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INTRODUCTION 

There is a great interest in watermills throughout the western world, and 
this is proved by the fact that we are now holding our Third International 
Symposium on Molinology. I think that we would agree that most of the popularity 
of the mill arises from the fascination of the turning of the sails of a windmill 
or the wheel of a watermill. Visitors are also interested in milling processes 
and in the ingenious way in which the miller harnessed the power of his sails or 
his wheel to assist him in carrying out the work of the mill, thus reducing his 
own physical effort and improving the quality of the product . 

Relatively little attention has been paid to Industrial Waterwheel; probably 
because they were nearly always hidden in the basement below the mill floor, or 
in a separate house where they could not be seen, painted or photographed by the 
casual visitor. These big waterwheels were, however, of very great importance 
and had an incalculable effect upon the progress of the 19th century Industrial 
Revolution in the United Kingdom. It was the lack of adequate water power which 
compelled Bolton and W~tt to adapt their reciprocating steam engines for driving 
mills, and water power was considered so valuable that many of the large wheels 
did not stop working until well on into the 20th century. 

This Paper deals with the waterwheel as a prime mover for industrial purposes 
and traces its development from mediaeval times until its ultimate decline. 

THE EARLY DAYS OF INDUSTRIAL WATER POWER 
~ 

The English like to put neat dates to their history. William the Conqueror 
took over from the Saxons in 1066; Henry VIII became supreme head of the English 
Church in 1531, King Charles 1 was beheaded in 1649 and in 1781 America achieved 
her independence from Britain. It is, however, impossible to pin-point our 
economic history in the same way. There is a tendency to think that the great 
Industrial Revolution in the United Kingdom started on January 1st 1750, and that 
it was in some way connected with James Watt 's invention of the steam engine . 
Both of these facts are half-truths, and half-truths are dangerous. The whole-
truth is vague and rather obscure, but in this Paper I ~ant to avoid making 
statements which are not correct, and to lead up to my subject in a rational manner. 

If we are to attempt to place a date upon the first recorded use of water 
. power in England for purposes other than corn milling it should probably be the 

year l;l.85 when we have a record of a waterwheel being used to drive a Fulling Ifill 
at Newsham in Yorkshire (1). FU11"ing was a laborious task of beating freshly 
woven woollen cloth in a detergent such as Fuller's Earth to shrink the fabric and 
turn woven strands into a homogeneous material . It could be beaten by hand with 
wooden mallets or trodden underfoot. ( Hence the term falk-mills"). 

The development of the water-driven fulling mill bad a profound effect upon the 
woollen industry in England, and set a pattern to shift it to the mountainous 
areas where there were fast flowing streams and a high rainfall. Before the 13th 
century: the great wool growing districts of England were the eastern counties, 
centered upon Norwich, but because there was little water power, there was a steady 
move to the foothills of the Pennine hills, Derbyshire, Yorkshire and Lancashire, 
also to the Cotswolds and the borders of Wales. 

Once it has been discovered that a waterwheel could be used to swing the wooden 
mallets of a fulling mill to and fro to beat the cloth, it was only a short step to 
making it work the trip or tilt hammers and the bellows of forges, the pumps for 
mines, boring machines for cannon or wooden pipes, and reciprocating saws . 
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During the 16th centilry there was a steady increase in the use of industrial water 

power. This applied particularly to mining. Lead, copper and tin mines were usually 
discovered in mountainous districts where mineral veins appeared as outcrops. Big 
waterwheels were built to crush the ore, operate pumps and sometimes for haulage. We all 
know Agricola's (2) excellent illustrations of waterwheels used for these purposes , and 
one of the main problems was finding suitable timber for the large shafts of these wheels. 
When Bavarian miners came from Augsburg to work the lead and copper mines near Keswick 
in the north-west of England.an item occurs in their Accounts of 1569 :-

"Drinks to Newlands farmers who helped to carry the Wheel-a,xle. 11 

This was the axle for a crushing mill built in the Newlands valley which may well have 
been identical with one illustrated by Agricola. 

There was usually a reasonable amount of water power to work the mines in the Lake 
District, northern Pennines, North Wales and Derbyshire, but in the narrow Cornish 
peninsular the rainfall was less and the streams were slow; most of the tin mines were 
worked from shafts, and drainage by pumping became a major problem by the 17th century. 
Hence it is not surprising that the first attempts to drain mines by means of "Fire" 
(steam) engines were made in Cornwall, and the fact that all the coal had to be brought 
by sea gave Watt the incentive he needed to make his reciprocating steam pumping engines 
as efficient as possible. 

Before we go on to study the l arge 19th century waterwheels we should look at the 
work which was done between 1750, when there was a great acceleration in the rate of 
growth of the textile industry in the United Kingdom, and in 1850 when .~ of the really 
big waterwheels .had been built. 

THE DEVELOPMENTS OF JOHN SMEATON 
John Smeaton, F.R.S., 1724-1792, was one of the greatest British engineers of the 

18th century. I will pass over the work which he did building the Eddystone Lighthouse 
and improving wat.erways, bridges and harbours throughout the United Kingdom, and deal 
only with his valuable improvements to the efficiency and construction of waterwheels. 

It was possibly Smeaton's disagreement with certain French engineer-scientists, 
particularly Belidor (3), which influenced him to carry out his model experiments on 
undershot and overshot waterwheels in 1752-3. Belidor maintained that it was better to 
use impulse rather than reaction to operate medium head waterwheels; the differences 
are shown in Figs. 1 and 3. Smeaton made a model of an undershot waterwheel as Fig. 1, 
610 mm in diameter with flat paddles (or 'floats•) and carried out a series of tests 
with considerable accuracy (ne had been trained as an instrument maker ) and from the 
detailed results published in his E:x:perimental Enquiry into the Power of Wind and Water 
to Turn Mills ( London, 1794) it is possible to calculate that he obtained an overall 
efficiency in the order of 20 to 25%. He then repeated the experiments with a simple 
overshot wheel, ·as shown in Fig. 3, and obtained an efficiency of from 60 to 65%. From 
then on he strongly recommended the use of overshot (or backshot) wheels of the largest 
possible diameter in relation to the head (4). 

In my Paper to the Newcomen Society ref erred to above I have described in some 
detail Smeaton' s improvements in the design of waterwheels; here I can only give a 
summary :-

1 Use an overshot wheel of maximtnn diameter wherever possible. 
2 Convert an undershot wheel into a 'Low Breast Wheel' (see Fig. 2) to increase 

the efficiency. 
3 Do not attempt to run waterwheels too fast; under no circumstances should the 

rim velocity exceed the velocity of the jet of water entering the wheel. In 
general he advocates a rim velocity of from 1 to 1.8 l1/sec. 

Although Smeaton designed a number of corn mills, some of unconvential design such 
as Alston (Cumberland ) Mill which had a wheel 9 M in diameter but only 254 mm wide, his 
more important work was done with industrial waterwheels including those for the famous 
Carron Ironworks at Falkirk in southern Scotland where, amongst other things, the 
'Carronade' cannon were produced. Waterwheels were used to operate blast furnace 
blowing engines, hammers, boring machines, grinding mills and clay mills. There was an 
acute shortage of water power and Smeaton had to use every device to get the maximum 
efficiency out of his wheels. Amongst his more important mechanical improvements were :~ 
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4. The use of cast iron wheelshafts after a wooden shaft on one of the big blowing 
engines at Carron had broken (1769) 

S. . Fitting cast. iron 'rings' in place of wooden rL11gs to carry the floats of low 
breast wheels so as to increase the flywheel effect of wheels driving boring and 
rolling mills. (1770) 

6. Substituting cast iron ·for wooden gearing for the transmission of power (1778). 
7. Using wrought iron 'Bucket Boards ' in place of wooden boards on small overshot 

wheels to increase the capacity of the buckets, as shown in Fig. 4 (1780). 
These would increase the bucket capacity by as much as 10 to 15%. 
&neaton was quoted as an expert on waterwheels for many years after his death. 

JOHN RENNIE AND THE 'SLIDING HATCH' 
The undershot wheel, as shown in Fig. 1 had the advantage that the water ·in the mill 

pond could be drawn down until the mill ceased to work. ith the low breast wheel the 
water could only be drawn down to the crown of the fall which Smeaton always wanted to 
keep as high as possible. 

Rennie hit on the ridiculously simple solution to this problem by controlling the 
flow of water to the wheel from underneath instead of from above. Fig. 5 is based upon 
a drawing of his 'Sliding Hatch' published by his son George Rennie (5). The water 
could now flow gently into the space between the floats at the highest level and the 
hatch was lowered as the pond was drawn down. 

Once this principle was generally known, it was adopted for all the larger water-
wheels, and particularly the high breast wheels. The design was generally as shown in 
Fig. 6. A plate, in which a series of slots the breadth of the wheel were cut, and 
curved to the outer radius, was fixed as shovm. A moving plate or 'Shuttle' fitted 
closely over this plate, and by moving it up and down different sets of slots could be 
1.Ulcovered. As drawn in Fig. 6, the water level above the wheel is falling; no water 
is coming through the top slot, a little through the second, but it is full flow through 
the third slot which is filling the buckets. 

The shuttle was usually worked by a rack and pinion, and when a governor was fitted 
it.moved the shuttle down or up depending upon whether the speed of the wheel was falling 
or rising. 

John Rennie carried out many experiments on the power of waterwheels and tried a 
number of methods of measuring the flow of water used. He did not express the output 
as ·•horsepower' but as the actual output of the mill, logs sawn, water raised by a pump 
etc. He agreed with Slneaton about wheel rim velocities, working generally within the 
range of about 1.2 to 1.5 M per sec. He advocated the use of shallow buckets, obtaining 
the power by increasing the width of the wheel. His object was : 11 •• • • to lay the water 
on the wheel as thin as possible. 11 This was one method of filling the buckets without 
trapping air which could cause splashing and could even blow water out of them. Later 
we will see how Fairbairn overcame this trouble. 

THE POWER TRANSMISSION PROBLEM 
This was the most serious difficulty to be overcome as the power of waterwheels 

rose from 10 or 20 to 40 or 50 horsepower, and once again, as so often happens, the 
simple answer w~s the correct one. 

We have seen how Sineaton suffered by shaft breakages on one of the blowing engines 
at Carron and obtained a temporary respite by making cast iron shafts. This was merely 
the substitution of cast iron for wood; the full power still had to be transmitted 
by the shaft to a pit wheel, and we now know that cast iron was not a particularly 
good material to use for this purpose. 

If, however, the pit wheel could be attached to spokes (or Anns) or, better still, 
to the bucket shroud, the power need not be transmitted through ~shaft at all 1 
Admittedly the shaft still had to carry the weight of the wa~erwheel and the reaction 
from the gear teeth, but not a very high torque at a very low speed. 
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So far as I know there is no record of when , or by "Whom, this most important 

innovation was first used; my guess is that it was in about 1800, and that it soon 
became a standard feature of all large waterwheels . There i s a reference to this fonn 
of drive in Note 2 on Castle Mills, Kendal, which suggests hat it was becoming common 
in 1806. On the other hand William Strutt's _ orth ·ti.ll at Belper, built in 1803-4 in 
the heart of the "Textile Area 11 where every nell develop.'llent was being tried out, had a 
wheel 5.5 11 in diameter by 7· H wide, built in the form of six conventional waterwheels 
1.16 Mwide joined together, driving on to the pit wheel attached to the shaft with 
double speed increasing gearing and a set of bevel gears to a vertical shaft which, in 
turn, drove line-shafting on each floor of the mill. 

Driving gears with internal or external teetl,1 were used , and Fig. 8 shows the 
principle. 

IRON WATEffi'lHEEI.S 
It was the extensive use of wrought and cast iron which made it possible to build 

the large and powerful industrial waterwheels which were erected mainly to drive the 
new textile mills in the north of England and Southern Scotland between 1800 and 1850. 
Strangely enough only three of the really big ones still r emain where they were first 
built, and these are all wheels to provide power for mines or quarries in the north of 
England, north Wales and the Isle of han . All were built after 1850. 

Remarkably little appears to have been written about these waterwheels except by 
Sir William Fairbairn in his book "Hills and Killwork . 11 There are some good 
illustrations in draughtsman ' s instruct ion.alp blications, such as Blackie ' s "Engineer 
and l1a.chinist 1s Drawing Book" of'. 1876 which shows a beautiful low breast waterwheel 
mainly of cast iron construction, but there is no indication as to whether or not such a 
wheel was ever set to work. Consequently I am drawing largely upon Fairbairn for this 
section of my Paper, and in the interest of space I am not atteinpting to detail every 
reference ( 6). 

The most important new departure which made it possible to build these wheels was 
the introduction of light "wrought iron rods as - spokes in place of wood or cast iron. 
According to Fairbairn this type of construction ~as developed by T.C. Hewes of 
Manchester whose name appeared upon a number of large waterwheels including those at 
Arkwright 's cotton mill at Bakewell, Derbyshire, 1 827, and the Woodside Paper Mill at 
Aberdeen (1826). He says that the idea was conceived by William Strutt, F.R.S., 1756-183: 
who passed it on to Hewes. The principle was like that of a bicycle wheel. The 
comparatively slender rods secured the rim element, carrying the buckets, to flanges on 
the· shaft. Strut t is credited with ma..."ldng cart wheels on the same principle, which is 
shown in Fig. 7. 

The shafts were of cast iron with four strengthening r i bs. At each end a "Centre" 
was keyed on, through which passed the holes which carried the radial and diagonal 
bars which carried the buckets. The bucket shrouds were usually segmental cast iron 
plates, and the sole plates of wrought iron with suitably curved wr...ought iron buckets. 
These, and other details will be shown on slides. 

Fairbairn describes the form of construction which he preferred but there was a 
considerable variation. For instance, the Wood.side wheel , which is now in the Royal 
Scottish Museum, had the sole and buckets made of wocx:len boards with cast iron supports. 

He was concerned about the difficulty of retaining the water in the buckets as the 
wheel rotated, and proposed that they should be made curvilinear in form, and should 
be only partially filled. Unfortunately, his deep and carefully shaped buckets were 
difficult to fill, and he had serious trouble with what we would now call "air locking. 11 

· He overcame this by designing a 11ventilated bucket" which had an escape passage 
for the air through the sole without losing water, see Fig. 10. 

He agreed. entirely with Smeaton and Rennie upon the subject of speed and on 
pp. 142-3 of his book gives a useful table of waterwheels or from 2 to 18 M in diameter. 
The lowest peripheral speed is 1. 25 and the highest 1. 9 H per second. 
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I give below, in Table 1, a list of some of the larger and more famous waterwheels 
of the 19th century. There were many more , most of which have vanished without trace, 
but those in this list may be taken as typical. Notes on the individual wheels or mills 
follow. Wheels marked -:K- may still be seen; those marked * had drawings prepared 
(which are still available) either before they were built or before final dismantling. 

TABLE 1 
SOME ·BRITISH INDUSTRIAL WATERWHEELS of the 19th CENTURY 

All dimensions are in metres 

Ref Where installed 

1 William Strutt, North 
Mill, Bel per. 

2 J. J . & W. Wilson 
Castle Mills, Kendal 

3 
** 
4 
* 
5 
* 

Woodside Paper Mill 
Aberdeen, Scotland 

James Finlay, Catrine 
:Mills , Ayr shire 

Sir Richard Arkwright 
Bakewell, Derbyshire 

I 
Year 
built 

1804 

1806 

1826 

1827 

11827 

DiamE. ' Width 
I 

s.s : 7. 0 I 
4 . 25 3.65 

I 
1. 6 I 6. 4 

Head l Est~ I 
jB.H.Pj 

}ia.de or designed by 

4 .1 1 130 I UnJmown 

2.2 20 Finn's millwright & 
Bateman & Sherratt, 
Manches t er . 

150 · Hewes & lfren I Manchester 
I 

115. 0 ! ). 2 14. 2 'I 250 [Sir] William Fairbairn I I Manchester 

I 1.6 s.s 
I i 

6. 7 II 180 Hewes & Wren 
I Y.anchester 
I 

6 James Finlay, Deanston 
* Mill , Perthshire 

1831 ll.O 3.3 9.2 1 140 Design claimed by 
Fairbairn & Lillie, 
Manchester but built by 
Jas.Smith, Manager 
Deanston ffill 

7 
* 

Shaw 1 s Cot tori Spinning Col 
Co. Greenock,Scotland-

8 I Thomas Ainsworth 

? 

? 

I . 
120. 8 1 3.8 

1

19.0 I 190 I Jas.Smith, Deanston 

150 

I 

* I Cleat or, Cumberland 
I 6.1 

1 
6. 7 I s. 2 I ·,

1 
[Sir] William Fairbairn 
Manchester I 

9 
* 

Tuscan Felted Cloth Mill , 1843 
St.:M..arcello, Firence I 
Italy I 

I 2) . 2 I o. 61 

Wheal Friendship Mine before 115. 5 
Nr . Tavistock , Devon 1842 l 10 3.0 

I 
11 Great Laxey Mining Co . 
** Isle of Man "The Lady 

Isabella Waterwheel" 

1854 21. 95 ; 1. 85 

12 Rishworth Mills, 1864 !11 . s 13. 65 
Halifax, Yorkshire . I 

I 

I 

11.9 13 Killhope Lead Mine c. 1870 112.0 
*''l- Nr . Stannope , Durham I 
14 Dinorwic Slate Quarry 1870 115.4 1.6 
** Uanberis, N.Wales 

I 

23.2 

15.S 

So The Bryan Donkin Co. 
Designed & built in the 
U.K. & sent to Italy 

70 Probably built by the 

lmine engineer with local 
, castings 

21 . 0 185 Robert Casement ,}line Ens 
with some parts from 
Kersey Iron Wks.& Gellir: 
Foundry, .Isle of Y.an 

17.5 240 Taylors of Marsden, r . 
Huddersfield, Yorkshire 

112.0 90 1 Unlmown 

15. 4 95 De-Winton & Co . I Caernarvon 

The outside diameter and width are probably correct, as in any drawing or book of 
reference these figures are given. rlhere quoted, the dates of manufacture are probably 
about right, though there would always be some delay between the date of design 
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and actual setting to work. For Ref. 7,8, 10 and 13 I can only make an estimate; they 
are probably not more than a few years out. After 1870 a turbine would almost certainly 
have been used. The horsepower outputs are much more doubtful . There was an almost 
universal 1tendency to overestimate the power of waterwheels, mainly as a matter of local 
pri_de, but I think that my figures are probably a maximum hen there was ample water. 

The following notes refer to Table 1: 
1 William Strutt 1 s Mill , Beluer , Derbyshire 

William Strutt's name has been mentioned on p .4. He is mainly famous for building 
textile mills with cast iron frames and columns which were 'fireproof'. This mill is 
illustrat ed in Rees Cyclopaedia under the heading 'Cotton !anufacture 1 • The wheel, 
although a very large one, is conventional in design with pit wheel and double speed 
increasing ·gearing to a vertical shaft which drove line shafting on 4 floors. 

2. Castle Mills, Kendal , Westmorland 
The main interest in thi s mill with a relatively small, low breast wheel ( actually 

three were ultimat ely fitted) lies in the fact that some acrimonious correspondence 
between my ancestor, Isaac Wilson, who built the mill, and 1-essrs Sherratt and Bateman 
of Manchester who made the shaft, shrouds and centre pieces has recently come into my 
possession . The wheels were built with local t imber by the millwright, and the heavy 
castings were taken 58 kM by cart from Manchester to Liverpool, shipped 100 kM to the 
small port of Milnthorpe, and then carted over bad roads t o Kendal another 12 kM. 
Isaac Wils on had a number of canplaints, one be ing that the shaft was too short to carry 
the pit wheel . However, in one of his last and more polite letters to Sherratt and 
Bateman he says: 

11 ••• We believe that the [cast iron shaft] you have by you may be made to 
answer by working our upright Shaft by Segments fixed to the arms of the 
wheel, this method is not approved with us which indu_ced our millwright to 
wish for a longer shaft in order to work it by a Pit wheel but finding the 
former plan adopted in many places we i ntend trying it altho ' it will subject 
us to some inconvenience and expense in altering the ~alls. 11 

This shows clearly that the fixing of gear segments to the arms was, in 1806, becoming 
established practice, but the probably old and conservative-minded millwright was 
strongly opposed. It is still not easy to ~ell new ideas t o old hands ! 
The waterwheels were replaced by two Gilkes turbines developing 60 and JO BHP in 
1899/1900. 

J. Woodside Paper Mill, Aberdeen 
This fine high breast wheel was presented to the Royal Highland Museum, Edinburgh 

in 1966 and has just been cleaned, made good and re-erected at the Nuseum. The sole, 
rising boards and bucket boards are of wood, but the rest of the wheel is of conventional 
cast and wrought iron construction. By 1973 it will be t urning again, complete with its 
original governor . 
4. ·Jas. Finlay, Catrine Mills 

. These two magnificent Fairbairn wheels are almost certainly the most powerful ever 
to work in this country. I see no reason to doubt his figure of 250 horsepower each. 
They were oeautifully made and when dismantled in 1947 the Consulting Engineers, Sir 
James Williamson & Partners of Glasgow, made a drawing which matches almost exactly with 
Fairbairn 1s design of 1827. They ran continually for 120 ars and were true within 
)mm on a dlameter of 15 M before they were shut down. Ever,y few years they had to have 
the spokes adjusted, but otherwise gave little trouble. When the Mill was· electrified 
this, and the necessity for using the wheel pit and races or other purposes, made it 
necessary to dismantle them. They were replaced by 3 Gilkes turbines which have just 
completed their first quarter century of running. 

5. Arkwright's Bakewell Factory 
The wheel ref erred to by Hewes & Wren is one of two. The smaller wheel was used 

when water was short or the river rose in flood. This was an all-metal wheel which ran 
until 1955 when the gearing broke completely and it was replaced by a 150 horsepower 
Gilkes turbine. At that time the mill was owned by The D. P . Battery Co. Ltd. 
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6. Jas .Finlay, Deanst on, Perthshire 
Fai~bairn intended t o build 8 waterwheels here, developing a total of 800 horsepowe1 

The work was taken over by Mr. Jas. Smith who was probably the mill engineer and built 
wheel, Ref . 7. Fairbairn was not very pleased. The four wheels built have now been 
replaced by two Gordon and one Gilke s turbine, and the textile factory converted into a 
Whisky Distillery. · 

7. Shaw's Cotton Spinning Co. Greenock 
In 1827 a Mr . Thom built an elaborate series of reser voirs in the hills above 

Greenock at the mouth of the river Clyde. These gave an ample supply of domestic water 
to a r apidly growing industrial area, and provided power for textile mills using a total 
head of 156 M. A number of factories were built, one below the other, each using the samE 
water, and this was probably the largest wheel. In 1881 a Gunther ' Girard ' turbine was 
installed, working on a head of 52 M, and this in turn was replaced by a Gilkes turbine 
in 1947 . The wheel i s illustrated in fil.ackie's "Engineer and Machinist's Assistant " of 
1849. 
8. Thomas Ainsworth, Clea tor , Cumberland 

Fairbairn gives a good drawing and description of this wheel which was of all-metal 
construction with ventilated buckets. 
9. Tuscan Felted Cloth Hill , Firenze 

I include t his wheel as it was built by British engineers and shipped to Italy. A 
brief description and illustration is given in a Paper: Bryan Donkin, F.R.S., Trans. 
Newcomen Soc .,Vol . XXVII , 1950 , pp.85-95. It may well have be.en the largest diameter 
waterwheel every built . 
10. Wheal Friendship Mine, Devonshire 

This is the largest of a number of waterwheels which supplied all the power 
requirements of this large series of mines . A total head of' 160 M. was exploited with 
17 waterwheels . They were certainly installed before 1842 as they are described in the 
Proceedings of the Institution of Civil Engineers at a meetLUg held in March of that year . 
Some of this power has since been used for hydro-electric p OITTer generation with 
Gilkes turbines. 

11. The Lady Isabella Waterwheel , Isle of 1".18.Il 

This is probably the most famous waterwheel in the world, particularly since Anders 
Jespersen published his s tudy of it in 1954 and the Isle of JHan Government have restored 
it to work with water . It was built for mine de-watering , cmd one might say that it just 
1 scraped home ' at the end of the water-wheel era. A few yea.r .s later and a very much 
smaller and cheaper turbine would almost certainly have bee:rm. used. Standing on a hillside 
above a wooded valley it is a very fine spectacle, and shou].d cert ainly be visited by 
any engineer interested in waterwheels. 

12. .Rishworth .tills , Nr. Halifax , Yorkshire 
Thus fine waterwheel can compare with Fairbairn's Catr ine wheels . It is said to 

have weighed 70, 000 kG, and to have been made up of 29,300 l[ilieces . The water supply was 
drastically reduced when domestic water supply reservoirs we re built at the head of the 
river which supplied it, and in 1949 it was dismantled and ni-eplaced by a Gilkes turbine 
of very much lower power. 
13. Ki.llho e Lead Mine Nr . Sta...'1hope County Durham 

Kellhope wheel was probably built about 1 70 and ·was msed for lead crushing and 
other power purposes at the prosperous Beaumont Mine at the. 1ead of Weardale and at an 
altitude of 460 M above sea level. It has been preserved (ii:ihough not working ) by the 
Durham County Council and is scheduled as an Ancient Y.i0numemt and associated with a 
Durham County Council 1picnic area'. Water was brought to iUle wheel from a series of 
relatively smaJJ. reservoirs by an overhead trough which ha& ll10W vanished. It probably 
ceased work about the year 1900. 
14. Dinorwic Slate Quarry 

This wheel was built in 1870 and supplied power for ome of the largest slate 
_quarries in North Wales . Unfortunately it is enclosed in a s tonework casing and cannot be 
seen in full. The Quarry Workshop and wheel have now been t urned into a museum and so 
will be preserved. 
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The ' Power ' of a prime mover was :first defined by James {att in 1783 as that require 
to raise SSO lbs. through a height of 1 foot in 1 second; this he called a 1Horsenower 1 

and .the metric equivalent, the 'Cheval ' is that required to raise 7S kg. through l M 
in 1 second. The two are so close that I have used the English term. It was a number of 
years before the word ' Horses' or 'Horsepower ' was generally used. 

I have already explained how John Rennie assessed the p01,er of waterwheels by their 
actual perfonnance, and it was usual for millers to think of their wheels in terms of the 
number of pairs of .stones they could drive when the water conditions were at their best. 
Just how the early millwrights decided what size of waterwheel they could use to drive a 
certain fac~ory, how many machines , for example looms , spinning machines etc. it would 
drive, and what size they should nake their wheel- pits, waterways and weirs I do not Imow. 
The fact is that they must have had some very good empirical rules . The Company of v1hich 
I am Chairman has replaced many hundreds of waterwheels, from the smallest to the largest, 
by turbines, and I cannot recall a single case in which we have differed appreciably from 
the estimate of available flow of water or the dimensions of head and tail race sizes fro::l 
the 18th or 19th century millwright-engineers whose wheels were giving way to a more 
modern fonn of power. They certainly knew their job. 

Surveying had reached a stage when the head available to drive a wheel was probably 
measured as accurately in 1800 as it would beii'Ow, but then, as now (and I cannot 
emphasise this too strongly) it was a rough and ready matter to measure rates of flow of 
water in excess of 1,000 Litres/sec. When the early water turbine manufacturers were 
happily claiining over 90% efficiency for their machines they undoubtedly underestimated 
the rate of flow of water (or over-estimated the power], and John Rennie 's measurements 
referred to on p.3 probably had a margin of error of from 10 to 20%. 

Referring to Table 1, Fairbairn mentions the probable power of the wheels at Catrine 
(Ref. 4) and Deanston (Ref. 6) but for the others, if estimates were made at all it was 
only in later years. 

However, once the principle of indicating the power of steam engines had been 
established, more attention was paid to est irnating the power of waterwheels, though 
sometimes the indicated power is mentioned; that is what we would now call the water 
horsepower, or theoretical horsepower calc~ated fro:n the product of the head and rate of 
flow of water, and neglecting the efficiency of the wheel. 

When Factory Inspectors were first appointed in 1833 they produced some useful figure ~ 
for the power generated by steam and water in a large number of Cotton Mills which are 
quoted by Edward Baines Jnr. in his 11 History of the Cotton Ha.nufacture 11 published in 1835. 
A swnmary of all the Cotton Mills is given in Table 2. 

TABLE 2 
WATER & STEAM POWER USED nr BRITISH COTTO. MILLS c.1834 

District Number of Horsep01ier generated by 
Mills 

Steam Water 

England and Wales 1,000 27,049 7,343 
Scotland i2S J,200 2,480 
Ireland (Eire & Ulster) 29 6o4 380 

, TOTAL 1,154 30,853 10,203 

Mills in which some 
water power was used 9SO 28,213 10,203 

It will be seen that in all the Cotton Hills 33% of the power was still coming from 
waterwheels, and in the groups of mills which has some water power the figure rises to 
-36• S%1n calculating the power developed by individual wheels I generally assume that in a 
well constructed high or low breast wheel the buckets run two-thirds full, . and that the ri ~ 

velocity is about l.S M/sec. The method of estimating the rate of flow of water is shown 
in Fig. 9. It neglects the thiclmess of metal or wood in the buckets, and is likely to 
give a high figure. 
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The actual output also depends upon the efficiency of the wheel. I usually work to 

the figures given in Table 3, which are based mainly upon the estimates made by engineers 
employed by my Company over the last 100 years. 

I 

TABLE 3 
ESTI}!ATES OF THE EFFICIENCY OF INDUSTRIAL WATERWHEELS -

Type of waterwheel Suggested Efficiency 

Large, well-built, high breast overshot or 
backshot wheels, probably with ventilated 75 to 80% 
buckets 

Similar wheels with wooden buckets 70 to 75% 

Well-built low breast wheels with buckets shrbuded 50 to 60% 

. ' Low breast wheels with flat paddles unshroudef 35 to 50% 

To calculate the power of a waterwheel : 
If:- H nett head in M. 

Q = rate of flow, litres/sec 
E = efficiency (expressed as a decimal of 1) 

B.H.P brake horsepower of the wheel neglecting any gearing losses. 

B.H.P. (CV) = H x Q x E 
75 

WATER SUPPLY AND WATERWAYS 
Water power became so important during the first half o the 19th century that very 

large sums of money were spent on get ting an adequate supply of water to the mill wheels . 
Often the headraces had to be very long in order to make the maximum use of the head in a 
river which only fell a few metres per kilometer. 

At Deanston in Perthshire (Table 1, Ref .6), considered a favourable site, the headrace 
was 1 km. long to obtain a gross head of 10 M, and was desigped to carry 7,500 l/s. The 
stone weir, intake gates and screens were very well built and have had a minimum of 
repairs and replacement parts- in their 140 years of life. A very much smaller installation 
was that at the Sedgwick Gunpowder Mills near Kendal, built :in 1852, where the headrace, 
entirely of dressed stone, was 800 m long to obtain a head of 6 M and the total potential 
was about 150 horsepower. A tunnel 70 M. long carried the discharge from the big water-
wheel which drove the Incorporating Mills back to the river. 

Although the rainfall in the north and west of the Unite d Kingdom is reasonably high, 
from 90 to 130 cm per annum, and is not confined to the winter months (as many visitors 
know 1); the rivers do not have a large gathering ground, and rise and fall fast. A 
number of schemes for building storage reservoirs to help mills which were far from coal 
supplies were considered, the most important of which was Shaw's Waterworks at Greenock2 to which re.ference was made on p. 7. The three reservoirs ha a surface area of 1. 35 km , 
with a guaranteed supply of 570 l/s and a total head of 156 

' A similar scheme was proposed for the river Kent, :in Westmorland, and i2s 
tributaries in 1845. Here the total area of 5 reservoirs wOilllld have been 1.75 km, and 
the regulated flow about 1,000 1/s. Only one small reservoir was built, as. by 1847 the 
railway had reached the area, and cheap coal could be brought in ffom the Lancashire 
collieries less than 100 km. distant. 

THE USE OF WATER TURBINES 
The United Kingdom cannot lay claim to have been pioneers in the develppment of the 

water turbine. I have dealt fully with this matter in my Paper to the Newcomen Society, 
Early Water Turbines in the United Kingdom (7) and space does not permit me to repeat the 
information given there. 
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Many thousands of turbines ranging in output from 1 to 500 horsepower were built in 
England be~ween 1850 and 1950 , and a high proportion of these replaced waterwheels which, 
after much patching, had finally broken down. Al though the waterwheel was slow moving 
its .wooden parts were l iable t o rot and its metal parts to corrode, particularly as they 
were often alternately wet and dry. 

Many mills have continued to operate water turbines in parallel with their own 
power supply or that provided by the Area Electricity Boards . Some us e them for stand-by 
and at week-ends . However , the passing by our Parliament of the Water Resources Act 1963 
has sounded the death knell for most of the low head installations in England and Wales . 
(Scotland has been fortunate in escaping this singularly stupid piece of legislation). 
The owner of a waterwheel or turbine must now declare how many thousands of litres of 
water he will use for generating power each year , and pay a levy per thousand l itres 1 
The fact that he returns the water to t he river from which it is drawn in exactly the 
same state as he took it is ignored. 

Let other countr i es be warned never to allow an Act of this sort to become a part 
of their legislation. 

CONCLUSION 
Our industr ial waterwheels were broken up and sold for scrap for a number of reasons . 

They lacked the appeal of the huge , ornate beam engines and Lancashire mill engines of 
the 19th century, and ·when their useful life was finished they could usually only be 
taken away in small pieces. They gave way to t he steam engine which would always give 
its full power in drought or flood, and then, as the population swelled and the standard 
of living improved, the water previously used by the mills was conserved in reservoirs 
and piped to the houses and. factories. The Guide Books do not mention them; factory 
buildings and houses now cover the wheel pits, water races and mill ponds , but we are 
lucky in that the "Lady Isabella Haterwheel 11 , gaily painted and driven by water , still 
stands as a monument over the channing Laxey Valley in the Isle of Han : and dominating 
the Hall of Power in the Royal Scottish :Museum at Edinburgh we can study i n detail an 
industrial waterwheel which drove an important paper mill for 140 years . 
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Fig. 1 
Undershot Wheel - Belidor 

Fig. 4 
Suggested use: 
of iron 'Bucket 
Boards' . 
SI'(leaton 1780 

Fig. 7 

Fig. 2 Fig. 3 
Low Breast Wheel - Srneaton 18th Century Overshot 

Wheel 

Fig. S 
Rennie's 'Sliding Hatch' 

1784 

Fig. 8 

Fig. 6 

::: =: Sliding 
r.--~ Hatch or 

' Shuttle' 
for High 
Breast 
Wheel. 
Fairbairn 

1824 

Waterwheel with spokes in tension 
Hewes c .1820 

Gear driven from the shroud of a 
waterwheel 
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W = Width 

H 

To calculate the Discharge ~r revol ution 
of a waterwheal with the buckets two-thirds 
full. 
Dimensions : M' Discharge: M3 
Discharge = '!f ~r1 + r 2)( r1 - r 2) x 0.66 x W 

Fig. 11 

'Location of the 
Northern and 
Midland Water-
wheel s listed 
in Table 1 
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Fig. 10 
Fairbairn ' s Ventilated Bucket 
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