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PREFACE.

I was engaged for seven years on the construction of
the Severn Tunmnel, and during this period many
visitors inspected the works. Mr. Bentley happened
on one occasion to come down from London, and, after
spending the best part of a day on the works, appeared
to be much interested by what he saw. Indeed, very
shortly after his return he wrote to me to ask that I
would place upon record some account of the construc-
tion of the Tunnel.

I was particularly occupied at the time I un-
wisely acceded to this request. Writing a book proved
to me a more arduous task than a year's superintend-
ence of the Tunnel itself.

I am reluctant to say anything about myself; but I
am told it is desirable to give some brief account of
my career.

v




viil

PREFACE.

Not being one of those fortunate individuals who
are said to be born with a silver spoon in their mouth,
I was forced to undertake responsible work in the
year of the Railway Mania (1845), before I reached
the age of seventeen, after a wery brief course of
instruction at King’s College. Both in that year
and 1846 I did considerable work on Parliamentary
Surveys. In 1847, Mr. Brassey was good emough
to give me a position on the North Staffordshire
Raslway, and I remained upon his staff for seven
years; the last two being spent upon his great
contract for the Grand Trunk Railway of Canada.
For a further seven years I remained in Canada,
constructing ratlways for the Governments of the
Lower Provinces, and I returned home, after an
absence of nine years, in 1861.

In 1863 I made some extensive surveys for rail-
ways in Russia. In 1864 and 1865, further surveys
and explorations in Egypt and the Soudan, passing
as far south as Metammeh, 100 miles north of
Khartoum. On my return to England in the spring
of 1865, I was offered and accepted the management
of the construction of the Metropolitan and Metro-
politan District Railways for the three firms who
had jointly undertaken the contract, namely, Messrs.
Peto and Betts, fohn Kelk, and Waring Brothers.
The construction of these lines from Edgware Road
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to the Mansion House I carried out successfully, and
they were completed on the 15t of fuly, 1871.
Shortly after this, I, in partnership with my brother,
the late Mr. Charles Walker, undertook the contract
Jor the extension of the East London Railway from
the end of Brunel's Thames Tunnel, under the London
Docks, through Wapping, Shadwell, and White-
chapel. Sir Fohn Hawkshaw was the engineer-in-
chief of this work, and I was fortunate in gaining
his good opinion, and carried out the works, I believe,
to his complete satisfaction ; and it was owing to
the confidence he reposed in me that he afterwards
intrusted to me the still more difficult work of con-
structing the Severn Tunnel.

Sub-aqueous tunnels have recently become quite the
Sashion.  One such experience as the Severn Tunnel,
© with its ever-varying and strangely contorted strata,
and the dangers from floods above and floods below,
has been sufficient for me. One sub-aqueous tunnel
15 quite enough for a lifetime.

Since these pages were commenced, I have had a
great pressure of work upon me.  Not only have I had
to carry on such large works as the Barry Dock
and Railways, and the Preston Dock, but I have also
been called upon to visit South America to start the
work of the Government Docks at Buenos Ayres, and
at home to begin the construction of the Manchester
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Ship Canal. Any oversight or clerical error which
may have escaped notice during the revision of
the proofs will under these circumstances, I trust,

recetve the indulgence of the reader.
T. 4. W.
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THE SEVERN TUNNEL:

ITS CONSTRUCTION AND DIFFICULTIES.

’

CHAPTER L

DESCRIPTION OF THE ESTUARY OF THE SEVERN, AND
THE COUNTRY IN THE IMMEDIATE NEIGHBOURHOOD
OF THE SEVERN TUNNEL.

THE River Severn, after a long course from its
source in Plynlimmon, widens out just below
Gloucester into a broad estuary, which has formed a
great obstacle to traffic passing between Bristol and
the South-West of England and South Wales.

The Severn, as a river, may be said to end at
Gloucester, at the point where the turnpike-road is
carried, by Telford's famous bridge of only 150 feet
$pan, over it, for almost directly below it opens into
a tidal estuary, which spreads out till, at the point
where the tunnel passes under it, it is 24 miles
wide. The tides in the Severn estuary are known
to be the highest in England or in Europe. They
are only surpassed in height by the tides which run

j



L I THE SEVERN TUNNEL.

n up the Kennebecasis River at the head of the Bay
severn.  of Fundy, in New Brunswick.

The great rise of this tide is caused by the
funnel-like shape of the estuary. The tide running
round the South of Ireland, and becoming impri-
soned between South Wales and the Cornish and
Devonshire coasts, as the width of the channel is
continually decreasing, mounts up to a great height,
till it reaches, at the mouth of the Wye, a height at
spring-tides, of 50 feet above low water.

About 26 miles below Gloucester, where the river
is 3,700 feet wide, it is crossed by an iron bridge,
constructed to carry the Severn and Wye Railway
over it, and so form a connection between Lydney
and the coalfields of the Forest of Dean on the
west bank, and the Midland Railway between Bir-
mingham and Bristol and the docks, at Sharpness
Point, which are situated directly below the bridge,
on the east. The bridge was opened on the 1g9th
October, 1879.

Before this date there had long been rivalry be-
tween the two schemes for a bridge or a tunnel.

The Great Western Railway Company had been
anxious to establish a more direct route between
Bristol and South Wales, and to avoid the heavy
gradients of the Stroud Valley between Gloucester
and Swindon. They obtained, many years ago, an Act
to construct a bridge over the river near Chepstow,
but the project had been abandoned; and they had
finally, in 1871, adopted Mr. Charles Richardson’s
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FLOODING OF THE WORKS. 3

plan for the tunnel under the river, which has since Description
been carried out. Severn.

The Midland Company had in the meantime
given some support to the bridge at Sharpness
Point. The two works had been commenced almost
simultaneously ; but when the bridge was ready for
opening, in October, 1879, the only work done at
the tunnel was the sinking of five shafts, and the
driving of about two miles of small heading.

Among the guests invited to the luncheon by
which the opening of the bridge was celebrated,
were Sir Daniel Gooch, the Chairman of the Great
Western Railway Company, and Mr. Charles
Richardson, the engineer under whose superin-
tendence the works of the tunnel were being carried
out. Sir Daniel, whose health was proposed at the
luncheon, in replying, gave the company present an
invitation to attend at the Severn Tunnel in about
six weeks, and walk through the headings, which
would then be completed. He said: ‘It will be
rather wet, and you had better bring your um-
brellas.’ Alas, he little knew how wet it was; for
Mr. Richardson, sitting near him and hearing these
words, had received an intimation, on his way to
attend the ceremony, that a great spring had been
tapped on the western side of the river, that the
pumps had been overpowered by the inrush of
the water, and that the whole of the work was
drowned.

To Sharpness a considerable number of ships are
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Savers.

';W towed up the estuary of the Severn, and docked at

Sharpness Point, from which place there is a ship
canal, known as the Berkeley Canal, to Glou-
cester.

Below Sharpness the estuary of the Severn con-
tinues to exhibit the same features—a waste of sand
at low water and a broad channel of dirty water at
high tide. The banks are generally low till we reach
Aust Cliff, where the east bank rises to about 100 feet.
This cliff shows the geological strata in a very dis-
tinct manner, the lower part being of the new red
sandstone and the upper part lias. The cliff is
famous for the number and beauty of the fossils
which are obtained from the lias beds.

On the opposite side of the river there is a small
island, on which are the ruins of the Chapel of St.
Tecla; and here was one of the ferries by which,
in the old days, general traffic between Bristol and
South Wales was conveyed across the river. This
is known as ‘Old Passage ;' and immediately below
the river Wyé runs into the Severn, about two miles
from the town of Chepstow.

Chepstow, which contains about 3,000-inhabitants, -
is a picturesque town, with part of the old walls still
remaining, as well as the ruins of the castle.

It is a favourite resort for tourists intending to
visit the Wye Valley and Tintern Abbey, the latter
being about 44 miles to the north-west.

The tide rises at Chepstow Bridge to the height
of 50feet, and runs up the river Wye at high spring-
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DESCRIPTION OF THE ESTUARY. 5

tides for a distance of nearly 20 miles, measured Desription
along the windin_g course of the stream. fSevera.

At the point where the Wye joins the Severn the
estuary becomes at once two miles wide, and there
is a depth of 70 feet at low water in the deep
water-channel known as the Shoots ; and about two
miles below the Old Passage are the piers, built by
the Bristol and South Wales Union Railway Com-
pany, where passengers travelling by the trains from
Bristol to South Wales used to cross the river by
steamboats. This railway and the piers are the
property of the Great Western Railway Company,
and, considering the difficulties encountered in the
passage, a very considerable traffic was carried by
the steamboats. Immediately alongside the pre-
sent piers are the remains of the old wharves and
roads by which the coach passengers in the old days
were brought over the beach and put on board the
ferry barges.

Fifty years ago this was the only route by which
travellers from Bristol or Bath could reach South
Wales, except by sea.

About half a mile below the ‘ Black Rock Pier,’
on the western side of the river, on a point of land
which has been saved to a great extent from the
wasting influences of the sea by the hardness of .the
strata of which it is gomposed, are the remains of a
Roman camp. Rather more than half the camp
has been washed away by the waves, but the two
sides which remain are still very perfect. Some

L3
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\ !q;?mm antiquaries have questioned whether it were a
Severn.

British, Roman, or even Danish camp, but a careful
consideration leaves no possibility of doubt that it
was a Roman camp.

The two sides that remain are at right angles to
each other, and the camp was probably a square, two
sides facing to the river, and the other two to the land.

In the ditch of the camp was built, in early
Norman times, a small church, the ruins of which are
now known as Sudbrook Chapel, Sudbrook having
been a parish itself up to about 200 years ago, when
the population having almost entirely deserted it,
it was joined to the neighbouring parish of Port-
skewett.

The point chosen for commencing the works of
the Severn Tunnel is within about 100 yards of this
Roman camp, on the north side of it.

To the south of the camp the inroads of the sea
have made marked progress during the last century.

More than 2 miles from the shore is a small
island, known as ‘The Denny,’ on which it is
reported that, within a hundred years, a fox, followed
from the mainland, was killed. It is still possible, -
at low water of the spring-tides, to walk to the
Denny and return in the same tide, but the journey
is not unattended with danger.

Opposite the Roman camp, at a distance of about
5 miles, are the new docks at Avonmouth, and the
King’s Road, where ships, waiting to enter Portishead
or Avonmouth or Bristol docks, lie at anchor.
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Rather more to the south, at a distance of about Description
7 miles, is the dark headland of Portishead, with the ®evern.
docks atits foot. On a clear day, a long strip of the
coast in the direction of Weston-super-Mare is to
be seen, and at times the island known as the
¢ Steep Holm,’ lying below Cardiff, also.

The sea-wall which protected the meadows south-
west of the camp has been entirely destroyed for a
distance of many miles, and the wasting of the land
still continues.

In consequence of the destruction of the sea-wall,
the equinoctial spring-tides flow over a vast extent
of meadow-land, and on one occasion, as we shall
afterwards have to relate, the water passed over the
whole of the meadows to a depth of more than
5 feet.

From the Roman camp at Sudbrook there can
still be traced the remains of a Roman road, running
nearly north-west, to intersect the main road, which
passed through Chepstow in the direction of
Caerleon.

At rather less than a mile from the camp is the
village of Portskewett, beautifully situated, but ex-
hibiting signs of neglect with its ugly, squalid and
dirty cottages and farmyards ; and above the village
rises Portskewett Hill, where the mountain lime-
stone has been upheaved.

The Roman road from the camp continues its
course till it intersects the main road at the hamlet
of Crick, about 1 mile to the west of which is the



8

THE SEVERN TUNNEL.

Piectiption  present village of Caerwent, once the famous Roman

Severn.

station, ¢ Venta Silurum.” The Roman walls remain
in fair preservation, and it is believed that when
this station was held by the Roman Legions, the
tide from the Severn flowed up to the base of the
southern wall, and that the rings to which the boats
were moored still remain.

Where these tides flowed is now a rough piece
of marsh-land, through which the little river Neddern
passes to join the Severn.

The whole of the ground in the marsh is rotten,
and before the tunnel was commenced there were
enormous springs of bright, clear water rising up in
several places.

At about 2 miles farther north than Caerwent, the
hills of Wentwood are met with, with ‘ Grey Hill’
standing in the foreground. The first spurs of the
hills fronting the valley are composed of mountain
limestone, the higher parts about Shirenewton of
the old red sandstone.

On the east side of -the Severn, and for some
little distance on the western side, the new red
sandstone formation is found in nearly horizontal
beds. The first disturbance of this takes place
behind Portskewett village, where the mountain
limestone has been upheaved and the new red
formation denuded. A mile farther up the same
limestone has been upheaved between Caldicot
and Caerwent, and from there to the base of the
hills the strata have been much broken, and the
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consequence has been that all the water from the Description
hills, both from the mountain limestone and the old Severn.
red sandstone, has found subterranean channels

through this broken ground, and, before the tunnel

was commenced, flowed out in the valley of the
Neddern, and formed the great springs which have

been before mentioned.

The Neddern, rising as a small brook in the
hills above Llanvair Discoed, sometimes lost the
whole of its water in the dry season near the
foot of the hills, bursting out again near Caerwent
at a point called by the natives ¢ The Whirly
Holes.’

When the tunnel was being made and a fissure
was unfortunately tapped in the rock between
Sudbrook camp and Portskewett village, all these
underground channels poured their water into the
tunnel itself, and almost every well and spring, and
the little river itself for a distance of more than
5 miles from the tunnel, became dry.

The little river in its course to the sea from Caer-
went, passes the village of Caldicot, much the largest
village in the neighbourhood, with its picturesque
church, the rector of which, the Rev. E. Turberville
Williams, took a most genial interest in all our
works ; and just below the village are the ruins of
Caldicot Castle.

Below the Castle, where the Neddern enters the
estuary of the Severn, were Caldicot Wire Works,
recently converted into tin-plate works, which gave
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Desription employment to a number of people. The place is

BSevern.

known as ‘ Caldicot Pyll.’

It is rather a puzzle to an ordinary Englishman to
find every little stream where it enters the sea or a
greater river, in this district, called ¢ Pyll ;' and again
to find the same word used all round Glastonbury
and applied to the drains in the marshes there.
The word in the Welsh is ‘ Pwll,’ and corresponds
to the English ‘ Pool,” though we seem slightly to
have altered the original signification.

This description of the Severn e:s.tuary and the
country immediately adjoining the tunnel may be
found useful in understanding the history of the
work itself, and explaining many of the difficulties
that were encountered when the works were being

carried out.










CHAPTER II

'THE EARLY HISTORY OF THE UNDERTAKING.

IT has already been stated that the Great Western Early history
Railway Company had for many years been anxious takiug.
to obtain a better access to South Wales. em
Their main line at first ran from London to
Bristol. From this, in 1838, wishing to acquire the
traffic from Gloucester to London, and probably
fearing that any attempt to obtain powers from Par-
liament to bridge the Severn below that point would
be defeated, they constructed the line passing by
Kemble and Stroud to Gloucester. At Gloucester
the South Wales Railway joined them.
The line through the Stroud Valley has very
heavy gradients and many sharp curves.
Many schemes have been set on foot to avoid
these curves and gradients, and the Bristol and
South Wales Union Railway, with its ferry from
New Passage to Portskewett, is one of them; but
this line was only a single line, with one gradient of
I in 60, and the fatal drawback of the steamboat-
ferry.
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In November, 1871, Mr. Charles Richardson de-
posited plans in.Parliament for the Severn Tunnel.
He soon afterwards obtained the assistance of Sir
John ‘Hawkshaw, who agreed to act as consulting
engineer, and the scheme being taken up by the
Great Western Railway Company, was carried

“through Parliament, and an Act for the construction

of the tunnel obtained in 1872.

The Great Western Railway Company lost no
time in commencing the works, which they did ealfly
in 1873. '

In order to test the strata, they sunk and lined
with brickwork, on the Monmouthshire or west side
of the Severn, a shaft 15 feet in diameter to a depth
of about 200 feet ; and from this they commenced to
drive a heading eastwards under the river.

The hedding had a rise from the bottom of the
shaft of 1 in 500, and was driven at the level
necessary to drain the lowest point of the intended
tunnel under the deep-water channel of the river.

When the works were commenced, the parish of
Portskewett, in which they were situated, was a
purely agricultural parish, with a population of men,
women, and children, of 260. No buildings what-
ever existed near the site of the shaft, the nearest
being a farmhouse, known as Sudbrook or South-
brook Farm, with two cottages, and at a slightly
greater distance along the river-bank an inn, known
as the ‘Black Rock Hotel’ with three or four
cottages occupied by the inspector of the steam-
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COTTAGES FOR WORKMEN. 13

boat pier, and other railway servants. A footpath ll-rg.hmory
along the bank of the river led from the nearest
public road, and from this inn to the site of the shaft.

Before commencing the works it was necessary to
make some provision for the men who would be em-
ployed there. For this purpose land, to a small ex-
tent, was purchased by the Great Western Railway
Company near the shaft, and upon it were built six
cottages and a small office.

1877.

A single line of railway, or tramway, was laid from
"Portskewett Station to the shaft on land leased from
the tenant of Southbrook Farm. Over this the
winding engines, pumping engines, bricks, timber,
and other materials were brought to the shaft, and
six other cottages were built upon land belonging to
the Great Western Railway Company, near the
Bristol and South Wales Union line, between
Portskewett Station and Portskewett Pier.

The progress made with so small a provision was
necessarily slow, and in August, 1877, after four and
a half years’ work, all that had been done consisted
of the sinking of the one shaft, afterwards known as
the ¢Old Shaft,” and the driving of about 1,600
yards of 7-feet square heading under the river. A
second shaft had been commenced, in which it was
intended to fix the permanent pumps to drain the
tunnel. This shaft in August was about half sunk,
but not lined.

At this date the Directors decided that they would
let the contract for the works, and advertisements
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Barly nistory asking for tenders were published. Only three

taking.

1877.

tenders were received, one of which was from my-
self. Sir John Hawkshaw, acting as consulting
engineer, advised the Directors to accept the tender
I then made ; but, after considerable discussion, they
being of the opinion that too great an amount had
been estimated for contingencies, decided not to let
the contract until they had further proved the
ground, and, in fact, till they had driven a heading
through the whole length of the tunnel.

They then entered into two small contracts, one
with Mr. Oliver Norris, of New Passage, to sink a
shaft on the Gloucestershire side of the river, and to
drive headings east and west from that shaft ; and
another with Mr. Rowland Brotherhood, to sink two
shafts, known as the ‘Marsh Shaft’ and the ¢ Hill
Shaft, and to drive headings both ways from these
shafts. The Company continued to carry on the
heading under the river themselves, and they also at
a later period agreed with Mr. Norris to drive from
the original or old pit 7-feet headings, westwards
towards the Marsh Pit, and eastwards on the forma-
tion level of the tunnel under the river.

The Company also completed the pumping-shaft
which they had commenced in 1877. This shaft
they tubbed with iron, erected an engine-house over
it, and in this fixed two Bull-engines, each with a
so-inch cylinder and 1o-feet stroke, and each work-
ing a 26-inch plunger-pump.

The iron tubbing of the shaft did not reach quite
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THE PUMPING SHAFT. 15

to the bottom, 10 feet being lined with brickwork Early nistory
of the under-

below the tubbing.
This brickwork carried four wrought-iron girders,

—

1879.

on which the pole-cases of the 26-inch plunger-pumps
were fixed. There was a small iron door 2 feet
square in the iron tubbing of the shaft opening out-
wards, through which access could be obtained to a
cross-heading leading to the main heading from the
bottom of the Old Pit, and in the brickwork between
two of the wrought-iron girders was fixed a sluice by
'closing which water could be excluded from the pit,
or admitted by opening it.

The girders when fixed proved too weak for the
work they had to do, and an ordinary cast-iron pipe
15 inches in diameter was placed under one of the
girders as a column. This pipe had, of course, a
large flange at the top which afterwards proved a
serious obstacle in the way of fixing other pumps.

The valve, by which the quantity of water to be
admitted to the pit was regulated, instead of being
actuated by long rods brought up above the highest
level of the water, was fitted with an ingenious (?)
apparatus by which it was intended to shut or open
it by turning on the pressure of water obtained from
a spring behind the iron tubbing about 100 feet
above the valve. When the shaft was full of water
the action of this arrangement was most uncertain,
and was the cause of much of the difficulty en-
countered in clearing the tunnel of water.

In the manner above described the work was pro-
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Barly nistory ceeded with till the 18th October, 1879, at which

king
1879,

time a considerable length of heading had been
driven under the land from the three additional
shafts which had been sunk, and the heading under
the river had been so far advanced that only about
130 yards intervened between the heading being
driven from the Gloucestershire shaft, known as the
*Sea-Wall Shaft, and the main heading from the
Old Pit on the Monmouthshire side.

None of these headings, up to the 17th October,
had given any large quantity of water.

There were fixed at the Hill Pit two 15-inch
plunger-pumps ; at the Marsh Pit and the Sea-Wall
Pit, each two 15-inch plunger-pumps. In the Old
Pit there was an 18-inch plunger-pump worked by
a 41-inch Cornish beam-engine ; and in the Iron Pit
adjoining were the two 26-inch plunger-pumps, each
worked by a 5o-inch Bull-engine.

But on the 18th October, 1879, in the heading
then being driven westwards from the OIld Pit, a
large body of water was tapped, which, although
efforts were made to dam it out by timber placed
across the heading, poured into the workings in such
a volume, that in twenty-four hours the whole of the
workings which were in connection with the Old
Pit were full up to the level of the tide-water in the
river. Fortunately no lives were lost, the men being
warned as they were changing shifts in the long
heading, and being able to escape by the Iron Pit
with only a wetting.
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To understand the difficulty of their escape, it Early nistory
of the under-

must be understood that the heading into which the taking.
water broke was 40 feet above the heading under ™
the river, and the water falling from the westward
heading made a sheer leap of 40 feet down the Old

Pit and cut off all escape by it ; the men had there-

fore to pass through the small iron door into the

Iron Pit to effect their escape.

It was a melancholy result of nearly seven years’
work, and no doubt those in authority no longer under-
valued the contingencies of such a work, which they
had thought had been over-estimated by the con-
tractors two years before.

The Directors then called in Sir John Hawkshaw.
who up to this time had been consulting engineer,
and asked him to take full charge of the works as
chief engineer, and carry them on as he thought best
himself.

Sir John Hawkshaw agreed to take charge only
on the condition that they would allow him to let the
works to some one in whom he could have confi-
dence ; and on their consenting to this condition, he
did me the honour to send for me, and asked me if
I were still willing to enter into a contract.

Even after this irruption of the water under the
land (water which it was well known was perfectly
fresh and sweet), no one seemed to be fully alive to
the fact that the greatest dangers and difficulties
were to be found there, but everyone still thought
the danger lay in the construction of the tunnel
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Easly bistary under the deepest part of the river. Sir Johnhad to

king
1879.

explain to me that the Directors had determined, in
the first place, to complete the tunnel under what
was known as the ‘Shoots’ (that is, the low-water
channel of the river), before proceeding further with
the tunnel under the land, and he asked me to give
him a price for executing that part of the work
only.

After a little consideration, I declined to do this,
but offered to carry out the works on the tender I
had made in 1877, executing the work under the
‘Shoots’ first, if he thought that advisable. I gave
to him then all the details of the tender I had made
in 1877. The Directors accepted the tender, with
certain modifications necessary in consequence of the
lapse of time and the work that had been done, and
the contract was entered into.with me, and the works
handed over to me on the 18th December, 1879.

Nothing could be more desolate than the appear-
ance of the works at this time. There were, as I have
stated, near the main shaft only six cottages and a
small office, the necessary boiler-houses and engine-
houses, a small carpenter’s shop, a fitter's shop, a
blacksmith’s shop, and two #w buildings or sheds
used as cottages also. The tramway which had been
originally laid to Portskewett Station had been
pulled up, and in lieu of it another tramway had
been laid, following (on the surface of the ground) the
centre line of the tunnel itself from the Old Shaft to
the Marsh Pit, and joining the Great Western Rail-
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way a mile west of Portskewett Station at Caldicot Early nistory
Pyll. The engines at the main shaft stood idle, the ofth:ndor-
boilers were out of steam, most of the men who had 1™
been employed had left in search of other work, and
the water in the shaft was standing up to the level
of high water in the Severn.

The pumping-engines at Sea-Wall, Marsh, and
Hill Pits were still at work, as the working of those
pits had been in the hands of Mr. Norris and Mr.
Brotherhood ; but no work was being done below,
orders having been given to these gentlemen to sus-
pend their operations.

The pumps were able to keep the Hill Pit dry, but
were not sufficiently powerful to drain either of the
dipping headings from the Marsh or Sea-Wall Shafts
while the main shaft and heading were full of water.

Immediatelyafter the irruption of the Great Spring,
and before the contract was let to me, the Great
Western Railway Company, under Sir John Hawk-
shaw’s advice, had ordered two additional pumping-
engines with large pumps to contend with the extra
volume of water. The one was a Cornish beam-
engine with a 75-inch cylinder, intended to work
either a 38-inch bucket-pump or a 37-inch plunger-
pump. The other was a 7o-inch cylinder beam-
engine, to work two 28-inch bucket-pumps.

It may be as well here, as this is intended to
be a popular account, and not written for professional
readers, to state the difference between bucket and
plunger pumps.
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The bucket-pump is simply the ordinary lift-pump
used all over the country, with a bottom valve fixed
as near as possible down to the level from which
the water is to be pumped, and with large rods
running down the centre of the pump attached to the
bucket-valve which works up and down the length
called the working barrel, the bucket-valve opening
as the pump-rods descend, and allowing the water
to pass to the upper side of the bucket; while the
valves of the bucket close when the engine makes
the upward stroke, and the valve at the bottom
opening allows the water to enter, and to follow the
bucket in its ascent.

The plunger-pump is a force-pump; the pump-
barrel, or rising-main, has no rods inside it, but
near the bottom is connected by a casting called
the ‘H-piece, with a separate closed cast-iron
cylinder known as the ‘pole case.” There are two
valves as in the bucket-pump, but they are both
fixtures.

The top and bottom of the pole-case are closed,
but the plunger at the lower end of the pump-rods
works through a stuffing-box on the top of the
pole-case, and when the rods are drawn upwards
the bottom valve opens while the top one is held
closed by the column of water above it, and the
atmospheric pressure drives the water through the
bottom valve into the pole-case. On the return-
stroke of the engine the pump-rods descending close
the bottom valve and force the water through the
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¢ H-piece,’ and the top valve up the main column of Barly history
the pump and out to the required level. taking.

The plunger is much the better pump for continuous ~ **™

work, as any slight wear there may be upon the pole
itself is easily made good by packing the stuffing-
box, while the faces of the buckets in the bucket-
pumps are continually wearing by friction against
the sides of the working barrel. (The drawings of
the large pumps and engines at Sudbrook, given at
the end of this volume, will show the difference
between the bucket and the plunger-pump.) Of
course we should have preferred that all the
pumps should have been plungers, but itis necessary
in fixing a plunger-pump to get to the bottom of the
pump to fix the pole-case as well as the bottom
of the rising main securely, and after it is at work to
pack the stuffing-boxes. It was impossible to put
down plunger-pumps while the shafts were full of
water, and it was for this reason that, in the first
place, bucket-pumps were adopted and ordered.

The engines for working the pumps were of two
sorts, beam-engines and Bull-engines—the latter
being so called after the inventor. Both engines
take steam only at one end of the cylinder.

The beam-engine takes steam only above the
piston. The pressure of the steam when admitted
forces down the piston, pulls down the inner end
of the beam to the full extent of the stroke, raising
the outer end of the beam which carries the pump-
rods, and thus making the up-stroke of the pump.
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Bty mistory When it has reached the top, the weight of the
taking.  pbump-rods (assisted, if necessary, by weights placed
7 on the inner end of the beam) makes the down-

stroke without using steam.

In the 75-inch engine, working a 35-inch bucket-
pump, the weight of the wrought-iron beam was
nearly 23 tons, and the weight of the pump-rods
was nearly 12 tons. The engine could run eleven
strokes per minute, raising 376 gallons of water
173 feet high at each stroke. Steam was admitted
to the cylinder at 45 lbs. pressure. The vacuum
was about 133 lbs. Steam was cut off at less than
one-third of the stroke. The engine worked best at
about eight strokes per minute, giving 3,000 gallons
raised in that time.

The Bull-engine takes steam only below the
piston, the pump-rods being attached to and working
in a direct line from the piston-rod. Steam being
admitted below the piston, the pump-rods are
raised by a direct lift. Their weight, which must
be greater than the column of water, makes the
return-stroke without steam. The Bull engine is
the most compact-looking, but does not work so
cconomically as the beam. The heavy beam itself,
being once set in motion by steam, acts as an
accumulator, allowing steam to be used more ex-
pansively than is possible in the Bull-engine.

In the 50-inch Bulls, steam was admitted at 45 Ibs.
pressure, and cut off at one-third of the stroke.
The pump-rods weighed about 5% tons, and the
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weight of the plunger and balance-weights was Eazly history
about 18 tons. The pumps worked best at eight takizg.
strokes, raising 231 gallons per stroke each, but could 1™
be run up to thirteen strokes per minute.

The contract contained a general description of
the work, stating that the tunnel would be 7,942
yards in length, or just over 4} miles; that the
total length of the railway included in the contract
was 7 miles 5 furlongs; that the work under the
,deepest part of the river, known as the ‘Shoots,’
for a length of 660 yards, should be proceeded
with before the other work was commenced, unless
the engineer-in-chief should otherwise order. The
contract then stated that certain drawings were
signed as forming part of the contract; that the
engineer had power to substitute other drawings and
make any alteration that he thought necessary during
the progress of the works ; and it was provided that
if any alterations were made, additions to or deduc-
tions from the contract sum should be made by the
engineer to compensate for these alterations.

The work that had been done by the Company
was then set forth in the contract, and the pumps
and other plant already provided or ordered by
them was also set forth in detail; and it was ar-
ranged that payment should be made for the use of
this plant by the contractor.

The usual clauses were inserted as to the power
of the engineer over the works, as to.progress and
other matters.

I
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mg’hlmry The Company agreed to furnish all the land re-

mo.

quired permanently for the works; the contractor
undertook to provide all that was required for tem-
porary purposes.

The contractor was made responsible for the
setting out of the works, for the lines and levels ; and
the Company, on their part, agreed to the usual
terms for payment monthly as the works proceeded.

The open cuttings at both ends of the tunnel
were to be surrounded by embankments several feet
above the level of the highest recorded tide, so that
the most extreme high tide should not, when it
flooded the meadows, run down the open cuttings
and drown the tunnel.

The tunnel was specified to be lined with brick-
work, three bricks or 2 feet 3 inches thick, but only
half the tunnel was to have an invert. The brick-
work was to be of Cattybrook vitrified or Stafford-
shire brindle bricks, approved by the engineer.

The mortar was to be made of one part of Port-
land cement and two parts of perfectly clean, sharp
sand.

The concrete, if used, was to be one part of Portland
cement and five parts of sand and gravel.

There were to be a number of bridges over the
open cuttings, which were all specified in detail.

The ballast for the permanent way was to be
broken stone in the bottom, with gravel or hard slag
for upper ballast. The rails and sleepers for the
permanent way were to be furnished by the Com-
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pany, the road to be a cross-sleepered road with Early history
steel rails weighing 86 lbs. to the lineal yard of rail.  teking.
The original amount of the contract was very con- %™
siderably increased, firstly, by the whole of the
tunnel having an invert ; secondly, by the brickwork
lining being made 3 feet thick, instead of 2 feet
3 inches, over a considerable part of the length of the
tunnel ; and, thirdly, from the lowering of the whole
of the gradients, which will be mentioned later.
The clause in the contract which stated that the

660 yards under the ‘Shoots’ were to be completed

[}

before the rest of the work was proceeded with, was
inserted because the Directors and the engineer still
thought the chief danger in constructing the tunnel
was from an irruption of the river-water ; and no one
supposed that there lay hidden under the land,
within a quarter of a mile of the western shore, a
greater difficulty and danger than any to be met
with under the bed of the river. The very pre-
cautions which were taken for security under the
river were the cause of magnifying the other difficul-

ties, and there never was a clearer case of ‘De
Scylla in Charybdim.’
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CHAPTER III

THE COMMENCEMENT OF THE WORKS UNDER THE
CONTRACT.

IMMEDIATELY after the signing of the contract, ar-
rangements were made to commence building
the new engine-houses and erect the large engines
which had been purchased by the Company. It
was estimated that it would take rather more than
six months to complete the erection of these engines
and of the pumps connected with them. The work
to be done was the erection of an engine-house for
the 75-inch engine, with a boiler-house containing six
Cornish boilers; a separate engine-house for the
70-inch engine, with a boiler-house for seven Cornish
boilers of rather smaller dimensions.

The engines and pumps were made by Messrs.
Harvey and Co., of Hayle, in Cornwall, and they
were not able to promise delivery of the machinery
in less than four or five months. It was thought,
therefore, that the works would continue in their
then state of desolation up to midsummer, 1880,
except for the work to be done in erecting these
houses and the machinery.
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On obtaining, however, full particulars of the
manner in which the headings had been worked
from the Old Pit, especially the heading running
westwards into which the Great Spring had burst, I
thought that it would be quite possible to stop the
mouth of the heading and the flow of water from the
Great Spring by lowering into the shaft two shields
made to fit, as nearly as possible, to the interior of
the shaft, and strutted across the shaft in a secure
manner. The difficulty was that the mouth of the
heading was then 140 feet below the surface of the
water ; but, having obtained the sanction of Sir John
Hawkshaw to make the attempt, my plans were made,
and as early as the 6th January, eighteen days after
the contract was signed, operations were commenced.

According to the best information we were able to
obtain from those who had been in charge of the
works, the quantity of water running into the head-
ing under the river was not more than 2,000 gallons
per minute, and to deal with this we had, in the
Iron Pit, two 26-inch plunger-pumps, each capable
of lifting 2,500 gallons per minute, and in the Old
Pit an 18-inch plunger-pump capable of lifting
1,200 gallons per minute; so that if we could by
any means succeed in stopping back the Great
Spring, we had ample power to clear the rest of the
works of water.

The construction of the shield and the method of
securing it in the shaft are shown upon the ac-
companying plate.

Commence-
ment of the
works,

1880,



28 THE SEVERN TUNNEL.

Gommanoe. The shields were of oak, made to fit as nearly as
works.  possible to the interior of the shaft. One shield,
1#%.  when put together, was lowered to cover the en-

trance to the western heading; then the second in
like manner lowered to cover the entrance to the
castern heading; and when lowered to their proper
position, heavy struts, also of oak, were to be fixed
between them and wedged up tight.

In addition to this the faces of the shields, where
they were to come in contact with the brick-
work, were padded with soft material soaked in
tar.

The only difficulty about the operation was that
the shields must be lowered by signals received from
divers, who must be down the shaft at the level of
the headings, and that the struts must be fixed and
wedged up also by divers at the same level.

The depth of water from the shield to the surface
being about 140 feet, the pressure upon the divers
was so great that very few men were able to bear
it at all, and no man could do work requiring great
physical exertion under that pressure. In order to
reduce the pressure to some extent Sir John Hawk-
shaw consented to my starting the pumps and lower-
ing the water in the shaft 50 feet. The three pumps
were accordingly started on the 6th January, and
the lowering of the shields commenced immediately
afterwards.

On the 1oth January, No. 2 26-inch pump broke
down ; the top valve, not being properly secured and
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held down, jumped out of its seat and would not Commence-
ment of the
work. works.
1880,

Arrangements were made at once to lower in the
Old Pit a r5-inch pump to help to hold the water
down till the shields were fixed.

The shield to close the western heading was

made with two doors opening as flaps into the head-
ing; the size of the opening of each door was
2 feet 3 inches by 1 foot 6 inches.
+ On the 14th we found, to our surprise, that the top
valve of No. 2 pump had, from vibration or some
other cause, gone back to its seat again, and we
re-started the pump; but on the 16th, to add to
our troubles, No. 1 pump, which had hitherto been
working well, broke down utterly, and the pump
was useless.

It was impossible to attempt to repair this pump
under water, and our only hope then was that we
might be able, by closing the door and the sluice at
the bottom of the Iron Pit, to empty the pit and then
repair it. If the shaft had been properly constructed
there should have been no difficulty in doing this,
the shaft being tubbed with iron to within 10 feet of
the bottom. Unfortunately the lower 10 feet was
lined with brickwork only 18 inches thick. This
was cut away on the north and south sides of the
shaft to receive the iron girders and the sluice, and
the brickwork had not been properly made good
round these. We therefore found every effort that
we made to clear the pit of water futile. More water
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Gommencs- came in through the brickwork and the sluice when
ment of the

it was shut than one 26-inch pump would lift, z.e.,
more than 2,500 gallons per minute.

No. 2 pump, however, continuing to work fairly
well, we continued lowering the shields, and, with
occasional stoppages for repairs, we completed the
fixing of the shields by the 24th January. We at
once found that the shield in the western heading
leaked badly all round.

The flap-doors were opened, and a large number
of bags full of Portland cement was passed through
by the divers, and built up inside the shield for the
purpose of stopping any leakage of water.

On the 29th January, this cement being all placed
behind the shield, the pumps were stopped to allow
it to set properly before strain was brought upon it.

A 15-inch pump was added to the 18-inch in the
Old Pit, worked by the 41-inch beam-engine, and on
the 5th February the pumps were again started, and
by the 7th the water was lowered in the Iron Pit
72 feet.

A diver was then able to examine No. 1 26-inch
pump, which had broken down; and he found that
the H-piece was broken.

Many plucky attempts were made by the divers,
especially by Lambert, to ascertain where the water
came in at the bottom of the Iron Pit, and whether
anything could be done to stop the leakage, so that
the one pump might empty the pit, and permit us to
repair the broken H-piece.
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On one occasion, on the gth February, the suction Commence-
ment of the

of the pump drew Lambert so fast against the per- ~ works.

forated wind-bore or suction-piece, that it required 1880.

three men upon a rope to pull him away.

We were compelled, after this experience, to give
up all thoughts of repairing the broken H-piece for
the present.

On the 16th February, Lambert, the diver, re-
ported that he found the door in the tubbing of the

+Iron Pit was not properly closed, the rubber with
which it was faced being turned up on one side, and
allowing a considerable quantity of water to leak
through.

The pumps were stopped on the 16th February,
to allow the water to rise in the pit, and Lambert
opened the door, put the rubber straight, and closed
it again. This was all done in two hours, and the
pumps started again. On the 20th we succeeded
in reducing the water in the Iron Pit to 20 feet above
the bottom of the shatt, and for a short time we had
strong hopes of being able to clear the pit of water
and repair the broken pump; but, on the 21st,
another accident happened to No. 2 pump—one of
the tappets being bent. In two hours a new tappet
was put on, and the pump started again.

I determined to remove two more 15-inch pumps
from the Hill Pit, and fix them in the Old Pit to
increase the power there ; but on the 2nd March the
top valve of No. 2 pump jumped out of its seat
again.
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commence.  We then got an extra valve made to drop
ment of the .. .. .
works.  down inside the rising-main of the pump. It was

8% attached to wooden pump-rods 6 inches square.

When lowered nearly to the top of the original
valve, it was held down in position by the rods,
and the pump started on the 31st. We found that
it did fair duty, but after working four days it was
evident that the shield would not hold back the
water sufficiently to allow the pumps we then had
to deal with it, and the attempt to pump out the
shaft was abandoned till the new 7s5-inch engine
with the 38-inch bucket-pump was ready for work.

In the meantime Sir John Hawkshaw had decided
in January to lower the gradient of the tunnel at the
“Shoots’ 15 feet, and to keep the gradient eastwards
towards Bristol parallel to the old gradient at a
depth of 15 feet below it, by this means preserving
the gradient of 1 in 100 against the load. From
the ‘Shoots’ westward the gradient was altered to
1 in 9o, so that the lowering at the Old Pit at Sud-
brook was 12 feet 7 inches; at the Marsh Pit, 7 feet
9 inches; and at the Hill Pit, 4 feet g inches; and
the gradient ran out into the old levels in the open
cutting on the Monmouthshire side.

Having decided to lower the gradient, and feeling
thus greater security under the river, Sir fohn
decided to allow me to commence the work at other
points.

A shaft, 18 feet in diameter, was commenced at
Sudbrook, on the centre line, directly opposite the










SINKING THE SHAFTS.

33

iron shaft, on the 11th February, and arrangements
were made for sinking a pumping-shaft on the
Gloucestershire side at Sea-Wall, which was to be
45 feet to the south of the existing pit, and kept as
a separate pumping-pit.

It was also arranged to sink two shafts at a point
about 26 chains from the Sudbrook shafts west-
wards, to commence the work to the west of the
point where the Great Spring had broken in, and it
was at that time thought possible that we might,
after these shafts were sunk, arrange to pump all
the water from the Great Spring at that point, and
keep the rest of the work dry.

The shaft on the Gloucestershire side, known as
the Sea-Wall Shaft, was to be sunk 27 feet below
the old levels to allow for the lowering of the
gradient 15 feet, and for sufficient sump-room to
hold the water for the pumps. The sinking of the
shaft was commenced on the 18th March, and was
proceeded with, with a little difficulty, till the level
of the heading was reached. A cross-heading was
driven from the new pit to the old one, 10 feet
above the bottom of the old pumps, and what water
was found in the new pit was allowed to flow through
this to the pumps.

The sinking below that level was much more
difficult. There were difficulties with boilers, and
difficulties with pumps, and it was not till the
17th July that the shaft was finally completed, and
the pumps fixed. The brickwork of the shaft had

Commenoce-
ment of the
works,

1880.
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been completed on the 7th, and ten days had been
occupied in removing the pumps from the old pit to
the new.

A heading had been driven eastwards before the
contract was let to me, for a distance of 1,020 feet
from the Sea-Wall Shaft. Some time in the summer
of 1879, the roof at the end of this heading broke
through the marl into a bed of gravel. There had
been a great run of gravel and water, and the
heading was partly filled. A head-wall had been
built across the heading, 240 feet from the shaft,
with a door. The door had then been closed, and
the water from the gravel shut out. Before the new
shaft was commenced, this door was opened, and the
heading east of it examined. It was found to be in
a bad state, supported by very small timbers, and
not at all safe. Some extra timber was put in, and
the door, which had been fixed by the Company in
this heading, was again closed.

Another cross-heading was driven to suit the new
gradients after the pumps were fixed at Sea-Wall,
and a commencement was made at lowering the
heading westwards to the altered levels.

To secure the ground, a small piece of the tunnel
was commenced in a peculiar way, which was after-
wards largely adopted.

The lowering of the gradient to so great an
extent as 15 feet made the existing headings use-
less for drainage purposes, and it was decided to
put in the arch of the tunnel down to springing
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only, and after the headings had been lowered, to
put in the invert and underpin up to the arch. This
was carried out through more than a mile of the
work, and everywhere successfully.

The new winding- pit at Sudbrook was com-
menced on the 11th February, and was sunk to a
depth of 30 feet by the 8th March. The shaft was
21 feet in diameter outside the brickwork, and
18 feet inside. It was impossible to sink this shaft
more than 40 feet till the water was pumped out of
the adjoining works. A bore-hole <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>