river system. However the concentration, which is about 
one turbine in 2.4km, is far greater than the figures for the other rivers: 8km for the Mole, 
11km for the Wandle and 12km for the Hogsmill. Also the available water on the Wey was 
restricted by its use for the Wey and Godalming Navigations. It seems likely therefore that
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the explanation must be more subtle, perhaps arising from favourable experience 
influencing owners of neighbouring water-powered sites.

Again the distribution of the primary use of the turbines is revealing. Thus 30 were used 
at waterworks and for pumping, 20 at hydraulic power works or workshops supplied by 
them, 18 at corn mills, 11 for printing and book-binding, 6 for electricity generation, 4 for 
teaching, 3 each on farms and at paper mills, 2 each at flock mills, saw mills and a braid 
mill and one each at a chemical works, an oil mill, a gunpowder mill, a leather mill and for 
refuse disposal. Of the 30 at waterworks, 19 used high-pressure pumped water and the 
remaining 11 relied on available heads of water. Again, of the 18 used for grinding corn, 
10 were at stone mills and 8 at roller mills.

The types of turbine installed in Surrey reflect improvements in design and costs of 
purchase. The early ones were outward-flow Fourneyron, inward-flow Vortex and the 
relatively cheap, mixed-flow Little Giant or British Empire turbines. All of these were of 
reaction type. There was also one Girard which was an impulse turbine and expensive. 
However by the late 1890s the market was dominated by mixed-flow Francis turbines and 
about 64 were installed, the most recent being in 1950. The only other turbines used in 
Surrey were Pelton and Turgo Impulse wheels, worked by high-pressure pumped water, at 
waterworks, hydraulic power stations and, for teaching purposes, in colleges. Outward- 
flow Whitelaw or Scotch turbines and axial-flow Jonval turbines, which are very rare, are 
not known in Surrey, probably because they were outdated before turbines were used in 
the county and also because they were relatively expensive. Again Surrey has no 
sophisticated Kaplan and other modern turbines which are used elsewhere for large-scale 
electricity generation.

Turbines built by twelve manufacturers are known in Surrey, the most prolific being 
Gilkes (55), Armfield (14), Howes & Ewell (9) and Hydraulic Engineering (9). It is very 
striking that Gilkes, based in Kendal in Cumbria, were responsible for far more turbines 
than Armfield, who were much closer at Ringwood in Hampshire. It is also interesting that 
apart from the American Little Giants sold by Howes & Ewell, few imported turbines were 
used in Surrey.

Catalogues provide a wealth of information about the cost of turbines. For example a 
Gilkes 1911 catalogue indicates that the 45hp twin Lunedale turbine installed in 1909 at 
Postford Lower Mill, St Martha (Gu21) would have cost about £ 136 and the more 
sophisticated 35hp Turgo installed in 1915 at Stoke Mill (Gu25) about £ 160. However in 
1922 the latter turbine would have cost £ 810. Similarly an Armfield catalogue of 1905 lists 
the 25-inch diameter British Empire installed at Rickford Mill, Worplesdon (Gu26) in 1906 
as costing £ 62 if it was a single wheel but £ 95 if it was a double wheel. In 1920 these prices 
had advanced 220%.

Fortunately, particularly detailed information is available for the Gilkes turbines. Thus 
their power ranged from 2.9hp at Cutt Mill (Gul4) to 68hp at Guildford Town Mill



(GulO). This depended linearly on both the flow of water, which was taken to range from 
128 cubic feet per minute (cf/m) at Cutt Mill to 6200cf/m at Stoke Mill (Gu25), and the 
head of water, which ranged from 4ft at Stoke Mill to 24ft at Shillinglee Park (Wa2). These 
figures do not include turbines'powered by pumped water at waterworks. In particular two 
at the Surbiton Pumping Station (El 13, 14) had effective heads of 285ft and generated 
140hp.

The information about turbines on the river Wey is interesting as it indicates how the 
amount of water they were designed to use increases on moving downstream. Thus at 
Sickle Mill (Wal4) at Haslemere, near the source of the southern branch of the river, the 
Gilkes turbine was designed for only 298cf/m but this figure rises to 4440 at Eashing (Gu7) 
and 6000 at Unstead (Gu23). The Wey is then joined by the Tillingbourne, where Postford 
Lower Mill (Gu21) was designed for 2640cf/m, which was probably an overestimate. 
However, the combined waters provided 7420cf/m at Guildford Town Mill (GulO) and 
the two turbines at Stoke Mill (Gu24,25) required 10,700 and could probably only work 
together when the river was very full. Finally the turbine at Thames Lock, Weybridge 
(El 19), was designed for only 5050cf/m but this was a late installation and experience and 
water extraction might have influenced the choice.

It must be emphasized that two of the Surrey turbines which survive are exceptionally 
important because they are rare and perhaps unique examples. The first is the MacAdam- 
Fourneyron turbine (Wa7) installed at Catteshall Mill in 1869 which was scheduled as an 
Ancient Monument in 1980. At that time it was the oldest and largest turbine of this type 
which was known. However in 1981 it had to be removed from the river Wey because it 
was considered to be an obstruction to the flow of the water and likely to cause flooding of 
a new housing development just upstream. The Godalming Water Turbine Trust was 
established with the aim of rebuilding it at another site in Godalming but regrettably this 
has not proved possible. Also several other Fourneyron turbines have been discovered in 
the British Isles including three which are older but much smaller than the Catteshall one. 
In the meantime a great deal of effort was expended on cleaning and painting the various 
dismantled parts of the turbine. Then in 1997 English Heritage decided that it was not 
appropriate to class a dismantled water turbine as a Scheduled Ancient Monument. Also 
at this time the Trust decided that the turbine’s future was best ensured by it being rebuilt 
at the Ironbridge Gorge Museum in Shropshire and funds have been raised for this to be 
carried out. The second particularly important turbine in Surrey is the Gunther Girard at 
Oxted Mill (Tal). This is the only Girard impulse turbine known in Britain and it is 
complete and still installed at its original location. However it has been neglected for many 
years and its future is in doubt. This illustrates the importance of recording historic water 
turbines which were the ancestors of all modern turbines which, at hydro-electric power 
stations, still generate over 25% of the world’s electricity. They are also the ancestors of 
steam turbines and gas turbines used, for example, at other electricity generating stations 
and to power jet aircraft.
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