ASFECTS OF THE USBE 0OF WATER FOWER DURING THE INDUSTRIAL
REVOLUTION

Stephen Hughes

The study of a densely developed industrial area  such as
Landore* inevitably unearths features not normally found  during
the examination of more rural water powered installations. It is
worthwhile attempting to put at least some of these apparently
unusual facets of an industrial water—economy 1nto  a wider
context.

1. Agueduct Bridges and Inverted Syphons

There were at least four agueduct bridges and one inverted
syphon in the Landore area used for power (for the gazetteer and
illustrations mentioned below, see felin 3, pp.43-57). The two
large masonry arches conveying the Trewyddfa Canal across the
Nant Rhyd-y-Filais ravine were of a type to be eypected. Une
bridged the stream itself, and the second crossed  an  early
railway incline predating the canal. fs well as carrying boats,
this canal fed compensation water to drive the pottery mills

complex at the mouth of Cwm Bwrlais - one of the forty-eight
water—-powered installations attached to the Swansea and Trewyddfa
Canal s=. These aqueducts looked like the ordinary mascnry
agqueducts on any other navigable canal, but were in fact the
first canal agueducts in  Britain to wuwse hydraulic lime
(impervious to, and capable of setting under water) rather than a
bulky and heavy infilling of puddling clay. The limestone came

from Aberafan in 1794-6 and was from a shallow deposit on  the
site of the present Fort Talbot Docks.

Alongside the two agueducts was an inverted syphon under the
canal which fed Landore Cornmill (Site 1), iLandore Water-wheel
Coal FPit (4) and ihe BGlamorganshire Fottery flint mill (18) with
water at a reasonably high level. The inverted syphon was a well
tried device much used by the Greeks and Romans to  carry water
ACrOSS declivities without expensive masonry agueducts or
significant loss of height of water in the channel. It had been
wsed in  that prodigy of early modern canal engineering, the
geventeenth-century Canal du Midi, so it was hardly an innovation
when used at Landore. There were many such features built under
Welsh canals to safeguard the supplies of pre- sting mills
whenever the new canals and the old leats intersected on  the
level.

A leat at a different level to a canal could be accommodated in
an aqueduct under the canal (such as the leat to Abertwrch
woollen mill at Ystalyfera, north of Landore, f{from the cumbined
tailrace of Melin Falleg and Burnos woollen ond tucking mills),
or over it. On the Zékm of the Swansea Canal there were three
such agueducts over the canal - to the Fforest Copperworks at
Morriston: from the Fontardawe woollen mill to the Frimrose Forge
and Tinplate Works; and from the Ynysmeudwy cornmill Lo the
Ynysmeudwy furze mill, pottery and brickworlks and subsequently to
the two waterwheels of the Bryn tinplate works.
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These facts from just on= valley in south Wales give an idea of
how widespread such water—-power agueduct bridges became as the
scale and intensity of the Industrial Revolution increas
However, such structures were already in use well before ‘canal-—
mania’ first brought trunk camals to Wales in the 1790s.

A third agueduct bridge at Landore was on the long contouwr leat
(site 10) to Flas-y-marl coal pits. Water was conveyed over the
ravine of the Nant-y-gwm-gelli by a timber agueduct bridge in the
later eighteenth century, prior to the building of the Trewyddfa
and Swansea Canals.

Most spectacular by far was the fourth, a large stone arched
aqueduct of at least five spans built in 1717 leading to the
Llangyvel ach copper, lead and silver works®, It was not unigque. A
‘"touwr ' records that the Tai-bach copper works near Aberafan,
opened in 1774, also had such a structwe. However, a development
in metallurgy during the third decade of the eighteenth century
rpsulted in the burgecning non—ferrous metal works switching from
large blast furnaces (which reguired a powered blast) to a
multitude of reverbatory furnaces (which needed no blast).
Ancillary stamping and crushing mills that continued in use, such
as those at Tai-bach, required a lesser degree of powsr.

Conversely, in the first two decade= 0f the nineteenth century
there was a huge increase in the number of large blast furnaces
in the new ironworks in the heads of the valleys area (the
‘Elaenau’) of south Wales, an area recently made accessible by
the construction of the trunk canals. The ironmasters there were
accumulating working capital as their trade developed, and were
aniious to make use of the cheapest available resources of pOwWer
to provide blast for what were then the largest iroffworks in  the
world and power for the dependent forges.

The iron forge that was to become the famous Brown-Lenox Works
near Fontypridd was powered by several water wheels fed by a
large agueduct: the water was caonveyed over the Tad Fawr in  a
timber trough supported on two large stone piers, The iromn  for
the forge came from the vast rew Crawshay Works at Cyfarthfa,
Merthyr Tydfil. This ironworks was being developed into *he
largest ironworks in  the werld by Watkin George, the local
engineering genius who rapidly became a full partner in the
venture and gave his name to Georgetown, part of Merthyr Tydfil.
The aqueduct which he built at Merthyr Tydfil must mark the
zenith of waterpower engineering in Wales.

2. The Great Aeolus Wheel and its Supply Agueducts
On  October Z24th, 17596, the industrial spy Bilbert Gilpin
reported from Merthyr Tydfil to his master William “Wilkinson of
the Bersham Ironworks thet
"vv.Crawshay’'s great wheel has been at work this day, & I am
told answers extremely well...’

Gilpin's subsequent concise report on Cyfarthfa Ironworks gives
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more details about the 'great wheel "4,

‘2 blast furnaces average about 40 tons [of ironl per week
each. 2 more are nearly completed. A water wheel to blow the
whole four is also erected. It is 50 feet high and nearly 7 wide.
Buckets of wrought iron 1/8 thick. Soals of woud. Shrouds of cast
iron. Arms part wood % part cast iron. Rings to receive the arms

-

¥ the shaft of cast iron. 2 iron cog wheels on the mainshaft each
22 feet dia. these drive 2 iron pinions esach 4 1/2 feet diar. in
whose iron shafts are fived 2 iron fly wheels % 4 cranks, which
work 4 bellows sach 44 inches dia”. No regulator. The gudgeouns of
the wheel are 12 inches dia-, & the whole weight resting upon
them is about 90 tons.' (See Fig.!, 2d)

The pre-existing arrangemenis are deecribed thus:

‘2 engines (old plan) work 2 furnaces % 6 firmeries. 7 hammers &
2 pair of rolls are worked by water also a boring mill.’ This
would have been fed from the original low-level leat from the
Taf Fawr, marked A on Fig.1l, Ze.

By July 1%th, 1797, the fourth furnace was ready, but the
contemporary water-power technology almost proved wnable to
cope™:

A fourth furnace is ready at Cyfartha. The large waterwheel
shaft at Cyfartha gave way by cracking across, but they have
secured it again by pieces of balk % stretching screws.’

When Walter Davies visited the works in 18072 they had abviously
ironed out such teething troubles, and he pould only gace in awe
at the great iron agueduct supplying the wheel®:

‘Cyfarthfa Ironworks - Mr. Crawshay proprietar - The Agueduct
bringg the Water of the Taaff to turn the Machinery hers 1s abt.
80 feet above the bed of the river at low water, and extends abt.
606 feet in  length. The Wheel called Eolus from its great
blowing power, workg. four bellows, which work so many furnaces,
is 30 ft in diameter, having a cogwheel on each side, which, by
means  of cranls, works up and down in four large cylinders into
which the air enters by means of valves: The air is then forced
by the four bellows into one commorn horizontal cylinderg; and
thence by means of smaller branches into the hearths of their
respective furnaces. '

He noted that this 50 hp wheel had cost £400 and  that Lhe
supply aqueduct was I 1/2 feet broad and 16 inches desp. Tiim
wheel was supplied by two troughs, one at the 'centre’ of the
wheel and the other ‘pitchback’, 20° before the summit ef  the
wheel .

Some of this description was amplified by Denjamin Heath Malkin
on his visit to this wonder in 1807 :

‘The machinery of this establishment is gigantics: and that part
of it, worked by water, among the most scientifically curious and
mechanically powerful to which modern improvemnent  has  giwven
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birth. The most remarkable piece of mechanism in Merthyr Tydvil
is the great water wheel made by Watkin George. Its diameter is
fifty Feet and it has the power of fifty horses. It has the
advantage of water from above, on its centre, and beneath it:; or,
in other words, it possesses all the forces of an overshot,
breast, and undershot wheel. 1 apprehend it to be the largest in

the kingdom. Watkin George and William Aubrey, were the two
principal’ engineers, and they are both natives of this country.
Watkin George in particular, who planned and executed this

immense undertaking, was a common village carpenter. Owing to his
success  in these mechanical inventions, he got forward by
degrees, and became at last so useful to Mr. Crawshay, as to
obtain a share in his works. He has lately guitted the concern
with from thirty to forty thousand pounds in his pocket.’

Abraham Rees (originally from Llanbrynmair) brought this
‘famous’' site to national notice in 180646 in an incstalment of his
monumental Cyclopedia®:

"At Merthyr there is a famous water—-wheel, made of cast-iron,
S0 feet diameter, at Mr. Crawshaw’'s [sicl works; the water being
conveyed thereto for a great distance in an iron agueduct.’

The illustrations (Fig.1l, Z2a-e,pp.32-3) show the enormity of
the structures involved. The original water feeder to the works
was conveyed by an open channel to the west of the Taf Fawr
(Fig.1, 2e - A). This was built in 1743-6 and was large enough to
carry small boats. By .17%24 & railway incline had been built
from the top to the bottom of the furnaces at Cyfarthfa® and an
iron trough agueduct was constructed to carry the feeder over it
(Fig.1, Ze — a). A railway was built from the Cyfarthfa Works to
the Gurnos limestone guarries between January and June, 1793,
with a bridge over the Taf Fawr'®, The bridge carried a low-level
water feeder from the Taf Fechan to the works in an  enclosed
trough below the railway track. This may have been the first iron
railway bridge and agueduct ever built, and it also acted as a
support to the great high-level aqueduct to the Aeolus wheel. The
bridge still survives, and is appropriately called Fontycafnau
(the Bridge of Troughs) (Fig.1, 2a & Zb),.

A bridge apparently cast from the same pattern was built to
carry a tramway over the Taf Fawr in front of the works by 1795,
and either this one or Fontycafnau was sketched in 1794 +for
William Reynolds at a time when he and Thomas Telford were
developing iron aqueducts for navigable canals, first at Longdon-
on=Tern and later at the spectacular Font-cysyllte. In about 1798
Twrner compiled his ‘Cyfarthfa’ sketchbook®?*; his sketch of the
agueduct is the basis for Fig.1l, 2d. The high-level aqueduct was
still functioning when the very finely engraved ‘Cyfarthfa and

Hirwaun’ monetary note was printed, but it had been replaced by
the time of the making of the 1B52 public health map. A new open
leat led to the large lake in Cyfarthfa Castle Fark, which was

both ornamental and a storage lake and still exists. Thence an
inverted syphon in a cast iron pipe led over the Taf Fawr next to
Fontycafnau (Fig.l, Z2Ze - D) and discharged inte the original
works feeder of 1765-6 (Fig.l, 2e - A).
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The cast iron pipe survives as do six of the huge furnaces at
Cyfarthfa. It was the construction of additional furnaces
(eventually there were seven in the same bank) that resulted in
the great Eolus wheel being replaced by a steam engine to
provide the blast in the early nineteenth century.

. Bont Fawr, Pontrhydyfen

Merthyr Tydfil was undoubtedly the iron metropolis of the world
in the early nineteenth century, but elsewhere in south Wales a
multitude of other ironworks continued to use more conventional
masonry agueduct bridges such as that earlier used to carry the
1717 agueduct feeding the Llangyvelach Copperworks (Landore). The
biggest of these is (and was) undoubtedly the Bont Fawr (Great
Bridge) at Pontrhydyfen which survives in use as a road bridge
(Fig.1, la-c).

This was built by John Reynolds, grandson of a celebrated
Bristol philanthropist. He had left the Carmarthen Tinplate Works
in 1822, together with FRobert Smith, in order to set up their own
concern at the Margam Tinplate Works. This used the water-powered
Avan Forge (built in 1717), and they added an Upper Forge at
Craigavon.

In 1824 John Reynolds left the partnership in order to build

his own ironworks at Oakwood, near Fontrhydyfent'=, It is
described in a promotional publication of 1879 as having I,000
acres of coal and iron fields established by "Messrs. Reynolds,

Brothers, men of considerable experience as Iron Masters in
Staffordshire’*=,

This publication on the works makes it clear that the great
water—feed agueduct bridge was built solely to supply power. ALl
the mineral holdings of the company were on the works side of the
valley, so a railway across the bridge {(as built later) would not
have been required until the mineral holdings acrass the wvalley
came under the same ownership as the blast furnaces; this
happened when the Cwmavon Works Company acqguired the Oakwood
Ironworks in 1841,

‘The bridge was started in 1B25, and finished in 1827. 457 +ft.
in length. 7S5 ft. high. 13 ft. in width, with four arches. There
was a canal along the bridge to carry water. The canal being 4

ft. wide and T ft. deep. On each side the path was I ft. in
width, for passage, with walls for safety’ *=.

A rather less dependable but fuller account of the works was
given in Samuel Lewis’ Topographical Dictiornary of 18IZ31%:

'Extensive ironworks have been erected, at a great expense, on
the property of C.R.M.Talbot, Esg., by John Reynolds, Esg., which
commenced operations in  the early part of 1831, but are at
present discontinued: they consist of two blast furnaces, capable
of vyielding one hundred and fifty tons of metal per weehk, to
which the blast is communicated by the force of a water wheel,
forty—five feet in diameter, with ten fe=t breast, and of ninety
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horse power, said to be the largest in Wales. The water is
brought to this wheel from the Avon by means of a magnificent
stone agueduct, primarily designed as a viaduct for a railway to

convey coal to the works: it is four hundred and fifty-siu feest
in 1length, and eighty feet high, and comprises four elliptical
arches, each of seventy feet span, composed of a strong grey
stone raised on the spot, the whole having been erected at an
expense of upwards of £7000. This noble structure, from its
romantic situation across a narrow precipitous valley among the
mountains, farms one of the most striking and interesting
features of the county, and well deserves the attention of the
tourist.’

There seems little doubt that the height of this agueduct
bridge was largely determined by the need to convey water from
the Afon Afan to a suitable height to turn this ‘largest water
wheel in Wales’'. However one must ask why it was necessary to
construct the leat on the opposite side of the Afan valley to the
ironworks (thus requiring a huge agueduct) when nearly all the
ironworks land was on the works side of the ravine. The ancwer
must be that all this land was designated for use in quarrying,
scouring and mining for iron ore. Indeed the main mining tunnel
at "Cwm  Evan bach’ was directly on the line of any possible
lightly engineered leat on the works side of the precipitous
valley. Thus there was not room on the precipitous hillside for
leats, railways and works structures. A similar system of leats
criss—crossing a river in a restricted valley site can still be
seen at Blynneath Gunpowder Works.

In 1838 T.E.Harrison gave his explanation +for the failure of
the massive scheme of water engineering at Fontrhydyfeni*®:

‘Messrs. Reynolds’ works are admitted on all hands to have been
executed with the greatest possible skillg a number of rcauses,
however, combined to prevent these gentlemen from ever receiving
any retwn for their wvast outlay, which the present Company [the
Oakwood Coal % Iron Company of 18781 will now reap the benefit of
to the fullecst extent.

' The causes assigned for the cessation of Messrs. Reynolds
warks, are such as can be shortly and satisfactorily reviewed.

: First.- Through some mistake of the artificer, the
construction of the water-wheel was, contrary to the plan laid
down by the designer therof, so, that after one of the furnaces
had been some time in blast, the main axle or shaft of the water-—
wheel gave way: and this cause (small as it may appear) Was
certainly the primary one of the retirement of Messrs. FReynolds
from the concern.’

The second reason given was that all the local coal veins were
on perpetual lease to the English Copper Company from wham John
Feynolds had to buy every ton of his coal s=supplies. A third
reason was that the landlord disputed the terms of the lease as
claimed by Messrs. Reynolds.

‘These causes combined led to the stoppage of Messrs. Reynolds'
worke, after an outlay upon them of nearly £100,000, "
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Howewver the English Copper Company, who leased all the local
coal beds, ceased working their Aberafan Works in the spring of
18783 the short-lived Oakwood Coal and Iron Company took over the
Feynolds® ironworks and associated iron mines, and were able to
negotiate the provision of a coal field sufficient to supply
their furnaces. The railway may have been built over the Bont
Fawr at this time, even though the estate owned by this company
was still largely to the south of the river.

Harrison's description of the broken wheel was as follows'”:
‘From examination it appears that the main shaft is broken
about five feet from the end, and that the bose of the wheel,
into which the arms are fixed, is also broken.’

He estimated that the repaired water wheesl would cost very
much less, than an efficient steam engine’, and the new
proprietors of the works costed this (perhaps optimistically) at
between £700 and £1,000 per annum.

The famous engineer William Brunton (of Eagle's Bush, near
Neath) was given the task of repairing the wheel: he reported on
February 15th, 18%%*® that in his opinion the wheel should be
capable of providing blast for two furnaces and a ‘finery’,

discharging 10,000 cubic feet of air at a pressure of 1= s
lbs/sqg.inch. The wheel would have to be dismantled and put back
together (with new shaft and gudgeons, bess, arms and shrouding),
because inadequate +temporary patching had strained the whole
structure. The blowing apparatus was in good order, but had
evidently never been adequately fastened to its bed, nor used to
its Fullest efficiency because the cranks allowed less than the
full length of available stroke: Brunton recommended wvarious
improvements and safety devices. The weir and leat needed only
slight cleaning and repair.

In addition to the leat over the Hont Fawr, huge leats led from
the Afon Afan directly under Bont Fawr to the wvast Cwmavon
tinplate and copper—-smelting works. The latter was set up by
Vigurs in 1B32-5, and tailrace water from the Oakwood Ironworks
fed into its leat. Oakwood was taken over by the management of
the Cwmavon Works in 1841: the Cwmavon Company furnaces passzed to
Baldwins Ltd. in 1902 and the associated coke ovens {and
presumably the furnaces) were closed in 1921,

Oral traditions at Fontrhydyfen state that the agueduct was
used to convey water to the ironworks at Oakwood, that a small
type of coracle boat was used on the waterway, and that later it
was used as a tramway from colliery levels nearby®®. Very small
boats were guite commonly used in the mines of south Wales, faor
instance at Blyncorrwg nearby=°, Along the leat above Bont Fawr
are the remains of several colliery levels which drained into it,
and the system at Fontrhydyfen may have been similar to that at
Cyfarthfa and Landore where small boats took coal directly fraom
the coalface to the nearby metal smelting works. If boats did use
Bont Fawr, it is the largest navigable aqueduct bridge built
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