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REPORT

The Council have much pleasure in reporting the continued success of the Institute.
In August last many members availed themselves of the kind invitation of the Institution of
Engineers and Shipbuilders in Scotland, and held a joint meeting with the members of that body at
Glasgow; this meeting, owing to the unremitting attention and hospitality of the Lord Provost, the
members of the various scientific bodies, and the engineers and shipbuilders in Glasgow, was most
successful. It was the intention of the Institute to have invited these gentlemen with members of
other societies to be present at the opening of the Wood Memorial Hall, on the 5th of August next,
the 19th anniversary of the Institute, but owing to the joiners having been on strike during the last
four months, it is found impossible to open the hall at the appointed time.
The papers contributed during the past year are, in the opinion of your Council, fully equal in
importance to those of former years.
Mr. Bainbridge's paper on Wire Tramways forms a very valuable continuation of the Tail Rope
Report, and has been especially appreciated by those of the members who are conducting mining
operations abroad.
The papers by W. F. Howard, J. A. Ramsay, and A. Beanlands, upon Underground Surveying, are
valuable contributions on one of the most interesting duties of the mining engineer.
The various papers of Mr. W. Waller, containing the results of his experience as district engineer to
the Midland Steam Boiler Inspection and Assurance Co., are very valuable, and it is hoped that the
experiments that were made to illustrate these papers, will prove an important addition to our
knowledge of the strength of the rivetted seams of boilers.
Mr. Warington Smyth read a paper on The Sinking of Pit Shafts by Boring under Water, and
illustrated it with many examples in which the process described had been successful in Belgium.
This paper is well worth the careful attention of all mining engineers.
The contribution of Mr. John Daglish on Counter-balancing Winding
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Engines, is an interesting record of what has been done to effect an object so much desired but so
seldom obtained.
The papers contributed by the members of the Institute of Engineers and Shipbuilders in Scotland
are very interesting, and Mr. Geikie's paper on the Carboniferous Formation of Scotland is a most
masterly epitome of the subject.
As a proof of the interest taken in, and the value attached to the publications of your Institute by the
public generally, the Council have the gratification of being able to inform you that Messrs. A. L.
Briant and Julien Weiler have translated the Report of the Tail Rope Committee into French, and that
the Government mining authorities in Belgium have expressed their appreciation of the value of the
papers on Underground Surveying before alluded to.
It is with deep concern the Council have to record the death of Mr. H. Morton, who was one of the
earliest members of the Institute. This gentleman, on account of his great ability and experience,
was selected to manage the vast estates and mineral resources of Earl Durham, which were largely
increased in value under his guidance. Mr. E. Hartley, another valued member and correspondent, a
young man of great promise, has passed away after a brief but severe illness. He was attached to the
Geological Survey of Canada, and presented to the Institute a most interesting collection of the
crystalline rocks of Canada, together with many volumes on the geology of that country, and
numerous reports on the same subject. A recent and most lamentable accident, through the
bursting of a steam pipe, caused the death of Mr. P. D. Nichol, the managing director of a large
engineering establishment in Sunderland. This gentleman had not long joined the Institute; but his
youth, talents, and genial disposition gave promise of a long and useful career, which makes his
untimely death the more to be deplored. Another member, Mr. H. Richardson, has unfortunately
fallen a victim to an untoward accident, having met his death in the railway collision at Brockley
Whins. This gentleman had not long been a member, having joined when he became aware of the
efforts the Institute was making to promote technical education.
In 1852-3, the first year of the Institute, Mr. Nicholas Wood, its first President, alluded to the
necessity of establishing a School or College of Mines and Science in Newcastle-on-Tyne, and in 1855
the subject was again taken up by the Council, when the then Duke of Northumberland offered to
contribute £10,000 towards its endowment, provided that £30,000 more could be raised in the
district. In 1856 a committee of
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the Council drafted a bill to be introduced into Parliament for the same object, and scarcely a year
has passed since the foundation of the Institute without some effort having been made by the
Council to establish a College in Newcastle. It is, therefore, with no ordinary feeling of gratification
that your Council has to inform you that this year, under the presidency of Mr. E. F. Boyd, whose
exertions in the cause have been most unremitting, this project was again revived, and a liberal offer
of co-operation on the part of the Durham authorities was obtained. This offer was laid before a
public meeting on the 25th of March last, and was unanimously accepted. And now, through the

hearty co-operation of the public, the College so long and so actively worked for by the Institute has
become a reality.
The Report of the Executive Committee of the College is given in extenso to enable the more distant
members to form an idea of the progress that has been effected, and the Council trust that all will
endeavour to contribute to its continued success, who have the welfare of this great mining and
engineering district at heart.
The Council conclude by congratulating the Institute on the continued increase in the number of
members.
July 29th, 1871.
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FINANCE REPORT

Your Committee have much pleasure in stating that the total income of the Institute has increased
by £98 5s. 9d.; while the expenditure is £283 8s. Id. below the income, and this notwithstanding a
payment of £160 18s. 9d. made on account of the Wood Memorial Hall. The investments and cash in
hand show an increase of £283 8s. 1d., and stand at £2,877 11s. 6d.
At no time since the commencement of the Institute have the finances been in a more
satisfactory condition.

Signed on behalf of the Finance Committee,

LINDSAY WOOD.

Certified correct,
August 1, 1871,
BENSON, ELAND, & CO.,
Public Accountants.
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REPORT OF THE EXECUTIVE COMMITTEE
TO THE GENERAL BODY OF THE SUBSCRIBERS TO
THE COLLEGE OE PHYSICAL SCIENCE,
NEWCASTLE-UPON-TYNE.

Gentlemen,—At a Public Meeting held on Saturday, the 25th of March last, the Very Rev. the Dean
of Durham made a proposition to the effect that the University of Durham was prepared to give
£1,000 per annum for six years towards the expenses of establishing a College of Physical Science in
Newcastle, provided that a similar sum for the like term of years could be guaranteed from other
sources; and this offer having been unanimously accepted the meeting pledged itself to support the
proposed scheme, and appointed an Executive Committee of twenty gentlemen to carry out the
details.
This Committee desire now to give you an account of their labours.
At their first meeting it was found that the scheme had so far interested the general body of the
inhabitants of the district that very much more support would be forthcoming than was sufficient to
provide for the six years' experiment; and as the University of Durham intimated that the promised
aid would be made permanent if a capital sum could be obtained sufficient to secure the
continuance of the support from the district, it was considered advisable to appeal to the public for
£30,000. This sum was mentioned, not as being completely adequate to meet the expenses of a
collegiate institution, but as providing sufficient funds for the commencement of such an
undertaking.
The response to this appeal for support has been very flattering, and already promises to the extent
of £21,460 have been obtained, together with three yearly subscriptions each of £100 a year, and it
is hoped that within the next few months between £30,000 and £40,000 may be raised.
The Committee, encouraged by the interest thus exhibited, were desirous that the College should be
open to the public at the earliest
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opportunity, and if possible at the commencement of the ensuing academical year in October, 1871.
To this end gentlemen were invited to apply for the various chairs, and the Committee found that
they could command the services of many distinguished men in their respective studies, and were
enabled to secure the services of the following gentlemen as the first Professors of the College,
viz.:—

As Professor of Mathematics—Mr. W. Steadman Aldis, of Trinity College, Cambridge, Senior
Wrangler in 1861 (appointed by the Dean of Durham).
As Professor of Geology—Dr. David Page, Hon. LL.D. of the University of St. Andrew's, and Fellow of
the Royal Society of London.
As Professor of Chemistry—Mr. A. Freire Marreco, M.A., for 12 years reader in Chemistry to the
University of Durham.
As Professor of Experimental Physics—Mr. Alex. S. Herschel, late Scholar of Trinity College,
Cambridge, a Wrangler 1859, and Lecturer in Physics in Anderson's University, Glasgow (appointed
by the Dean of Durham).

It is believed that the names and characters of these gentlemen are sufficient to guarantee the
ability of the teaching, and ensure the success of the College.
The fees recommended to be charged (five guineas yearly for each course, and one guinea entrance)
are, it is hoped, adapted to secure a large attendance of Students.
The question of the future government of the College has occupied much of the Committee's time,
and after mature deliberation it was decided to recommend the following constitution:—

CONSTITUTION AS PASSED BY THE EXECUTIVE COMMITTEE, JUNE 10th, 1871.

The Governing Bodies of the College of Science, Newcastle, shall be as follows :—

1.—THE GOVERNORS.

These shall consist at present of 47 members, of whom 9 shall be permanent or official, and 38 shall
be elected for 4 years. One-third of the latter shall vacate their seats every two years, but shall be
re-eligible.
(a) The permanent and official members shall be His Grace
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the present Duke of Northumberland, the Bishop of Durham (as visitor of the University), the Lords
Lieut. of Northumberland, Durham, the North Riding of Yorkshire, Cumberland and Westmorland,
the Dean of Durham (as Warden to the University), the Mayor of Newcastle-upon-Tyne, and the
President of the North of England Institute of Mining and Mechanical Engineers.
(b) The remaining members shall be the following:—
Six persons elected out of all donors of £50 or upwards by all who shall have given £25 in one sum,
or who shall be subscribers of £3 annually; a donation of £25, or an annual subscription of £3,
entitling to 1 vote; a donation of £50, or an annual subscription of £5, to 2 votes; and one of £100, or
an annual subscription of £10, to 3 votes; but no person having more than 3 votes.
Three persons elected by all subscribers whatever.
One person elected by the Chapter of Durham.
Three elected by the Senate.
Three by the Convocation.
Three elected by the Governors themselves, from the Members of Parliament for the Northern
Counties and Boroughs.
Two Professors elected by the whole body of Professors of this College.
Four by the learned Societies of Newcastle, viz., the North of England Institute of Mining and
Mechanical Engineers, the Literary and Philosophical Society, the College of Medicine, and the
Natural History Society, each electing one.
Thirteen by the Municipal Councils of the following towns, viz.:— Newcastle-upon-Tyne electing two,
and Gateshead, Tynemouth, South Shields, Morpeth, Carlisle, Sunderland, Stockton,
Middlesborough, Darlington, Durham, and Hartlepool, each electing one, who need not be a
member of the Corporation.
The Governors shall hold two meetings in the year, shall appoint trustees, shall audit the accounts,
shall receive the annual report from the Council on the condition of the College, and shall constitute
a Court of Appeal in certain cases.

2.—THE COUNCIL. The ordinary administration shall be in the hands of a body called the Council.
This shall consist of 15 members, including a Chairman, of whom 5 shall be members of the Chapter,
Senate, or Convocation of the
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University of Durham; and of these one shall be the Warden, and of the other four at least two shall
be members of the Senate; but all members of the Council shall be elected out of and by the
Governors themselves.
They shall be elected for 5 years, one-third the number resigning their places every 3 years, but
being re-eligible. They shall in all cases retain their appointment for two years.
The Council shall meet monthly, and shall transact all the ordinary business, including that relating to
the Finance of the College. They shall elect the Professors, and also have the power, if necessary, of
dismissing the Professors, subject to an appeal of any six members to the Board of Governors. They
shall fix the periods of study, and the fees of students.
A Committee of this body, with which all the Professors shall be combined, shall be entrusted with
the more strictly academical administration and discipline, including the number and direction of the
Professors' Lectures, subject to the general control of the Council.

Seeing the great importance of at once commencing the duties of the Establishment, it has been
proposed, that while steps are being taken to draw up the necessary documents and to proceed
with the election of the Council in the terms of the Constitution, the government of the College shall
remain in the hands of the Executive Committee, who shall act as the Council for the period of one
year.
At the invitation of the North of England Institute of Mining and Mechanical Engineers, the Literary
and Philosophical Society, the Medical College, and the Natural History Society, occupying a group of
buildings in a good situation, already dedicated to scientific purposes, a suitable suite of rooms for
the Lectures, private rooms for the Professors, Laboratories and Offices, have been secured, which
will be sufficient for the accommodation of the College for some years, when it is hoped the success
of the Institution will be so secured that a sum of money sufficient to build separate and suitable
accommodation will be easily procured.
It is proposed that the College shall be opened early in October, and that a prospectus of the
Lectures of the Professors shall be published immediately.
In conclusion, the Executive Commitee again repeat, that the proposed
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sum of £30,000 will not be adequate to the permanent maintenance of a large educational
establishment, and they would urge all who are anxious for its success to be untiring in their
exertions to obtain such an amount of support as may extend the usefulness of the College, enable it
to embrace other branches of science than those contemplated, and make it worthy of the immense
resources and wealth of the district.

July 5th, 1871.
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Dr.

THE TREASURER IN ACCOUNT WITH SUBSCRIPTIONS, 1870-71

£ s. d.
To 538 Old Members, as per List, 1870-71

1129 16 0

To 38 New Members

79 16 0

To 44 Old Students

46 4 0

To 10 New Students

10 10 0

To 1

Do.

become Member

1 10

To 15 Subscribing Collieries

73 10 0
1340 17 0

To Arrears previous to 1869, as per last
Balance Sheet

67 4 0

To Arrears, 1869-70, do.,

do. 161 14 0

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

228 18 0

Deduct.
Arrears not inserted in 1870-71 List
(Dead, &c.)

34 13 0

Arrears struck off 1870-71 List, in accordance with Rule 25
60 18 0
-------------

95 11 0

Actual arrears to collect

133 7 0

Total Amount to collect, 1870-71

£1474 4 0
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Cr.

By 469 Old Members paid

PAID.

UNPAID.

£ s. d.

£ s. d.

984 18 0

By

5

Do.

dead

10 10 0

By

2

Do.

resigned

4 4 0

By 11

Do.

struck off

23 2 0

By 45

Do.

unpaid

94 10 0

By 2

Do.

paid as Students

By 4

Do.

" gone, no address"

2 2 0

2 2 0
8 8 0

Total 538

By 36 New Members paid
By

2

Do.

75 12 0

unpaid

4 4 0

Total 38

By 39 Old Students paid

40 19 0

By

2

Do.

gone

2 2 0

By

3

Do.

resigned

3 3 0

Total 44

By 10 New Students paid
By

1

Do.

paid as Member

By 15 Subscribing Collieries

10 10 0
1 1 0
73 10 0

1188 12 0

By Members' Arrears

87 3 0

By Students'

4 4 0

Do

1275 15 0

152 5 0

42 0 0

198 9 0

1275 15 0
Audited and Certified,
August 1, 1871,
BENSON, ELAND, & Co.,
Public Accountants.
£1474 4 0
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TREASURER IN ACCOUNT WITH THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL
ENGINEERS.
Dk. For the Year ending August 1871

1870.
£ s. d.
July, To Balance at Bank at this date

546 5 4

„ Balance in Secretary's hands

35 10 10

„ Balance in hands of Liquidators of District Bank

12 7 3

„ Bequest of the late K. Stephenson, Esq., invested on Mortgage of
Northumberland Dock Rates

2000 0 0

2594 3 5

„ Interest on the above Bequest

£95 0 0

Less Income Tax

1

14 4
93 5 8

Interest on Deposit (£500) at Lambton's

9

2 0
102 7 8

„ Arrears of Subscriptions Received

87 3 0

„ Subscriptions for 1870-71 from 469 Old Members
„ Ditto

ditto

36 New

„ Ditto

ditto

39 Old Students

„ Ditto

ditto

„ Ditto

ditto 2 Members paid as Students

„ Ditto

ditto 1 Student paid extra as Member 1

10 New

do.

984 18 0

75 12 0
40 19 0

do.

10 10 0
2

2 0

1 0

1115 2 0
„ Subscriptions from the following Collieries :—
BlackBoy

£4 4 0

East Holywell

2 2 0

Haswell

4 4 0

Hetton

10 10 0

Kepier Grange

2 2 0

Lambton

10 10 0

Leasingthorne

2 2 0

Londonderry

10 10 0

North Hetton

6 6 0

Ryhope

4 4 0

Seghill

2 2 0

South Hetton and Murton

8 8 0

Stella

2 2 0

Westerton

2 2 0

Whitworth

2 2 0
73 10 0
1188 12 0

„ Sale of Publications per A. Reid

66 1 0

Less 10 per Cent. Commission

6 12 0
59 9 0

£4031 15 1
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Cr.
£ s. d.
1871.—By paid A. Reid, Publishing Account

£432 9 0

„

Ditto

Covers for Parts, &c .

39 15 0

„

Ditto

Binding and Sewing Volumes

23 1 0

„

Ditto

Postage Stamps

35 0 3

„

Ditto

Stationery and Circulars

42 12 2
572 17 5

„ Gardner and Stevenson for Plates, Glasgow Meeting 33 5 6

606 2 11
„ Secretary's Postages and Sundries

47 12 11

„ Sundry Small Accounts

3

„ Travelling Expenses

40 9 6

16 6

„ Secretary's Salary

200 0 0

„ Assistant's ditto

50 0 0

, Reporters (extra for Glasgow Meeting)

18 18 0

,, Mr. Doubleday's Pension (one quarter)

6

5 0

„ Subscription to Natural History Society

20 0 0

„ Paid on Account of Wood Memorial Hall

160 18 9

July 15.—By Balance in hands of Liquidators of District
Bank

£12 7 3

,, R. Stephenson, Esq., Bequest as per Contra

2000 0 0

,, Deposit at Lambton and Company's Bank

500 0 0

„ Balance of Current Account at ditto

352 14 10

„ Cash in Secretary's hands

12 9 5
2877 11 6

Audited and certified,
August 1, 1871,
BENSON, ELAND, & Co.,
Public Accountants,
£4031 15 1
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Dr.

GENERAL STATEMENT, JULY, 1871.

1871. Liabilities. £ s. d.

None

0 0 0

1871.

Assets.

Cr.
£ s. d.

By Balance of Current Account at Bankers

£352 14 10

Capital

4434 8 6 „ Amount on Deposit Account at

do.

500 0 0

„ Balance in hands of Liquidators of
District Bank

12 7 3

„ Amount invested on Mortgage of Northumberland Dock
Rate
(River Tyne Commissioners)
„ Cash in Secretary's hands

2000 0 0

12 9 5

2877 11 6

„ Arrears of Subscriptions previous to
1869-70

133 7 0

„ Ditto for 1869-70

152 5 0

285 12 0
Less since received

87 3 0

198 9 0
Value of 330 Bound Vols. of Transactions
,.
„

1986 Sewed

do.

do.

893 14 0

6 Reports on Haulage of Coal,
Bound

„
„

28 do. Sewed

2 14 0

8 15 0

Sundry Plates and Sheets belonging
to Vol. XX., unfinished at this date

1358 8 0

173 5 0

280 0 0

Audited and Certified,
August 1, 1871,
BENSON, ELAND, & Co.,
Public Accountants.
£4434 8 6
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PATRONS

His Grace the DUKE OF NORTHUMBERLAND.
His Grace the DUKE OF CLEVELAND.
The Right Honourable the EARL OF LONSDALE.
The Right Honourable the EARL GREY.
The Right Honourable the EARL OF DURHAM.
The Right Honourable the EARL VANE.
The Right Honourable LORD WHARNCLIFFE.
The Right Honourable LORD RAVENSWORTH.
The Right Reverend the LORD BISHOP OF DURHAM.
The Very Reverend the DEAN AND CHAPTER OF DURHAM.
WENTWORTH B. BEAUMONT, Esq., M.P.
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HONORARY MEMBERS

£4434 8 6

ELECTED.
Ordinary
Honorary.

WILLIAM ALEXANDER, Esq., Inspector of Mines, Glasgow
*JAMES P. BAKER, Esq., Inspector of Mines, Wolverhampton
1866

1863
1853

LIONEL BROUGH, Esq., Inspector of Mines, Clifton, Bristol

1855

JOSEPH DICKINSON, Esq., Inspector of Mines, Manchester

1853

THOMAS EVANS, Esq., Inspector of Mines, Field Head House, Belper

1855

PETER HIGSON, Esq., Inspector of Mines, 94, Cross Street, Manchester
1856

1854

*RALPH MOORE, Esq., Inspector of Mines, Glasgow

1866

*G. W. SOUTHERN, Esq., Inspector of Mines, 17, Wentworth Place, Newcastle-upon-Tyne 1854
1866
*THOMAS E.WALES, Esq., Inspector of Mines, Swansea
1866

1855

*FRANK N. WARDELL, Esq., Inspector of Mines, Sandal House, near Wakefield
1868

1864

THOMAS WYNNE, Esq., Inspector of Mines, Stone

1853

*J. RUTHERFORD, Esq., Inspector of Mines, Halifax, Nova Scotia

1866

GOLDSWORTHY GURNEY, Esq., Bude Castle, Cornwall

1853

CHARLES MORTON, Esq., Ex-Inspector of Mines
WARINGTON W. SMYTH, Esq., 28, Jermyn Street, London

1853
1869

M. DE BOUREUILLE, Commandeur de la Legion d'Honneur, Conseiller d'etat, Inspecteur General des
Mines, Paris 1853
HERR R. VON CARNALL, Berghauptmann, Ritter, etc., Breslau Silesia, Prussia

1853

Dr. H. VON DECHEN, Berghauptmann, Ritter, etc., Bonn am Rhine, Prussia

1853

M. THEOPHILE GUIBAL, School of Mines, Mons, Belgium

187 0

LIFE MEMBER

Ordinary
H. J. MORTON, Esq., Garforth House, Leeds, Yorkshire

1856

1861

*Honorary members during term of office only.
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OFFICERS, 1871-72.

PRESIDENT
E. F. BOYD, Esq., Moor House, near Durham.

VICE-PRESIDENTS
I. L. BELL, Esq., Washington, Washington Station, N.E. Railway.
W. COCHRANE, Esq., Oakfield House, Coxlodge, Newcastle-on-Tyne.
JOHN DAGLISH, Esq., Tynemouth.
T. E. HARRISON, Esq., Central Station, Newcastle-on-Tyne.
R. S. NEWALL, Esq., Ferndene, Gateshead. LINDSAY WOOD, Esq., Hetton Hall, Fence Houses.

COUNCIL
E. BAINBRIDGE, Esq., Sheffield and Tinsley Colliery Offices, Sheffield.
C. BERKLEY, Esq., Marley Hill Colliery, Gateshead.
T. J. BEWICK, Esq., Haydon Bridge, Northumberland.
G. CRAWSHAY, Esq., Gateshead-on-Tyne.
S. B. COXON, Esq., Usworth Colliery, Washington Station, County of Durham.

Life.

S. C. CRONE, Esq., Killingworth Colliery, near Newcastle-on-Tyne.
T. DOUGLAS, Esq., Peases' West Collieries, Darlington.
T. HAWTHORN, Esq., 12, Elswick Villas, Newcastle-on-Tyne.
J. HOSKING, Esq., Hawks, Crawshay, & Co., Gateshead.
J. MARLEY, Esq., Mining Offices, Darlington.
D. P. MORISON, Esq., Bulman Village, Newcastle-on-Tyne.
JAMES NELSON, Esq., Bonner's Field, Sunderland.
W. A. POTTER, Esq., Cramlington House, Northumberland.
J. A. RAMSAY, Esq., Washington Colliery, near Durham.
J. B. SIMPSON, Esq., Hedgefield House, Blaydon-on-Tyne.
A. L. STEAVENSON, Esq., 13, Old Elvet, Durham.
JAMES WILLIS, Esq., 13, Old Elvet, Durham.
W. H. WOOD, Esq., West Hetton, Ferry Hill.

Ex-officio: past presidents G. ELLIOT, Esq., M.P., Houghton Hall, Fence Houses.
THOMAS E. FORSTER, Esq., 7, Ellison Place, Newcastle-on-Tyne.
Retiring Vice-presidents w. ARMSTRONG, Esq., Wingate Grange, Ferry Hill.
G. B. FORSTER, Esq., Backworth House, near Newcastle-on-Tyne.
SECRETARY AND TREASURER
THEO. WOOD BUNNING, Newcastle-on-Tyne.
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LIST OF MEMBERS

AUGUST, 1871.

ELECTED.
1 Ackroyd, Thomas, Berkenshaw, Leeds

Mar. 7, 1867.

2 Adams, W., Severn House, Roath Road, Cardiff

1854.

3 Ainslie, Aymer, Iron Ore Master, Ulverstone

Aug. 7, 1869.

4 Aitken, Henry, Falkirk, N.B

Mar. 2,1865.

5 Allison, T., Belmont Mines, Guisbro'

Feb. 1, 1868.

6 Anderson, C. W., St. Hilda's Colliery, South Shields

Aug. 21,1852.

7 Anderson, J., Solicitor, Newcastle-upon-Tyne

Oct. 1, 1863.

8 Anderson, William, Rainton Colliery, Fence Houses
9 Appleby, C. E., Reinshaw Colliery, near Chesterfield

Aug. 21,1852.
Aug. 1, 1861.

10 Archbold, J. W. M., Murton Colliery, Fence Houses
11 Arkless, John, Tantoby, Burnopfield

Sept. 5, 1868.
Nov. 7, 1868.

12 Armstrong, Sir W. G., C.B., LL.D., F.R.S., Jesmond, Newcastle-upon-Tyne

May 3, 1866.

13 Armstrong, William, Wingate Grange, Ferryhill (Member of Council)

Aug. 21,1852.

14 Armstrong, W. L., Broomhill Colliery, Acklington

Mar. 3, 1864.

15 Armstrong, W., jun., Wingate, Co. Durham

April 7, 1867.

16 Ashwell, H., Anchor Colliery, Longton, North Staffordshire

Mar. 6, 1862.

17 Asquith, T. W., Walbottle Colliery, near Newcastle

Feb. 2, 1867.

18 Attwood, C, Holywood House, Wolsingham, Darlington

May 7, 1857.

19 Aubrey, R. C, Thornley Collieries, Ferryhill

Feb. 5, 1870.

20 Bachke, A. S., Ytterven Mines, nr. Drontheim, Norway
21 Badger, A., M.E., 4, Bankshall Street, Calcutta

Mar. 5, 1870.
Nov. 5, 1870.

22 Baeck,—, Mons, Belgium

June 5, 1869.

23 Bagnall, Thomas, jun., Whitby, Yorkshire

Mar. 6, 1862.

24 Bailes, John, Wingate Colliery, Ferryhill
25 Bailes, T., jun., 41, Lovaine Place, Newcastle-on-Tyne

Sept. 5, 1868.
Oct. 7, 1858.

[xxiii]

ELECTED.
26 Bailey, G., St. John's Colliery, Wakefield

June 5, 1869.

27 Bailey, Samuel, The Pleck, Walsall, Staffordshire

June 2,1859.

28 Bailey, W. W., Kilburn, near Derby

May 13, 1858.

29 Bainbridge, Emerson, Sheffield and Tinsley Coal Offices, Sheffield (Member of Council) Dec. 3.
1863.
30 Balleny, C. D., Timber Merchant, Red Barns, Newcastle-on-Tyne

Feb. 4, 1871.

31 Barclay, A., Caledonia Foundry, Kilmarnock, N.B.

Dec. 6, 1866.

32 Barkus, Wm., jun., Tynemouth

Aug. 21,1852.

33 Bartholomew, C, Doncaster, Yorkshire

Aug. 5, 1853.

34 Bassett, A., Tredegar Mineral Estate Office, Cardiff

1854.

35 Bates, Matthew, Cyfarthfa Iron Works, Merthyr Tydvil

Feb. 1, 1868.

36 Batey, John, Newbury Collieries, Coleford, Bath

Dec. 5, 1868.

37 Beacher, E., Chapeltown, near Sheffield

1854.

38 Beanlands, A., M.A., North Bailey, Durham

Mar. 7, 1867.

39 Bell, I. L., Washington, Washington Station, N.E. Railway (Vice-President) July 6, 1854.
40 Bell, John, Normanby Mines, Middlesbro'-on-Tees

Oct. 1, 1857.

41 Bell, Thomas, Jesmond, Newcastle-upon-Tyne
42 Bell, T., Monkwood Colliery, near Chesterfield

Sept. 3, 1870.
1854.

43 Bell, Thomas, jun., Coatham, Redcar
44 Benson, T. W., Allerwash, Hexham

Mar. 7, 1867.
Aug. 2, 1866.

45 Berkley, C, Marley Hill Colliery, Gateshead (Member of Council)

Aug.21,1852.

46 Bewick, T. J., M. Inst. C.E., F.G.S., Haydon Bridge, Northumberland (Member of Council) April 5,
1860.
47 Bidder, B. P., Duffryn Collieries, Neath, Glamorganshire
48 Bidder, S. P., Victoria Graving-Docks, Victoria Docks, London

May 2, 1867.
Dec 4, 1869.

49 Bigland, J., Bedford Lodge, Bishop Auckland

June 4, 1857.

50 Binns, C, Claycross, Derbyshire

July 6, 1854.

51 Biram, B., Peasely Cross Collieries, St. Helen's, Lancashire

1856.

52 Birkbeck, G. H., 34, Southampton Buildings, Chancery Lane, London

Dec. 7, 1867.

53 Black, W., Hedworth Villa, South Shields

April 2, 1870.

54 Blackshaw, W., Borough Surveyor, Congleton, Cheshire

Aug. 6, 1870.

55 Bolckow, H. W. F., Middlesbro'-on-Tees

April 5, 1855.

[xxiv]

ELECTED.
56 Bolton, H. H, Newchurch Collieries, near Manchester

Dec. 5, 1868.

57 Boot, J. T., M.E., The Orchards, Hucknall, Alfreton
58 Booth, R. L., Medomsley, Burnopfield

April 1, 1871.
1864.

59 Bouch, W., Shildon Works, Darlington
60 Bourne, Peter, 39, Rodney Street, Liverpool

June 4, 1870.
1854.

61 Bourne, S., West Cumberland Hematite Iron Works, Workington

Aug. 21,1852.

62 Boyd, E.F., Moor House, near Durham (President)

Aug.21,1852.

63 Boyd, Nelson, Carrickfergus, Ireland

Mar. 3, 1864.

64 Boyd, William, Spring Gardens Engine Works, Newcastle-upon-Tyne

Feb. 2, 1867.

65 Breckon, J. R., Park Place, Sunderland

Sept. 3, 1864.

66 Brettell, T., Mine Agent, Dudley, Worcestershire

Nov. 3, 1866.

67 Broadbent, J.C., Drake Street, Rochdale, Lancashire

Mar. 7, 1867.

68 Brogden, James, Tondu Iron and Coal Works, Bridgend, Glamorganshire

1861.

69 Brougham, the Hon. Wilfred, Brougham, Penrith

May 6, 1871.

70 Brown, J.N., 56, Union Passage, New-st., Birmingham

1861.

71 Brown, Ralph, Ryhope Colliery, Sunderland

Oct. 1, 1863.

72 Brown, Thos. Forster, Guildhall Chambers, Cardiff

1861.

73 Browne, B. C, Assoc. C. E., North Ashfield House, Newcastle-on-Tyne

Oct. 1, 1870.

74 Browne, W. R., Cookley Iron Works, Kidderminster

May 6, 1871.

75 Bruton,W.,M. E.,Whitwood Collieries,nr.Normanton

Feb. 6, 1869.

76 Brydon, J.F., Hematite Iron Works, Whitehaven

Nov. 3, 1866.

77 Bryham, William, Rose Bridge, &c, Collieries, Wigan, Lancashire

Aug. 1, 1861.

78 Bryham, W., jun., Douglas Bank Collieries, Wigan

Aug. 3, 1865.

79 Bunning, Theo. Wood, Corbridge, Northumberland (Secretary and Treasurer)
80 Burn, James, Wheatley Hill Colliery, Ferry Hill

1864.

Aug. 2, 1866.

81 Burrows, James, Douglas Bank, Wigan, Lancashire

May 2, 1867.

82 Buxton, W., Church Street, Dronfield, near Sheffield

Aug. 1, 1861.

83 Cabry, J., Blyth and Tyne Railway Offices, Newcastle

Sept. 4, 1869.

84 Caldwell, George, Moss Hall Colliery, near Wigan
85 Campbell, James, Staveley Works, Chesterfield

Mar. 6, 1869.
Aug. 3, 1865.

86 Carr, Charles, Cramlington, Newcastle-upon-Tyne

Aug.21,1852.

87 Carr, Wm. Cochrane, Blaydon-on-Tyne

Dec. 3, 1857.

88 Carrington,T.,jun., Kiveton Park Coal Co.,nr. Sheffield

Aug. 1, 1861.

[xxv]

ELECTED.
89 Catron, J., Brotton Mines, Saltburn-by-the-Sea
90 Chadborn, B. T., Pinxton Collieries, Alfreton, Derbyshire

Nov. 3, 1866.
1864.

91 Chambers, A. M., Thorncliffe Iron Works, nr. Sheffield

Mar. 6,1869.

92 Chapman, M., Plashetts Colliery, Falstone, Northumberland

Aug. 1, 1868.

93 Charlton, E., Evenwood Colliery, Bishop Auckland

Sept. 5, 1868.

94 Checkley, Thomas, Mining Engineer, Lichfield-st., Walsall

Aug. 7, 1869.

95 Childe, Rowland, Wakefield, Yorkshire

May 15, 1862.

96 Clark, C. F., Garswood, Newton-le-Willows

Aug. 2, 1866.

97 Clark, G., Ravenhead Colliery, St. Helen's, Lancashire

Dec. 7, 1867.

98 Clark, R. P., 9, St. Mary's Terrace, Newcastle

Nov. 7, 1868.

99 Clark, W., M.E., Doe Hill House, near Alfreton
100 Clark, William, Victoria Engine Works, Gateshead

April 7, 1866.
Dec. 7, 1867.

101 Clifford, W., Surveyor, Holywell Street, Chesterfield
102 Coates, C. N., Skelton Mines, by Guisborough

Sept. 4, 1869.
May 3, 1866.

103 Cochrane, W., OakfieldHouse, Coxlodge, Northumberland (Vice-President)
104 Cochrane, B., Alden Grange, Durham

Dec. 6, 1866.

105 Cochrane, C, The Ellowes, near Dudley, Staffordshire
106 Cochrane, H., Engineer, Middlesboro'-on-Tees

1859.

June 3, 1857.
Mar. 4, 1871.

107 Cockburn, G., 8, Summerhill Grove, Newcastle

Dec. 6, 1866.

108 Cockburn, W., Upleatham Mines, Upleatham, Marske
1857.

Oct. 1,

109 Coke, R. G., Tapton Grove, Chesterfield, Derbyshire

May 5, 1859.

110 Cole, W.R.,Bebside Colliery, Cowpen Lane, Northumberland.
1857.
111 Collis, W. B., Heigh House, Stourbridge, Worcestershire

Oct. 1,

June 6, 1861.

112 Cook, J., jun., Washington Iron Works, Gateshead

May 8, 1869.

113 Cook, R. F., Towlaw Iron Works, near Darlington

1860.

114 Cooke, John, 4, Mulberry Street, Darlington

Nov. 1, 1860.

115 Cooksey, Joseph, West Bromwich, Staffordshire

Aug. 3, 1865.

116 Cooper, P., Thornley Colliery Office, Ferryhill

Dec. 3, 1857.

117 Cooper, R. E., C.E., York Place, Leeds

Mar. 4, 1871.

118 Cooper, T., Park Gate, Rotherham, Yorkshire

April 2, 1863.

119 Cope,W. S., PortVale House, Longport, Staffordshire

April 1, 1871.

120 Corbett, Vincent, M.E., Londonderry Offices, Seaham Harbour

Sept. 3, 1870.

121 Coulson, W., Shamrock House, Durham

Oct. 1, 1852.

122 Cowen, J., jun., Blaydon Burn, Newcastle-on-Tyne

Oct. 5, 1854.

123 Cowlishaw, J., Orgreave Colliery, near Sheffield

Mar. 7, 1867.

[xxvi]

ELECTED.
124 Coxon, S. B., Usworth Colliery, Washington Station, Co. Durham (Member of Council) June
5,1856.
125 Craig, W. Y., Harecastle Colliery, Stoke-upon-Trent

Nov. 3, 1866.

126 Crawford, T., Littletown Colliery, near Durham

Aug.21, 1852.

127 Crawford, T., Howlish Offices, Bishop Auckland

Sept. 3,1864.

128 Crawford, T.,jun., Littletown Colliery, near Durham

Aug. 7, 1869.

129 Crawshay, E., Gateshead-on-Tyne

Dec. 4,1869.

130 Crawshay, G., Gateshead-on-Tyne

(Member of Council)

Dec. 4, 1869.

131 Creighton, C. E., Mine Owner, 10, Grey Street, Newcastle-on-Tyne
132 Crofton, J. G., Kenyon Collieries, Ruabon, Denbighshire

May 6, 1871.

Feb. 7, 1861.

133 Crone, S. C, Killing-worth Colliery, Newcastle-upon-Tyne (Member of Council) 1853.
134 Crone, J. R., Killingworth Colliery, Newcastle

Feb. 1, 1868.

135 Cross, John, 78, Cross Street, Manchester

June 5, 1869.

136 Croudace, Thomas, Waratah, Australia
137 Croudace, T. Dacre, Zeche Erin, Castrop, Westphalia

1862.
Mar. 7, 1867.

138 Daglish, John, F.G.S., Tynemouth (Vice-President)

Aug. 21,1852.

139 Dakers, W., Seaham Collieries, Sunderland

April 7, 1866.

140 Dale, David, West Lodge, Darlington

Feb. 5, 1870.

141 D'Andrimont, Liege, Belgium

Sept. 3, 1870.

142 Daniel, W., 11, Blenheim Square,

Leeds

June 4, 1870.

143 Darlington, John, 2, Coleman Street Buildings, Moorgate Street, Great Swan Alley, London
April 1, 1865.
144 Davidson, James, Newbattle Colliery, Dalkeith

1854.

145 Davidson, James, Blyth Place, St. Bees, near Whitehaven

Feb. 1, 1868.

146 Davison, A., Hastings Cottage, Seaton Delaval, Dudley, Northumberland

Feb. 4, 1858.

147 Davy, Alfred, Park Iron Works, Sheffield

Feb. 5, 1870.

148 Dawson, T. J., Cleugh Road, Masbro', Yorkshire

April 6, 1867.

149 Day, W. H., Monk Bretton, Barnsley

Mar. 6, 1869.

150 Dees, J., Whitehaven
151 Dickinson, R., Coalowner, Shotley Bridge

Nov. 1, 1855.
Mar. 4, 1871.

152 Dickinson, W. R., South Derwent Colliery, Annfield Plain, Gateshead
153 Dixon, George, Lowther Street, Whitehaven

Aug. 7, 1862.
Dec. 3, 1857.

[xxvii]

ELECTED.
154 Dobson, Thomas, Halton-lea-Gate, Haltwhistle

Mar. 7, 1868.

155 Dobson, W., Lambley Colliery, Haltwhistle

Sept. 4, 1869.

156 Dodd, B., Loughbrow, Hexham

May 3, 1866.

157 Dorning, Elias, 41, John Dalton Street, Manchester

Aug. 3, 1865.

158 Douglas, T., Peases' West Collieries, Darlington (Member of Council)

Aug.21, 1852.

159 Douglas, C. P., Consett Iron Works, Gateshead

Mar. 6, 1869.

160 Douthwaite, T., Wallsend, near Newcastle-on-Tyne

June 5,1869.

161 Dunlop, Colin, jun., Quarter Iron Works, Hamilton

Sept. 3, 1870.

162 Dunn, A. M., Architect, Newcastle-on-Tyne

Mar. 6, 1869.

163 Dunn, D. G., Greenfield Collieries, Hamilton, N.B.

April 6, 1867.

164 Dunn, J., Drummond Colliery, Pictou, Nova Scotia
165 Dyson, George, Middlesborough

May 8, 1869.
June 2, 1866.

166 Easton, J., Nest House, Gateshead

1853.

167 Eaton, J. R., 5, Saville Place, Newcastle-on-Tyne

Dec. 4, 1869.

168 Elliot, G., M.P., Houghton Hall, Fence Houses (Past President, Member of Council) Aug.21, 1852
169 Elliott, W., Weardale Iron Works, Towlaw, Darlington

1854.

170 Embleton, T. W., The Cedars, Methley, Leeds

Sept. 6, 1855.

171 Embleton, T. W., jun., The Cedars, Methley, Leeds

Sept. 2, 1865.

172 Emslie, J. T., Harewood Villas, Stockton-on-Tees

Sept. 3, 1870.

173 Everard, I. B., M.E., 6, Millstone Lane, Leicester

Mar. 6, 1869.

174 Fearn, John Wilmot, Chesterfield

Mar. 6,1869.

175 Fenwick, Barnabas, Team Colliery, Gateshead

Aug. 2, 1866.

176 Fidler, E., Piatt Lane Colliery, Wigan, Lancashire
177 Firth, S., M.A., 14, Springfield Mount, Leeds

Sept. 1, 1866.
1865.

178 Firth, William, Burley Wood, Leeds

Nov. 7, 1863.

179 Fletcher, G., Trimdon Colliery, Trimdon Grange

April 4, 1868.

180 Fletcher, H., Ladyshore Colliery, Little Lever, Bolton, Lancashire

Aug. 3, 1865.

181 Fletcher, I., M.P., Clifton Colliery, Workington

Nov. 7, 1863.

182 Fletcher, J., C.E., 69, Lowther Street, Whitehaven

1857.

183 Foord, J. B., Secretary, General Mining Association, 52, Old Broad Street, London Nov. 5, 1852.
184 Forrest, J., Pentrehobin Hall, Mold, Flintshire

Mar. 5, 1870.

185 Forster, T. E., 7, Ellison Place, Newcastle-on-Tyne (Past Prksident, Member of Council) Aug. 21,
1852

[xxviii]

ELECTED.
186 Forster, G. B., M.A., Backworth House, near Newcastle-upon-Tyne (Member of Council) Nov. 5,
1852.
187 Forster, George E., Washington, Gateshead

Aug. 1, 1868.

188 Forster, JR., Trimdon Grange Colliery, Ferryhill

Sept. 5, 1868.

189 Fothergill, J., King Street, Quay, Newcastle

Aug. 7, 1862.

190 Fowler, G., Hucknall Torkard Colliery, near Nottingham

July 4, 1861.

191 Fowler, W. C, C. & M.E., 56, Clarendon Street, Nottingham

Aug. 6, 1870.

192 France, W., White Rose House, Marske-by-the-Sea

April 6, 1867.

193 Frazer, B., 28, Broad Chare, Newcastle-upon-Tyne

Oct. 4, 1866.

194 Frazer, W., Rewcastle Chare, Newcastle-upon-Tyne

Oct. 4, 1866.

195 Fryar, M.,C.E., Warora Chanda, Central Provinces, India

Sept. 7, 1867.

196 Fryer, G. C, Smelt House, Howden, via Darlington

Sept. 3, 1870.

197 Gainsford, T. R., Belle Vue, near Sheffield

Nov. 5, 1864.

198 Garforth, W. E., Lord's Field Colliery, Ashton-under-Lyne

Aug. 2, 1866.

199 Gilchrist, T., South Medomsley Collieries, Dipton by Burnopfield

Mar. 2, 1865.

200 Gillett, F. C, 5, Wardwick, Derby

July 4, 1861.

201 Gilroy, G., Ince Hall Colliery, Wigan, Lancashire

Aug. 7, 1856.

202 Gilroy, S. B., M.E., Moreton Hall and Preesgwyn Collieries, Chirk, North Wales Sept. 5, 1868.
203 Glover, B. B., M.E., Newton-le-Willows, Lancashire

Aug. 2, 1866.

204 Goddard, W., C.E., Golden Hill Colliery, Longton, North Staffordshire
205 Gooch, G. H., Lintz Colliery, near Burnopfield, Gateshead
206 Goodman, A., Walker Iron Works, Newcastle

Mar. 6, 1862.

Oct. 3, 1856.
Sept. 5, 1868.

207 Gott, Wm. L., Shincliffe Collieries, Durham

Sept. 3, 1864.

208 Graham, J., Dipton Colliery, near Burnopfield

April 2, 1870.

209 Grant, J. H., 41, Great Ormond Street, Queen's Square, London
210 Gray, Jos., South Moor Colliery, Chester-le-Street

Sept. 4,1869.
Feb. 5, 1870.

211 Gray, Thomas, Underhill, Taibach

June 5, 1869.

212 Greaves, J. O., Roundwood Colliery, Horbury, Wakefield, Yorkshire

Aug. 7, 1862.

213 Green, J. T., Tredegar Ironworks, Monmouthshire

Dec. 3, 1870.

[xxix]

ELECTED.
214 Green, W., jun, Garesfield Col., Blaydon-on-Tyne

Feb. 4, 1853.

215 Greener, Thos., Etherley Colliery, Darlington

Aug. 3, 1865.

216 Greenwell, G. C, F.G.S., Poynton and Worth Collieries, Stockport, Cheshire Aug.21,1852.
217 Greig, D., Leeds

Aug. 2, 1866.

218 Griffith, N. R., 13, Grosvenor Road, Wrexham

1866.

219 Grimshaw, E.J., Cowley Hill, St. Helen's, Lancashire

Sept. 5,1868.

220 Haggie, P., Gateshead

1854.

221 Hales, Chas;, Maes-y-dre, Mold, North Wales

1865.

222 Hall, Edward, Houghton-le-Spring

Oct. 3, 1868.

223 Hall, F. W., 23, St. Thomas' Street, Newcastle

Aug. 7, 1869.

224 Hall, H., Hamsteels Collieries, near Durham

Aug. 2, 1866.

225 Hall, M., Peases' West Collieries, Darlington

Sept. 5, 1868.

226 Hall, William F., Haswell Colliery, Fence Houses

May 13, 1858.

227 Hargreaves, William, Rothwell Haigh, Leeds

Sept. 5, 1868.

228 Harkness, A., Birtley Iron Works, Fence Houses

Dec. 5, 1868.

229 Harper, J. P., All Saints' Chambers, Derby

Feb. 2, 1867.

230 Harper, Matthew, Whitehaven

Oct. 1, 1863.

231 Harrison, T. E., C.E., Central Station, Newcastle-upon-Tyne (Vice-President) May 6, 1853.
232 Harrison, R., Eastwood Collieries, Nottingham

1861.

233 Harrison, W.B., Norton Hall, Cannock, Staffordshire

April 6,1867.

234 Hawthorn, T., 12, Elswick Villas, Newcastle-on-Tyne (Member of Council)

Dec. 6, 1866.

235 Hawthorn, W., C.E., 92, Pilgrim Street, Newcastle-upon-Tyne

Mar. 4, 1853.

236 Head, J., Newport Rolling Mills, Middlesbro'
237 Heckels, R., Wearmouth Colliery, Sunderland

Oct. 2, 1869.
Nov. 5, 1852.

238 Hedley, Edward, Osmaston Street, Derby

Dec. 2,1858.

239 Hedley, T. F., Valuer, Sunderland

Mar. 4, 1871.

240 Hedley, W. H., Consett Collieries, Medomsley, Burnopfield, Co. Durham

1864.

241 Henderson, J., M.P., Leazes House, Durham

Mar. 5,1870.

242 Heppell, T., Pelaw Main Collieries, Birtley, Fence Houses

Aug. 6, 1863.

243 Hepplewhite, T., Hetton Colliery, Fence Houses

Dec. 5, 1868.

244 Herdman, J., Park Crescent, Bridgend, Glamorganshire

Oct. 4, 1860.

245 Heslop, James, Peases' West Collieries, Darlington

Feb. 6, 1864.

[xxx]

ELECTED.
246 Hetherington, D., Blue House, Nedderton, Northumberland.
247 Hewitt, G. C, Coal Pit Heath Colliery, near Bristol

1859.
June 3, 1871.

248 Hewlett, A., Haigh Colliery, Wigan, Lancashire
249 Higson, Jacob, 94, Cross Street, Manchester

Mar. 7, 1861.
1861.

250 Higson, P., jun., Hope View, Eccles, near Manchester

Aug. 3, 1865.

251 Hilton, J., Wigan Coal and Iron Co. Limited, Wigan

Dec. 7, 1867.

252 Hilton, T. W., Wigan Coal and Iron Co. Limited, Wigan

Aug. 3, 1865.

253 Hodgson, R, Whitburn, Sunderland

Feb. 7, 1856.

254 Homer, Charles James, Chatterley Hall, Tunstall

Aug. 3, 1865.

255 Hood, A., Whitehill Colliery, Lasswade, Edinburgh

April 18,1861.

256 Hopper, John J., Britannia IronWorks, Fence Houses

Sept. 2, 1865.

257 Horsfall, J. J., Bradley Green Colliery, near Congleton

Mar. 2, 1865.

258 Horsley, W., Whitehill Point, Percy Main

Mar. 5,1857.

259 Horton, T. E., Prior's Lee Hall, Shifnal, Shropshire

1861.

260 Hosking, J., Hawks, Crawshay, & Co., Gateshead (Member of Council)

Oct. 2, 1869.

261 Hoskold, H. D., ME, Cinderford, Newnham, Gloucestershire

April 1, 1871.

262 Howard, W. F., 13, Cavendish Street, Chesterfield, Derbyshire

Aug. 1, 1861.

263 Hoyt, J., Acadia Coal Mines, Pictou, Nova Scotia

May 8, 1869.

264 Hudson, James, Albion Mines, Pictou, Nova Scotia

1862.

265 Humble, John, West Pelton, Chester-le-Street

Mar. 4, 1871.

266 Humble, Jos., jun., Garesfield, Blaydon-on-Tyne

June 2, 1866.

267 Humble, W. J., Forth Banks West Factory, Newcastle-upon-Tyne

Sept. 1, 1866.

268 Hunt, A. H., Quayside, Newcastle-upon-Tyne

Dec. 6, 1862.

269 Hunter, Wm., Moor Lodge, Newcastle-upon-Tyne

Aug. 21, 1852.

270 Hunter, W., Morriston, Swansea, Glamorganshire

Oct. 3, 1861.

271 Hunter, W. S., Moor Lodge, Newcastle-upon-Tyne

Feb. 1, 1868.

272 Hunting, Charles, Fence Houses

Dec. 6, 1866.

273 Huntsman, Benjamin, West Retford Hall, Retford
274 Hurd, F., Albion Foundry, Wakefield

June 1, 1867.
Dec. 4, 1869.

275 Hurst, T. G., F.G.S., Riding Mill, Northumberland

Aug.21, 1852.

276 Hutchings, W. M., 5, Bouverie St., Fleet St., London

Sept. 5, 1868.

277 Jackson, C G., Ladies' Lane Colliery, Hindley, Wigan

June 4, 1870.

[xxxi]

ELECTED.
278 Jameson, John, 28, Sandhill, Newcastle-on-Tyne

Nov. 6, 1869.

279 Jarratt, J., Broomside Colliery Office, Durham

Nov. 2, 1867.

280 Jeffcock, T. W., 18, Bank Street, Sheffield

Sept. 4, 1869.

281 Jenkins, W., M.E., Ocean S.C. Collieries, Ystrad, near Pontypridd, South Wales Dec. 6, 1862.
282 Johnson, Henry, Dudley, Worcestershire
283 Johnson, John, Chilton Hall, Ferryhill, M. Inst. C.E., F.G.S

Aug. 7, 1869.
Aug.21, 1852.

284 Johnson, R. S., Sherburn Hall, Durham

Aug.21, 1852.

285 Johnson, T., Withington Hill Colliery, Aspull,near Wigan

Aug. 7, 1869.

286 Joicey, J. G.. Forth Banks West Factory, Newcastle

Apr. 10, 1869.

287 Joicey, John, Newton Hall, Stocksfield-on-Tyne

Sept. 3, 1852.

288 Joicey, W. J., Tanfield Lea Colliery, Burnopfield

Mar. 6, 1869.

289 Jones, E., Granville Lodge, Wellington, Salop

Oct. 5, 1854.

290 Jones, John, F.G.S., Secretary, North of England Iron Trade, Middlesbro'-on-Tees Sept. 7, 1867.
291 Kendall, W., Blyth and Tyne Railway, Percy Main
292 Kennedy, Myles, M.E., Hill Foot, Ulverstone

Sept. 1, 1866.
June 6, 1868.

293 Kirkwood, William, Larkhall Colliery, Hamilton

Aug. 7, 1869.

294 Knowles, A., High Bank, Pendlebury, Manchester

Dec. 5, 1856.

295 Knowles, A., jun., The Poplars, Hope Eccles, near Manchester

Dec. 3, 1863.

296 Knowles, John, Pendlebury Colliery, Manchester

Dec. 5, 1856.

297 Knowles, Kaye, Little Lever Colliery, near Bolton

Aug. 3, 1865.

298 Knowles, R. M., Turton, near Bolton

Aug. 3, 1865.

299 Knowles, Thomas, Ince Hall, Wigan

Aug. 1, 1861.

300 Lamb, R., Cleator Moor Colliery, near Whitehaven

Sept. 2, 1865.

301 Lamb, R. O., Axwell Park, Gateshead

Aug. 2, 1866.

302 Lancaster, John, Bilton Grange, Rugby

July 4, 1861.

303 Lancaster, J., jun., Bilton Grange, Rugby

Mar. 2, 1865.

304 Lancaster, Joshua, Mostyn Collieries, near Holywell

Aug. 3, 1865.

305 Lancaster, S, Wigan Coal and Iron Co. Limited, Wigan
306 Landale, A., Lochgelly Iron Works, Fifeshire, N.B.

Aug. 3, 1865.
Dec. 2, 1858.

307 Lange, C, Broad Chare, Newcastle-on-Tyne

Mar. 5, 1870.

308 Lawrence, Henry, Grange Iron Works, Durham

Aug. 1, 1868.

309 Laws, H., Grainger St. W., Newcastle-on-Tyne

Feb. 6; 1869
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ELECTED.
310 Laws, John, Blyth, Northumberland

1854

311 Lawson, Rev. E., Longhirst Hall, Morpeth

Dec. 3, 1870.

312 Lawson, J. P., Victoria Mines, Sydney, Cape Breton

Dec. 3, 1870.

313 Laycock, Joseph, Low Gosforth, Northumberland

Sept. 4, 1869.

314 Leather, J. T., Middleton Hall, Belford, Northumberland.

Aug. 6, 1870

315 Lee, George, Saltburn-by-the-Sea

June 4, 1870.

316 Legrand, A., Mons, Belgium

June 5, 1869.

317 Leslie, Andrew, Hebburn, Gateshead-on-Tyne

Sept. 7, 1867.

318 Letoret, Jules, Flenu, near Mons, Belgium

Sept. 4, 1869.

319 Lever, Ellis, West Gorton Works, Manchester

1861.

320 Lewis, G., Coleorton Colliery, Ashby-de-la-Zouch

Aug. 6, 1863.

321 Lewis, Henry, Annesley Colliery, near Mansfield

Aug. 2, 1866.

322 Lewis, Lewis Thomas, Cadoxton Lodge, Neath

Feb. 1, 1868.

323 Lewis, Wm. Thomas, Mardy, Aberdare

1864.

324 Liddell, J. R., Nedderton, Northumberland

Aug.21, 1852.

325 Liddell, M., Prudhoe Hall, Prudhoe-on-Tyne

Oct. 1, 1852.

326 Lindop, James, Bloxwich, Walsall, Staffordshire
327 Linsley, S. W., Silksworth New Winning, near Sunderland

Aug. 1, 1861.
Sept 4, 1869.

328 Lishman, John, Western Hill, Durham
329 Lishman, Wm., Etherley Colliery, Darlington
330 Lishman, Wm., Bunker Hill, Fence Houses

June 2, 1866.
1857.
Mar. 7, 1861.

331 Lister, Clement, Newcastle-on-Tyne

June 4, 1870.

332 Livesey, C, Bredbury Colliery, Bredbury, Stockport

Aug. 3, 1865.

333 Livesey, T., Chamber Hall, Hollinwood, Manchester

Aug. 1, 1861.

334 Llewellin, D., Glanwern Offices, Pontypool, Monmouthshire

Aug. 4, 1864.

335 Logan, William, Littletown, Durham

Sept. 7, 1867.

336 Longridge, J., 3, Poet's Corner, Westminster, London, S.W

Aug.21, 1852.

337 Love, Joseph, Brancepeth Colliery, Durham

Sept. 5, 1856.

338 Low, W., Vron Colliery, Wrexham, Denbighshire

Sept. 6, 1855.

339 Lupton, A., F.G.S., 4, Blenheim Terrace, Leeds

Nov. 6, 1869.

340 Mackenzie, J., 4, West Regent Street, Glasgow

Mar. 5, 1870.

341 Maddison, W., Woolley Colliery, Darton, Barnsley

Dec. 6, 1862.

342 Maddison,W. P., Thornhill Collieries, near Dewsbury

Oct, 6, 1859.

343 Mallet, R., C.E., F.R.S., 7, Westminster Chambers, Westminster, London, S.W. Nov. 7, 1863.
344 Mammatt, John E., C.E., Barnsley, Yorkshire

1864.
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ELECTED.
345 Manners, G. T., Birtley Iron Works, Gateshead

1866.

346 Marley John, Mining Offices, Darlington, (Member of Council)

Aug. 21, 1852.

347 Marshall, F. C, Messrs. Hawthorn & Co., Newcastle

Aug. 2, 1866.

348 Marshall, J., Smithfold Colliery, Little Hulton, near Bolton

1864.

349 Marston, W. B., Leeswood Vale Oil Works, Mold, Flintshire

Oct. 3, 1868.

350 Mart B., St. Peter's Chambers, Oak Hill, Stoke-on-Trent
351 Matthews, R. F., So. Hetton Colliery, Fence Houses

Sept. 4,1869.
Mar. 5, 1857.

352 Maughan, J. A., Wallsend Colliery, Newcastle

Nov. 7, 1863.

353 May, George, North Hetton Colliery, Fence Houses

Mar. 6, 1862.

354 McCreath, J., 138, West George Street, Glasgow

Mar. 5, 1870.

355 McCulloch, H. J., Jesmond Villa, Park Road, Holloway, London, N.

Oct. 1, 1863.

356 McGhie, T., Cannock, Staffordshire

Oct. 1, 1857.

357 McMurtrie, J., Radstock Colliery, Bath

Nov. 7, 1863.

358 McMurtrie, W. G., Camerton Collieries, near Bath

Sept. 4, 1869.

359 Meik, Thomas, C.E., Sunderland

June 4, 1870.

360 Middleton, J., Lombard Street, Quay, Newcastle

1853.

361 Miller, Robert, Strafford Collieries, near Barnsley

Mar. 2, 1865.

362 Mitcalfe, W. B., 23 and 24, Coal Exchange, London
363 Mitchinson, R., jun., Kibblesworth Col., Gateshead

Nov. 6, 1869.
Feb. 4, 1865.

364 Moffatt, T., New Mains, by Motherwell, N.B.

Sept. 4, 1869.

365 Monkhouse, Jos., Gilcrux Colliery, Cockermouth

June 4, 1863.

366 Moor, T., North Seaton Colliery, Morpeth
367 Moore, T. H., Smeaton Park, Inveresk, Edinburgh

Oct. 3, 1868.
Feb. 2, 1867.

368 Morison, D. P., Bulman Village, Newcastle-on-Tyne (Member of Council) 1861.
369 Morris, W., Waldridge Colliery, Chester-le-Street, Fence Houses

1858.

370 Morrison, James, 34, Grey Street, Newcastle-upon-Tyne

Aug. 5, 1853.

371 Morton, H. T, Lambton, Fence Houses

Aug.21, 1852.

372 Muckle, John, Monk Bretton, Barnsley

Mar. 7, 1861.

373 Mulcaster, Joshua, Crosby Colliery, Maryport

June 4, 1863.

374 Mulcaster, W., jun., M.E., Maryport

Dec. 3, 1870.

375 Mulvany, W. T., 1335, Carls Thor, Dusseldorf on the Rhine

Dec. 3, 1857.
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ELECTED.
376 Murray, T. H., Chester-le-Street, Fence Houses
377 Nanson, J., 4, Queen Street, Newcastle-on-Tyne

Apr. 18,1861
Dec. 4, 1869.

378 Napier, C, 1, Rumford Place, Liverpool

Aug. 1, 1861.

379 Nasse, Rud., Louisenthal, Saarbruck, Prussia

Sept. 4, 1869.

380 Naylor, J. T., 10, West Clayton Street, Newcastle Dec. 6, 1866.
381 Nelson, J., C.E., Bonner's Field, Sunderland

(Member of Council) Oct. 4, 1866.

382 Nevin, John, 77, Waterloo Road, Blyth

May 2, 1868.

383 Newall, R. S., Ferndene, Gateshead (Vice-President)

May 2, 1863.

384 Newby, J. E., Usworth Colliery, Gateshead

Oct. 2, 1869.

385 Nicholson, E., jun., Beamish Colliery, by Chester-le-Street, Fence Houses
386 Nicholson, Marshall, Middleton Hall, Leeds

Aug. 7, 1869.

Nov. 7, 1863.

387 Nicholson, T., Park Lane Engine Works, Gateshead

Dec. 4, 1869.

388 Nicholson, W., Seghill Colliery, Newcastle

Oct. 1, 1863.

389 Noble, Captain, Jesmond, Newcastle-upon-Tyne

Feb. 3, 1866.

390 Noble, R. B., Pensher, Fence Houses

Oct. 2, 1869.

391 North, F. W.; Rowley Hall Col., Dudley, Staffordshire

Oct. 6, 1864.

392 Ogden, John M., Solicitor, Sunderland

Mar. 5, 1857.

393 Oliver, George, Brotton Ironstone Mines, Saltburn-by-the-Sea

1864.

394 Oliver, John, Hawkesbury Colliery, Bedworth

April 1, 1865.

395 Oliver, W., Stanhope Burn Offices, Stanhope, Darlington

1862.

396 Pacey, T., Bishop Auckland

Apr. 10, 1869.

397 Palmer, C. M., Quay, Newcastle-upon-Tyne

Nov. 5, 1852.

398 Palmer, John,

Jarrow-on-Tyne

April 1, 1871.

399 Papik, Johanne, Teplitz, Bohemia

Feb. 5, 1870.

400 Parrington, M. W., South Skelton Mines, Marske-by-the-Sea

Dec. 1, 1864.

401 Parton, T., F.G.S., New Road, Willenhall, near Wolverhampton

Oct. 2, 1869.

402 Pattinson, John, Analytical Chemist, Newcastle-on-Tyne

May 2, 1868.

403 Peacock, David, Horsley, Tipton
404 Pearce, F. H., Bowling Iron Works, Bradford
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Aug. 7, 1869.
Oct. 1, 1857.

ELECTED.
405 Pease, J. W., M.P., Woodlands, Darlington

Mar. 5, 1857.

406 Peel, John, Springwell Colliery, Gateshead

Nov. 1, 1860.

407 Peile, William, 6, College Street, Whitehaven

Oct. 1, 1863.

408 Perrot, S. W., Hibernia and Shamrock Collieries, Gelsenkirchen, Dusseldorf June 2, 1866.
409 Pickersgill, T., Waterloo Main Colliery, near Leeds

June 5, 1869.

410 Piggford, J., Moor House, near Durham

Aug. 2, 1866.

411 Pilkington, Wm., jun., St. Helen's, Lancashire

Sept. 6, 1855.

412 Potter, Addison, Heaton Hall, Newcastle-on-Tyne

Mar. 6, 1869.

413 Potter, W. A., Cramlington House, Northumberland (Member of Council)

1853.

414 Prosser, Thomas, Architect, Newcastle-on-Tyne

Mar. 6, 1869.

415 Ramsay, J. A., Washington Colliery, near Durham (Member of Council)

Mar. 6,1869.

416 Ramsay, J. T., Walbottle Hall, near Blaydon-on-Tyne

Aug. 3, 1853.

417 Ramsay, T. D., South Durham Colliery, via Darlington

Mar. 1, 1866.

418 Reed, Robert, Felling Colliery, Gateshead

Dec. 3, 1863.

419 Rees, Daniel, Lletty Shenkin Colliery, Aberdare

1862.

420 Reid, Andrew, Newcastle-on-Tyne
1870.

April 2,

421 Richardson, E., 2, Queen Street, Newcastle-on-Tyne

Feb. 5, 1870.

422 Richardson, H., Backworth Colliery, Newcastle

Mar. 2, 1865.

423 Richardson, J. W., Iron Shipbuilder, Newcastle-upon-Tyne

Sept. 3, 1870.

424 Ridley, G., 1, Adelaide Terrace, Newcastle-on-Tyne

Feb. 4, 1865.

425 Robertson, W.,M.E., 123, St. Vincent Street, Glasgow

Mar. 5,1870.

426 Robinson, G. 0., Shotton Colliery, Castle Eden

Nov. 5, 1870.

427 Robinson, H., C.E., 7, Westminster Chambers, London

Sept. 3, 1870.

428 Robinson, R., jun., Albion Cottage, Bishop Auckland
429 Robinson, R. H., Staveley Works, near Chesterfield

Feb. 1, 1868.
Sept. 5, 1868.

430 Robson, E., Newlands Villa, Middlesbro'-on-Tees

April 2, 1870.

431 Robson, J. B., Paradise, Newcastle-upon-Tyne

May 8, 1869.

432 Robson, J. S., Butterknowle Colliery, via Staindrop, Darlington

1853.

433 Robson, J. T., Towneley Colliery, Blaydon-on-Tyne

Sept. 4, 1869.

434 Robson, Thomas, Lumley Colliery, Fence Houses

Oct. 4, 1860.

435 Rogerson, J., Weardale Iron and Coal Co., Newcastle-upon-Tyne

Mar. 6, 1869.
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ELECTED.
436 Ronaldson, J., Australia

Aug. 2, 1866.

437 Roscamp, J., Acomb Colliery, Hexham

Feb. 2, 1867.

438 Rose, Thomas, Merridale Grove, Wolverhampton

1862.

439 Ross, A., Shipcote Colliery. Gateshead

Oct. 1, 1857.

440 Rosser, Wm., Mineral Surveyor, Llanelly, Carmarthenshire

1856.

441 Rothwell, R. P., M.E., Wilkes Barre, Pennsylvania, United States

Mar. 5, 1870.

442 Routledge, T., International Coal and Railway Co., Sydney, C.B., Nova Scotia Dec. 3, 1870.
443 Routledge, Wm., Sydney, Cape Breton

Aug. 6, 1857.

444 Rowden, W. T., 17, Westmorland Road, Newcastle

Mar. 5, 1870.

445 Rusby, W. J., Glass House Fields Engine Works, Radcliffe, London, E

Aug. 1, 1868.

446 Sanderson, R. B., 33, Westgate Street, Newcastle
447 Sanderson, T., Seaton Delaval, Dudley, Northumberland.
448 Scarth, W. T., Raby Castle, Darlington
449 Scott, Andrew, Coanwood Colliery, Haltwhistle

1852.
Aug. 7, 1862.
April 4, 1868.
Dec. 7, 1867.

450 Seddon, J. F., Eccleshill Colliery, Darwen

June 1, 1867.

451 Seddon, W., Lower Moor Collieries, Oldham, Lancashire

Oct. 5, 1865.

452 Shaw, W., jun., Wolsingham, via Darlington

June 3, 1871.

453 Shiel, John, Usworth Colliery, County Durham

May 6, 1871.

454 Shield, H., Lamb's Cottage, Gilesgate Moor, Durham

Mar. 6, 1862.

455 Shortrede, T., Park House, Winstanley, Wigan

April 3, 1856.

456 Simpson, J. B., Hedgefield House, Blaydon-on-Tyne (Member of Council)

Oct. 4,1860.

457 Simpson, J., Rhos Llantwit Colliery, Caerphilly, near Cardiff
458 Simpson, L., South Garesfield Colliery, Burnopfield

Dec. 6, 1866.

1855.

459 Simpson, R., Ryton Moor House, Blaydon-on-Tyne

Aug. 21,1852.

460 Small, G., Kilburne Colliery, near Derby

June 4, 1870.

461 Smith, E. J., 14, Whitehall Place, Westminster, London, S.W.

Oct. 7, 1858.

462 Smith, F., Bridgewater Offices, Manchester

Aug. 5, 1853.

463 Smith, T. E., M.P., Gosforth House, Dudley, Northumberland.

Feb 5, 1870.

464 Smith, Thomas Taylor, Oxhill, Chester-le-Street

Aug. 2, 1866.

465 Snowdon, T., jun., Weardale Iron Works, Towlaw, via Darlington

Sept. 4,1869.

[xxxvii]

ELECTED.
466 Sopwith, A., 103, Victoria Street, Westminster, London, S.W. Aug. 1, 1868.
467 Sopwith, T., F.G.S, etc., 103, Victoria Street, Westminster, London, S.W.

May 6, 1853.

468 Southern, R., 17, Wentworth Place, Newcastle

Aug. 3, 1865.

469 Spark, H. K., Darlington

1856.

470 Spencer, John, Westgate Street, Newcastle

Sept 4, 1869.

471 Spencer, M., Newburn, near Newcastle-on-Tyne

Sept. 4, 1869.

472 Spencer, T., Ryton, Newcastle-upon-Tyne

Dec. 6, 1866.

473 Spencer, W., 139, High Street, Sunderland

Aug.21,1852.

474 Spooner, P., Throckley Colliery, Newcastle-on-Tyne

Dec. 4, 1869.

475 Steavenson, A. L., 13, Old Elvet, Durham (Member of Council)

Dec. 6, 1855.

476 Steavenson, D. F., B.A., LL.B., Barrister-at-Law, Cross House, Westgate St., Newcastle-on-Tyne
April 1, 1871.
477 Steele, Charles R., Ellenborough Colliery, Maryport

Mar. 3, 1864.

478 Stenson, W. T., Whitwick Colliery, Coalville, near Leicester

Aug. 5, 1853.

479 Stephenson, G. R., 24, Great George Street, Westminster, London, S.W

Oct. 4, 1860.

480 Stephenson, J., Seaton Delaval Colliery, Dudley, Northumberland

Sept. 5, 1868.

481 Stephenson, W. H., Summerhill Grove, Newcastle

Mar. 7, 1867.

482 Stobart, H. S., Witton-le-Wear, Darlington
483 Stott, James, Chatham Hill, Manchester

Feb. 2, 1854.
1855.

484 Straker, John, West House, Tynemouth

May 2,1867.

485 Swallow, John, Harton Colliery, South Shields
486 Swallow, R. T., Pontop Colliery, Gateshead

Aug. 6, 1863.
1862.

487 Taylor, H., 27, Quay, Newcastle-upon-Tyne

Sept. 5, 1856.

488 Taylor, J., Earsdon, Newcastle-upon-Tyne

Aug.21, 1852.

489 Taylor, W. N., Ryhope Colliery, Sunderland

Oct. 1, 1863.

490 Telford, W., Cramlington, Northumberland

May 6, 1853.

491 Thompson, Astley, Kedwelly, Carmarthenshire

1864.

492 Thompson, James, Bishop Auckland

June 2, 1866.

493 Thompson, John, Marley Hill Colliery, Gateshead
494 Thompson, John, Field House, Hoole, Chester

Oct. 4, 1860.
Sept. 2, 1865.

495 Thompson, J., Norley Colliery, Wigan, Lancashire

April 6, 1867.

496 Thompson, R., jun., North Brancepeth Colliery, near Durham

Sept. 7, 1867.
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497 Thompson, T. 0., Milton Hall, Carlisle

May 4, 1854.

498 Thorpe, R. S., 17, Picton Place, Newcastle,

Sept. 5, 1868.

499 Tinn, J., C.E., Ashton Iron Rolling Mills, Bower Ashton, Bristol

Sept. 7, 1867.

500 Tone, J. F., C.B., Pilgrim Street, Newcastle-on-Tyne

Feb. 7, 1856.

501 Truran, M., Dowlais Iron Works, Merthyr Tydvil
502 Turner, W. B., C. and M.E., Ulverstone

Dec. 1, 1859.
Dec. 7, 1867.

503 Tylden-Wright, C, Shireoaks Colliery, Worksop, Nottinghamshire

1862.

504 Ure, J. F., Engineer to the River Tyne Commissioners, Newcastle-on-Tyne

May 8, 1869.

505 Vaughan, Thomas, Middlesbro'-on-Tees

1857.

506 Wadham, E., C. and M.E., Millwood, Dalton-in-Furness

Dec. 7,1867.

507 Walker, G.W., Swannington,nr.Ashby-de-la-Zouch
508 Walker, J. S., 15, Wallgate, Wigan, Lancashire

Sept. 7,1867.
Dec. 4, 1869.

509 Walker, W., Crags Hall Mines, Brotton, near Saltburn-by-the-Sea

Mar. 5, 1870.

510 Wallau, J. (Black, Hawthorn, & Co.), Gateshead

Nov. 2, 1867.

511 Waller, W., 69, High Street, Redcar

1866.

512 Walton, W., Upleatham Mines, Redcar

Feb. 1, 1867.

513 Ward, H., Priestfield Iron Works, Oaklands, Wolverhampton

Mar. 6,1862.

514 Wardell, S. C, Thomcliffe and Chapeltown Collieries, near Sheffield

April 1, 1865.

515 Warrington, J., Worsborough Hall, near Barnsley

Oct. 6, 1859.

516 Watkin, Wm. J. L., Pemberton Colliery, Wigan

Aug. 7, 1862.

517 Watson, H., High Bridge, Newcastle-upon-Tyne

Mar. 7, 1868.

518 Watson, M., Ludworth Colliery, Durham

Mar. 7, 1868.

519 Webster, R. C, Ruabon Collieries, Ruabon, Denbighshire

Sept. 6, 1855.

520 Weeks, J. G., Staincross, near Barnsley

Feb. 4,1865.

521 Westmacott, P. G. B., Elswick Iron Works, Newcastle-upon-Tyne
522 Weston, W., M.E., Eastwood Collieries, near Nottingham

June 2, 1866.
Sept. 3,1870.

523 Whaley, Thomas, Orrell Mount, Wigan

Aug. 2, 1866.
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524 White, H., Moor House, near Durham

1866.

525 White, J. T., Altofts, near Normanton

Mar. 1, 1866.

526 Whitelaw, A., 168, West George Street, Glasgow
527 Whitelaw, John, Fordel Colliery, Inverkeithing, N.B.
528 Whitwell, T., Thornaby Iron Works, Stockton-on-Tees
529 Widdas, C, No. Bitchburn Colliery, Howden, Darlington

Mar. 5, 1870.
Feb. 5,1870.
Sept. 5,1868.
Dec. 5, 1868.

530 Williams, E. (Bolckow, Vaughan, and Co.), Middlesbro'-on-Tees
531 Willis, E., Clarence House, Willington, nr. Durham

Sept. 2, 1865.
Sept. 5, 1868.

532 Willis, James, 13, Old Elvet, Durham (Member of Council)
533 Wilmer, F. B., Duffryn Collieries, Aberdare

Mar. 5, 1857.
June 6, 1856.

534 Wilson, J. B., Wingfield Iron Works and Collieries, near Alfreton, Derbyshire
5,1852.

Nov.

535 Wilson, J. S., Tynemouth

Dec. 2,1858.

536 Wilson, R., Flimby Colliery, Maryport

April 3, 1850.

537 Wilson, T. H., 40, Dean Street, Newcastle-on-Tyne

Mar. 6, 1869.

538 Winship, J. B., Newcastle, Australia

Dec. 4, 1869.

539 Wood, C. L., Howlish Hall, Bishop Auckland

1853.

540 Wood, Lindsay, Hetton Hall, Fence Houses (Vice-President)

Oct. 1, 1857.

541 Wood, J., Flockton Collieries, Wakefield
542 Wood, Thos. Westerton, Bishop Auckland
543 Wood, W. H., West Hetton, Ferryhill (Member of Council)
544 Wood, W. O., East Hetton Colliery, Ferryhill
545 Woodhouse, J. T., Midland Road, Derby

April 2, 1863.
Sept. 3, 1870.
1856.
Nov. 7, 1863.
Dec. 13, 1852.

STUDENTS
1 Atkinson, J. B., Chilton Moor, Fence Houses

Mar. 5, 1870.

2 Atkinson, W. H., Murton Colliery, Fence Houses

3 Bell, C. E., 31, Old Elvet, Durham

June 6, 1868.

Dec. 3, 1870.

4 Boyd, R. F., Towneley Colliery, Blaydon-on-Tyne

5 Clark, H. P., 13, Cavendish Street, Chesterfield, Derbyshire

Nov. 6, 1869.

Mar. 4, 1871.
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6 Clarke, N., jun., South Tanfield, Chester-le-Street

June 6, 1868.

7 Coulson, F., 78, Dundas Street, Sunderland

Aug. 1, 1868.

8 Crone, E. W., Killingworth Hall, near Newcastle

Mar. 5, 1870.

9 Dickinson, J. L., Belle Vue House, Shotley Bridge

Aug. 6, 1870.

10 Fletcher, W., Cowpen Colliery, Blyth

Feb. 4, 1871.

11 Forster, J. T., Washington, Gateshead

Aug. 1, 1868.

12 Gerrard, J., Ince Hall Coal and Cannel Co., near Wigan

Mar. 5,1870.

13 Grace, E. N., Lumley Colliery, Fence Houses

Feb. 1, 1868.

14 Greenwell, G. C, jun., Sheffield and Tinsley Coal Offices, Sheffield

Mar. 6, 1869.

15 Hann, Edmund, Hetton Colliery, Fence Houses
16 Hay, J., jun., Bebside Col., Cowpen, Northumberland

Sept. 5, 1868.
Sept. 4, 1869.

17 Heckels, W. J., Wearmouth Colliery, Sunderland

May 2, 1868.

18 Hedley, J. L., Cotes Park Colliery, near Alfreton, Derbyshire

Feb. 5, 1870.

19 Heslop, C, Upleatham Mines, Marske

Feb. 1, 1868.

20 Hodgson, J. W., South Derwent Colliery, Annfield Plain, near Burnopfield

Feb. 5, 1870.

21 Hughes, H. E., Killingworth Col., near Newcastle

Nov. 6, 1869.

22 Hunter, J., jun., East Hetton Colliery, Ferryhill

Mar. 6, 1869.

23 Hutton, J. A., Killingworth Colliery, near Newcastle

Sept. 4, 1869.

24 Hyslop, J. S., Belmont Mines, Guisboro',

April 1, 1871.

25 Kjrke, R. H. V., Nant-y-Ffrith Hall, Wrexham

Feb. 5, 1870.

26 Liddell, G. H., Nedderton, Northumberland

Sept. 4, 1869.

27 Lishman, T., jun., Black Boy Colliery, near Bishop Auckland

Nov. 5, 1870.

28 Longbotham, J., Waldridge Colliery, Chester-le-Street

May 2, 1868.

29 Malcolm, G. A., Towneley Colliery, Blaydon-on-Tyne

April 2, 1870.

30 Marley, J. W., North Brancepeth Col., near Durham

Aug. 1, 1868.

31 Mills, M. H., North Seaton Colliery, Morpeth

Feb. 4, 1871.

32 Moore, R. W., Wanley Street, Waterloo, Blyth

Nov. 5, 1870.

33 Pamely, C, Radstock Coal Works, near Bath

Sept. 5, 1868.
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ELECTED.
34 Panton, F. S., 6, Thornhill Terrace, Sunderland

Oct. 5, 1867.

35 Place, Thomas, No. Hetton Collieries, Fence Houses

April 2, 1870.

36 Price, J. R, Wigan Coal and Iron Co., Wigan

Aug. 7, 1869.

37 Reed, R. B., Newbottle Colliery, Fence Houses
38 Ritson, W. A., Towneley Colliery, Blaydon-on-Tyne

Mar. 5, 1870.
April 2, 1870.

39 Robson, J. M.; 11, Belhaven Terrace, Glasgow

Dec. 5, 1868.

40 Robson, W. C, Colliery Office, Whitehaven

Sept. 4, 1869.

41 Sheraton, Frederick, Silksworth Colliery, near Sunderland

June 6, 1868.

42 Sopwith,T., jun., Towneley Colliery, Blaydon-on-Tyne
43 Sparkes, C, Peases' West Collieries, Darlington
44 Stratton, T. H. M., Wearmouth Colliery, Sunderland

Nov. 2,1867.
Sept. 5, 1868.
Dec. 3, 1870.

45 Wild, J. G., Peases' West Waterhouses Colliery, by Durham

Oct. 5,1867.

46 Wilson, W. B., Killingworth Colliery, Newcastle

Feb. 6, 1869.

47 Vernon, J. O., Brancepeth Colliery, Willington, near Durham

Sept. 7, 1867.
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List of Subscribing Collieries.

Owners of Black Boy Colliery, Bishop Auckland.
„

East Holywell, Earsdon, Northumberland.

„

Haswell Colliery, Fence Houses.

„

Hetton Collieries, Fence Houses.

„

Kepier Grange Colliery, by Durham.

„

Lambton Collieries, Fence Houses (Earl Durham).

„

Leasingthorne Colliery, Ferry Hill.

„

North Hetton Colliery, Fence Houses.

„

Rainton Collieries (Earl Vane).

„

Ryhope Colliery, near Sunderland.

„

Seghill Colliery, Northumberland.

„

South Hetton and Murton Collieries, Fence Houses.

„

Stella Colliery, Ryton, Newcastle-upon-Tyne.

„

Westerton Colliery, Ferry Hill.

„

Whitworth Colliery, Ferry Hill.
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RULES

1—The objects of the North of England Institute of Mining and Mechanical Engineers are to enable
its members to meet together to discuss the means for the Ventilation of Coal and other Mines, the
Winning and Working of Collieries and Mines, the Prevention of Accidents, and the Advancement of
the Sciences of Mining and Engineering generally.

2.—The North of England Institute of Mining and Mechanical Engineers shall consist of three classes
of members, namely :—Ordinary Members, Life Members, and Honorary Members, with a class of
Students attached.

3.—Ordinary and Life Members shall be persons practising as Mining or Mechanical Engineers, and
other persons connected with or interested in Mining and Engineering.

4.—Honorary Members shall be persons who have distinguished themselves by their literary or
scientific attainments, or who have made important communications to the Society, and
Government Mining Inspectors during the term of their office.

5.—Students shall be persons who are qualifying themselves for the profession of Mining or
Mechanical Engineers, and such persons may continue Students until they attain the age of 23 years.

6.—The Annual Subscription of each Ordinary Member shall be £2 2s., payable in advance, and the
same is to be considered due and payable on the first Saturday of August in each year, or
immediately after his election.

7.—All persons who shall at one time make a donation of £20 or upwards shall be Life Members.

8.—The Annual Subscription of each Student shall be £1 1s., payable in advance, and the same is to
be considered due and payable on the first Saturday of August in each year, or immediately after his
election.

9.—Each Subscriber of £2 2s. annually (not being a member) shall be entitled to a ticket to admit
two persons to the rooms, library, meetings, lectures, and public proceedings of the Society; and for
every additional £2 2s., subscribed annually, two other persons shall be admissible up to the number
of ten persons; and each such Subscriber shall

[xliv]

also be entitled for each £2 2s. subscription, to have a copy of the Proceedings of the Institute sent
to him.

10.—Persons desirous of being admitted into the Institute as Ordinary Members, Life Members, or
Students, shall be proposed by three Members, and as Honorary Members by at least five Members.
The nomination shall be in writing and signed by the proposers (see Form A), and shall be submitted
to the first General or Special Meeting after the date thereof. The name of the person proposed shall
be exhibited in the Society's room until the next General or Special Meeting, when the election shall
be proceeded with by ballot, unless it be then decided to elect by show of hands. A majority of votes
shall determine every election. Notice of election shall be sent to each Member or Student within
one week after his election, on Form B, enclosing at the same time Form C, which shall be returned
by the Member or Student, signed, and accompanied with the amount of his annual subscription,
within two months from the date of such election, which otherwise shall become void.

11.—The Officers of the Institute shall consist of a President, six Vice-Presidents, and eighteen
Councillors, who, with the Treasurer and Secretary (if Members of the Institute), shall constitute a
Council for the direction and management of the affairs of the Institute. The President, VicePresidents, and Councillors shall be elected at the Annual Meeting (except in case of vacancies) and
shall be eligible for re-election, with the exception of any President or Vice-President who may have
held office for the three immediately preceding years, and such six Councillors who may have
attended the fewest Council Meetings during the past year : but such Members shall be eligible for
re-election after being one year out of office.

12.—All Members shall be at liberty to nominate, in writing, and send to the Secretary, not less than
fourteen days prior to the Annual or Special Meeting, a list of Ordinary and Life Members who are
considered suitable to fill the various offices, such list being signed by the nominators. A list of the
persons so nominated and of the retiring Officers, indicating those who are ineligible for re-election
(see Form G), shall constitute a balloting list, and shall be posted at least seven days previous to the
Annual or Special Meeting, to all Members of the Institute, who may erase any name or names from
this list, and substitute the name or names of any other person or persons eligible for each
respective office; but the number of persons on the list, after such erasure or substitution, must not

exceed the number to be elected to the respective offices as above enumerated. The balloting
papers must be returned through the post, addressed to the Secretary, or be handed to him, or to
the Chairman
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of the Meeting, so as to be received before the hour fixed for the election of officers. The Chairman
shall then appoint four Scrutineers, who shall receive the balloting papers, and shall sign and hand to
the Chairman of the Meeting a list of the elected Officers, after destroying the papers. Those papers
which do not accord with these directions shall be rejected by the Scrutineers. The votes for any
Members who may not be elected Vice-Presidents shall count for them as Members of the Council.
In case of the decease or resignation of any Officer or Officers, notice thereof shall be given at the
next General or Special Meeting, and a new Officer or Officers elected at the succeeding General or
Special Meeting, in accordance with the mode above indicated.

13.—At meetings of the Council, five shall be a quorum, and the minutes of the Council's
proceedings shall be at all times open to the inspection of the Members of the Institute. The
President shall be ex-officio Chairman of every committee.

14.—All past Presidents shall be ex-officio Members of the Council so long as they continue
Members of the Institute, and Vice-Presidents who become ineligible from having held office for
three consecutive years, shall be ex-officio Members of the Council for the following year.

15.—A General Meeting of the Institute shall be held on the first Saturday of every month (except in
January and July) at two o'clock; and the General Meeting in the month of August shall be the
Annual Meeting, at which a report of the proceedings, and an abstract of the accounts of the
previous year, shall be presented by the Council. A Special Meeting of the Institute shall be called
whenever the Council may think fit, and also on a requisition to the Council, signed by ten or more
Members.

16.—Every question, not otherwise provided for, which shall come before any Meeting of the
Institute, shall be decided by the votes of the majority of the Ordinary or Life Members then present.

17.—The Funds of the Society shall be deposited in the hands of the Treasurer, and shall be
disbursed or invested by him according to the direction of the Council.

18-—All papers shall be sent for the approval of the Council at least twelve days before a General
Meeting, and after approval shall be read before the Institute. The Council shall also direct whether
any paper read before the Institute shall be printed in the Transactions, and notice shall be given to
the writer within one month after it has been read, whether it is to be printed or not.

19.—The Copyright of all papers communicated to, and accepted for printing by the Council, shall
become vested in the Institute, and such
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communications shall not be published for sale or otherwise, without the written permission of the
Council.

20.—All proofs of discussion, forwarded to Members for correction, must be returned to the
Secretary within seven days from the date of their receipt, otherwise they will be considered correct
and be printed off.

21.—The Institute is not, as a body, responsible for the facts and opinions advanced in the papers
which may be read, nor in the discussions which may take place at the Meetings of the Institute.

22.—Twelve copies of each paper printed by the Institute shall be presented to the author for
private use.

23.—Members elected at any Meeting between the Annual Meetings shall be entitled to all papers
issued in that year, as soon as they have signed and returned Form C, and paid their subscriptions.

24.—The Transactions of the Institute shall not be forwarded to Members whose subscriptions are
more than one year in arrear.

25.—Any person whose subscription is two years in arrear, that is to say, whose arrears and current
subscription shall not have been paid on or before the first of August, shall be reported to the
Council, who shall direct application to be made for it according to Form D, and in the event of it

continuing one month in arrear after such application, the Council shall have the power, after
suitable remonstrance by letter in the form so provided (Form E), of erasing the name of the
defaulter from the register of the Institute.

26.—No duplicate copies of any portion of the Transactions shall be issued to any of the Members
unless by written order from the Council.

27.—Invitations shall be forwarded by the Secretary to any gentleman whose presence at the
discussions the Council may think advisable, and strangers so invited shall be permitted to take part
in the proceedings. Any Member of the Institute shall also have power to introduce two strangers
(see Form F) to any of the General Meetings of the Institute, but they shall not take part in the
proceedings, except by permission of the meeting.

28.—No alteration shall be made in any of the Laws, Rules, or Regulations of the Institute, except at
the Annual General Meeting, or at a Special Meeting for that purpose, and the particulars of every
such alteration shall be announced at a previous General Meeting, and inserted in its minutes, and
shall be exhibited in the Room of the Institute fourteen days previous to such Annual or Special
Meeting, and such Meeting shall have power to adopt any modification of such proposed alteration
of, or addition to, the Rules.
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APPENDIX.

[FORM A.]

Name in full—Mr.
Designation or Occupation
Address
being desirous of admission into the North of England Institute of
Mining and Mechanical Engineers, we, the undersigned, propose and
recommend that he shall become a

thereof.

Signatures
Proposed by-------------------------------------

of three
Members.

Dated

18

[FORM B.]

Sir,—I beg to inform you that on the
you were elected a

day of

of the North of England Institute of

Mining and Mechanical Engineers, but in conformity with its Rules your election cannot be
confirmed until the enclosed form be returned to me with your signature, and until your first annual
subscription be paid, the amount of which is £ .
If the first subscription is not received within two months from the present date, the election will
become void, under Rule 10.
I am, Sir,
Yours faithfully,
Secretary. Dated

18

[FORM C]

I, the undersigned, being elected a

of the North

of England Institute of Mining and Mechanical Engineers, do hereby agree that I will be governed by
the regulations of the said Institute as they are now formed, or as they may hereafter be altered;
that I will advance the objects of the Institute as far as shall be in my power, and will not aid in any
unauthorised publication of the proceedings, and will attend the Meetings thereof as often as I
conveniently can; provided that whenever I shall signify in writing to the Secretary, that I am
desirous of withdrawing my name therefrom, I shall (after the payment of any arrears which may be
due by me at that period) be free from this obligation.

Witness my hand this

day of

18
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[FORM D.]

18
Sir,—I am directed by the Council of the North of England Institute of Mining and Mechanical
Engineers to draw your attention to Rule 25, and to remind you that the sum of £
of your
annual subscriptions to the funds of the Institute remains unpaid, and that you are in consequence
in arrear of subscription. I am also directed to request that you will cause the same to be paid
without further delay, otherwise the Council will be under the necessity of exercising their discretion
as to using the power vested in them by the Rule above referred to.
I am, Sir,
Yours faithfully,
Secretary.

[FORM E.]
18
Sir,—I am directed by the Council of the North of England Institute of Mining and Mechanical
Engineers to inform you, that in consequence of the non-payment of your arrears of subscription,
and in pursuance of Rule 25, the Council have declared, by special vote, on the day of
18
, that you have forfeited your claim
to belong to the Institute, and your name will be in consequence expunged from the Register, unless
payment is made previous to
But notwithstanding such forfeiture, I am directed to call upon you for payment of your arrears,
amounting to £
I am, Sir,
Yours faithfully,
Secretary.

[FORM F.]

Admit
of
to the Meeting on Saturday, the
(Signature of Member or Student,)
The Chair to be taken at Two o'clock. I undertake to abide by the Regulations of the North of
England Institute of Mining and Mechanical Engineers, and not to aid in any unauthorized
publication of the Proceedings.
(Signature of Visitor,)
Not transferable.
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[FORM G.]

BALLOTING LIST.
Ballot to take place at the Meeting of

18

at Two o'clock.

President—One Name to be returned,
______________Retiring President.
______________New Nominations.

Vice-Presidents—Six Names to be returned.
The Votes for any Members who may not be elected as Vice-Presidents will count for them as other
Members of the Council.
_______________Retiring Vice-Presidents.
_______________New Nominations.

Council—Eighteen Names to be returned.

------------------------_______________Retiring Councillors.

------------------------------------_______________New Nominations,

Rule XII.—Relative to the Election of the Officers of the Institute.
** These Gentlemen are ineligible for re-election.
* These Gentlemen are not on the Council for the present year.

Names substituted for any of the above are to be written in the blank spaces opposite those they are
intended to supersede.
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NORTH OF ENGLAND INSTITUTE OF MINING ENGINEERS.

GENERAL MEETING, SATURDAY, SEPTEMBER 3, 1870, IN THE LECTURE ROOM OF THE LITERARY AND
PHILOSOPHICAL SOCIETY.

R. S. NEWALL, Esq., in the Chair.

The Secretary read the minutes of the last meeting, which were approved and signed, and reported
the proceedings of the Council.

The following gentlemen were elected:

Members—
Vincent Corbett, M.E., Londonderry Collieries, Seaham Harbour.
Henry Robinson, C.E., 7, Westminster Chambers, London.
Colin Dunlop, Jun., Quarter Iron Works, Hamilton.
Wm. Weston, M.E., Eastwood Collieries, near Nottingham.
J. W. Richardson, Iron Shipbuilder, Newcastle-upon-Tyne.
Mons. D'Andrimont, Liege.
Thomas Bell, Jesmond, Newcastle-upon-Tyne.
G. C. Fryer, Smelt House, Howden, via Darlington.
J. T. Emslie, Washington Terrace, Tynemouth.
Thomas Wood, Hetton, Fence Houses.

The following gentleman was nominated for election at the next meeting.

Member— B. C. Browne, Assoc. Inst. C.E., North Ashfield House, Newcastle-upon-Tyne.

The Secretary then read a paper by Mr. Emerson Bainbridge, on "Wire-tramways."
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ON THE MODE OF CONVEYING MINERALS BY WIRE TRAMWAY.
By EMERSON BAINBRIDGE.

In the transport of minerals by means of ordinary railways, one of the chief items of cost is the heavy
expenditure incurred in excavating and tunnelling in hilly districts, in order to make easy gradients
for the passage of wagons, which are hauled by ropes when inclines are too steep to allow the
passage of a locomotive.
Where railroads are now in use, and where the gauge is broad and the wagons used hold a heavy
weight, the heaviest gradient which can be traversed is about 1 in 12, whilst with ordinary tramways,
with small wagons, gradients of about 1 in 5 are in operation. The only mode of haulage, by means
of which it has been found possible to pass over heavier gradients than these, is the "Endless-chain,"
which, in Lancashire, has been applied on tramways having so great an inclination as 1 in 3.
The Endless-chain system presents the exceptionable conditions :— Firstly, of little or no surface
cutting being required in the formation of the road; and secondly, of having in its mode of action a
peculiar compensating effect, owing to the full and empty wagons which move in different
directions, simultaneously counterbalancing each other to such an extent, that on an undulating
road having the two termini at the same level, little more power is required to do the work than
would be necessary in the case of the road being level from end to end.
Possessing, as it does, such advantages, there are yet conditions to which the Endless-chain system
is not applicable, these being chiefly hilly and rocky districts, with wide and deep gorges, tracts
where land is very valuable, and where it is desirable to avoid all damage to the surface, and
irregular and long routes, where numerous curves and varying gradients have to be contended with.
The system of haulage by "Wire-tramways," which it is the object of this paper to describe, has
recently been adopted in localities where
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these conditions occur, and may, therefore, be considered to supply, to some extent, the
deficiencies of the Endless-chain system.
Mr. Charles Hodgson, C.B., the inventor of the "Wire-tramway" system, had the idea suggested to
him two years ago, that, if in the application (which is frequently to be observed on the continent) of
a wire rope spanning a river or ravine, as the supporting road by which material is transmitted, the
action could be made continuous, instead of being applied in a single stretch, it would form the
cheapest, and in all cases of moderate traffic, the most economical means of conveying material
from districts, the traffic from which would not warrant the construction of a railway, or would be illadministered by a common road.
By degrees the "Wire-tramway" was matured, and the various improvements which from time to
time have been made, have been adopted in the construction of the new plant now at work at
Brighton.

During the past year "Wire-tramway" lines have been constructed, chiefly in France, varying from
one-eighth of a mile to three miles in length, and having an aggregate length of about thirty miles.
Fifteen other lines, varying in length from one-eighth of a mile to fifteen miles are now in course of
formation, two of which are in the south of England. Plate No. I. is a general sketch, showing the
mode in which the system is applied to overcome obstacles, which, with other modes of
conveyance, would be almost insurmountable.
The first application of the system in England was at Bardon Hill, in Leicestershire, when the
tramway was employed in the conveyance of granite a distance of three miles.
Through the kindness of Mr. Hodgson, the author had an opportunity in 1869 of making some
experiments on this line, but owing to the tramway having been recently stopped by local
authorities, since the road trustees were unable to grant permanent leave for it to pass over the high
road without an Act of Parliament, it has not been thought desirable to give these experiments,
more especially as others of more value have subsequently been made.
Having been in treaty for the construction of sixty miles of tramway in Ceylon, Mr. Hodgson
undertook to erect, at Brighton, five miles of the proposed plant, to show the facility with which
rope railways could be applied. The Brighton line, as shown by the annexed Plate No. II., has been
arranged to present many difficulties, more, in fact, than are likely to be met with in practice. The
total length of the line is 8,800 yards, and there are 106 posts or supports in the whole length. The
rope is made of charcoal iron, and is two inches in circumference; the
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usual speed of the rope is about five miles per hour. Some of the spans are between 600 and 700
feet in length, the greatest span being 690 feet; some of the surface gradients are as steep as 1 in 8.
The line is capable of delivering about 200 tons per day of 10 hours, viz., 100 tons in each direction.
It is intended to divide the proposed line in Ceylon into 5-mile sections, such as this, one engine
working two sections.
The following are a few of the chief dimensions relating to the plant employed.
There are two engines, both of which are connected to the main driving pulley.
North Engine. South Engine.
Number of cylinders

2

2

Diameter of ditto

9 inches

9 5/8 inches.

Length of stroke

14

14

Usual speed, strokes per minute

„
90

„
90

Working pressure

65 lbs.

60 lbs.

Heating surface

240 feet

240 feet.

Coke used per day of 10 hours

15 cwts.

16 1/2 cwts.

Driving wheel—Description :—clip pulley ; diameter, 7 feet.

Rope—Description :—iron, having 6 strands of 6 wires each.
Circumference, 2 inches.
Length:—in two lengths, each 8,850 yards long.
Weight per yard, 1.54 lbs.
Usual speed of rope, about 5 miles per hour.
Duration estimated at 2 years.
Total length of tramway from beginning to end, 8,800 yards.

Supports—Description :—gas pipe, angle iron, and wood.
Number, 106.
Average distance apart,

250 feet.

Maximum

690 "

"

Maximum height

74 „

Minimum

12 „

Usual

„
„

25 „

Pulleys on supports—Distance apart,

6 „

Diameter, 24 inches, and several 20 inches.
Weight of each pulley, 70 lbs.
Curves, number 5.

No. of sheaves at each curve.

Angle which each

Inside.

Outside.

1.

3

3

2 feet 148°

2.

5

5

2 feet 90°

3.
4.
5.

One large wheel, diameter about 8 feet
5

5

2 feet

Diameter.

curve traverses.

131°

90°

One large wheel, diameter about 8 feet

116°
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Boxes—Usual distance apart, 91 feet.
Number on rope at one time, 194.
Weight when empty, 72 lbs.
Capacity, 140 lbs.

The mode in which the system is worked may be described as follows.
Motion is given to the rope which forms the "Wire-tramway" by a clip-pulley worked by two
portable engines, a drawing of one of which is shown on Plate III.
The rope acting as the tramway is in two lengths, both of which are endless, each having a total
length of 8,850 yards. These ropes are tightened by means of separate apparatus fixed at the
opposite ends of the tramway. The mode in which this apparatus is applied will be understood on
reference to Plate VII.
The rope moves on pulleys of 24 inches diameter placed at an average distance apart of 250 feet,
and at a height from the ground varying from 12 feet to 74 feet.
On reference to Plate II. it will be seen that the Brighton Tramway is arranged so that the two
termini are only about 1,000 yards apart.
On the rope being set in motion, the suspended boxes move with it, and on reaching the supports,
the impetus which the box has acquired, combined with the grasping effect which the pulley exerts
upon the wooden block by means of which the box is suspended on the rope, carry the box over the
pulley without any difficulty.
The mode in which the box is attached to and detached from the rope at the terminus will be seen
on reference to Plates Nos. IV. and V. No. IV. represents a plan and side-view of the terminus, whilst
the end-view is seen on No. V. On each side of the grooved shoe at the top of the frame is a small

disc revolving on an axle, and when the box reaches either of the termini it leaves the rope which
has hitherto supported it, and simultaneously passes, by means of the small discs, on to two rails
which are laid down in a U shape in order to allow the box to pass round to the other rope.
These rails have such an inclination that this is done without any further stoppage than that required
for the emptying of the box. A drawing of the wooden shoe, by means of which the box is
suspended, is shown on Plate No. XIX.
At the point B', on Plate No. II., the first rope gives motion to the second by means of a pulley with a
double trod; and the boxes are passed from one rope to the other by the same arrangement of
inclined rails as that at the terminus.
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On Plate No. VI. is shown an arrangement for a terminus intended for a less extensive tramway than
at Brighton. The driving gear at this terminus is secured in cast iron brackets, whilst that at Brighton
is fixed on a wrought iron frame.
On Plate No. XXIV. is shown a sketch of the mode of fixing the driving wheel as first adopted at
Brighton; this horizontal wheel was afterwards replaced by a vertical pulley.
At the driving terminus, apparatus for tightening the off-going rope is fixed in the manner shown on
Plate No. VII.; at the other terminus the return wheel is mounted in a frame placed on wheels. This
frame is attached to a winch by which it is moved as required.
In some cases, as with the Ceylon Tramways, it will be found desirable to have the engine driving the
rope fixed at some point between the termini. The mode of placing the pulleys when the motive
power has to be applied in this manner is shown on Plate No. XI. Friction is obtained by this method
in the following way:—The driving wheel is quadruple, two of the grooves working the rope on each
side, and tightening pulleys being used as shown for each. The rope takes the course indicated by
the numbered arrows.
Plate No. VIII. also represents vertical pulleys to effect the same purpose, and to accompany this a
tightening sheave is constructed in the manner shown on Plate No. X. It will be seen that the bearing
of the pulley rests on wheels, which move on a short railroad, and by this means the pulley, to which
a suspended weight is attached, adjusts itself very quickly to any variation in the tension of the rope.
The tightening pulley shown on Plate No. IX. is that adopted for the Brighton line; a windlass is here
employed in place of a weight for keeping the rope tight.
The box used at Brighton for holding the material is shown on Plates Nos. XVII. and XVIII.
The construction of the bar connecting the box to the rope is one of the most important points in
Mr. Hodgson's invention. The stability of the load is obtained by curving in the bar till the centre of
gravity comes under the rope. In Plate No. XIX. is shown a box made for a tramway erected at some

chemical works at Barking; on Plate No. XX. is given a sketch of a frame intended to carry sugar-cane
in Ceylon.
At two points on the line the rope curves at right angles; besides these there are three other curves,
round which the rope conveys the load without any difficulty. In passing round angles so acute as
those at A', B', and D', Plate II., the rope passes round several pulleys of 24 inches
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diameter. The boxes are passed on to rails of angle iron similar to those used at the termini, and
these rails are arranged as shown on Plates Nos. XXI., XXII., and XXIII., so that the boxes on both
ropes detach themselves and run on to the rope again without any stoppage.
By having the rails inclined at a sufficient angle and accurately fixed no difficulty is experienced in
conducting the boxes round curves of any angle. The rope passes round two large wheels, each 8
feet diameter, at the curves C and E', Plate II.
At curves which have not so acute an angle, the rope is passed round several oblique sheaves, and
the box does not leave the rope; a plan of a curve of this description, which can be applied when the
angle is not less than 120°, is shown on Plate No. XXI.
The supports on which the pulleys bearing the rope are fixed are of different descriptions, the most
common being those made of angle iron; the mode in which these are constructed is shown on Plate
No. XIV.
Other supports are made of gas-pipe and others of wood ; a sketch of the latter is given on Plate No.
XII., and of the former on Plate No. XIII. On Plate No. XV. is shown an angle-iron telescope
arrangement, by means of which the height of the supports can be adjusted to the most convenient
position. A support of wood, arranged to draw out in the same manner, is shown on Plate No. XVI.
As before stated, the greatest distance at which the supports are placed apart at Brighton is 690
feet. The height at which the supports at the end of this span have to be placed, necessarily involves
a heavy inclination of the rope as it approaches the point of support. In ascending this gradient,
which amounts at the steepest place to an angle of 1 in 3, the boxes are prevented from slipping by
coating the wooden shoe either with pitch or another anti-lubricant. In some cases an India-rubber
plate has been placed in the inside of the shoe, but this is too costly for general adoption.
When it is necessary to put on a new rope, a splice is made between the new and the old rope, and
on the engine being set in motion, the new rope is uncoiled and drawn over the pulleys.
In crossing railways, roads, etc., a wooden stage is placed beneath the tramway, to guard against
accident, in case of anything falling from the rope.

From the foregoing description of the mode of passing round curves by this system, it will be seen
that it is easily adaptable to the working of several branches to the main road, by means of inclined
rails, similar
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to those used at the termini, and at some of the curves. As with the Endless-chain system, a boy
would be required at each junction between the branches and the main line.
The writer has recently had an opportunity of conducting a series of experiments to ascertain the
power required to work the Wire-tramway at Brighton.

RESULTS OF EXPERIMENTS WITH INDICATOR.

[Table]

The general results of the experiments may be stated as follows :—

1.—Power required to work the two engines alone, the rope being disconnected, at a speed of 90
strokes per minute = 4.99 H.P.
2.—Power required to work the rope alone, no load of boxes or material being attached to the rope,
at 90 strokes per minute, equal to a speed of the rope of 4.7 miles per hour.

Experiments 3 and 4
„ 5,6,7, and 8

35.70

Engine and Ropes

Engine alone.

28.87

4.99 = 28-88 H.P. (4.7 miles per hour.)
4.99 = 30.71 „ (4.0

do, )

This result presents a singular anomaly in showing more power to be required at a speed of the rope
of four miles per hour than at 4.7 miles per hour.
This is probably due—

1.—To an increased velocity of the rope having more power to overcome
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the momentum of the large number of pulleys over which the rope
moves.
2.—To the rope having a greater tension in the experiments marked with an asterisk, such extra
tension having been found necessary when the loaded boxes were hung on the rope, to prevent
them from touching the ground.
3.—Power required to carry 194 empty boxes, 97 being hung on each side of the tramway, running
at a speed of 4.7 miles per hour.
Engine,Rope,and Boxes.
Experiments 9 and 10

40.29

Engine and Rope.
28.87 = 11.42 H.P.

4.—Power required to carry load contained in 194 boxes, 97 being hung on each side of the
tramway, moving at a velocity of 4.7 miles per hour. Reducing the speed during the experiments 11,
12, 13, and 14, to the speed at which the experiments 5, 6, 7, and 8, were made, the average horsepower required to move the full load will amount to 56.2 H.P., and the difference between this and
the average horse-power indicated in the latter experiments, is 20.5 H.P. If this, then, be added to
the results of the experiments 3 and 4, the sum of these, namely, 49.37, represents approximately,
the total power exerted in moving the loaded boxes at a speed of 90 strokes per minute.

Then,

Engine, Rope, Boxes,

Engine, Rope,

and Material.

and Boxes,

49.37

40.29

Load.

= 9.08 H.P.

The summary of these results will be as follows :—
Power required at a velocity of the engine of 90 strokes per minute, and at an average speed of 4.7
miles per hour of the rope.
H.P.
1. Engine alone

4.99

Percent.
10

2. Rope

„

3. Empty Boxes, 194

23.88

48

11.42

23

4. Material in 194 Full Boxes

Total Horse-power

9.08

19

49.37

100
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TABLE SHOWING THE COMPARATIVE PRACTICAL RESULTS OF EXPERIMENTS MADE TO TEST THE
POWER REQUIRED TO WORK FOUR DIFFERENT SYSTEMS OF CONVEYING MINERALS,

1 Wire Tramway
2 Endless-Chain
3 Tail-Rope

Brighton
Rowley Surface Plane (Burnley.)

Seaton Delaval

(Newcastle.)

4 No. 2 Endless-Rope Meadow Pit

I

(Wigan.)

[Table of results]
The Memoranda relating to the last three systems are taken from the " Report on the Haulage of
Coal," published by the Institute, Vol. XVII., App. 1.
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The figures shown in the preceding table are strongly in favour of the Endless-chain system. The
small effect shown by the results of the experiments with the No 2 Endless-rope system is probably
partly due to the great tension at which the rope has necessarily to be worked, whilst the low result
shown by the Wire-tramway system is attributable to the unusually great length of the rope
employed.
The line at Brighton has a rise of 1 in 200 from the driving station, but it is practically level, since the
rope stretching from support to support constitutes, as it were, a distinct tramway in each span.

In the construction of lines of Wire-tramway two important questions present themselves—

1st. At what distance apart is it best to place the supports ?
2nd. At what tension, that is, with what amount of "sag" should the rope be worked, in order to
require the least possible power to be exerted in giving it motion ?
As a general principle it may be considered that the loss by friction on the axles of the supporting
pulleys is more than compensated by having the supports near together in order to avoid too great a
curve of the rope, which forms a yielding road, and does not allow the descending weights to have
much effect in aiding the ascending weights.
One of the chief causes of the absorption of power in the working of this system is the state of
flexion and consequent loss of rigidity to which every part of the rope is continually being subjected.
It is thus important to endeavour to keep the rope as near as possible in a straight line, and as this
will cause an increased tension of the rope, and hence increased friction on the terminal axles, the
loss of power resulting from this will, in an extreme case, be very considerable, but will probably be
slight in comparison with the loss which would take place were the rope allowed to have much
inflection over the supporting pulleys. When the co-efficient of friction is found to amount to so
great a proportion as 1/16th, the shortening of the rope as much as possible, and the employment
of a minimum number of supports, are questions which, though antagonistic, present points of
almost equal importance.

FIRST COST OF PLANT FOR THE WIRE-TRAMWAY SYSTEM.

The following statement will probably afford sufficient data as to the first cost of these tramways.
The charge for the protection of the invention is included in the figures given below. As there are
several peculiarities in the construction of the apparatus, the plant would probably be
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procured at a lower figure, and with more safety from the Wire-tramway Company, than from local
manufacturers; but, as the company fix the price of some of the material higher than they can be
purchased for in certain districts, it would be desirable, in asking for a quotation, to give the prices of
the chief articles used, such as ropes, &c. The table given below contains the prices quoted by this
company, and to these sums should be added about 15 per cent, for the erection of the plant.
Annexed to this table is an abstract of the first cost of the plant required for several other systems of
haulage, taken from the report before referred to.

COST PER MILE OF WIRE-TRAMWAYS.
Number of tons tramway has to
deliver per day

50

100,

Capacity of box

200

300

500

1,000

1/2 Cwt. 1 Cwt. 2 Cwt. 3 Cwt.
£

£

£

£

£

4 Cwt. 5 Cwt.
£

Total cost of constructing line,
including engine, supports, pulleys, rope, &c .
200

300

100

150

500

700

1,000

1,500

270

380

500

Extra for pair of terminals for
any length not exceeding 5 miles

200

Extra for rolling stock of wood
and iron

Total cost per mile

40

340

70

120

200

300

400

520

820

1,170

1,680

2,400

COST PER MILE OF PLANT FOR CONVEYING QUANTITIES FROM 500 TO 1,000 TONS PER DAY BY
OTHER SYSTEMS OF HAULAGE, BOXES OR TUBS HOLDING FROM 3 TO 11 CWTS. EACH.

Wagonway,
plant per
mile.

Engine
and

Boiler.

£
Endless-chain

941

Tail-rope
Endless-rope, No. 1 (working on rollers)
Endless-rope, No. 2 (resting on coal tubs)
2,266

723
820
893

£

Extra for
Tubs

TOTAL

or Boxes.
£

£

276

720

1,937

1,105

400

2,228

553

720

2,093

973

400

It will be observed from the above table, that the total cost per mile
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for the different systems does not greatly differ. At the same time, it should be remembered, that
whilst the plant required for each of the last four systems is almost irrespective of the quantity of
material conveyed, the Wire-tramway system has a special plant arranged according to the quantity
required to be carried. The cost of executing and otherwise preparing the ground for the various
systems is not included in the above estimates. This is a very slight charge in the Endless-chain
system, and amounts to nothing for the Wire-tramways, whilst with the other systems the expense
would be often considerable.
In regard to the working cost of the Wire-tramway system, the following is an estimate of the cost
per day of 10 hours.
Cost per day.
1. Oil, tallow, and waste

£0 4 0

2. Fuel—31.5 cwts.ofcoke per day required in working
empty boxes; add one-fourth for the extra power required
when the boxes are loaded—equal to 39.4 cwts. at 28s. per ton

2 15 4

3. Wear and tear of engine, ropes, &c.; as the line has
not been working long enough to give sufficient data to enable
this expense to be given accurately, it can be estimated as follows :—
First cost—Engines and boilers, £660, at 5 per cent, per ann,

£33

Rope, £1,200, at 30 per cent, per ann

360

Supports, £636, at 5 per cent, per ann

32

Boxes and supporting arms, £580, at 10 per cent. per ann
Labour in formation, £600, at 5 per cent, per ann.
Extras for curves, £300, at 10 per cent, per ann.

58
30
30
£543

Cost per day (300 days per year)

1 16 2

4. Labour.—The following men are employed :—
2 men at driving terminus supplying the tramway with boxes. 1 man emptying
boxes at other terminus. 5 men attending the curves and looking
after the tramway generally.
8 men at 3s

1 4 0

Total cost per day

5 19 6

„

per mile

„

per ton per mile

1 3 10
2.37d.

This result compares, as shown below, with the other systems of haulage.
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System.

Tons led

Distance in
per day.

Cost per ton
Yards.

per mile.

Wire-tramway

120

8,850

2.37

Endless-chain

323

1,389

1.38

Tail-rope

476

2,133

1.88

Endless-rope, No. 1

320

922

2.06

Ditto,

401

849

2.99

No. 2

It should be borne in mind, that in the above estimate the ropes for the Wire-tramway system are
valued at 44s. per cwt. for iron, and 80s. for steel, the price for fuel being 28s. per ton, whilst the
cost of ropes for the other system is taken at 34s. per cwt., and fuel at 3s. 6d. per ton.
It will be noted that the quantity conveyed by the Wire-tramway at Brighton is very small. About 130
tons per day is indeed the maximum work that the line could perform with the boxes the ordinary
distance apart. Very little alteration in the present plant would be required were it made to carry
double the quantity.

The advantages of the Wire-tramway system as compared with other systems of haulage may be
enumerated as follows:—

I. The very small area of ground which is damaged in the erection of the tramway. Estimating each
of the supports to render useless 4 square yards of ground, the total area of damaged ground in the
length of 5 miles at Brighton will be 424 square yards, whilst with any other system of haulage, the
ground damaged would amount to 26,550 square yards.
II. The rapidity with which a line can be erected; when the gearing is ready, one mile can be
constructed and set to work in three days.
III. The small first cost where a small quantity of material has to be carried.
IV. The small expense consequent upon wear and tear of materials.
V. The immunity (in common with all systems of haulage where the motion is slow) from accidents.
VI. The small amount of power required; only 49 H.P. being required to move ten miles of rope
loaded with full boxes, at a speed of nearly five miles per hour.
VII. The facility with which the system can be applied to work curves of tany radius.
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VIII. The exceptional applicability of the system where any or all of the following conditions occur :—

1. When the country to be traversed is irregular, and where deep ravines or rivers have to be passed
over.
2. Where the rock lies close to the surface of the ground and where railway cutting would therefore
be costly.
3. Where light loads have to be carried any distance.
4. Where land is valuable and where it is hence desirable to have as little of the surface damaged as
possible.
5. Where material has to be taken to one main terminus from several branches, the facility with
which branch lines can be worked by this system being very great.
6. Where a cheap temporary mode of conveying material is required.

The application of the system of Wire-tramways would be obviously impracticable underground.
When the surface of the ground is regular, and the quantity of material to be led is more than 400
tons per day, the system could not be so advantageously adopted as some of the other modes of
haulage.

The Chairman remarked that it would be advisable to postpone all discussion on so new a scheme
for haulage until Mr. Bainbridge, the author of the paper, was present. This gentleman had given
much time and attention to the subject, and would be able to answer all questions and explain all
difficulties that might suggest themselves.

On the motion of Mr. A. L. Steavenson, seconded by Mr. T. J. Bewick, a vote of thanks was
unanimously accorded to Mr. Bainbridge for his valuable paper.

[Plates illustrating the Wire-Tramway]
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PROCEEDINGS.

GENERAL MEETING, SATURDAY, OCTOBER 1, 1870, IN THE LECTURE ROOM Of THE LITERARY AND
PHILOSOPHICAL SOCIETY.

E. F. BOYD, Esq., President op the Institute, in the Chair.

The Secretary read the minutes of the last meeting, which were approved and signed, and reported
the proceedings of the Council.
The following gentleman was elected a

Member— B. C. Browne, Assoc. Inst. C.E., North Ashfield House, Newcastle-upon-Tyne.

The following gentlemen were nominated for election at the November meeting:

Member—
G. C. Robinson, Leasingthorne Colliery, by Ferryhill.

Students—
Thomas Lishman, Jun., Black Boy Colliery, near Bishop Auckland.
Richard W. Moore, Cowpen Colliery, Blyth, Northumberland.

The Secretary then read a paper by Mr. W. F. Howard, on " Practice in Underground Surveying and
Advocacy of Contour Mining Plans."
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[Plates showing Underground Surveying]
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PRACTICE IN UNDERGROUND SURYEYING, AND ADVOCACY OF CONTOURED MINING PLANS.

Accompanied by Abbreviated Trigonometrical Tables, Notes, and Formulae ; also by Diagram
showing the Lines of Two Actual Surveys, and Exemplifying the Calculations herein by Geometrical
Construction.

By W. F. HOWARD.

The importance and utility of accurate mining surveys, plans, and sections are undeniably very great.
To land and mineral owners they are indispensable; since by them are ascertained and shown the
nature, extent, value, and peculiar features of the superficially obscured constituents of mineral
wealth, with the most advantageous means of attacking, obtaining, and disposing of the same; by
them are determined the areas of minerals from time to time and ultimately wrought in each estate,

the boundaries of properties are defined where no natural boundaries exist, and the duty of
respecting such boundaries is enforced or the breach thereof is detected. Nor are they less but
rather more indispensable to the mine-worker or lessee; for in addition to the necessity of his
knowledge and observance of the above facts, there arise in all mining undertakings a number of
other ruling conditions only to be perceived in their full significance by the aid of suitable plans,
sections, drawings, and occasionally models, the latter being constructed from the same data as the
former.
Moreover, as mining records, their value remains and even increases with the lapse of time; for long
after all living evidence has departed, the plans, sections, reports, and data of ancient mining works
retain a vital interest, and inspire and instruct a fresh generation to engage in new and larger
enterprises at greater depths. In this aspect, the interest of land and mineral owners, being of a
more permanent character, may be said to be even greater than that of their mining lessees; and
besides and beyond the fleeting advantage of individuals, the collection of such local records is now
recognized to be a proper national work. Clearly
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it is demonstrable that whatever loss is averted, whatever gain is made through their preservation, is
a national as well as an individual benefit.
That these things are better understood, and more acted up to now than formerly, is certain, but
there yet remains great room for improvement.
As mining formerly was, and in too many instances still is, a slovenly and unscientific operation, so
the surveys and plans often made by the persons in charge of such badly managed places were and
are equally slovenly, unskilful, and inaccurate. At such a place it has been evident to the writer that
but for the ordinary stipulations of the lease, and the direct interest of the lessor in the development
of the mine, especially under the acreage rents ystem of the Midland Coal-field, anything like
accuracy or plans worthy of the name would be out of the question. Indeed it often falls to the lot of
the lessor's surveyor by periodical and hurried surveys made only in view of his own immediate
purpose to keep the workings in position and within bounds. Such a spectacle of incompetence, it is
true, is seldom found at the larger works.
On the contrary, at mining establishments and associated works laid out and carried on under the
direction of an able engineer, the order, method, and precision that are characteristic of all
engineering science, whatever may be the specialty in question, assign a prominent department and
field of duty to the surveyor. Moreover, a bold and skilful engineer must have and rely upon, or
otherwise be himself, an accomplished surveyor, for the execution of many critical details of his
designs, and as the areas worked over in the large and rapid processes of modern mining extend to
square miles in place of a few acres for a single foundation of plant, trained skill and tact with much
patient thought and labour are essential to ensure success; the alternative being ignominious and
sometimes disastrous failure.

As the hedge surveyor of the old school, with his chain and cross-staff, was found in the early days of
railways to occupy but not to fill the place of the engineering surveyor demanded by the occasion, so
the dialler of the old school must be discarded or restricted to his useful province of adjusting details
in the mine; the main surveys must be, and now generally are, the work of a qualified man.
Most, or all engineers, whose specialty is mining practice, undertake and personally execute, or have
at some time personally executed, underground surveys. This is as it should be ; for when associated
with the faculty of engineering talent that must certainly be innate, otherwise no amount of
education can educe it, the aptitude evolved by the habit and
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practice of surveying tends to direct the mind to combine separate facts, and to develop labour and
cost-saving contrivances upon no copyist principle, but adapted expressly to the conditions that
called the thought into activity.
Instances of inundation, with the attendant fatal consequences through incorrect or defective
surveys at presumed barriers, coupled, it must be said, as often as not with stupid cupidity and
carelessness in working without the intention of planning isolated excavations on the deep of levels
are well known; also instances of the breach of boundaries are by no means things of the past, and
(whether caused by bad surveys or oftener by random working without lines or marks) seriously
affect in different ways the mine lessees and the mineral owners in contiguity to the trespass
workings.
In regard to such matters, and to pillars left for support of surface works and erections, some of the
room for improvement before insisted on yet exists, and, in addition, it is of great consequence to
the improvement of mining as a branch of engineering that the actual workings be represented as
they really are and not as they ought to be. To none is this so desirable as to the engineer in charge:
yet some short-sighted viewers act differently by making their plans symmetrical, though the pit
may be holed like a rabbit warren. The writer has had the satisfaction, after giving great offence to
such persons in the first instance, to receive at a future time their cordial thanks for having, by
truthful representation of underground blundering and deformities, initiated a much needed reform,
and, therewith, unquestionable economy.
By no means sufficient skilled attention is paid to underground roads. Excepting main and self-acting
planes, not only are they commonly allowed to wind and twist like a field foot-path, and become
constantly, for want of foresight and timely provision, too numerous and too long, but for want of
properly levelled sections that would indicate the most advantageous and the cheapest alterations,
needless expense is incurred in the wrong places, so tha the cost of haulage and maintainance for
bad roads frequently far exceeds the cost that would make and maintain in efficiency the best
possible roads of which the circumstances admit.

Especially and most prominently the writer earnestly advocates, and takes this opportunity of urging
upon an audience powerful to promote amendments, that all underground plans should exhibit level
contour lines of the mine at regular and frequent intervals.
He trusts that this paper may have the effect of eliciting from gentlemen
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of eminence in the profession unqualified approval of this suggestion, and therefrom he hopes may
date a most worthy and marked distinction between ancient and modern mining plans. Nothing, he
is convinced, would more surely conduce to the improvement of underground roads, for so easy and
perfect is the legibility of contours that he who runs may read, and see at a glance how and where to
adapt existing conditions and to introduce reform. Those engineers who first adopt the practice
may, guided by it, soon distance their competitors in the accuracy and fitness of their arrangements.
The needle gun to brown Bess would be an appropriate parallel to a mining plan with, and the same
plan without, contours.
Other advantages, too numerous to be particularized, would be by the same means made evident.
For example—the varying size or vertical throw of each fault, excluding the mere bending up or
down of the strata adjacent to such fault, which has often a tendency to mislead, would be
continuously shown though the fault itself should be rarely penetrated, and changes of inclination,
including the explored circumstances and future probabilities of local swamps or swallies, and their
opposites, horsebacks or saddles, so troublesome in practice, would be shown and anticipated.
Nor do the immediate advantages, important as they are, by any means exhaust the merits of the
system: for, assuming the preservation of the plans of closed or totally abstracted mines, it is not too
much to affirm that, bearing in mind their elucidation of the varying directions and rates of full dip,
and the magnitudes of faults, these contour lines would far exceed in value all mere details of old
workings; and as evidence and guides for all future mining explorations in other seams below or
above, they would remain of enduring utility to a greater extent than can be predicated of any other
portion of ordinary mining plans.
That such an application of the principle does not yet prevail is no less to be wondered at than
regretted: but now that the Government maps of the six northern counties show surface level
contours, the extension of the practice to mining cannot be delayed without involving the
imputation of a halting behind the progress of the age. Every engineer, civil or otherwise, who has
had occasion to examine and report upon a portion of a contoured district, will not have failed, with
his client, to owe much to these Government maps, and especially to the distinctive feature
adverted to.
The writer suggests that, in initiating the system of mine contours,
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it would be desirable to adopt the Government datum, or at least to write on all plans a reference to
such datum. The matter is so important that consideration of the details may hereafter be the
subject of a paper and discussions; and would be well worthy of the deliberation of a committee of
the Institute.
As the present is, however, a paper on Practice in Underground Surveying, practice, be it observed,
that has elicited and emphasizes the preceding no less than the following remarks, to a restricted
aspect of the subject the writer's observations will now be directed.
No apology to the members of this Institute can be needed for a statement of recent practice in
underground surveying, principally in the coal and ironstone mines of the Midland district. Results of
considerable utility have been thereby attained with practical accuracy; and it may be the more
acceptable to persons engaged in the same pursuits to know, that these have been, and, therefore,
can be accomplished with the improved miner's compass or dial (the circumferentor of land
surveyors) carefully manipulated, and supplemented by exact arithmetical computation. No
pretension to new discoveries is made, although the writer confesses it has been to himself an
agreeable discovery to find a somewhat despised and depreciated instrument capable of yielding,
under difficult circumstances, thoroughly satisfactory results.
Authors of books on surveying,* [*Heskold, Butler Williams, Rankine] one or more of them of
superior skill as mine surveyors, have advocated the use of the theodolite underground because of
its being the superior instrument. Many land and engineering surveyors, acquainted with the two
instruments in their application to surface work, not unnaturally adopt the same views, or at least
condemn the circumferentor as unfit for more than filling up small details and making rough surveys.
The writer regrets to have to differ from gentlemen whose aim is, in common with his own, the
highest practicable standard of work; but he ventures to intimate that there may be and are fields of
usefulness for each instrument respectively, and further that the modern and now common Vernier
compass or circumferentor, to which these remarks refer, is a species of theodolite, from its
compactness and simplicity much better adapted to underground surveying than the theodolite, and
proved by very severe tests to be little if any inferior in such application to the theodolite itself.
Allusion has been made to its having been a matter of agreeable surprise to the writer to find the
circumferentor more reliable than he had
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expected. It may add weight to his present opinion, and at the same time explain the grounds of one
class of objections, to mention that his first experience with that instrument was for woodland and
rough surface surveys, at a time when for larger surface surveys and the engineering works of public
railways he was familiarly using the theodolite.

He freely avers that for all surface work the former is very inferior to the latter. But he subsequently
found the true field for the circumferentor in underground surveying, for which, under the
appropriate name of miners' compass or dial, it had long been held indispensable. The explanation is
that, in exposed situations on the surface, accurate readings of the needle are by the action of blasts
of wind often rendered impossible; but underground the strongest air currents, being constant in
one direction, disturb the needle much less: and the small, still, bright light of a lamp in a mine is a
perfect object rendering the compass sights no less efficient whilst they are less liable to
derangement than the theodolite telescope.
In short, mining conditions, in relation to surveying, are of peculiar character and demand
corresponding treatment. The facility of making underground surveys, and of connecting them with
the surface by aid of the magnetic needle, has led to the general adoption of a system eminently
simple and convenient, and, as the writer in the course of considerable experience has found,
practically capable of a higher degree of accuracy than it is generally understood and accredited to
possess.
The severe tests imposed upon, and some strikingly satisfactory results effected by, one very
unpretending miner's dial in his hands at the Staveley Collieries and Ironstone Mines, Derbyshire,
from 1855 to 1866, compelled confidence and justify the present remarks.
This instrument, made by Davis of Derby, was not of the writer's selection, but was found by him in
use at the above works. The dial face, or horizontal limb, was 5 inches diameter, divided to 1/2
degrees, and by a Vernier reading to three minutes. It had the ball and socket neck, rigid sights, and
a vertical arc. The sights, of the usual construction, proved to be unable to command the steep rise
in some parts of the mines, up to 20 inches to the yard. For this reason, and for that additional of its
being the writer's practice to keep the same sight always next the eye (with a view to compensation
of errors between back and fore sights), he had new sights substituted; the eye-end sight to
comprise the slits, and the other sight to comprise the hairs appertaining to such an instrument,
whereby he was enabled to command vertical angles up to 30° = 1 in 1.732 = 21 inches to the yard
nearly.
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It must be clearly understood that the instrument above described is by no means represented as
the best form of miner's dial. The construction of the Hedley dial, contrived by our late respected
Government Inspector, John Hedley, and made by Davis of Derby, peculiar in respect of the sights
being carried by an outer ring, concentric with the dial, should be equally accurate, and is certainly
more convenient.
Especially it is convenient for ranging a straight line on opposite sides of the instrument, or for
testing the accuracy of its position in the same respect; and that the vertical angle of any horizontal
bearing under observation is shown by the inclination of the main sights denoted upon the vertical
arc. The writer has also used an excellent instrument made by Adie, of Edinburgh, having two
Verniers upon a horizontal limb outside and below the compass-box. It is levelled by parallel plate

screws instead of ball and socket, and is more costly and heavier than the others. For very accurate
work, within the limits of mining, the writer would not desire a better instrument, but for ordinary
surveying he would prefer the Hedley Dial.
The writer constantly uses and strongly recommends the general adoption of three sets instead of
one set only of dial legs, viz., one central set carrying the dial, and two others respectively carrying a
Clanny lamp in a brass cup for back and fore sight—the instrument being continually substituted for
the fore sight, and the back cup and Clanny occupying the legs left behind by the instrument. Acting
upon a suggestion in J. Butler Williams' Practical Geodesy, the writer commenced this practice when
surveying the North Gawber Colliery for W. B. Beaumont, Esq., in 1853 ; and he well remembers the
appreciation of the improvement expressed by Mr. Woodhouse upon its introduction at the Staveley
Works.
Mr. Woodhouse soon after had coloured Clanny glasses, red and green, made for the object lamps,
and these afford additional certainty from the impossibility of mistaking the true object which it is
their province to represent.
Among the mining conditions previously referred to is the constant advancement and enlargement
of the underground area to be mapped, and simultaneously an alteration in the direction of the
magnetic needle. To meet these conditions, the line of two distant objects not liable to change may
be taken, otherwise two fixed points at least should be pegged upon the surface, over and from both
of which to observe, on the occasion of each survey, the bearing of distant objects. If the mine have
two distant shafts, the two points so pegged out, and over which the dial must be plumbed, should,
if the ground admit, be upon a straight

[26]

line between the shafts; giving, besides other advantages, those of testing by back and fore sight,
providing against local attraction, and facilitating comparison with another instrument.
Also, if the mine have two distant shafts, and a complete circuit survey can be made above and
underground between them; such survey (if closed with nearly mathematical exactness, of which it
must necessarily afford inherent proof) can be reduced as to the direction of every line to the true
meridian or any other standard that may be preferred: and permanent marks being fixed in the mine
would afford bases for extended surveys. Where this can be done, it is far preferable to deriving the
base from observation by a transit instrument down a shaft, as ingeniously proposed by Mr.
Beanlands, or up a shaft as recommended by Mr. Hoskold; and as all coal mines are now by law
compelled to have not less than two accessible shafts, the occasions for using so hazardous and
inconvenient a method will be in future exceptional, probably only where the minerals are so highly
magnetic as to affect the direction of the needle, a circumstance that must always admit of clear
experimental proof, and where in addition such mine of magnetic ore has, for the time at least, but
one shaft.

In reading the magnetic bearing it is usual with surveyors underground to read from the north end of
the needle, a method admitting of no nearer estimation than 1/8 degree = 7 minutes. The writer's
practice is always to clamp the compass box with the needle lying upon the zero or north and south
line marked on the dial, and the sights being then directed to the object to read direct by the Vernier
to 3', or by estimation upon a superior instrument to 1'.
In traversing, or, as sometimes expressed, working fast needle, the writer invariably starts with, and
if practicable closes upon a loose magnetic bearing; intermediate checks by the same means are
desirable, but not so essential. Thus, the needle at the first and every subsequent set lies upon the
zero line, except where local attraction prevails, of which the amount and direction are pointed out
by the needle's deviation from that line. A consequent result is that the traverse angles booked are
also magnetic bearings, an advantage in plotting, and in case of future reference to the survey book
that must highly recommend this item of practice to all mine surveyors. With care, the difference
from beginning to end of the survey rarely exceeds, and is generally under 1/8°, a variation partly
attributable to defects in the balance and dip of the needle.
In respect of convenience the entire method leaves nothing to be desired. The needle readings
afford always at least an independent
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check; and it is manifestly applicable to any base whatever, magnetic, true meridian, or otherwise.
But the most convenient basis of the system of bearings or directions booked is, undoubtedly, for
underground surveying and its subsequent processes a meridian line; and this is so, whether such
processes are confined to plotting by direct protraction in the customary way, or include calculating
the co-ordinates of latitude and departure, and therefrom deducing fewer lengths and directions.
Especially as the quadrant of a circle furnishes for the proportions of angles all the dimensions
comprised in trigonometrical tables, and, in fact, includes all the functions of angles obtuse as well
as acute, the writer invariably uses and recommends the primitive practice of booking the acute
angle made with the meridian, or, in other words, the angle under 90°.
This, it may be remarked, is not the mode of booking in use by many surveyors of repute, especially
by such as advocate the use of the theodolite underground, or who may have at some time more
familiarly used that instrument than the compass. Their practice is to book the angles up to or under
360°; and as a consequence, before latitude and departure can be calculated, a preliminary
reduction to acute angles, distinguished by the signs + positive and — negative, has to be made.
Now the notation of the compass is eminently simple and clear in defining the particular quadrant
within which any given bearing or angle is comprised. Assuming the adopted base to be a north and
south meridian line (whether approximative and provisional, magnetic or true, is in a certain sense
immaterial, so that such line of direction is the fixed base), the amount of deviation from the nearest
end or pole of this line is angularly measured in every bearing, increasing from zero upon the full
north and south line to 90° upon the east and west line at right angles thereto. And as the ideas

implied by the terms north, south, east, and west, so far as their relation to each other is concerned,
are fundamental and unchangeable, whereas, positive and negative, if not arbitrary terms, require
definition, it seems evident that the desiderata of clearness and simplicity are best fulfilled, and that
without need of any adjustment whatever, in the adoption of the ordinary compass notation in
preference to the other arbitrary, and, by comparison, vague system, which, nevertheless, has its
particular uses and advantages, although not generally so in regard to mine surveying.
The easiest, and, therefore, most used means of plotting an underground survey, require the
employment of a protractor, parallel ruler, and scale of equal parts. The angles or bearings being
all referred to
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one meridian, can be, and are protracted, from any point, in one of any number of parallel north and
south lines, drawn upon the paper provided to receive the plan, and each survey line is afterwards
adjusted in correct position by the parallel ruler and scale. If, as is usual, the meridian line or lines
marked on the plan, represent the magnetic meridian at the commencement of the series of
surveys, the protractor must, of course, be adjusted in respect of each separate survey to the
direction of the magnetic needle, ascertained upon the same occasion by surface observations, as
before described. In this manner a survey may be made and plotted without the slightest knowledge
of trigonometry. The operations, throughout, depend upon the mechanical perfection of the
instruments employed, and also upon the visual and manual exactness of the surveyor. If an error
anywhere occur, the whole of the following work is affected and distorted by it; and as the sights
and lines, or as they are together technically called sets, in the area of any given mine are generally
very numerous indeed, the average of lengths underground being short, as compared with any
ordinary surface survey of the same area, occasions of error are proportionally excessive.
Consequently, it becomes most desirable to have and to use a system that, whilst eliminating or
reducing the chances of error, can accurately define(the direction and length between any two
points of a survey.
Such a want is met, and such a system exists, under the name of plane trigonometry, the science of
measuring plane triangles: and the triangle being the simplest right lined figure, it is manifest that
the measurements of all other right lined figures may be effected by the same means, inasmuch as
they admit of sub-division into the simpler form.
The elegance and perspicuity of this branch of mathematics, or the science of quantity, are
admirable, and an examination of its first principles should precede, and would greatly facilitate and
lead to the extension of its familiar and practical, as distinguished from its present exceptional
application, in almost every undertaking of the engineer. In all large surface surveys it is
acknowledged to be indispensable, as well as in the sister art of navigation: and when the spheroid
shape of the earth's surface requires a corresponding adaptation of mathematical science, from the
same elementary basis is developed spherical trigonometry, by which are performed not only great
geodetical triangulations, such as that of the Government Survey of Great Britain, but also the

stupendous triumphs of astronomy, the sublimest field for human intellect within the material
universe to startling and prophetic exactness.
The requirements of mine surveying are, however, fully met by plane trigonometry.
found convenient generally to refer

In practice it is
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and reduce all irregularities to the ruling standards imposed by the law of gravity, that is, to
horizontal and vertical planes, whereof delineation is made respectively in plans and sections.
Upon the peculiar property of the circle, that all possible straight lines, from the circumference to
the centre, are of equal length, mathematicians have founded the trigonometrical tables, commonly
described as tables of natural sines, tangents, secants, versed sines, and chords. Such a line,
although not mentioned, is always to be understood: it is called radius = unity, or 1., and is the
standard length to which all the other lengths, which are, for the most part, wholly or partly
decimals, set forth in the tables, bear reference. And upon the direct proportion existing between
similar triangles the application of these lengths is made, whence it follows that the processes of
trigonometrical calculation are sums in proportion, or the school-boy's rule-of-three. Judgment is
required to state the proportion correctly; the reckoning is by multiplication and division. Radius is
always, or almost always, one of the three parts given, but does not appear in the reckoning,
because multiplying or dividing by 1, in neither case, increases or diminishes the result.
Of the above-named functions of angles, versed sines, and chords, being easily deducible from the
others and less frequently required, are often omitted. In ordinary tables the sine, tangent, and
secant are given for each minute up to 90°, or to a right angle and complete quadrant of the circle.
For a condensed and illustrated explanation of the properties and relations of these functions of
angles, which together with co-sines, cotangents, co-secants, and co-versed sines, are collectively
called the trigonometrical ratios or functions; also for definition of the complements and
supplements of angles and their functions, the writer begs to refer to the accompanying abbreviated
tables of natural sines, &c, for every tenth minute, with notes and formulae, the latter comprising
some of the most useful practical applications of trigonometry to underground surveying especially.
These he originally drew up solely with the object of providing himself with a handy appendix for his
survey and note books. They were subsequently submitted to the late Mr. Weale, the publisher, for
publication only in the Engineers' and Contractors' Pocket Book, where they have appeared
continuously from 1858 to the edition for the present year. Messrs. Lockwood and Co., the present
publishers, inform the writer that the pocket-book has been revised and corrected at various times
since 1864, and the editors have on each occasion considered the tables and notes of sufficient
interest and importance to retain them.
As above intimated, copyright was reserved by the writer, and if the
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Institute think well to have the whole, or any portion of the notes inserted in the Transactions as an
appendix to this paper, it may be done.
In case allusions to, or details of first principles should be considered to be here out of place, and
that the "modus operandi" is all sufficient, the writer begs to remark, he has observed, with regret,
that several books, specially treating on mine surveying, give rules and examples only, without any
explanation of the rationale ; whilst on the contrary, in works on navigation and on land surveying,
such explanatory preface to the mere rules of trigonometry, as the writer has found to be of far
greater value than the rules themselves, is usually given. It is self-evident that the first principles of
any art, whilst they are the natural ground-work of the student, must ever afterwards be invaluable
for standard reference to the practical man; and, inasmuch as the writer's experience has shown him
that trigonometry is, in fact, but little understood, or used by no inconsiderable proportion of acting
mine surveyors, he has ventured here to show by diagram and illustration, in conjunction with
practical calculation and plotting of actual surveys, the simple elements of the tables that are by
many, he believes, regarded not as mere tabulated lengths, but as something too abstruse to be
understood and practised.
It has been shown that trigonometrical calculation is done by common multiplication and division. As
these troublesome and tedious, if not difficult operations, with natural numbers, can, however, be
performed by the addition and subtraction of certain artificial numbers constituting their logarithms,
the latter method is generally to be preferred ; whilst for other purposes, including the extraction of
roots and the raising of powers, logarithms give facilities and advantages peculiarly their own.
Hence, besides tables of the logarithms of numbers, there are trigonometrical tables of the
logarithms of sines, tangents, secants, &c, or as they are generally termed logarithmic sines, &c.
By these tables the greatest accuracy of which arithmetical computation is capable is attained;
compared with which the most exact geometrical construction by plotting gives only a rough
approximation.
It must be borne in mind, in making calculations by logarithms, that by the tables of natural sines,
&c, radius = 1, and that the logarithm of 1 = logarithm 0.000000; but in the tables of logarithmic
sines, &c, the logarithm assumed for radius is logarithm 10.000000. Hence in the preceding
calculations the logarithmic radius 10. is properly and necessarily added or deducted, as the case
may be (generally by omission), to produce the natural number sought.
Traverse tables in natural numbers are also labour savers. In these,

[Tables of Examples]
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latitude otherwise north or south distance, and departure otherwise east or west distance are given
for each angle, with greater or less minuteness. The best, in fact the only set of these tables known
to the writer that is of any real use to the surveyor is in Mr. Hoskold's Practical Treatise on Mining,
Surveying, &c, and even this set though lengthy and arranged upon a good system is not sufficiently
in detail.
As the writer considers it incumbent upon him to quote some precisely stated and authentic
instances, to show grounds for confidence in the method of surveying he has practised and here
recommends, the lines of an actual survey between the Speedwell and Netherthorpe shafts at
Staveley, by which was effected an exact holing into the latter, are given below, with the original
calculations extracted from his survey book of the time; together with other calculations by way of
illustration and comparison of the several alternative methods already particularized. A diagram of
the lines is also appended. In this instance, the straight distance between shafts measured direct on
the surface was 31.13 chains, and the distance between shafts by the underground roads was 35.43
chains, making the total circuit 66.56 chains, and requiring sixteen sets underground. See Tables
Nos. 1, 2, 3, 4, and 5.
In the above instance, and example of survey and calculation, the magnetic bearing and horizontal
distance sought, viz., from the face of heading to the intended upcast shaft was computed N.E. 58°
38', 190 1/2 links. It was thereupon determined to drive direct into the shaft, and the drift was
accordingly put upon the above bearing, which, with the calculated distance, was proved by the
holing to be correct.
Among the successful holings and junctions, before referred to, effected by the writer with the dial
only at the Staveley Collieries, may also be mentioned an engine plane driven straight from opposite
sides, between two distant points in the dip working's of the Speedwell and Seymour Pits.
The straight distance between shafts over the surface is 77.64 chains, the distance by the nearest
roads underground after the holing was 111.10 chains, making the total nearest circuit 188.74
chains, or 2 miles and 28.74 chains; and requiring no less than forty nine sets for the underground
survey alone.
This holing was the first connection between the two collieries, and was so exact that, although the
writer had spared no pains to insure success, he was himself surprised, not having previously
believed the dial capable of such a performance.
Subsequently the present working engine plane at the Springwell Colliery was driven under the
writer's charge across the measures from
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the mine and from the surface simultaneously to meet. The holing was correct, and a workman
coming to the bottom of the plane, and being unaware of the holing, sat some time looking, as he
thought, at the dialler's blue lamp; what he saw, however, was the blue sky. Particulars of this survey
appear on the same diagram.
Numerous equally successful and important holings, including several in ironstone mines, have been
effected by the writer at the same and other mines by the like means, viz., careful survey with the
Vernier compass, and trigonometrical calculation therefrom. In addition, the custom of setting out
the underground survey on the surface is much to be approved in difficult cases ; and calculated
reduced bearings and lengths should be simultaneously used either in substitution for, or as checks
upon, the actual underground survey lines. These precautions and others were taken by the writer in
the two last, but not in the first of the three cases particularized above. On the other hand, in many
instances where a special survey was made around or among old workings, the writer has not
plotted the survey at all, but has relied absolutely upon the calculations. Also, for smaller purposes
or shorter surveys, to save time and labour in travelling to, from, and in the mine, he often made the
computations underground at the time of, or immediately after, the survey, and therefrom fixed
temporary or permanent marks for the drift.
It is to be regretted that the vertical arc of the dial, as usually fitted, cannot be relied upon for
accurate levelling; for which purpose, when required underground, the writer has used a small
dumpy level, having a connecting piece to adapt it to the dial legs. Angles taken with the vertical
limb of the theodolite, or with an improved vertical arc attached to the dial, reduced
trigonometrically, should be as accurate, and in a long straight incline would save a multitude of sets
; this method would also be particularly useful for contouring steep mines.
It will be noticed that the writer has not given the angles of inclination in the example of survey
calculation; they were, however, taken in the actual survey, and the lengths of the lines were
therefrom reduced to horizontal measure preparatory to computation and plotting. It is the writer's
practice to record upon the plan the rates of inclination of all the leading rise and dip roads, or
where changes of inclination occur. Such information is of permanent value even after the mine has
been worked out; and is highly useful and suggestive at the time to the acting and the consulting
viewer : but the system of contour level lines, before advocated, includes these advantages, and
would be found clearer and more comprehensive in showing the mutual relations of underground
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roads, both present and prospective; also as indicative of the depth to the mine from any point on
the surface, the contour system would be found exact and convenient.
Generally, the contour system in application to mining, may be thus summed up. Working plans at
present show both surface outlines and underground workings reduced to one horizontal paper
plane. The addition of a series of contour level lines of the mine upon the same sheet, would have,
to the instructed eye, the effect, without the disadvantages of a model, inasmuch as the
approximate relative height or level of every point, in relation to every other point, would be plainly

visible: and not only so, but be reducible to figures by observation only, without scaling or
measuring. Consequently, in addition to its ordinary uses, the plane surface of the paper would
present, to attentive inspection, an universal section or any number of longitudinal sections of
vertical planes, in every possible direction, between all the points of the mined area; and would
moreover furnish figures for constructing such sections wherever desired or required. If, in addition,
the mine be situate in one of the six northern counties, as yet specially favoured by being first
provided with the Government contoured surface map, it is evident that the level of the pit top in
relation to the Government datum being found by levelling thereto from the nearest bench-mark,
and the depth to the mine being added, the level of the pit bottom to the Government standard
would be ascertained. Also, it would therefrom be easy to mark upon a vertical section of the shaft
strata the level of the next lower surface contour line, and so downwards. Then, assuming in the
absence of other evidence, that the strata continued over the area, as found in sinking the shaft, or
adjusting to further proofs of the strata, the levels of the mine being known along the course of any
given line of section, and the levels of the surface being known along the same course, in both cases
by the contour lines, the required longitudinal section could be made, with every detail of fault,
inclination, and strata. That such section would be exact enough for all practical purposes, is not
pretended, for that would assume an amount of minuteness that would be inconsistent and
unpractical; but the contour system, notwithstanding, is, in the writer's estimation, of the highest
merit, and must, in the nature and fitness of things, become an essential part of underground
surveying.
The diagram of skeleton plans of the surveys, before alluded to, accompanying this paper, is, it will
be observed, upon a sheet of sectional lines, engraved and published by Waterlow and Sons, in
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squares 1/100 [square] inch in area, or to a lineal scale of 1/10 inch. Every length and angle can be
tested by the eye alone, and could, indeed, be laid down at once without the aid of scale, protractor,
or parallel ruler. For the laying down and checking special surveys of this nature trigonometrically
computed, such lines are, therefore, well adapted, as by them time and trouble are saved and
accuracy is promoted. The decimal division of the paper, it will be seen, exactly suits the protraction
of angles from tables of natural sines, &c. Ten inches is the length taken to represent radius = 1, with
one exception, where the co-tangent of the small vertical angle 9° 27' is shown from radius 1 inch. It
is instructive, however, to remark the actual distortion of the lines upon the paper. Thus, at the time
of writing, the east and west lines are truly spaced as upon the engraved plate, but the spaces
between the north and south lines are contracted to the extent of half a space or 1/10 inch in 10
inches = 1/200.
One of the practical difficulties of all work depending for accuracy upon paper protraction is thus
illustrated; also that a scale drawn upon a plan may remain of the true original length, and yet the
lengths and bearings in other directions, together with the areas, may be untrue. To meet this
difficulty by check, the writer, in plotting large surface surveys, makes and leaves upon all the main
lines of the plan marks at ten chains or other even distances.

The convenience of using the angles or bearings under 90° direct from the survey book is clearly
illustrated: also the efficiency of each of the three methods of computation. That by logarithms is
done the most quickly, with the fewest figures, and with the least trouble: but every qualified
surveyor is able to use them all, and in important undertakings it will be found advisable to employ
more than one method, so as to obtain a thoroughly independent check and verification.
Nothing more distinguishes the man who thoroughly knows his profession than the facility and
practice of habitually checking and verifying every part and step of his work. Without such
precaution mine surveying particularly is most risky and uncertain: but from an intelligent prevision
of the numerous liabilities to error should arise the needful tact to cope with and surmount them.
Perfect instruments and exact calculations must be associated with and are only to be regarded as
supplementary to patient skill. Possessed of that quality a good workman will seldom need to
quarrel with his tools, and will not fail under difficulties to accomplish with success almost
everything that he undertakes.
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APPENDIX TO W. F. HOWARD'S PAPER ON UNDERGROUND SURVEYING.
Abbreviated Trigonometrical Tables, Notes, and Formula.

[Table of natural Cosines]
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APPENDIX—UNDERGROUND SURVEYING.

[Table of Natural Sines]
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NOTES TO ACCOMPANY THE ABBREVIATED TABLE OF NATURAL SINES.

1.—Mathematicians have taken, as a standard of measurement for triangles, lines drawn in and
about the circle, denominated Sines, Tangents, Secants, Versed Sines, and Chords, which combine
with Radius in forming sets of right-angled triangles and proportions. The lengths of such lines, when
radius, = unity, have been calculated to every minute of the quadrant, and are arranged under the
title of "Tables of Natural Sines," etc.
2.—The circumference of the circle is conceived to be divided into 360° (degrees), each degree into
60' (minutes), etc., and the magnitude of the angles of straight-lined figures is computed by the
number of degrees, etc., in the arc of the circle each angle would enclose. A right angle contains 90°;
an acute angle is less than a right angle; an obtuse angle is greater than a right angle.

[Diagram showing relationship of trigonometric ratios]

3.—The complement of an angle is its defect from a right angle.
4.—The supplement of an angle is its defect from two right angles.
5.—The sine, tangent, etc., of the complement of an angle, are called the cosine, cotangent, etc., of
that angle. The functions of an obtuse angle are the same as the functions of its supplement.
6.—Every triangle consists of six parts, viz., three sides and three angles; the sum of the angles is
always 180°. The longest side subtends the greatest angle, and the shortest side subtends the least
angle. The sides have to one another the same ratio as the sines of their opposite angles. Three of
the parts being known (one of which must be a side) the remaining three parts can be found.
7.—In a right-angled triangle, hypothenuse being made radius, the other two sides become the sines
of their opposite angles, or the cosines of their adjacent angles; or, one of the sides containing the
right angle being made radius, the perpendicular leg becomes the tangent of its opposite angle, and
hypothenuse the secant of the same angle.
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8.—FORMULAE FOR SOLVING RlGHT-ANGLED TRIANGLES.

[Pythagoras, and definition of sines and cosines, with example]

9.—Formulae for Solving Oblique-Angled Triangles.

[Sine and Cosine formulae, with example]
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10.—Trigonometrical Equivalents.

[Relationshp between sines, cosines, etc]

11.—Useful Memoranda.
Circumference of circle = 3-14159 x diameter.
Area of circle = -0.785398 x diameter(squared). Radius reduced to degrees = U° = 57.29578.

a degrees 8 chord of half arc — chord
Length or any arc = a = U degrees • ----------= —--------------------------------r

3
a.r

Area or sector =

--2
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Area of trapezium and )

product of diagonals x sin. angle of intersection.

all quadrilaterals ) = -------------------------------------------2
Rate of inclination (ratio of base to perpendicular) = natural cotan. angle of inclination = L/D

Rate of slope (ratio of slope to perpendicular) = natural cosec. angle. of inclination = H/D

»
Horizontal measurement = cos. angle of inclination x length of slope.

Ditto

(reduction for) = versin. angle do.

Difference of level = sin. angle

do.

X

x

do.

do.

Departure = sin. angle of bearing x distance.

Latitude = cosin. angle do.

X

do.

Perpendicular offset to curve = versin. angle at centre x radius of curve.

tan. length.
Sin. angle at centre = —--------------radius of curve.

Co-efficient of friction = tan. of limiting angle of resistance.

12.—N.B. By logarithmic tables of numbers, sines, &c, the operations above indicated are much
more rapidly performed than by common arithmetic; hence these tables are almost universally
employed. They are, however, somewhat voluminous, and are not always at hand. Against such a
contingency the accompanying abbreviated table of natural sines, being so compact as to occupy but
a single leaf, might prove an acceptable provision in the field or pocket-book.

13.—Explanation. To find the sine or cosine to odd minutes, multiply the difference between the
next less and the next greater tenth minute by the odd minutes, and point off the right-hand figure.
Or, to find the sine or cosine to the nearest minute, the difference between the next less and next
greater tenth minute must be found; also the difference between the first-named tenth minute and
the given number, to which a cipher being annexed, and this divided by the first difference, the
quotient will be the odd minutes.

The length of radius assumed by the table being unity, all the figures are decimals; but radius may,
for convenience, be considered as 10, 100, 1000, etc., provided the tabular numbers are increased
proportionally in value; and as many or as few decimals as are necessary for the particular purpose
of the computer may be used.
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[Tables of sines, cosines etc]

The President hoped that when the proper time arrived for considering this valuable paper,
gentlemen would come forward and discuss
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freely the various propositions therein put forth. The chief points for consideration were the
comparative merits of the theodolite and the circumferentor for underground surveying, and the
advantages of having contour lines on their plans of workings. With regard to the latter, he did not
think that the advisability of making them had ever been introduced to their notice before, but he
thought that most gentlemen would agree that it was a matter of very great importance, and might
give great additional usefulness to their plans. Those who had to work two seams, one underlying
the other, would see at once the great advantage it would be to have upon the plan of the upper
seam the various heights and depressions that they might have to encounter in driving stone drifts
and approaches to shafts, &c, in the second or lower seams. With regard to the use of the
circumferentor, he thought that where iron ore was present, and especially where it possessed
magnetic properties, that instrument would not be available. He would also call attention to the
fact, that the writer had not alluded to the variation of the needle, to rectify which very considerable
calculation had to be made. He trusted that Mr. Beanlands would be present at the discussion; that
gentleman had given great attention to the subject, and his method of commencing his surveys with
a transit observation, he thought well worthy of attention. The writer of the paper had also relied
very much on perfecting the accuracy of underground surveys by trigonometry, and he hoped, at the
proper time, to be favoured with the views of those who had made this subject their study.
Mr. J. Marley remarked, that marking in contour lines on colliery plans was not new in this district,
and the adoption of the system, some years ago, had been of great assistance to him.

Mr. J. Cooke confirmed the remarks of Mr. Marley respecting the frequent use of contour lines in
this district, for some years, and bore testimony to the great advantage of doing so. Plans of colliery
workings could not be too minute and accurate, and, in his opinion, copies should be sent to some
public department, and there registered and kept.
The President was decidedly in favour of Mr. Cooke's suggestion; in fact, it had been proposed that
their Institute would be a proper place for keeping such a register of plans; the difficulty at present
was, that the proprietors of mines objected to giving detailed statements regarding their property to
the public, but he hoped, in time, that it might be satisfactorily proved to them, that by so doing,
they would really be acting in the interests of humanity, and that they would ultimately sink their
private views in consideration of the great public utility of
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such a registration of plans, not necessarily for indiscriminate inspection, but for reference in cases
of difficulty.
Mr. R. Heckels perfectly agreed with the President and Mr. Howard respecting the advantages
derivable from a correct knowledge of the relative levels throughout the workings of a colliery; but
for the credit of the North Country mining engineers he hoped it would not be inferred that such
knowledge was not possessed by at least many, if not all, of them; and, therefore, he begged to
state that at several collieries with which he was acquainted such levels were ascertained; and at
collieries under his own charge he himself had for many years had plans of "relative levels" regularly
kept, from which much advantage had, in many instances, been derived, particularly at the collieries
of Sir C. F. Maclean, Bart., in the County of Durham, and at those of the Wearmouth Coal Co. It
appeared to him impracticable to follow the system of contouring underground, but he always
found his plans of "relative levels" answer all the purposes of contour plans, and he did not think
that any important colliery ought to be without plans from which relative levels could at any time be
readily ascertained.
Mr. W. Cochrane remarked, that the President had called attention to the presence of iron in some
mines, and to the effect upon the magnetic needle as a difficulty attending the use of the
circumferentor; this difficulty is entirely obviated by the fast needle, which is generally used under
such circumstances.
The President then closed the discussion, and a vote of thanks to Mr. Howard was unanimously
passed by the meeting, for his very valuable paper.

The " Villepigue Perforator" was then exhibited at work, in the yard attached to the building.
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PROCEEDINGS.

GENERAL MEETING, SATURDAY, NOVEMBER 5, 1870, IN THE LECTURE ROOM OF THE LITERARY AND
PHILOSOPHICAL SOCIETY.

E. F. BOYD, Esq., President of the Institute, in the Chair.

The Secretary read the minutes of the last meeting, which were approved and signed, and reported
the proceedings of the Council. The following gentlemen were elected ;

Members—
G. C. Robinson, Leasingthorne Colliery, by Ferryhill.
Andrew Badger, M.E., 4, Bankshall Street, Calcutta.

StudentsThomas Lishman, Jun., Black Boy Colliery, near Bishop Auckland.
Richard W. Moore, Cowpen Colliery, Blyth.

The following were nominated for election at the December meeting-:

Members—
James Thomas Green, Tredegar Iron Works, Monmouthshire.
Wm. Mulcaster, Jun., M.E., Maryport.
Thomas Routledge, Lingan Mines, Cape Breton.
John P. Lawson, Victoria Mines, Sydney, Cape Breton.
Rev. E. Lawson, Longhirst Hall, Morpeth.
Frederick Ayton, Hexham.

StudentCharles Ernest Bell, 31, Old Elvet, Durham.
T. H. M. STRATTON, Wearmouth Colliery, Sunderland.

Mr. W. Waller then read a paper on "Steam Boilers."
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STEAM BOILERS, No. 2.
By WILLIAM WALLER.

The alteration of the title of the Institute brings within its scope the consideration of subjects of
mechanical detail, and affords the writer an opportunity of acknowledging the courteous manner in
which its Council and Members have responded to the wishes of many in the North of England, by
admitting- as members of their valuable society gentlemen following the profession of mechanical
engineers.
The question raised in a former paper on Steam Boilers, which was the best kind of boiler for general
purposes ? was there answered in favour of the plain, egg-ended, cylindrical boiler, on the ground
of cheapness of cost, maintenance, and durability; while on the question of economy, it was found
to be at least equal to the one and two tube boilers, as generally adopted.
There is another feature in the consideration which has not received sufficient attention, and which
it is now proposed to bring before this Institute, viz., the mechanical structure of the boiler, and the
forces to which it has to be opposed, as well as the physical or structural ailments, and their
remedies.
One of the early shapes for wrought iron boilers is shown in plate XXVI., fig. 1, and it will be readily
seen that it was very weak, and that the internal pressure would cause the sides A to bulge, and the
corners B to be injured and broken; stays and tie-rods were introduced both from end to end and
across the boiler, with but partial success. Fig. 2 shows a change of shape, but this boiler also
depended upon stays for strength, and when used without such, was liable to assume the shape
shown in fig. 2A.; figs. 3, 4, being sections of the boilers shown in figs. 1, 2, plate XXVI., and figs. 7, 8,
plate XXVII.; fig. 7 shows a circular boiler with flat sides; and fig. 8 a similar boiler with hollowed
sides. Figs. 1, 2, plate XXVI., are known as wagon boilers; figs. 7, 8, plate XXVIL, as haystack or
balloon boilers.

Plate XXVI., fig. 5, is a spherical boiler, of which there may be some examples still in use; it is quite
independent of stays, and
g
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in form is theoretically correct, containing the largest quantity of water in the smallest area of
plates. Fig. 6 is a similar boiler, having the bottom flattened into an elliptical shape.
In the examples 1, 2, 7, 8, the whole weight of the water was carried on the bottom by the angle iron
B, and in the cases of 7 and 8, where boilers were from 14 to 22 feet diameter, and without any
stays, it became a serious load, in addition to the steam-pressure, and the bottom plate formed a
disc plate or diaphragm yielding to the pressure, the hinge of which movement was the root of the
angle iron B, which became gradually weakened, till it broke. This action exists in the flat-ended
boilers of the present day, and is a serious evil which has to be provided against.
The preceding examples are those of low-pressure boilers, and as there appears to be some
confusion as to the meaning of the term, it may be well to explain that it is not synonymous with
condensing. Recently, there was a case, where an engineer, in his evidence, spoke of a boiler being
used "low-pressure" at 35 lbs., but which was sold and removed to be worked "high-pressure" at 20
lbs.; and in the recent enquiry as to the explosion on board H.M. ship "Thistle," we were told of lowpressure at 50 to 60 lbs., and high-pressure 60 to 70 lbs. The term low-pressure was formerly used
to describe boilers that were fed by gravitation from a cistern at a certain height above the boiler.
There are many examples to be found where pipes are carried up, and e valve connected to the float
admits water to the boiler when the water level in the boiler falls to a certain point, and maintains it
at the same level at all times. The head of water and length of the pipes were, therefore, limited,
which also limited the pressure of steam, for if it became in excess of the column of water, the water
was forced from the boiler.
The demand for steam of a greater pressure called for stronger boilers than these, and the
elongated-circular, or plain-cylindrical, came into use : first with flat ends, and then with spherical
ends. Fig. 10, plate XXVII.
Without following the various shapes and combinations which have been used, it will be sufficient
for the object in view to compare this plain cylindrical egg-ended boiler with the one and two tube
boilers, figs. 11, 12, plate XXVII., 13, 14, plate XXVIII., assuming in each case that they are truly and
equally constructed, and of proper materials.
An example of a boiler with one tube, especially designed for ironworks, is shown in fig. 21, plate
XXVIII, the radical weakness of which lies in the oval seam at the angle or elbow of the upright and
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horizontal portions. In this boiler the tube and shell are concentric, but at the point named both are
oval, and while the tendency of the internal pressure is to make the shell circular, the external
pressure on the tube is to close the flattened sides together.
It would be interesting to know the exact number of boilers of each description in use in the United
Kingdom, so that a fair comparison might be made; for while the advantages of the tube boilers are
so much extolled, it does appear singular that though the number of each class of them in use falls
below that of the plain cylindrical boilers, yet, nevertheless, the list of explosions should record a
greater number of the former than of any other.
One of the members of this Institution lately published a statement that one of the Boiler Inspection
Companies had 16 per cent., another 12 1/2 per cent., another 66 per cent, in one district, and 69
per cent, in another district, of the plain cylindrical class—or 4,052 out of 17,825, or 22.7 per cent, of
all those under assurance; but it is believed that there are 100,000 boilers in the United Kingdom, of
which by far the larger proportion are of the much condemned plain cylindrical type.
The Report of the Tail-rope Committee gives the cost of repairs to the different classes of boiler so
much in favour of those of the plain cylindrical shape, that when the figures adduced in the former
paper are considered also, there cannot be a difference of opinion as to economy.
In all boilers the pressure on the plates of the shell will be nearly alike under the same working
pressure, such steam pressure being assumed to be divergent from the centre of the boiler to the
circumference ; but, in addition to this pressure on the circular plates, they have to bear the
pressure on the ends; thus, the plain cylindrical boiler, 6 feet diameter, circumference 226 inches,
area 4071.5 inches, at 30 lbs. pressure, has an end to end strain of 540 lbs. per inch; 5 feet diameter,
circumference 188.4 inches, area 2827.4 at the same pressure, has a similar strain of 450 lbs. per
inch of circumference; 4 feet 6 inches diameter, circumference 169.6 inches, area 2290.2 has a strain
of 405 lbs. per inch; and 4 feet diameter, circumference 150.7 inches, area 1809.56 inches, has a
strain of 360 lbs. per inch circumference.
In the one tube Cornish boiler the area under longitudinal pressure is reduced by the area of the
tube—thus, in a 6 feet boiler we have the area of 4071.5 square inches, less the area of a 3 feet tube
1063.62 square inches = 3008 x 30 = 90,240 lbs., distributed over 226 inches circumference of shell +
1156 of the tube — 341.6 inches, or 265 lbs. strain upon each inch of circumference of the shell and
tube.
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In the two tube, or Lancashire boiler, 6 feet 6 inches diameter, with 2 feet 3 inch tubes, we have the
area 4778.37 — 2 x 607 = 3564.37 square inches at 30 lbs. pressure, = 106,931 lbs. over 244 inches
of circumference of shell + 2 x 87.33 that of the tubes = 418.6, showing the strain due to the steam
pressure as 255 lbs. per inch of the circumference ; but owing to the expansion of the tube the plate
does not form a stay to the end, and it will be only fair to omit the circumference of the tube from
the calculation, and the figures will then stand thus :—

PLAIN CYLINDRICAL BOILERS.

6 feet diameter, pressure 30 lbs., end strain on seams
5

"

4 1/2
4

"
"

„

„

450

„

„

405

„

„

360

540 lbs. per inch,

ONE TUBE CORNISH.
6 feet diameter, area of plate exposed to pressure 3008 X 30 lbs. pressure = 90,240 lbs. over 226
inches of shell plates = 400 lbs. per inch of circumference due to the steam-pressure alone..

TWO TUBE CORNISH. 6 1/2 feet diameter, area of plate exposed to pressure 3564.37 square inches X
30 lbs. = 106,931 lbs. over 244 inches of circumference of the shell plates = 438 lbs. per inch of the
circumference.

The force due to the expansion of the tubes has not yet been satisfactorily ascertained, and,
therefore, it has not yet been allowed to enter into the calculation, though it is an acknowledged
fact that there is such a force, and that there is an alteration of shape both of the end and tube in
consequence, which will be referred to again. The force so exerted is diverted or received by gussets,
stays, and tie-rods, and so passed into the shell without straining the angle irons.
In considering the ailments of boilers, it will be interesting to consider the causes of their
destruction, and the following tables, showing the number of explosions and the causes of them,
collected from the best records that can be found, will lead to the chief points demanding notice.
The list is confined to the United Kingdom, and 936 cases of explosion; in addition to which, there
are 673 cases of foreign disaster, of which 326 are marine, 97 locomotive and tubular, and 204 of
which no description can be obtained.

Table No. 1.—Record of Boiler Explosions, arranged in Periods of Ten Years, up to the end of 1869.

1800
Description of Boiler.
Total.

to

1810 1820 1830
to

to

to

1840

1850

1860

1870

to

to

to

to

1809. 1819. 1829 1839.

1849. 1859

A. Uncertain

1

1

6

20

48

80

51

B. Marine

5

1

8

10

17

28

1

C. Cornish, or Lancashire

1869. June 30.

207
70

4

6

9

30

3

10

43

43

101

1

10

116

7

172

16

12

1

31

7

1

1

24

1

3

6

British Tube

4

4

Elephant

3

3

D. Locomotive

1

E. Plain Cylinder

2

1

F. Balloon

1

Wagon

2

2

Butterley

36
1

11
2

Trevithick

1

1
8

22

Small Vertical
1

1

H. Kitchen

8
5

Kier

1
..

1

6

1

3

2

12

14

4

1

23

3

17

I. Furnace, upright

1

5

10

2

18

32

Totals

2

12

13

42

104

248

483

Persons killed
1615

3

52

28

77

209

486

710

5

36

21

118

338

588

injured

219

31

3

Crane

12

2

G. Agricultural

Rag

158

926

936

50

65

2097

Table No. 2.—Record of Boiler Explosions, arranged in Periods of Ten Years, up to the end oF 1869,
showing the causes.

Causes.

to

1800

1810

1820

1830

1840

1850

1860

to

to

to

to

to

to

to

1870

Total.
1809. 1819. 1829. 1839. 1849. 1859. 1869.

Uncertain—no information
259

11

8

23

40

100

76

125

4

24

136

June 30.

1

I.—Faults in the original construction:—
Bad design
Weak tubes
Bad fittings

1

3

6

20

41

200

Bad stays
Too weak for pressure
Altered in repair

II.—Faults during working:—
Old and worn out
180
Corroded
Deteriorated plates
Do.

seams

III.—Faults of minders:—
Improper pressure
Valve out of order

2

5

13

Intentional
Carelessness
289

1

1

2

10

39

81

142

1

2

4

1

8

13

42

104

248

483

13

Valves wedged
Short of water
Thick scale
Muddy water

Extraneous:—
Causes having nothing to do
with boilers

Totals

2

12

32

936
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The boiler in position may be regarded as a girder, though the conditions of the different boilers are
not similar. The plain cylindrical boiler is borne on knees or side brackets, or suspended at intervals;
the true Cornish boiler is seated on cast iron bearers and side walls; the two-tube Lancashire has
side or centre walls running the whole length of the boiler.
The plain-cylindrical boiler would be under far better conditions as to economy and durability if
seated upon side walls, as previously recommended, and knees and hangers entirely dispensed with.
Where knees or brackets are used there is local injury to the plates. Where hangers are used, and
long angle iron brackets rivetted on, there must be leakage, owing to the angle irons not expanding
with the boiler; but where the hangers are attached to short angle iron brackets the weight is borne
by a small portion of the plate, which is in consequence strained.
The pressure of 30 lbs. per square inch upon a boiler means, therefore, 30 lbs. breaking pressure,
400 lbs. tensile strain (which means 640 lbs. at the cross or circular seams), the internal load of
water, or water, fuel, etc., of about 600 or 700 lbs. per foot in length at a low estimate, and the
several local strains caused by the knees, brackets, hangers, fittings, seating, or other local
appliances, forming a very different total per square inch of plate from that which is the commonly
received meaning of 30 lbs. per square inch. The circumstances under which this load has to be
borne vary with the temperature. Thus, a cold water test will have those loads just enumerated,

while under steam there will be many strains due to expansion and contraction, regular and
irregular, which will distribute or concentrate the forces at work, proving that the cold hydraulic test
is not altogether reliable, which fact practical experience has confirmed.
There are many influences at work which make themselves apparent in their action while a boiler is
under steam, and some of these are not yet understood. The wave formed in a boiler by circulation,
whether violent in a plain cylindrical, or regular in a Cornish or Lancashire, being a moving load,
affects the result of calculation; and instances may be found in which some boilers, 60 to 80 feet
long, in the North of England become round at one side, as if suffering under a local contractive
influence. Others lift the ends, as though considerably elongated at the bottom by expansion. This
lifting has been thought to be peculiar to the long boilers introduced into the iron works in the North
of England for utilizing the gases from the blast furnaces; but it is found in boilers 40 feet long when
suspended, and doubtless exists in all
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boilers, though the shorter plain cylindrical boilers, being carried on knees, brackets, or angle plates,
do not give the opportunity for observing it. Hence it is but little known and less understood. The
more so as it is neither regular in its action upon one boiler or upon a range of boilers.
The ends of a 70 feet boiler have been noticed to lift as much as three-quarters of an inch at each
end. Assuming the top of the boiler to be a perfect curve, and the extreme bearings 60 feet apart,
this might result from the bottom plates expanding half-an-inch in the length.
Mr. Longridge states that a similar phenomenon, though regular, is to be found in the Cornish and
Lancashire boilers; for where the ends are stayed, the tube of a boiler 30 feet long rises five-eights of
an inch in the middle, and is a cause of the dangerous " grooving" at the seams (1572*), and this is
confirmed also by Mr. Macnaught's opinion (1353*). Among the faults of original construction (and
with all respect for the designer of the Lancashire boiler be it said) the flat end of the one and two
tube boilers is such as may be fairly added to the list. It would be ridiculous to speak of fastening
down the ends of one of the long plain-cylindrical boilers just referred to, to prevent its lifting; and
the attempt to counteract a force that lifts 20 feet of each end of a boiler, with its complement of
water and heavy brick sheathing, would be vain. Yet it is daily insisted that that boiler is the best
which has these same forces exerted within itself, armed with stays of all kinds to hide and prevent
its action. What is the result ? Twisting and writhing of the tube, and consequent "grooving." This is
admitted to be so by one of the greatest advocates of this class of boiler. The name of R. B.
Longridge is too well known in the field of boiler engineering to leave a doubt as to his correctness,
even were it not so strongly confirmed by the evidence in the other class of boiler. Stays are put on
the end plates from end to end of the boiler. Gussets are put from the shell to the end plate, with a
margin between the gusset and tube to allow for the working of the end plate from the expansion of
the tube, see figs. 17, 18, plate XXIX. The tube is made with expansion joints, figs. 15, 16, plate
XXVIII., to receive the expansion and save the ends of the boiler. Thus, in well constructed and
approved examples, both of the Cornish and Lancashire boilers, the tube ceases to be more than a

very partial stay to the ends; and every stay, gusset, and water tube is an evidence of weakness and
injudicious design.

* See questions in Parliamentary Report on Steam Boiler Explosions, 1870.
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The action of the strain when thrown upon the ends of these boilers, and where the ends are not
stayed rigidly is shown in figs. 17, 18, plate XXIX.; here the plate bulges and the tubes have a
tendency to flatten, the one tube at the top and bottom, the two tubes at the sides, so as to adjust
themselves to the bending of the ends; the seams must groove at these places.
In the vertical furnace boilers and others, the same strains are found as in the horizontal tube
boilers; but, from their being seated on one end, the action is thrown upon the top, and some
strange results of twisting have been noticed in those with two tubes.
But as the expansion of the tube and shell plates is not equal, the different temperature to which
the bottom and top plates are exposed is worthy of consideration.
It is asserted that a plate, protected from the atmosphere and with steam below it, will be of the
same temperature as the steam; and that a plate upon which water is lying will not be hotter than
that against which the steam presses, even though fire be under it.
Granting the temperature of the upper plate of the shell to be as stated under a theoretically close
covering, it appears to be reasonable that the particles of heat passing through the bottom plate
into the water to form steam would increase the temperature of the lower part of the shell, and the
difference between 2,000° and 212° is so wide as to justify the supposition that there may be 300° in
the top plate, and 1,200° in the bottom plate.
It has been stated that in a Lancashire boiler the temperature of the water at the bottom of the
boiler is 4° below that at the level of the tube.
The question of temperature is more important in an internally fired boiler than in one fired below,
because cold air is admitted freely into the tube, and a constant change is going on, ensuring the
destruction of the boiler, and this in itself is sufficient to account for the difference in the annual cost
of repairs for a Lancashire boiler, being nearly double that required for the plain cylinder boiler, as
ascertained and published in the Report of the Tail-rope Committee.
All boilers suffer from cold—from sudden contractions causing injury to the plates and seams, seam
rips, leakage, fractured rivets, and drawn seams.
A diagram, fig. 19, plate XXIX, will explain how seam rips may be caused. Suppose the hottest body
of flame is allowed to pass along the sides of the boiler in the side flues, that portion of the plates
will be the hottest, and the greatest expansion is found; the top is the coolest
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part so that here a leverage is exerted in which the force is about the centre line, the fulcrum at the
top ; the bottom of the boiler being under constantly changing temperature, covered with flame one
moment, and the next played upon by cool air, undergoes such strains from change of temperature
and contraction, added to the force so put upon it by the other strain that a rent seam must follow.
Mr. Jeremiah Head, of the Newport Rolling Mills, in a paper lately communicated to the Iron and
Steel Institute, has given the result of a series of experiments upon pieces of boiler plate, with the
view to ascertain the change that takes place in the bottom of a boiler in use. He assumes that a
boiler at work and laid off for cleaning undergoes the same change and action as a piece of plate
gradually heated to about 1,200 degrees, and then slaked in boiling water and allowed to cool. He
took five strips exactly the same length and heated them to about that temperature by inserting
them in a hot pipe and withdrawing them, and plunging them into boiling water. One was so treated
20 times, another 40, a third 60, a fourth 80, and the fifth 100 times, and upon measuring them it
was found that the fifth had contracted 1/14 inch in 12 inches and the others in exact proportion.
This would give 2 1/2 inches in 35 feet, and the deduction from this is that while the expansion of
the bottom plates causes the ends to lift, the contraction will cause the middle to rise when cold,
and so the seams are ripped and the boiler strained. This will more clearly show the evil of extensive
repairs where new plates are put in among old plates, their greater expansion when hot and their
contraction when cold exercising a powerful influence upon the old work, and so producing cracks,
seam rips, and explosions. This action which has hitherto been little known is common to the three
classes of boilers under consideration.
"Pocketting" seems to result from grease upon the plates to which the earthy deposit adheres,
forming a coating to the plate, and so guarding it from the water; the plate, softened by the fire, is
drawn towards the flame, and the pressure on the other side acting upon it, forces it into a bulge,
when the covering cracks and allows the water to reach the plate it is again covered, and this is
continued, unless seen and stopped until the plate is forced open and water allowed to escape, the
plate being drawn as regularly as though worked by a skilled smith until the edge is quite thin. This is
the case with soft plates only, the hard plates cracking with the fire, as the quality of some iron will
not admit of it being drawn.
The tubes of internally fired boilers are frequently found to be drawn,
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and down, and this class of boiler suffers as much from this cause as the plain cylindrical, where the
deposit falls on the plates over the flue.

Those Cornish and Lancashire boilers which are fired underneath to admit of a sufficiently large fire
being employed to make steam, are open to all the objections urged against them, as well as those
urged against the plain cylindrical boiler.
The presence of grease is objectionable, and is one instance where the assertion is wrong that a
good boiler can hardly be injured by any fault of the men; experience shows many proofs of such an
idea being fallacious and dangerous.
Burnt plates and seams are the result of heavy firing, piling up the fuel until it is in contact with the
plate, apparently forgetting that greater heat is got from the gases in combustion, than from contact
with the fuel.
Corrosion is an evil requiring close watching, and when internal is generally the result of acids in the
water. There is one case of a boiler corroded in fifteen months to 1/16 inch along the sides by the
use of pit water, it gave way and caused one death, and upon examination it was found that another
boiler close to it, that had been in use for six months only, was nearly as thin. This was not in
patches, but was an even wasting of the iron, and could have been readily detected for the rivet
heads were corroded as well as the plate.
Some of the old boilers of the balloon or wagon shape were seated so as to allow the fire to act
upon the pockets or corners where the sediment was allowed to settle, and the result was seen in
frequent patching; this is shown in fig. 9, plate XXVII., and the improved method for avoiding the
destruction of the plates in fig. 9a, plate XXVII.
There is no means of cleaning under the bottom of the tube in many of the one tube boilers, and the
water space is often found to be filled up with mud and deposit. Part of the blame of this must
attach to the absence of a mud-hole in front, and part to the short time allowed for cleaning, for
though in some of the large firms there may be a spare boiler kept, it is very far from being the rule,
it being indeed the exception.
Grooving at the seams has been attributed to a joint chemical and mechanical action, but it is
especially noticeable in locomotives and in the tubes of the Cornish and Lancashire boilers. It is to be
found in the shell plates of boilers and always at the edge of the lap of the joint. Close investigation
will show that it is where the free expansion of the plate is confined that this action will be the most
felt. In the case of the
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tubes before referred to, it is to be found where the change of shape from round to flat is in that
part of the shell where the weight of the boiler and the confined ends throw the strain of the
expansion; but in the locomotive the true cause is too often that the boiler is made the stay for the
frame, and the motion of the frame is given into the fabric of the boiler. There are cases where
corrosion goes on in the flues from a slight leakage at the seams of the shell, and an appearance of
grooving is presented, but corrosion is not grooving; a groove may be formed by corrosion, but

grooving proper is caused by the twisting or writhing of the boiler across a stiffened part like a seam,
and the plate or angle iron is in process of fracture, the particles of iron being ruptured by an
alternate bending and straightening. The boilers of locomotives not being round, and the grooving or
furrowing being on the sides, may result from an effort to become circular.
In testing boilers it is too often the plan to accept the hydraulic test as all-sufficient. One and a half
times or twice the working pressure is required to be put on, and that is accepted as being correct.
The test is supposed to be made without any air in the boiler, but the boiler filled with water only.
Every stroke of the feed-pump is a blow upon every rivet, and boilers may be injured by it, especially
in cold weather. The best way is to put on the highest working pressure by the pump, and then by
the application of heat to raise the pressure to what is considered sufficient; a leak is at once
detected by the pressure-gauge, and this method once adopted will be sure to recommend itself by
its simplicity and by the boiler being in its normal condition as when in use, with the plates heated,
expanded, and under pressure.
The ailments of the plain cylindrical boiler are grooving at the seams owing to a change of shape;
cracks in the seams from heavy firing; seam rips from twisting, writhing, or irregular heat; all
impairing its resistance to the forces generated in use.
The one and two tube boilers suffer from the same disorders, though less liable to seam rips and
more subject to grooving and corrosion externally. There is also much more difficulty in cleaning
them and examining the condition of the plates.
In the event of a crack in a circular seam extending in the direction of the circumference, an
increased strain is thrown upon the rest of the circumference, but there is a wide difference
between 600 lbs. and 7,000 lbs., the strain and strength.
In case of a crack in a horizontal seam, say from one rivet hole to another, there is a ring of about 3
inches wide which is unsupported at one point, and the radial pressure upon the whole ring of that
width is
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exerted to extend the fracture; so, in a boiler of 6 feet diameter we have 226 inches x 3 x 30 lbs. =
20,340 lbs. exerted to widen the fracture, and opposed to the strength of the plate, or 10,170 lbs. on
either side of the rent. But it will be evident that a portion only of this area is uninfluenced by the
remainder of the plate, and this may be taken to be a square, the base of which is the length of the
crack or rent, and it will be seen at once that the area increases so rapidly with the extension of the
rent, as soon to exceed the power of resistance; thus, 6 inches, 8 1/2 inches, 12 inches, and 17
inches, are each double the preceding. In a recent explosion the pressure on the plate and the length
of the rent worked out as stated above, exactly agreed with the test borne by the plate afterwards.
The rapidly increasing length of rent passing along the line of rivets in a horizontally plated boiler
forms the chief argument against boilers made in that way, as any twisting of the boiler would tend

to strain the seams more than when the plates are made into rings and put together to form the
boiler.
There are some few cases on record where a boiler has parted in a circular seam, and there are
many where a horizontal seam has given way and exploded.
The weakness of the one and two tube boilers is in the tubes and ends, in faults of construction, and
in the seating through corrosion.
If it is wrong (leading to cracked and burnt plates) to put the furnace under the plain cylinder boiler,
there can be no argument why it can be right to have the furnace under the one or two tube boilers;
and it may be open to doubt whether it can be correct to have the furnace in the tube. The tube
boiler fails to be economical owing to the small quantity of fuel that can be consumed within the
tube. Hence many of the boilers most highly praised, both as to boilers and furnaces, are externally
fired; and they are, therefore, liable to the condemnations given to the plain cylinder boiler, as well
as to those which are found aggravated in the tube boilers.
It would be far better to have the furnace withdrawn from the boiler, leading to it the products of
combustion, saving the plates, and gaining the volume of heat generated in a large furnace. There
are several cases where this change has been beneficially made, and there appears to be an
increasing wish to adopt the alteration.
The plain cylindrical boiler needs improvement, and some suggestions have been offered for
attaining the object. It should have an internal chamber for deposit and for the regulation of the
circulation of the water; it should be seated upon narrow bearings on side walls forming a flash flue ;
it should not be caulked during making, but correctly set
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out, so that the rings should fit one another; the egg ends may be altered to flanged and dished
plates; no straight seam should be below the brickwork; the fittings should be bolted to faced beds
rivetted to the boiler; the feed pipe should not pass within the boiler so as to allow the water to fall
upon the plate cold, or cool, but should deliver the feed along the body of water; and then, with the
experience of years in its favour, this boiler will be acknowledged to be cheap, durable, and efficient.
The one and two tube boilers, on the other hand, must undergo a radical change to dispense with
stays, gussets, and tie-rods. They are opposed to natural laws, and require scientific aid to render
them safe to be used; they are specially designed, and, like the marine boiler, can be defended upon
no ground but expediency, and, like the breeches tube boiler, will have to pass away before the
improved boiler. Every stay bears testimony to the mistake and weakness of the boiler which
requires it for safety; and no engineer can fail to appreciate the simplicity and strength of the one,
with less cost, fewer repairs, and equal economy, while the other constantly betrays weakness, and
demands close vigilance, and speedy renewal.

The President complimented Mr. Waller upon the great pains he had taken to make his paper an
interesting as well as valuable addition to their proceedings. Mr. Waller had enumerated with much
minuteness the many and varied strains boilers were subject to when under steam, and he hoped
that the relative merits of the various modes of manufacture for resisting them would be taken up in
the discussion. He himself attached very great importance to drilling instead of punching the boiler
plates, and this question he should especially like to be discussed. In conclusion, he had great
pleasure in moving a vote of thanks to Mr. Waller, which was carried unanimously.
Mr. W. Waller, in answer to a question by Mr. J. Cooke, stated that as the strength of tubes was
directly as their diameter and length, the small and short tubes of the locomotive boiler were not so
objectionable as those in the Cornish boiler, although those situated at the side near the entrance of
the feed-water frequently gave trouble from unequal contraction.
Mr. H. Lawrence quite agreed with many of the remarks made by
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Mr. Waller, which, in many cases, were identical with those made by Mr. J. Head, in a paper recently
read before the Iron and Steel Institute. He thought the damage caused to plain cylindrical boilers
from contraction and expansion very much depended on the way these boilers were made; for many
years he had advocated making them of plates bent across the grain, and thus forming the boiler of
a series of rings, but now he preferred to make them with the plates bent, when heated, the
contrary way, with double rivetted longitudinal seams, the joints being broken both longitudinally
and vertically. When at work the boilers were under the influence of unequal expansion and formed
girders, supported either at the ends or the centre according to the mode in which they were set,
and this would cause a larger amount of destructive action in vertical than in longitudinal seams; in
addition to this advantage, boilers so made were much more easy to repair.
Mr. W. Waller explained that his paper was in the hands of the Secretary, to be read at the August
meeting, about a fortnight before Mr. Head's paper was made public, and the remarks he had
introduced, as to Mr. Head's experience, were those made to him by that gentleman immediately
before the Glasgow meeting. He did not gather from Mr. Head's paper that he was an advocate for
longitudinal seams as against ring seams. He might add, that for many years he had advocated the
first mode, because the plates could be easily bent hot on slabs, and that while hot, any
unsoundness would become visible; plates bent cold with rollers exhibited (especially in frosty
weather) a series of cracks in the skin, which microscopic investigation would show penetrated to a
considerable distance; but he now thought that the multiplication of the horizontal seams a still
greater source of weakness, but much depended on the workmanship.
Mr. W. Boyd thought the paper a very valuable one, and would recommend that the discussion
should be postponed till it was printed, in order that members might come prepared to state their
views on such an important subject. The large quantity of water contained in the egg-ended boiler

compared with that in the Cornish and Lancashire boilers, as also the respective facilities offered by
both systems to the circulation of the water, were very interesting points. In fact, he considered it
was of the highest importance that the circulation of water in the various systems of boilers should
be carefully studied.
Mr. J. B. Simpson remarked, that Mr. Waller gave no proof to support his assertion that the eggended was as economical as the Cornish boiler. He was not now prepared to go into the question,
but he thought
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that the number of Cornish boilers used by experienced engineers in Cornwall and other districts
where fuel was dear was decidedly evidence in their favour. Mr. Waller had stated that they would
not last so long as the egg-ended boiler, but he (Mr. Simpson) thought that if carefully used and not
over-fired they would be equally durable, and even be serviceable at the end of 20 years.
Mr. Waller stated that, in a former paper, he had proved that while the plain cylindrical boiler was as
economical as either the Cornish or Lancashire nearly double the amount of fuel could be burnt
under it. The Tail-rope Committee estimated the cost of repairs at £10 per annum for plain
cylindrical against £18 for Cornish; and he thought this was very decided evidence against the latter,
since it is well known that that Committee gave great attention to the matter and were at
considerable pains to collect information on this particular point. With regard to the relative
durability of the two classes, even allowing that the Cornish might with great care last 18 to 20
years, he actually knew some plain cylinder boilers in this district that had been 45 years in use; he
thought also that the original cost should be another element for consideration.
Mr. Newall seconded Mr. W. Boyd's motion for the adjournment of the discussion. He fully agreed
with a remark of the President's as to the importance of the question between punching and drilling
boiler plates, and hoped some information might be given on this interesting point at the next
discussion. He did not think the age of the boiler affected the question, since one boiler might stand
only 10 years, yet do ten times the work of another that had lasted 20.

The Secretary then read a paper on the Villepigue Perforator, which instrument was afterwards
exhibited at work in the yard.

[Plates XXVI to XXIX illustrating Steam Boilers]
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ON THE APPLICATION OF HAND-POWER MACHINES TO BORING SHOT OR OTHER HOLES IN MINES.

PATENTS, Nos. 1,035 AND 2,878.-1869.

A boring implement, in order to be practically efficient, ought to possess in combination the
following characteristics :—

1. It ought to be portable, i.e., not too weighty for one man to carry
about, set up in its place and take down.
2. It ought to be so simple in its operation that it can be worked by
any ordinary miner; and strong enough to bear rough usage.
3. The same screw should be adaptable to materials of various hardness, and should be strong
enough in the thread to stand any strain that may be put on it.
4. The implement ought to be so contrived that it could bore a hole
indifferently in any position or at any angle.
5. The augers should be so formed, as to their cutting ends, that they would disintegrate the
material pierced with a minimum effort; and as to their spiral that they should be capable of
withdrawing the pulverized material at the same rate as it is disintegrated, thus preventing the
possibility of clogging or jamming in the hole made; the auger also should be susceptible of
instantaneous withdrawal.
Lastly, and chiefly. The implement should be capable of obtaining the maximum effort of a man's
continuous labour, thus effecting an immense economy over the intermittent efforts of a man using
the jumping bar.

The foregoing appear to be the principal requirements necessary to constitute an efficient boring
implement to be worked by hand-labour; and it is believed that most, if not all, of these
requirements are wanting in the machines hitherto submitted. The object of the present paper is to
bring before the attention of this Institution, so largely interested in mining operations, an
implement, known as the " Villepigue Perforator," in the combination of which all the requirements
already enumerated, and some others not noticed, have been carefully studied, and, it is believed,
fully met; so that by its means the difficulty attending boring holes in compact masses of material,
and the time required for doing so, are materially—indeed immensely—reduced.
i
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The following is a description of the implement.
It consists, like almost all others for the same class of work, of two principal parts, namely, a
standard or column a, Plate XXX, fig. 1, and a driving-screw b with its accessories. The column a, in
this case, is formed of stout steel tube, fitted at its lower extremity with a twin-claw c, working on a
rocking joint; and at the upper end having a nut fixed inside, in which a screw d works, which screw
is terminated by a steel point. This constitutes the stationary or fixed portion of the implement.
The working or driving portion is as follows. There is a metal clip-collar e, which is made so as to
slide along the whole length of the column, or to revolve around it, and this collar can be clamped at
any required point. To this is attached, by a very strong conical joint f, a malleable iron box g,
enclosing the mechanism for giving an automatic feed to the screw, so as to adapt the latter (and
consequently the cutting-tool h which is attached to it) to the varying hardness of the material to be
pierced. Through this box passes the driving or main screw b, which is furnished at one end with a
socket to receive the steel auger h used for boring the hole, the cutting end of the auger being
varied in form to suit the different materials it has to encounter, and at the other end with a ratchet
i or other handle for turning the screw. Fig. 2 and 3 show a mode of regulating the feed. Two
worm wheels l l, and two friction discs k k, are keyed one of each on the spindles p p. The screw b
works in these worm wheels, and the discs are compresssed by means of the brakes m m, and the
screw and handle n o, if no pressure is put on the wheels k k, the screw in rotating will, on meeting
with any resistance, cease to advance, and merely cause the screw wheels to turn, but by applying
pressure to the brake wheels k any amount of advance can be given to the screw b from the smallest
one appreciable to a space equal to a pitch or revolution. When the hole is finished, by slackening
the brakes m m, and the wheel l, by means of the spindle r, the drill can be rapidly withdrawn. Add
to the above enumeration a small lever or "tommy," by means of which every operation required in
the adjustment of the perforator can be performed, and the whole of the parts comprising the
implement have been described. The weight of the whole is between 50 and 60 lbs.
Mode of Operation.—Where the hole to be bored is in a heading, the standard being fixed between
the floor and roof, or otherwise between any two bearing surfaces, one or two turns of the top
screw suffice to render it absolutely fixed and rigid, by driving the steel point into the rock and
bringing the claws at the other extremity to a solid bearing, no matter what may be the inequality of
the surface on which they rest.

[Plate XXX, boring machine]

[67]

The sliding collar, being undamped, is then moved up or down to the position required, and is there
clamped; then, by making the box revolve on the conical joint, the auger is adjusted to the angle and
point required. The proper working pitch is given to the screw, this being easily ascertained by the
amount of pressure which may be required to obtain the full advantage of a man's power in working
the handle, and the boring is proceeded with. The time required for fixing the implement in its place,
and adjusting it ready for boring, averages less than one minute.
It will be observed, that in all the several types of perforator included in the preceding description,
the boring is effected by means of steel augers, for twisting which, with great rapidity and regularity,
and of any pitch of spiral or size that may be requisite, special machinery has been invented. As
regards the cutting ends of these tools, the form is varied to suit the material to be acted on; the
most efficient form, for general purposes, being the inverted W, fig. 4, which combines, in its
operation, chipping with cutting, and is thereby the means of a great economy of labour.
In order to enable the members of the Institute to arrive at a fair judgment of the practical working
power of the perforator, a table is annexed, giving the results of trials recently made at various
mines. These results do not represent the most favourable ones which might be obtained, as the
trials were made by miners unaccustomed to the use of the implement; the cutters, also, not been
specially prepared, were frequently not those best adapted to the work. Notwithstanding these
drawbacks, however, they furnish rates of boring holes in the several materials specified so very
much in excess of any hitherto attainable by manual labour in any other way, that they are
confidently recommended to the attention of practical engineers. The fact should be borne in mind,
that in all these trials the labour of one man only was employed at each boring.

TRIALS OF MACDERMOTT AND WILLIAMS' PATENT PERFORATOR.

TRIAL No. 1. Normanby Mines.—Messrs. Bell Bros., Owners; A. L. Steavenson, Esq., Manager.
September, 1870.

Depth
Nature of Material.
Observations.

Diam.

Rate

Bored.

Time.

per

Minute.

Cleveland ironstone
much in

Inches.

Inches.

1 3/4

18

Minutes.
2

9

Inches.
The stone varies

hardness.
One man will
Do.

do

1 3/4

25

7

3.9

jump a yard in from 40

to 90 minutes.
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TRIAL No. 2.
Claycross Colliery.—C. Binns, Esq., Manager; J. Jackson, Esq., M.E.
September, 1870.
Depth
Nature of Material.
Observations.

Diam.

Rate

Bored.

Time.

per

Minute.
Inches.

Inches.

Minutes.

Inches.
The first

and second trials
Tough "blue bind "

1 3/4

19 1/2

4

4.87

were made in the roof, at
an angle of

45° with the
Very hard "stone bind"

1

21

3 3/4

5.60

face. To do this work it
takes two

men nine hours
Very tough coal

1 1/2

21

2

10.80 to bore five holes 18 in.
deep = 5 in.
per man.

per hour |
TRIAL No. 3.
Wharncliffe Silkstone Collieries.—H. Walker, Esq., Managing Partner.
September 1, 1870.
Depth

Rate

Nature of Material.
Observations.

Diam.

Bored.

Time.

per

Minute.
Inches Inches, m. s.

Hard tough coal

2

18

1 30

12

Inches.

Of these trials the first was
made with

half sweep of
Do.

2

17

3 0

6

handle, the second with
quarter

ditto ; the three
Very hard "blue bind"

2

23

4 6

6

next were vertical borings in the

roof with three
Do.

2

21

3 5

4 1/4

quarter sweep; and the
last three were

bored
Do.

2

44

7 11

6 1/41 horizontally with full
sweep of handle.

ComHard Silkstone coal

2

18

1 20

14

parative work.-One man
takes from

20 to 30 min.,
Do.

2

21

2 18

9 3/4

in coal, to jump a hole 3
feet deep

by 1 1/2 inches
Do.

2

39

3 40

10 3/4 diameter, under usual
conditions.

TRIAL No. 4.
Stavesley Co.'s Collieries.—Chas. Markham, Manager; A. Campbell, Esq.,

and Robert Howe, Esq., Mining Engineers.
Depth
Nature of Material.

Diam.

Bored.

Rate
Time.

per

Observations.

Minute.
Inches.

Inches.

Minutes.

Inches.
Two men in

" stone bind "
Coal, very hard and tough
hole in

I 3/4

42 1/2

7

6.07

will drill a 3-foot

1 1/2 hours
= 1 foot per
man per
hour. PerforStrong "stone bind," very
hard

ator, at 3 inches per

1 3/4

22

6 1/2

3 1/2

minute, will do 15 feet;
allow 12

minutes or 3 feet for
fixing, &c. = 12 feet per hour, or
twelve times
Do.

1 3/4

34

9 1/2

4 1/2

what can be done by ordinary hand

labour.
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TRIAL No. 5. Usworth Colliery, Newcastle-upon-Tyne.—S. Coxon, Esq., Manager.
Depth
Nature of Material.

Diam.

bored.

Rate
Time.

per

Observations.

Minute.
Inches.
hole Was actually

Inches.

Minutes.

Inches. The first

Maudlin coal (very hard)
sec,
Do.

do.

1 3/4

1 3/4

38

22

4 1/2

1 3/4

8 1/2 drilled in 3 min. 25

12 1/2 65 sec. having been occu-

Maudlin stone top (a hard

pied in changing drills,

white shale with iron

The last hole was bored in

nodules)
45°.

1 1/2

21

1 3/4

12

the roof at an angle of

TRIAL No. 6. Usworth Colliery (Continued).
Depth
Nature of Material.
Observations.

Diam.

Rate

bored.

Time.

per

Minute.
Inches.

Inches,

m. s.

Inches.
The first and second

holes
Coal, main seam

1 7/8

36

3 5

12

bored were horizontal;
third hole

dipped 10° ;
Do.

do

2

21 3/4

1 50

12

fourth hole dipped 20°;
fifth hole

dipped 16°; in
Do.

do

2

34

2 30

14

all, the auger cleared, itself easily. 19 1/2

inches
Do.

do

2

23

1 57

11 3/4 of the depth bored in the
last hole

was through
Coal and stone

2

34

4 15

8

stone, with one-third

sweep of
handle.

TRIAL No. 7. Usworth Colliery (Continued).
Depth
Nature of Material.
Observations.

Diam.

Rate

bored.

Time.

per

Minute.

Grey shale band
this

Inches. Inches.

m. s.

13 1/2

1 10

1 3/4

Inches.

11 3/4 In the last boring of

trial, it will
be seen that
Do.
come

do

1 3/4

14 1/2

1 7

13 1/4 an iron ball was

upon in the
shale; it
Do.

do

1 3/4

28

2 14

13

was cut through in 3 1/2
minutes,

the cutter comIron ball in shale

1 7/8

6

1 40

3 1/2

ing out uninjured.

TRIAL No. 8. Usworth Colliery (Continued).
Depth
Nature of Material.
Observations.

Diam.

Rate

bored.

Time.

per

Minute.
Inches. Inches,

m. s.

Inches.
The first of

these holes was

Shale band

2

36

3 8

11 3/4 horizontal; the second
and third, in

the roof
Do. and hard sandstone
of 30°, were

1 1/4

12 1/2

1 20

9 3/4

with a rise

bored for
nine inches
Do.
„
sandstone

„

1 1/4

15 1/2

1 50

8 1/2

through hard

or "post."
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TRIAL No. 9. Down-hill Quarry, near Newcastle-upon-Tyne.—S. Coxon, Esq., Manager.
Depth
Nature of Material.
Observations.

Diam.

Rate

bored.

Time.

per

Minute.
Inches.

Inches.

Minutes.

Inches. The

following extract of a
note from J.
E. Newby,
Very hard magnesian
limestone

Esq., M.E., refers to the
1 1/2

7 1/2

5

1 1/2

last hole which was made
in the

Usworth Colliery.
"One man
set the instrument in a
few seconds

Ditto

1 1/5

11

5

2 1/4

under a minute, and
bored a 2

inch hole sloping
upwards
about 45°,
18 inches
deep, in 7 1/2
Ditto

1 1/2

18

10

1 3/4

minutes, thus performing
himself in

8 1/2 minutes
the work of
two men
drilling in
the ordinary
Very hard sandstone

2

18

7 1/2

2 2/5

way at least 50 minutes."
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PROCEEDINGS.

GENERAL MEETING, SATURDAY, DECEMBER 3, 1870, IN THE LECTURE ROOM OF THE LITERARY AND
PHILOSOPHICAL SOCIETY.

E. F. BOYD, Esq., President of the Institute, in the Chair.

The Secretary read the minutes of the last meeting, which were approved and signed, and reported
the proceedings of the Council.

The following gentlemen were elected:

Members—
James Thomas Green, Tredegar Iron Works, Monmouthshire.
W. MULCASTER, Jun., M.E., Maryport.
Thomas Routledge, Lingan Mines, Cape Breton.
John P. Lawson, Victoria Mines, Sydney, Cape Breton.
Rev. E. Lawson, Longhirst Hall, Morpeth. Fred. Ayton, Hexham.

StudentsCharles E. Bell, 31, Old Elvet, Durham.
T. H. M. Stratton, Wearmouth Colliery, Sunderland.

The following gentlemen were nominated for election at the February meeting:—

Member—
Charles D. Balleny, Timber Merchant, Red Barns, Newcastle-on-Tyne.

Students—
W. H. Mills, North Seaton Colliery, Morpeth.
W. Fletcher, Cowpen Colliery, Blyth.

The Secretary then read a paper on " Practice of Mine Levelling," by Mr. J. A. Ramsay, of
Whitehaven.
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PRACTICE OF MINE LEVELLING.

By J. A. RAMSAY.

In offering a few remarks upon Mr. Howard's paper, the writer uses the term "Contour Line" in its
full significance, viz., a line parallel to the horizon, or the outline of a free water mark over any
irregular surface. As circumstances may require, these lines are carried over the surface of the
ground at various vertical distances apart. In the National Survey of England they are in equal
multiples of 5; thus, contoured plans may be had showing vertical heights of 5, 10, or 25 feet. In very
hilly or precipitous districts a high figure, and in flat ones a low figure, is necessary. The contour or
feature of the country is shown as the lines approach or recede from each other; when close and at
irregular distances the country may be said to be abrupt and hilly, when far apart and forming
graceful curves to be smooth and undulating.
On the surface, where everything is in favour of carrying and surveying the contour, it is a very
tedious and dilatory process; but it would be much more so to introduce it, with any degree of
accuracy, throughout the ramifications of a coal mine, and, correctly speaking, the system could only
be carried out at best in an incomplete form. Nothing gives the contour of a coal mine better than a
correct and systematic plan, and to know the correct levels of different parts of the mine, is,
perhaps, not second in importance to any use such plan can be put to.
In the Northern Coal-field, for very many years (from the earliest recollection of the writer), it has
been a general practice to record the levels of the workings from some fixed datum, near the shaft;
as, for instance, the flat-sheets at top or bottom of pit, the delivery of water from the high set of
pumps, or any other defined and immoveable point, and, where opportunity has occurred, the
writer has taken or continued the Ordnance levels into the workings. The Ordnance bench marks are
to be found by the side of most public roads, and may be seen on the corners of many houses, or
their window-sills, or on gate posts;
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also these marks, and their heights above mean high water, are given on the ordinary sheets of the
Ordnance Survey.
The levels obtained by the above method, which, in their practical applications, differ very little from
those of contour lines, are written upon the plan in plain figures and at any distance, or at particular
points on the main roads, and, when necessary, are continued into the face of the off-workings. The
accuracy of the results can be established with a fraction of labour in comparison with contouring,
and they offer to the underground manager every practical service that can be rendered by the best
contoured plan.
In either case the great end to secure is accuracy, and, where this can be obtained by simple means,
the result is more to be relied upon than that which has been come to by working at a disadvantage,
or plodding through a long and tedious process.

Without multiplying the number of plans to be kept, or crowding them by introducing a foreign
system of lines into those that are kept (and from the writer's experience, contouring requires either
one or the other), it is recommended that the levels be recorded in plain figures upon the working
plan. This being done, should a delineation of the level or water line, formable by the lie of the seam,
be at any time desirable, by making mental allowances for the value of the figures, such a line can be
very easily sketched on the plan.
Every ordinary kept plan seen by the writer has had the bearing and nature of any roll, trouble, or
dyke, through which the workings have passed, distinctly marked thereon, and, under any mode of
colliery plan keeping, this is a very necessary point, and the levels written on the plan will at all times
show swellies or billow bottoms.
The writer having for some time contemplated a paper on Mine Surveying and Levelling, subjects
which Mr. Howard has already in so able a manner brought forward, now relinquishes the idea of
considering them in detail; but having a plan and section completed submits them, thinking they
may serve to illustrate his argument in favour of the foregoing system of plain levels as against
contouring, and that they may prove useful as examples to junior members.
The plan as originally conceived was not intended to show the levels by contour, but simply by
written figures, yet, as the subject has been brought forward, the writer thinks the present a fitting
opportunity to show both methods. With this view from the datum of the ascertained levels the
lines of contour are sketched on the plan, Plate XXXI., which is supposed to be of a 5 feet seam, and
drawn to a scale of 50 yards

[Plates XXXI, XXXII]
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to an inch. The thickness of the seam in connection with its angle of inclination ought to determine
at what distance the contour lines are to be fixed. In the example the height of the seam is taken as
the limit of the contour. Let the contouring be done in its most perfect form, to make sure of
showing the essential parts, viz., hollows and ridges, it must in practice, under certain circumstances,
be departed from, and that of plain figures substituted. For instance, a plan contoured at 5 feet
intervals might entirely avoid any inequality or irregularity under 5 feet; and if we refer to the
section, Plate XXXII., on the line from shaft to A, two cases in point are fully established; at 462 feet a
ridge occurs and at 657 a hollow. In each case where the irregularities occur the region is shown on
the plan, Plate XXXI., by faint dotted lines, the former occurring between the contours 465 and 470,
the latter between 465 and 465.
Cases might also arise where, to show the line of contour in plan, the lines would meet each other so
very nearly as not to be discernible from their proper continuation; the reason why this is so is
distinctly shown. Suppose a fault marked B C on the plan, Plate XXXI., to be a 5 feet throw (in this

case down) and the fracture approaching a true verticallity, in other respects the general feature of
the coal bed remaining the same, the contours 480, 475, and 470 on the east side of fault would very
nearly join their neighbours 485, 480, and 475 on the west side.
The plan is not distorted to show one mode to the detriment of the other; and although it is not
entirely taken from a working plan, it embodies only such lineaments as may be found in the
workings of any colliery. For instance, the district on the south side of the trouble was worked by
leading the coals round by its east end, and, after leaving the level (marked D on the plan, Plate
XXXI.), reached the shaft at an average rising gradient of five-eighth inches per yard, and the
heaviest pull on the line was between the contours 455 and 465, where the gradient was 2 inches to
the yard.
Were those lines to be fixed (and contouring implies that they ought to be) the writer does not
hesitate to say that the present staff of colliery surveyors would require to be doubled, and to what
end ? The practice now followed answers every purpose.
In submitting his remarks, the writer, whilst freely acknowledging their inferiority in point of ability
to those of Mr. Howard, begs, at the same time, to state his conviction that contouring, for mine
purposes, will never supersede, but at best only form a useful auxiliary to the
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plain style of levelling which has now been practised for so long a period, and of sketching in from
fixed levels as necessity may require. It is only within recent years that the portraiture of the
features of the country by continuous levels at equal vertical distances apart, has come into partial
practice on the surface, where accuracy and dispatch are obtainable, and where, with a few sets of
the instrument, 100 points may be established ; but for 100 points below the surface 200 or 300 sets
might be necessary, at the same time the very limited height would much increase the difficulty.
Very few of our seams will admit of a 6 feet staff being erected ; the majority of them, I am afraid,
are so thin that only a single yard, can be obtained, and these operations are, in very many
instances, to be carried on with the feeble glimmer of the Davy-lamp. What a disadvantage this is
compared with a 14 feet lath in daylight, and an open country.

FORM OF FIELD BOOK.
The form given is that best adapted to underground work. The example is a levelling from the
nearest bench mark down into the depths of the mine.
It will be observed upon all surface work, that the broad arrow of the bench mark points upward to a
horizontal line. In the outset it will be well to form a distinction, as the majority of our mines are
below sea level, therefore, as soon as the levels become lower than the datum, reverse the broad
arrow and make the bench mark stand thus [inverted bench mark].

The form shows the right and the left hand pages of the book.
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[Table of survey results to illustrate form of fieldbook]
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The student will at once observe that the object in summing up and taking the difference of the first
four columns is simply to check the levels reduced to the datum previous to the last reduced level
being-carried forward.

MARQUOISE'S SCALES.

Particularly recommended for plotting sections.
The following description of those useful instruments is extracted from Heather's little work on
mathematical instruments.* (* Weales' Rudimentary Series, 1s.; Virtue and Co., London.)They
"consist of a right-angled triangle, of which the hypothenuse or longest side is three times the length
of the shortest, and to two rectangular rules." "Either rule is one foot long, and has, parallel to each
of its edges, two scales; one placed close to the edge and the other immediately within this, the
outer being termed the artificial, and the inner the natural scale. The divisions upon the outer scale
are three times the length of those upon the inner scale, so as to bear the same proportion to each
other that the longest side of the triangle bears to the shortest. Each inner or natural scale is, in fact,
a simply divided scale of equal parts, having the primary divisions numbered from the left hand to
the right throughout the whole extent of the rule. The first primary division on the left hand is
subdivided into ten equal parts, and the number of these subdivisions in an inch is marked
underneath the scale, and gives it its name." "In the artificial scales the zero point is placed in the
middle of the edge of the rule, and the primary divisions are numbered both ways from this point to
the two ends of the rule, and are, every one, subdivided into ten equal parts, each of which is,
consequently, three times the length of a subdivision of the corresponding natural scale."
"The triangle has a short line drawn perpendicular to the hypothenuse, near the middle of it, to
serve as an index or pointer, and the longest of the other two sides has a sloped edge."
"The advantages of Marquoise's scales are, first, that the sight is greatly assisted by the divisions on
the artificial scale being so much larger than those of the natural scale, to which the drawing is

constructed ; second, that any error in the setting of the index produces an error of but one-third
the amount in the drawing."
In commencing to plot a section, it will be found very advantageous to draw a series of horizontal
lines to the full length required, and to
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fix them apart from each other at intervals equal to some decade of the scale being used, and the
vertical heights or depths of these lines being distinguished by numerals written down at one end
almost precludes the possibility of an error finding place during the plotting. Also, from the starting
point of the section lay off the distances in multiples of ten, showing chains, yards, or feet, at the
points of these distances draw vertical lines indefinite as to height or depth. With this preparation of
the paper, each 100 yards of the levelling per field book was plotted, with one setting of the
Marquoise's scales. (The example, Plate XXXII., is plotted from the field book.)

The President proposed a vote of thanks to Mr. Ramsay, which was cordially responded to, and
remarked, that such levels and contour lines as were alluded to would be of great use in wet mines,
and would assist very much in working other seams above and below. He thought that this paper
and Mr. Howard's might be advantageously discussed together.
Mr. Beanlands quite agreed with Mr. Ramsay that the process of levelling for contour lines in the
workings of a colliery would be attended with difficulty, and would be much more laborious than the
same operation when carried on above ground. Still, considering the great advantages likely to be
derived from the use of contour lines, he thought that the labour would probably not be misapplied.
He should have some remarks to make on Mr. Howard's paper, whenever the discussion might take
place. Although there was a great deal contained in the paper in which he entirely concurred, he
could not possibly assent to some of the opinions which Mr. Howard had expressed.
It was then agreed that, if possible, Mr. Ramsay's paper should be published before the February
meeting, and be then discussed with Mr. Howard's paper.
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DISCUSSION ON THE SAFETY-CAGE REPORT.

The President, in opening the discussion, complimented the Committee on the great tact and
delicacy with which they had treated this very difficult subject, and that whilst firmly propounding
their views, there was not a word in the report to wound the susceptibilities of anyone. It will be
seen from the report that with the care and attention usually given to the rope-winding gear,
accidents, preventible by safety-apparatus, are not of frequent occurrence, but few as they were, he
was sure that there was no man who had charge of mining operations but would giadly avail himself
of any means that offered a tangible prospect of diminishing the danger attached to them, if this
could be accomplished without introducing new elements calculated to increase their frequency.
Mr. W. B. Turner then exhibited a model of an apparatus that had been invented since the report
was published, Plate XXXIII.: the action of which will be perfectly familiar to any one who has read
the report, the chief feature of novelty being the use of India-rubber in compression as a substitute
for the steel and other springs now in use.
The President desired to know how long India-rubber used in this way would last without being
deteriorated by the constant action it would be subjected to.
Mr. G. B. Forster observed, that he had used India-rubber in compression for upwards of four years,
and, although it had been continually subjected to heavy strain, it nevertheless did not appear to
have suffered any damage. They all knew how important it was to guard against sudden jerks
coming on the rope, to prevent which, at Cambois, several thicknesses of India-rubber, amounting in
all to about 9 inches, were put under each carriage carrying the pit pulley (see Plate XXXIII., Fig. 4).
This had worked with the most satisfactory results, one pair of ropes having been enabled thereby
to draw the large quantity of 400,000 tons.
Mr. A. L. Steavenson observed, that Mr. Turner's apparatus seemed precisely the same as others
they had had before them, with the substitution of India-rubber in compression for steel. He had
used boxes with India-rubber confined therein at the ends of the pit ropes for the same purpose as
Mr. Forster had placed the India-rubber under the pulley carriages, and had found them last and
answer very well.

[Plate XXXIII, Turner, Grey and Brydon's safety cage]
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Mr. Turner, in reply to Mr. J. Cooke, stated, that the ratchets were made of 5/16ths sheet iron.
Mr. G. W. Southern remarked, that at Harraton Pit, near Chester-le-Street, he had recently
ascertained that there had never heen an opportunity of practically testing a hook hy Ormerod, that
had been in use for some years. A few days afterwards, however, there was a case of overwinding,
and the cage, with full tubs, was safely suspended in the ring without causing any damage.

On the motion of Mr. Marley, seconded by Mr. Beanlands, the discussion was adjourned till the
February meeting.
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PROCEEDINGS.

GENERAL MEETING, SATURDAY, FEBRUARY 4, 1871, IN THE LECTURE ROOM OF THE LITERARY AND
PHILOSOPHICAL SOCIETY.

E. F. BOYD, Esq., President of the Institute, in the Chair.

The Secretary read the minutes of the last meeting, which were approved and signed, and reported
the proceedings of the Council.

The following gentlemen were elected :—

MemberCharles D. Balleny, Timber Merchant, Red Barns, Newcastle-upon-Tyne.

Students—
W. H. Mills, North Seaton Colliery, Morpeth.
W. Fletcher, Cowpen Colliery, Blyth.

The following gentlemen were nominated for election at the March meeting:—

Members—

Robert Dickinson, Coal Owner, Shotley Bridge.
Robert Elliott Cooper, C.E., York Place, Leeds.
Thomas F. Hedley, Valuer, Sunderland.
Henry Cochrane, Engineer, Middlesbro'-on-Tees.
John Humble, West Pelton, Chester-le-Street.

Student—
H. P. Clark, Cavendish Street, Chesterfield, Derbyshire.

The President observed that Mr. Beanlands had reduced to paper a few remarks that he would be
glad to read before the discussion commenced.
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Mr. Beanlands, previous to reading his remarks, observed that most of the gentlemen present were
aware that he had paid great attention to the subject of underground surveying, and that many
years ago he introduced what he considered to be a very great improvement in that department of
mining. Mr. Howard had adverted to his mode of surveying in the paper which was read in October
last, and had expressed rather an unfavourable opinion as to the value and utility of the method
which, whatever might be its merits, had now been before the Institute for upwards of fourteen
years. It was introduced in a paper read in 1856, and in the discussion which ensued, the late Mr.
Nicholas Wood, who was the President at the time, and who might be taken as the highest
representative in England, both of the mining profession and of the coal trade, expressed a decided
opinion in its favour, and stated that he (Mr. Beanlands) had made two surveys by this method
which had come under his notice and which were quite accurate. The method had been since
extensively adopted, chiefly, almost entirely, by members of the Institute, and frequently in very
difficult cases, where the success of mining operations depended very much upon the accuracy of
the survey. It had also been employed in cases of trespass and of disputes arising between the
owners of adjoining collieries, where it was of great importance that the survey should be one in
which both parties could have entire confidence. Under these circumstances he could not allow any
adverse statement of opinion to pass without notice, and he hoped to be able to supply Mr. Howard
with fuller and more complete information upon the use of the transit instrument, which would
perhaps induce him, in some degree, to modify his views.

Mr. Beanlands then read his paper "On the Recent Improvements in Underground Surveying :"—
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ON RECENT IMPROVEMENTS IN UNDERGROUND SURVEYING.
By ARTHUR BEANLANDS, M.A.

The great importance of correct surveys and plans, in all mining operations, is now so generally
admitted, that it would be superfluous to offer any remarks on the subject.
In the present paper it is proposed to consider some of the principal methods adopted in
underground surveying, with a view to ascertain how far they are calculated to ensure an adequate
degree of accuracy, and are in other respects suited to the requirements of the mining interest.
The subject is one which has already been treated at considerable length by Mr. W. F. Howard in his
recent paper, but the writer hopes to offer a sufficient amount of additional information to warrant
his occupying the attention of the Institute with a second paper on the same department of mining
science.
It is clear that in order to obtain a good colliery plan we require—

1.—A correct plan of the surface or royalty.
2.—A correct survey of the underground workings.
3.—An accurate method of connecting the underground with the surface survey.

The surface survey does not usually present any serious difficulty. Owing to the great perfection of
the angular instruments employed, and the assistance afforded by a familiar knowledge of
trigonometry, a surface survey of the largest colliery royalty can be obtained with almost any degree
of accuracy that may be desired, or at least without any error that would be perceptible on a scale of
three or four chains to an inch. For this purpose, however, it is necessary to have recourse to the
system of triangulation. By this means the positions of a number of principal stations are determined
independently from one base line, which is chosen in the most convenient situation, and measured
with great care and precision.

[86]

This mode of surveying not only affords a ready and certain check on all the angular measurements,
but effectually provides against errors in the chaining, whether arising from carelessness, from
alterations in the length of the chain, inequalities in the surface of the ground, or other causes.
This method is especially useful where the surface is mountainous or very uneven. The process of
triangulation is, however, attended with considerable additional labour, and, on this account, it is,
perhaps, not very generally employed.
The underground survey is necessarily carried on under considerable disadvantages as compared
with that of the surface. It is impossible to resort to triangulation underground ; and the positions of
distant stations can only be properly determined by a careful and accurate measurement of the
whole series of lines and angles from the shaft to the extremity of the workings. In very many cases,
also, the usual check afforded by a circuit survey is not available, though this, of course, can
generally be obtained on the surface.
With respect to the angular measurements, it must be observed, that any error or inaccuracy, near
the commencement of the survey, will be carried forward unless counteracted by an error in the
opposite direction, and the effect of any error will increase as the survey advances. On this account
it would seem very important that such inaccuracies should be reduced within as narrow limits as
possible. This, of course, can only be accomplished by great care and the employment of a very
accurate instrument.
Mr. Howard, in his recent paper, strongly advocates the use of the circumferentor. This instrument
has, no doubt, the advantage of being more portable and less expensive than the theodolite ; but,
notwithstanding all that has been stated in its favour, it does not appear to the writer to possess any
other important recommendation to compensate for its great inferiority as an angular instrument.
He considers, therefore, that the surveyor ought to rely principally on the theodolite in all
underground surveys of large extent.
The practice of using three sets of legs for the instrument cannot be too strongly recommended. In
surveys of importance the system of trigonometrical reduction, described by Mr. Butler Williams and
other writers, should invariably be adopted. It must be observed, however, that this subsequent
application of trigonometry does not in any way supersede the necessity of extreme care and
precision in all the original measurements of the lines and angles of the survey.
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Presuming that the underground survey can be completed with all needful precision, we have next
to consider by what means this is to be connected with the surface plan.
This is obviously a matter of great importance, for whatever pains may be bestowed on the surface
and underground surveys, unless there be some accurate means of combining the two together, it is
evident that much care and labour will be wasted.

The correct determination of the bearing of a line underground was formerly attended with
considerable difficulty, and no fewer than four or five different methods have been employed or
prooposed, in order to accomplish this object.
These methods are :—

1.—The means afforded by the magnetic compass, either with or without some angular instrument
as the theodolite or circumferentor.
2.—The method of obtaining the connection by means of two shafts.
3.—The plan of suspending two plumb-lines m one shaft.
4.—The writer's method of obtaining the bearing by means of the transit instrument; in connection
with which he would also notice Mr. Hoskold's mode of using the transit theodolite.

It is proposed to offer a few remarks on the merits of each of these various modes of obtaining the
required basis for the underground survey.
The method of suspending two plumb-lines in one shaft is one which has never been very
extensively employed.
This contrivance is one which could be made available to a limited extent, and under favourable
circumstances; that is, where the shaft is of tolerable width, and not of great depth, and where the
underground survey is not very extensive.
The process is generally attended with difficulty, owing to the continual motion of the plumb-lines at
the bottom of the pit, an inconvenience which is seriously increased in some cases by the currents of
air passing up and down the shaft. To obviate this inconvenience, Mr. Hoskold proposes the
adoption of iron chains made from wire, about 3/16th of an inch in thickness; but it is clear that this
expedient would be attended with much trouble in any pit of considerable depth.
As this plan, however, is one which is rarely employed, it will not be necessary to discuss it further.
The writer will, therefore, proceed to the consideration of the other methods which have been
enumerated.
It will be convenient for him, in the first place, to enter into some particulars respecting the mode of
employing the transit instrument with which his name has been associated.
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This was the result of various experiments made in 1855 and 1856. From his early acquaintance with
practical astronomy, he was led to think that the transit instrument might be made available for the

purpose of determining the true direction of a line underground, and the first method which
occurred to him was purely an astronomical one.
Having fixed the instrument with its plane considerably out of the meridian, and the telescope
pointed vertically upwards, or nearly so, he observed the passage of several known stars across the
wires in the usual manner. From these observations, which, however, were made above ground, it
was found that the deviation of the plane of the instrument from the true meridian could be
approximately determined. But when it was afterwards attempted to carry on the same
observations underground with the telescope pointed up a colliery shaft, it was found that the
operation was attended with great difficulty and inconvenience, and that, however beautiful it might
be in theory, the method was not likely to be of much advantage in practice.
The astronomical plan was accordingly abandoned, and instead of observing the stars he made use
of illuminated marks, which were fixed at the top of the pit, and from these the direction of the
instrument at the bottom was determined.
These experiments were quite successful, and led to the method which the writer has ever since
employed. It was merely necessary to make some improvements in points of detail; and as a matter
of convenience it was found preferable, in subsequent experiments, to have the instrument fixed at
the top, and the marks removed to the bottom of the pit.
It is unnecessary to enter into any further description of the method, as an account of it has been
already given in a paper which was read before the meeting of the Institute on August 7th, 1856.
This paper contains a clear statement of the general principle of the method, but it is hardly
necessary to observe that the whole process is one requiring great skill in the manipulation of the
instruments, and special attention to various minute particulars which could not be conveniently
discussed, and which were altogether beyond the scope and object of the paper.
There is one statement, however, contained in the paper of 1856 to which it is necessary to draw
attention; namely, that by means of the process referred to, the bearing of a line underground can
generally be determined without any error exceeding one minute of arc, a degree of accuracy amply
sufficient for all practical purposes.
As this is obviously a matter of very great importance, the writer
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will endeavour to bring forward such evidence as, he trusts, will satisfy all persons interested in the
subject that this statement is substantially correct. If he shall succeed in doing so, he thinks it will be
admitted that the method referred to is not only sufficient for all practical purposes, but that it is
decidedly superior in accuracy to any other plan which is usually available.

Now, the statement to which reference has just been made is one which, from its nature, hardly
admits of a direct and positive proof. In fact, this mode of determining the bearing is more accurate
than any means which we usually have of testing or verifying it.
The writer, indeed, very readily formed a decided opinion on the matter, not only from the nature of
the process itself, but from the very close agreement of the results obtained in the same colliery on
different days.
It was found that when the operation was repeated two or three times the results did not usually
differ by more than two or three minutes; and it was accordingly inferred that the mean of several
results derived in this way would, in all probability, be correct to one minute.
He next took an early opportunity of testing the correctness of the bearing by surveying above and
underground to a second shaft. The results obtained in this way were perfectly satisfactory. It may
be mentioned that in one instance, where the shafts were more than a mile apart, the surveys
corresponded, as regards direction, within two or three links. In other cases the agreement was
about as near as could be expected between two surveys made in the ordinary way.
Examples of this kind, however, though very satisfactory to the writer's own mind, cannot be
expected to carry with them the same degree of conviction when related to a stranger. In fact, these
statements labour under this disadvantage, that they depend almost entirely on his own individual
testimony.
Some examples of a different kind will, therefore, be given, in which the method has been put to a
severe and practical test, which afford a direct and positive proof of its accuracy, and in which the
evidence does not depend on mere individual statement.
In 1857, the writer undertook to make a survey at Etherley Colliery for the purpose of setting out a
drift between the workings of the George Pit, and a new sinking, about half a mile to the east of this,
called the Dean Pit. There was then no underground connection between these pits, and it was,
therefore, necessary to make a surface survey, and connect it with the workings of the George Pit at
one end and of the Dean Pit at
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the other. The connection was readily made at the George Pit by means of a day drift. At the Dean
Pit it was effected by the transit instrument. The survey in this pit was attended with considerable
difficulty, owing to the water which streamed down the shaft and dropped from the roof to such an
extent as to interfere rather seriously with the use of the theodolite. However, after some
perseverance, the bearing was determined, and the underground survey completed marks being left
for the purpose of setting out the drift.
In the George Pit the drift had not, as yet, been commenced, and the place where the marks were
put, only allowed of their being fixed about 15 feet apart. At this pit, as the day drift was very steep
and narrow, and otherwise inconvenient, it was thought advisable to check the portion of the survey

connecting the workings with the surface. The remainder of the work, that is, the whole of the
surface survey, between the pits, and the bearing and underground survey in the Dean Pit, were not
afterwards checked in any way.
On completing the plan, it was forwarded to Mr. Lishman, the resident viewer, with written
instructions for setting out the drift, but the writer did not visit the colliery again while the work was
in progress.
The drift was, accordingly, set out, and worked from both ends, the length being about 700 yards. In
the course of six months a very accurate holing was effected, the deviation between the two ends
being only six inches.
A more convincing proof of the accuracy of this mode of surveying could hardly be given. If the
discrepancy above-mentioned had been due solely to the bearing, it would only imply an error of 1
1/2 minute ; but it is clear that this deviation represents the resultant error of the whole process,
not only of the bearing and surveys above and underground, but also of the setting out and working
of the drift ; indeed, very great credit was due to Mr. Lishman, for the skill and precision with which
the work was carried out.
In 1864, the writer was requested to make a survey of a very peculiar character at Pelton Colliery,
near Chester-le-Street. This colliery was worked by two shafts in close proximity to each other, about
50 fathoms in depth. At a distance of 40 or 50 yards from the bottom of these pits, an underground
sinking had been made for the purpose of exploring a lower seam of coal. It was afterwards thought
desirable that this pit should be extended to the surface, or, rather, that a shaft should be sunk from
the surface, which should be immediately above and in a line with that already existing
underground. The
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survey was required for setting out the centre of this shaft, and was obviously a matter requiring
great care and accuracy, not merely in the angular part of the survey, but also in the measurement
of the distances. These measurements were made with a levelling staff, and checked with a good
tape line ; the connection between the surface and underground surveys being effected, as usual,
with the transit instrument. The shaft was set out from the writer's plan and written instructions.
After it had been sunk 10 or 15 fathoms, he made a check survey, the result of which, differed
slightly from that of the previous one, and, in consequence of this, an alteration of 1 3/8 in. was
made in the position of the centre line. When the shaft was sunk down to its proper depth, it was
found to correspond with the lower shaft within little more than 2 inches.
It may be remarked, that the centre line, as originally set out, was very nearly correct, or more
nearly so than after the alteration. In fact, as it happened in this case, the determination afforded by
the first survey was hetter than that resulting from the mean of the two surveys.

In 1866, the writer was engaged on a survey of considerable importance at Monkwearmouth
Colliery, Sunderland. This extensive coal mine is worked by means of two shafts, called respectively
the A and the B pit. The A pit was, many years ago, sunk to the level of the Hutton seam, a depth of
more than 280 fathoms. The B pit was originally carried down 180 fathoms, and the further descent
to the Hutton seam was effected by an inclined plane, three-quarters of a mile in length, with an
inclination of 6 inches to the yard.
Some years ago the B pit was extended to the lower level. In order to effect this operation, without
interfering with the working of the colliery, a chamber was excavated near the bottom of the 180
fathoms, at a somewhat lower level, and on one side of the principal waggonway. From this
chamber a drift was carried to a point immediately underneath, and 3 or 4 fathoms below the
bottom of the B pit. From this point the lower portion of the shaft was sunk about 100 fathoms, to
the level of the Hutton seam, but a solid mass of rock was still left between the sump of the B pit
and the top of the lower section.
In 1866, when the shaft was in this state, it was determined to have a principal drift carried from the
bottom of this lower shaft to the extremity of the inclined plane, and the writer undertook to make
the survey for the purpose of setting out this drift. There was, at that time, no underground
communication between these points except by passing up or down the lower shaft of 100 fathoms.
It was, therefore, necessary to obtain a connection between the top and bottom of this
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shaft with the transit instrument, and to survey from the top of the 100 fathoms by a short but
crooked course up two or three small ladders to the top, and thence to the bottom of the great
inclined plane. The survey down the inclined plane was an old one, made two years previously ; the
portion between this and the lower shaft, and the bearing in this shaft were completed on June
29th, 1866. From these data the drift was set out shortly afterwards. It was worked entirely from
one end, and as it was of large size, and excavated principally in hard rock, it was necessarily an
operation requiring much time and labour.
The writer inspected the drift two or three times while it was in progress, in order to keep it in the
proper direction, but the original survey and the bearing were never afterwards checked or verified
in any way. A successful holing was effected about the end of 1868, the deviation of the drift from
the proper centre being only about 14 inches.
It seems unnecessary to adduce any more examples of the application of this method, though it
would be easy to do so, if required. It may be presumed to be generally admitted that this mode of
surveying has stood the test of experience perfectly well, and that its capabilities as regards accuracy
have not been overstated.
There is no reason to suppose that the surveys which have just been described were more accurate
than the great majority of those which have been made by the same process during the last fourteen
years. They have simply been chosen, because, in these instances, the accuracy has been brought to
light in a manner which cannot be called in question. It must be observed that these are not merely
a few happy results out of a great many trials, with perhaps many failures. Strictly speaking, the

writer has no failures to record. He has never declined to undertake any survey, however difficult,
which might be necessary for the prosecution of any important mining operation, and no survey
which he has ever made has failed to answer the purpose for which it was required.
In order to show still further the great power and capabilities of the method, it may be observed,
that it has been employed successfully in several pits of very great depth. In Ryhope Colliery, where
the shaft is 253 fathoms deep, the bearing was determined twice, in October and December, 1864,
the difference between the two results being only 1' 10". In the Adelaide Pit, near Bishop Auckland,
172 fathoms in depth, the same operation was performed twice oh different days, the discordance
between the two determinations being no more than 20". The bearing was also determined in one
of the pits at Murton
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Colliery, of which the depth is 230 fathoms. In this case the result was so far satisfactory that it was
not thought necessary to make a second determination. In other cases of very deep pits, though the
results have not been obtained with such extreme precision, the surveys based on this process were
superior in accuracy to any which had been previously made in the same collieries, or in fact to any
which could be obtained by any other method.
In addition to what has been stated with regard to the accuracy of this mode of surveying, it may be
observed that it possesses other advantages of considerable importance. As the process requires
only one shaft, with a clear view from top to bottom, it can be adopted in nearly every colliery. It can
also be applied very readily. Though a considerable time is necessarily spent in erecting a platform
for the instrument, and in fixing the necessary apparatus, a bearing sufficiently accurate for practical
purposes has almost invariably been obtained in a few hours, and in some cases not only has the
bearing been determined, but a survey of considerable extent has also been made on the same day.
Mr. Hoskold's mode of using the transit theodolite is contained in his treatise, and described as "The
New Method of Connecting Underground Workings with the Surface." Although the treatise was not
published until 1863, it is understood that the author had used the process referred to for many
years previously. This is simply a method based on the same general principle as the preceding, but
the transit instrument is not employed, Mr. Hoskold using, instead of it, merely the transit
theodolite, which is provided with a diagonal eye piece and placed in the bottom of the shaft.
The plan seems to be adapted for use in collieries of which the workings are not very extensive, and
the shaft of limited depth. It would also appear necessary, that the shaft should be of the average
width, not bratticed or divided, and not subject to any considerable dropping of water at the
bottom.
As Mr. Hoskold is a mining surveyor of great experience, it may be presumed that he has found the
method serviceable in the collieries in which he has been engaged, where the conditions are
probably similar to those which have been described.

On the other hand, it is almost unnecessary to observe that this mode of surveying, practised
without the aid of a large and powerful instrument, and in the absence of other important apparatus
and contrivances, must necessarily be one of limited utility. In fact, it could scarcely be employed
with advantage in any of the collieries of our Northern Coal-field.
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The next mode of surveying which will be noticed, is that in which the connection between the
underground and surface surveys is obtained by means of two shafts.
This method is one which seems at once so obvious and satisfactory, that if the necessary conditions
for its employment had existed in every colliery, it is probable that no improvement on this plan
would ever have been thought of.
On a full consideration of the subject, however, it will be found that in cases where the bearing can
be determined in this manner, the accuracy and utility of the process depend very much on
circumstances. First, as regards accuracy. It is evident that this depends on three things, namely, the
determination of a point at the bottom of each shaft in the same vertical line with a given point at
the top; and the precision with which it is possible to make the surveys between the pits above and
underground. It has been stated that by the writer's method the bearing of an underground line can
generally be determined without any error exceeding one minute of arc. Now, an error of one
minute corresponds with a deviation of about one inch in 100 yards, or 4 1/2 inches in a quarter of a
mile. While, therefore, it is admitted that it would be barely possible, under favourable
circumstances to make the surveys with such exactness, it must be observed, that this is a degree of
precision much beyond the practice of ordinary surveying, and that such an operation would usually
require an extraordinary amount of care and labour. It is also clear that the success of the operation
would depend very much on the nature of the surveys. The most favourable case would be that of a
colliery where the two shafts were at a considerable distance and where there was a clear view from
the one to the other, above and underground. In this case it would only be necessary to determine
by plumb-lines or otherwise, the corresponding points at the top and bottom of each pit. A base line
would thus be transferred at once from the surface to the underground workings. Unfortunately this
is a case which is very rarely to be met with.
When the condition, which has just been described, does not exist, a very good determination of the
bearing may still be obtained in cases where the surveys, on the surface and underground, can be
made in a tolerably direct course from the one shaft to the other. That is, where the angles to be
measured are not very numerous, and where the lines for the most part lie in the direction of a
straight line connecting the two pits, or are parallel to this; also, where the nature of the ground
above, or the state of the drifts below, does not present any serious difficulties in the way of an
accurate survey.
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The first of these conditions is obviously of great importance. As the angles are few in number, they
may be measured with all the more care and exactness, and any uncertainty arising from slight
inaccuracies in them is reduced within very narrow limits. Moreover, as the lines run mostly in the
direction between the pits, there is a direct check on the accuracy of the linear measurements, and
any small inaccuracy in these will scarcely produce a sensible error in the determination of the
bearing.
In many collieries, however, the course of the underground survey between the two shafts is very
long and circuitous. This circumstance not only causes a great amount of labour, both in the making
of the survey and in all the subsequent calculations, but it materially increases the difficulty and
improbability of obtaining an accurate result.
If the angles be very numerous and many of the distances very short, the uncertainty arising from
the accumulation of small inaccuracies in the angular measurements will be materially increased. It
is also obvious that where a large proportion of the linear measurements have to be made in
directions nearly at right angles to the straight line connecting the two pits, any small error or
irregularity in these measurements will sensibly affect the accuracy of the bearing, although it may
not materially alter the calculated distance between the shafts. It is scarcely necessary to add that
the difficulties will be seriously increased if the course of the underground survey should pass
through very low or narrow drifts, or places partially filled with water, stones, or rubbish.
Under circumstances, therefore, similar to those which have been described, there is every
probability that the bearing determined by means of the two shafts will be inferior in accuracy to
that obtained by the transit instrument, or otherwise that it will only be obtained by a much greater
expenditure of time and labour. In many cases the two pits are much too near together to afford
suitable data for connecting the surveys above and underground, while in others they are at so great
a distance that a special survey, for this purpose, would scarcely ever be seriously contemplated.
The views thus expressed with regard to this mode of surveying will be better understood by
reference to two or three examples taken from actual surveys made by the writer. In the first
example (plate XXXIV., fig. 1), the distance between the two pits is about 55 chains, the second or
upcast shaft being situated nearly due south from the working pit. The surface boundary and the
workings to be surveyed lie still further south, that is, beyond the upcast pit. The surveys, both
underground
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and on the surface, are made in a tolerably direct course from the one pit to the other.
Now, it is clear that any error in the chaining of the lines running north and south would be readily
detected, as the calculated distances between the pits in the two surveys would not correspond.
There is, therefore, every probability that the measurements will be made with tolerable accuracy.

Again, it is evident that a small inaccuracy in these lines will not sensibly alter the calculated position
of the second shaft in an east and west direction, and therefore, will not cause any sensible error in
the determination of the bearing.
One or two other circumstances may be pointed out which seem to favour this mode of making the
survey in this particular case.

1.—There is no additional surveying required, as the transit instrument, if employed at all, must be
used in the working pit, the other being an upcast shaft, and, therefore, it would, in any case, be
necessary to make the survey between the two pits.
2.—The second shaft is near the boundary to be surveyed and the workings in the neighbourhood of
this boundary. On this account a small inaccuracy in the determination of the bearing, as obtained
from the two shafts, will not produce any sensible effect on the survey. But if the bearing were
determined solely by the transit instrument, in the working pit, an inaccuracy of the same amount
would produce a greater effect, as it would act on a larger radius.
It is, therefore, obvious that the employment of the transit instrument in this case, would require
the expenditure of a certain amount of additional time and labour without any corresponding
advantage, excepting that the one method would afford a check upon the accuracy of the other.
In the next example, plate No. XXXIV., fig. 2, the second or upcast shaft is situated to the north of the
working pit at a distance of 27 chains. The underground survey is very circuitous, about 52 chains in
length, and requiring the measurement of 45 lines and 44 angles. Many of the lines are very short,
and the drifts which the survey traverses are, for the most part, low or narrow, or otherwise
inconvenient for accurate surveying.
Now, in order to determine the bearing correctly, within one minute, by means of the two shafts,
the survey would have to be accurate, or without any error in an east and west direction to the
extent of 1 inch in 100 yards. In other words, assuming the surface survey to be quite correct, and
that the centre of each pit could be transferred from top to

[Plate XXXIV, examples of surveys]
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bottom with perfect precision, it would still be necessary to make the whole of the underground
survey with such exactness that the calculated position of the second shaft should not deviate to the
right or left of the line joining the two pits by more than 6 1/2 inches.
Such a result could scarcely be obtained by surveying in the ordinary way and with the common
chain. This is obvious when it is considered that a large proportion of the underground lines run

nearly in the east and west direction, and that a very slight irregularity in the chaining of these lines
would produce a greater error than would be admissible. Some more precise and tedious system of
measurement would, therefore, have to be adopted, and the whole process would be one requiring
a great amount of care and labour.
It is also clear that the angles, as well as the lines of the survey, would require to be measured with
great accuracy. It would, of course, be absurd to expect that the bearing could be determined
correctly, within one minute, by a survey made with the circumferentor, as this instrument is only
graduated to three minutes, and, therefore, not one of the 44 angles could be depended upon as
being correct to one minute.
From what has been stated, it also follows, that if the survey, in this case, were simply made in the
ordinary way, the bearing deduced from it would, most probably, not be correct within one minute,
and, in fact, would be inferior in accuracy to the result afforded by the transit instrument, although it
could not be obtained without a much greater expenditure of time.
In another instance which has come under the writer's notice, plate XXXIV., fig. 3, the circumstances
are very similar to those described in the last example, excepting that the surveys, both above and
underground, are of greater extent. The distance between the pits is about 55 chains, but the length
of the underground survey is nearly 107 chains. This survey requires the measurement of 48 angles
and 49 distances.
The same general reasoning applies in this case as in the last, the only difference being that the
determination of the bearing by means of the two shafts would be still more laborious, owing to the
greater extent of the surveys.
The general result of the preceding remarks, with reference to the two methods of surveying, which
have been now discussed, may be stated as follows:—
The mode of obtaining the required connection between the surface and underground surveys, by
means of two shafts, is one which may be employed with advantage under favourable
circumstances; but as a
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method for general use in colliery surveying it is decidedly inferior in utility to the means afforded by
the transit instrument. This is evident from the following considerations.

1.—There are many collieries in which it cannot be applied at all, either from the want of a second
shaft, or from the fact that such shaft is not available for the purpose required.

2.—In other collieries, the bearing determined from the two shafts would be inferior in accuracy to
that afforded by the transit instrument, or could not be obtained without a much greater amount of
labour.
3.—While there are very few collieries in which the transit instrument cannot be employed, there
are also very few in which its use is attended with any disadvantage as compared with the adoption
of the other method.

The only remaining method of obtaining the connection between the underground and surface
surveys, which has not yet been considered, is that afforded by the magnetic needle.
The magnetic compass, as a surveying instrument, is attended with three serious defects.

1.—Owing to the nature of the instrument, the magnetic bearing of a line can only be observed
approximately; that is, within a small fraction of a degree. The amount of this fraction cannot be
precisely specified, and must be regarded partly as a matter of opinion. It depends, no doubt, on the
perfection of the instrument, as well as on the care and skill of the observer. Some writers have
stated this fraction at 1/4°, or even as much as 1/2°. This is probably an exaggeration, but the most
skilful surveyors have rarely professed to read the magnetic bearing within less than 1/8° or 1/10°.
2.—The needle is subject to a small daily variation of a periodical character, that is, recurring with
some degree of regularity every twenty-four hours. This variation, however, occasionally takes place
in a sudden and irregular manner; the changes being much more rapid, and of larger amount, than
usual. Thus, variations of 10', 15', or even 20' have occasionally been observed to take place within
about a quarter of an hour; and alterations of 30' within a few hours are not very unusual.
There is also a progressive variation, which is more steady and uniform in its character; the needle
gradually approximating to the true meridian, at the rate of 1° in seven or eight years.
3.—The needle is liable to be much disturbed by the presence, or proximity, of iron, especially when
occurring in large quantities. It is
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also sometimes sensibly affected by mineral substances, having some proportion of this metal in
their composition.
Owing to these peculiarities, together with the large quantities of iron now generally used in coal
mines, the compass is, in most cases, unfitted for use in important colliery surveys of large extent.
The object of the present discussion, however, is to consider, not the utility of the needle for
ordinary surveying, but how far it may be used as a means of connecting underground and surface
surveys, which may be made by some other instrument.

It is clear that this connection can always be made with a tolerable approximation to accuracy,
provided that suitable stations can be found above and underground, where the needle is free from
any disturbing influence.
The accuracy and certainty of the operation will be much increased if the magnetic bearings of two
or more lines on the surface and in the colliery workings are observed; the lines, in each case, being
connected by a survey made with the theodolite.
The existence of any local disturbance would generally be detected by comparing the bearings of the
different lines, or otherwise the effect of such disturbance would be diminished by taking the mean
of the results obtained at two or more stations.
In order, as far as possible, to obviate any error which might arise from the diurnal variation, it is
desirable that the observations above and underground should follow each other after as short an
interval as possible. It would, in fact, be still better that the bearings on the surface should be
observed both before and after those of the underground lines.
In observing the magnetic bearings for the purpose of this comparison, it is important that the
needle should be noticed at both ends, and the mean of the two readings adopted.
Presuming that the process of comparison can be carefully carried out in the manner which has been
described, the writer believes that a tolerably good connection would thus be obtained between the
underground and surface surveys, sufficient for the ordinary purposes of a colliery plan of moderate
extent. The accuracy of the result must be partly a matter of conjecture, and would, of course,
depend on the care and skill exercised in the process. It may be presumed, however, that if a
reasonable amount of pains and labour were bestowed, the probable error of the bearing would not
exceed 5' or 6'. Greater accuracy and certainty would be attained by increasing the number of
stations above
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and underground, or by repeating the operation several times on different days.
To obtain a bearing, however, which should be absolutely correct, within 1' or 2', would obviously be
a matter of much difficulty and uncertainty.
In the foregoing remarks it has been assumed that two or more stations can be found in the colliery
workings, where the needle would be free from the effect of any disturbing causes. In some
collieries, however, such stations are not very readily found, and can only be obtained by travelling
to remote parts of the workings, or by removing the iron rails and other materials at the cost of
much labour and inconvenience. It is evident, also, that when the disturbance is of small amount,
that is, less than 10' or 15', it must be very difficult to ascertain its existence with any degree of
certainty.
There is a further disadvantage which attends the process, namely, that if the bearing be specially
required at a point very remote from the stations where the needle is observed, some degree of

inaccuracy or uncertainty is introduced by the intermediate survey, which cannot be presumed to be
mathematically perfect.
Considering the uncertainty that must usually attend any determination of the underground bearing,
by means of the magnetic compass, it is clear that this process ought not to be relied upon except
under circumstances which are unfavourable to the employment of either of the two methods
previously discussed.

The President said, he was sure they would all heartily join with him in according a vote of thanks to
Mr. Beanlands for the elaborate and valuable paper, and the pains he had taken and the talented
manner in which he had replied to Mr. Howard's remarks. Of the importance of this paper, and the
consideration it deserved, he need scarcely make any remarks, for to those who had been brought
into contact with old workings and old plans, the necessity of comparing and joining one with the
other, and with the surface, together with the difficulty of ascertaining boundaries, and the legal
proceedings that were liable to arise out of these difficulties afforded sufficient evidence of the
magnitude of the subject. He believed they were entirely indebted to Mr. Beanlands for the
application of the transit instrument to underground surveys; and very great credit was due to him
for the careful manner in which he
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had carried out his theory, for from the examples that had been adduced it was clear that the
utmost dependence could be placed upon it.
Mr. W. F. Howard said, he had been much gratified in listening to Mr. Beanlands, and would cordially
second a vote of thanks to that gentleman, which was unanimously carried.
Mr. Howard said, though he was unacquainted with the precise details of the practice that
gentleman had adopted, he had heard sufficient of them to believe that it would be quite accurate
wherever it was necessary to have recourse to it. He never meant to imply anything to the contrary,
and he was exceedingly glad that his paper had caused Mr. Beanlands to give particular instances in
which it had been successful. Whether the system which he (Mr. Howard) had adopted was the best
or not he would not say; there was generally more than one way of doing the same thing, and all he
intended to do was to show that certain means he used and described had produced certain
accurate results, which could be confirmed at the collieries where he had made surveys. He quite
intended in his paper to give Mr. Beanlands credit for his mode of obviating difficulties in cases of
one shaft, but in the examples quoted by Mr. Beanlands, there were two, so that there was no
difference between the cases in this respect. With regard to the use of contour lines, he was
extremely obliged to Mr. Ramsay for his diagrams. Without detracting in any way from the value of,
or proposing to dispense with special sections and figured heights upon the plan, he was of opinion

that his argument was thoroughly confirmed in the example given by Mr. Ramsay, to which that
gentleman had added contour lines. These lines, although only sketched in, gave greatly increased
clearness to the plan, without in ihe least diminishing the utility of the figured heights. He could not
prepare a diagram that would illustrate his views better than Mr. Ramsay had done.
Mr. J. A. Ramsay thanked Mr. Howard for his complimentary observations, and accepted them as an
acknowledgment that where a complete system of levelling was in operation (such a system as is
generally adopted in this neighbourhood) contouring was almost superfluous.
Mr. T. J. Bewick remarked, that Mr. Beanlands had referred to the difficulty of carrying out surveys
by the suspension of two plumb-lines in shafts. Now, he (Mr. Bewick) had a case in point in his own
experience, a few years ago, in which the holing of two levels being driven in contrary directions was
effected by the use of two plumbs, in a perfectly successful manner, under very difficult
circumstances. It was
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this: a level, three-eighths of a mile in length, had to be drifted northwards (to meet an adit fiveeighths of a mile long, in course of being made in the same line, in a southerly direction) from the
bottom of a vertical shaft, about 15 fathoms deep, in which was fitted pumps, guides, and ladders,
and which had no direct communication with the surface, that is, the top of the shaft commenced at
the end of a cross-cut or adit, some 30 or 40 yards in length, taken in at the bottom of a cliff 80 to
100 feet high; this cross-cut being at about right angles with the bottom level. He suspended two
plumb-lines from the top of the shaft, about 7 1/2 feet apart (the shaft being 8 feet 1 inch diameter),
these lines were of fine brass wire, and to each was attached a heavy plumb-bob. The position of the
wires at the top of the shaft was determined by a good theodolite, and by the same instrument he
continued the bearing along the drift, and the result was, a holing with the adit, wherein the
difference between the centres did not exceed six inches. He might also mention, that the
intervening distance between the two surface openings was about a mile of mountainous, rugged
country, partly covered by plantations and other obstacles.
Mr. Ramsay stated that he had recently, at Whitehaven, 110 fathoms of copper wire with plumbbobs immersed in water, but even after the lapse of three hours there was still a perceptible
variation. He thought that if tar or other viscid liquid were substituted in place of water the wire
might be more speedily brought to rest.
Mr. A. Beanlands remarked, that from the experiments he had made, he believed the lines would
generally be found inconvenient in the case of a deep shaft, because of the movement that would be
sure to take place even if the plumb-bobs were suspended in water, and this particularly in working's
where there was a current of air. Referring to the paper which had just been read, he observed that,
in speaking of an underground bearing correct within one minute, he might be thought to be going
rather beyond the degree of accuracy required for practical purposes. He did not hold that opinion,
for he considered that the necessity for great accuracy would be more generally recognised as time
progressed. They had not yet attained to perfection in the general practice adopted in colliery

surveying, although a degree of precision was now attained that was not thought of twenty years
ago. The determination of the bearing was only one step towards an accurate survey, and he
thought the limit of error in this stage should not be more than from one to two minutes, and that
the total amount of error from all sources should not exceed four minutes, which corresponded to
about two
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yards, or somewhat less than ten links in a mile. The transit instrument not only gave very accurate
results, but it afforded by far the readiest means of obtaining an underground bearing when
required for any special purpose. Suppose, for instance, that a survey was required to ascertain the
position of the workings of a colliery with reference to the surface boundary, such a survey, if not
very extensive, could generally be completed in about three days; but in the case of fig. 2, plate
XXXIV., as it was necessary to measure forty-four angles underground to determine the bearing
alone, the work of the survey would be more than doubled. The subsequent calculations also, in this
case, were very laborious, extending over no less than twenty pages, and hence the whole process
was one involving a large expenditure of time. One important question was raised by Mr. Howard's
paper, as to the degree of accuracy which could be secured by the circumferentor. He (Mr.
Beanlands) considered that the angles when measured by the circumferentor would be liable to at
least five times the amount of uncertainty attendant on the use of the theodolite, by which angles
could be measured correctly within one-third or one-fourth of a minute. The arrangements for
working the theodolite also were much more perfect. There were two verniers by which angles
could be read to twenty seconds, and a variety of beautiful and admirable contrivances, which
tended to give a much greater degree of certainty and accuracy to the survey. He had referred to
Mr. Hoskold's mode of obtaining the bearing by means of the transit theodolite, which resembled
his own method in its general principle, but which differed in almost every other respect. Still he
wished to observe that what he had stated respecting Mr. Hoskold's method must be regarded
partly as a matter of opinion. He wished to give that gentleman due credit for his mode of surveying,
but he considered that his own method was more complete and elaborate, and capable of much
greater accuracy. Mr. Howard's surveys were highly creditable to his skill as a surveyor, but there
were some points which he (Mr. Beanlands) could not make out as to how the connection between
the underground and surface surveys was obtained. It was true that the needle attached to the
circumferentor could be made either fast or loose; if fast, however, the instrument became, in fact,
an indifferent theodolite ; and if loose, it became liable to all the uncertainties of local attraction and
variation. Mr. Howard stated in his paper, that it was his practice to begin and conclude his surveys
with a loose needle bearing. That, of course, formed a check at the end; but in very many collieries in
this part of the country, he (Mr. Beanlands)
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was afraid it would not answer, because the surveys were generally commenced or finished near the
shafts where there was a large amount of iron. It was sometimes thought that if there were only two
lines of rail, and the instrument was put as near the middle as possible, there would be no
attraction. But he believed that was a great mistake. Mr. Hoskold, in his treatise, stated that the
attraction of two lines of rails was sometimes very considerable ; his own impression was, that if
they used the needle where they had lines of rails, they would always be liable to an error of a
quarter of a degree or more. If they were to get a bearing at all by the needle, he considered it
would be necessary to get as remote from any rails as possible; they must get quite into the face of
the workings, which generally meant that they must go a great way from the shaft, and that,
perhaps, was the end of their survey. If they wanted a comparison between the underground and
the surface, they must make it at about the same time, for if the one was made in the middle of the
day and the other in the middle of the night, they would be liable to the daily recurring variations.
Mr. Howard, at the request of the President, repeated verbally his mode of using the compass
described at page 26. He usually commenced an underground survey from the face of a heading,
where the liability to attraction from rails and iron could be obviated with little trouble by removing
all such material to as great a distance from the instrument as experience showed to be necessary.
The needle, in the first and every subsequent set, was allowed to swing freely. In the first set, the
zero line of the compass was made to coincide exactly with the direction of the needle, and the
sights and vernier being then turned in the direction of the next set, the bearing was denoted upon
and read from the vernier, which was, at the same time, clamped in position. At the second set, the
instrument occupied the other extremity of the first line of the survey. Upon that line the clamped
vernier and sights were turned for a back sight, and, consequently, the needle swinging freely would
still coincide with the zero line (unless local attraction or error there prevailed, of either of which the
deviation of the needle from the zero line would show the amount). The vernier was then
undamped, and, with the sights, turned upon the third set. And so on to the end of the survey. The
needle, at every set, is thus made to act as a check; and, at convenient or arranged intervals in the
survey, this check is made absolute by the selection of a set free from iron, or from which iron has
been specially removed. The booking of the bearings
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in their proper quadrant is also facilitated by this free use of the needle. At the commencement or
end of the underground survey, at both in particular cases, the bearing of the standard line or lines
on the surface was taken. The practice of transferring a required direction from the top to the
bottom of a shaft, or vice versa, by suspended plumb-lines, had been referred to. He would observe
that he had known the vibration of such lines much relieved by the suspension of the plumb-bobs in
water, and it had struck him as reasonable that their suspension in a denser fluid would be attended
with still more satisfactory effect. In the use of coloured lamps as objects he had made improvement
by employing at each set both a transparent and a coloured lamp, the former being in the cup and
the latter suspended on a hook beneath the legs or held above them. The advantage obtained was a
clearer light, of importance in long sights, and double certainty of the object lamp being correctly
fixed, as the two would be seen in the same vertical plane. As Mr. Beanlands' opinion, that ten links

per mile is a reasonable allowance for survey errors, had been challenged by Mr. Marley, he felt
called upon to say that in his own practice he had attained considerably greater accuracy. To quote
an instance: the position of a point upwards of 1,000 yards from a shaft had been surveyed
underground, and was required to be set out on the surface. To arrive at this result he first set out
on the surface the directions and lengths of the actual survey lines, and then proved their terminal
accuracy by a fewer number of bearings and lengths previously reduced for the purpose of check.
The two processes closed to the fraction of a link. Chaining could certainly always be done to greater
nicety than ten links in a mile.
Mr. Beanlands said, that plan of using three pairs of legs was alluded to in his paper of 1856, and was
introduced by Mr. Williams. He thought it was, also, an improvement to use Clanny lamps of
different colours as recommended by Mr. Howard.
Mr. Marley was glad that, on further consideration, Mr. Beanlands had modified his remarks with
regard to ten links in the mile being the limit of errors allowable, for, seeing the estimation in which
the author of the paper was held by the profession, he (Mr. M.) thought, that such an expression
coming from so high an authority would have been an excuse to the younger members of the
profession ; he considered five links should more than cover errors from all sources. He might also
add, that no matter what instruments were used great personal care was necessary to render the
readings accurate.
Mr. Beanlands quite agreed with Mr. Marley's remarks. There
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was no question but that underground surveying of all things required extreme care and accuracy,
and very great circumspection ; errors must be sought for and eliminated at every step. He had
mentioned ten links per mile as the utmost amount of error that should be allowed in colliery plans,
taking into account the possible inaccuracies of the bearing, and of the surface and underground
surveys all combined. He thought that if proper care was exercised the total error would generally
be less than this, probably not more than five links per mile, but this would, of course, depend partly
on the nature of the surveys. It was true that an angle could be measured by the theodolite within
fifteen or twenty seconds, but when forty or fifty angles had to be measured in succession it would
not always be easy to prevent an accumulation of errors amounting to three, four, or five minutes at
the end of the survey.
Mr. Bewick remarked that it was quite clear no person, in taking forty or fifty or more bearings,
could state positively that they were within five or ten links. In important cases the survey ought
always to be repeated until a correct result was obtained.
Mr. Beanlands observed, that in the examples mentioned in his paper, at Etherley, Pelton, and
Monkwearmouth, a correct result had been obtained in each case by one survey. He thought,
however, with Mr. Bewick, that in important cases a prudent person would generally wish to have
the satisfaction afforded by repeating the process.

Mr. Newall suggested the use of a reflector upon the needle, and in answer to Mr. Howard, said he
would be very glad to write a short paper describing a method of applying the reflector, together
with an electric apparatus, to the needle.
The proceedings then terminated.
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PROCEEDINGS.
GENERAL MEETING, SATURDAY, MARCH 4, 1871, IN THE LECTURE ROOM OF THE LITERARY AND
PHILOSOPHICAL SOCIETY.

I. L. BELL, Esq., Vice-President of the Institute, in the Chair.

The Secretary read the minutes of the last meeting.
The following gentlemen were elected :

MembersJohn Humble, West Pelton, Chester-le-Street.
Henry Cochrane, Engineer, Middlesbro'-on-Tees.
Thomas F. Hedley, Valuer, Sunderland.
Robert Elliott Cooper, C.E., York Place, Leeds.
Robert Dickinson, Coal Owner, Shotley Bridge.

StudentHarry Percy Clark, Cavendish Street, Chesterfield, Derbyshire.

The following were nominated for election at the April meeting:

Members—
D. F. Steavenson, B.A., LL.B., Barrister-at-Law, Newcastle-on-Tyne.
John Thomas Boot, M.E., &c, The Orchards, Hucknall, Alfreton.
John Palmer, Engineer, Jarrow.
Henry D. Hoskold, M.E., Cinderford, Newnham, Gloucestershire.
W. S. Cope, Port Vale House, Longport.

Student—
J. S. Hyslop, M.E., Belmont Mines, Guisbro'.
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UNDERGROUND SURVEYING.

AN IMPROVED MODE OF READING THE COMPASS,
BY R. S. NEWALL.

At the close of the last meeting the writer suggested that, as it had been stated there was a difficulty
in reading a compass to a minute part of a degree, advantage should be taken of instruments
somewhat similar to those used in testing submarine cables, and for the purpose of describing that
mode, a magnetometer, an instrument used in ascertaining the diurnal changes in the earth's
magnetism, is submitted for inspection.
It consists of a heavy piece of steel magnetised; it measures three inches in length and one-quarter
inch diameter, so as to have great force; it has attached to its centre at right angles to its length, a
small mirror, half-inch deep by three-quarters in length, and it is suspended by a filament of silk,
eight inches long, so as to be devoid of torsion. The needle and mirror, therefore, move with the
greatest delicacy. The needles used for testing submarine cables are extremely light, and suspended
in a similar manner, and as they are acted on by a current of electricity passing through a coil which
surrounds the needle, they also move with delicacy. But as this mode of suspension is too delicate
for underground purposes, it is suggested that the needle should be mounted on a pivot, in the
usual way, and that a scale, similar to that used in the magnetometer, should be applied to the
compass. This scale is a short length, say four inches, of a circle of three feet in diameter, very
minutely graduated. It is fixed at the eye end of a telescope, similar to those used in theodolites, and

adjusted, so that the degrees are reflected by the mirror fixed on the needle, back to the eye. In this
way the scale is magnified twice, and may be read easily to a small fraction of a degree. The arm
carrying the telescope is attached to a circle graduated into 360°, and with sights; the bearings can
be taken in the same way as with the circumferentor, but with more exactness, and it is this that has
induced the writer to bring it to the notice of the Institute.
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DISCUSSION—UNDERGROUND SURVEYING.

Mr. Beanlands said, he had no objection to offer other than that it was a very delicate apparatus,
and would be difficult to manage underground. He thought it would be useful to ascertain the
magnetic bearing at any particular point, in order to compare it with the surface, but it was hardly
suitable as a general surveying instrument. If it were necessary to get the basis of a survey by making
a comparison between the magnetic bearing above and underground, no doubt an instrument of
this kind would be much more precise than the ordinary circumferentor, or any instrument in
common use.
Mr. Bell said, he had read Mr. Beanlands' paper, and there were some cases where evidently great
delicacy was required, which could only be obtained by very exact appliances ; and where the object
to be attained was important he thought that no amount of care or accuracy should be spared.
Mr. Beanlands remarked that there was no doubt that the means indicated by Mr. Newall for
reading the compass were worth every consideration, still there were both local and diurnal
variations in the compass itself, which no amount of accurate reading would obviate.
Mr. Steavenson thought the idea was a valuable one, and if it could not be applied now, they were
none the less obliged to Mr. Newall.
Mr. Beanlands also thought they were indebted to Mr. Newall, as the instrument was a very
beautiful contrivance in its way, and certainly added to the interest of the discussion.
A vote of thanks was then accorded to Mr. Newall.

Mr. Beanlands observed, that in the course of the last discussion, some remarks had been made as
to the degree of accuracy generally attainable in colliery surveys. By adopting the process which he
had described, he had always succeeded in obtaining a survey of sufficient accuracy, even when
required for very special purposes. If, however, it should be thought desirable to bestow
considerable time and labour in aiming at a high standard of precision, some improvements might
be made on the ordinary practice. With respect to the surface survey, great accuracy would be
gained by using the system of triangulation, referred to in his paper. The base line of the survey

would require to be measured with great nicety, and he thought it would be desirable, for this
purpose, to employ some more accurate instrument than the ordinary chain. In very special cases he
had used a steel tape measure, or a couple of levelling staves, but he considered that a pair of
accurately divided rods would be still better. These, of course, could only be used
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with advantage by having a succession of planks laid along the surface of the ground to be
measured. The process of connecting the surface and underground surveys, by means of the
transit instrument, would usually be liable to an inaccuracy or uncertainty of about one minute; and,
if greater precision were required, he thought it could only be obtained by employing a larger
instrument, or by repeating the operation several times, and using very special care. In the
underground survey, particular attention would be required to have the measurements conformable
to the standard of length adopted on the surface, which would be furnished by the base line of the
triangulation. If the persons employed in the underground survey were occasionally required to
measure over this base line, it would afford a pretty good check on the uniformity of the chaining.
It would, however, be a further improvement to have the principal lines underground measured by
rods, or the steel tape, in the same manner as the base line. He considered that the general
accuracy of colliery plans would be promoted by having a number of permanent marks above and
underground, and by keeping a careful record of the calculated positions of all the principal stations.
These positions could be determined by trigonometry with more exactness than they could be
shown on ordinary colliery plans, of three or four chains to the inch. It was clear, however, that
these various operations would require much time. It frequently happened that surveys were
wanted very quickly, and must be made in the best way practicable, in the course of a few days.
Mr. Bewick recommended plans upon a much larger scale than those referred to by Mr. Beanlands,
and would recommend 66 feet, or even 40 feet, to the inch. He quite agreed with Mr. Beanlands as
to the necessity of great care and the use of the same instrument in both surveys. He would have a
good chain correctly tested before commencing the survey and also at the end, by an accurate 22
yards standard, marked on the flags near the office, or the top of a wall. In all large mines such a
standard should exist. If they worked by that standard the chain would be sufficiently accurate for all
practical purposes. He preferred using a 66 feet chain which had been some time in use. New ones
stretch on being first used.
Mr. Beanlands agreed that it would be desirable to have plans on a larger scale, but owing to the
great extent of many of our collieries it would be very inconvenient to have the whole of the
workings shown on one plan of 66 feet to an inch. It would be much better that the plan should be
divided into sections, or otherwise that the larger scale should
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be used only for certain parts of the workings where great accuracy was most important. For
instance, in working near the boundary of a royalty, he would recommend a survey to be laid down
on the larger scale, starting from some point of which the position had been correctly ascertained
beforehand.
Mr. Steavenson bore testimony to the extreme accuracy of the connection between the surface and
underground surveys made upon the plan suggested by Mr. Beanlands, which he considered the
most perfect mode of mine surveying ever introduced to the notice of the Institute. He had no faith
whatever in the use of the circumferentor, and those who had, he considered were leaning on a
broken reed. He was afraid, however, that the system proposed by Mr. Beanlands, of starting
enlarged plans of parts of a royalty from certain points ascertained in a general survey would rather
tend to increase and magnify inaccuracies in proportion as these enlargements were distant from
the pit.
Mr. Newall remarked that as regarded these plans it would be a great advantage to have them all on
the same scale, either the ordnance map scale or some multiple of it, for he thought the
multiplication of scales was to be avoided.
Mr. Southern thought that the scale used for the ordnance surveys would be very useful, and that
either a scale of one or two chains to an inch would, for an extensive royalty, make an unwieldy
plan.
Mr. Beanlands said that if the survey was worked out by trigonometry, the difficulty suggested by
Mr. Steavenson would not occur. He proposed that the whole royalty should be divided into a
number of squares of a quarter of a mile in extent. The enlarged plans might then be made to
include any number of these squares, and all the calculations intended for the general plan could be
used equally well for the separate sections. He did not think that this arrangement would be likely to
introduce any error.
Mr. Bigland concurred generally with Mr. Steavenson's remarks as to the advantages of the
theodolite in underground surveying. He thought the circumferentor was very useful for short sets,
but the theodolite only should be used for long sets. After referring to the examples brought
forward by Mr. Howard, which he thought from the shortness of the line were cases in which the
compass should be used and where it would possess many advantages over the theodolite, he
alluded to Mr. Beanlands' system ; he might add, that he had been following the lines marked out by
that gentleman in one colliery for seven or eight years, and had great pleasure in bearing his
testimony to their accuracy, so far as
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they had then been able to prove them ; but Mr. Beanlands had assured him it was the best case he
had ever had, and, therefore, was probably not a fair average example. The system, however,
combined great simplicity with real scientific exactness. It was the only way of getting, accurately, a
connection of the underground with the surface, for in all other cases they were dependent, more or

less, on the fluctuation of the needle. As a transit instrument of sufficient power to measure the
shaft angles with the requisite accuracy was beyond the reach of the ordinary colliery surveyor, he
thought that by setting up the compass at three or four stations, and measuring the angles with the
theodolite, and so getting a number of observations reduced to the same denomination, and then
averaged, that, for all practical purposes, they would get a base line which might be considered
accurate. The instrument that had been exhibited by Mr. Newall would be an admirable one for
fixing that base line.
Mr. J. Cooke said, a great objection to the theodolite was its size and weight, and the difficulty of
reducing the observations afterwards. He had tried, for some time, to construct a theodolite,
adjustable by mechanical means, and more light and simple than those usually made, but at that
moment he had not perfected it. The levelling could be done much more quickly and easily than with
the ordinary theodolite, and the true course was at once noted in the fieldbook, true to three
minutes or 1/20th of a degree, provided that a base line had been supplied of sufficient accuracy by
some other method, preferably that of Mr. Beanlands. All calculation, and consequent risk of error,
was thus avoided; and, if preferred, the protractor might be used in plotting as usual.

Mr. Bell informed the meeting that a meeting was contemplated to bring before the members of the
Institute and the public generally the establishment, in connection with the University of Durham, of
a school for teaching physical science, at which he trusted members would attend.
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PROCEEDINGS.
GENERAL MEETING, SATURDAY, APRIL 1, 1871, IN THE LECTURE ROOM OF THE LITERARY
AND PHILOSOPHICAL SOCIETY.

E. F. BOYD, Esq., President of the Institute, in the Chair.

The Secretary read the minutes of the last meeting, and reported the proceedings of the Council,
which, together with the following report from the Furnishing Committee, was unanimously agreed
to.

REPORT OF THE COMMITTEE APPOINTED TO OBTAIN ESTIMATES FOR FURNISHING THE WOOD
MEMORIAL HALL AND INSTITUTE AND COAL TRADE OFFICES.

The Committee for obtaining Estimates for the Furniture and Fittings required for the Wood
Memorial Hall and the Coal Trade and Institute Offices, nominated by the Building Committee on
December 10, 1870, beg to hand to the Building Committee the estimates obtained, and
recommend that the sum to be expended shall not exceed £950, of which sum the Coal Trade should
provide £380, and the Institute £570.
With regard to the Office furniture, this estimate of £950 includes a sum of £270 for cabinet-making
and upholstery, which is sufficient to carry out the arrangement sanctioned by the Building
Committee in the same style as in the old offices (ash and American leather), the old furniture being
used as far as it will suit the new requirements. This portion of the work we recommend should be
entrusted to Mr. W. T. Moor to execute.
With respect to the Wood Memorial Hall, this estimate of £950 includes a sum of £210 for cabinetmaking and upholstery, which will
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be sufficient to provide seats for 156 persons, partly on settees and partly on chairs, to be made of
polished ash and covered with American leather. The design furnished by Mr. Sopwith, whose
estimate we recommend should be accepted, is simple and in harmony with the Hall.
Taking into consideration the great wear and tear there will be in the Hall, it is thought undesirable
to carry out the elaborate designs of Mr. Dunn, the estimates for which are also very expensive.
With regard to the lighting of the Hall, the Committee, whilst adhering to the proposal of Mr. Dunn
that upright wall brackets should be used, recommend that a sum not exceeding £90 (included in the
above estimate of £950) be devoted to this purpose, and that more simple designs than those
supplied by Mr. Dunn be chosen. The design and estimate of Mr. Brumell seems to the Committee a
very suitable one, and they recommend that it be left with them to accept the same with certain
modifications.
The following statement shows the sum expended and the responsibilities incurred with regard to
the Wood Memorial Hall, together with the subscriptions received from Mr. Boyd:—

£
Paid for land

1483

Contractor's price
Extra for stone part

5

Cellars and fire proof floor

s. d.

£

12 6

Subscriptions

3574

18 7

15 0
432

0

0

s. d.
3298 14 5

Institute paid 1483 12 6

Bridge (moiety)

127

4

7

Granite columns

31

4

0

Architect

208

2

2

Advertising

316

0 11

Window at Hetton

200

0

0

£6378 17 9

Balance

1596 10 10

£6378 17 9

T
his balance, together with the sum of £570 for the furniture of the Hall and Offices, will make a total
sum of £2166 10s. 10d., to be provided during the next nine months.
To meet this, there is a sum of £500 on deposit at Lambton and Company's; this, with £80 left on
current account, and £250, the estimated amount of the balance of the current year, will afford a
sum of £830 available by next August; the subscriptions for next year will then be due, and will
probably, by October, leave a further sum of £400 to the credit of the Institute. It is, therefore,
probable that with an increased permanent income of £50 for the rent of the cellars, the balance
may
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be liquidated, without borrowing, in about two or three years, and this without overdrawing at the
bank more than £600 at any one time.
The Committee are of opinion that the Literary and Philosophical Society, who have the use of the
Hall at all times when it is not wanted for the use of the members of the Mining Institute or Coal
Trade, might reasonably be asked to contribute the moiety of the expense of the furniture, which,
with the gas brackets and a suitable covering for the floor, is estimated to cost £380.

(Signed)
WILLIAM COCHRANE.
THEO. WOOD BUNNING. March 1, 1871.

The following gentlemen were elected:

Members—
D. F. Steavenson, B.A., LL.B., Barrister-at-Law, Newcastle-on-Tyne.
John Thomas Boot, M.E., &c, The Orchards, Hucknall, Alfreton.
John Palmer, Engineer, Jarrow.
Henry D. Hoskold, M.E., Cinderford, Newnham, Gloucestershire.
W. S. Cope, Port Vale House, Longport.

Student—
J. S. Hyslop, M.E., Belmont Mines, Guisbro'.

The following were nominated for election at the May meeting:

Members— The Hon. Wilfred Brougham, Brougham, Penrith.
Charles E. Creighton, Mine Owner, 10, Grey Street, Newcastle.
John Shield, Usworth Colliery, County of Durham.
Walter R. Browne, Iron Manufacturer, Cookley Iron Works, Kidderminster.

The President said, in introducing to their notice the subject of boilers, he thought he need make no
apology, because it was one of the very greatest interest, both to mining and mechanical engineers.
Any one who has to do with the generation of steam must be interested in ascertaining the most
economical and safe mode of producing it. A few remarks would be made in supplement to the
paper by Mr. Waller,
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which would require their attention, and they would very probably relate to the subject which he
(the President) had the honour of introducing to their notice on the first mention of this subject,
namely, the question of rivetting. He still entertained the opinion he had always had, that the act of
punching boiler plates appeared to him to diminish to a certain extent the strength of the plates,
which are subjected to it. He thought that always, or at least as a general rule, a minute examination

of the causes of an explosion, showed that the line of the first break had taken place somewhere
near the surface exposed to the fire, and very often in the line of the rivets, by one rivet hole
running into another. They frequently saw that the damage which had been effected in that way
extended to other parts of the boiler and found out its weakest places. He thought that no
gentleman who had read the Report of the Midland Steam Boiler Inspection could fail to be forcibly
struck with the fact that the peculiar construction of the boiler largely influenced its liability to
explosion and damage, seeing that accidents are more particularly confined to one kind of boiler
than another; and a review of those remarks generally must lead him to the conclusion that
explosions take place either more or less from want of attention and care of the boilers in their
construction, or whilst in action. An examination of this report would, he thought, draw them to the
conclusion that the collapsing of the tubes in boilers of that construction seemed to be a matter of
great concern; and another deduction to be drawn from it would appear to be that the ordinary
cylindrical boilers, so much used in this country for colliery operations, are subject to a
comparatively small per centage of accidents. If then this is admitted, he hoped they would seriously
consider the question whether, in this neighbourhood at any rate, where economy of coal is not of
such vital importance, the general application of the simple or ordinary boiler may not be adhered to
in preference to the more expensive and complicated, though possibly less safely-constructed boiler
attempted to be instituted in its stead. After Mr. Waller had made his remarks upon the question, he
would draw their attention to the question of sludging, and an improvement which had been
suggested in that respect, and he hoped that other gentlemen, Mr. Lawrence for instance, would
favour them with a few remarks on the subject. He called upon
Mr. Waller, who said that as their President had suggested that the discussion on the former paper
should include the question of drilling and punching boiler plates, he hoped that the following
remarks on the subject would be acceptable to members of the Institute :—

[Plate XXXV, illustrating rivetting of boilers]
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STEAM BOILERS. No. 3.

By W. WALLER.

At the suggestion of the President the writer supplements his former papers on Steam Boilers by a
few remarks upon the question of drilling and punching boiler plates.

The workmanship of a boiler is of the first importance, as great expense and risk arise from bad
material and careless work. It has even been asserted that few boilers are now really well made
owing to excessive competition and insufficient prices.
The plates should be cut from the slabs at such a distance from the edge as to ensure a solid plate,
free from cracks and defective parts which are found within about four or six inches of the side of
the-rolled slab; in some specifications it has been required that four inches shall be left from the
nearest crack or bad edge.
A blistered or scabbed plate should not be used; these may be generally detected while the slab is
hot.
In setting out the rivet holes there should be a clear margin of 3/4 inch in a 3/8 inch plate between
the side of the hole and the edge of the plate, and the holes should not be nearer to one another
than 1 1/4 inch, nor be above 13/16 inch for 3/4 inch rivets. (Fig. 1, Plate XXXV.)
Any one conversant with the process of punching will know that the hole in the metal block (Fig. 1 d)
into which the punch works, called the die, must be larger than the punch, and that, therefore, the
piece driven out of the plate will be taper; being at the top the diameter of the punch, and at the
bottom that of the die. The face of the punch should be quite flat (Fig. 1 a) or is even better concave
(Fig. 1 b) to ensure a cleaner cut; for the action of the punch with a true die, when so made, will be
that of shearing, with very trifling disturbance of the particles of iron around the hole; whereas a
convex face (Fig. 1 c) and a large die allow a crushing action, which affects the iron for a distance of
1/8 inch to 3/16 inch round the hole, as though part of the iron instead of having been cut out was
forced into the surrounding piece of plate. In
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the former case the objections to punching are met; it is the latter case alone which produces the
evils of cracked holes and weakened plates. The want of regularity in punched holes can be
overcome by using guide-plates or templates for the punch.
That a drilled hole is cleaner or smoother than a punched hole is admitted, but it may be fairly
doubted whether it will present as good a hold to the rivet as a punched hole, on the same principle
that a smooth wrought nail or sprig has not the same bite or hold on the wood into which it is driven
as a clipped sprig.
When several plates can be put together in position and a true hole is necessary, drilling is
recommended, but even then it will be better for the hole to be slightly countersunk on the outsides
of the set of plates.
In both drilling and punching, holes may be formed in the plates which are not true to the required
distances, but the comparison should be confined to equally perfect samples. It is surprising to see
the accuracy attained by some men in punching the lines of holes.

When the plates are being punched, care should be taken that the side presented to the punch shall
be that which shall lie against the other plate, and so form a rivet-hole with a double taper (Fig. 9), in
order that the swell of the rivet shall assist in holding the plates together and form a double bond,
relieving the head and snap of the greater part of the strain that would be otherwise thrown upon
them. The absence of care upon this point will allow joints, like Figs. 2 and 3, where there will be
great difficulty in keeping the plates together and in filling the holes properly; in one case the proper
closing of the rivets (Figs. 3 and 4) would tend to force open the plates by having the taper reversed.
In hand rivetting the "holder-up" may allow a rivet to be snapped without having the head closely
shouldered home, in which case the plates would gape, and a bad joint certainly result. (Fig. 5.)
When Mr. Scott Russell was about to build the "Leviathan" (now the "Great Eastern") steam-ship, he
made some experiments to ascertain the clearance necessary between the punch and the die, and
the consequent taper to be given to the holes, and having satisfied himself on this point, he had
rivets made with the necks taper (Fig. 13) to fill the hole in one plate, leaving only half the rivet to be
" set down " by the hammer, and this plan is worthy of imitation.
The shape of the snap-head is of more importance than is generally admitted; the old system of
merely knocking the point of the rivet over on the plate to cover the hole without properly filling it,
and hammering-it to a pointed triangle (Fig. 10), is at least negligent, the shoulder on
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the head is too thin for the strain, and the plates are not sufficiently supported, hence the frequent
leaky seams in boilers so rivetted.
In power rivetting it is supposed that the rivet is inserted and driven home, then that the pressure is
put upon both ends equally, and so the rivet is forced back into the hole, and with the length not
required to fill it the head or snap is formed; but it must not be forgotten that when the hot rivet is
inserted, and the arms are brought into contact with the rivet, the rivet is lying surrounded by cold
plates for a great portion of its length, and therefore the point, not being chilled like the neck, will
naturally yield to the pressure first, and it does not necessarily follow that the holes will be perfectly
filled, nor indeed are they always found to be so.
Power rivetting uses more length of rivet than hand rivetting on account of the greater and more
regular force exerted in a direct line with the rivet; and it would be found better in hand rivetting to
use a pointed snap, similar to Fig. 11, during the whole process of closing the rivet, and so assimilate
the effect to that of power work. (Fig. 12.)
The main question of good and bad rivetting, some examples of which are given (Figs. 6, 7, 8), and of
good and bad boilers, depends upon the specification upon which they are ordered, and upon the
supervision exercised while they are being made, and upon these depend the price to be paid, so it
is fair to assume that the margin in the quotations of the present day represents the quality of the

boiler to be supplied; it may be assumed that the safety and cost of working may be similarly
estimated.
Mr. Waller said, it had been suggested by Mr. Bunning that an experiment should be made to test
drilled against punched holes. He requested Messrs. Joicey, of the Forth Banks West Foundry, to
prepare three plates to be rivetted together. One set of holes was drilled B and

[Fig. 1. Diagram of test plates]

one was punched A (see Fig. 1). They were sent by Messrs. Joicey to Mr. Mitford, Inspector of
Ironwork for the North-Eastern Railway Company, and by him tested, and the holes b b were
connected with the
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testing machine. The punched plate gave under a pressure of 18 tons at A. A second hole (a) was
then drilled, and the drilled portion B of the plate again placed in the testing machine, but before 15
tons were on the plate it parted. On examining the fracture, he (Mr. W.) found both the drilled
plates had cracked right across at B with the same force that broke the punched one. The stretch
had been 3-16ths of an inch in 10 inches and three-quarters. He, therefore, came to the conclusion,
that there was very little difference whether plates were properly punched or drilled.
Mr. Mitford said, that he had tested these plates by connecting the holes b b with the testing
machine; he commenced with 15 tons, and as he did not see any signs of fracture, he added other
three tons at intervals, till the punched holes gave way. He then drilled the hole a, and put the
portion B in the machine again, and started with 15 tons ; but, before he fairly got it on, it began to
crack.
Mr. W. Boyd—It had been under the strain a second time ?
Mr. Mitford—Yes.
The President—That is a very important part of the experiment. It seemed to him as if both plates
had been very near breaking down at the same time.
Mr. Newall asked what test was applied ?
Mr. Mitford said, the same proving machine that all plates were tested with at Consett Iron Works.
The President did not know whether it would be imposing too much on Messrs. Joicey's goodness or
not; but it would add very much to the interest of the experiment, and to the satisfaction of the
meeting, if they would take the trouble to give them the benefit of another experiment in trying the

two plates quite separate from each other, and not subject them at the same time to the same
strain.
Mr. W. Boyd said, if they did not like to trouble Messrs. Joicey again, he would be very glad to make
them any number of specimens.
Mr. Southern said, it being so very important that they should have every information they could get
with regard to boilers and their construction, he would suggest that experiments should be made
both by Messrs. Joicey and Mr. Boyd, as nearly as possible under the same circumstances, with the
same quality of plates and with similar tests.
The President—Would that be likely to meet your approval, Mr. Mitford ?
Mr. Mitford—Yes; he would be very happy to test them.
The President said, in the absence of any representative of Messrs.
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Joicey, he could only hope there would be no objection to this proposal. He thought Messrs. Joicey
would be glad to give assistance in such an important investigation ; and if Mr. Boyd, at the same
time, would take the trouble to give a similar experiment, as Mr. Southern suggested, under similar
circumstances and with similar plates, the result would be very interesting.
Mr. W. Boyd—There would be this additional interest, that Messrs. Joicey's plates would be rivetted
by hand and his by hydraulic machinery, with 28 tons on the rivet head, so that if there should be
any difference in the results it could probably be traced to the different modes of rivetting.
The President—It would be an additional advantage, as Mr. Boyd said, to have the comparative
value of hand and hydraulic rivetting.
Mr. Newall would like to see a still more fair comparison. He considered that both the plates
exhibited were particularly well rivetted; both of them were such specimens of perfection as you did
not find in common work. Therefore, he did not consider it a fair test of everyday work. If they had
another set of plates, where the rivet holes did not agree exactly, but were made in the rough and
ready style of this part of the country, they would have a different story to tell.
The President said, in answer to a member, that though it might be urged that these experiments
had already been made elsewhere, there would be an additional interest if data were also obtained
here in this district, and as Mr. Newall said, under the circumstances in which they were in the habit
of constructing boilers here. There might be circumstances attaching themselves to former
experiments, which they had not the opportunity of judging of here; and if they had the experiments
done in the way proposed, he thought it would add very much to the interest of the paper.
Mr. Waller also thought they were wrong in judging the strength of a boiler to resist explosion, by
testing systems of rivetting stronger than those in ordinary use.

The President—If, then, they felt satisfied that accidents do arise from rivetting, and they found that
the first effect in a boiler explosion were to be traced from the place where the rivets were used, he
did not see that there could be a better mode of following out the question than trying the strength
of the material at the place where the breakage arose.
Mr. W. Boyd stated that in circular marine boilers of large diameter, made to stand great pressures,
it was very common to have a very great
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thickness of plate. Messrs. Palmer had made boilers with plates an inch and a quarter thick; and
three-fourths and seven-eighths were very common thicknesses: this entailed very great difficulty in
plating the boilers in the ordinary way; and he ventured to bring a sketch, Fig. 2,

[Fig. 2, sketch of boiler construction]

of a system for obviating this difficulty, that had been adopted by several firms, and which he
thought was well worth their attention. It would be seen that the rings alternately overlap and
underlie each other, as at a b d. The edges of the plates are planed and butt against each other;
double rivetted butt straps d d d are then added both
in and outside. By this means the shell of the boiler is perfectly cylindrical in form, and great strength
and simplicity of construction is attained.
Mr. Southern stated that his experience confirmed the President's remarks as to the parting of
boilers at their seams; but it occurred to him that it would be well to ask Mr. Waller, or some other
gentleman, who, like himself, devoted so much time to the boiler question, whether it was not
owing to the different expansion and contraction of that part of the boiler rather than to the
rivetting, or to the manner of rivetting.
Mr. Waller thought that boilers were affected thereby in two ways : first, expansion and contraction
were not properly allowed for in the way boilers were carried; and secondly, he must admit that
contraction and expansion did seriously weaken the seams. It must be remembered that the
strength of a single-rivetted seam was only half that of the plate; and this was plainly illustrated in
the seam rips so frequently found, especially in long boilers. In the broken specimen before them,
where the strength of the iron itself through the rivet holes is less than that due to its section, he
believed it would have stood something more had it been pulled in a straight line. So it necessarily
followed that, from so many causes, the seam being the weak point of the fabric it would fail there,
and this without necessarily being more subject to expansion or other agency than any other portion
of the boiler. However, the law of contraction and expansion plays a very important part in all these
things.

Mr. Southern fancied that expansion and contraction formed a more important part than was
generally allowed.
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Mr. Willis drew attention to the fact that boiler explosions did occur from over pressure, even when
constructed on the most mechanical principles; and the question was whether it would not be better
to institute some inquiries as to the cause of over pressure as well. He thought that the great
question of mechanical construction had principally arisen since insurance companies came up. He
believed he would be borne out by several other people of considerably more experience than
himself, that the companies had laid too much stress on the structure of boilers, and too little to
other, and to him more dangerous because more intricate causes of explosions.
Mr. Lawrence believed that the reason why boiler insurance companies wished them to put in better
workmanship was to reduce their risk.
Mr. Newall would like to know whether any one present had any knowledge of a plan of avoiding
rivets altogether, by welding the plates in gas flames, a very important invention which was adopted
some years ago.
Mr. Waller thought the question of welding had hardly had a sufficient test applied to it to enable
them to say it was better than rivetting, particularly in flues. There were several cases at present
where welded rings and flanges had begun to show symptoms of failure; and if they might accept
the dictum of the Iron and Steel Institute of Middlesbro', that welding was nothing but sticking two
pieces together by means of the refuse contained in the iron, he thought it would be very dangerous
to aver that the proper way to make boilers was to weld them.
Mr. Southern begged leave to observe that he hoped the boiler discussion, as it had been
commenced, would be as far exhausted as it possibly could be, because there was no question which
he, as an Inspector of Mines, had to do with which was so unsatisfactory as that involved in the
inquiry as to the cause of an accident to a boiler.
Mr. Lawrence—Touching the subject of rivetting, his experience agreed with the remarks of Mr.
Waller, that so far as ordinary boilers were constructed, that was to say new boilers, and boilers that
were not very old, it was seldom that he had found explosions take place from faulty rivetting or
workmanship; but he had no doubt they did frequently take place from these causes after the boiler
had been repaired by ordinary colliery blacksmiths, especially when the boilers gave way over the
fire and were repaired with new plates, and connected to the old plates by the same holes.
Therefore, in repairing any boiler, he would advise that, whenever a new plate was put in, the holes
of the old plate
b
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should be cut off before you attach the new plate, which should be rivetted to new holes.
The President—That is a very good suggestion.
Mr. Lawrence—He had seen the repairs of a row of twenty-two boilers reduced to a very low
average by simply attending to this, and by being careful not to cool down the boilers too suddenly
when put off work.
Mr. Cochrane asked whether, if they put in entirely new plates they used the old holes ?
Mr. Lawrence said, he would always cut the old holes off; and with such ready appliances as
hydraulic and duplex bears you could punch the new holes in any position, even in boilers down the
pit. Again, even in the most carefully made steam rivetted boilers, the rivet was almost invariably
forced up in the form of a burr between the plates, and was very difficult to remove for repairs; and
as the mere fact of drilling the holes did not seem to obviate this, he would recommend that the
holes should be first punched, say a sixteenth of an inch below the proper size, the plates bolted
together, and then rimmed out by steam to take the rivets. He thought by this means the plates
would be brought closer together, and the holes made so continuous that the rivet could not form a
burr between the plates if hand rivetted.
Mr. W. Boyd—This question of separation of the plates, and the burr which Mr. Lawrence had
alluded to, had always appeared to him to be very important. The plates when put together in a
boiler were not perfectly close. With a steam rivetting machine, the action was a sudden blow. The
rivet had not time to cool. The plates might be closed for a certain space of time; but the natural
tendency was for the plates to open again, and the hot iron filled up the space between the plates,
and then, at the second blow usually given in steam rivetting, was forced into the interstices
between the plates. He did not know whether it was quite proper for him to say so, addicted as his
firm was to the system of hydraulic rivetting; but supposing the plates were perfectly close at the
time, he thought there was less chance of this burr being found between them when they were
rivetted by hydraulic pressure than when steam was employed, as in the former case the pressure
was steadily kept up on the rivet head till the iron had had time to cool.
Mr. Lawrence—There is also the burr caused by punching or drilling that prevents the plates
becoming close even when the pressure of the rivetting machine is upon them, which he thought
rimming the holes would remove. With respect to Mr. Waller's remarks upon

[Plate XXXVa, circulation in cylindrical boilers]
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cylindrical boilers, the principal disadvantage which he (Mr. L.) had found in their use, compared
with other boilers, was the very imperfect way in which the water was circulated in thein. Hence it
was that they had a very low evaporative power compared with that of other boilers. Again, owing
to the mode of firing cylindrical boilers a very great amount of mud and scale was deposited
immediately over the fire; necessarily so from the fact that that part did the principal work of the
boiler, and the sludge pipe being put at the back end, had very little tendency to remove the amount
of accumulation over the fire. Their advantages, on the other hand, were their small first cost and
their being easily accessible for repairs and inspection. It had struck him that they might be
improved, and he would suggest the application of one, two, or three conical Galloway tubes (a b c,
plate XXXVa.) immediately over the fire, in the centre of the boiler, and put one Galloway tube (d)
exactly where they had the sludge pipe. These were of course welded tubes and rivetted to the
boiler. The fire he removed rather further from the boiler than is usual; and he thought this was an
advantage, inasmuch as his experience was that, however large they made the fire place, and
however much space they left between the fire bars and the boiler, it was always filled up to the
flue. By applying the tubes in the way he had mentioned, he thought they would get a larger
circulation, because immediately you apply the fire the evaporation taking place will be made up by
a current of water passing down the back tube along the horizontal pipe and up each of the front
tubes. Hence, he thought, the circulation would be increased, and of course he should expect to find
a very much better evaporative power in the boiler. Again, by putting the sludge pipe at (e), and
having a communication directly with the front of the boiler, immediately the sludge pipe was open
it would sludge the very part where the worst deposit took place. The application was so simple that
it might be made by the ordinary boiler smiths. There were no joints to do any harm, because, they
would observe, that the arch (f) allowed access to every joint, and protected the joints from the fire.
He expected shortly to be allowed to apply these tubes to a boiler ; and, after making some
experiments, he would be very glad to communicate the results.
Mr. Boyd asked the evaporative power of the boiler at present.
Mr. Lawrence—About 5 lbs. of water per lb. of coal. He might just mention, that in order to prevent
the fire from impinging directly upon the centre tubes, he put a middle wall, Fig. 4, in the furnace,
and applied two sets of fire-bars, h, i, and he thought the advantage of
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this would be, that having to fire one furnace at a time, the flames from each being allowed to unite
before passing over the bridge, smoke would be prevented. He thought these tubes might be
advantageously applied to small twin boilers, used for very high pressures or placed down pits.
These boilers might be about 18 inches or 2 feet diameter, placed two or three together, the tubes
would hang down from each, and form a large increase of surface as the flame passed in between
the two boilers and up among the tubes.
Mr. Southern—Would not the boilers be weakened by the insertion of these tubes ?

Mr. Lawrence did not think he should weaken the boiler by putting these tubes on, because he only
cut the hole about 7 inches in diameter, and he expected that the flanges, being about five-eighths
of an inch thick, would more than make up for what was cut out. There would still be much fewer
holes than in an ordinary boiler top, where fittings were placed in almost every seam.
Mr. Southern remarked that many owners of boilers considered these fittings weakened them very
much and had begun to introduce such arrangements as would prevent or ameliorate this defect.
Mr. Steavenson thought that Mr. Lawrence, after admiring the simplicity of the cylindrical boiler,
was introducing into it certain complications for sludging and other purposes. The boiler when
made in the shape he represented would represent the elephant-topped boiler, which was very
much similar in design to this. He could not exactly see that the circulation of the water was
material, unless they could prove in the first instance that heat could be continuously applied to a
boiler which, from its construction, permitted the water it contained to circulate but slowly, and yet
not be so readily imparted to the water as when a more rapid motion of the fluid was set up by
some such means as those proposed. It was a question which perhaps had been solved by other
engineers, and he would be glad to be informed as to whether Mr. Fairbairn or any other gentleman
had gone into the question. Then with regard to the relative cost of the cylindrical boiler, when the
first expense and that of the repairs were taken into account, it was superior to any other boiler
known. Much weight attached itself to a general practice; there was no doubt that if any other
form of boiler had been better it would have been gradually adopted. He was very much inclined
to think this was the case; and until convinced to the contrary he would hold his opinion.
Mr. Cooke—Would it not be advisable to place the cylindrical boiler
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in a sloping position ? In the laboratory it was found that the test tube exploded and spluttered
unless sloped; and then it would make steam quite easily: why not put the cylindrical boiler at an
angle of 35 or 40 degrees ?
Mr. Waller remarked that there was much trouble some years ago with many of the long boilers of
this district, those of 75 or 80 feet in length, but some boilers which were seated at a considerable
angle gave no trouble. In these the back of the boiler was nearly full of water, and the front had only
two feet in. There was a double object in this : first, to contract the back end of the flue; and
secondly, to promote circulation. But the circulation in the plain cylindrical boiler was not regular : it
formed in waves; and in some cases in standing on the boiler you might find it particularly audible,
and like shots or scale being thrown on the end of the boiler. There were different effects observed
in different boilers; but in most cases you found that a great mass of mud was thrown to the back
end by the circulation, although when deposited on the front plate it was burnt on harder than it
was at the other end. He had seen a boiler almost clean at the front end, and 4 3/4 inches of salt at
the back.

Mr. W. Boyd would like to endorse entirely what Mr. Lawrence said about the circulation. He firmly
believed that the circulation of the water in boilers was a most important matter; he also believed
that, as far as engineering generally went, colliery as well as marine, there was an immense amount
of improvement to be done in the way of making boilers, and he thought the experiment which Mr.
Lawrence spoke of would lead to very valuable results.
Mr. Newall—With regard to the explosion of boilers, he had often noticed that explosions generally
occurred after the men had been either at breakfast or dinner; after the engine had been at rest, a
single stroke of the piston removed the pressure from the water, which was quite quiescent in the
boiler, and at once caused a great commotion. The water then, of course, came in contact with the
hot plate, and a larger quantity of steam was generated than the safety valve would take off ; the
consequence was an explosion.
Mr. Southern—But with regard to hot plates, with the proper quantity of water in the boiler, how
were the plates to become sufficiently hot to cause such an extra pressure of steam ? In many of the
cases which he had had to deal with, there had been the most direct evidence that there was no lack
of water in the boiler at the time of the accident.
Mr. Newall thought they might simply take it that the water was quite at rest, under severe
pressure, and if the pressure was removed,
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the steam mixed up with the water did escape more easily than before, and he imagined that the
boiler plates above the water were more heated than those in contact with it; and if the water did
flow up with the steam, as he believed it did, in the inside of the boiler, when the pressure was
removed the heated plates would be covered.
The President would draw attention for one moment to the question of sediment; he thought he
understood Mr. Waller to state in contradistinction to the observation of Mr. Lawrence that the
sediment necessarily flowed to the back end of the boiler. If so, there would not be the same
necessity for reducing this sediment as there would be if it was decidedly proved that the sediment
did accumulate on the particular point where the fire took effect.
Mr. Lawrence thought Mr. Waller must have been wrong when he stated that he had found less
deposit in front of a boiler than at the back ; in cases of very bad water he had seen it five or six
inches deep, whereas at the back most of the deposit would necessarily be removed by the sludge
pipe. Hence in many instances they put in surface cocks in front, which of course did much good; but
he contended that still they must always necessarily in this class of boilers have the greatest deposit
in front, because that was the portion of the boiler which did the greatest work.
Mr. Waller said, he did not agree that the deposit must be in front, but the quantity of mud found
after the boiler had been run off might be less at the back, because the sludge is at that end. The
natural circulation of the water was from the front to the back, and the mud would fall where there

was the least ebullition, namely, at the back ; but it would be found that the hardest mud was over
the fire, but the greatest quantity was at the back end. There was always a wave going along. His
first paper suggested an internal arrangement to remove the deposit and carry the water back to the
front end, &c, and leaving still water in the middle of the boiler, and reducing the water level, and so
having less water to move, and this arrangement of Mr. Lawrence upon the outside of the boiler was
the very principle he suggested applying inside, and he thought that Mr. Lawrence had arrived at a
very sensible way of carrying this principle out, and one which also added to the heating surface of
the boiler.
Mr. Cochrane did not know whether Mr. Lawrence placed his boilers quite horizontally ; because in
the case of the ordinary cylindrical boilers, a fall was usually given from the front to the back end.
Mr. Waller had made a suggestion some twelve months ago, which it was considered would cause a
great improvement to the circulation, and it
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would have been very easy for Mr. Waller to have got permission to try such experiment on a boiler;
it would not cost much, and would prove whether it was practically of use. With reference to boilers
which had a slight fall to the back end, he could bear out what Mr. Waller said, that the great deposit
of mud was at the back.
Mr. Lawrence, in answer to Mr. Cochrane, would say he never placed a boiler exactly horizontally. To
a boiler 30 feet long, he should give it about 3 inches fall at the back end; he would not argue the
point as to the quantity of deposit, whether the largest quantity took place at the back or the front;
but he could say from experience- and he believed every one would bear him out—there was a very
large quantity of deposit immediately over the fire, and that was the only part where the deposit did
the damage. He had a new cylindrical boiler at the works put in two years ago, fed with very bad
water; and that boiler, fitted with Jukes' furnace, did not go more than six or seven months till the
plates burnt out over the fire; he repaired it, and it only went about six months till the new plate was
broken down, the deposit was so inconsiderable at the back, that it did not do any damage: if there,
they took very little notice of it, but he had studied for a long time to try if they could not remove
the deposit that did them the harm. The way the boilers were put in they could not sludge from the
front of the boiler.
Mr. Waller—At the time he suggested the plan to the Institute, alluded to by Mr. Cochrane, he
stated that in a boiler when the feed pipe came down low into the boiler, there was always a thick
layer of hard scale, and the plates suffered in consequence. A bucket was put in, and was, in all
cases, filled with deposit whenever it was taken out. He had not had an opportunity of trying it on
the principle shown in the sketch, but Messrs. Fox, Head and Co. had placed a tank in one of their
boilers, and they were delivering all the water into it; and it had a very great effect in keeping the
boiler clean, and partly assisting the circulation. They were going to apply it to other boilers. With
regard to the usual inclination of a few inches given to a boiler, it was not for the purpose of

improving the circulation, but merely to cause the water to flow to the back, towards the sludge
pipe.
The President, in closing the discussion, begged to remind Mr. Waller of Mr. Cochrane's suggestion,
and hoped that if it were possible he could get an opportunity of trying the experiment, he would
favour them with his experience.

[130]
[131]

THE CARBONIFEROUS FORMATION OF SCOTLAND.
By JAMES GEIKIE, District Surveyor of the Geological Survey of Scotland.

Read before the Joint Meeting of the Institution, of Engineers and Shipbuilders in Scotland, and the
North of England Institute of Mining and Mechanical Engineers, held in Glasgow, in August, 1870.

In this paper it is proposed to consider the sequence and history of the Carboniferous Formation of
Scotland.* (* It is proper to state here, that the details of which this paper is only a brief and
somewhat meagre summary, will be found in the published maps, sections, and memoirs of the
Geological Survey of Scotland, to which, and to the "Descriptive Catalogue of Rock Specimens in the
Edinburgh Museum of Science and Art," the reader who may desire fuller information is referred.)

Scotland may he divided into three regions—1st. The region of Northern Highlands; 2nd. The
Southern Uplands; and 3rd. The great Central Valley. The northern highlands and the southern
uplands consist chiefly of the older palaeozoic or primary formations, while the great Central valley
is occupied for the most part with the upper palaeozoic strata. It is to this region, then, that the
carboniferous rocks are chiefly restricted. Along the basin of the Solway, and in the lower part of the
Tweed valley, c arboniferous strata also occur, but as these are connected rather with the coal
formation of Engiand than with that of Scotland, they do not fall within the scope of this paper. Nor
is there space to treat of certain little outliers and detached basins, a consideration of which would
lead the author into greater detail than is at present necessary. A little observation will show that in
the central valley of Scotland, the coal-bearing strata arrange themselves into a series of basins, or
synclinal troughs, with separating anticlines : and these anticlinal ridges consist either of rocks which
are vastly older than the carboniferous formation, or of strata belonging to its lower divisions. By
comparing the strata in these separate basins, it will be found that a complete
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section of the Scottish carboniferous rocks gives four well-marked series, which in descending order
are as follows :—
1. The Coal Measures.
2. The Millstone Grit.
3. The Carboniferous Limestone.
4. The Calciferous Sandstones.
It will give a better idea of the structure and general phenomena of these sub-divisions, if each are
treated separately. The limits of this paper, however, will not allow the structure of each basin to be
given; all that can be done is to sketch in outline the more characteristic features, and endeavour to
point out under what conditions the Scottish carboniferous strata have been accumulated.

1. CALCIFEROUS SANDSTONES.
Beginning with the lowest division, viz.:—The calciferous sandstone series. This series when typically
developed consists of two groups. It is well exposed along the margins of the carboniferous regions,
where these abut upon the older palaeozoic formation, as in Ayrshire, at Dalmellington and
Muirkirk; in Haddington, along the flanks of the Lammermuir Hills; and in the east of Fife. But it
covers the widest expanse of country between the two coal-fields of Lanarkshire and
Edinburghshire.*

AYRSHIRE DISTRICT.
In Ayrshire this series shows the two divisions very clearly—the upper group consisting of white
sandstones, cement-stones, clays, and shales—the lower comprising a well-marked set of red
sandstones, and sandy clays, with occasional beds of a coarse concretionary limestone— or what is
well-known to the geologist as cornstone. There being no Upper Old Red Sandstone in Ayrshire, into
which the calciferous sandstones might graduate downwards, these last rest unconformably upon all
the older formations. In that district, the basement beds of the series consist of coarse-grained red
sandstones and conglomerates, the rounded stones in which are made up of fragments of Silurian
and old red sandstone

* For convenience of description, the carboniferous areas are grouped under five districts :—1st.
Ayrshire district, comprising the county of Ayrshire, with a portion of Renfrewshire ; 2nd. Lanarkshire

district, embracing Lanarkshire, and part of the counties of Renfrew, Dunbarton, and Stirling; 3rd.
District of West and Mid-Lothian, comprising Linlithgowshire and Edinburghshire, with the northern
portion of Peeblesshire; 4th. Haddingtonshire district; 5th. Fifeshire district, comprising Fife,
Clackmannan, and Kinross.
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rocks. In the finer-grained strata false-bedding abounds, and current, or "ripple" marks, wormtracks, and sorely macerated land plants are of frequent occurrence. Hence, it is inferred that the
red sandstones have been deposited in a comparatively shallow sea, whose shores were formed of
those Silurian and Old Red Sandstone rocks that still compose the high grounds in the south of
Ayrshire. The presence of the hardened gravel beds, or conglomerates, and the prevalence of falsebedding and current-marks all point to one and the same conclusion, and evidence supplied by the
worm-tracks goes still further to confirm the correctness of the inference that these rocks are a
somewhat shallow-sea deposit.
This lower group of red sandstones graduates up into a variable series of flagstones, and thinbedded sandstones, cement-stones, clays, and shales. From the finely divided character of these
beds, and the total absence of grits and conglomerates, and from the abundance in some of the
shales and cement-stones of minute cyprid cases, fish scales, and finely preserved plants, it is
evident that the strata must have accumulated in somewhat still water. And it seems highly probable
that this water did not attain a great depth, for when the strata are traced over any extent of ground
they are seen to thicken and thin out in a most irregular manner—which would hardly have been the
case had they accumulated in a deep and open sea. These appearances, taken in connection with
the palaeontological evidence, lead to the inference that the cement-stone group has gathered
together in a series of brackish-water lagoons, separated by intervening mud-flats.
Before leaving the Calciferous Sandstone series of Ayrshire, it is necessary to point out that, at the
Heads of Ayr, volcanic rocks are associated with the cement-stones in such a way as to prove that
they must have been ejected at the time the cement-stone strata were being-deposited. The shore
section at this place shows true volcanic ash or tuff, consisting of fragments of various igneous and
other rocks, imbedded in a felspathic paste. Not only are the volcanic ejectamenta plainly visible, but
the old vent out of which these have come, now filled up with a plug of volcanic matter. This, as will
be seen in the sequel, is a common phenomenon in connection with the Carboniferous rocks of
Scotland.
In the north of Ayrshire the Carboniferous limestone series is underlaid by a great succession of
volcanic rocks, which appear to occupy the position of the Calciferous Sandstone series. These rocks,
folded into a broad anticline, rise up to form the high-grounds in the
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north of Ayrshire and south of Renfrewshire, and thus separate the carboniferous basins of the
former county from those of the latter and Lanarkshire. But while they dip in below the overlying
limestone and coal-bearing beds to the north, and rise up again to form the northern boundaries of
the Carboniferous strata in Dumbartonshire and Stirlingshire, they do not again appear in the south
of Ayrshire, but die out below the Kilmarnock coal-basin. In Ayrshire, the base of this great volcanic
series is nowhere seen, the boundary line between it and the older palaeozoic rocks being
everywhere a fault. It cannot, therefore, be positively ascertained whether any red sandstones of
the Calciferous Sandstone age intervene between it and the Old Red Sandstone rocks by which it is
flanked on the south. But from the fact that the tuffs nowhere contain fragments of Calciferous
Sandstone, but frequently show blocks of certain granites, felspathic sandstones, and altered rocks
peculiar to the Old Red Sandstone strata, it seems probable that the tuffs and lava-form beds of the
Calciferous series in Ayrshire rest directly upon the Old Red Sandstone, without the intervention of
any sandstones of the carboniferous age. These tuffs and lava-form beds are an interesting study to
the student of igneous geology, but they give no hope of yielding any minerals of value to the
speculator. At the time of their formation submarine volcanoes were very active over that region,
vomiting forth sheet after sheet of lava and showers of volcanic dust, scoriae, and bombs. Not a few
of the old volcanic foci can still be made out. Loudoun Hill, in the valley of the Irvine, and Dunwan
Hill, in the neighbourhood of Eaglesham, are well-marked and conspicuous rock-plugged vents of
this age. Here and there among the ash-beds an impure limestone band full of fossils is met with,
showing that, when the waters were sufficiently clear, marine creatures found there a congenial
habitat. Above this volcanic series, a set of beds, evidently of aqueous origin in the main, but
occasionally giving evidence of volcanic action, is invariably met with. These beds consist sometimes
of conglomerate, or ashy-like sandstones, shales, and marls. They are plainly derived from the wear
and tear of the underlying volcanic rocks, and represent an old coast-line of the period. From the
position and general character of these strata, the writer believes them to represent in some
measure the cement-stone series of the south of Ayrshire. At the time when they began to be
formed the volcanic forces which had accumulated the underlying series of tuffs, porphyrites, and
malaphyres had wellnigh become quiescent, although now and again an outburst of ashes and
scoriae would occasionally take place. These ejectamenta
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then mingled and were interbedded with the sediment of gravel, sand, and mud, which was
gradually accumulating along the shores of the volcanic bank. Above these deposits come the
basement beds of the Carboniferous Limestone series.

LANARKSHIRE DISTRICT.*
The volcanic bank, just referred to as composing the high-grounds between the Carboniferous basins
of Ayrshire and Renfrewshire, stretches in a direction south-east into Lanarkshire, and thus forms

the western boundary of the Carboniferous System in that county. Volcanic rocks, referable to the
same horizon, also appear along the northern flank of the Lanarkshire basin, in Dumbartonshire and
Stirlingshire. These rocks are associated with strata belonging to both divisions of the Calciferous
Sandstone series. They appear, in short, to be the continuations of the volcanic rocks of the north of
Ayrshire. Along the southern outskirts of the Lanarkshire basin these volcanic rocks disappear, and
the Carboniferous Limestone series are found in the valley of the Avon, near Stonehouse, resting
directly upon strata of the Old Red Sandstone age, there being at this point both an overlap and
unconformity. Towards the east, however, the Calciferous Sandstone series reappears between the
Carboniferous Limestone and the Old Red Sandstone. It is worthy of note that in that locality the
series is very thin, and consists only of the lower group of red and grey sandstones, and
conglomerates, and marly beds, the upper or cement-stone group being entirely wanting. As the
strata are traced eastwards, however, the double series once more comes on, and rapidly thickens
out until, in the district of Linlithgowshire and Edinburghshire, it attains its greatest development—a
thickness of probably not less than 3500 to 4000 feet.

DISTRICT OF WEST AND MID-LOTHIAN.#
In West and Mid-Lothian, as in Ayrshire, the series is composed of two groups—a lower group of red
and grey sandstones and cornstones, and an upper set of sandstones with dark shales, oil shales,
one principal seam of coal, another of limestone, and some other thin bands of the same rock.
The lower group of this district greatly resembles that of Ayrshire in lithological characters. "It
forms the ground on which the greater

* This district embraces also portions of Renfrewshire, Dumbartonshire, and Stirlingshire.
# This district embraces also a portion of Peeblesshire.
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part of Edinburgh is built, whence it stretches southwards by Craigmillar to Liberton, and southwestward along the western flank of the Pentland Hills. It rises high over the south-western part of
that range, forming the Cairn Hills, and sweeping still further southward and westward into
Peeblesshire and Lanarkshire.
"The upper group consists of grey or white sandstones, dark shales, often highly bituminous, and
now extensively used in oil-making; fireclays, clay-ironstones, some thin coals (one of which,
however, known as the Houston Coal, reaches a thickness of 6 feet), and numerous bands of
limestone, of which the most important is that known as the Burdie-house Limestone. These various
strata extend from the western and northern part of Edinburgh westward to Linlithgow, and south-

westward by the Cobinshaw Reservoir into Lanarkshire,"* in which direction the whole series thins
out, until in Avondale, as already stated, we find it disappears altogether.
The story of old physical changes, as told by the Calciferous Sandstone series of Edinburghshire and
West-Lothian, is exceedingly interesting. Beginning with the basement beds, there are first, red
sandstones and conglomerates, which represent the old sand-banks and shingle-heaps that gathered
along the Carboniferous sea-coast. At the time these were being deposited, the Pentland Hills
stretched seawards as a long promontory from the southern uplands. The grey sandstones and
shales overlying the red basement beds, tell us that a process of subsidence ere long ensued,
whereby the promontory of the Pentland Hills was carried down below the level of the sea, and
eventually entombed beneath the gradually accumulating sediment. By and by the igneous forces
broke through the floor of the sea, and streams of lava, and showers of ashes and bombs were
ejected. These now form the older volcanic rocks of Arthur's Seat, and Craiglockhart Hill. And it has
been conjectured by the author's brother, Mr. A. Geikie, that the Castle Hill of Edinburgh marks the
vent out of which these volcanic ejectamenta were thrown. After the volcanic activity had ceased,
great deposits of mud and sand continued to accumulate in the sea, giving rise to the Granton
sandstone group, and during the deposition of this group, sporadic foci again ejected lava and ash
over some areas of the sea bottom. After a time the sea would appear to have become partially
silted up, and to have been succeeded by a series of lagoons with intervening mud flats. In these
the Burdiehouse or Queensferry limestone slowly accumulated. The water of the lagoons swarmed
with minute cyprides, and fishes of

* Descriptive Catalogue of Specimens, Geological Survey of Scotland, p. 17.
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various kinds cased in shining mail of enamelled bone, while thick growths of marsh plants rose up
from the muddy bottom.
A process of subsidence now carried down the lagoon country, the sea once more came in, and
marine deposits gathered over the site of the limey pools. These deposits are now represented by
the Binny sandstone group. While they were slowly gathering, considerable ejections of volcanic
matter began to cumber the bed of the sea in some localities.
Once more the sea became silted up, and the low lying mud banks and flats were overspread with a
thick growth of tree ferns and their congeners, and this dense mass of vegetation now forms the
Houston coal. During the growth of the Houston coal, and Burdiehouse limestone groups, the shales,
which are now worked for oil, appear to have accumulated as a fine mud or silt in quiet lagoons and
estuaries.

The Houston coal group, like those which precede it, is also characterized by the presence of igneous
rocks. Indeed, the igneous forces appear never to have been long quiescent during the Calciferous
Sandstone period, and they increased in intensity as that period drew to a close.

HADDINGTONSHIRE DISTRICT.
Passing into Haddingtonshire, the Calciferous Sandstone series are considerably changed in aspect,
and present certain phenomena which have not been observed in the districts already referred to.
A great portion of the series consists almost entirely of volcanic rocks, and the bottom beds do not,
as in the Mid-Lothian, Lanarkshire, and Ayrshire districts, rest unconformably upon the older strata,
but pass down quite regularly and conformably into the Upper Old Red Sandstone, without any
physical break whatever. These bottom-beds in Haddingtonshire, consisting of red sandstone and
conglomerates, do not call for any special remark. They closely resemble their equivalents in other
parts of the country. Above them comes a thick series of tuff or volcanic ashes, with certain
intercalated thin bands of limestone. These limestones appear to occupy the same horizon as the
Burdiehouse or Queensferry limestone group of Mid-Lothian and Linlithgow, and the cement-stone
series of Ayrshire. The ashes, with their included limestones, are succeeded by the later eruptions
of the Garlton Hills, and these last by the Carboniferous Limestone, which seems to have been
deposited after the volcanic action in the Haddingtonshire district had ceased. It need only be
added that the volcanic ejectamenta appear to have been thrown out, partly during marine, partly
during brackish or fresh-water conditions.
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FIFESHIRE DISTRICT.
In Fifeshire, as in Haddingtonshire, there is a gradual passage upwards, from Old Red Sandstone into
Calciferous Sandstone, and these last in like manner contain plentiful evidence of the former
existence of old sub-marine volcanoes. Along the flanks of the Cleish Hills and in the neighbourhood
of Burntisland the equivalents of the upper or cement-stone group are found, containing also beds
of volcanic matter. In the north of the county, the Calciferous Sandstone series is of inconsiderable
thickness.
The writer will now briefly sum up the points of chief importance in connection with the calciferous
sandstone series of Scotland. The general section in the separate districts will be seen on the
opposite page.[i.e. p.139]
From the evidence now adduced, the succession of geological changes may be summarised thus:—

1. The basement beds have everywhere the same aspect, their coarse-grained and conglomeratic
character pointing clearly to shallow water and the vicinity of land. The northern highlands, at this

early period, were separated from the southern uplands by a broad belt of sea—the shores being
formed of the older palaeozoic formations. The break or unconformity between the basement beds
of the Calciferous Sandstone series and the older rocks is very decided in the Ayrshire, Lanarkshire,
and West and Mid-Lothian districts. In Haddingtonshire and Fifeshire, however, the Calciferous
Sandstones graduate down into the Upper Old Red Sandstone.

2. Here and there evidence is found to show that during the deposition of the Calciferous Sandstone
series, long promontories of land projected seawards from the hilly grounds in the south. The
Pentland Hills formed such a long ridge or promontory. Another irregular promontory, consisting of
Silurian and Old Red Sandstone rocks, stretches out. from the Silurian Uplands of the Leadhills northwest to the head of the river Irvine. The first of these ridges now forms a broken anticline,
separating the Edinburghshire carboniferous basin from that of Linlithgow and Lanarkshire. The
second serves partially to divide the Lanarkshire basin from the broken and interrupted coal-fields of
Ayrshire.

3. A process of subsidence gradually carried down these ridges below the level of the sea, and they
then became entombed beneath the accumulating sediment.

4. While these changes were taking place, submarine volcanoes appear to have broken out at the
very commencement of the Carbniferous-
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CALCIFEROUS SANDSTONE SERIES. [5 column table divided]

Ayrshire District.

Lanarkshire District.

District of West

and Mid-Lothian

b.A variable group of white
b. Wanting (well represented b.A variable group of sandsandstones, cement-stones, and
in Stirlingshire, having same stones, shales, oilshales, some marls; occasional associated
general character as in Ayrshire,
thin coals (one seam, 6 ft. thick), volcanic rocks of contemporaand being
highly volcanic).
Burdiehouse or Queensferry
neous origin.

limestone, with other thin

bands of
the same rock. Volcanic
rocks of contemporaneous origin
abundant.

a. A group of red sandstones,
a. A group of red and
a. A group of
red and conglomerates, marls, and corngrey sandstones, conglomerates,
grey sandstones, conglomerates, stones; great series of bedded
marls, and
cornstones,; no conmarls, and cornstones; con- volcanic rocks occupy portion
temporaneous volcanic rocks in
temporaneous volcanic rocks.
of this group in north of Ayrthe east, but in the south-west
shire, and in Renfrewshire, and
and west a great series of bedded
This group
rests unconformpart of Lanarkshire.
traps and occasional ashes—
ably
on the older palaeozoic
the continuation of the
same strata.
This lower group rests unrocks in the north of
Ayrshire
conformably

on

the older

(see Ayrshire District).

palaeozoic strata.
This group rests unconformably on the older palaeozoic
strata, but it is sometimes
wanting, and the Carboniferous
Limestone then lies directly
upon Old Red Sandstone strata.

Haddingtonshire

Fifeshire District.

District

b. A series of volcanic tuffs
with intercalated bands of
limestone; beds of lava-form rocks.

b. Sandstones, shales, thin sandstones,
limestones, &c.; volcanic rocks
of contemporaneous origin

a. A group of red sandstones,

a. A group of red and grey

conglomerates, etc.

sandstones, etc.; volcanic rocks

No vol-

canic rocks of contemporaneous origin.

of contemporaneous origin,

This group rests conformably
This group rests conformably
upon beds of Upper Old Red

upon and graduates down into
Upper Old Red Sandstone.

Sandstone into which it graduates downwards.
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carboniferous period in the north of Ayrshire, and to have continued active during the deposition of
the red sandstone group. At the same time, several sporadic eruptions appeared in the districts of
Linlithgowshire, Mid-Lothian, and Fifeshire. In the north-east part of Haddingtonshire volcanic action
also began about this time.

5. At the time when the upper group of the Calciferous Sandstone series was being accumulated,
volcanic action had well-nigh ceased in the Ayrshire district, but volcanoes were active in West and
Mid-Lothian and in Stirlingshire. It was in Haddingtonshire, however, that they reached their
greatest development.

6. The physical aspect of the Central Valley of Scotland during the deposition of the upper group of
the Calciferous Series was peculiar. The comparatively open sea in which the great sandstone beds
of the lower group were accumulated had disappeared, and was succeeded by a remarkable series
of lagoons and creeks of brackish or fresh water, with irregular muddy shoals and banks between. In
these lagoons the Burdiehouse limestone and the bituminous shales were accumulated, while the
intervening low swampy grounds supported thick growths of vegetation, now forming the thin coalseams of this series. Here and there little independent craters vomited forth showers of ash, while in
other regions (as in the west of Linlithgowshire and north of Haddingtonshire) the volcanic forces
poured over a wide tract of country great sheets of lava and showers of ashes and bombs.

7. These conditions continued to characterise the Central Valley of Scotland for a long period, during
which a gradual process of subsidence was going on. Occasionally, however, the sea invaded the
areas occupied by the lagoons and coal-swamps (especially in the district of West and Mid-Lothian),
and considerable deposits of white sandstone were the result. But lagoons and shoals, with volcanic
eruptions, continued to characterise the upper calciferous group until the deposition of the
carboniferous limestone.

II. CARBONIFEROUS LIMESTONE.

The Scottish carboniferous limestone series is divisible into three groups.

1. Upper limestone group, containing beds of limestone and coal interstratified in sandstone and
shale.
2. Middle group with no limestone, but containing a number of coal seams.
3. Lower limestone group, comprising beds of limestone and occasional coal seams.
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The strata belonging to this series are generally well exposed round the outskirts of the coal basins.
No division of the Scottish carboniferous formation, however, exhibits greater variability, both as
regards the thickness and general character of the strata. The deposition of this series appears to
have taken place during a period of considerable
oscillation of level. To this the constant succession of land-surface and sea-bottom bears emphatic
testimony. And the subterranean movements seem to have acted with very unequal intensity over
the Scottish area, some regions appearing to have been more frequently in the condition of dry land
than other districts. Again, while in certain places the characters presented by the strata indicate
deep-sea conditions, the equivalents of the very same beds elsewhere frequently give evidence of
having been deposited in comparatively shallow water, liable to constant disturbance from the
muddy sediments washed from adjacent shores.

AYRSHIRE DISTRICT.

In the south of Ayrshire the carboniferous limestone series is very poorly represented, nevertheless
it shows the triple arrangement above referred to. As the series is traced north it is found to

thicken out considerably—the thin muddy limestones of Dalmellington giving place to thick beds of
limestone in the Dalry basin. In the middle group of Ayrshire several good coal-seams are worked,
and the Dalry blackband ironstone is also a well-known bed on the same general horizon. In the
south of that county the Carboniferous Limestone series rests directly upon the cement-stones and
marls of the Calciferous Sandstone series. In the north, as already described, the basement beds of
the Carboniferous Limestone overlie a thick set of volcanic rocks, which represent the Calciferous
Sandstone series, and it may be, in their upper beds, the beginning of the Carboniferous Limestone
series also. In that same district the upper group of limestones is covered by beds of volcanic ash
and dolerite, well exposed in some of the northern tributaries of the river Irvine. With these
outbursts, volcanic activity at length died out in the Ayrshire district, and no more
contemporaneously-formed beds of lava or ash in that area are found down to the close of the
carboniferous period.

LANARKSHIRE DISTRICT.

In the Lanarkshire district the triple arrangement of the Carboniferous Limestone is well developed.
In the upper group there are generally three limestones when the series is complete, but
occasionally two or
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more seams of the same rock come into the section, as in the neighbourhood of Carluke. These
upper limestones are usually separated from each other by thick beds of sandstone, and occasionally
two or three thin coal-seams are found on this horizon. The middle group of the Carboniferous
Limestone series contains no limestone, but a number of seams of coal, chiefly in the upper part of
the section ;* the lower portions of the section being characterised by the presence of clay and
black-band ironstones. Below the middle or coal and ironstone group comes the lower limestone
group, consisting of one excellent bed of limestone of variable thickness, and several smaller and
less valuable seams. Intercalated among these are a few coals and clay-band ironstones.
No volcanic rocks of contemporaneous origin are met with among the Carboniferous Limestone
strata of the Lanarkshire district. In Renfrewshire and the north-west of Lanarkshire the basement
beds rest upon ashy mudstones, sandstones, and conglomerates, beneath which lies that great
series of bedded tuffs and lava-form rocks, which has already been referred to as cropping out from
below the Carboniferous Limestone series of Ayrshire.

WEST AND MID-LOTHIAN DISTRICT.

The author has stated that no volcanic rocks of contemporaneous origin are met with in the
limestone strata of the Lanarkshire district; when these rocks are followed eastward, however, into
Linlithgowshire, the whole series is found to become markedly volcanic. In that area beds of
dolerite, melaphyre, and tuff alternate with sandstone, shale, limestone, and coal. Nevertheless,
the triple arrangement into upper, middle, and lower groups can still be traced; the upper group
consisting of limestones with numerous beds of lava-form rocks and volcanic tuffs; the middle group
showing sandstones and shales, with which are inter-stratified several coal-seams and two blackband ironstones, along with beds of igneous rock; the third group containing an upper set of
limestones with sandstones, shales, &c, and several interbedded masses of volcanic materials. The
lower group exhibits many highly interesting sections, showing repeated alternations of igneous
with aqueous rocks. It will be remembered that at the close of the Calciferous Sandstone period in
the Linlithgowshire area, volcanoes were in great activity. These continued into the succeeding or
Carboniferous Limestone period, during the early stages of which they ejected a vast succession of
lavas and showers of ash and scoriee. Even down to the close of the whole

* This is the horizon of the well known Lesmahagow gas coal.
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limestone series, intermittent eruptions were of frequent occurrence. Many of these old lava beds
are passed through in the pits of the Borrowstouness and Bathgate coal-fields, nor are the igneous
rocks found to alter or affect the coal-seams injuriously.
In Edinburghshire the Carboniferous Limestone series shows no interbedded volcanic rocks, and the
triple grouping is very well developed. The strata crop out along the west of the Mid-Lothian coalbasin, and away to the east they rise out from below the same basin, covering a considerable tract of
country, both in Mid-Lothian and Haddingtonshire. So steep is the dip of these strata along the
western boundary of the Edinburghshire coal-field, that the coal-seams of the middle group are
known as the "edge coals." The best coals of the series occur, as usual, in this group, and the
thickest seams of limestone in the lower group. The Haddingtonshire coals all belong to the
Carboniferous Limestone series.

FIFESHIRE DISTRICT.

In Fifeshire the volcanic rocks which commence in the Calciferous Sandstone period continue for
some little distance up into the limestone series. They then die out, but after a while reappear in
sporadic patches among higher members of the same series. The prevailing character and
arrangement of the strata are similar to that in the other districts

already referred to.
The general section of the Scottish Carboniferous Limestone series may, therefore, be briefly
tabulated as follows:—

CARBONIFEROUS LIMESTONE SERIES.

1. Upper Limestone Group : Containing three beds of limestones, and, above these, occasionally two
or three local lenticular seams of the same rock. Several thin coals are also met with in this group.
The limestones are usually separated by more or less thick beds of sandstone. The thickness of
this group varies considerably, but at its greatest development does not exceed 115 fathoms.
(Edinburghshire.)

2. Middle or Coal and Ironstone Group: Comprising a number of seams of workable coal, and beds of
clay and black-band ironstone. The coals are most abundant in the upper, and the ironstones in the
lower portion of the section. Like the upper group, this middle group also varies much in thickness.
The greatest thickness it attains is about 140 fathoms. (Lanarkshire.)

3. Lower Limestone Group: Containing several beds of limestone, with a few coals, and clay-band
ironstones. The greatest thickness reached by this group is 200 fathoms. (Lanarkshire.)

Contemporaneous volcanic rocks are associated with the limestone series in
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Ayrshire, Fifeshire, and Linlithgowshire, being most abundantly developed in the latter county.
A glance at the preceding table will show that the Carboniferous Limestone series must have been
accumulated during a period of considerable oscillation of level, the prevailing movement being one
of subsidence. In the lower group, the landsurfaces are few in number, and the character of the
limestones and intermediate strata indicates a prevalence of marine conditions at the time the
strata composing this group were being deposited. In the areas of Fifeshire and Linlithgowshire there
is evidence of the activity of submarine volcanoes during this period. In the latter district so
continuous were the eruptions, that a bank of lava and ash gradually rose above the level of the sea.
During the deposition of the succeeding or middle group, land-surfaces were of frequent occurrence.
The general aspect of the strata, in short, rather points to brakish and fresh-water, than to marine

conditions. Low-lying mud banks, and shoals, covered with luxuriant vegetation, and ever and anon
disappearing and giving place to creeks, lagoons, and estuaries; now and again irruptions of the sea;
and here and there scattered volcanoes throwing up lava dust and scoriae, appear to have been the
most characteristic features of the scenery of central Scotland at this period.
In the upper group, marine conditions are again in the ascendant, and the land-surfaces are few and
widely separated. Volcanoes belonging to this date have left memorials of their former activity in
Ayrshire and Linlithgowshire, but these eruptions seem to have been insignificant when compared
with those of the preceding groups.

III. MILLSTONE GRIT.

After the close of the Carboniferous Limestone period, currents began to heap up all over the bed of
the sea irregular accumulations of sand. But just as during former periods, so now, considerable
movements of the earth's crust continued to take place. The sea would also appear to have been of
very irregular depth. For in some places the sand (now sandstone) alternates with fire-clays or old
land and alluvial surfaces; while, in what must have been quieter and perhaps deeper recesses,
some few thin limestones and sporadic bands of ironstone were gradually formed. In other districts
the deposits consist of very coarsegrained sandstone or grit, and hardened pebble-beds or
conglomerate, pointing to the proximity of land. To this division of strata, geologists give the name
of the millstone grit. In Scotland, it ranges in thickness
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from some 40 or 50 feet to about 150 fathoms. In some of the little Ayrshire basins, however, it
seems to be entirely wanting.

IV. COAL MEASURES,

The phenomena connected with the highest division of the Carboniferous Formation, viz.:—The
Coal-Measures are so similar in all our coal-basins, that it is unnecessary the writer should do more
than put together a few general notes.
The origin of coal is no longer a mystery—every one knows now that it consists of mineralized
vegetable matter. The great majority of our coal-seams undoubtedly mark the sites of old swamps
and forests. In the underclays we detect the rootlets of the plants whose substance has gone to form
the overlying coal. Some coal-seams, however, have no underclay, and as a general rule, when such
is the case, the coal is apt to vary much in quality and thickness—getting split up with ribs of

sandstone or sandy shales. The most persistent of the Scotch coal-beds are those which rest on
underclays, abundantly charged with stigmariae or roots. Many of the seams without underclays
may be due to the submergence and eventual emtombment of rafts of vegetable matter, similar to
those which are met with along the courses of some of the great rivers in tropical countries.
The general aspect presented by the Scottish lowlands, during the formation of her coal-fields, was
that of a broad undulating tract, stretching between the northern highlands on the one hand and the
southern uplands on the other. The intervening low country was covered with dense swamps and
forests, through which wound rivers and streams. Many of the old stream courses can still be
detected, and are known to miners as wants. In these wants the coal is seen to be cut through, as it
were, and its place occupied by shales, sandstone, or fireclay—the detritus filling up the bed of the
old streams. In the quiet lagoons and pools of this period, the oil shales, gas coals, and black-band
ironstones gathered together.
The whole series appears to have been formed during a process of subsidence*, which ever and
anon brought in the seas or estuaries to

* But while no doubt the prevailing movement during the accumulation of the coal measures was
one of subsidence, it is not meant to affirm that there were no intermittent movements in a contrary
direction. It is quite possible that many coal-seams may indicate such movements of elevation. Nor
is it necessary always to infer a cessation of the downward movement to account for the filling up of
the old carboniferous estuaries and seas. If the sediment accumulated more rapidly than the bed of
the sea sank downwards, it is quite evident that the sea or estuary might become silted up even
during a process of subsidence.
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overflow the swamps and forests, and deposit above them heaps of sand and mud. When the
process of subsidence ceased for a time, the seabed became gradually silted up, and a new growth
of vegetation covered over the mud-flats. And this process was frequently repeated, until many
successive land-surfaces were entombed one above the other.

RED SANDSTONES.

Towards the close of the Carboniferous period, considerable subterranean movements took place,
and although no volcanic matter was poured out at the earth's surface, yet the result of these
movements was to produce an unconformity between the coal-bearing strata and the barren
reddish sandstones which overlie these in Lanarkshire and Ayrshire. That is to say, the coal-bearing
beds where somewhat disturbed, and denuded or worn away before the red sandstones were

deposited above them. These red sandstones are frequently confounded with the permian and new
red sandstones of England, but they unquestionably belong to the Carboniferous series, as is proved,
not only by their fossils, but by the fact that in Ayrshire they are overlaid unconformably by strata of
Permian age.

INTRUSIVE IGNEOUS ROCKS.

To a geologist some of the most interesting features of the Carboniferous rocks are presented by the
igneous masses which are either interstratified with, or break through the strata. The writer has
already described briefly some of the igneous groups associated with the Carboniferous formation in
this country; but the beds of lava and volcanic ash, to which reference has been made, were all of
contemporaneous origin. That is to say, they were erupted at the very time that the sandstones,
shales, limestones, and coals, with which they are associated, were being formed. There still
remains, however, a very large class of igneous rocks to describe. These rocks are of later formation
than the strata amongst which they occur, for they cut these strata in such a way as to show that the
sandstones, shales, and other beds through which they come must have already been converted into
rock long before the igneous products were erupted. To this class of igneous rocks, geologists give
the name intrusive, to distinguish them from the lava-form beds and ashes or tuffs of
contemporaneous origin.
The intrusive rocks are met with, more or less abundantly, in all the Scottish coal-fields, and they
frequently give rise to marked features in the scenery of the great central valley. Indeed, the whole
surface of
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the country in some districts is dotted with isolated hills and knolls of these intrusive rocks, while in
other regions masses of similar origin occupy many square miles of the surface. In the maps of
Fifeshire, Edinburghshire, Ayrshire, &c, issued by the Geological Survey, the carboniferous areas will
be seen thickly studded with these irregular eruptive rocks, the study of which suggests many
curious problems to the petrologist. They are found to belong to at least three distinct and widely
separated ages, and are accordingly divided into three groups, which are as follows :—

1st. Intrusive sheets or "whin -floats," occurring in Calciferous Sandstones, Carboniferous Limestone,
Millstone Grit, and Coal Measures— belonging to the very close of the great Carboniferous period.
2nd. Intrusive necks or bosses cutting through all the carboniferous deposits, and referable to the
Permian age.

3rd. Dykes of dolerite, or "whin-gaws," which are probably of Miocene age.

1. INTRUSIVE SHEETS.

The rocks belonging to the first group are by far the most abundant, and consist principally of
dolerite, anamesite, basalt, and melaphyre, but sometimes also of diorite, porphyrite, and felstone.
As a rule these rocks conform to the line of bedding, and it not infrequently requires care to
distinguish them from lavas of contemporaneous origin. They are, however, generally harder than
these last, are not accompanied by volcanic ashes, and never show that highly slaggy and
scoriaceous character so often exhibited in beds of contemporaneous origin. Their intrusive nature,
however, is best ascertained by examining the strata above and below them. These are usually
found giving evident marks of having been subjected to great heat; and when the "float" itself is
traced along the line of bedding, it is frequently seen breaking through the strata and forcing its way
along a higher level. The bedded aspect assumed by whin-floats is thus more apparent than real.
In the baking and burning caused by the intrusion of these molten masses, the various seams of coal
have often fared badly, and large areas have been converted into a kind of coke, so impregnated
with mineral matter as to be quite useless. Where this destructive distillation, however, has not
been carried too far, a valuable mineral sometimes results. Such is the origin of the steam-coal and
blind-coal or anthracite.
A coal-seam appears to have been a line of weakness along which the melted rock erupted from
below was prone to intrude. In contact with
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coal or carbonaceous shale, the "whin-float" usually loses its greenish or blueish colour and becomes
bleached to a whitish or yellowish grey. It is curious to notice, too, how very thin a squirt of this
"white trap" suffices to destroy a coal. It pierces the coal in the minutest fibres and threads,
becoming twisted and involved with the carbonaceous matter in a very remarkable manner. As a
general rule, however, the destructive effect of "floating-whin" is in direct proportion to its thickness
and nearness to the coal. The thicker the bed of dolerite, the greater must have been the quantity of
heat evolved; but although it holds generally true that the coal-seams nearest to the "whin" have
suffered most, yet it is sometimes found that a bed of coal only a few feet below such a mass has
quite escaped, while seams several fathoms above the "float" have been affected. This is probably
due to the heated gases and vapours given off by the melted rock itself. These, along with the gases
and vapours disengaged from the sedimentary strata by the heat of the intrusive mass, may have
arisen along cracks, and through the more porous beds, and so have affected coal-seams at some
considerable distance above the melted rock, while underlying beds of coal escaped alteration. The
destructive effect of "whin" also depends a good deal upon the nature of the strata lying between

the intrusive rock and the coal-seam. It may be mentioned here that igneous rocks of
contemporaneous origin seldom affect the strata upon which they rest beyond a few feet.
The intrusive sheets or "whin-floats," as already stated, are met with in every division of the
Carboniferous formation, but very sparingly in the upper red sandstones. They occur most plentifully
in the lower divisions, in the Calciferous Sandstone series and among the Carboniferous Limestone
strata. As they are denuded along with the strata in which they occur, and, moreover, are dislocated
by faults which do not traverse the overlying Permian beds, they must belong to the close of the
Carbo niferous period.

2. INTRUSIVE NECKS OR BOSSES.

The next group of intrusive rocks is an exceedingly interesting one. Intrusive necks or bosses occur
most abundantly in Ayrshire, but are also met with here and there in the other Carboniferous
districts. They usually form solitary rounded hills, and are generally clothed with a rich green
vegetation. Their structure is very simple, consisting simply of a vertical, round, or oval-shaped mass
of rock, which often occurs along a line of dislocation. In short, they resemble great plugs stopping
up vertical holes or pipes in the strata. They are usually made up of confused masses of debris of
sandstone, shale, and various igneous rocks, and are
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frequently accompanied by veins of porphyrite and melaphyre. From the resemblance of these latter
to the lavas of Permian age, and from various other evidence, it is gathered that these intrusive
bosses are neither more nor less than the old volcanic vents, from which the ashes and dust and
melted rock of the Permian period were ejected. Of course, since the time of their formation they
have suffered extensive denudation, and only the rocks, as it were, of the old volcanoes now remain.
Those vents appear to have had much the aspect of some of the extinct volcanoes of Auvergne, in
the south of France. In Ayrshire, in the neighbourhood of Dalmelling'ton, there are some twenty of
these old craters at no great distance from each other. In various parts of Lanarkshire, also, they
have been met with. But, perhaps, one of the most familiar examples is that of Arthur's Seat at
Edinburgh.
It remains only to add, that the coal-beds through which these vertical pipes come, have sometimes
been burnt for a considerable distance round the old vents.

3. DOLERITE DYKES.

The last group of intrusive rocks, viz., the vertical dykes or "whin gaws," consist of dolerite—a hard
blue or greenish rock, which, in contact with coal and carbonaceous shale, becomes white, yellow,
or grey. They traverse the strata like walls, running in a determinate direction, generally some
point north of west, and south of east, or at right angles to this. They are of all thicknesses—the
thicker ones (sometimes over a hundred feet) continuing for the longest distances, and often
forming conspicuous landmarks. Frequently, however, these dykes do not reach the surface—high
coal seams being sometimes worked over them, while lower beds are intersected by them. They
seldom produce much effect upon the strata which they pierce, neither burning nor shifting them to
any extent. For although some "whin dykes" are said by the miners to be also "throws," it is almost
certain that the "throws" or "faults" were in existence long before the "whin dykes" were erupted,
the melted rock having only taken advantage of the dislocations as lines of weakness along which it
was easier to force a way. These dykes become more numerous; they are traced towards the
volcanic plateaux of the Western Islands: from which, and from the fact that they traverse every
other formation in Scotland, but do not pierce the lavas and ashes of the Western Islands which are
of Miocene age, it has been inferred that the dykes belong to this period, and are consequently the
youngest intrusive igneous rocks in Britain.
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FAULTS.

The writer has delayed so long over the phenomena connected with the accumulation of the
Carboniferous strata, that he can do no more than allude to the subject of faults.
By a fault is meant a rupture and dislocation of strata, by which beds that were once continuous
have been so shifted as to occupy different levels. Faults are of all sizes, varying from a mere slip of
two or three inches to vertical displacements of several hundred fathoms.
The effect of a fault upon the coal-seams themselves is somewhat variable. Not unfrequently the
coal for some distance from the dislocation has a burnt appearance, due perhaps to the great heat
evolved by the friction of the rocks at the time of displacement. In many cases, however, no such
change on the coal-seams is observable—they only share, along with the other strata, in the
confusion and crushing which usually accompany a considerable fault or throw.
There are two distinct systems of faults traceable in the Scottish Carboniferous strata.

1. The first system consists of a series of very powerful dislocations, with a proximate north-east
and south-west trend. To this system belong the great bounding faults of our coal-fields. One of the
most marked of these is that which, beginning near St. Abbs Head on the east coast, strikes southwest, until it runs out to sea in the south of Ayrshire. At several points in its course it forms the
southern boundary of the Carboniferous strata, bringing these against rocks of silurian and Old Red

Sandstone age. It appears to have been a line of weakness at several successive geological periods,
during which the displacement of the sides went on. Where it forms the southern boundary of the
Edinburgh basin, it is clearly older than the Carboniferous Limestone, because beds of this age are
seen to steal over it without a fracture. At this point it appears to have given rise to a steep bank or
cliff of Silurian rocks that formed the shore of the old sea in which the Carboniferous Limestone
strata were deposited.

2. The second system consists of a double series of faults: one set striking approximately north and
south, and the other approximately east and west. These everywhere intersect the coal-fields. Those
which traverse the strata in a west and east direction more frequently attain a large size than the
faults which cross them at right angles. Indeed, many of the north and south dislocations appear to
be cut off by the others. One of the largest east and west throws in the Lanarkshire district is that
which brings down the upper red sandstone group against
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the volcanic beds of the Cathkin Hills, a fault of not less than 450 fathoms.
The precise age of these faults it is somewhat difficult to determine; some of them are certainly
older than the red sandstones, but by far the greater number were formed after the deposition of
these beds, and before the accumulation of the succeeding or permian formation. Others again are
later than the permian; and some may possibly belong to the age of the miocene, but this is merely
conjectural.
Faults are proof of immense denudation. Let the missing strata on the high side of a "throw" be only
restored in imagination and this will be evident. But it seems highly probable that dislocations
seldom actually showed at the surface, or gave sudden rise to marked inequalities of level. The great
bounding faults may possibly be exceptions; but the faults of the second system, we have many
reasons for believing, were not sudden dislocations, but the results of slow creeps acting through a
long time; and denudation or the wearing away of the surface by marine and subserial agencies,
appears to have kept pace with the creeps, so as to plane away inequalities as these arose. The
arrangement of the present land-surface into hill and valley, is due solely to the action of the
denuding forces. Hills are hills simply because being formed of harder rock they have been better
able to resist the incessant attacks of the atmospheric forces. Valleys do not necessarily coincide
with lines of dislocations but cross and re-cross these at all angles. It is only when a fault has brought
softer strata against harder rocks that any feature at the surface gives evidence of dislocation; and
the proximate cause of that feature is of course denudation, which, with variable materials to work
upon, has worn away the softer and more yielding strata, to a greater extent, than it has been able
to disintegrate the harder rocks.
Had space permitted, the author should have wished to add a few notes with regard to the sources
from which the sediments of the old carboniferous rivers, lakes, and seas were derived. In these

notes he should have endeavoured to show how the conglomerates, sandstones, and shales of the
Carboniferous formation have, to a large extent, been derived from the wear and tear of the old hills
and glens of our northern highlands and southern uplands—for many of the valleys date back to
even remoter ages than the Carboniferous era. But he must pass the subject by, and will now, in a
few words, summarize the more prominent facts referred to in this paper.

I. The Carboniferous system of Scotland consists of four subdivisions, viz.:—
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a.

Coal Measures.

c.

Millstone Grit.

b.

Carboniferous Limestone.

a.

Calciferous Sandstones.

II. The Calciferous Sandstone Series, forming the base of the system, comprises a double group of
strata.

1. The lower group, consisting of red and grey sandstones, conglomerates, &c, points to the
prevalence of marine conditions at the time of its formation.
2. The upper group gives evidence to show that during its accumulation marine and brackish-water
conditions alternated with the occasional appearance of land-surfaces.
[During- the deposition of both groups volcanoes were active.]

III. The Carboniferous Limestone Series comprises three groups, viz.:—

1. Lower group, accumulated chiefly during marine conditions, but presenting occasional land
surfaces.
2. Middle group, showing frequent land-surfaces, with intercalated strata of brackish-water and
marine origin.

3. Upper group, chiefly marine, but showing occasional brackish-water deposits and a few landsurfaces.
[Volcanoes active, more especially during the accumulation of the two lower groups.]

IV. The Millstone Grit, deposited under conditions almost exclusively marine. [No volcanoes.]

V. The Coal Measures, composed chiefly of brackish or freshwater deposits, with numerous landsurfaces, and occasional intercalated massive sandstones, that probably indicate marine conditions.
[No volcanoes.]

VI. Intrusive Igneous Rocks : divisible into three classes.

1. Intrusive sheets of dolerite, diorite, melaphyre, &c.; probably referable to the close of the coal
measures.
2. Bosses or pipes of tuff and agglomerate, belonging to the age of the Permian.
3. Vertical dykes of dolerite, referable to the Miocene period.

VII. Faults. There are two systems of faults met with in the Carboniferous areas of Scotland.

1. The oldest faults have a N.E. and S.W. strike, and frequently form the boundaries of the coalfields.
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2. The second system consists of a double set of faults, striking approximately E. and W. and N. and
S. The faults are of various ages. All, of course, are later than the coal measures, some being
posterior in date to the deposition of the upper red sandstones, and anterior to the accumulation of
the Permian sandstones. Others, again, are probably of Permian age, and a few may belong to the
Miocene period.
The English equivalents* of the Scottish Carboniferous strata are added for comparison (see next
page).
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CARBONIFEROUS STRATA OF SCOTLAND, ENGLAND, AND WALES. [4 column table divided]

NORTHUMBERLAND AND
SCOTLAND.

DURHAM.

COAL MEASURES.

COAL MEASURES.

Upper Red Sandstone series

Upper Measures with thin Coals

(Unconformity)

Middle Measures with thick Coals

Coal-bearing Measures

Lower Measures or Ganister Beds
with thin Coals

MILLSTONE GRIT.

MILLSTONE GRIT.

Massive Sandstones and Grits,

Three thick Grits, with intervening

with a few thin Coals, Fireclays, &c.

beds of Shales

CARBONIFEROUS LIMESTONE
LIMESTONE

CARBONIFEROUS
SERIES.

SERIES.

Upper Group: Sandstones and Shales with

Sandstone and Shale

Limestones and thin Coals

Fell-top Limestone

Middle Group: Sandstones and Shales

Sandstone and Shale

with Coals and Ironstones

Limestone

Lower Group : Sandstones and Shales
with Limestones and thin Coals

Sandstone and Shale
Limestone
Sandstone and Shale
Limestone
Sandstone

CALCIFEROUS SANDSTONE SERIES.

Little Limestone

Upper Group : White and Grey Sand-

Coals
Sandstone and Shale

stones, Shales, Cement-stones, Oil-

Great Limestone

shales, and Limestones
Lower Group : Red and Grey Sand-

Sandstone
Four Fathom Limestone

stones, Conglomerates, Cornstones
and Marls.
LANCASHIRE, DERBYSHIRE,

WALES AND CENTRAL

AND SOUTH YORKSHIRE.

ENGLAND

COAL MEASURES.

COAL MEASURES.

Upper Measures with Limestones
Limestone

Upper Measures with

thin Coals

and Coals

Middle Measures with thick Coals

Middle Measures with Coals

Lower Measures or Ganister Beds

Lower Measures with Coals

with thin Coals

MILLSTONE GRIT.

MILLSTONE GRIT.

Four thick Grits, with intervening
Shale
beds of Shales

Hard quartzose Sandstones and
partings

CARBONIFEROUS LIMESTONE
LIMESTONE

CARBONIFEROUS

SERIES.

SERIES.

Shales

)

Yoredale Grit

Great series of thick Limestones with
)

Yoredale Sandstones
Black Shales with thin earthy
Limestones

Partings of Shale from 500 feet to
) Yoredale rocks

1500 feet.

)

)
LOWER LIMESTONE-SHALE AND
SANDSTONE.
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The President felt quite sure that all present would join with him in thanks to Mr. Geikie for his very
interesting and valuable paper. That gentleman had compiled an amount of information of a most
comprehensive character, in a very short space. On one part of his subject, namely, the
Carboniferous series, and the occurrence in it of the basaltic or whin sill, he would ask Mr. Geikie's
opinion as to whether that basaltic deposit was an infusion or a protruded molten mass between
rocks of that series, or whether it was superimposed or extended in a liquid condition over the then
surface of the Carboniferous series. Mr. Geikie did not particularly state whether he observed that
the strata overlying the basalt were as much cinderised or burnt as those which underlie it. The
nature of his answer might explain a difficulty on which Dr. Sedgwick gave an opinion, namely, that it
was a protruded mass, and not laid over the then surface of the Carboniferous series. The other
question to which he would draw Mr. Geikie's attention is the extraordinary and rapid rotation of
the limestones, shales, sandstones, and coal deposits; because the rotation implies that, if the coals
were the produce of vegetation, once exposed to air and light, the existence of limestones in close
conjunction also implies that they were the result of a deposit of shells from a deep sea or inland
lake, and the two actions thus closely consecutive to each other.
Mr. Geikie replied, there are two kinds of igneous rocks—contemporaneous and intrusive. Both of
these igneous rocks occur in the Scottish coal-fields along the line of bedding. The contemporaneous
rocks altered the beds below them, but never affected the beds above them, because they were
erupted either at the surface of the earth or athwart the bottom of the sea, so that they had cooled
down before the beds above them had been deposited. The intrusive rocks were masses of melted
matter which had been pushed up by the igneous forces, and forced in between the beds, so that
the aqueous strata above and below them were altered by the heat evolved from the melted mass.

The beds of coal below the contemporaneous mass might be affected by the heat, but the coal
above that contemporaneous mass would not be affected. On the other hand, the coals above and
below an intrusive mass might both be affected; but it very often happened that the coal seams
above an intrusive mass were more affected than those below them; there were, however, many
exceptions to this rule. Then, with regard to the difference between the English and Scottish
limestone series, the chief fact to be borne in mind is this—that in England the thick carboniferous
limestone has been deposited in a deep sea. More northwards, as in Scotland, the limestone is
found getting split up with beds of sand
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stone and shale and occasional coal seams, which increase in number as the Scottish coal basins are
approached, showing that in Scotland there was shallower water with occasional land surfaces,
while in England the area continued to be totally submerged.
Dr. Bryce, president of the Glasgow Philosophical Society, was sure that the President, and all
present, will agree with him that Mr. Geikie has given a very admirable outline of a wide and difficult
subject. He especially deserves the thanks of the meeting for the concise manner in which he has
handled his theme, by avoiding all unnecessary detail in any particular branch. The speaker knew
most of the country to which Mr. Geikie has referred very well, and can truly say that he has given
us a very faithful account of its leading phenomena. He would beg to call the attention of English
geologists to the fact that the Scotch economic strata are differently placed from theirs. The
Carboniferous Limestone of England is in a different position from the same rock in this district.
Here the limestone does not form a great mass at the base of the series as it does in England.
Those who know Yorkshire and Lancashire will remember what vast masses of limestone are below
the millstone grit, which is met at the base of the coal series. In Scotland the millstone grit scarcely
exists at all, and the limestone is divided by interposed coal beds. Those gentlemen who are going
to make excursions in the neighbourhood will have an opportunity of inspecting some of the
sections, which are exceedingly well exposed in the hills near Glasgow, both to the north and south
of the city; and they should bear in mind that the limestone is not in its normal position. Here there
is no millstone grit, while beds of limestone alternate with coal; and in the immediate
neighbourhood of Glasgow many fresh-water and estuary shells occur in the upper beds. This is
especially the case in connection with the blackband ironstone, which has been such a mine of
wealth to the west of Scotland, but which is now in a great measure exhausted. The question is
now what is to be done in the future—whether it is possible to go deeper down, and work coal from
depths which have not hitherto been reached. It is yet unknown to what depth the coal may extend.
There are the Old Red Sandstone hills ranging across the north-western horizon, and visible in their
length from heights within the city. A similar band crosses the country on the south-east side, but
the depth at which they underlie the coal is unknown. There is no evidence whatever on that
point; but now that the best seams of coal are exhausted, the question will occur, shall England or
America supply us with coal, or will it be possible to sink deeper down than has yet been done ? He
was much tempted to go into some of the topics to which Mr. Geikie has referred,
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especially that of the whin dykes. One may be seen crossing the centre of the city from the
Necropolis, and can be traced southwards for many miles. On the north-west side of the city we find
enormous trap beds intercalated, with coal above and below. Some of the traps of the west coast
are supposed to be of Miocene age; the members from England should study these before leaving
Scotland, as they do not occur in England.
Mr. James Russell, mineral surveyor, Chapelhall, Airdrie, said, he had paid particular attention to Mr.
Geikie's paper, and the excellent remarks of the President and Dr. Bryce. The subject of injected trap
had engaged a good deal of attention both in England and in Scotland. He would like to get their
opinion as to whether the rock was in a pulpy state, or was consolidated and hard? He thought there
were proofs that it had been injected after the coal had been consolidated, because the coal in the
hardened state was found covered up by the trap. He had observed a fine specimen of this exhibited
in the hall down stairs. He drew attention to the important fact that there was no blackband
ironstone found where there were no trap rocks; and if they were to make accurate observations,
they would find that all the blackband ironstone occupied the place of inferior coal; and he was of
opinion that those traps had much to do with making blackband ironstone.
Dr. Bryce stated, what might not be known to many of them, that Mr. Russell had some years ago
gone out to Sarawak in Borneo and studied the formations at the mouth of a tropical river
frequented by great reptiles. When he came home he had examined a tract of country underground,
near Airdrie, of a like estuary character, and had found similar reptilean remains, the first found in
this country in the coal strata. Mr. Russell said, that when at Borneo, he had had an opportunity of
seeing coal-making, beds of sandstone forming, and beds of sandstone consolidating; and had read a
paper on the subject to a learned Society. The beds of coal, he need not inform them, all contained
plants and vegetable matter. He had particularly observed what had been a tree, about 18 feet in
girth, which whilst subject to the influence of the tide, was undergoing the process of transformation
into coal. The origin of the blackband ironstone he considered to be due to the impregnation of the
iron from the trap, taken up by the vegetable and animal matter found in these beds. Native
bitumen was found in crevices where igneous rocks passed through or near bituminous "shale and
coal beds.
On the motion of the President a vote of thanks was then unanimously awarded Mr. Geikie for his
paper.
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[Plate XXXV, illustrating Mr. Geilie's paper on geology of scotland]
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ON MINERAL EXCAVATING MACHINERY.
By GEORGE SIMPSON.

Read before the Joint Meeting of the Institution of Engineers and Shipbuilders
in Scotland, and the North of England Institute of Mining and Mechanical Engineers, held in Glasgow,
in August, 1870.

It may be stated by way of preface to tbe following remarks, that the pumping and winding
machinery at many of our Scotch collieries is in a fair state of efficiency for the purposes intended;
but the same cannot be said with regard to underground transit machinery; with the exception of
Dook engines, and one or two partial attempts at general transit, this branch of colliery mechanism
has been altogether neglected. It is difficult to account for this, as the impediments to be overcome
are not such as to prevent the successful superseding of manual labour in drawing or conveying the
minerals. This most desirable result cannot be too soon accomplished, especially as the youths now
employed as drawers should be in school.
The chief obstacles to the successful application of machinery for excavating, or what is technically
termed "getting" coal or other mineral, are the ever varying state of the mine, irregularities of the
seam and accompanying strata, want of room in thin seams, brittleness of roof in both thin and thick
seams, and adaptation of power to meet the various circumstances under which the minerals are
developed. It is not necessary that getting machinery should be constructed to meet the present
modes of working minerals, or to suit the systems of ventilation in practice, or that the motor, as
hitherto, should accompany the excavator. In endeavouring to fix on machinery to successfully
supersede the most laborious part of the miner's work, holing or undermining the seam, one is
naturally led to follow the action of his pick; whilst doing so, it will be observed that a considerable
portion of his physical energy is exerted to maintain his pick in a horizontal position; this prevents his
developing his full force in the blow, and results in reducing
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his eight hours' labour, in holing to about 540,000 foot pounds, or in hard coal to about thirty-six
square feet, per shift. By turning' a crank or winch during the same period he would raise 1,296,000
lbs. one foot high., being 2-4 times more than by holing. In picking, however, the miner has an
advantage in aiming the following blow to tell with the greatest effect over the preceding one, more
especially in what is termed proud coal, and in carrying forward his advance holing to the

dimensions of the point of his pick. Irrespective of the loss of power in holing by pick, there is loss
arising from the depth of the excavation, which the miner requires to make, at the face of the seam,
to afford himself room to reach the back extremity of his holing, which amounts to seven or eight
inches in depth at front, and an average of three to four inches of the seam is thus reduced to dross.
To avoid waste in this respect is one object to be kept in view in substituting machinery, another is
not to have costly machinery at the working face, and the most important of all, in the writer's view,
is to keep the motor in one position, whilst the excavator moves in or along, forming the excavation.
It is not the object of this paper to enter into the history of coal-getting machinery, as the various
appliances have, the writer presumes, been, already published and discussed. In all such as have
come under the writer's notice, air, steam, or water motors have been used at the coal face,
attached to the excavator. In whatever way this is done, the writer is of opinion that combining the
motor and excavator in one will be found unsatisfactory in its results. In the drawings and models
submitted, the leading features of the writer's views on the subject of the present paper as to face
machinery are embodied, which machinery may be driven by an engine on the drawing road at the
face, or by an endless-chain or rope from the surface, or from the bottom of the shaft, or other
convenient point. As before observed, it is requisite to keep the undermining cut at the bottom of
the seam, and to reduce it to the least possible depth consistent with clearage and after relieving of
the seam. In the whole of the drawings, and in the model shown, this has been carefully attended to.
In cases where the pavement or floor of the seam, or roof thereof, approaches in softness to the
seam, the excavation may be made therein.
In conveying steam, air, or water from the surface, or from the bottom of the shaft, to the driving
power at the face, there are losses by friction, leakage, and damage to pipes to contend with. The
present air and water appliances require, in addition to the engines at the face, a steam engine to
compress the air or lift the water, and the loss of power from
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radiation must always be a drawback to the use of steam at any distance from the boiler. Before
entering into the best form of tool for holing by machinery, it may be necessary to state for
comparison the area holed by an average miner in hard coal per minute is about 1/12th part of a
square foot, against the available power expended, 1,125 foot lbs. As, of course, the efficiency of any
machine must depend on the quantity of work performed for the power expended, an item which
apparently has not been attended to in existing machines, but which requires to be carefully kept in
view in watching their results. Supposing that it is assumed that only one-half of the power of a
steam-engine of one horse power is available for holing through friction and otherwise, there remain
still 16,500 feet lbs. per minute, which should produce on the data described one square foot of
holing per minute.
In working coal by long-wall by machinery, especially in seams not exceeding two feet in thickness,
want of room renders the existing machines objectionable; by the plan proposed, seams even
thinner than two feet thick can be conveniently wrought without disturbing the accompanying
strata. In the scraping process of holing by machinery, great waste of power follows compared with

the same power applied by percussion. The former process is illustrated by Plates XXXVI. and XXXVII.
The slotting principle of excavating coal which, so far as tested, gives much better results than the
scraping-process, is illustrated by Plates XXXIX. and XL. In regard to the tool to be used for holing the
coal, durability and despatch of removing and replacing it in case of blunting or breakage are
indispensable. In the arrangement shown, these have been attended to. In properly conducted longwall workings it is not generally necessary to hole the coal to the same distance inward as in stoop
and room, from the action of the subsidence of the superincumbent strata, which of course requires
to be kept in view in holing the seam by machinery, so as to allow the excavator clearage from
gradual depression. This has also been attended to in the machines proposed. The writer may
remark that the weight arising from the depression of the strata overlying the seam in course of
being wrought by long-wall would be sufficient to afford sufficient power to excavate the seam. At
an ordinary depth of 50 fathoms the pressure is 20 tons per square foot, or for each foot of
depression 44,800 foot lbs.; were it practical to store up this power no other would be required.
Plate XLI. shows the application of an endless chain for driving the proposed machinery. Of course,
considerable friction will result from the intermediate pulleys if carried far, but falls from the roof or
upheavings
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of the floor of the mine will not destroy this medium for transmitting the power—as would be the
case if pipes were used; besides, it is important, as has been already stated, to dispense with costly
machinery at the face. In many cases the price of each motor excavator exceeds £150; one-fifth part
of this sum will provide a complete excavator in the form now proposed, and any number of
machines may be used without interfering with the ventilation of the mine, and intervening blowingor pumping- machinery may be dispensed with; and it is expected that breakages at present arising
from the complicated nature of the existing machines will be almost entirely avoided. The writer
fully intended to have shown two applications of his machinery at work in the neighbourhood, but
the makers in consequence of the recent intervening holidays have not yet got them completed.
To describe the drawings in detail would occupy too much valuable space, to the exclusion of other
important matters. It may be sufficient to state generally that the length of the supporting beam
which carries the excavator is eight feet, thus commanding about six feet range of face, but, of
course, this length may be increased or diminished if required; this beam may be supported and
stayed as illustrated in Plate XXXIX. The whole of the feed machinery may be made self-acting if
required, and the total weight of a complete machine need not exceed three hundredweights.

In the after discussion, in reply to the President,
Mr. Simpson described his machine as exhibited. He said the model represented an arrangement
where the power was fixed, whilst the excavator traversed along the face. The power was a chain
parallel to the face, and the right angle chain or rope went along the drawing-road from the main

chain or rope to the machine at the face. The main chain was transferred inward from time to time
as the work was progressed.
The President said that this paper was another instance of the advantages which gentlemen
employed in the economical working of coal could derive from such discussions by turning their
attention to improvements and advances in each department. In fact, the British Association itself
was a yearly illustration of the working of this principle. They proposed to themselves to be scouts
and pioneers for discovering and reducing difficulties; and whether or not Mr. Simpson's plan was
ever perfectly matured, they would join in thanking him for the new and interesting idea he had
brought before them.

[Plates |XXXVI to XLI illustrating excavating machinery]
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ON THE UTILIZATION OF BLAST FURNACE GASES, COAL BEING USED AS FUEL.
By WILLIAM FERRIE.

Read before the Joint Meeting of the Institution of Engineers and Shipbuilders in Scotland, and the
North of England Institute of Mining and Mechanical Engineers, held in Glasgow, in August, 1870.

The utilization of the gases from blast-furnaces has, for many years, attracted the attention of ironmasters in Great Britain and elsewhere; and in the Cleveland districts in particular, where coke is the
fuel used, much perfection has been arrived at in the collection and consumption of these gases,
without which, it is questionable if the Middlesborough iron trade would have reached its present
magnitude.
In districts where raw coal is the fuel used, however, nothing satisfactory can be stated of the results
obtained, though, no doubt, at the present time, the gases are partially withdrawn from opentopped furnaces using raw coal ; but the practice is chiefly confined to works where the produce of
the furnaces is forge iron, and at such works it is found on enquiry, that the advantages, if any,
gained by the consumption of the gases, are not estimated as worth the trouble of adapting a plant
to make use of them. In Scotland various attempts have been made to utilize blast furnace gases.
Twenty years ago, most of the leading firms, at great cost and trouble, endeavoured to bring them
into use, and succeeded perfectly satisfactorily in withdrawing them and using them in heaters, and
in raising steam; but these advantages were far more than counterbalanced by the irregularities of
the furnaces, and in their incapability of producing quantity and quality of iron. The result of the
experience then acquired in withdrawing gases from a furnace using raw coal as a fuel was that the

temperature was reduced, that the produce was decreased, and that the iron made was more
uniformly forge, or No. 4 than No. 1, or No. 3, results the very reverse of those wanted. The Scotch
ironmaster's object and interest is to produce No. 1 pig-iron,
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the price for this quality being from 2s. to sometimes 10s. per ton above No. 3 in the market, and as
a rule every effort is made to regulate the burden of the furnaces to produce this quality of iron. In
fact, the manufacture of No. 1 pig-iron to the Scotch ironmaster is a sine qua non, for upon it his
status, nay his existence, in the trade is chiefly dependent, so that unless a plan for the utilization of
the gases can be introduced, which will enable him to produce pig-iron as he does now, there is little
hope of ever seeing in general use the blast furnace gases, as heat producers in heaters, etc.,
however large the waste of these valuable products in Scotch furnaces may be. It has been said, and
probably with truth, that a Scotch furnace sends twice as much unconsumed fuel up into the air as is
consumed within it, a prodigality in the waste of useful products, which apparently evinces want of
skill in their arrangement. It will be admitted that the real difficulty in withdrawing the gases from a
furnace using raw coal as fuel, is that the combustion of the gases at the furnace top is the
somewhat barbarous and prodigal means whereby the coal is converted into coke, in which state it
must be previous to its descent to the zone of reduction. That the gases are in excess of what is
required for the coking process, is beyond doubt; but to regulate the withdrawal of them, so as not
to interfere with the regular working of the furnace, has never been done satisfactorily, so far as the
author knows. The saving in fuel would be enormous if a practicable plan could be introduced to
admit of the withdrawal of the gases. And as an approximation to what the saving might be, the
author cannot do better than quote from Mr. I. L. Bell's exhaustive and highly scientific paper on the
Chemistry of the Blast-Furnace. Mr. Bell says, "that instead of the gases escaping into the
atmosphere and burning at the tops of furnaces, as formerly happened, and still happens generally
in Staffordshire and uniformly so in Scotland, the carbonic-oxide they contain is burnt for raising
steam for the blast engines, and for heating the air, by which something like a saving of 600,000 tons
of coal per annum is effected in those works smelting the ironstone of North Yorkshire." The
production of pig-iron in Scotland being about an equal quantity with the district referred to by Mr.
Bell, a like saving of fuel would be effected were the gases burned in Scotland, as Mr. Bell states they
are burned in North Yorkshire.
To the withdrawal of the gases from the blast-furnaces, the author has for some time paid
considerable attention, and this paper has been written on the subject for this meeting, in the hope,
that though his views may be considered crude and unworkable, still the paper may be
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the means of opening a discussion on this important subject which may lead to some practical
results. It occurred to the writer, that if coal could be coked in furnaces, in the same way as coal is
coked in common retorts at gas works, the difficulty would be overcome of withdrawing the gases,

and in the hope that a mode of accomplishing this had been discovered, he immediately
commenced experiments with a small blast-furnace, about a fifteenth the capacity of a 50 feet
furnace. (See Plate XLII.) The upper part was divided into two compartments or retorts, into which
the coal, ores, and flux were charged, and the top was closed in the usual way by bell and cone. The
gases passed off into a main, which communicated by two pipes, one to each side of the furnace, to
the entrance of flues at bottom of retorts, and were there ignited by the aid of atmospheric air.
These flues were constructed spiral, in order that the heat from the burning gases might permeate
the materials inside of the retorts, and had a termination for the exhaust gases by chimneys at top of
retorts. This small furnace was carried on for about two months, with raw coal as fuel only, and the
results obtained were highly satisfactory, much more so than could be expected, from so small a
furnace. The iron produced was No. 1, No. 3, and No. 4, and that from materials that had only been
sixteen hours in the furnace, such was the rapidity of the "driving" of the furnace. An examination
was daily made into the interior of the furnace, at bottom of retorts, and invariably the coal was
found thoroughly coked and at a high heat, the temperature being sufficient to cause the lime to be
completely calcined and the ores to be perfectly reduced. The experiments on this small furnace
were suspended by the writer after he was convinced that this plan of working a furnace was
practical, and he immediately commenced the alterations of one of the ordinary furnaces at
Monkland Works on the same plan, or nearly so—(see Plate XLIII.)—on a scale corresponding with
the increased capacity of the furnace. The height of this furnace is now 83 feet, 18 feet at the bosh,
and 12 1/2 feet at top. The retorts round the throat are four in number, and are each 20 feet in
depth, and have each a capacity of 580 cubic feet. The vertical walls, and also the circumferential
walls, are pierced with flues, through which portions of the gases taken off from the top are led, and
in which they are burned, with the aid of atmospheric air, supplied by inlets as far down the outside
of the furnace as the bottom retorts are down the inside. This furnace, which is in process of being
adapted to this new method of working, and which will be in operation about the end of this month,
being an old one, and unfit to be altered further down, is not to be heated
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by burning gases below the coking chambers, as shown in drawing; but the writer has no doubt, that
had it been altered to the same as the furnace, in the drawing (Plate XLIII.) better results would have
been got than are now possible, in regard to saving fuel. This plan of furnace, there is little doubt,
will be found in practice to admit of the full withdrawal of the gases, and likewise give economy of
fuel, over the ordinary charging of blast furnaces.
Plate XLIV. represents another modification of a self-acting coking furnace. The throat of this furnace
is contracted in diameter, whilst of a proportionally increased vertical length, so as to form a single
retort, which is heated by burning gases surrounding it, much in the same way as in the furnace just
described. It is proposed to introduce a portion only of the coal, or it may be coke, into the central
retort, along with the ores and flues. The retorts at outside of lining are to receive the remainder of
the coal, which becomes coked in descending the retorts, which are heated by burning gases, in
flues surrounding them. These retorts are continued downwards separately, from the central part of
the furnace nearly to the hearth, so as to keep their contents distinct and to insure the coke formed

in them being interposed at the hearth, between the ores or metal and the blast jets. This
arrangement of charging coal originated from observations of effects from intensity of heat
produced by blowing air continuously through coke. It is now an admitted fact, established chiefly
through the ability of Mr. I. L. Bell, that air when blown into a furnace is changed into carbonic acid
gas, and immediately thereafter this gas is again changed into carbonic oxide by coming in contact
with red hot coke, and that this latter gas is the power used in smelting. It would appear, therefore,
that in order to ensure regularity in the production of this carbonic oxide, a layer of coke should
interpose as constantly as possible between the blast and the ores.
In blast furnaces as now charged this is not so. By the present mode of charging, the coke or coal
comes to the tuyeres irregularly, or at all events in layers so that at intervals there will be little or no
production of carbonic oxide, when only the ores are in front of the blast, and an excess of the same
gas when only coke is present. The reduction of the ores in such circumstances cannot go on
uniformly, and does not do so, as is proved in the daily working of furnaces. The plan of furnace is
intended to counteract the irregularities referred to by having at all times coke between the blast
and the ores, and the writer anticipates from such an arrangement an increase in the production of
carbonic oxide, a regularity in the smelting process, and a saving of fuel. Nothing can
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as yet be stated of the results that will be got from such a furnace as this, as there has been no
opportunity to put it in practice.

In the after discussion,
The President asked whether Mr. Ferrie had any experiments to show the comparative quantity of
coal used in the one case and the other.
Mr. Ferrie answered, that the furnaces were only 28 feet high and too small to give any results that
could be relied upon. The average quantity of coal used to a ton of pig iron was 50 cwts. The
quantity of fuel required for heating the stuff and raising the steam was from 16 cwts. to a ton of
dross.
The President—Is that in excess of the 50 cwts. ?
Mr. Ferrie—It is; a considerable saving from burning the gas round the outside of the retorts is
expected.
Mr. Kohn, London, said, with respect to the feeding of blast furnaces from an annular space as
proposed, he would ask Mr. Ferrie whether he had adopted any artificial means for insuring the
regularity of feeding, which was one of the most important points in the working of a blast furnace.

There were two different sources for feeding this furnace, consisting of two different columns of the
same height, but without having the same specific gravity. Mr. Ferrie intended that the feeding from
the outer annular space should always go faster than the feeding from the central space. He differed
from Mr. Ferrie in the idea that coke should be allowed to precede the ore. In the regular working of
an ordinary furnace, no ore comes down unreduced and unmelted to the front of the tuyeres;
therefore, all the solid material in that part of the furnace must be coke. The ordinary furnace had,
by its own construction, the tendency to put itself right whenever the regularity of feeding was
disturbed accidently. Mr. Ferrie had, by his construction, destroyed the only means now known for
effecting the proper distribution of materials; and he, therefore, would ask what artificial means Mr.
Ferrie adopted for giving to the coke a tendency to feed faster than the central column of materials ?
Mr. Ferrie said, that he had already stated in the paper that the furnace had not been practically
tried. It was merely an idea of his own—crude at present.

[Plates XLII to XLIV illustrating blast furnace construction]
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ON PUMPING ENGINES.
By ANDREW BARCLAY, F.R.A.S.

Read before the Joint Meeting of the Institution of Engineers and Shipbuilders in Scotland, and the
North of England Institute of Mining and Mechanical Engineers, held in Glasgow, in August, 1870.

The question of raising water from deep mines is one which has engaged the attention of engineers
from the earliest times; indeed, it was on account of the difficulties experienced in effecting this
object, and the absolute necessity of accomplishing it, that we are indebted for the invention of the
steam engine itself. But for the difficulty of getting rid of the water in deep mines, and thereby
reaching the rich treasures known to be concealed in the bowels of the earth, and to the presence of
which Britain owes so much of its greatness, we would not yet, in all probability, have had the steam
engine, the invention of which has done more than can be easily conceived to promote the comfort
and happiness, wealth and civilization of the human race. It was to effect this purpose that the
inventive genius of Savary, Newcomen, and the immortal Watt was directed. Giving a revolving
motion to a shaft, and thereby driving machinery, was an afterthought which did not occur to the
earlier inventors, or if it did, its necessity did not seem so imperative as to call for their attention.

The ordinary Cornish pumping engine, as is well known, is perhaps the most economical which has
been invented; and although it has found great favour in Cornwall and other parts of England, and
on the Continent where coals are dear, yet it has never found much favour in the coal districts of
England and Scotland, where coals are comparatively cheap. This is chiefly on account of the great
cost of the engine itself, the expensive foundations and engine house which it requires, the great
shock to the different parts of the engine and to the pumping apparatus in the pit, and the
consequent tear and
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wear caused by the sudden and violent stopping and starting of the engine at every stroke. Now, if
an engine could be devised which would possess the advantage of economy of fuel of the Cornish
engine, and, at the same time, be clear of its disadvantages, it would be a great desideratum.
This desideratum the author endeavours to realize by adopting the double cylinder, which has been
found so efficient for other purposes, and is now so successfully used as a marine engine by your
townsmen, Messrs. Randolph, Elder, and Co., and others, and to dispense with the ponderous
walking beam, and consequently the expensive foundations and house required for carrying it, and
to substitute in its stead an overhanging lifting beam, which has been already successfully applied in
many parts of the country to singie cylinder engines. It is true that double cylinder pumping engines
have already been tried by more than one party, but some of them were very rude structures, and
all of them had the objectionable beam and its necessary expensive buildings.
The principle of this engine is to admit high-pressure steam from the boiler into a small cylinder
where it gives its direct power, after exerting which it passes into a large cylinder and utilizes the
expansive power still left in the steam. In the marine or ordinary land engine, fitted with double
cylinders, this operation goes on in both ends of the cylinders, the steam which has done duty on the
top of the piston in the small cylinder passing to the bottom of the piston in the large cylinder, and
the steam which has done duty on the bottom of the piston in the small cylinder passing to the top
of the piston in the large cylinder, and so on alternately; but as the pumping engine is only required
to do duty in one direction, the arrangement is somewhat different. In it the steam is first admitted
to the bottom of the small cylinder; when the piston has reached the top of the stroke, the same
steam is admitted at the top of the same cylinder. The engine being then in equilibrio descends by
its own weight. When the piston has reached the bottom of the stroke, the steam is all in the top
side of the small cylinder. It is then admitted under the piston of the large cylinder, where it acts
with its expansive force; at the same time fresh steam from the boiler is admitted under the piston
of the small cylinder. The arrangement of the engine and its action will now be more easily
understood by referring to the drawings. (See plate XLV.) Fig. 1 is a side elevation of the compound
cylinder pumping engine, in which A is the high-pressure cylinder, which, in this drawing, is 51
inches
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diameter, with a stroke of 7 feet 9 1/2 inches. B is the large cylinder. It is 73 inches diameter with a
stroke of 10 feet, the large cylinder being exactly three times the capacity of the small one. In the
following illustration it is presumed that the steam to be admitted to the small cylinder is at a
pressure of 30 lbs. above the atmosphere, or 45 lbs. above zero, and that there is a vacuum on the
top of the large piston of 13 lbs. below the atmosphere, or 2 lbs. above zero. The following
description will show how the steam passes from the boiler to the small cylinder, thence to the large
cylinder, and finally to the condenser.
Steam is admitted to the small cylinder A direct from the boiler by the valve C, and as it is not cut off
until the end of the stroke, there is consequently 45 lbs. of direct pressure on the small piston during
the whole length of the stroke. The equilibrium valve D is then opened, and the same steam passes
to the top of the cylinder. The pistons now being both at the bottom of the stroke, the exhaust valve
E of the small cylinder, which is also the steam valve of the large cylinder, is then opened, when the
steam passes from the top of the small cylinder to the bottom of the large one. At the same time the
steam valve C is opened to admit fresh steam from the boiler to the bottom of the small cylinder,
and the exhaust valve G is also open, leaving a clear passage from the top of the large cylinder to the
condenser. When the pistons reach the top of the stroke, the equilibrium valves, D and F, of both
cylinders are opened, and the pressure being equal on both sides of both pistons, the engine
descends with its own gravity. There are thus, during the whole time of the up-stroke, the three
valves C, E, and G full open, while the two D and F are shut, and during the whole time of the down
stroke the two valves D and F are open, and the three C, E, and G are shut, and so on alternately, so
that a very simple hand gear will work all the five valves. Both cylinders are jacketed to prevent
condensation, and the other parts of the engine, such as the air pump, condenser, cataracts, etc.,
are got up in the usual way. One effect of the overhanging beam (which is one of the chief
peculiarities of this engine) is to increase the stroke from 10 feet in the large cylinder and 7 feet 9
1/2 inches in the small one to 12 feet in the pumps; its principal advantage is that it dispenses in a
great measure with the massive beam, and the masonry required to carry the beam and other parts
of the Cornish engine, in which the force of the steam is exerted in lifting only. This engine possesses
all the advantages of the beam engine, and is nearly as cheap as the direct-acting engine, without
closing up the mouth of the pit, like the direct-acting one. All the building required is a broad
enough base and
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sufficient weight in the foundation under the cylinder to prevent it from working its way into the
ground. The large end of the beam requires no building whatever, and as it is four times as long
from the centre of the large cylinder to the small end of the beam where it is supported by the
rocking centre, as it is from that point to the large end of the beam where the pump rods are
attached, it is evident that if there were only the large cylinder, about a fourth part of the weight of
the rods, or a fifth part of the force exerted by the steam on the piston, will hold down the small end
of the beam; with the two cylinders, it, of course, requires a little more, but in either case a very

small building is sufficient to hold down that end of the beam. It may be found by calculation that,
with the same quantity and pressure of steam, the power of this engine and that of the Cornish
engine are almost identical, and in order the better to illustrate this, and also to show wherein the
compound engine will work much more equally throughout the length of the stroke, and with much
less strain on the parts, the three diagrams (see plate XLVIII.) have been prepared. Fig. 3 is a
diagram showing the strain upon the piston of an ordinary Cornish pumping engine, steam being
admitted to the cylinder at 30 lbs. above the atmosphere, and cut off when the piston has travelled
one-third of the stroke—vacuum, 13 lbs. It will be observed from the diagram that the pressure
varies from 45 lbs. at the beginning of the stroke, to 16.4 lbs. at the end of the stroke, with a
constant back pressure of 2 lbs., or, in other words, that it varies from 43 lbs. to. 14.4 lbs. The
pressure at the intermediate divisions are all shown on the diagrams. Were there no ports or
clearance under the piston to fill with steam, it is evident that the pressure at the top of the stroke
could not be more than 15 lbs.—the third part of 45—with 2 lbs. of back pressure in the condenser.
The expansive force of the steam in the ports and clearance raises the 15 lbs. to 16.4 lbs. In like
manner because of the ports and clearance between the two cylinders of the compound engine, 45
lbs. at the end of the stroke in the small cylinder is reduced to 38 1/2 lbs. at the commencement of
the stroke in the large cylinder; and because the small cylinder with its ports and clearance is more
than one-third the capacity of the large cylinder with its ports and clearance, 45 lbs. in the small
one—which, if the large one were three times the capacity, would be reduced to 15 lbs.—is 16.1 lbs.
Fig. 1 is a diagram of the strain upon each of the pistons of the compound engine, the pressure of
steam being as before. In the small cylinder the effective pressure, after deducting the back
pressure, varies from 6.5 lbs. at the beginning of the stroke to 28.9 lbs. at the end of

[173]

the stroke, while the effective pressure in the large cylinder, after deducting 2 lbs. of back pressure
in the condenser, varies from 36.5 lbs. at the beginning of the stroke to 14.1 lbs. at the end of the
stroke; thus it is, while the large cylinder is doing greatest duty, the small cylinder is doing least, and
vice versa. Fig. 2 is a diagram showing the combined action of the two cylinders as if they were
concentrated into one, and both reduced to 10 feet of stroke, the greatest strain at the bottom of
the stroke is 38.66 lbs., and at the top of the stroke 23.73 lbs., the difference between bottom and
top being 14.93 lbs. as against 28.6 lbs. on the Cornish engine. No allowance is made for loss by
condensation or leakage in either case.
The mean pressure on the Cornish engine throughout the length of the stroke is 30.416 lbs., and this
exerted on a 78 inch cylinder, having an area of 4,778 square inches, gives a total lift of 145,327 lbs.
The mean pressure on the large cylinder of the compound engine is 22.18 lbs, and on the small
cylinder 20.813 lbs., and the combined effect of both is equal to an effective pressure in one 78 inch
cylinder of 29.1 lbs., equal to a total lift of 139,040 lbs., but as the former engine, in consequence of
the ports and clearance, takes more steam than the latter in proportion as 986 is to 960, if both are
reduced to the same standard, the Cornish engine will have a mean effective pressure of 29.614 lbs.

as against 29.1 lbs. on the compound engine, or about 1 7/10 per cent. The difference is so small
that it would scarcely be appreciable in practice, while the difference in cost of the erections for
carrying the respective engines is important, to say nothing of the advantage the compound engine
would have over the Cornish, on account of its greater smoothness of working. The price of the
compound engine would be much the same as the Cornish engine, but not less than £1,000 would
be saved in engine-seat and house.

In the after discussion,
Mr. Steavenson thought that Mr. Barclay's engine possessed some great advantages, and that it was
equal to the Cornish engine. It was cheaper, but the piston speed was much slower than in the
Cornish engine. It was, no doubt, an advantage that it gave more freedom at the pit mouth, more
convenience for working the pumps, and was more suited to the general arrangement of the pit; but
in respect that the stroke of the pump was greater than the stroke of the engine, it
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was inferior to the Cornish engine. Now, Mr. Barclay had assumed that a pumping engine should
only do work at one part of the stroke. But what reason was there for this ? Why should the time of
the piston ascending be lost ? One of the great advantages of the bell-crank arrangement was to get
something like a proper speed in the piston, and pump at each motion of the piston. Even with the
length that could be added to the bell-crank, they could not obtain a speed of piston of over 250 feet
per minute. Mr. Barclay had assumed that the compound engine possessed many advantages over
the single engine. He (Mr. Steavenson) did not dispute that there were advantages connected with
the marine compound engine; but where was the great advantage of the compound engine for this
purpose ? Could work not be done as economically by the one cylinder ? Mr. Barclay said that the
pressure was more uniform with two cylinders, but the same amount of expansion could, he
thought, be got in the one cylinder as in two.
Mr. Barclay said, that if they would allow him to alter the Wallsend engine (which Mr. Simpson had
referred to in his paper) into an expanding engine, he would put on an expansive slide valve, jacket
the cylinders, and cover in the boilers, and he would make it compare successfully with the Cornish
engine, and be superior to the ordinary horizontal pumping engine.
Mr. Stevenson, Airdrie, said, that if Mr. Barclay would lengthen the end of the bell-crank it would be
an improvement.
Mr. John Cooke, Darlington, asked how much clearance Mr. Barclay proposed to leave between the
piston at the top of its stroke and the cylinder cover, and how much space between the piston at the
bottom of its stroke and the bottom of the cylinder.
Mr. Barclay answered, that it would be the same as in the common engine. He had taken into
consideration the space between the cylinders; indeed, everything was mathematically taken into

account. The effective pressure was reduced between the one cylinder and the other in
consequence of having to fill the passages and clearances.
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ON CUT-OFF SLIDE VALVES.
By ANDREW BARCLAY.

Read, before the Joint Meeting of the Institution of Engineers and Shipbuilders in Scotland, and the
North of England Institute of Mining and Mechanical Engineers, held in Glasgow, in August, 1870.

The peculiarity of the valve arrangement the author wishes to describe is, that the front or fullstroke valve, instead of having only two ports or openings to the back of it, has four ports, and the
back valve has only one port in the middle of it, common to both ends of the front valve. This port is
only half the width of the port on the main valve, and begins to open when the main valve begins to
shut, and is full open when the main valve is half shut, they then shut both together. By this
arrangement, the steam, in consequence of being cut off at two ports at each end of the stroke,
instead of one, cuts off in half the time, and thereby the loss, by wire-drawing the steam through
contracted ports, is reduced to a minimum, and in practice may be ignored. Valves have already
been made with two ports for each end, but the back valve had corresponding ports,and the only
effect produced by this arrangement was to diminish the travel of the back valve; it had little or no
effect in cutting off the steam sharper or in less time; but by the arrangement of ports, which is here
adopted, the back valve can move as far as if there were only one port through the front valve at
each end. In the model, which is full size of a 9-inch engine, the front valve has 2 1/2 inches of travel,
and the back valve 4 inches. The port in the front valve is a little wider than the port on the cylinder,
to allow the valve to have more travel, as in high cutting off the valves are moving in opposite
directions, and, consequently, cut off quicker. The port is full open by the time the piston travels 1
3/4 inches, it remains full open for the next 2 1/4 inches, and it is shut off while the piston travels
one inch; a crown valve could not fall as fast. By reference to diagrams, Figs. 1, 2, 8, Plate XLVII.,
which it will be observed
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are very sharp where the steam is cut off; it will be found that they compare favourably with those
from any engine furnished with Cornish valves, Corliss valves, or any other sort of valve, and possess
all the simplicity of a common slide valve. These diagrams, taken from engines actually at work, are

singularly corroborative of the calculated diagrams of the Cornish pumping engine and double
cylinder pumping engine just described, the figures being very much like the calculated figure of the
Cornish engine, with which it can properly be compared, both being single cylinder engines, and
both cut off at nearly the same proportional length of the stroke.
The author's purpose in bringing this valve under the notice of the meeting is to show that it is not
necessary to adopt Cornish valves or Corliss valves to get the full benefit of expansion, as the
diagrams show that cutting off can be done to perfection by a simple modification of the common
slide valve, which, in practice, has been found by far the most simple, and the least liable to
derangement of all the valves which have hitherto been tried. This valve can be applied to any
existing engine, and the diagrams speak for themselves.

In the after discussion,
Mr. Cowan asked what was the speed of the piston while the diagrams exhibited were being made ?
Mr. Barclay—28 strokes of 20 inches per minute.
The President said, he would suggest that they should postpone the discussion of this paper, as it
would take more time to do it justice than they had at their disposal at present. He was sure Mr.
Barclay was entitled to the best thanks of the meeting for his valuable remarks upon two such
important subjects.

[Plates XLV to XLVII illustrating the double cylinder compound engine and modified slide valve]
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ON MINERAL OIL WORKS.
By DAVID COWAN, Mine Engineer, Glasgow.

Read before the Joint Meeting of the Institution of Engineers and Shipbuilders in Scotland, and the
North of England Institute of Mining and Mechanical Engineers, held in Glasgow, in August, 1870.

The importance to which the manufacture of mineral oils has attained during the past few years is
such as to give it a place among our leading local industries. The oil yielding materials—that is, the
bituminous shales and the cannel coals, are plentifully distributed throughout the whole of our
Scottish coal-measures, but differ very much in character, both as regards the quantity and quality of
the produce. To obtain oils from these materials, they are first subjected to a process of destructive

distillation, which forms the oils, during which they escape in the form of a vapour, while the fixed
carbon remains with the ash in the distilling vessel or retort.
The economy and efficiency of this operation depends greatly upon the kind of retort, the system of
heating adopted, the degree of heat applied, and the effectiveness of the condensing part of the
apparatus.
Various forms and arrangements of retorts have been tried from time to time with more or less
success; but a full description of all the retorts and ovens that have been employed is not
contemplated in this paper.
The retorts used in this district belong to either one or other of two classes or types, viz., the
horizontal and the vertical. The horizontal retort is usually rectangular or elliptical in cross section,
and varies from 30 to 60 inches in width, and from 8 to 10 feet in length. Such retorts are built in
brick-work, and are heated, charged, and emptied much in the same way as the retorts used in the
manufacture of coal-gas, only a much lower degree of heat is applied.
The vertical retort usually consists of an upright cylinder fitted at the top with a hopper and bellcone charging apparatus, similar to that used on a close topped blast-furnace. The lower end dips
into a trough
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of water, which, while it admits of the exhausted materials being withdrawn there, prevents the
escape of the hydro-carbon vapour, and also the entrance of air into the retort.
It is proposed in this paper, first, to consider the advantages and disadvantages of each of these two
classes of retorts, and latterly, to describe an arrangement of apparatus designed to combine the
advantages of both, and which, at the same time, will admit of improved facilities for working.
In horizontal retorts the depth of the charge of material is very much less than in vertical retorts, and
the passage of the oil vapour through the materials to the surface is therefore comparatively easy.
The outlet pipes are generally at the end of the retort furthest from the furnace, and upon a level
with the upper part of the materials of the charge, and the unobstructed vapour escapes freely,
which is greatly conducive to a good yield as well as to a good quality of oil.
The vertical retort is generally about ten feet in height, and is completely filled with shale up to the
mouth of the discharge pipe. The passage of the vapour from the lower portion of the retort is
considerably obstructed by having to pass through such a depth of materials, and there is much loss
by condensation in the upper part of the retort before the vapours reach the exit pipe. In
consequence of this condensation the vapour falls down into a hot part of the retort, where it is
exposed to a temperature equal to that at which it was formed; it is thereby partly decomposed, and
deprived of a portion of its hydrogen. There is thus caused a deterioration of the quality, and a
diminution of the quantity of light or burning oil. Altogether, the oils from these vertical retorts are
of inferior quality, as compared with the produce of horizontal retorts, while the quantity of

incondensable or "permanent" gas is increased. The work of charging and discharging these retorts
is, however, considerably less.
The arrangement herein to be proposed and described belongs to the vertical class, with
improvements calculated to remedy the evils which have hitherto attended their use.
Fig. 1, Plate XLIX., is an elevation of the proposed arrangement partly in section. Fig. 2, Plate L., is a
plan also partly in section. Fig. 3, Plate LI., shows two cross-sections. The same letters and numbers
refer to the same part in all of the drawings.
cc is the brick-work setting; dd are retorts; ee are the vapour outlet pipes; ff are condensers resting
on the wall gg; hh are valves on the outlet pipes from each retort for shutting off communication
with
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the condensers; mm is the main for collecting the condensed vapour, and conveying it to the vessel
k, where the oils are separated from the ammoniacal liquor; ll is a pipe connecting the tops of the
condensers which collect the uncondensable or "permanent" gases, and leads to a fan, which, when
in motion, will draw off the vapour and relieve the retorts and condensers of any pressure that may
be within, and at the same time force the non-condensable gas into a suitable receiver. The arrows
in the drawings indicate the directions of the flow of the vapour and liquids.
The retort is a plain cylindrical casting, the top of which is fitted with a moveable cover. This cover is
luted with slacked [slaked] lime, or fireclay, moistened with water, and is secured by the cross-bow
and cotter. The bottom end of the retort drops into a faucet, cast on the plate, which supports it on
the brick-work, as shown at cc in Fig. 1. This bottom plate is also provided with a moveable cover for
closing the lower end of the retort, which is luted and secured in the same way as the cover, at the
top end of the retort. The eduction pipe is fitted into the bottom of the retort, and is connected to
an upright pipe or cylindrical grating, which traverses the whole length of the retort. This upright
grating is protected at the upper end by the cap, on which are cast three arms. These arms are for
the purpose of maintaining this pipe in the centre of the retort.
Similar grated central flues have sometimes been fitted in horizontal retorts, with good results; but it
is thought that they will be found more effectual in vertical retorts, such as are here proposed.
The retorts are charged from the top, the bituminous materials in small pieces being put into the
annular spaces between the grating and the inside. When heated to a proper temperature, say,
between 700° and 800° Fahrenheit, hydro-carbon vapours are formed and given off. These find their
way into the grating pipe—the coolest part of the retort—and, when assisted by the exhausting fan,
will speedily find their way through the eduction pipes into the condensers.
Thus, the thickness of shale through which any of the vapours must pass before reaching the outlet
pipe is only the width of the annular space, say 8 inches.

In this form of retort, the vapour does not require to ascend at all, and although it may partially
condense within, it cannot return to the hottest part, but must pass downwards towards the
condensers; and, therefore, whatever loss is due to the decomposition, which is usual from this
cause, will in a great measure be saved.
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It appears to the author that another important improvement may be made in regard to the mode
of firing or heating the retorts.
In heating them by ordinary coal-burning furnaces, constant, regular, and watchful attention to the
condition of the fires is required from the attendant. The regular maintenance of the proper
temperature may be said to embrace the whole of the skill required for distilling crude hydrocarbon
oils.
It has occurred to the author, that instead of firing with coal, the retorts should be heated with gas
flame, which, besides economising fuel and labour, will meet the requirements of regularity and
watchfulness more satisfactorily than the present system, for when once the gas is lighted, and the
flame adjusted, further attention will be unnecessary.
It is here suggested that the system of first converting the fuel into gas (so successfully worked out
by Siemens) should be adopted, and the drawings show generally how such a system can be applied.
ww are the gas generators on Siemens' principle; nn is a main gas pipe, fixed between two rows of
retort benches, which also acts as a receiver for the uncondensed gases from the condensers; oo are
branch pipes leading from the main to the furnaces pp. These branch pipes should be fitted with a
proper arrangement of stop valves, although not so shown.
The drawings show the arrangement of the flues, and the arrows indicate the directions of the
currents. Inspection will show that the air necessary for supporting combustion will be heated
previous to entering the furnaces.
This mode of heating by gas instead of by solid fuel, and with hot air supplied to the furnaces,
should, beside the other more important advantages of regular temperature, effect a saving of from
40 to 50 per cent, of fuel.
The author has also directed his attention towards economising the labour required for charging and
discharging these retorts; and with this object in view he has designed an arrangement of machinery
for serving the materials to the retorts, as shown in Plate XLIX., and now described.
qq are a pair of endless chains, supported by the pillars rr, which are carried by suitable standards.
At equal distances along the whole length, a series of buckets, tt, are suspended on pins fixed in the
chains; uu are projecting arms fixed on to the front end of the buckets; vv are arms cast on the
standards, and fitted with eyes as shown. The action of this machinery is as follows :—
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The steam engine used for working the pumps and fan would communicate motion to the end pulley
or wheel (q1). The motion should be adjusted so that the chain will be moved over the pulleys at a
speed of about three miles an hour. The empty buckets, as they reach the loading bench on a level
with the surface, are filled with material, and are afterwards carried by the moving chains upwards,
and along above the top of the retorts; and at whatever bench it is desired to empty these buckets, a
pin is to be inserted into the eye-hole in the arms, vv, which engages the arms, uu, on the bucket,
and tilts it in the manner shown in the plate. When emptied these buckets immediately right
themselves, pass onwards, and round the far end wheels, and return on the top line of chain, to be
again filled at the loading bench. The mineral, when deposited on the top of the benches, can be
conveniently raked into the mouths of the retorts, or the apparatus may be so arranged as to empty
direct into the retorts. The same apparatus will convey the coal dross to the gas generators.
This machinery might be simplified by using only one endless chain, or by adopting a modification of
the wire tramways but the arrangement here proposed is preferred where large quantities of
materials require to be operated upon.
Plates L. and LI. show a tramway laid along the front of the retorts, which is provided with turntables for running small waggons into openings, ww, which are formed in the brickwork underneath
them. The cotters which secure the bottom covers are withdrawn by a portable screw apparatus,
worked from the outside; the bottom then falls down, and the exhausted shale is emptied out of the
retorts into the waggons underneath, by which it is conveyed to the refuse heap. Thus the work of
charging and discharging is reduced to a minimum.
There is another arrangement for discharging the retorts (Fig. 3, Plate LI.). Each pair of retorts are
connected at the bottom by a horizontal tube, on which are cast two branch sockets, or faucets, for
receiving the bottom ends of the retorts. The ends are closed by covers — one of which is a fixture,
and is provided in the centre with a stuffing-box. The other cover can be removed at pleasure. A
shaft is fixed along the axle line of this horizontal cylinder, on which is fixed two screw-blades; one
under each retort. These are revolved by suitable gearing, and will discharge the spent materials into
a small waggon, resting on the tramway in front of the benches. This would be a more expensive
arrangement, but the advantage, which it has over that previously noticed is—that the shale is
discharged in front instead of underneath, and that the workmen will not be so much exposed to the
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noxious gas which is discharged from the used-up materials. It has the disadvantage of requiring
gearing and steam-power.

A simple and effective stop-valve for fitting on to the eduction pipes is also much wanted in mineral
oil works. The majority of such valves in use are either plug-valves, or hydraulic cup valves, worked
hy a rod, passing through a packing-box in the valve chest cover. Plugs are seldom tight, and
generally there is also a leakage from packing-boxes. Cup-valves are always tight in themselves, but,
still, they are liable to leak at the stuffing-boxes. An improved form of a hydraulic cup-valve is shown
in Plate LII. The vapour from the retorts enters at a, and escapes at b. c is a double cup attached to
the valve or cup spindle d, which passes through a projection g, cast on to the valve-box cover. The
exit pipe projects about two inches into the valve chamber at e.
The space e, as well as the upper portion of the cup c, is always kept full of oil by the condensation
that takes place. When distillation is going on the handle d is raised, and all leakage through the
valve spindle opening in the cover is prevented by the seal of oil in the upper part of the cup d ; but
when it is desired to stop the communication between retort and condenser—as for example, when
the retort is being charged—the cup is lowered into the space e, and the passage is sealed by the oil
which fills this space. This form of valve was introduced by the author about four years ago; it has
been in use ever since, and is now proved to be thoroughly effective.
The other parts of the apparatus do not call for any lengthened description. The condensers are
rivetted sheet iron tubes, about 15 feet long and 2 feet in diameter, placed upright on a wall of
brickwork, and have a central tube running throughout their entire length. The annular space
between the outside and inside tubes should not exceed 3 inches in width. The joints which connect
the gas and oil exit pipes are all secured by hydraulic seals, and provision is made for maintaining a
constant depth of the sealing liquid around them. The oil main is placed underneath the condensers,
and rests in a niche formed in the supporting wall. A 2-inch pipe runs along the bottom of this oil
main into which hot water or steam from the engine boiler can be admitted at pleasure. Sufficient
heat will be given out therefrom to preserve the oil in a fluid state in the very coldest weather, and
as no water is allowed to escape into the main, the ammoniacal liquors will not be reduced in
strength; but should it be necessary at any time to admit hot water into the bottom of the
condensers, it can be done by opening the cocks on the branch pipes provided therefore. These
condensers expose a much
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larger area of surface than the majority of those now in use, while they are as simple in construction,
and give good results in working.
This completes the description of the arrangement of plant, which forms the subject of this paper.
The details have not been minutely gone into, all that was intended being merely a general
description of the modification proposed, and this may be sufficient to induce discussion, and be the
means of directing further attention to this important subject on the part of our Institution.

In the after discussion,

The President said, this was a very valuable paper, and he was sure they were all very much
indebted to Mr. Cowan for the trouble he had taken in illustrating a very valuable process. This was a
process which very likely would become increasingly interesting as the mineral oils supply from
America became exhausted. He had no doubt that they would not be everlasting, and, therefore, it
was important for them to discover from what strata they came, how long they would last, and what
caused them to arise. This mineral oil is a product of nature that was almost beyond their
comprehension; and, therefore, it was very wise in Mr. Cowan to take the precaution to make those
materials capable of producing a substance of a like nature, useful in his own country, as it might be
required to supersede the supply which was so useful and necessary in America at this moment. He
could not separate from this meeting without asking the members of the united body of the
Mechanical and Mining Engineers to join him in a sincere vote of thanks to those gentlemen who
had so handsomely and elegantly entertained them on that occasion. They had had an enormous
establishment devoted to their own use and benefit, and they ought not on that occasion to
separate without taking an opportunity of rendering unto them their sincere and earnest thanks for
the handsome entertainment which had been given them. Every society, every place of
manufacture, and every scene of interest in the whole of this district had been thrown open to their
view. They had yet another day and that afternoon to take advantage of these opportunities, during
which time the works would be continued open for their inspection. He might say that no district
with which he had ever been acquainted had behaved more generously or kindly to their Society.
Every facility was given them in inspecting the works, and gentlemen were appointed to go round
with them, and they had shown them as much in each case as could be seen in the time. He,
therefore, asked the meeting to pass a sincere vote of thanks to the gentlemen
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of this neighbourhood, and to the worthy President of the Institution of Engineers and Shipbuilders
in Scotland. He regretted that so few of the gentlemen of the North of England had taken advantage
of the privileges afforded. They might have calls upon their time from business occupations, or they
might have interests of another kind to attend to, but it seemed to him that such a privilege as this—
it would, perhaps, be with him the last he would ever have—should not have been neglected. When
they heard from the report that would be sent to them what had been heard and discussed in those
papers, and the interesting visits they had made to the different works, their friends in England
would feel that regret which he thought would be really merited.
Mr. David Rowan, President of the Institution of Engineers and Shipbuilders in Scotland, said, on the
part of the Institution that he represented he had to express his extreme gratification that all their
efforts and arrangements had met with the hearty approval of those for whom they had been
designed. He might say that so far as they, as an Institution, were concerned they had not the means
within themselves of doing all this; but, immediately on announcing to their friends, and especially
to the Lord Provost, the intended visit, they were received in the most kindly manner, and from
what they had seen of the Lord Provost, and what he had said, they would know that his Lordship
wished them to enjoy themselves in Glasgow, and everything that gentleman had had in his power
to do he had done with the greatest good grace and most heartily. He knew that all those whose

works were mentioned in the list would not only be happy to receive the North of England Institute
of Mining and Mechanical Engineers, but that they would also be glad to provide luncheon for their
visitors. He might say that he had looked forward with the greatest pleasure to the information that
was sure to be elicited from the experience of the North of England Mining and Mechanical Institute
working in different fields from them, with different materials. He thought that the joint experience
of the two Institutes would be sure to prove highly beneficial to both parties. He could not say that
he was connected with the mining interests of this locality, but he had some friends who had been
frequently consulting him about the ventilation of mines, and the best way of pumping water, etc.
His answer to them was—wait until this meeting was over, and they should have all the experience
of the North of England to operate upon. The papers that had been read were just in keeping with
what he had expected. He felt exceedingly happy that up to this time everything had gone on so
comfortably and so well, and he was sure all would go equally well to the end.

[Plates XLIX to LII illustrting mineral oil retorts]
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PROCEEDINGS.

GENERAL MEETING, SATURDAY, MAY 6, 1871, IN THE LECTURE ROOM OF THE LITERARY AND
PHILOSOPHICAL SOCIETY.

E. F. BOYD, Esq., President of the Institute, in the Chair.

The Secretary read the minutes of the last meeting, which were confirmed and signed, and reported
the proceedings of the Council.
The following gentlemen were elected :

Members— The Honourable Wilfred Brougham, Brougham, Penrith.
Charles E. Creighton, Mine Owner, 10, Grey Street, Newcastle-upon-Tyne.
Walter R. Browne, Iron Manufacturer, Cookley Iron Works, Kidderminster.
John Shield, Usworth Colliery, Co. Durham.

The following were nominated for election at the June meeting:

Members— William Shaw, Jun., Wolsingham, via Darlington.
George C. Hewitt, Coal Pit Heath Colliery, near Bristol.

Mr. Warington Smyth read a paper on "The Sinking of Pit Shafts by boring under Water, as practised
by Messrs. Kind and Chaudron.."
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ON THE SINKING OF PIT SHAFTS BY BORING UNDER WATER, AS PRACTISED BY MESSRS. KIND AND
CHAUDRON.
By WARINGTON SMYTH, M.A., F.R.S.

A subject of the greatest difficulty and a source of the heaviest expenditure among all the operations
of mining, is the sinking of shafts through overlying strata saturated with water. These drawbacks
militate in some cases against the exploration of promising ground, in others against the convenient
sub-division of large tracts into moderate areas for working purposes, and too often encumber a
concern with a weighty capital expended in the preparatory operations of winning.
It is not usual in the privately conducted enterprises of this country to publish the costs of pit
sinkings, or to give the details of cases which have resulted in failure ; but it is on evidence from
some of our own chief viewers, that where it has been necessary to pierce the magnesian limestone
and lower red sands, a single shaft has often cost as much as from £50,000 to £100,000, and that in
some instances the undertaking has been given up after a ruinous expenditure. The gradually
increasing depth at which coal has to be worked, and the necessity of passing through a great
thickness of overlying formations, often heavily charged with water, renders this subject one of the
highest importance in many of the European coal-fields.
The usual process has been to assemble around the proposed pit a group of steam engines of
sufficient force to overpower the water by pumping; to employ a body of skilled sinkers to make
their way down, protected by temporary expedients, through the overlying watery strata to a
retentive bed of shale or rock; at that point to cut a seat for one or more wedging curbs, and from
that foundation to build up a water-tight tubbing to a few feet above the dangerous ground. In

certain instances engines of many hundred horse-power in the aggregate, sometimes even as much
as 1,200 to 1,500 horse-power, have been employed for the pumping and the draining of a large
area around the shaft has been attended with great loss of time, enormous expense, and the influx
of
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running sand to such an extent as to endanger the lives of the men and the stability of the structure.
In the year 1849, it was proposed by the eminent bore-master, Mr. Kind, to bore out pits by
apparatus placed at the surface of the ground, and of the same character as that employed for
Artesian Wells; to excavate the rock without removing any of the water, and on arriving at firm
ground below the watery measures, to lower down a suitable lining or tubbing. Several shafts were,
during the next few years, sunk by him on this principle, but it did not appear in these first trials that
any notable economy was obtained, or that the lining could be so introduced as securely to tub back
the water. At the London International Exhibition in 1862, M. Chaudron, a Belgian engineer, who had
joined Mr. Kind in bringing forward an improved process, exhibited a segment in full size of a kind of
gland, his boite-a-mousse, or moss-box, which he had devised for the purpose of forming an
effectual water-tight joint in the place of the ordinary wedging curb; and the details which he
published in the Annates des Travaux Publiques de Belgique, of several pits successfully sunk by this
method, seemed to give assurance of its importance. In Paris, in 1867, the colliery company of the
Hopital, St. Avold, in the department of the Moselle, exhibited the actual tools with which Messrs.
Kind and Chaudron had just succeeded in boring for them two large shafts, one of them about 14
feet diameter, and fixing under water a thoroughly water-tight tubbing, on foundations at depths of
521 and 523 feet from the surface.
The coal-measures were here overlain by several hundred feet in thickness of the very watery strata
of the Gres des Vosges, a part of the new red sandstone series. Various attempts made by different
mining companies to sink to the coal-measures had already cost, up to the year 1858, no less than
£840,000, and as the ground was confessedly of a very difficult character, and these two pits were
put down for a sum not more than one-third of what it was estimated they would have cost by the
ordinary method, it was evident that a remarkable step in advance had been taken, and that the
combined method of these two engineers now stood on a firm and practical footing.
Having been informed early in the present year that a pair of pits were in process of sinking upon
this new system, in a part of Belgium, the Bassin du Centre (Plate LIII.), notoriously difficult to deal
with, the author recently went over, accompanied by Mr. Tylden-Wright, of Shire-oaks, and after
passing a day with M. Chaudron at Brussels, occupied with sections of the ground and drawings of
the apparatus, adjourned to the
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coal-field, where a careful enquiry into the details impressed on him the assurance that he should
fulfil a duty to the mining interest, by bringing before the Institute a notice of a procedure which
seems destined to play an important part in the winning of our most necessary mineral, coal.
The coal-field between Mons and Charleroi is overlain unconformably and somewhat irregularly by
strata of the cretaceous and tertiary periods, which thin out and allow the coal-measures to crop to
the surface at Bois-de-luc, an extensive and ancient work east of the station of La Louviere, but
which become thicker to the west and south of that station, till they attain to several hundred feet
over a large area; and at Ghlin, near Mons, have been proved by borings to be 230 metres, or 754
feet thick. These beds consist in great part of sands, marls, and chalk, with occasional bands of
massive flint and loose or running sand; and with water generally extremely abundant until the
excavations reach certain of the more solid lower beds of the cretaceous series, the so-called
"dieves", or the "tourtia"; or have penetrated to the coal-measures themselves, when scarcely any
addition to the water is expected.
The pits now in process of sinking "a niveau plein", at "full level," or under water, in the concession
of Maurage, are situated in a virgin district on the north rise of the basin, and a short mile distant on
the west from the railway station of Bracquegnies. At this latter place the older pits, called St.
Alexandre, were completed in 1847, after enormous difficulties due to water and quicksands, which
were overcome by the perseverance of M. Delaroche; whilst the new plant, called St. Alphonse,
further south, was fortunately commenced at a much more favourable spot, but nevertheless cost a
sum of 2,000,000 francs or £80,000, inclusive of plant.
At Maurage the thickness of the overlying aqueous beds is known from common borings to be much
greater, and the foundation of the iron tubbing of the shafts is to be fixed at 194 metres or 636 feet
below the surface A branch line of private rail leads to the pits, which, with all the apparatus
connected with them, are, as usual in Belgium, under cover. The principal feature of the exterior
consists of two wooden towers about 60 feet high, containing the pulley frames for the service of
the boring- operations; and between the two come in the engines, the smithy, and the office; whilst
closely adjoining is the fast increasing store of tubbing rings, being proved as they are delivered from
the foundry, in readiness for dropping when the work is a little further advanced.
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At each shaft the men employed in the sinking, four or five in number, stand on a working floor five
metres below the surface, the shaft being here 5.75 metres or close on 19 feet in diameter, but
being narrowed immediately below to 4.70 metres or 15.4 feet, of which size, and protected by
bricking, the shaft is carried down to the water-level, about 30 metres. Below that point it stands full
of water, unlined, and is, in fact, a colossal borehole.
The excavation of these large pits of 14 feet diameter is effected by at least two successive stages. At
first, a cylindrical hole of about four and a half or five feet diameter is bored, and this is usually kept

at the least 10 metres further advanced than the wide or full-sized pit to which it is enlarged by the
second or third operation. On the day of our visit, 12th April, 1871, No. 1 shaft (on the east), which
was commenced 6th February, 1870, had its small pit down to 186 metres, the wide pit to 160
metres. No. 2 shaft, commenced 6th May, 1870, small pit, 212.48 metres; wide pit, 148 metres.
The cutting of the ground for excavation is by the same kind of means in both stages—the central
and the enlarging, whilst the removal of the debris is different. In each case the cutting tool
("trepan", Plates LIV. and LV.) consists essentially of a horizontal wrought-iron bar, to the under
surface of which are attached steeled teeth, so placed that, as the bar is rotated around the central
axis of the pit, each tooth, in falling with the bar through the requisite length of the stroke, generally
a quarter to half a metre, cuts for itself an annular portion of the bottom of the shaft. The trepans,
both large and small (for, of course, they are worked only at separate times), are lifted and turned by
the same rods, these latter being of pine, 20 centimetres square and 18 metres long, and connected,
as in common boring, by male and female screws. Care is taken to preserve the whole strength of
the pole; and the elasticity of the wood, with its buoyancy in the water, are found, as in most deep
borings in America and Europe, to give great advantages over iron rods.
The lift is effected by means of a simple lever placed at the level of the surface of the ground, to one
end of which the rods are attached by a strong flat chain, whilst near the other end it has a direct
connection with the piston-rod of a steam cylinder, of 39 3/8 inches diameter, and 40 inches length
of stroke, placed below the beam; so that the simple admission of steam above the piston depresses
that end and raises the rods and cutter, which then fall by their own weight. This striking- beam is 23
feet long, 11 feet on the side of the borer, 12 feet on the side of the engine; it is formed of two
superposed logs of wood, the upper one

[191]

of pine, and strengthened on each side by a stout plate of iron. Beneath the suspension chain is a
lengthening screw, and below that a very strong swivel, by means of which the rotating movement is
given to the rods and cutter. The upper piece of rod has, as usual in boring, eyes for the insertion of
cross bars, by which the actual turn is given at each stroke by the workman standing on the wooden
flap doors which close all the shaft, except the central rod-hole, at the level of the working fluor. The
smaller trepan (Plate LV.) is differently constructed, according to the nature of the ground it is
intended to cut; when engaged with soft material, the lame or bar to which the teeth are attached is
suspended by a fork of wrought iron; but when hard rock has to be encountered, such as the
massive flint at the time of our visit, it is forged in a single piece, and weighs 8000 kils.[kg], or about
8 tons. The working drawings, kindly supplied to me by M. Chaudron, will sufficiently show the
details of construction of this powerful instrument, which is capable of advancing, in ordinary
ground, 21 metres, or above 8 feet per day. The teeth, which are well steeled, fit into sockets in the
lame or main bar, and are additionally secured by a pin, which is readily driven out, when the teeth
have to be sharpened or renewed.

When the cutter has done its work for some hours, usually at the rate of 9 to 10 strokes per minute,
sometimes at about 20, it is raised by bringing into action a small capstan-engine, with a flat hemp
rope of 14 1/4 inches wide, by 2 3/8 inches thick, and by the successive unscrewing of the rods in the
usual manner. The hole is then cleared by means of a shell, sludger, or pump, "cuiller", a sheet iron
cylinder of some six feet in length with two valves in the bottom, which is lowered and raised by the
rods.
The large cutter or trepan (Plate LIV.), which weighs in all 16 tons, is similarly formed of a "lame" or
bar of wrought iron, having teeth attached for that portion of its length which exceeds the diameter
of the small pit; and it is guided below by a cradle of iron bars, which fit loosely within that smaller
diameter. The teeth are so formed and set, that they always cut the bottom of the shaft into a
sloping surface, so as to allow the fragments to roll into the smaller pit, and there they are caught in
a sheet iron bucket which is previously lowered into it. The rate of progress, in ordinary ground,
when all is going well, is about 1 metre per day, but in hard rock this is reduced to a quarter of that
amount.
In order to obviate the tremendous vibration which would be imparted to the rods by implements of
this unusual weight, a special joint is necessary, in order to detach, to a certain extent, from the
mere suspension
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rods, the heavy rod and the cutting tool, which, together, are 36 feet long. The ingenious "freefalling" apparatus, devised by Kind, and found so applicable in bore-holes of moderate diameter,
was proved in former experiments to be unsuited to these great dimensions, and a slide-piece,
"glissiere", of great strength, is now always applied, in a manner analogous to the "jars" commonly
used in the oil borings of America.
The vertical position of the boring rods throughout the striking process is additionally secured by
guides attached to the upper part of the instrument. In the smaller trepan these are formed of two
strong iron bars set at right angles, and having teeth at their extremity, which slightly enlarge, and at
the same time smooth down the sides of the bore-hole. With the large trepan, one cross-piece only
is rigid ; the other one, at right angles to it, is hinged on both sides of the main rod in such a way as
to be lowered or raised during the shifting of tools, through a comparatively narrow opening in the
working floor. It is afterwards, by aid of ropes wound on small windlasses, brouglit into position,
when the tool reaches its proper position for working. The guide then forms a cross, through the
central opening of which the rod of the boring tool slides freely up and down.
It is unnecessary that the writer should occupy more time by describing the several implements
which are employed for seizing and bringing up the rods when breakages occur. Their form and
mode of application are well known to borers, and it is only their size and strength that in this case
render them peculiar. The author cannot, however, quit this part of the subject without remarkingon the regularity, neatness, and ingenuity of mechanical details which give at once the impression of
a thoroughly successful operation. Everything exactly in its right place, no hurry or noise; no heavy

weights to be lifted by manual labour, but contrivances always at hand for sliding or rolling along
rails the various pieces into their places; and all the lifting done by the small engines already
mentioned, supplied with steam from three boilers. The whole force of workmen employed at the
two shafts is as follows :—

4 Master borers ("chef sondeurs".)
16 Borers ("sondeurs".)
4 Smiths ("forgerons".')
4 Firemen ("chauffeurs".)
Total 28, working twelve hours at a spell.

The most remarkable part of the operation is the fixing of the tubbing (Plate LVI.), without the use of
pumping engines, in such a manner that it
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shall securely dam back the water in the measures sunk through. The lowermost ring of the tubbing
is, like all the upper portion, cast in a single piece. Its bottom flange A, which comes to rest on the
bed or seat cut in water-tight ground, is turned outward, its upper flange B inward. Upon the lower
flange, and all round the ring a wall of well-picked moss, C, is packed tightly against it, and secured in
its place by a net placed at the back of it. To aid in the forcing of the moss against the side of the
shaft, small sheet iron springs DD are placed above and below, as seen in the drawing, which have
the effect of giving the pressure a definite direction. On the moss cushion rests by a flange also
turned outward the next ring, E, large enough to slide down outside the bottom piece, as soon as
the moss is pressed down by the weight, and upon this sliding piece the ordinary rings of the tubbing
are built. Each flange is planed, and between them a ring of sheet lead of 1/8th of an inch thick is
laid, which after screwing up by the bolts is beaten in on both sides with hammer and chisel. The
tubbing is of extra thickness, and each ring, generally about 4 1/2 to 5 feet high, is tested on the spot
by hydraulic apparatus. The lowermost simple ring is 2 5/8ths thick, and weighs 11 3/4 tons. The
upper ones are made gradually lighter, but the total weight of the tubbing to be lowered in each
shaft is no less than 800 tons. In order to facilitate the gradual lowering of this enormous weight, by
means of the six rods and screws used for this purpose, a diaphragm or false bottom F is attached by
screw bolts near the bottom of the tubbing, which causes it to float on the water. A central
equilibrium tube G passes up the shaft, and through cocks, placed at intervals, allows of water being
poured into the middle of the tubbing in such measure as may help to aid its descent. In this way
they contrive never to have a greater weight than 40,000 kilogs., or 40 tons resting on the
suspension rods.

When at length the moss-box, hanging by light rods H, from the flange of an upper ring, comes to
occupy its position on the seat or bed, the weight of the tubbing above begins to bear on the moss
and squeezes it down and against the sides in such wise as to form a thoroughly watertight joint.
For additional security the annular space between the rings and sides of the pit is filled by means of
spoons discharged by pistons, with "beton" or concrete, which is allowed to consolidate before the
water is drawn out of the interior of the pit. Much of course depends on the perfection with which
the seat of the moss-box is cut and smoothed ; and for the purpose of ensuring its proper condition
a gigantic pair of pincers ("grapin") I, with arms on the principle of a lazy-tongs, is lowered with
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and underneath the whole of the tubbing with a rod passing- up through the central or equilibrium
pipe. The ends of this tool can, by working the rod up and down, be made to expand to the full size
of the shaft, and brought together so closely as to pick up fragments of stone or iron which may be
lying on the bed of the shaft, and then in its contracted form it may be passed out of the way into
the smaller central shaft.
The water being, after the setting of the beton, pumped out of the pit, the "false bottom" is
removed by unscrewing the bolts which attached it to a flange, the moss-box foundation is
examined; and to make everything thoroughly safe, a lower seating is cut a few feet deeper, a
wedging curb put in by hand, in segments, and a length or two of tubbing built-up to the moss-box,
and securely wedged against it. The shaft is then free from water and ready for further sinking by
the ordinary methods.
The pits at Maurage are the 11th and 12th, which have been undertaken under the method
patented by Messrs. Kind and Chaudron. They appear to promise a result equally successful with
those which have preceded them; but in order to be able to form an opinion of the economy of the
process it is desirable to refer to the details of some of the earlier pits now in active work. Two of
these sinkings, viz., that of the Hopital in the district of the Moselle, and the Escarpelle near Douai in
northern France, may be fairly taken as examples which have been put down through overlying
watery strata of totally different geological characters. The pits to be sunk for the Hopital Company
were intended to reach the continuation of the Saarbruck coal-field, where the coal measures are
covered by a vast thickness of the new red. Many attempts to sink had been made and failed. At
Merlebach a pit was got down to 574 feet deep, with 484 feet of tubbing, caused the outlay in 7
years of 3,500,000 francs, or £140,000, and was lost after all. St. Stephanie and Falck, in the same
district, cost large sums and were never completed. One winning only, that of Carling, was
successful; but the pit, of 13 feet 4 1/2 inches diameter, with 502 feet of tubbing, took 4 1/2 years to
execute, and cost 2,200,000 francs, or £88,000.
The section of the ground was known by preliminary borings. It was expected that the tubbing would
have to be based at 524 feet below the water level, or 580 feet from surface.

Pits Nos. 1 and 2, intended, the one for ventilation only, the other for winding or coal extraction,
were to be respectively 6 feet, and 11 feet 1 1/2 inches diameter within the flanges of the tubbing,
whilst the holes as
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bored had the respective diameters of 8 feet 2 1/2 inches, and 13 feet 5 inches.
It was found in the progress of the work that the base of the tubbing could be properly placed at 521
feet deep, or 465 feet below the water level, so that some of the upper rings originally designed
were not put in. The weight of the tubbing of the air-shaft was 258 tons, of the coal-shaft 635 tons.
They were proved by a pressure of 28 atmospheres for the stronger rings, of 24 atmospheres for the
next series, and then by a less pressure corresponding to their position.
For the insertion of the beton or concrete behind the tubbing, three sets of men were constantly
employed for the small, and four for the large pit, occupying nearly a month in completing this work.
The final operation consisted in placing at 6 1/2 feet in one case, and 8 feet in the other below the
moss-box (in which it may be noted that the moss was compressed to 1-10th of its original volume),
two wedging curbs of 10 inches each in height, and one ring of tubbing in segments, to be wedged
against the base already established.
The rest of the sinking, to 1049 feet in depth, was completed rapidly and without interruption.
The expenses incurred in this undertaking were, as already published in the Annales des Travaux
Publiques, 1867 :—

Air Shaft.
Costs.—Plant.

£

s.

Erections
Engines and tools

£

Coal Shaft.
s.

1,132 0
1,493 0

1,868 0
2,315 0

------------ 2,625

------------ 4,183

Boring.
Wages and salaries

2,200 0

Coals consumed

2,909 0
500 0

1,101 0

Oil and grease do.

96 0

189 0

Ropes and cords

121 0

144 0

Iron, steel, and repair of tools
Carriage and sundries

501 0

659 0

302 0

664 0
------------ 3,720

------------ 5,666

Tubbing.
Tubbing rings, cast iron

2,657 0

Lead for joints
Bolts

do.

5,539 0

66 0
54 0

144 0
196 0

Minium for do.

4

0

5

0

Tar for coating

0

8

22

0

Hemp net (filet)

0 16

1

0

Moss

1

1

12

Wood

14 0

58

0

Salaries and wages

138 0

338 0

Coal consumed

55 0

134 0

Oil and grease do.

10 0

29

Carriage and sundries

143 0

301 0

4

------------ 3,143
Carried forward

£9,488

0

------------ 6,768
£16,617
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Brought forward

£9,488

Betonning or Concreting.
Salaries and wages

177 0

Cement

£56 )

Trass

52 )

172 0

£16,617

Lime

64 )

Coal consumed

24 0

Oil and grease do.

7 0

Carriage and sundries

92 0
________

472

------------ 600

Wedging Curb at Base.
Castings
Salaries and wages

94 0
87 0

Coal consumed

36 0

Oil and grease do.

6 0

Carriage and sundries

17 0
------------ 240

Total expenses

£10,200

----------- 400
£17,617

Being in all for both pits about £27,817 English, the original estimate having been £36,000.
The northern French coal-field, so remarkably expanded of late years by a series of pits following up
the discoveries made by boring, is covered by cretaceous strata, which down to 100 or 120 yards
deep are some of the most troublesome which the miner can encounter. The company of the
Escarpelle, near the town of Douai, commenced their No. 4 shaft, in July, 1865, by sinking a wall of
masonry resting on a cutting curb, erecting pumping engines, sinking bye-pits, and intending to
pump the water and build in their tubbing in the usual way. After two years work however, costing
some £25,000, and reaching only 24.89 metres in depth (about 80 feet), all came to a stand-still, and
in November, 1867, arrangements were made with Kind and Chaudron, to sink on their system two
pits, to have internal diameters of 10 1/2 feet and 8 1/2 feet respectively. The 2nd March, 1868, the
boring was commenced, and in six months (the 5th September) it was completed for the large shaft,
at the depth of 341 feet, with a diameter of 12 feet 7 inches, whilst its central pit (of 4 1/2 feet) was
down to 377 feet. On the 20th September the moss-box, two lower rings, and the false bottom were
already suspended in the shaft, and on the 17th October, the whole of the tubbing was placed in
position. On the 9th November, the concrete had been put in, and on the 7th of December, they
proceeded to take out the water, and found the joints perfectly water-tight. Some little delay took
place in consequence of faulty castings, but on the 6th of February following, the additional wedging
curbs had been fixed below, and the ordinary sinking proceeded without further difficulty.
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The total weight of the tubbing, inclusive of the false or equilibrium floor, which weighed 2 1/2 tons,
was 355 tons. The rings were cast at Marquise, near Boulogne-sur-Mer, and delivered on the ground
at 20 francs per 100 kilogrammes, or about £8 per ton.
For the concrete was employed a mixture of Andernach trass, of sand, and hydraulic lime from
Tournay, in equal proportions, with a quarter Boulogne cement. Toward the surface, where the
former attempt to sink had opened fissures, broken brick was largely used with the mortar.

The cost of the coal pit of the Escarpelle was as follows :—

Plant.
Various erections

£966

Engines and tools (estimate)

631
------

1,597

------

1,163

------

3,515

Boring.
Salaries and wages

722

Coal, oil, and grease

231

Ropes, iron, steel, and repairs

167

Carriage and sundries

43

Tubbing.
Salaries and wages

302

Cost of castings

2,864

Lead for joints

95

Bolts, &c, for do.

142

Minium, iron, &c, for do.

64

Coal, oil, and grease

28

Carriage and sundries

20

Betonning or Concreting.
Salaries and wages

106

Boulogne cement

95

Andernach trass

73

Tournay lime

40

Sand

15

Coal, oil, and grease

8

Sundries

67
------

404

------

403

Wedging Curbs at Base.
Salaries and wages

142

Castings

128

Wood

22

Lead, bolts, &c

18

Coal, oil, and grease

66

Carriage and sundries

27

Total expenses

£7,082

As the estimated cost of the two pits to be executed upon this system was £21,000, the completion
of the larger one for so small a sum as £7,082 must be ascribed in part to the improved handling of
the whole procedure, and in part to specially favourable conditions in the ground.
It was expected, for instance, that the running character of some of
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the sands and marls would have made it necessary to put in a provisional lining during the boring of
the shaft. This expedient had in fact to be brought into play at the sinking of the pit of Ste. Barbe at
Ressaix, colliery of Peronnes, in Belgium. The shaft, of 14 feet diameter, commenced in July, 1862,

was impeded at 261 feet deep by an influx of coarse white sand. This was kept back by a cylinder of
sheet iron, which answered its purpose well for the time, but as this material bulged out of shape
before the water was drawn, and thus gave some trouble in lowering the tubbing, it would be
replaced advantageously in other cases by cast iron. Sundry minor accidents and difficulties were
encountered in this enterprise, which, being very openly described by the authors, supply a valuable
lesson ; and the ultimate result was no less successful than in the other instances which have been
mentioned.
In order further to supply a test of comparison and a remarkable passage in the history of difficult
sinkings in the same district, the author would mention the present operations going forward at
Havre, in the concession of Saint Denis, to the west of Maurage, where, by the courtesy of M. Bourg,
the manager of the Bois-de-luc Company, he was allowed to see all the details of the three pits
which that wealthy and enterprising company are putting down simultaneously. It was known here
by borings that the superposed strata, or "dead ground," "morts terrains", were 214 metres or 700
feet in thickness. In the year 1864 they commenced operations, and in 1867 it was reported that all
the usual methods had failed. Direct-acting pumping engines, of 80 inches diameter of cylinder and
10 feet stroke, had been erected over the several shafts, estimated each at from 400 to 500 horsepower, but at length when the drawing of sand and water threatened to engulf the whole of the
plant it was now resolved to try the "niveau plein" system. It was, however, to be carried out by
modifications independent of the patent of Kind and Chaudron; and, although, much ingenuity has
undoubtedly been bestowed upon it, the depth reached up to this date, after an expenditure stated
to be above £100,000, is less than that of the Maurage pits which were only begun last year; and the
chief difficulties of the task, namely those connected with the water-tight base of the tubbing, have
yet to be encountered.
Assuming the correctness of the above statements, the author would signalise, in the "niveau plein"
or full level system of Messrs. Kind and Chaudron, the following conclusions as deserving
attention:—

1.—A very hazardous operation has been converted into a comparative certainty.
2.—An economy of 50 to 75 per cent, has been effected on the
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outlay as compared with the ordinary system carried out in the same districts. This immense gain
arises mainly from :—
A.—No pumps or pumping engines being required.
B.—The prevention, in a great degree, by the pressure of the water in the shaft, of irruptions
of quicksand.

C.—The employment of a comparatively small number of men, and these being for the most
part workmen of a less highly paid order than the regular sinkers.
D.—The suppression of all the vertical joints of the tubbing whereby leakage, costs of
wedging, and tendency to displacement are avoided.

3.—Risk to life and limb is to a great extent eliminated by the whole of the work being- done at the
surface.
4.—Damage to the buildings and wells of the neighbourhood is prevented by the process not
requiring the drawing of water and sand.

In fine, looking at the growing necessity for sinking shafts to great depth and through the Permian or
the new red sandstone and other overlying strata, not less abroad than in Durham, Yorkshire,
Lancashire, and many parts of the midland counties of England, the author thinks it may, with much
confidence, be asserted that the above-described system of procedure promises to render the most
valuable aid in the development of the coal-fields of the future.

The President was sure the meeting would most cordially thank Mr. Smyth for his excellent paper
and if any gentleman had any remarks to make, or any questions to ask, he was quite sure that Mr.
Smyth would be very glad to give them any information that might be desired in addition to that he
had already detailed to them. Perhaps, on account of the novelty of the operation described, it
would seem reasonable to ask Mr. Smyth if he had any objection to allow the members a little time
to acquaint themselves with the details and also with the difficulties to be met with; and perhaps
Mr. Smyth might be invited to meet them, and be kind enough to answer any questions which might
then be put to him.
Mr. Smyth said, he would be very happy to attend, if possible, either at the next meeting of the
Institute, or at any meeting they might propose. In answer to Mr. Bewick, Mr. Smyth stated that the
principle of boring was that of percussion, and that at the present moment they
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were occupied with rock of such excessive hardness that almost more steel than rock was destroyed.
It was a massive bed of flint which they had come down upon, something like the chert which we
have in parts of our mountain limestone. In this they made but slow progress, not exceeding an
average of something like 5 to 10 inches a-day; and, in answer to Mr. Cochrane, Mr. Smyth said that
the debris, which was crushed into small pieces, was removed by a sludger similar to those

commonly used by borers. During part of the time a special bucket of sheet iron is lowered down,
and held by means of pauls. The side of the smaller pit and the inclined bottom of the larger pit
cause anything like gravel or fragments to fall down into it. The smaller pit is kept in advance 30 or
40 feet at the least; and it is done by a smaller cutter before they
pass the larger cutter down.
Mr. Steavenson said, a most important question was as to whether they were able to bore perfectly
straight down. The next question was as to it being a permanently good job. Was it a work which
would compare with the pits that are constructed in this district? With respect to the cost, they
must remember that, in comparing the cost in this case, they were comparing it with the cost of
sinking on the Continent. The cost of labour there was considerably less than in England, and the
quality of the work on the Continent, so far as he had seen it, was inferior to that of England. Of
course, what would be satisfactory on the Continent would not perhaps be so here. He saw very
much to admire in the system; but so far as he could see, there were very great questions as to
whether they could use it, when they had a sloping strata. He, therefore, asked the question
whether the sloping of a hard rock was not likely to turn the drill and give the point a slope to one
side ? They found sometimes in bore-heads that instead of the hole going plumb in a depth of 20
fathoms, it had gone the whole width of the pit out of plumb; in that case they might lose what was
very important—the correctness of the plumb line.
Mr. Smyth said, these were all very important questions; but he would submit that when the paper
was in print, so that the details could be looked through, an answer to most of them would be found
in those pages which had been read, inasmuch as verticality and completeness of the shaft were
best proved by the fact that a complete success had followed each case undertaken by Messrs. Kind
and Chaudron, without any deviation from the perpendicular. Then as to the expenses. The smaller
cost of labour on the Continent was to a great extent balanced by the higher cost of castings. But
even were that not
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the case, the comparatively low outlay upon these shafts had been compared in the paper with the
outlay upon shafts in the same country, which, as they would see, had in many cases been very great
indeed, in consequence of the unusual difficulties they met.
The President asked if there was any preparation for drawing the water, in case the tube was found
to leak ?
Mr. Smyth—In the case of the two pits now sinking there were no pumping engines erected, nor did
he believe that Mr. Chaudron expected from his experience in these twelve cases, which he had had,
to find any leakage whatever. He trusted very much to this fact, that even if the moss joint were to
fail, putting in the concrete afterwards would effectually dam back all the water.

Mr. Daglish—Could Mr. Smyth tell them how they ascertained when they had got a good bed,
because it frequently happened that there were troubles in the shaft ? How could they ascertain
when they had got a foundation sufficient to turn the water ?
Mr. Smyth—In the first place, he need scarcely say, they kept a very accurate register of the whole
of the measures passed through. They had got the pit of smaller diameter a long way in advance of
the larger one, so that they had a tolerably thorough knowledge of the ground upon which they
would put their foundation before they came upon it; and then by means of the tongs, I, Plate LVI.,
which are made to pass over the bottom of the shaft, the master borer will undertake to feel for any
projection of the size even of a small stone, and also tell a fissure or even a soft parting in the bed, to
such an extent as to ensure water-tight joints; this, he thought, had evidently been proved by the
results. The usual proceeding was to make the moss box additionally secure by putting in below it a
couple of these wedging cribs, and tubbing above them in the usual manner to fill up against this
moss box, so as to keep it securely and firmly in its place. They looked upon the moss as being more
or less temporary, although, hitherto, in all the cases in which it had been tried, it had proved
effectual to keep out every drop of water. Still they consider it an extra precaution to put in two of
these wedging cribs in this way at a distance of from 6 to 10 feet below the provisional bed.
Mr. Bewick supposed that after the tubbing is put in the sinking is proceeded with in the ordinary
way by hand.
Mr. Smyth—Yes, by the hand entirely, there being then no further difficulty. The Belgian coal
measures being principally composed of shales and binds are very water tight; and they do not get a
drop
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of water after they got through these upper beds. In answer to Mr. Southern; Mr. Smyth said, he
thought that with instruments of such enormous weight as these which were brought into play there
was very little practical fear of any deviation from the perpendicular. Mr. Kind, who had had a very
great deal of practice in this way, being the only man in Europe who had bored down to upwards of
3000 feet deep— 1000 yards—had always maintained that it was only necessary to employ
instruments of sufficient weight, and there was very little fear of deviating from the perpendicular
line, if only ordinary care was taken. The President—If no other gentleman wished to make any
remarks, it would be advisable to await the printing of the paper, so that they might be able to
inform themselves more accurately of its contents, and thus be enabled to ask such other questions
as might occur to them. In that case they would now close the discussion; and he thought they
would all join with him in cordially thanking Mr. Smyth for the pains and trouble he had taken in
introducing so very valuable and interesting a paper to their notice.

A discussion on the Report of the Safety-cage Committee here followed. As the discussion did not
embrace the broad question of the advisability of the general adoption of special contrivances for
saving life and property, but was confined to a description of certain contrivances which have been

already fully explained in the Report and in former papers, it has been considered unnecessary to
publish it.

The meeting then separated.

[Plates LIII to LVIII illustrating method of boring under water]
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PROCEEDINGS.
GENERAL MEETING, SATURDAY, JUNE 3, 1871, IN THE LECTURE ROOM OF THE LITERARY AND
PHILOSOPHICAL SOCIETY.
E. F. BOYD, Esq., President of the Institute, in the Chair.

The Secretary read the minutes of the last meeting and the proceedings of the Council.

The following gentlemen were elected :—

Members—
W. Shaw, Jun., Wolsingham, near Darlington.
George C. Hewitt, Coalpit Heath Colliery, near Bristol.
Mr. Daglish then read a paper on "The Counterbalancing of Winding Engines."
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ON THE COUNTERBALANCING OF WINDING ENGINES.
By JOHN DAGLISH, F.G.S.

In all cases of winding coals up vertical shafts, with drums of equal diameters, the working strain on
the engine is much greater at the commencement than at the end of the winding, in consequence of
the weight of rope in the shaft in the former instance.
In the case of a deep shaft and heavy rope, the load at "the lift" may be more than doubled, in
consequence of the weight of the rope exceeding that of the coals, cage, and tubs to be drawn up.
The result is that the engine has to exert a power during the first portion of each winding greatly
exceeding that required simply to lift the coals; and towards the end has actually to exert a power to
retard the machinery, in consequence of the weight of the descending empty cage, with its long
rope, exceeding that of the ascending full cage with its rope.
This is readily apparent on examining Diagrams 1, 2, and 3, Plate LVII.
These diagrams are made by measuring off horizontally from the zero line 00' the load in foot
pounds at the end of each stroke, obtained by multiplying the load by the leverage of the winding
drum, and the number of strokes are measured off on the vertical line.
It is not intended that these diagrams should represent accurately the actual work done by the
engine at each stroke, for other forces and resistances would form elements in obtaining such a
result; but they are intended to exhibit the action of the various systems of counterbalancing
sufficiently accurately to enable them to be compared with each other.
Diagram No. 1, Plate LVII., represents the action of winding 35 cwts. of coals up a shaft 1,546 feet in
depth, with a flat rope, on a roll of 21 feet diameter.
It will be seen that the load or weight to be lifted (as shown by the line AB) of the full cage at "the
lift" is 192,000 foot pounds, whilst "at bank" it is only 117,000 foot pounds; and that the load of, or
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assistance given by, the empty cage (as shown by the line CD) at the top is only 75,000 foot pounds,
increasing to 155,000 foot pounds on reaching the bottom; and the difference between these, or the
actual work done by the engine, is represented by the line EF, which shows the actual power exerted
at "the lift" to be 117,000 foot pounds, whilst a retarding power of 38,000 foot pounds is required at
"bank" to stop the machinery, so much is the empty apparatus then heavier than the full.
It will be observed, in Diagram No. 2, Plate LVII, that the resultant line EF crosses the zero line OO' at
K, being the end of the 17th stroke, so that the power actually exerted by the engine in lifting the
load, etc., is represented by the triangle EKO, whilst a further power, represented by the triangle
O'KF, has to be exerted to retard the machinery.
On examining Diagram No. 3, Plate LVII, it will be seen that the line HI represents the work actually
to be done by the engine in drawing the coals alone if the load could be equally adjusted, since EKOO'KF = HIO'O, and LM represents the weight of the coals only, or 38,000 foot lbs., the ropes
counterbalancing each other at this point; and a perfect system of counterbalancing would be that

which would keep the load on the engine constantly on this line; and this would be accomplished by
a counterbalance whose action would be shown by the line PQ on Diagram No. 4, Plate LVII.
Here the excess of power required to raise the load from the bottom and up to the meetings, over
the power simply required to raise the coals, is obtained from the counterbalance, as the triangle
OMP is equal to the triangle HLE. During the succeeding five strokes the uniform work done by the
engine is absorbed equally in raising the counterbalance and the load, and from this point to the
surface (six strokes) the excess required to retard the cages, or counteract the effect, of the
descending load, is taken up and absorbed by the counterbalance, the triangles O'KF and IDQ being
equal.

COMPARISON OF ROUND ROPES ON A DRUM WITH FLAT ROPES ON A ROLL.

On Diagram No. 5, Plate LVIII, is shown by dotted lines the results given by winding with round ropes
on a cylindrical drum, as compared with flat ropes coiling one turn on the other in the ordinary way
(shown by full lines) ; it will be observed that there is a slight degree of compensation with the latter,
caused by the gradual enlargement of the roll of the
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full rope, and the corresponding decrease in diameter of the roll of the empty rope, thus acting to a
slight extent as a spiral drum, increasing each turn by twice the thickness of the rope or about 1 1/2
inches.
An ingenious arrangement has been introduced in Lancashire, by Mr. Knowles, for winding round
ropes coil on coil in the same way as flat ropes: and as a round rope of equal strength with a flat
rope is considerably thicker, the compensating effect is proportionately greater. The dotted lines on
Diagram No. 6, Plate LVIII., show the lines of load given by this arrangement, as compared with the
lines given by flat ropes, at depths, weights, etc., same as before.

THE PENDULUM COUNTERBALANCE.

This was in occasional operation some years ago in the North of England, and is represented in Fig. 1,
Plate LVIII.; the beneficial action of this counterbalance is exhibited by the resultant line HI on
Diagram No. 7. (The shaft being shallow, the drum small, and the weight of the ropes not great, a
diagram drawn to the same scale as those previously given would be too small to show the
irregularities of the lines; the horizontal scale has, therefore, been increased from 200,000 to 20,000
foot pounds per inch, and the vertical scale from five to ten strokes in one inch.)

The weighted pendulum AB is raised by a chain attached to a drum on the shaft of the winding
engine. At the commencement of winding, the pendulum AB being in a horizontal position, the full
weight of counterbalance is acting in aid of the engine against the load; as the winding proceeds up
to half winding an increasing portion of the weight is supported by the rod, which is then in a
perpendicular position, from which point, until the load is brought to the surface and the rod again
returns to its horizontal position, the counterbalance weight is acting against the engine with
gradually increasing force In consequence, however, of the short travel of the pendulum, even with
the smallest practicable drum, this system can only be applied to shallow pits, and as it is not these
for which counterbalancing is so important, the application of this system may be considered as
almost obsolete.
A much better form of this class of counterbalance has, however, been designed by Messrs. Black,
Hawthorn, and Co., Gateshead Engine Works, and of which Fig. 2, Plate LVIII., is a sketch. This
apparatus consists of a lever or crank of great strength. AB, from the end of which a heavy weight, C,
is suspended, and by means of intermediate toothed gearing, connected with the main shaft of the
engine, the end of this lever
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describes a semicircle during the whole of the winding. This "lever pendulum counterbalance" is
nearly perfect in its action, as will be seen by an examination of the Diagram No. 8. This arrangement
is applicable to pits of considerable depth.

THE INCLINE PLANE COUNTERBALANCE.

This system, shown in Fig. 3, Plate LIX., is in occasional operation; under ordinary conditions, it is
only applicable to shallow shafts; but under certain circumstances, as where the surface slopes
gradually from the engine house and a long travel of tub can be obtained, this mode of
counterbalancing can be used effectually to a much greater depth than the ordinary pendulum
counterbalance.
When the angle of the railway on which the counterbalance tub runs is uniform, as ABC, the weight
of the counterbalance is nearly constant, and the resultant dotted line HI, Diagram 9, Plate LIX.,
shows the inutility of a counterbalance so constructed.
When, however, the line of railway is curved, as ADC, the resultant line H I (Diagram No. 10) is an
excellent one; the chief fault is, that all the length of chain has to be lifted at once, at half the
winding, when the motion is reversed, and this causes the sudden check shown at M; this
irregularity is inseparable from all counterbalances where ropes or chains are used.

THE CHAIN COUNTERBALANCE.

This is the system (Fig. 4, Plate LIX.) in general operation in the North of England, in consequence of
its ready application even to very deep pits.
It consists of a heavy weight, usually a bunch of chain A, ascending and descending in a small pit or
staple B, adjacent to the engine; this weight is attached to a chain, coiling and uncoiling on a drum C,
on the main shaft of the engine D.
Although rendering great assistance to the winding engines, it is far from perfect in its action; its
effect depends on the depth of staple, size of roll, weight of chain, etc.
Diagrams Nos. 11, 11a, 12, and 18 exhibit the action of this mode of counterbalancing actually in
operation at different collieries.
Diagram No. 11, Plate LIX., is taken from the apparatus as in actual operation at an extensive colliery
570 yards deep; Fig. 5 shows its application.
Diagram No. 11a, Plate LIX., is taken from an apparatus actually
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in operation at a colliery 222 yards deep; in this case the weight of the counterbalance is so small as
to be of little value.
Diagram No. 12, Plate LIX., is taken from the apparatus as in actual operation at another colliery 500
yards deep.
Diagram No. 13, Plate LIX., shows the action of the chain counterbalance with the weight of the
bunch increased to 7.7 tons instead of 4.5 tons, as in Diagram No. 12, Plate LIX.; this gives a better
average line of load for the engine, but the irregularities are much greater, and would cause severe
jerks on the machinery, etc.
In Diagram No. 14, Plate LIX., is represented the same arrangement as No. 12, supposing that the
counterbalance staple was the full depth, that is, to allow the "bunch" to move up and down without
touching the bottom. This diagram exhibits in a forcible manner the disadvantages attending the
sudden change in direction of the counterbalance from descending to ascending at half the winding.
In order to prevent these shocks, which are very destructive to the engine and to the ropes, it
occurred to the writer that it would be advantageous to employ two counterbalances, one to change
a stroke before, and the other to change a stroke after the cages reached meetings; by this
arrangement, the shock referred to is greatly reduced, not only is the average load line better (as
shown in Diagram 15, Plate LX.), but the irregularities are much less than in Diagram No. 12, Plate
LIX.; another advantage from this system arises from the duplicating of the counterbalance, so that

in case of the breaking of the chain, as frequently occurs, the whole of the counterbalance is not
lost.
Diagram No. 16, Plate LX., represents a counterbalance the same as in Diagram No. 15, but provided
with heavier bunches. The load line is in the correct direction (viz., the resistance to be overcome by
the engine is less at the commencement of winding than at any other part). It must be remembered,
that at the commencement of winding, the inertia of the mass of the engine, ropes, etc., has to be
overcome; this in large engines reaches a very serious amount, and in consequence much more
power is required to start with, than is necessary to overcome the effect of the gravity of the load
only; it is, therefore, very important that assistance should be given to the engine at the
commencement of winding. A further advantage arising from over-counterbalancing the engine (as
it may be called) is, that assistance is also given to the engine to bring the mass into a state of rest at
the end of the winding.
The engineer at Seaham Colliery, the late Mr. William Robinson, lengthened the bunch of chain,
forming the weight of the counter-
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balance at that colliery, and hung it to the side of the staple by an extra chain; this arrangement is
shown in Fig. 6, Plate LX., and is represented by Diagram No. 17, Plate LX. ; the bunch is of the same
weight as No. 12, Plate LIX., but of a length of 72 feet, and being hung on the side by a chain the
weight is gradually lost or gained. The resultant line shows a decided advantage as regards deviation
from the mean line, although from the insufficiency of the weight of the counterbalance the
direction is not good.
Diagram No. 18, Plate LX., exhibits the lines of load given by a combination of these two systems,
which combination is now actually in use at Seaham Colliery. The two counterbalances change two
strokes apart, one a stroke before and the other a stroke after meetings. The first one is a 2 ton
bunch, 12 fathoms long, hung upon the side of the staple by a chain in such a manner as to begin to
lose its weight at the end of the third stroke; the other counterbalance is a common counterbalance
bunch of 2 tons 5 cwts., attached to a chain, as before described. The resultant line HI is superior to
the corresponding line on Diagram No. 15.
In Diagram No. 19, Plate LX., is exhibited the action of two counterbalances hung on the side, each
bunch weighing 3 tons 16 cwts. 19 lbs. (8531 lbs.), and changing as before 1 stroke off meetings; the
direction is correct, but the deviation from the mean line is considerable.
Fig. 7 and Diagram No. 20, Plate LX., represent another system proposed by the writer, viz., a bunch
of 4 tons 10 cwts., as before, but provided with an extra bunch C, of 6,000 lbs., attached to the end
of the large bunch A, by an inch chain EF, and so arranged that it is lifted during the two last strokes;
this greatly improves the load line HI, but here, again, the maximum deviation is considerable.
Diagram No. 21, Plate LX., represents the same system, but fitted with two counterbalances, and
each provided with an extra bunch of 2 tons each, attached to a 3/4" chain, and so arranged that

only one of the extra bunches is lifted each time. Both the mean line HI and the maximum deviation
from it are by this arrangement highly favourable; the maximum deviation being only 13,000 foot
lbs.
There is another system which seems to present great advantages. This is represented by Diagrams
Nos. 22 and 23. In these diagrams the counterbalance bunch is the full length of the staple, viz., 36
fathoms, and weighing 80 lbs. per foot; in Diagram 22, a single bunch or counter-balance is used of
17,280 lbs., of equal weight throughout; and in Diagram No. 23, two similar bunches of 8,640 lbs.
each, changing one
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stroke off meetings. By a comparison of Diagram No. 22, Plate LX., with No. 13, Plate LIX., it will be
seen that although the bunches are of equal weight, and the mean line in both cases alike, the
maximum deviation is greater in No. 13, and the load line more irregular than in Diagram No. 22. The
lines given by Diagram No. 23, Plate LXL, are, however, greatly superior, owing to the double
counterbalance reducing the maximum deviation of the last diagram. This arrangement presents an
almost perfect system of counterbalancing, the termination of lines of load being also in the correct
direction both at the commencement and end of the winding.

THE CONE DRUM.

A sketch of this is given in Fig. 8, Plate LXI, and No. 24 is a diagram of its action as actually in
operation at a pit 250 yards deep.
It will be seen that the compensating action is so slight as to be almost valueless. It is also stated that
the rope has a liability to slip on the drum.

THE SCROLL OR SPIRAL DRUM.

This has been in operation in Lancashire and Wales for some years, and has recently been
introduced into the North of England.
Although several accidents are stated to have occurred from its use, these may be attributed to
some peculiarity in the special arrangements. Since it has been in successful operation at several
collieries for many years without any accident, its use under similar arrangements elsewhere ought
to be similarly successful.

Its action is perfect, and by its use the load on the engine can be adjusted so as to effect the winding
under the most favourable possible conditions. The great expense and danger of counterbalancingapparatus is avoided, and great economy is obtained in the use of steam and the avoidance of the
severe and rapid checks on the engine.
Diagram No. 25, Plate LXI, represents the lines of load given by a scroll drum working under the
same circumstances as to depth and load as the flat ropes on Diagram No. 12. The diameter of the
drum varies from 14 feet at the lift to 30 feet at the surface. The regularity and perfection of the
resultant line HI cannot be surpassed.
Unless, however, the difference in the diameter of the drum at the beginning and at the end of
winding is very considerable the compensation is incomplete. Thus, Diagram No. 26, Plate LXI,
exhibits the lines of load given by a drum, actually in use, varying in diameter from 20 to 30 feet, and
it will be observed how very imperfect the result is.
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It has been found in practice that when the whole of the winding is on the scroll there is a liability of
the rope slipping, owing to the oscillations and jerkings of the empty rope at the commencement of
winding, etc. It is now, therefore, the practice to stop the scroll a few turns short of the completion
of winding, and to wind these on the plain cylindrical drum, as shown by Fig. 9, Plate LXI.
Diagrams Nos. 27, 28, and 29 exhibit the lines of load given by scroll drums actually in operation.
Diagram No. 27 exhibits the lines of load, and Fig. 9 shows the arrangement of a drum actually in
operation, and designed and erected by Messrs. Black, Hawthorn, and Co., Gateshead Engine Works.
The drum is made almost entirely of wrought iron, and the grooves were turned in the wood
cleading by a self-acting screw cutting machine expressly designed by the above firm for the purpose
of making these drums.
Diagram No. 28 shows the lines of load given by a drum of a winding engine about to be erected at
an extensive colliery. It will be observed that the lines are extremely regular and in the best
direction.
No. 29 is a diagram of the lines given by the drum of the Clifton Hall winding engine, which has been
in successful operation for many years.

The President felt sure the meeting would quite agree with him that Mr. Daglish deserved a hearty
vote of thanks for the pains, anxiety, and trouble he had given himself in arranging the particulars of
the different methods of counterbalancing winding engines.

Mr. Steavenson quite agreed with the President as to the obligation they were under to Mr. Daglish
for the trouble he had taken in illustrating this very important subject. It occurred to him (Mr.
Steavenson) that if any continuous diagram could be taken of the engine—and he saw there was a
machine advertised for the purpose—it would show the exact amount of power exerted in raising
the load at each moment, from the commencement of the lift to the landing of the cage at bank;
although the diagrams exhibited this very clearly and well to a certain extent, still the continuous
diagram would give the actual effect on the piston of the engine; it would then be seen whether the
energy exerted during the time of raising the load was uniform, or at what point compensation was
required.
Mr. Southern asked Mr. Daglish whether he did not think that the extra wear and tear, and the
liability of the rope to get out of the
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groove, were not serious objections against the use of the spiral drum; and also whether it would
not be advisable to do without keps, so that the cages might always keep the ropes stretched to
prevent them getting out of the grooves ?
Mr. Daglish did not think the objections urged were of much consequence. The diameter of the
spiral drum at the lift was a little less than that of the cylindrical drum, and the lays of the rope were
a trifle further apart ; but, as regards wear and tear, he thought the advantage was with the spiral
drum and round rope. All who had had experience of flat ropes in deep pits found them very
objectionable, the strands were not all equally stretched, and, therefore, a larger rope was required
for a given strain, so that a flat rope was not an economical one. There was another disadvantage
attached to the use of flat ropes, viz., the keps could not be dispensed with; whereas with a round
rope they could be done without very well, and that was a very great advantage to any apparatus,
be it a spiral or a cylindrical drum; with flat ropes coiled one over another the difference of weight,
where men are riding, or the cage comes up light, alters the position of the engine when the load is
at bank, so that keps cannot very well be avoided. As regarded the probability of slipping, they were
all aware that there had been many accidents from this cause where conical drums were used;
while, on the other hand, at many collieries where these spiral drums were erected there had been
none. The spiral drum required rather more accuracy in construction than the ordinary rope roll, and
necessitated the engines having a perfectly accurate lead to the pulleys. He believed that where
accidents had taken place with the spiral drum it was generally at the commencement of their use,
when the rope was rigid, and had no weight on it at all; but he thought that practically they had
overcome this difficulty, seeing that it was in successful operation at several collieries. As regarded
the point mentioned by Mr. Steavenson, it was an extremely interesting one; and there were other
gentlemen who had devoted more special attention to that branch of the subject than he had
himself. He believed Mr. Fowler had put his views in print upon the subject. He thought that the
instrument Mr. Steavenson had spoken of was an extremely ingenious one, and would ascertain and
record the actual power throughout the whole of the winding, whereas the system of separate
indications, taken at every stroke, did not do so unless the time occupied by the winding was taken

into consideration at the same time. For instance, there was no doubt a larger pressure required at
the first stroke; but the time which the first stroke took was longer;
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and, therefore, although more steam was used, it was used more slowly. But the machine Mr.
Steavenson mentioned would give, throughout the whole of the winding, not only the diagram, but
would also record the horse-power per minute.
Mr. Cochrane said, that Mr. Daglish mentioned in the opening of his paper that there were probably
other forces and resistances which would have to be considered in solving the problem he had set
himself to work out, which might considerably alter the results and conclusions at which he had
arrived. He thought Mr. Daglish would admit that by the manner in which he had commented on the
various systems of counterbalancing he had treated the subject as one involving a question of
statical equilibrium only. He did not take any account whatever of the dynamical question, and it
occurred to him (Mr. C.) that this was one which would so complicate the question that the
conclusions arrived at would be considerably modified. Mr. Daglish had referred to Mr. Fowler. He
believed Mr. Fowler had conducted some very careful experiments upon the spiral drum. He thought
Mr. Daglish's paper would rather lead to the belief that the spiral drum would give as good results of
counterbalance as with other systems, leaving out of consideration the dynamical question; but
when the question of overcoming the inertia and the momentum, which has to be destroyed at the
end of the lift, is taken into consideration, then this spiral drum absorbs, according to Mr. Fowler's
experiments (if they are correct) about four times the amount of power that is required when the
counterbalancing arrangements are used in a similar manner to that described by Mr. Daglish. The
dynamical question is a difficult one, and will probably require different appliances in order to effect
greater economy ; but the statical part alone, as described in the paper would, he thought, result in
some economy of the power applied, its object being to expend as little steam as possible, or not
more than would be absolutely necessary to raise the weight of coals from the bottom of the shaft
to the top. Mr. Bainbridge happened to be present; he knew something of Mr. Fowler's experiments,
and would, perhaps, speak to them. He thought he was correct in saying that the spiral drum was
found to absorb about four times the power of other modes of counterbalancing, and, therefore,
instead of being the best was one of the very worst applications of counterbalance.
Mr. Bainbridge said, Mr. Cochrane was mistaken as to the amount of power required where spiral
drums were used being four times the actual power required to lift the load with the usual
counterbalancing arrangements; it was four times as much (judging
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from Mr. Fowler's experiments) at the commencement, and not more than twice as much at the end
of the winding. The power at the end of the winding is in this case applied to resist the momentum
acquired by so large a drum—the steam being reversed to accomplish this The diagrams exhibited by
Mr. Daglish were probably correct as far as the load upon the engine was concerned, but they failed,
as Mr. Daglish had acknowledged, to show the power required to move such load, and the extra
power required to move the working parts of the engine. This could be illustrated by the
accompanying sketch, in which C D represents the line of perfect balance, A C the load at the
commencement, B D the load at the finish, A B showing the varying load during winding.

[sketch]

In this case the power required to move this load, and move and stop the engine, would be more
correctly represented by the line YZ; Y C being the power required to start, and D Z the power
necessary to apply to stop the engine. Hence the total area of the triangles Y C O and 0 D Z only
exceed the area of the figure A C D B, by the area required for the power necessary to move and
arrest the engine and to overcome the friction of the ropes on pulleys, &c. Mr. Fowler made the
experiments at Kiveton Park Colliery, which was the only spiral drum he tried; the inferior results
obtained should not be altogether attributed to the spiral drum system, but to the peculiar
arrangement of the drum at this colliery. Had the drum been smaller in diameter at first and larger
at the end, the result would probably have proved better. The difficulty appeared to be that the
drum weighed altogether about forty tons, the velocity being great, its vis inertia at the
commencement of the lift, and its momentum at the end, were very great. Notwithstanding this, the
drum works remarkably well, and has raised upwards of 1,000 tons in one day of ten hours—this
being done with a consumption of about 20 tons of small coal. At Kiveton Park Colliery one of the
chief advantages of spiral drums had been proved in the economy of ropes.
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One pair of ropes at this colliery lasted nearly four years, and raised 1,000,000 tons. This seems to he
due to the fact that the coils of rope do not wear against each other, each coil having its own groove,
and thus one of the chief causes of the wear and tear of ropes is avoided. Since they applied the iron
groove at Kiveton Park they had not had the slightest accident; at first, when they tried wooden
grooves, the rope slipped once and was deemed unsafe.
Mr. Daglish said, Mr. Cochrane was perfectly correct in saying that these were simply statical and
not dynamical effects. It was stated so in the paper. He especially mentioned also that this question
of momentum and inertia was not taken into consideration in the matter at all. But it would he very
easy, hy simply adding more weight to particular parts of the counterbalance, to overcome this
inertia entirely, so that the engine might actually start itself without requiring any power whatever.

Still it would he extremely interesting to consider the question dynamically as well as statically; this
it was proposed to do by the instrument that Mr. Steavenson had mentioned. As regarded the
weight of the drum, he did not see that a conical drum should be any heavier than the ordinary flatrope drum, but thought the one could be made just as light as the other. In regard to Mr. Fowler's
experiments, as Mr. Fowler was not there, he did not like to allude to them further than simply to
say that neither the spiral drum, nor the counterbalance apparatus, which Mr. Fowler described in
his interesting paper, were good examples. The spiral drum was only from 20 to 30 feet diameter,
and far from being true in its action. The counterbalance arrangement was not sufficient; it was
practically no counterbalance at all upon the engine.
Mr. Steavenson—That is to say, it was useless for the purpose of comparison with the other.
Mr. Daglish—It was almost useless. He did not think it was a fair example to take. To be useful the
tests should be made at a colliery where the apparatus was well arranged, and on a large scale, so as
to be able to get a correct result.
Mr. Southern said, in the use of the conical drum, it had been found necessary to put a guard on the
shaft to prevent the rope coming off the drum.
The President asked if Mr. Lindsay Wood had not lately established one at Eppleton Colliery ? Was
it at work yet ?
Mr. Daglish said, it was not.
A vote of thanks having been given to Mr, Daglish for his valuable paper, the discussion was
adjourned.

[Plates LVII to LXI illustrating counterbalancing of winding engines]
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The President said, they had two or three times delayed the discussion upon the very interesting
paper with regard to wire tram-roads, and Mr. Bainbridge might have a few remarks to make, and
they would be very glad to give him the opportunity.
Mr. Bainbridge had nothing more to say than to refer to the large increase of business which the
makers of the tramways had got as proof of its success.
Mr. Carrington mentioned some places where the wire-tram rope had been used. Both this country
and the Indian Government had taken it up. In one case it was for a line ten miles long. Mr. John
Fowler had recommended its adoption by the Viceroy of Egypt; and it had also been applied in South
America, Germany, Austria, Spain, and California. They had now orders from different parts of the
world; and the improvements since Mr. Bainbridge read his paper had been very numerous, and
were chiefly in the details.

Some specimens of rivetted joints broken under test were exhibited, and Mr. W. Boyd, Mr. W.
Waller, and Mr. T. Hawthorn were appointed a committee to report upon them.
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PROCEEDINGS.
ANNUAL MEETING, SATURDAY, AUG. 5, 1871, IN THE LECTURE ROOM OF THE LITERARY AND
PHILOSOPHICAL SOCIETY.
E. F. BOYD, Esq., President of the Institute, in the Chair.

The election of officers for the ensuing year was proceeded with, and Messrs. S. C. Crone ; J. Bailes,
jun.; A. L. Steavenson; and James Willis were appointed Scrutineers of the voting papers.
The Secretary read the minutes of the last meeting, which were confirmed and signed, also the
Report of the Council, the Report of the Finance Committee, and the Report of the Executive
Committee of the College of Physical Science.
Mr. T. E. Forster moved, and Mr. R. S. Newall seconded, the adoption of the Reports of the Council
and the Finance Committee, which was unanimously agreed to.

The following gentlemen were then nominated for election at the September meeting:—

Members— Monsr. Lucien Guinotti, Directeur des Charbonnages de Mariemont et de Bascoup,
Mons.
Monsr. Alphonse Briart, Ingenieur en chef des Charbonnages de Mariemont et de Bascoup, Mons,
Monsr. J. Gille, Ingenieur au Corps Royal de Mines, Mons.
Mr. Charles Blagburn, Engineer, 3, St. Nicholas Buildings, Newcastle.
Mr. H. F. Swan, Shipbuilder, Jesmond, Newcastle.
Mr. R. R. Redmayne, Chemical Manufacturer, Gateshead.
Mr. John G. Swan, Ironmaster, Cargo Fleet, Redcar.
Mr. A. Freire-Marreco, Analytical Chemist, Newcastle-on-Tyne. Mr. Archibald Stevenson, South
Shields.

Mr. Henry Coxon, Quay, Newcastle-on-Tyne.
Mr. Thomas Hodgkin, Banker, Newcastle-on-Tyne.
Mr. George Fenwick, Banker, Newcastle-on-Tyne.
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Mr. James McIntyre, Shipbuilder, Jarrow.
Mr. John Williamson, Chemical Manufacturer, South Shields.
Mr. Jonathan Priestman, Coal Owner, Newcastle.
Mr. T. Macdougall Smith, C. and M.E., London.
Mr. Francis Charlton, Engineer, Newcastle.
Mr. James Black, Jun., Iron Founder, South Shields.

The President regretted that he could not yet address them in their handsome new building, and
congratulate them there on the completion of two important works that had occupied their
attention for some time past, viz., the Wood Memorial Hall and the College of Physical Science. But
as they would themselves observe by the imposing structure at their side, and by the Report of the
College Committee, the time was not far distant when he should be able to do so. He was afraid that
the partiality of his friends had induced them, in their report, to give too prominent a place to the
part he had taken in the establishment of the College; but of this he felt sure, that however much he
might have desired the formation of such a college in Newcastle, he could not have succeeded if he
had not had the assistance of many valuable and energetic friends, and if there had not been a
cordial and liberal desire on the part of the Durham authorities to meet the wishes of the public. It
was with great regret that the Council had felt the necessity of refusing the very kind invitation of
the South Staffordshire Engineers; but they had considered that it would have been exceedingly
improper to have allowed their friends to undertake the responsibility of preparing for their
reception when they felt sure that the commencement of the shooting season would prevent an
attendance commensurate with the hospitality and good intentions of their entertainers. Referring
to that portion of the report which alludes to the merit of the contributions of papers during the
past year, there is a prospect of many interesting contributions for the future. The Coal Working
Committee have decided not to carry on their researches by personally inspecting the various
districts where the different modes of working coal are carried out, on account of the great expense
and occupation of time it would entail, but to ask gentlemen conversant with the various districts to
contribute their experience and practice, and then to draw up a summary of the whole. He fully
concurred in this mode of procedure, and thought that very valuable information would be thereby
obtained that would not have been otherwise available. Mr. Cockburn had been preparing a paper

upon the mining operations carried on in the north of Durham and the north-western part of
Yorkshire, which would form a valuable addition to Mr. Bewick's paper
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on Mining in the Mountain Limestone of the North of England. A friend of his was also preparing
detailed accounts of a mode of pumping water to the surface by engines and pumps placed at the
bottom of the shaft, at present in operation at Castle Eden and Peases' West Auckland Colliery; and
as this mode of pumping had been used for some years at Seaton Delaval and Cambois, Mr. Forster
might be induced to add his experience, and the information thus obtained would be very valuable.
He understood, also, that the application of boilers and steam-engines at the place where feeders of
water were met with at a distance to the dip of the drawing-shaft, with the condensation of the
smoke made, by precipitation, had lately been successfully carried out at Whitworth Colliery, where
the steam-boiler was from 700 to 800 yards in-bye. The particulars of this mode of pumping would
form a valuable addition to the papers on pumping, before alluded to. He might take this
opportunity of encouraging the younger members and students to prepare papers, by explaining
that they would very materially assist in extending the usefulness of the Institute, if they would
make it a point of jotting down any new modes or improvements in carrying on mining operations
that came within their notice. It was important that the proceedings of the Institute should form a
record of all that was going on in colliery practice, and he thought that their younger friends, in
contributing their quota of information, would, at the same time materially benefit by the
observations of the more experienced members, which their papers would call forth. He would
suggest as subjects, the application of the wire-rope to pumping in-bye; the relative cost of furnace
and mechanical ventilation ; the experiments made with the Usworth fan; and last, but not least, the
best and most economical construction of workmen's cottages. This latter subject, he thought,
would form a most admirable paper, and would put on record the class of house the pitman now
habited. This subject indirectly suggested another, viz., whether after considering the pitman's
comfort in his house, it would not be as well to extend the subject, and make it comprehend
schemes for the instruction and amusement of those masses of population that settled around the
various collieries. The pitman had many spare hours, and the profitable and pleasurable occupation
of these hours in a way that would withdraw him from the various temptations to which he was so
much exposed, would be a study, which, if made productive of practical results, would well repay
the time devoted to it. In going into this question, he thought, it would be observed that Mechanics'
Institutes would be found not to have succeeded altogether in supplying the profitable and
pleasurable occupation
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above alluded to, and the question would arise as to whether it would not be wise to introduce such
elements into their constitution as would permit healthy recreation and games to supplement
reading and study.

Mr. Bewick, whilst cordially concurring in the remarks of the President, observed that there were
other matters in course of development which could not be otherwise than interesting to the
members of the Institute. Amongst these he might be permitted to mention a new method of deep
boring, by which the thickness and characteristics of the rocks passed through were most correctly
ascertained. The machinery employed, was that patented by Captain Beaumont, M.P. for South
Durham, and known as the Diamond Rock Borer. The Machine Tunnelling Company are applying this
apparatus pretty extensively in their contracts for driving colliery drifts and tunnels and in
"prospecting," as the boring is designated. The operation is effected by black diamonds
("carbonate"), set or mounted on the end of an iron tube or "crown," to which other tubes or pipes
are screwed in lengths as required. These tubes, with the "crown" at the end, are made to revolve
quickly, and at the same time advance, according to the hardness of the rock being penetrated,
cutting away a ring of the strata, and leaving a core of from a half to three-quarters of an inch
diameter, which, from time to time, is raised to the surface. The first results from this system of
boring have been eminently satisfactory ; at Festiniog, in North Wales, solid cores of the strata
passed through have been brought out to a depth of 318 feet, proving in that case a bed of valuable
slate, of great thickness. In some portions of this hole the rock was extremely hard, in fact, part of it
was pure quartz; and, although the slate was comparatively soft, and, owing to imperfections in the
tackle, some of it, in the rapid revolutions of the rods, was reduced to sand, yet from 25 to 30 per
cent, of the total depth was obtained in solid cores. This, as a first attempt, was very encouraging.
Other holes are now being put down. What could not but be interesting to the members of the
Institute was the fact that the Machine Tunnelling Company have recently undertaken to bore two
holes in the Cleveland district, each to a depth of from 600 to 700 feet, which, from the experience
gained and by improvements in the apparatus, they do not anticipate any difficulty in accomplishing.
He hoped also that during the ensuing session details of the new explosive called Lithofracteur
would be before the members of the Institute; so far as he had heard, this new agent (which it was
intended in future to call "Kreb's explosive") was by far the most potent, and at the same time the
safest that had yet been invented. The usual way of using it was by
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placing it at the bottom of the drilled hole with a proper fuse and detonator, and simply tamping
with water; if the holes were vertical or so far horizontal that the water tamping was impracticable,
any light substance might be loosely placed on the top of it; indeed, very excellent results were said
to be arrived at when even no tamping was used. He considered this peculiar property was very
valuable, since tamping was a continual source of danger either with gunpowder or gun cotton, and
even the precaution of using copper rods for the purpose was by no means a certain safeguard.
Some doubt being expressed as to the correctness of Mr. Bewick's opinion that copper gear was not
a sufficient protection—
Mr. W. Spencer stated that some years ago several accidents from explosion of gunpowder occurred
in the Cleveland Ironstone Mines, which were attributed to the use of iron gear. After one fatal
accident it was suggested that copper should be substituted. As it was questioned whether this

would be a real security, careful experiments were made which proved that sparks were freely
produced from copper, although not so freely as from iron. Such being the case, it was thought that
the substitution of copper for iron might only tend to increase the number of accidents, by making
the men more careless, from the impression that there was no danger. On this account iron gear
continued to be used, and was so, he believed, to the present time.
The Scrutineers here announced the results of the election, when it was ascertained that Mr. Boyd
had been re-elected President.
Mr. T. E. Forster moved a vote of thanks to the President for his past services, for the very great
interest he had taken in the Institute, and for the very active part he had taken in the formation of
the College of Physical Science.
Mr. G. W. Southern seconded the motion, which was unanimously carried.
After a few words from the President in acknowledgment of the compliment passed on him, the
meeting separated.
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APPENDIX No. I.
BAROMETER AND THERMOMETER READINGS
FOR 1870.
By the SECRETARY.

These readings have been obtained from the observatories of Kew and Glasgow, and will give a very
fair idea of the variations of temperature and atmospheric pressure in the intervening country, in
which most of the mining operations in this country are carried on.
The Kew barometer is 34 feet, and the Glasgow barometer 180 feet above the sea level. The latter
readings have been reduced to 32 feet above the sea level, by the addition of 0.150 of an inch to
each reading, and both readings are reduced to 32° Fahrenheit.
The fatal accidents have been obtained from the Inspectors' reports, and are printed across the
lines, showing the various readings. The name of the colliery at which the explosion took place is
given first, then the number of deaths, followed by the district in which it happened.
The non-fatal accidents are indicated in the same way; but where
the name of the colliery has not been given a simple----------has been
substituted.

The writer here begs to thank those Inspectors who were so kind as to send him particulars of the
non-fatal accidents.
At the request of the Council the exact readings at both Kew and Glasgow have been published in
figures.
The writer makes no attempt to offer any remarks, but hopes his efforts will be acceptable, and form
data on which to build more effectual arrangements for the safety of life.

[2-7 Tables of readings]
[Plates I to IV graphs of readings]
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APPENDIX NO. II. A DESCRIPTION

OF

PATENTS CONNECTED WITH MINING OPERATIONS,

Taken out between October 1, 1869, and December 31, 1870, BEING A CONTINUATION OF
APPENDIX TO VOL. XIX.
By the SECRETARY.

The descriptions have been mostly given in the words of the patentee, all matter being excluded
except that which is actually necessary to give some idea of the general principle involved. The exact
details, if required, can readily be obtained from the Specifications. The patents are classified as
before, viz.:—

1.—Lifting and winding, including safety-hooks.
2.—Mining, boring, and sinking.
3.—Pumping and modes of raising water.
4.—Ventilation.
5.—Safety-lamps and lighting mines.

6.—Coal cutting, getting, and breaking down.
7.—Explosive compounds.
8.—Miscellaneous.

FIRST DIVISION. LIFTING AND WINDING, INCLUDING SAFETY-HOOKS.

1870. No.

571. Firth AND Hurd.

10d.

Closing the admission and exhaust valves simultaneously, or admitting steam to both sides of the
pistons simultaneously ; also, applying a self-acting brake for stopping the winding power.

1870. No.

591. Thomas.

10d.

Preventing accidents in pits. In addition to the two top pulleys usually employed for raising and
lowering the cages, a third pulley is placed a little below and at right angles to the others, to give
additional security.

1870. No.

1011. Sharrocks.

10d.

Prevents overwinding by making the cage shut off the steam and apply a brake.

1870. No.

1653. Clarke. (Provl.)

4d.

Should the winding rope break, the horizontal beams to which it is attached, and which are
connected with the cage, give a little, and with the aid of springs, and through the medium of links
and levers cause jaws to compress the wire rope guides.
b
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1870. No.

1882. Holcroft.

2s. 2d.

Making the guide rods of cages of a ladder form, each side of the guide rod being made of a series of
lengths of channel iron, joined together by short fiat bars of iron; the cage is provided with levers,
springs, and chains, which act in the usual way when the rope breaks.

1870. No.

2447. Turner, Grey, and Brydon.

10d.

Two spring boxes are secured to the cage, the pistons of these springs are connected to a crosshead, to which the winding rope is attached. The cross-head is connected by rods with arms on two
cross shafts, which shafts have pawls on their ends, that enter teeth in a rack secured to the outside
of the guides, when the springs expand by the breakage or disconnection of the winding rope.

1870. No. 2997. Landless. (Provl.)

4d.

The object of this invention is to afford the engineer or other person in charge a certain and visible
means of ascertaining at all times the exact position of the cage in the shaft; in fact, to enable him to
watch its ascent or descent, and so stop its movement at any desirable point. At the same time
should the engineer or other person be absent, or from any other cause neglect his duty, the
apparatus will ring an alarm bell, and if this is not attended to, and the cage rises above its proper or
ordinary height, then the apparatus will instantly shut off the steam from the engine, and apply the
brake, and so prevent any accidents from occurring.

SECOND DIVISION. MINING AND SINKING.

1870. No.

681. Villepigue. (Provl.)

4d.

Fashioning a rod or tool so that it shall be hollow and contain and work an inner rod or plunger, such
inner rod being capable of and having imparted to it a free fall or up and down action by means of
the hollow rod; also the construction of machinery for giving mechanically the necessary rotary, up
and down, and compensating movement to the rod.

1870. No.

2512. Marshall.

8d.

A flat disc severed in a radial direction from the centre to the circumference. The two ends are bent
apart of a V form in edge view, and the lower edge in penetrating the ground and rotating, raises the
earth, which passes through the opening in the disc on to its upper surface.

THIRD DIVISION. PUMPING AND RAISING WATER.

1869. No.

2975. Scholefield.

10d.

A cylinder of two radii, with a circular cylinder revolving therein, from which project diaphragms that
sweep through the spaces formed by the larger radius, and thus expel the water.
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1869. No.

2979. Brakell. (Provl.)

4d.

Improvements in fans whereby they are made lighter, and in pumps whereby the flow of the fluid
through the pipes is increased, without the necessity of passing the whole volume through the pump
itself.

1869. No.

3012. Leachman and Holroyd. (Provl.)

4d.

A double-action force-pump, consisting of a cylinder having inlet and outlet valves, is mounted
between two hydraulic rams.
1869. No.

3152. Mewburn.

6d.

Raising and forcing fluids. Injectors, which are not adapted to draw water at starting, are provided
with a pipe to bring the waste water from the overflow to a place readily visible.

1869. No.

3323. Korting. (Provl.)

4d.

An injector is supplied with a blast pipe in the cone between the overflow and the water entrance,
whereby a vacuum is caused, and the water is drawn up.

1869. No.

3337. Miller and Herbert.

8d.

Pumps with India-rubber balls in place of the or
dinary valves.
1869. No. 3398. Chatwood and Sturgeon.

10d.

A cylindrical chamber, in which two arms revolve independently of one another round the same axis.
These arms travel quickly in one part of their revolution, and slowly in another part, the gearing
being so arranged that while one is travelling at its quickest speed, the other is at its slowest speed.

1869. No. 3495. Field.

10d.

Elastic valves, placed face to face with their outer circumference, pressing against one another like
lips.

1869. No.

3499. Wilson.

1s.

An improved revolving pump, with the large cam solid with the cylinder, instead of separate from it.

1869. No.

3512. Knowles. (Provl.)

4d.

A cylinder divided into two equal compartments by a fixed partition, through which the axle passes,
upon which axle are keyed blocks provided with pistons, fitting the space between the blocks and
the circumference of the cylinders.

1869. No. 3529. Robertson and Wright. (Provl.)

4d.

The combination of an instrument known as an injector with a vessel or chamber.

1869. No. 3616. Newton. (Provl.)

4d.

A series of radial cylinders in a revolving frame, the pistons of which are all connected with a ring on
a fixed eccentric.
1869. No.

3619. Burgh.

10d.

A mode of arranging the valves of pumps, the better to discharge the air.

1869. No.

3681. Newsam. (Provl.)

4d.

Two cylinders, each in communication at the lower end with a separate pipe, while at the upper end
each is in communication with the pipe leading to the lower end of the other cylinder. Valves are
employed at the lower ends of the cylinder, but not at the top ends.

1869. No.

3719. Spear.

6d.

A pneumatic engine, into which condensed air is admitted, and from which it escapes through
alternating cocks automatically.
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1869. No.

3741. Walker and Holt.

8d.

A new mode of working the valves by means of levers and tappets in direct pumping engines that
have no crank axle.

1870. No.

133. Fleury. (Provl.)

4d.

Forcing liquids by a series of tapering pipes, arranged in a semicircular direction
in a steam chamber, and communicating with the liquid, and with the boiler to which the liquid is to
be fed.

1870. No.

259. Cathels and Terrace.

1s.

Ventilating mines and forcing fluids. The blowing power is obtained by making two elliptical shaped
cams revolve in opposite directions, nearly, but not quite in contact with each other, and with the
inside of the case.

1870. No.

398. Mason and Lockerbie.

8d.

A cast iron vessel divided into three compartments, one of which is the reservoir for compressed air,
whilst the other two are fitted with inlets and outlets for water at the bottom, and with valves at the
top for air.

1870. No.

464. Lucon and Kern.

1s.

A pump with horizontal barrel, the piston rod of which is attached to one arm of a three-armed
lever, the two other arms of this lever being each connected with a separate treadle.

1870. No.

556. Leachman.

1s. 4d.

Four hydraulic cylinders, one pair having their rams coupled to an engine or other suitable motive
power. The second pair of hydraulic cylinders have a pump of ordinary construction placed between
them, the pump bucket rod-ends serving as plungers in the second pair of cylinders. The motion is
transmitted from the ram of the first pair by hydraulic pressure through pipes connecting the
cylinders, giving motion thereby to the rams in the second pair, causing at the same time the
required reciprocating motion of the bucket in the pump.

1870. No.

706. Winder.

8d.

Within a cylindrical case, with closed ends, two pistons or wings are supported, which turn on a
common centre of motion. These pistons, though capable of working on a common centre of

motion, are yet driven independently, and at speeds varying the one to the other during their
common revolution by means of pairs of eccentric wheels.

1870. No.

779. Mewburn. (Provl.)

4d.

A modification of the injector (See also 634, 1868), whereby the suction pipes and strainer are
cleansed by a jet of steam.

1870. No.

907. Newton.

6d.

Alternate stationary and revolving wheels in a tube provided with blades or wings, which are
feathered at reverse angles.
1870. No.

996. More and Wright. (Provl.)

4d.

The combination of "Giffard," or other injector, with an air vessel for projecting fluids.

1870. No.

1056. Ellis. (Provl.)

4d.

On a fixed shaft, with a fixed crank, two or more cylinders having pistons are placed so that they may
turn ; these are connected in pairs with crossheads connected to the crank.
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1870. No.

1262. Emslie and Emslie. (Void.)

4d.

Pneumatically pumping by means of tubes or lifts without the liquid coming in contact with the
working parts of the machinery employed.

1870. No.

1413. Benson.

1s. 8d.

The improvement consists in the means employed for moving the slide valve or valves of steam
engines for working pumps or blowing cylinders by a supplementary steam cylinder.

1870. No.

1455. Breeden.

8d.

Consists in guiding the piston or pump-rod in a line coincident with the axis of the pump cylinder, by
fixing over the pump cylinder a hollow cap or case, between the vertical parallel sides of which a
sliding block works.

1870. No.

1634. Pocock.

10d.

Arranging sliding valves at an angle over the ports for admitting liquid to and from cylinders. The
spindle of the valves is rotated by cranks connected to the pistons. Secondly, lining the cylinder
with soft metal to obviate boring and polishing.

1870. No.

1679. Johnson.

10d.

Consists of a cylinder and an eccentric piston with a steam chest, containing a stuffing box in which a
plate travels, one end being steam tight on the face of the eccentric piston and the other being open
to the steam.

1870. No.

2224. Spartali.

1s. 2d.

Special arrangements for raising and forcing fluids.

1870. No.

2228. Taunton.

1s.

The pump consists of a hollow cylinder placed horizontally, within which an oscillating piston works.
This piston is carried by a shaft which passes through the end of the pump cylinder, and is worked by
a handle or handles. The oscillating piston has on either side its shaft a hinge valve opening upwards.
The delivery pipe is at the top and the suction pipe at the bottom of the cylinder.

1870. No.

2319. Holmes.

8d.

The barrel has two longitudinal external channels, one of which communicates with the suction pipe
and with the upper pump chamber, and the other with the lower pump chamber and with the
delivery pipe. The upper chamber also communicates with the delivery pipe, and the lower chamber
with the suction pipe. Proper valves are fitted. In the up-stroke water enters the lower chamber,
while the water in the upper chamber is discharged ; in the down-stroke the water in the lower
chamber is discharged through the second channel, while water from the suction pipe is drawn
through the first channel to the upper chamber.

1870. No.

2416. Walker. (Provl.)

4d.

Employs one or more blades of a screw of peculiar form and rapidly increasing pitch, affixed to a
hollow box upon a shaft or spindle and surrounded by a casting.

1870. No.

2522. Frankenberg. (Provl.)

4d.

A strong metal vessel or receiver, charged with compressed air, fitted with a pipe communicating
with the upper part of the vessel containing the liquid to be drawn off.
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1870. No.

2683. Haseltine.

8d.

The construction of an ordinary lifting pump that may be converted into a force pump ; the stock of
the pump is divided into an upper and lower chamber by means of a water-tight core, which has an
opening that unites the two chambers ; a valve separates these chambers when closed, and puts the
lower one in communication with an air vessel.

1870. No.

2710. Bain. (Provl.)

4d.

Two working barrels are employed, the one larger in diameter or area than the other; they are
placed in the same line ; one hollow ram, formed with a blind end is used for both barrels ; the
external surface of the ram working in contact with the internal surface of the large barrel, and the
internal surface of such ram with the external surface of the smaller barrel.
1870. No.

2786. Blair. (Void.)

4d.

This invention consists in preventing any loss of effect due to the compressed air in spiral pumps of
large dimensions, by dividing the rising main into a number of smaller conduits of such a size, that
the air will not readily escape up them without doing duty.

1870. No.

2857. Blair. (Provl.)

4d.

This invention consists in constructing spiral pumps with two or more spiral passages, either upon
the same drum or upon separate drums, all communicating with the same rising main, but the inlet
orifices of which are arranged so as to discharge such water consecutively into the rising main.

1870. No.

2972. Pearn and Pearn.

10d.

This invention consists of a double-acting ram pump, the plunger of which works in a packing placed
at about the centre of the length of the cylinder or pump barrel, which is made in two parts,
containing the inlet and outlet passages to the valves.

1870. No.

3387. Wolstenholme. (Provl.)

4d.

This invention relates to such steam pumps as are without crank shafts. Piston valves are employed,
and the spaces at each end of the valve box are in communication with the cylinder. When the main
piston approaches the termination of either stroke, it uncovers a port through which the actuating
steam flows, the steam is conducted by a pipe or passage to one end of the valve box, thus causing
the reverse of the direction of movement of the main piston.

FOURTH DIVISION. VENTILATION.

1869. No.

3279. Brakell. (Provl.)

4d.

Improvements in fans, whereby they are made lighter.

1869. No.

3067. Lake.

8d.

Making the concave portions of the enclosing case of rotary blowing engines, so as to allow the
abutments to be withdrawn by removing the caps of the journals, and rendering the working
surfaces of the case true, by means of plaster of Paris.
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1869. No.

3091. Walker.

8d.

To fire the gases in mines at frequent intervals before the descent of men, by means of electricity.

1869. No. 3276. Holt. (Provl.)

4d.

Injecting air by the aid of jets of steam.

1869. No.

3307. Niell.

10d.

Working blast engines by slide valves, causing the air-passages of blowing engines to remain closed
during a portion of the stroke, and using a supplementary engine for actuating the air valves.

1870. No.

259. Cathels and Terrace.

1s.

Making two elliptical shaped cams revolve in opposite directions, nearly, but not

quite in contact with each other, and with the inside of the case.

1870. No.

706. Winder.

8d.

See Third Division—Pumping.

1870. No.

1413. Benson.

1s. 8d.

Moving the slide valve of steam engines for working blowing cylinders by the piston of a
supplementary steam cylinder.

1870. No.

1515. Horsfall.

4d.

Placing a tube in the upcast shaft of the mine, the same being continued nearly to the bottom of the
shaft, and causing a vacuum to be created in the upper part of the tube, by the introduction therein
of ordinary or superheated steam.

1870. No. 1673. Brunton. (Provl.)

4d.

A longitudinal tube formed in the upper part of a tunnel, in close proximity to the top of the funnel
of the engine, provided with an air-tight lid or flap, which is opened by the passing engine, and
closed again. A partial vacuum is maintained in the tube, so that when the flap is opened a rush of
steam and products of combustion along with the air of the tunnel takes place into such tube.

1870. No.

1792. Finch.

2s.

A fan with the vanes arranged obliquely to the shaft; the fan is placed within a cylinder which is fixed
to a box; the rotation of the fan in one direction forces air into the box, and in the other it draws air
from the box.

1870. No.

1839. Hill. (Provl.)

4d.

Rotating fan driven by clock-work.

1870. No.

1976. Cowley.

10d.

Consists of one or more cylinders, formed in two parts, with annular external flanges at each end for
joining the two parts together, and for attaching the covers thereto. Each cylinder is fitted internally

with a circular bag, the sides of which are formed of India-rubber, and the bottom by a rigid disc of
somewhat less diameter than the interior of the cylinder ; these, when in position, are a little shorter
than the length of one of the sections of the cylinder into which they are introduced, and are
securely held by the upper edge between the centre flanges of the cylinder. The piston rod is
attached to the bottom of the bag.

1870. No.

2120. Boyle.

8d.

Consists of a vertical shaft for the exit upwards of the heated or foul air. The shaft is surmounted by
a horizontal cylindrical tube fitted with a vane, and mounted so as to turn with the wind or external
air-current.
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1870. No.

2200. Marshall.

6d.

Instead of the air being exhausted as is usual in most of the known processes, it is forced into the
chamber or place requiring to be ventilated by means of a fan.

1870. No.

2416. Walker. (Provl.)

4d.

Employs one or more blades of a screw affixed to a hollow boss upon a shaft, surrounded by a
casing.

FIFTH DIVISION. SAFETY-LAMPS.

1869. No.

3232. Evan.

8d.

The air necessary for combustion is supplied at the top of the lamp, and passes
downwards to the wick through a series of wire gauzes placed in various
positions between an inner and outer chamber constructed in the lamp, and
the heated air is discharged by the inner chamber through the top of the lamp.

1869. No.

3281. Dillon.

4d.

A case of metal, in the interior of which is placed a lamp. The upper part consists of two concentric
cones, the space between them serving for the admission of air, while the inner cone is the exit for
the products of combustion. The supporter of combustion may be compressed and carried in a
reservoir attached to the lamp itself. The space between the inner lamp and the external case is
filled with water.

1869. No.

3289. Clarbour and Teale.

8d.

Springs to prevent a miner's lamp from being opened without extinguishing the lamp.

1869. No. 3532. Swift. (Provl.)

4d.

The cap cannot be unscrewed without extinguishing the light.

1870. No.

645. Hogg. (Provl.)

4d.

Constructing a safety-lamp so as to increase the power of the light by the use of
a reflector, and introducing a sliding tube to extinguish the light by the opening or unlocking of the
lamp.

1870. No.

2322. Hogg.

10d.

For increasing the power of the light by adapting to the lamp a suitable lens, a part of the wire-gauze
being cut away.

1870. No.

3106. Brown.

8d.

For combining with the ordinary wire-gauze shell or casing a suitable lens and reflector.

1870. No.

3209. Adie and Simpson. (Provl.)

4d.

For constructing safety-lamps so as to facilitate the burning of hydrocarbons therein. In the safetylamp an air pipe is provided through the base, and a self-acting extinguisher furnished, which puts
out the light on opening the top of the lamp.

SIXTH DIVISION. COAL-GETTING.

1869. No.

2847. Bolger and Meekin.

8d.

Splitting rocks. A conical screwed mandril, acting with a divided nut so as to expand it.
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1869. No.

2878. Villepigue.

1s.

Boring holes in rock. (See p. 65, vol. 20.)

1869. No. 2889. Bunning and Cochrane.

1s.

Getting coal. A cutter bar, worked by hydraulic pressure, is employed to slot or cut grooves in coal,
whilst by means of rams it steadies itself in the said groove.

1869. No.

3004. Lake. (Provl.)

4d.

Boring rocks. The drill is secured to a piston, which works within a cylinder, and is moved to and fro
by steam.

1869. No.

3135. Knowles.

10d.

Giving an oscillating action to a blade or bar, which, when pressed against the coal, cuts a groove or
channel therein.

1869. No.

3240. Doering.

8d.

Rock-boring machine. The stand is constructed so that there is a clear space beneath the machine
for men to pass under to clear out debris.

1869. No.

3298. Jones.

1s. 4d.

A screw force-pump to the end of the hydraulic cylinder of wedging down apparatus, in which a
wedge is employed to force apart moveable segments. (See vol. 19, p. 239.)

1869. No.

3411. Brown.

10d.

Drilling rocks. (See also No. 3065, 1866.) Combining with a drill mechanism which automatically
changes the amount of the feed in a rate proportioned to the degree of hardness of the rock to be
pierced.

1869. No.

3759. Gledhill.

1s. 4d.

At one end of the frame is a horizontal cylinder inclined to the centre line of the
frame and driving a vertical crank shaft, driving through an intermediate wheel and pinion a vertical
axis, on which is a chain wheel; around this wheel an endless chain carrying cutters passes. The chain
passes also round a pulley at the end of a jib or arm projecting into the coal; this jib may be at right
angles or inclined to the frame. The jib is made in two parts, and its length may be adjusted to keep
the chain tight whilst the machine is at work. The chain is supported by guides on the jib up to the
centre of the chain wheel which works in the coal, and to prevent dust getting to the axis of this
wheel packing rings are applied. This axis is surrounded by a wearing ring, which is made hollow to
contain oil.

1870. No.

487. Bartholomew. (Void.)

4d.

A coal saw, consisting of two or more parallel saw blades fixed together, with a space or spaces
between them.

1870. No.

534. Davy. (Provl.)

4d.

Joining the pick to a slot in the handle by a wedge or screw.

1870. No.

540. VAUGHAN.

4d.

Holes are bored in the rock and partially filled with water; pressure is exerted upon the surface of
the water in the holes by means of pistons actuated by any suitable motive power.

1870. No.

571. Firth and Hurd.

1s. 10d.

Improvements in excavating coal-cutters, and apparatus for working them ; also in the machinery for
hauling or traversing the cutting machinery along the face
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of the mineral; also in boring annular recesses in coal and other minerals by an Archimedian screw
cutter ; also in driving excavating machinery by rotary, steam, or other engines.

1870. No.

597. Norris.

10d.

An improved single and multiple drilling machine for drilling one or more series of holes in the sides
of the seam of coal.
1870. No.

620. Donisthorpe. (Provl.)

4d.

Imparting a compound motion to a pick in place of a reciprocating to and fro motion in a straight line
as heretofore usual, so that at the same time that a forward motion is given to the pick to cause it to
strike its blow, the point of the pick may be moved sideways, and caused to force the small or slack
cut away by the cutter backwards along the groove previously cut.
1870. No.

751. WINSTANLEY AND BARKER.

10d.

Two oscillating cylinders, the pistons of which are connected to a vertical crank shaft, to which is
fixed a pinion gearing into a large spur wheel, which is provided with projecting cutters. The cutting
wheel is mounted on a radius plate. The machine is traversed along the face of the coal by a hauling
chain passing round a drum, which is driven by a ratchet wheel and catch, or the equivalent.

1870. No.

815. Strathern.

1s. 4d.

Comprises two cylinders formed in the same line at the opposite ends of a casting with their inner
ends open and with a single acting piston in each. Through the tubular crank pin there passes a
spindle having three pinions fixed on it, and gearing with three internally toothed wheels, one of
which is fixed to the main casting, whilst the second is fixed in the same casting with the inner pulley
of the endless chain, the third being on a pulley or barrel which winds up a chain having one end
fixed so as to produce the progressive movement of the machine. The jib is continued single to the
extremity, and two pulley discs are applied on each side of it. This admits of the jib end being shaped
so as to give a much better and more extended support to the endless-chain.

1870. No.

1104. Lake.

1s.

The drill for striking the rock is firmly secured to a piston enclosed within a cylinder. Details require
a drawing.

1870. No.

1466. Osterkamp.

1s.

Working a rock-drilling machine by compressed air.

1870. No.

1471. Simpson.

10d.

Consists mainly in arranging machinery so that the power may be applied at a distance from the
point where the actual cutting is effected.

1870. No. 2011. Husband. (Provl.)

4d.

Stampers worked by cranks with the intervention of air contained in a cylinder acting as a cushion.

1870. No.

2147. Newton.

10d.

Using a stream of sand driven at a high velocity by a jet of steam, air, or water, as a means of cutting
stone, metal, and other hard substances.

1870. No. 2170. Miller.

6d.

A machine for striking blows by hammers, which revolve on or between two wheels,
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and so contrived that each will pass under the drill or object struck, immediately on delivering its
blow.

1870. No.

2188. Bury.

8d.

Improvements in picks: forming a metal loop at the end of the handle through which a pick is
inserted and secured by a wedge, &c.

1870. No.

2189. Bury.

8d.

Shafting picks by forming a taper oval-shaped hole in their blades: the end of the shaft is provided
with a similar shaped ferrule which is inserted in the pick.

1870. No. 2316. Macdermott and Williams. (Provl.)

4d.

A screw, driving and turning an auger provided with a mechanical adjustment of such a nature that
the rate of penetration at which the auger is made to advance in the hole is regulated by the
hardness of the material to be pierced: an arrangement in connection with the said apparatus for
boring holes by successive blows of a jumping bar or chisel.

1870. No.

2349. Henley.

10d.

A jointed rod, the fore end of which carries the chisels or tools for cutting a rectangular hole or
gallery of the required height and width. The rod has, besides its to and fro motion by means of the
piston, a reciprocating lateral motion by means of a ratchet gear.

1870. No.

2387. Donisthorpe, Leatham, And Donisthorpe.

2s. 6d.

Causing the pick of a coal-cutting machine to work in a compound curved course; also causing the
pick to oscillate around the cylinder of the engine by which the pick is worked.

1870. No.

2927. Low.

1s. 8d.

Drills, chisels, or tools are placed on the ends of shafts arranged so as to perforate the outline of the
transverse form of the tunnel to be cut. These shafts gear with the other shafts, and the same are
set in motion by steam or other power.
1870. No.

3131. Taylor.

1s. 8d.

Improvements in rock-drilling or perforating machines of that class in which the drilling or
penetrating implement is carried by a reciprocating piston driven by steam or other fluid; details
require drawings.

1870. No.

3361. Jackman.

8d.

A pick is made to fit into a socket attached to the handle and secured by a set-screw and gib.

SEVENTH DIVISION.

EXPLOSIVE COMPOUNDS.

1869. No.

3162. Bianchi.

10d.

Making cartridges, by compression, formed like an elongated truncated cone, with a
lateral channel continued into the smaller base.

1870. No.

119. Nisser. (Provl.)

4d.

A substitute for gunpowder, which consists in introducing a new ingredient, bitartar
of potassa; also by calcining some of the salts.

1870. No.

507. Fournier. (Void.)

4d.

The inventor takes a quantity of flinty or chalky material and reduces it to powder
in the ordinary manner, removes the chloride or carbonate of chalk, and places
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a certain quantity of it in a vessel in which some urine is placed; this mixture is heated over a fire
until it boils, and all the urine is evaporated and the mixture is nearly dry ; it is then removed and
laid out on a fabric to finally dry it, when the substance is found to be in crystals. When the mixture
is thoroughly dry the inventor mixes a certain quantity of charcoal with it, and after a few days it is
fit for use.

1870. No.

898. Perkins. (Provl.)

4d.

Producing fulminates or detonating compounds by the use of amorphorous phosphorous.

1870. No.

1595. James.

Is. 2d.

For compressing gunpowder. The stops of the die plate or slab in which pellets are compressed are
automatically shifted by the movement of the punch plate.

1870. No.

1735. Smith.

4d.

Forming an improved coating for safety fuzes used in mining, of a fibrous material, such as is used in
the manufacture of paper.

1870. No. 2986. Davidson.

10d.

Cake powder is broken up into cubes by means of curved surfaces armed with longitudinal knives or
cutting edges.

EIGHTH DIVISION.

MISCELLANEOUS.

1870. No.

457. Ruelens.

8d.

Registering apparatus ; composed of a tumbler having several arms, the axle of which is combined
with toothed gearing and a series of indicating discs or dials registering from units to thousands, and
so on. The tumbler is so placed that the wheel of every vehicle or a piece projecting therefrom
strikes against and lowers one of its arms, giving it a partial rotation which is immediately registered.

1870. No.

2058. Creswick.

8d.

Greasing tubs. A box is fixed or secured on the tub, and the grease is supplied to the axle, through
a hole in the box communicating with it, by the force of gravity and percussion, when the tubes are
in motion.

1870. No.

2187. Hick.

8d.

Cleaning and classifying coal. The apparatus consists of one or more sets of bars or rollers rolling or
turning wholly or partially round on their own axis, longitudinal space being left between them for
the passage of dirt or other matter.

1870. No. 2203. Bonneville.

4d.

The treatment of minerals and ores. This process is based principally upon the property that ferric
chlorure has been found to possess in a multitude of cases, in conjunction with the atmospheric air

and water, of attacking with energy the metallic sulphides, and the metallic alligations of antimony
and of arsenic.

1870. No. 2217. Huntriss, Swinburn, and Wilson.

8d.

Supplying mines with lighting gas by means of a jet of steam.
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1870. No. 2239. Goodman. (Provl.)

4d.

Improvements in machinery for crushing, grinding, and triturating stones, minerals, ores, and quartz
; a direct acting ram is suspended loosely on an eccentric, the face being curved and serrated
(obliquely) ; the eccentric, when put into motion, by suitable gear, gives motion to the ram, which
performs a distinct crushing and grinding action against a block of chilled iron or metal, also curved
and serrated (obliquely).

1870. No.

2490. Timmis.

4d.

To render the woven material of which brattice cloths are composed, uninflammable, by the use of
glue, bone size, Iceland moss, gelatine, isinglass, flour, or other glutinous substances, in combination
with sulphate of alumina, sulphate of magnesia, sulphate of zinc, or other soluble sulphate.

1870. No.

2543. Daft.

8d.

Forming tunnels of a continuous length of metal coiled into a helical coil; the joints may be caulked
with packing placed in a groove or channel between the coils.

1870. No.

3110. Hardcastle.

8d.

Improvements in apparatus for transporting heavy bodies ; more particularly applicable to the
system of hauling employed in mining districts, wherein an endless-rope or chain travels along a
double tramway, and hauls the loaded trucks in one direction, whilst the empty ones are conveyed
in the opposite direction. It is proposed to fit on to each truck or on to two or more coupled trucks, a
peculiar clip, which shall grip firmly the hauling rope or chain, and release it again readily when
required.

1870. No. 3236. Hopkinson. (Provl.)

4d.

Weighing coal to economize time and labour, by weighing the coal or other material during its
passage from the hopper to the shoot which conveys it into the vessel; the invention consists
principally in combining the hopper and the weighing machine, so that the coal or other material as
it leaves the hopper, first passes into a box carried by the weighing machine, where it is weighed,
and then on opening a hinged door, it descends by its own weight, down an inclined shoot
connected thereto, into the hold of the vessel.

1870. No. 3244. Cooke. (Provl.)

4d.

This invention consists in the application of engine-power to duplicate machines connected by a
side-rod, whether the power be given to, or received by the machines.
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