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FORE\\'ORD 

1 sdtlc down to the task of writing No. 7 in the ~<'rics of booklets 
on '1\ akrmilh; pnblisht•d hy th<' \\'a term ills Publicatiolls Committee 
of tlw Society for tlw Prowction c,f A ncicnt Builciings with a sadness 
nf heart which I will 2.tkmpt to confine to this foreword. It should 
han· been thr worK of ~I iss E. )t. Gardncr, o.H.E., M.A., the 
capable and zealous editor of munh<'rs on<· to six. She was always 
pa!lirularly interested in watt'rmills with hori1.ontal wheels (or, as 
t lwy are oftl'n drscrib"...J·, ''Horizontal \Vatermills''). During the 
su lliH'r of H)57 she t~·ampcd ma!ly miles in · . .;hetland with her 
notebook and camera visiting the n.~mains of mills still to be se<'n 
th('rc ar.d as a result sh<' wrote a short article entitled "Milling in 
the Shetlands" which ;,_ppear<'d in Country Ufe, 6 March, 1958. 

Hdorr her rctircm<'nt ~liss Gardncr held a senior post in the 
Civil S(·rvice, and as soon as sh<' had sonw spare time she devoted 
lwrsdf to the pleasant task of tracking down and photographing 
watennills. After much rt'st·arch she wrote number four in th<' 
sC'rit•:-;, ''The Three l\Jills, Bromkv· by Bow", and without h!'r 
(•rwrgv and drive f<'\\', if any, of ilws<~ booklets would have seen 
thr· light of day. She was a ,\·oman of gn•at charnch.•r, humour and 
charm. \\'<.' start<•d to plan this booklet at lwr cottag<' ncar Har)cch 
in r<15H, with tl1e St•pt<'mb<·r rain driving acrn~s th<' !'ra and bcating 
against the windows. It was :1greNl that \\'C' should pool our know
ledge. ;, nd she would do the writing. On Boxing Day that year we 
met for the last time; WP had both had a busv autumn, and had 
not made murh progress. She was, however.· full of enthus\asm 
about news she had r<'r<'ived that "Shetland" mills might still be 
working in a n•mote valley in South Africa. Early in April 1959 
siH• di{'d ~uddcnly aft<'r a minor operation about which she had 
.iokc•d lightlwartcdly. Now I proceed alone, knowing how much 
hdkr this \\'ork would have be{·n had !'he written it. 

PAUL N. WILSON 



Thi:-; book is ·dedicated to the memory 

of 

MISS E. M. GARDNER, O.B.E., 1\LA., 
not only for her services a:; Chairman of the 
\\'atermill Publicilt'ons Committee, and to t!-:,J 
Committlc of the \Vind and Watermill Section 
of the S.P .A.B. ( 195I-1959), hut for her 
Vdlnablc r~1ntribution to the rccordinr. of 
watcrmills in this country, and th~ infectious 
enthusiasm and energy with which she 
undertook this important work. 



I~TRODUCTION 

"The water mill of Sh(:tland exhibits a curious <~x:1mpl(' of the 
sun·ival to our own day of a pice(• of mechanism, connech:d with 
an es~enti<d indu~try of life, of a type so archaic as to be almost 
wholly unlmown beyond its own immediate area, and to be scan ely 
n·cognisablt~ by compa!ism! with anything now to be found elsewhere 
in Britain. And yet, a~ we :;hall see, tllt're is n~ason to believe that 
this primitive machinLry, and such primitive structures as those 
within whit.:h this machint·ry is still wodH·d in Shl'tland, wt.~re once 
Lotnmun, if not universal, in this country, as was the case in Ireland 
and in the northern parts of the Continent of Europe and elsewhere 

it will only he when they have become things of the past, as 
tht·y ;m· ~·lready showing symptoms of bc-::oming, that their unique
ncs:-~ wiL be rl'cognised, and details regarding them will be prized. "I 

\\'ith thc·se words, in x885, Gilbert Goudie opened the paper 
"On the Horizontal \Vater )lills of Shetland" whith he presented 
in Edinburgh to the Society of Antiquaries of Scotland. It was a 
pionel'r tr(·atise, ancl ha.~ served as a useful background to many 
later authors. Probably even Goudie did not realise how soon these 
mills would '' ... bt~come things of the past'', or what an extensive 
lil'ld for research they were to provide for future archaeologists. 

This brings me to my main difficulty in writing the booklet. 
The general subject of "Horizontal \Vatcrmills" has already been 
extL'nsivcly covered from scvcra l aspects. In 1856 Robert MacAdam 
of Belfast wrote a short paper entitled "Ancient 'V\iatermills" 2 dea.l
mg primarily with the l\Ioycraig wheel (to which further reference 
wili be made), but, like Goudie, referring also to the use of the 
mill in other parts of the world. In r8gg Bennett and Elton published 
their remarkable 14 History of Corn Milling" 3 and devoted some 
24 pages to the subject, including many sketches and illustrations. 
l\luch that has been written since is based upon their work, and 
their references arc frequently quoted. Equally informative is 
E. Cecil Curwen's article published in 1944 in "Antiquity", "The 
Problem of Early \:Vaterrnills'' :' This is largely devoted to 
horizontal mills, and advances a theory that they spread from the 
middle East (or possibly China) to the west and north of Europe. 
l\Iore specialised, but still containing much general information 
;:;.bout the mills, are the articles by Luca~ in 1953'., and Fahy in 1956" 
dealing \vith thr discovery of remains of mills in Ein: and giving 
information about the probable date of their introduction into that 
country. 

Miss Gardner and I discussed how we could produce a booklet 
which would be interesting, but not just an anthology of other 
people's work. Some readers will know little or nothing of the 



ger.t~ral history of horizontal mills as set out dearly by Bennett 
and Elton and Curwl'n; othl'rs will shrink at the thought of wading 
through "all that old stuff again!" On the whole, I think that the 
only thing to do is to try and compromise. I will deal with the 
history ao.; c<)ncisely as possible, but dcvotr a little more space 
than others have done to the types of whc 1, the two basically 
different methods of conveying water to 1t, and il"i usc in countries 
which have not generally had very much mention in works pub
lished in Gn.•at Britain. Finally, I have tried to introduce ~:l littlt: 
originality into the illustrations. 

This booklet cannot be regarded as a learned treatise; if it 
inkrl~sts tnc casual rca,kr and influenCl~s the few to seek further 
information from the bibliography provided, I will be satisfied. 
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THE \\'ATER:\IILL \\"ITH A HORIZONTAL \\.HEEL 

~lost readers will be familiar with the ordinary "vertical" 
watr·r-whccl with its horizontal shaft and drive thr:-mgh right-angle 
gt'aring to the millstones. It is, unfortunately, rapidly disappear
ing, but there arc still many to be seen either working or derelict, 
and there are thou~ands of pict.urcs of them in art gaUeries, books 
and po:-;tcards throughout the western world. They vary in power 
frurn tlw tiny whcrls in the Swiss Alps, used to turn butler churns, 
to the lHtgc industrial whe<'ls of the nineteenth century, some of 
'' hid1 developed over two hundred horsepower. Even in the Middle 
Agr·:; the majority of these mills which, with their wheels ten or 
cn·n twenty feet in diameter, were not cheap to build, were the 
important prime-movers used by a slowly developing capitalist 
society. Fitzherbert puts the case for their erection concisely: 

· · Al:>o upon thl'Sl' waters. the lorde may set divers maner of mylnes 
the which maye be to the Lordt:s gr:oat ease and profit."' 

The horizontrtl mill, in its simplest form, (and these are the 
Ill ill~ with whkh we arc mainly concerned) is GUite different. It 
i~ t'SSl'ntially the simple tool of a primitive agrkultural community, 
and is a natural development of the quern turned by water instead 
of bv hand. 

ft is mac:~~ almost entirdy of wood, and cornpriscs a boss into 
which aH' morticcd a number of blades 01 paddles, the shape of 
\\'hirh varies in different countrics. The shaft, which may be of 
\\ uod or iron, is vertical, and the wheel rotates in a horizontal 
plane. Below the wheel there is a pivot bearing which ~s often 
tixl'rl in a beam which can be raised or lowcred slightlv so as to 
adjn:-;t the gap betw .en the millstones. The only rther ·bearing is 
a :->imple bush, usu2.1ly Joe a ted in the centre of the lower millstone. 
The upper stone rotates with th~..~ shaft :there is no gearing), the 
simplest nH·thod of drive being by means of a short piece of iron 
(in En!..!land called the "Rvnd" and in Shetland the "Sile") which 

i:-::. lvt il1to the "eve" or C.l'ntral hole in the stone and fits loosely 
•"-'tT a square on ·the top of the shaft. l Sec Fig. I.) Thus it hangs 
frcelv, and when rotating takes np a natural posiiion giving an 
('\'t'rl gap between the two stones. A square hopper, like an inverted 
pvran1icl, is secured above the upper stone and the grain drops 
into the "eye" from ll spout which is continuously joggled by a 
·'dapper'' resting loosely on the upper stone and connected to 
the :->pont by a string or a stick. A wooden trough, inclined at an 
ann:e of from 20° to J0° to the horizontal, carries watPr diverted M -t 

from a stream to a point near the outer rarlins of the wh('el. Pour-
in~ out of the end of the trough the watN ~trikes the blades and 
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Fig. I. 
Shetland Mill. 

Brerkon Loch, Eshaness. 

Drawing based upon a >-ketch by H. \\". llichinson and E. Straker, 1932. 
Transaction, of the :-\ewcouwn Society Vol. XIII, 1932-1933· 
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sv tnu~:-:> (he wheel and the upper stone. The whole machine is 
mountul in a small building of local stone or timber, the wheel 
b(•ing situated in the lower house and the millstones and hopper 
in the upper. (fhc South African mill shown in Plate 6 is unusual 
if not unique in that there is no upper house.) Fig. I shows a typical 
Shetland mill, and Plate 1 a wheel and mill buildings. s 

There is not very much scope for variety in the design and 
arrangement of the upper house: the maximum of difference can 
probably be observed by comparing the cmde :iimplidty of the 
mill in (~.unkas Kloof. Plate 6, with the sophisticated lay-out of 
tht' Italian Gipine mill shown in Plate 2. Even so, basically they are 
the s;1mc. 

In the de-:-;ign and con~t.ruction of the wheels there is very 
lllllth more local variation, and in Fig. 2, "I" to "6", I have 
tri('d to sketch, approximately to the same scale, six types of wheel 
which shuw the commonest designs, excluding China. I have named 
thl' ~i:'\ with some he-:-;itation, end in the light of such information 
a:-; I have a\'ailable. The foHowing descriptions should be read with 
the skddll's. 

I. ~IJETI.:\~D -~ NuH~E (OPE~) 

Thi.;; is the simple$! type of wheel with f('lativciy few blades 
(4 to I :2) and n<• shroudiu~. The blade; ~re Hat. and mn v be 
sl'l at an angle, as shcP.\'il, brin~ir.~ them approximately at right 
angles tn the linl' of •he troug1l, or vertical, L~'. parallel to the 
shaft. Tlw:'t: wlll.'els are t~·pical of the Scottish hJands, Scandin
avia, Fa roes, South Africa, etc. In the Scottis.11 Isb.nds, where 
there is no indkrnous timber, thev were usuallv made of drift
wood or old pa~king-cases. The drawing is based on Dickinson 
and '"trakrr anc! nnmerJus photographs. 

2. SnFTLAND - NoRSE (SHHOt:DED) (Shroud is a term used to 
dtscribe a rim surrounding the extremities of the blades) 

Tlw shrouded wheel usually has a greater number of blades 
( J c~.pcrson has a phr•tograph of one in Norway with 20) and 
a larger diameter boss. The shroud h of iron or thin wood; it 
strc·ngthcns the wheel, redun·s the danger of damage to the 
blade ends, and probably tends to raise efficiency by reducing 
the loss of water due to splash. The distribution is as for "I". 

3· IRISH 

This drawing is taken approximately from the Moycraig 
wheel ia the Belfast ~[useum. :\lost of the Irish mills appear to 
have had "spoon" shaped blades. These were an improvement 
upon the flat Shetland paddl"s, and were probably carved from 
local timber. A relatively small jet of wat(·r was directed +"trough 
a hole in the end of the trough and would strike the deepest 
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>» ...- Dorection of jet. 

All wheels are viewed from above and are 
shown to be rotatong counter-clockwise. 

Shows where elevat1ons and sectuons are 
to~.ke11. 

Fi~. 2. 

Typical Horizontal Mill Wheels . 
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section of the ''spoon''. Both the design and construction indicate 
a high degree of craftsmanship. \\"heels with blades of this type 
are dcscribt.~d by a number of authors as having been observed 
frum the Hebrides to as far south as Portugal. 

4· :\U'INE 

\\'heels of this type possibly extend from the Alps to the 
Pyrvnces or further. The drawing is taken from a whed in the 
'hhl'O !\azionale Della Scien.za Tct:nka Leonardo da Vinci, 
~lib11, n'prtHhlct·d in Plate 2. Thrrc i;; a very sirni!ar mini in 
t!w Dcntclws :\lus<·tlm, ~lunich. Noac the deep buckets h<JHowed 
out of solid timber whicll will have quite a good ~tt1cicncy. They 
ar•·, in fact, surprisingly like haU the bucket of a modern 
''Pelton \\'heel". 

5. H:\ LI~:\.!1: 

This d:-1.wing is b<\scj upon a sketch made by Dr. Gilbert 
\\'ibon of the llllperial CoHcg<' of Science and Technology, 
London, when prospecting for minerals in Jugo Slavia in 1928. 
Ht· speaks of mills with whcds of this type being common in 
tlw an·a over which he was working. The wheel is similar to 
··I'', but the blades are longer and arc CUfV("!d to gi\'c improved 
dlki(•ncv. Goudie includes a sketch of the wheel of a mill in 
Pvri'ia (c. t88o) 4 ft. 6 ins. in diameter with 26 blades almost 
exnctly like thost~ shown except that they have a flat instead of 
a urved cro:;s section. u 

6. b!{:\ELI 

ShrmuPl Avitsur has supplied sc\·cral photographs of Israeli 
whl'els which have worked within the last decade. Except for 
thr wooden clasp-arn:3 they are of sheet iron construction. 
C.amlly the vanes arc bent at an angle of about 90(), but some
timt·s tlwy arc srmi-circular in scct;on. Relatively the diameter 
i~ greater than that of the other whecls. 10 

Th(' other important point of difference in the design of the 
mills is the way in which the water is conducted to the wheel. The 
simplt•, open trough, sometimes tapering towards the bottom to 
give a more concentratc•d jet, is usually applied to the more 
primitiv~' wheels, particularly if there is ample water. Fig. I and 
Plate 4 show the arrangement. The head employed appears to 
vary from about 4 to 10 feet, and there is not much object in trying 
to obtain more. Due to the friction of the sides and the formation 
of waves and eddies in the verv fast-flowing stream of water, it 
will soon attain a maximum veiocitv which cannot be inaeased. 
Several of the Irish mills mentioned· by Fahy11 had troughs with 
closed ends in which a crude nozzle was bored. Some had wooden 
covers and some were covl'rc·d with slabs of stone. This leads to 
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Fig. 3· 
Horizontal Mill in Eretz Israel with Aruba Penstock. 

From a contemporary drawing by Shemuel Avitsur, T<'l :\\·iv. 

I I 
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thr thought that at any rate in some cases, the Irish were using 
pzpes instc>ad of troughs. Tht• vo1umc of water flowing through the> 
nozzle would be greatly a·stricted, with the result that the water 
would back up bchmd, and the consequent build-up in prcss•trc 
would give a mon· powt.·dul and etlicicnt jet. In theory there is no 
limit to the head which could nn'.': be employed efficiently, pro
vidl'd that the relative sizes of pipe, nuzzle and wheel ar~ correct. 
Ex<tctly as with a modern hyd:-o-dectric installation, the same 
al!lilt.Hlt uf pu>\'er ··ould bl' obtained by nsing less water with a 
gn ·, ·.tt-r head. 
· The same princip!,_ applies if a hollow water-tight tower is built 

adjacent w the mill ·.\ hl'd, and water is admitted from a stream 
at the top and dischan·~d through a circular nozzle on to the wheel 
at the bottPm. This becomes the "Aruba Pen~tock" of Israel as 
shown in Fig. 3 and cle;;cribcd in some detail by Avitsur. 12 Refer
ring to Fig. 3· the water is carried round the hillside from the 
stn·an1 and led along the channel "3" to the top of the vertical 
pipe '' 5''. There was no particular virtue in making the pipe 
vertical cxcrpt that it reduced the length and, when working in 
brick or stone, was reasonably easy to· cunstruct. The analogy of 
building a well above• ~(round would almost certainly suggc.st il;;clf 
in any country largely dependent upon wells for water supply in 
lllany place~. The water discharges f:om the nozzle "6" and turns 
tlll' \\'heel. \\lwn wat<·r is short the noz1:le can be replaced by a 
smaller one. The mill will develop less power, bnt can sti!l be used, 
grinding at a lower rate. 
· Having gi vcn a general description of the hm izontal wa tennill 
I \Yill go on to cle:J.l with its history·, and give n •ore detail of its 
occurrt·ncc in various countrit:s. 

1 HE HISTORICAL RACKGROV!\'D 

.Jt)lm B(·ckmann, writing his Histm·y of lnveutimrs towards the 
f'nd nf tlw 18th century, suggests that watcrmills were invented in 
Asia :\Iinnr during the rst century B.C. The evidence lS based upon 
an epigram written by Antipatcr of Thessalonica rejoicing because 
th\.' . .,L·rvant girls would no longer have to rise at dawn to 6Tfind the 
corn a5 the water nymphs would now do the work for them. Beck
mann also quotes a reference in Strabo to a "water-g1'i1zder" which 
wa~; included amongst the most treasured effects of 1\lithridates, 
king of Pontus, listed amongst the spoil after he was defeated by 
Pompey in 65 B.c. 13 Bennett and Elton in r8qg and Curwen in 
IQ44 have examined the evidence critically, and are satisfied that 
Antipatcr's mill was o! the horizontal and not the Vitru\'ian type. 14 

Not all historians agree with this theory. Parsons, after excavating 
a 5th-century overshot water-wheel in the Athenian Agora is firmly 

-------------------------------------------------------------------------



of the opinion that Antipat(•r was referring to a \'l;hed of this lJ"'pe, 
and not a horiz:1nta I mill. 1 :, Avi[sur supports those scho!ars who 
maintain that th(· writer of th<:' poenu was Antipah~·r of Sidon, not 
lhl'ssalonica, and thinks that \'('fV likdv tht~ mm to whkh he rdc:rs 
was in CtJpcr Gal ike and not in- Grc<:~<:·t·. H• 

(Jf rccent vear~ nmch more information about the hicaorv (.»( 
tcchnologv in (hina has bcc~lmc available, and mu ideas mav f-na\'e 
to be n·\·lst·d. Bennett and EltrCm rdcr to ti'h' usc of thil~ horhontal 
Inill in China, and Curwen ns more positin•: 

· ·c Inc would not be at all surprised if it \\'(•n· to hum <mt that tlH• 
:n\·•·ntion of tilt• \'(•rti.:al watermill origin.1h·d in the ingenious br;tilus 
,,f thv lhines<•." I~ 

Dr. ~eedham stat<~s th.tt horizon•:d watcr-\'rhcds were b('ing used 
to upc·ratc blowing <·ngmcs in iron works in Chhaa before the 
Chri~tian era, and Plate 3 shows such a contrivance, the date being 
C. 1.)13 :\.D. 1 ~> 

It is interesting to spl'cu!atc whethcr the horizontal water-whed 
was invented in China, and the design carried in the brain of some 
c·nt(·rprising tra<kr aim~~ the great ('ast-west tmdl~ route, to be 
'h-vl'lopt•d in Asia :\linor for " pnrpo.;;c quite different from that 
for which it was dt·signed. N~.:(.•dham has shown how the iron and 
~tt·<·l industries of China and th.~ \\'est b,TfCW up with techniquc·s 
which wc·n• qnit(• di~similar and ~his sup:gc•sts :hat, ('\'en i( tradf'fs 
passed from om· civilisation to the other, there was little, if any, 
interchange of tt>chnCJlogical idea~; two thousand y(:ars ago. t;ntil 
more evidence is available, I think that it is onlv reasonable to 
a:::.smne that tlwre was no connection between the Chinese develop
ment of the horizontal water-wheel, to relieve the drudgery of con
tinuously providing a supply of air for a blast furnace, and the 
inL!(·nions Grc<·k who dt•signed a machine which would enable the 
~<·rvant girls to dc·vote n10~e time to relaxation and less to monoton
ous \\'nrk. 

THE (;EQGRAPHICAL DISTRIRCTION 

I now propose to deal with the horizontal mill as it exists hl-'lr;~· 
or has been recorded in the past. It is difficult to follow any ln~i,.,AJ 
path, so I will start with the British Isles and then rangt• fartlHr 
ntkld, with my information in general becoming more ffi(•agn· w;UJ 
distance. 

SHETLAND 

T have already described a typical Shetland mill, and Plate 1 
sh. ,\'S the wheel ( "Tirl") and three dNC'lirt mills on one stream 



Plate 2. 

Alpine Mill. 
l<t··Prt·c'll'd ill tht· \In'''" ::-.:azi.,ualt· llPIIa St·it·uza Tl'nli,·a l.t•.,Jiard" da \'inci, :\Iilah. 

Nt·pro:iltct'd h\' pami~q,, of lilt' /'r,·sidc'lil, /Jutt. /11~. (~ui.f, l'cfili. 
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by a Horizontal Waterwheel, c. 1.~13 a.d. 

t' by pami~siun of l>r . .fnscpll .\',:cdlllllll, F.N.S., and Ill!' ,\',·,,·comt'll Society. 
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Plate 4· rRth Century French Horizontal Watermill. 

From 'Architaturt' Hvdmuliqllt"". b.\' .\1. Helidor, Paris, 1782. 
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placed one above the other so as to make the best use of the avail
able head. The mills were all similar in character, ancl it is remark
able how many were in use in the late r8th and early 19th centuries. 
Sir \\'alter Scott, who visited Shetland in r8r4 when he was a 
Commissioner of Northern Lights, says: 

''There are about soo such mills in Shetland, each capable of 
grinding more than a sack :?. t a time." 1 9 

The first reference to a Shetland mill quoted by Goudie is from 
Low's Tour through the Islands of Orkney and Shetland published 
in 1774. \Vhere there was a suitable stream every farm had its own 
mill, otherwise two or three might share. It was an accepted fact 
that many of the streams would be dry for several months in the 
year, and the mills would only be used during wet weather. There 
was never any attempt to build a mill-pond and store up a small 
tlow to enable the mill to be worked for a few hours only. Now, 
although some preservation work has been undertaken, there are 
no mills regularly at work. 

CAITHNESS AND THE WESTERN ISLES 

Hrre the picture is much the same as in Shetland, though poss-
ibly the mills were less numerous. Dr. Johnson noted in 1773: 

''There are water mills in Sky and Raasa; but where they are too 
far distant, the house-wives grind their oats with a quern, or !land
mill .. ,"!!o 

It is generally accepted that all these northern mills had flat-bladed 
''tirls' ', but :\Iacculloch, writing in 1819 gives the following dtscrip
tion of a mill: 

"The axis is about four feet long, working on any casual stone by 
an iron pivot -the only iron in the whole construction. Sixteen or 
eighteen rude sticks, scooped at their outer ends like a spoon, are 
driven horizontally into it, their flat sides being vertically placed 
to ra tch tht• str<~am dir('cted against them.''!!l 

This \\'heel must have been constructed very much like the Moycraig 
wheel of Ulster, as sho" :1 in Fig. 2 ( 3). Goudie also refers to a 
mill at Kirtomv, on the north coast of Sutherland, some 22 miles 
west of Thurso, which had "feathers" about 2! feet long. 

" ... concave in form, in order to g£>t the impulse of the water 
more ettectually. " 22 

This would indicate a whrel at 1rast five feet in diameter which is 
almost rcrtainlv excessive. Those found in Ireland seldom exceeded 
1 ft. o ins. We have no modern sketch or photograph of this type 
of \\'heel from the far north-west, but many of the flat bladed type. 
Ne\·rrthclcss it is interesting to note that the more advanced con
struction has been recorded. The mills appear to have fallen into 
disus(' earlier in Caithness and Sutherland than in Shetland and 
thc Hebrides. 
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The earliest reference to these mills of the far north which can, 
with reasonable certainty, be said to apply to horizontal mills is 
one of 1575 quoted by Goudie. This refers to a complaint by the 
inhabitants of Orkney and Shetland to the effect that Lord Robert 
Stewart had erected mills of his own, and was compelling the 
people to use his instead of their own "udal" mills. 23 

A mill described as the last of its kind in Orkney was taken 
over by the Office of Works in 1932. This is the Click Mill at 
Dounby, which has an unusual wheel with two set:; of flat blades, 
one above the other set in a boss about 2 ft. 6 ins. long. A short 
but interesting account is given by Stewart Cruden, Inspector of 
Ancient Monuments for Scotland. 24 

THE ISLE OF MAN 

Although there are only traces of one or two horizontal mills 
left in the Isle of Man, historical references go back further than 
thev do in the north. In Gibson's translation of Camden's Britannia, 
r7i2, Bishop Wilson says: 

'':\lany of the Rivers (or rather Rivulets) not having water sufficient 
to drive a mill,* the greatest part of the year; necessity has put 
upon them an invention of a cheap sort of mill, which, as it costs 
\·ery little, is no gre:tt loss though it stands six months in the year. 
The \Vater-wheel, about six foot Diameter. lies Horizontal, consist
ing of a great many hollow ladles, against which the water, brought 
down in a trough, strikes forcibly, and gives motion to the upper 
stone, which by a Beam and Iron is join'd to the centre of the water 
wheel.'':.!.-, 

The mills were becoming scarce by the beginning of the rgth 
century, and have only been mentioned once or twice by more 
recent writers. ::\Iegaw, who has made a critical examination of 
::\lanx place-names, produces some interesting evidence relating to 
the date of their introduction: 

''The Norsernt·n kn('w the horizontal mill as kvern (compare our 
'qtH·m'). somdimcs pn·f1xed by the descriptive word skvett, referring 
t(l tlw squirt of water projected against the paddlPs of the wheel 
through a wooden spout or trough. Many places in Norway are still 
l :lllecl aft<:r these old 1\vernar, exampl(>S of which arc used to this 
dav. 

:!'hat the same type of mill was in use in the Isle of Man in the 
rhys of its Xorse kings is prowd by the name Corna = (Kvern-a, 
'mill-river') bv which the Santanburn is recorded in the Cllronicon 
Manniac, and. this is still the name of the river in Kirk Maughold 
on whose lknks are the ruins of the horizontal m!ll we have described. 
The vallev of this river is named Kurnadal (i.e. Kvern-a dalr) in 
n runic i .l...;cription dating from the thirteenth century ... 

These Nors(' placC'-names prove that horizontal mills were well 
established in the island at least by L"le thirteenth century, when 
the Norse dominion ended. "2G 

" This t·vi<lt·nth· rdt•rs to the n·latively largt> vertical mill with which the 
Bishop won\(l be inore familiar. 
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IRELAND 

Numerous remains of horizontal mills have been found in Ireland 
and I have already referred to the Moycraig wheel which can still 
be seen in a state of good preservation in the Belfast Museum and 
Art Gallery. According to MacAdam, writing in 1856, it was dis
covered: 

''. . . a number of years ago, in the bog of Moycraig, within one 
mile of Moss side, on a farm now occupied by William Hamil, and 
which is comprised in the district called the Grange of Drumtullogh. 
The spot is low and flat, and no stream is at present visible near it. "27 

MacAdam's last sentence sets the pattern for a number of strange 
facts about the Irish mills, and I cannot avoid a feeling that through
out the ages the leprechauns dwelt amongst them and have done 
their artful best to make things difficult for modern archaeologists! 

Bennett and Elton quote a charming story about the intro-
duction of the mill to Ireland during the reign of king Cormac: 

''Among ancient legendary law of the Sister Isle are many traditions 
of early watermills, the first of them referring to the establishment 
of a mill at Tara by King Cormac in the third century. Cormac 
possessed among his various retainers a beautiful bondmaid, Ciarnad, 
\vhom the queen condemned to the impossible task of grinding 
by hand nine quarters of corn a day; this heavy toil being calculated 
not only to weary out the unfortunate maid, but to keep her safely 
employed in the bakery the whole day through. Cormac discovering 
the ruse, and immediately taking measures to circumvent her 
Majesty's intentions, despatched messf'n~ers across the sea to, as 
some say, Scotland, to bring back :::r.t< nanics who could build a 
watermill: and in due course the first mill ever erected in Ireland 
stood 'on the stream' of the Nith; and the baffled queen had no 
further excuse for compelling the fair Ciarnad to grind by hand." 

Unfortunately the accuracy of this story is a matter of considerable 
doubt as it was not written down until the IIth century, and the 
authors do not feel that it can be accepted as authentic. 28 

In recent years much work has been done on the Irish mills 
by Fahy and Lucas. Dealing with the origin of the mills, Fahy 
writes: 

"The earliest historical references to mills in Ireland occur in 
three of the annals - Four Masters, Ulster and Tighernach - where 
we find mention of Maelodran's mill under dates varying between 
647 and 651 A.D. 

He produces further evidence, all of which suggests that the 
horizontal mill \vas in use in Ireland from the 7th century. 29 

Of the mills excavated, most, if not all, appear to have had 
spoon-shaped blades. A characteristic feature is the amount of 
timber-work recovered, much of it well preserved in the bog. \Vheels 
are scarce: they could easily be moved, washed away in a flood 
or broken up for firewood. Several timber ''dams'', quite unlike 
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anything f9und in Shetland, have been examined. Lucas, describ
ing the dan;t of the Morett mill~ Co. Laoighis, excavated in 1952, 
states that It was: 

" ... shaped like a triangle with the apex cut off, the wider and 
open end to the north. It consisted of a wooden floor bounded by 
large beams ... to east and west. It was 476 em. (15 ft. 7 ins.) long, 
188 em. (6 ft . ..; ins.) wide at the north (upstream) end and 86 em. 
(2 ft. 10 ins.) wide at the south end."30 

The purpose of this "dam" was to lead water from the relatively 
broad headrace to the narrow chute. Reference to the sketch at 
the bottom right hand corner of Plate 4 "Plan d'un bout du Canal", 
will make this arrangement clear. 

I have already referred on p. 5 to the crude nozzles at the 
end of the chutes, and to the possibility that in some cases the 
chutes may have been covered and the water discharged through 
the nozzles under pressure. Here again the leprechauns have been 
at work. The .Mashanaglass "nozzle" was a rough round hole with 
a diagonal tapered crack at each side whkh hardly looks natural, 
but is impossible to explain if it is not. A flume from Kilkenny 
Castle has two orifices of a distinctly odd shape, one of which was 
apparently a hole, later broken away to form a slot. It would be 
reasonable to assume that the larger orifice was normally used 
and the smaller stopped up by a plug. When water was scarce the 
plug would be transferred to the larger hole. The flume at Knock
rour had a wooden lid and a single round nozzle. 31 At both Marett 
and Mashanaglass a considerable amount of timber-work, far more 
than was used in the Shetland rnilis, was found in the wheel
house floor. The J\forett mill was excavated from a bog which had 
been drained, possibly by more than one scheme, and Lucas can 
only hazard a suggestion as to where its water supply originally 
rame from. 32 

The l\Iashanaglass mill, silted up and overgrown, had for many 
years been regarded as a holy well with remarkable curative 
properties. The site was excavated by Fahy as a place of known 
historic interest when it was confirmed that the valley would be 
flooded in connection with a hydro-electric development, but no 
one suspected that belo·w the surface of a shallow well would be 
found the remains of a watermill abandoned more than two hundred 
years ago. 3 3 

Lucas quotes one further odd fact about the Irish mills: 
''It is an extraordinary fact that although mills of this type 

t·vervwhere attracted the attention of tourists and travellers, Goudie 
citing no less than seventeen separate notices of the Shetland ones 
alon(', apart from tl1e fev:: general statements already mentioned 
and some few to be cited later (in Lucas's paper) the writer knows 
of onlv a single nublished eyewitness description from Ireland. This 
is the- account given by KL "'~X. of two which were still working in 
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1906, both in the Ballyhaunis neighbourhood, one at the western 
end of Cullentra Lough in Co. Mayo, the other in the townland of 
Meeltraum (Denis Kelly) which is just across the border in Co. 
Roscommon. He further adds that such mills abounded in the 
region ... '':14 

The horizontal mill was an ancient and important feature of 
Irish life, and its construction was more scientificaUy developed 
than that of the Shetland mill. 

ScANDINAVIA AND THE FAROE IsLANDS 

The horizontal mill was used extensively in Norway and Sweden, 
and some are still working or have been preserved. The construc
tion is virtually identical with that of the Shetland mills. In 
Denmark there are none left as, according to Jesperson, they had 
become illegal by 1600.35 Williamson gives a delightful description 
of a mill working in the Faroe Islands in 1942, but is doubtful if 
wa termills were introduced there before the 18th century. 36 The 
frequent application of the title "Norse" or "Danish" to the 
horizontal mills found from Eire to Shetland implies that the mill 
must have come from Scandinavia, but until more information is 
a vail able this must still be a matter of conjecture. 

ENGLAND AND WALES 

Before leaving northern Europe I should, perhaps, say a word 
about the position in England and \Vales. We h1.ve no proof that 
the horizontal mill was not used in these countries-., but unfortun
ately we also have no proof that it was. The artists of the Middle 
Ages enjoyed drawing windmills and vertical (horizontal shaft) 
watcrmills which were a prominent feature of the landscape. An 
example is that shown in the Luttrell Psalter c. 1340. 37 Even if 
horizontal mills existed, they \vere small and inconspicuous and 
no one bothered to draw them. It is reasonable to ~mppose that 
many of the Saxon mills and possibly a number of those recorded 
in the Domesday Survey were little horizontal mills, but we cannot 
be sure. \Vith a manorial system which banned the use of querns 
(and the smaller horizontal mills were little more than water-driven 
qucrns) and strove to establish a manorial mill wherever there 
was power to drive it and a population to feed it, any "farm" mills 
must :r:.~ickly have been displaced. Perhaps one day a lucky 
archaeologist will discover the unmistakable remains of a horizontal 
mill in Bedfordshire, Sussex or Kent, and the vexed question will 
be answered once and for all! 

SOUTHERN AND CENTRAL EcROPE 

From the Atlantic coast of Portugal to the Black Sea the mill 
has been used in all districts for many centuries wherever there 
were swiftly flowing streams. Bennett and Elton, Curwen and other 



writers quote descriptions from travel books of the 18th and 19th 
centuries, illustrated with sketches and photographs of mills in 
Portugal, Spain, France, Roumania and Turkey. In museums in 
Munich and Milan, mills, taken from Alpine streams, have been 
re-erected and are arranged to run round, with water pouring down 
their chutes. The mill in the Leonardo da Vinci Museum in Milan 
is shown in Plate 2. \Vhat may well be the earliest drawing of a 
mill with a horizontal wheel is contained in a German manuscript 
in the Munich Library dated about r430. An artist's impression 
(by l\Ir. K. C. Reid) i:; given on the front cover of this booklet. 
It shows a whPPl af unu.mal design with four spokes and a vertical 
shatt. Above is a millstone and the far.1iliar hopper and spout. 
In the background a cas~le stands on· a hill down which a stream 
rushes to turn the mill. There is no suggestion of a chute. 38 

The horizontal mill as.;;.umed much greater importance in 
southern and central Europe (and in Asia Minor) than it did in 
the more northerly countries. Ma.nv of the wheels were larger and 
of more efficient design; they were cuntained in well built perman
ent structures, and sometimes two wheels and two pairs of stones 
were installed in one house. \Vater was supplied down an open 
chute or under pressure through a wooden nozzle. They would 
not be as efficient as an overshot or breast wheel, but they had 
the virtue of simplicity due to tile absence of gearing. The mills 
shown in Plates 4 and 5 can hardly be compared with the ~imple 
Shetland "farm" mill. 

Plate 4. taken from Belidor's "Architecture Hydraulique", 
1782, is an engineer's design of a mill as used in Provence and 
Dauphine. It is fed by an open chute with a tapered trough at the 
upper end similar to those found in Ireland. 3 !1 

I am most grateful to dona Matilde Lopez Serrano, Director of 
the Libr;1ry of the Royal Palace, Madrid, for permission to publish 
the illustration in Plate 5· This is copied from the original archi
tect's clra wing of the campania mill at the Monastery of the E~corial 
outside :\Iadrid, built by King Philip II. It was start,:!d in 1563 and 
completed in 1584. The drawing is undated, and was made by 
Fra nsisco de l\lora, who was assistant to Juan de Hcrrcm, the 
architect. There are a few notes on the drawing, but nothing to 
suggest that it was not a straightforward mi11 of a type with which 
the builders would be familiar. It will be noted that thf' water is 
admitted under pressure through a nozzle, (as with the Aruba 
Penstock) and the plan view, not reproduced, shows that two 
wlwcls and two pairs of stones were installed. The mill formed part 
of the domestic offices of the Monastery, including laundry, etc., 
and has onlv recently been demolished:10 

In the late 18th and early rgth centuries the French engineers 
devoted more and more research to the horizontal water-wheel. 
Le Comte de Lasterie, writing in 1823, gives a description and 
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illustration of a rice mill with a horizontal wheel having eight 
straight blades and apparently discharging the water through an 
annular space at the centre. He states that these wheels were in 
use in Valence and that similar wheels are found in Spain. 41 Belidor 
describes an installation at Toulouse with an illustration showing 
three horizontal water-wheels placed close together. The wheels are 
quite like those of a modern turbine designed to operate with a low 
head of water. They ran in enclosed chambers, a.nd the water was 
admitted at one side through an opening which was under pressure. 
There are points of similarity with the American "Tub-wheel" 
described on p. r6. -t:z In r822 Piobert and Tardy carried out 
efficiency tests upon some vertical shaft water-wheels, '13 and five 
yearc; later Benoit Fourneyron opened the gates to a new era with 
the invention of his vertical shaft outward-flow \Vater turbine. 4-1 

IsRAEL, CYPRUS AND CRETE 

A vitsur, whose description of the Aruba Penstock has been 
rrfcrred to on p. 7, has made a comprehensive study of the 
development of the horizontal mill in Eretz Israel and has carried 
his researches further afield. In the English summary of his thesis 
he states: 

"Springs whose flow increases in winter ... were put to use 
during the winter and early spring months. Thus in spite, or more 
pn·ciscly because, of the insufficient water supply in the land of 
Israd, ways and means were found of exploiting the available water 
under conditions and on a scale previously unknown and unrequired 
in any othn part of the world except perhaps our northern neigh
bours. 

The first mention of a water mill i5 found in a Talmudic source 
l,nown as Tosefta, where use on tJ1e Sabbath day is pwhibited. 
!he ..:arne passage is also quoted in the Jerus::rlem Talmud, which 
expl:dns th;J.t the prohibition was decided on following certain 
t·cmtn>\"t·rsies betwet~n the schools of Hillel and Sharnai. As these 
schools were in Pxistence before the destruction of the Second 
Tt·mpll' in 70 A.D., it means that the operation of wah·r mills accord· 
ing tt> Jewish law was under discussion no later than the early part 
of the First Century ... '' 

I-ll' considers that the cady mills were built in the stream beds, 
then the fall was increased by introducing the sloping chute with 
which we have become familiar, and finally the Aruba Penstock 
was introduced giving much greater efficiency and enabling useful 
power to be obtained from quite small flows of water using heads 
up to 25 or even 30 feet. 

The mill:. were used for fulling and the production of olive oil 
as well as for grinding corn. In rgoo there were about 200 water
mills at work in \\'estern Palestine, the numbers falling to 135 in 
1922, 55 in rg28 and 4 in 1950. The last mill ceased to operate 
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in 1955, but Avitsur is making strenuous efforts to have at least one 
preserved. 

The whc.el.s are larger in diameter than -:.nost of those we have 
considered. This is to be expected when a high head of water and 
small quantity are to be used to the best advantage. Some of the 
wheels had long wooden blades not unlike the "Balkan" type, 
Fig. 2(5), but most were as indicated in Fig. 2(6). The blades 
and inner and outer sr.rouds were of iron, most being bent to an 
angle of about go;) in a horizontal plane. Occasionally they were 
curved like the half section of a pipe. 4 > 

I believe that in Crete the development and use of the mill pro
ceeded upon parallel lines, 46 and I am told by Avitsur that there 
are still some horizontal mills working in Cyprus but that the form 
of the penstock and wheel differ from those of Israel. 

AsiA 
I have mentioned briefly the horizontal mill on the Mediterranean 

coast of Asia, but of its use throughout the vast continent from the 
Blark Sea to the Pacific coast I can say but little. Needham states 
that it was fi.rst used for furnace blowing, and later for corn grind
ing. Bennett and Elton and Curwen quote several travellers refer
ences to seeing the mill in China, and I have little doubt that tens, 
if not hundreds of thousands of these mills may still be found until 
the march of progress sweeps them away. 

THE C~ITED STATES OF AMERICA 

\\'ith a tremendous influx of population from Europe to 
Amcrice1. during the 18th and rgth century it wouid indeed be 
surprising if the horizontal mill had not bee11 used by settlers who 
were always short of manpower. 

Oliver Evans devotes some pages of his book "'!he Y'mng 
:\Iillwright and l\liller's Guide", r826, to the design and con
struction of "tub wheels". He first describes a vertical shaft mill, 
the construction being generally similar to that of the Shetland mill, 
but with three main points of difference. The wheel is surrounded by 
a :-~tationarv shroud ur ''tub''. The water discharges on to it from 
a closed pl~nstock giving an effect somewhat similar to that of the 
Aruba Penstock, but the flow is controlled by a sluice and the jet 
nf water is rectangular in cross section. The third point of difference 
is the- suggestion that in order to obtain more power two streams 
of water should be admitted at r8o 0 to one another. Evans gives 
a small scale sketch, but docs not amplify the latter proposal by 
showing in any d~tail how the two penstocks, one at each side of 
the wheel, should be constructed. 

He states that with a head of 8 feet the mill will drive a 5 ft. 
stnnr and although admitting the disadvantages of this typP of 
wheel, dne to low efficiency and power. he strongly advor;J.tes its 



Plate 5· Horizontal Mill for the Domestic Buildinats of the Monastery of El Escorial, Spain, c. 1580. 

Reproduced from 'Trazas de ]ua11 de HeTTera para el Monasterio de El Escorial' 
Plate XXXJ"/1, Patrimonio .Yacional, Riblioteca del Palacio. Madrid, 1944, by tile kind 

pe,zissimz of do1ia 1\-/atilde Lopez Serra11o, Director of the Library. 



Plate fl. 

Horizontal Mill, Gamkas Kloof, Nr. Calitzdorp, C.P., South Africa. 
Fr"11t Yi<·w .,f \li!l -.h"win.:.: llopp<·r kt·d nwchani'"'lll. .-\dju..;!ing :-<TP\\' (for dcaraucc 

l)(•l\\'1'1"11 ;.:rind -.t<llll"'"') ,.,h .. \\'11 1111 right attadl!'d to l"hain. 

l'hutor,raph by Nriau llarris, Cap,·tm,·u, 1959· 
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use in all cases when a head of at least 8 feet can be obtained and 
there is ample water. He points out the advantage of simplicity and 
low cost. Some tables of performance, calculated theoretically, are 
also included in this excellent and most informative book. 47 

Uehling, writing in 1954, gives a brief description and drawing 
of a tub wheel, indicating a form of construction and operation 
generally similar to that of Evans. He states that isolated wheels 
of this type were found in old mills at the end of the rgth century. 48 

There is also reference to a tub wheel in an article in the National 
Geographic Magazine of August 1936, together with a photograph 
which shows a very ramshackle timber building in Tennessee, with 
a \\'Cl~den chute leading down to the \\'heel. The wheel itself is not 
shm\·n and the author states that the mill is called a tub wheel 
because it will only· grind one tub of meal at a time. This is prob
ably incorrect as there can be little doubt that the name is in fact 
taken from the "tub" ,,·hich normally surrounded the wheel. ·19 

SouTH AFRICA 

Finally we pass from the northern to the southern hemisphere 
where I. at any rate, had never expected to learn that horizontal 
watennills almost indi~tinguishablc from those of Shetland were 
still, in I95~). busily at work. 

The first refcn·nce comes from Thomas Pringle, writing about 
r82o. He describes a farm called Elanus-Drift, in the valley of 
the River Tarka, about IJO miles from Port Elizabeth: 

" ... which was the residence of an old Dutch-African Boor (sic) 
nanwd \\'inzel Coetzer. 

After the folding of the cattle was over, my host sh•,1wed us his 
corn mill, which \\'as of •:ery small dimension~ and simi-"le construc
tion. The watcr-wlwd, which was driv~·n horizontally by the little 
canal of irrigation on its passage to the orchard was only auout 
five fel't in diamdt·r, and tlw millstones not more than two. A 
slender iron axlt· of whil h the lowc·r l'nd was f1xed in the horizontal 
water-whel'!, passing through a small hole in the centre of the nether 
milbtone, was mortised into the upp('r one, which by this n eans 
''.'as put in motion. The com was supplied by an orifice in the upper 
stone, and the flour conveyed by a little wooden spout into a leathern 
!Jag; and this was the whole machinery. I was informed that it would 
grind about a bushel of wheat in eight hours. "50 

In rgs8 Mr. Alan Telford of Johannesburg informed Miss Gardner 
that he understood that some mills were still working in Gamkas 
Kloof, Cape Province, sometimes known as (I die Hel". This is an 
isolated valley, difficult of access, in the Zwartburg mountains 
roughly half way between Elands-Drift and Capetown. The town 
of Prince Albert lies to the north, and Oudtshoorn - famous for 
its caves - to the south. \Vithin the valley there is an Afrikaner 
farming community whose way of life ha~ been largely untroubled 
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by the developments of modern civilisation. In July 1959 Mr. Brian 
Harris. .:t.n engineer (and fortunately also a mountaineer) from 
Capetov,'n trekked into Gamkas Kloof and ha~ sent the following 
description of the Mills: 

'' A{ter inspecting one or two of the wheels it was clear that there 
was no standard design nor any real effort at technical perfection. 
On the contrary, there is a large degre~ of improvisation. although 
basic principles are maintained. The grinding stones themselves arc 
the only items in the mechanism which are imported. They are 
specially made to order in Calitzdorp. {Ow: of the nearest towns.) 
Some are provided \nth radial grooves, and there seems to be no 
standardisation on this point. All the other bits and pieces are put 
together with material available in the Kloof." 

He goes on to say that there are five mills, three of which he 
saw, although one was temporarily out of commission. There was 
some difference in wheel construction, some being unshrouded as 
Fig. 2 (I) , and some shrouded as Fig. 2 ( 2). He photographed the 
wheel of Mr. \V. C. l\lostert, aged 72, who was born on the farm 
where he then lived and \\hose 92 year old father had just died. 
The latter came to the farm as a boy and the mill was there then. 
There can be little doubt that the horizontal mill has been a feature 
of Gamkas l{loof for over roo years and perhaps much longer. 

The description given by Harris (who had never seen or read 
about a Shetland mill) could almost be that of Dickinson and 
Straker. The wheel has an iron spindle and there is a wooden bush 
in the lower stone. The upper stone hangs freely on a "rbind" 
(Harris's description: "Rectangular locking plate recessed into 
upper grind stone. This is loose in slot") and the spout of the 
hopper is shaken by means of a \Vire rod projecting into the eye 
of the upper stone. A cam is arranged to strike the rod and vibrates 
the spout suffidently to feed one or two grains into the stones at 
each revolution. The bottom bearing is ftxcd to an adjustable beam 
(the ''sole trC;e'') which can be raised or lowered to give the correct 
gap bctv.-r·cn the ston<.'s. Plate 6 is a photograph by· Harris; this 
shows the almost primitive construction of the mill, and will help 
to explain the very condescending descriptions given by some early 
writers who rould hardly bring themselves to compare this simple 
contrivance with the big tlour mills which were prominent features 
of the countryside. 51 It will be noted that this mill has no "upper 
house", though in a very rough sketch of "A Mill in Gamkas 
Kloof" (undated) srnt to Mr. Telford by Mr. A. C. McCrindle a 
thatched roof is shown. 

According to Nir. Immelman, librarian to the University of 
Capetown, watermills were established in the western part of the 
Cape of Good Hope as early as the 17th century, but the usual 
difficulty arises in determining whether these were horizontal or 
vertical mills, and further research may enable the date of the 
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introduction of the horizontal mill and the European source from 
which it originated to be accurately agreed. The use of the "farm" 
(horizontal) mill in Cape Province within the last fifty years was, 
apparently, more widespread than I had suspected.52 Immelman 
attributes the continued use of the mill in Gamkas Kloof only to 
the isolation of the valley, but Harris states: 

"I do not thir..k that there is any danger of thf'"-e mills lapsing 
into disuse onre the new road is made into Gamkas Kloof and access 
to centralised bulk milling installations in Prince Albert is made 
c;-~sier. They claim that the flour produced on these mills is superior 
to any that is bulk produced, since there is apparently a tendency 
with the latter to overheat the finished product." 
It is surprising and checdng to find that, in a country as modern 

and progre~sive as South Africa, the horizontal mill is still being 
used, maintained and appreciated, and we can only hope that the 
mills of Gamkas Kloof will long continue to turn. 

THE ADVENT OF THE WATER TURBINE 
The progress of civilisation can be ganged almost entirely by 

man's success in harnc:;sing the forces of nature to do his work for 
him. Antipater's cheerful little epigram proclaimed the introduction 
of a new era, and though the rate of advance was at first slow, 
more and more use was steadily made of water power. In populous 
areas and for industrial purposes the vertical waterwheel, develop
ing greater power at a higher efficiency, soon drove out the little 
horizontal mills. Then came Fournevron's outward flow reaction 
turbine, soon to be followed by the designs of Francis, Thomson, 
Tonval, Girard, Kaplan and countless others. Nearly all the early 
turbines had horizontal wheel~ with vertical shafts, like the hori
zontal watermills, but the drive to the machinery was transmitted 
throngh bevel gears and belts. 

The vertical shaft Pelton '\-Vhecl is a comparative newcomer 
to the water turbine world and is an intC'resting rever~ion to the 
hasir prinriple of the earliest of the horizontal mills. The Pelton 
'Vhc•cl itsf'lf, a steel casting with its hng-f' "buckrts" ground to a 
mirror finish with great accuracy of profile, is secured to the bottom 
end of the shaft. Water nnder a high pressure flows through the 
nozzle and strikes the buckets as it did in the mill at the Escorial. 
In place of the upper grinclstone the rotating part of an electric 
generator is secured to the upper end of the shaft. It is interesting 
to reflect that whereas the wheel of Antioater did the work of one 
or two girls, each vertical shaft Pelton \\t'heel at Kemano in British 
Columbia has a wheel 13 ft. 6 ins. in diameter and does the work 
of I4o,ooo horses. The head is 2,500 feet and this one power station, 
working 24 hours per day, produces more energy than many 
millions of men. The \vatC'nnill with a horizontal wheel has come 
back into its own! 
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