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The Thesis concerns the management of Thomas Telford's
two main civil engineering projects in the Highlands of Scotland:
the Caledonian Canal and the Highlands Roads and Bridges. Special
attention has been given to the involvement of central government
in the financing of the projects and the methods adopted by Telford
in solving the various managerial problems stemming from this involvement.
The Thesis includes an examination of the responsibilities of the
various civil engineers involved in the projects, the role of
contractors, the supply and cost of labour and materials and the
relationship between engineer and government.

A general survey of civil engineering management
practice in the latter half of the eighteenth and first quarter of
the nineteenth centuries form the context for the detailed discussion
of Telford's work which follows.
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PREFACE

In the study of the management of Telford's highland
projects much invaluable information has been obtained from
the large amount of material contained in the Telford Collection.
This collection has been financed by Telford Development Corpor-
ation and is housed in the offices of the Ironbridge Gprge~Musehm
Trust. I am most grateful to the Develoﬁment Corporation for
allowing me the time to examine the collection and include
material from it in my thesis. I am also greatly indebted to
Mr Neil Cossons and Mr S,B,Smith of the Ironbridge Gorge Museum
Trust for their kind help and assistance in the preparation of
this study. My thanks are also due to Mrs Marge Jacobs of the
Ironbridge Gorge Museum Trust who read the drafts and assisted
me on numerous matterse.

I would also like to thank Dr Jennifer Tann without whowse
help and guidance this study would not have been undertaken or

completed.



INTRODUCTION

The expenditure of large amounts of public money by the
Government on the construction of roads, bridges, harbours and a
ship canal in the Highlands during the first quarter of the nine-
teenth century was without parallel. In this study an attempt has
been made to examine the organisational aspects of the highland
moject with special reference to the degree of government involv-
ement in the management of the various schemes, the issue and cont-
rol of finance, the recruitment and size of the managerial team
and the failure to control costse.

The management of civil engineering projects has, rather surp-
risingly, received little or no attention from historians of
civil engineering. Whilst we know a great deal about the technical
and chronological details of our major canals we are virtually ign-
orant of how their construction was n.anqged, having to rely on lit-
tle scraps of information almost accidené}y included in the main
text. Anyone attempting to answer questions relating to finance,
size and responsibilities of the managerial team and the costing of
Britain's canal network, using modern secondary sources, will find
that many gaps remain at the end of such a task. The comparatively
short introductory chapter to the main part of this thesis is based
entirely on all relevant modern sources, whilst the central section
of the thesis is taken from a wide variety of sources, both primary
and secondary, all of which have been detailed in Appendix 1.

The thesis is concerned with a comparative'study of the
managerial methods employed by‘Telford on the construction of the
Caledonian Canal and the highland roads and bridges scheme espe-
cially with regard to overspending. No detailed account of the
management of the Caledonian Canal exists although D, C,Cameron

has written an excellent general history of the project covering



the period from its construction to the present day. Highland

roads and bridges are better served in the form of A.R.B.Haldane's
classic study of the project and it is this work, together with
official reports, which provides the main source for the comparative
sections. On certain occasions references have also been made to
other concurrent civil engineering projects. The rapidly deterio-
ating state of the canal in the 1830s led to an extremely critical
report by the Canal Engineer, George May, and this has been used
extensiwly throughout the -thesis.

The management of the Caledonian Canal is predominanktly about
one man - Thomas Telford - and it is now intended to examine briefly
the principal features of his career.

The son of an Eskdale shepherd,Telford was born in August 1757
at Glendinning, in the Parish of Westerkirk near Langholm, Dumfrie-
sshire. His father died the same year. Brought up in great hard-
ship by his widowed mother, Telford attended the local parish
school where he obtained a basic education before becoming appren—
ticed to a stone mason in 1770. His subsequent training as a mason
provided him with the practical knowledge which was so essential in
his later career. He worked with Andrew Thompson, a Langholm stone-
mason on Langholm 'New Town' which was part of an improvement
scheme financed by the Duke of Buccleuch, and on Langholm Bridge,
where his mason's mark can still be seen on the western abutment.

He developed an early passion for reading and writing poetry which
remained until his death in 1834.

Telford left Eskdale for the first time in 1780, gaining furt-
her practical experience as a mason in Edinburgh. Determined to
improve his position he made a careful study of architectural styles
and methods, hoping one day to become an architect. He left for

London in 1782, gaining employment as a mason on Somerset House
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Plate 1,Thomas Telford (1757+1834)



before his first managerial appointment as Building Superintendent
for the new Commissioner's House at Portsmouth Naval Dockyard in
1784. During this period Telford met William Pulteney, MP for
Shrewsbury, whose friendship and patronage weve to play a vital role
in furthering his career. Pulteney commissioned Telford to design
and supervise the restoration of Shrewsbury Castle and it was thro-
ugh his influence that Telford obtained the post of Surveyor of
Public Works for the county of Salop in 1787 - a post he was to
retain for life. It was while working as surveyor that Telford
began to build up the team of assistants and contractors which was
to serve him se well in later years. Still regarded primarily as

an architect rather than as a civil engineer, Telford was responsi-
ble for the design and construction of public buildings and bridges
in the county, including Montford and Buildwas bridges. He employed
Matthew Davidson, his former colleague from Langholm, as site engin -
eer at Montford, whilst John Simpson undertook the masonry worke.

In both instances it was to mark the beginning of a long association
with Telford which was only severed after Simpson's death in 1815
and Davidson's in 1819.

Telford's appointment as General Agent to the Ellesmere Canal
Company in 1793 marked the beginning of his long association with
canals. Working under William Jessop, Telford's duties were des-
cribed in some detail by the Board in the qutumn of 1793; Telford
in fact having to sign a form of contract:

Mr Thomas Telford of Shrewsbury, Architect ...(is)

appointed the General Agent, Surveyor, Engineer,

architect and overlooker of the canal and clerk to

this Committee and the sub-committees. (He is)..to

make reports, to superintend the cutting, forming and

making the canal and taking up and seeing to the due

Tii



observance of the levels thereof, to make the drawings

and to submit such drawings to the Committe€ece.e

to give instruction for contracts to attend by

himself ... to pay the contractors!' workmen and

other persons employed in the execution of the

said works and keep the accounts of the concern

regularly ... His engagement to extend to all

architecture and engineering business, to the

drawing, forming and directing the making of bridges,

aqueducts, locks'building reservoirs,

wharfs and other works in and about completing the

said canal.(1)
He was to be paid £500 per annum. There were several other engineers
on the project and his position, at first, must have been rather
ambiguous. However, his dominant personality soon made him second
only to Jessop. He was responsible for the design of the major
aqueducts at Chirk and Pontcysyllte, using Davidson as resident
engineer and Simpson (with Wilson and Cargill) as masonry contract-
or. William Hazledine was given the contract for the ironwork,
whilst another future Caledonian Canal contractor, William Davies,
undertook the massive earthen embankment leading up to the aqueduct.
John Telford was employed on the Chester section of the canal as an
assistant engineer. Telford also established contact with many
future Caledonian Canal suppliers at this period, principally John
Fletcher of Chester and William Stanton. The Caledonian construct-

which

ion team‘began work in the summer of 1804 was thus an extremely
well tested unit, having just completed one of the most ambitious
canal projects to date.

The Pulteney connection had brought Telford, at a very early

date, in contact with the British Fisheries Society. This in turn
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led to his involvement in the Treasury Surveys of the Highlands
in 1801 and 1802 and in the setting up of the two Boards of
Commissioners for the Caledonian Canal and Highland Roads and
Bridges in 1803. Full scale construction work on both projects
ceased by the early 1820s by which time Telford had become the
country's most eminent civil engineer, having accepted the Preside
mcy of the newly formed Institution of Civil Engineers in 1820. He
was involved in numerous projects which ran concurrently with the
highland works, the most prominent being the G8tha Canal in Swe-
den and the improvement of the London to Holyhead Road which comm-
enced in 1815. This was his second government financed scheme and
included the bridging of the Menai Straits by the world's first
major suspension bridge. He again used many of his well tried
assistants and contractors and the whole project can, with just-
ification, be regarded as his greatest triumph, both in terms of
technical brilliance and organisation. The road between Shrewsbury
and Holyhead, which Telford rebuilt completely, was described at
the time of its completion in the early 1830s as 'a model of the
most perfect road making that has ever been attempted in any
country'. His most famous work, the Menai Bridge, was completed
in 1826. The links for its suspension chains had been manufactured
by William Hazledine,whilst Wilson undertook the masonry contract.
Telford was employed throughout the 1820s and early 30s on
numerous canal improvement schemes, including the re-alignment of
the Birmingham Canal, which included the excavation of the summit
level at Smethwick, and the construction of a second.tunnel through
Harecastle Hill. Both projects show the huge technical advances
made in the practice and organisation of civil engineering in the
half century since the death of Brindley, Harecastle Tunnel alone

being completed in a fraction of the time taken by the builders of



the first tunnel. His last canal, the Birmingham and Liverpool
Junction, which -S#°T1€0edthe canal route between Birmingham and
the Mersey by nearly twenty miles,was not completed until a year
after his death, due mainly to technical problems at Shelmore
embankment .

Throughout the 1820s Telford acted as Engineer to the
Exchequer Bill Loan Commission Board; a body set up to ease the
unemployment problem through the granting of financial aid to
civil engineering schemes. Acting in this capacity Telford became
involved with virtually all the major civil engineering projects
of the period, including the Liverpool and Manchester railway
and the Gloucester and Berkeley Canal.

Due to illness and old age, Telford declined taking on new
commissions after 1828, concentrating on finishing those in hand
and compiling his autobiography, which remained unpublished at
the time of his death in September 183L4. He was buried in
Westminster Abbey.

Telford's achievements during the period 1803 to 1830 were
astonishing. No other engineer, before or after has ever managed
successfully to bring to fruition so many huge projects. His
energy, imagination and above all flaiv for organisation made this
possible, together with the use of carefully chosen assistants
and contractors. A study of the organisation of the Caledonian
Canal project will hopefully shed further light on his achievements
and put the project in context vis-a-vis his other major projects.

Telford's Highland Projects

The break up of the old clan system combined with the intro-
duction of agricultural improvements caused great social distress
in the Highlands. Attempts at alleviating this distress began to

materialise in the latter half of the eighteenth century. 1In
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1786 John Knox carried out an extensive survey of the Highlands
which resulted in the creation of the British Fisheries Society,
whose aim was to provide employment for displaced Highlanders in
purpose-built fishing villages. Settlements were proposed in
Skye, Harris, Canna, Lewis, Ullapool, Lochinver, Assyut, Grumart,
Torridor and Lochewe. Sir William Pulteney was a founder member
of the Society and Telford was soon involved as honorary engineer,
preparing surveys and reports. Public subscriptions were set up

which resulted in the purchase of land at Ullapool, Tobermoray and
Stein. Between 1790 and 1799 surveys of possible Highland road
routes were made by George Brown of Elgin. They were financed
jointly by the British Fisheries Society and the Highland Society,
both of whid+» believed that many of the Highlands' problems could
be solved by improved communications.

Their ideas regarding roads were ably expressed by George
Dempster of Skibo, one of the leading members of fhe Highland
Society:

"At present a great part of this immense country is

accessible only to goats and garrons. From Inverness

to Cape Wrath and Johny Groats House a track of 150

miles in length and 60 miles in breadth there are

neither roads through the country nor bridges over

its rivers nor accommodation at its ferries. To this

first step of improvements of roads, bridges and

ferries the present plan should be confined ...

When the Government have provided a fund and an

organ for all applications and when these lines

of roads shall be really made as well a s pianned

it will have done its duty towards the Highlands.

The rest is to be done by the proprietors in

vii
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allowing the Highlanders to cultivate the

waste grounds, on decent and equitable conditionéﬁ(z)

Over £1,500 was in fact raised towards building one of the lines
of road proposed by Brown, although the scheme was eventually
funded from Highland Road and Bridge coffers.

Proposals for constructing a canal through the Great Glen
were made throughout the eighteenth century. In 1773 James Watt
surveyed the line for the Commissioners of the Forfeited Estates,
proposing a canal 10 feet deep at a cost of £164,000. John Knox
pressed for its building in his survey of the Highlands in 1784
as did local ministers in their contributions to the 'Statistical
Account of Scotland' in the 1790s. Pressure also came from the
British Fisheries Society and John Rennie was commissioned to do
a further survey in 1793. Continuing agitation from the Highland
Society and British Fisheries Society combined with mounting
anxiety over emigration caused the Treasury to send Telford on a
survey of the Highlands in 1801. His involvement with Sir William
Pulteney and the British Fisheries Society undoubtedly helped him
in this commission. He was instructed by the Treasury to select
the most suitable sites for fishing stations on the West Coast,
to plan road and bridge communication on and between the mainland
and islands, and examine the possibility of constructing a canal
through the Great Glen. Telford reported back to Vansittart on
30th November 1801 that an improvement of communications was
essential for the Highlands - and that it was also feasible:

"The whole of the objects which their lordships have in

view are not only practicable but are capable of being

formed into one intimately connected system which would

very evidently have a striking effect upon the welfare

and prosperity of the British Empire."(3)
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Encouraged by his preliminary findings the Treasury ordered him
back to the Highlands in the Summer of 1802. His terms of ref-
erence were considerably wider, being given a five point plan of
campaign: as he later stated in his report:
'"In reporting upon the survey I made in Scotlande...
I find the business may be most conveniently arranged
under the following heads:
1. What regards rendering the intercourse of the
country more perfect, by means of bridges and
roads.
2. Ascertaining various circumstances relative to
the Caledonian Canal, especially with regard to
supplies of water on the summit level, and the
best communication from this canal to the fishing
lochs at the back of the Isle of Skye.
3« The means of promoting the fisheries on the
East and West Coasts.
k. The causes of emigration, and the means of
preventing ite
5. Improving the means of intercourse between
Great Britain and the northern parts of Ireland,
particularly as to the bridges and roads
between Carlisle and Port Patrick, and also the
harbour of Port Patrick, (4)
In compiling his second survey Telford contacted the Highland
Society as regards the best way of executing the possible
improvements. He sent a seven point questionnaire to the Society's
director, Henry Mackenzie, in December 1802. This more than any
other factor shows Telford's involvement with, and willingness to

co-operate and harness the various pressure groups then working

ix



for highland improvement. It also shows that the creation of

+he
the two Boards in 1803 was A result of sustained and carefully
manipulated pressure. Telford asked the Society to suggest
possible lines of roads which 'would tend most effectively to
open up the country and promote the public good.!' He received
a lengthy reply detailing many of the future road schemes. The
Society was also .asked to comment on Telford's proposals regard-
ing the joint contribution of government and local proprietors
towards the cost of constructing roads. He again received a
favourable r' eply, the Society commenting that it was 'highly
reasonable' that landowners should 'unite with Government in
executing these plans, by contributing a certain proportional
part of the expense'. Detailed questions regarding the feasib-
ility of the Caledonian Canal were also put to the Society and
again favourable answers were received. Telford's proposals that
'commercial interests' might like to contribute towards the canal
received a non-commital answer, however, and the idea was completely
abandoned.

Telford was thus able to prepare his second survey with the
knowledge that ' he had the full backing of powerful pressure
groups, who were not only prepared bartially to finance many
of the schemes but were obviously prepared to help organise and
actively promote the project amongst Highland proprieters. This
was of paramount importance when the matter came to be discussed
by the Select Committee in 1803, whi.ch could not fail to be
impressed by the uniformity of opinion about the proposed schemes
and the many offers of assistance. The preparation of the case
for improvement in the Highlands was brilliantly handled by

Telford, with the rssult that virtually all his proposals were

adopted by the Government. With the full support of the two most



powerful pressure groups behind him he was able to persuade
government to become involved financially with Highland improve-
ment within two years of his initial survey.

Although the Highland Roads and Bridges scheme and the
Caledonian Canal shared a common history as regards their initial
launching, (they were considered by the same Select Committee and
both Acts of Parliament went through in July 1803), their internal
organisation differed fundamentally. Many of the main problems
facing Telford on the lWighlands projects were not unknown on other
civil engineering projects of the period and centred around four
main areas namely: finance, its control and recording; the supply
of materials and machinery; the control of resident engineers and
contractors and the involvement of central government in the
project. The essential differences with the highland projects were
those of scale and Government involvement. Never before had gover-
ment attempted to finance a huge civil engineering project and
never before had so complete a transport infrastructure been con-
sidered.

There were, however, differences in Telford's management of the
two Highland projects and this thesis is concerned ﬁith a compari-

son of the two schemes.
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PRO Rail 827 (Telford Collection) All material referred

to in the thesis has been taken from the 'Telford Collection!
which consist s of copies of all known Telford documents.
This collection is now housed in the offices of the Iron-
bridge Gorge Museum Trust. A full list of Telford Archives
has been given in Appendix A. Unless specifically stated
all material is from the Telford Collection.

Haldane, Op cit pb6L Sir John Sinclair's letters.

Telford to Andrew Little, 30th November 1801.

Telford Report on Survey of the Highlands of Scotland in

1802. Printed June 1803.
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CHAPTER I

THE ORGANISATION OF CIVIL ENGINEERING PROJECTS,

IN GREAT BRITAIN, 1750-183%0

Introduction

It is generally acknowledged that a code of practice has reached
maturity when it is able to maintain momentum independently of the
"Great Men" who played decisive roles in its development, and when it
has become strong enough to prosper without the aid of powerful outside
bodies - that is the promoters, in the case of civil engineering
management.

This cannot be said of civil engineering management techniques at
the end of the first quarter of the nineteenth century. Progress had
been great, much more rapid than in other fields, due to the huge and
immediate problems faced by a rapidly expanding industrial nation and
its need for improved transport and ancillary services. Continual
expansion after 1830 ensured further refinement. The period 1750-1830
can be regarded as a link, albeit a very important link, in the
evolutionary chain of civil engineering management.

The following brief examination of management techniques in civil
engineering projects during the period 1750-1830 is intended to serve
as a very basic general introduction to the principal section of the
overall study and provide the contextural background necessary for a
balanced assessment of the managerial developments evolved in response
to the unique problems encountered on these works.

The difficulties facing established civil engineers at the
beginning of the period were still present at the end and centred
around four basic areas of conflict; costing and the control of
finance, the relationship between engineer and sponsor, the use of

contractors and sub-contractors and the effective control of projects



through deputy or resident engineers.

Numerous other problems radiated from this basic nucleus, each
permutation requiring its own specific managerial solution. In this
study the managerial methods of the most eminent civil engineers of

the period will be examined in relationship to these individual factors.

Deputisation And The Rise Of The Resident Engineer

The rise in the number of projects requiring the services of a
skilled civil engineer, either in an advisory or supervisory capacity,
led to the development of a self-contained system of controls and
procedural rules by which a chief engineer could, with confidence,
implement his specifications and designs appertaining to one specific
project through the offices of a site or resident engineer while
working on any giv?n number of civil engineering projects (1). This
development was fairly well established by Smeaton's time, but the
standard of resident engineer demanded by him and later chief engineers
was new., By the end of the period the resident engineer was a highly
paid and respected member of the civil engineering establishment (2).
Through the system of deputising the chief engineer was able to reap
the full advantages, both financial and status wise, of the growing
demand for his services and adequately serve that demand in peak
building years, as can be seen in the T7%s when chief engineers
became involved in as many as half a dozen canal projects at one time (3).

A clear distinction should be made at this early stage between
consulting and chief or overall engineer, a distinction which was to
remain valid throughout the period. A consulting engineer was primarily
concerned with assessing the feasibility of a project, drawing up the
first survey and reporting back to a committee ﬁho would then decide
upon the issue. He may subsequently have been approached by the

comnittee with an offer of permanent employment as chief engineer,



but this was by no means universal (4). Although consulting engineers
made use of assistants and deputies - Smeaton, Rennie and Telford (5)
had virtual drawing offices - and the need for delegation was not so
great, and as a result, the machinery required for the organisation of
such undertakings lacked the sophistication of that evolved for the
management of construction projects. The engineers included in this
study (Smeaton, Rennie and Brindley) delegated routine taskes to thejr
assistants when acting as consulting engineers; it was only with
advancing years and illness that some of them allowed more flexibility
in this field (6). Their attitude towards the delegation of management
decisions when engaged as chief engineer on a project, was very
different. Without exception they all strove to establish and encourage
this development,end formalise, with varying degrees of success, the
position of resident and site engineers.

Both Smeaton and Brindley had definite ideas on the use of deputy
or resident engineers and the organisational machinery needed to control
them. The managerial structure of their respective consultative
practices was naturally less complex than that created for the super-
vision of actual construction work, being centred to a large extent
around themselves. Their work as consulting engineers involved them
personally in the preparation of detailed surveys and reports on numer-
ous civil engineering projects ranging from river improvement schemes,
mills and canals. They both travelled vast distances in the execution
of survey work (7) and both used assistants and a standardised system
of payment. There were, however, essential differences in layout and
emphasis which arose primarily as a result of the different type of
work undertaken by the two engineers. Smeafon was throughout his career
principally a consulting engineer, although he did have extensive

experience as a chief engineer. As a result, his consultancy practice



was able to function independently of construction projects, enabling
him to develop and codify a clearly defined set of rules relating to
the practice of civil engineering (8). Brindley, while personally
maintaining the division between consultative and construction projects,
was forced by the sheer volume of work to bypass the normal constraints,
especially in relation to assistants, as will be seen later.

Like many later consulting engineers Smeaton seldom delegated
the initial design work to subordinates, even at the peak of his career
whén he was involved in literally hundreds of projects. John Farey's
description of Smeaton's office provides a very full record of the
procedure evolved for the translation of original designs into finished
drawings:

"Smeaton was a man of laborious habits and made

all his drawings with his own hands. His earliest

designs, which were executed under his own in-

spection, show signs of having been used as

working drawings ..... (but) After he became

more established and employed a draughtsman he

still continued to draw the lines of all his drawings

to the proper scale in pencil lines on cartridge

paper ..... These sketches were fair copied on

drawing paper by the draughtsman, Mr William Jessop

at first, Mr Henry Eastburn afterwards and

Mr Smeaton's Daughter frequeﬂtly assisted in the

shadows and finishing in indian ink." (9)

Rennie appears to have organised the design stage of his consulting
practice along very similar lines nearly hélf a century later:

"He directed in the same manner every design

whether a bridge, road, canal, dock, drainage,

or harbour. It was in the first instance



sketched out by himself, then the mode of

construction was specified, then estimated

and then the general report explaining the

whole was written by him, clerks then merely

copied." (10)

Brindley's involvement between 1759-1772 in twelve canal con-
struction projects - the Coventry, the Bridgwater, the Birmingham, the
Oxford, the Staffordshire and Worcestershire, the Chesterfield, the
Trent and Mersey, the Leeds and Liverpool, the Chester, the Bradford
and Huddersfield (11) - resulted in his granting a very considerable
amount of freedom to his assistants, including the preparation of
parliamentary plans and the actual undertaking of surveys (12). His
staff were involved equally in consultative énd constructional projects
and the distinction between 'assistant' and site engineer was less well
defined. The system of deputising which Brindley evolved was, to a
great extent, fashioned by his work commitments, being essentially
intuitive and flexible.

Smeaton's assistants were limited in number and usually remained
with him for many years. William Jessopﬁgame to Austhorpe in 1759 after
the death of his father, Josia Jessop, resident engineer for the
Eddystone Lighthouse. Henry Eastburn joined Jessop in 1769, four years
before the latter's departure in 1773. He remained at Austhorpe until
Smeaton's death in 1792 (13). They had come as general-office assistants
beginning with routine work and gradually progressing to more demanding
tasks, although Smeaton always retained overall control over their work.
In a letter to Samuel Galton he expressed a preference for such a
system over self-training:

"As I have never trusted my reputation in business

out of my own hand, my profession is as perfectly

personal as that of a Physician or councillor at



Law: my difficulty therefore in the despatch of
business is not in getting that done I have never
employed anyone to do for me., One person there-
fore brought up in my office as my assistant, is
capable of making everything fa®, that I am
capable of producing and setting in the rough;
the labouring oar, is in reality with myself. I
have in my time only had two pupils both of whom
were apprenticed with me for 7 years, nay I may
say eventually for 8. The first continued with
me for 14 years, and the second has now been with
me for 14 years, is marryed and settled. More hands
than I absolutely want would only be an encum-
berance and diminish my own time., Thus you see
my dear friend I have at present no opening for
any fresh pupil: and this being the case I can
with the same freedom tell you my thoughts of

the proposition.

Any Profession that affords a genteel or decent

maintenance without the necessity of a capital,

is suitable to many; ..... Go to an eminent
Surgeon, Attorney, or Sollic itor; an eminent
Painter, carver, or Engineer; and see whether
they will take a boy to intrust for his work,

and pay him a salary while they are teaching him
their art. O but the boy is a great genius, and
likely to make a great figure: doubtless the
better for him; but see how a master would turn
it. The greater the genius, the sooner he gets -,

instructed in his art, the sooner he leaves me,



sets up for himself, and becomes my rival in
business. I mention this only to shew you, that
in matters of business, professional men reason

like other men; what am I to get by the bargain!

In the civil engineering business many are self

taught; many come into it gradually, from being

led to assistant business: I am one of the self

taught: but what was the gain resulting from this

circumstance? Why I was 30 years of age before I

could ever be said to have got my head: had my

father given £500 to an eminent man in business

to have conducted me by the hand; and upon whose

credit I would have founded myself; it would

have been a rich purchase for the saving of 8

or 9 of the best years of my life. There are

many operative businesses that are much bettered

by a mechanical genius; if he is putt to any

one he will make himself, if sober and dilligent;

I heartily wish him well." (14)

Brindley's opinions on the education of assistants and the merits
of the respective systems have not survived. In the 1760's (15) he
utilized many of his pre-canal assistents as resident engineers and
section supervisors. Although they were thoroughly grounded in the
necessary technical skills they lacked specific knowledge of canal
construction.

The plans were drawn up to Brindley's specification by his
assistants (16), pre-eminent amongst whom were John Henshall, his son
Hugh, John Varley, Samuel Simcock and Robert Whitworth. Upon his death

in 1772 they were given the tesk of completing the unfinished sections



of the 'Grand Cross'. The description of Brindley's working methods
by Samuel Smiles is extremely misleading and has contributed to the
inaccurate picture of Brindley as the 'general handyman and canal
builder', ignoring the mass of evidence in support of his use of
assistants in construction projects.

"He seems to have settled with the farmers for their

tenant-right, sold and accounted for the wood cut down

and the gravel dug out along the line of the canal,

paid the workmen employed, laid out the work,measured

off the quantities done from time to time, planned

and erected the bridges, designed the canal-boats

required for conveying the earth to form the embank-

ments, and united in himself the varied functions of

land-surveyor, carpenter, mason, brickmaker, boat-

builder, paymaster and engineer. We even find him

descending to count bricks and sell grass". (17)

Armed with his assistants' plans, Brindley would travel to London
to advise on the preparation of the canal Bill and give evidence
before the Parliamentary committee (18). The latter activity whilst not
directly influential to the development of new management techniques,
gave the early canal engineers a useful platform to put forward their
jdeas and stimulate interest in canals generally. Indeed such was
Brindley's standing with Parliament in the early 1770's that his
services in this particular field were considered essential, even if
he played no further part in the project. Smeaton regarded knowledge
of parliamentary procedure as an important pre-requisite for the
successful civil engineer:

"If you happen to be at a loss for a competent engineer,

versed in parliamentay Business: if you apply to
N



Mr Joseph Nichols, Engineer, Gravel Street, Blackfriars

Bridge, he is not only very competent but much used

to Parliamentary applications." (19)
Smeaton did not teke his assistants on all surveying trips but utilised
the sponsor's employees for routine measuring work, saving time and
money. In September 1782 he wrote to the Birmingham Canal Company
regarding a proposed visit, specifying his time of arrival and provision
of survey staff:

"T can set forward from hence for Birmingham on Monday

the 7th of October and stay there one week if necessary;

but that my stay may not be protracted beyond what is

necessary 1 shall be glad that everything preparatory be

done in the way of common surveying and levelling; and

in case there is any thing critical in the latter, will

carry my own level along with me." (20)
Presumably Rennie and Brindley incorporated this practice in their
respective consultative organisations.

There were many important differences in layout and definition
in the management of construction profiects; Smeaton and Rennie especially
endeavouring to establish clear, precise lines of responsibility
between the principal and site engineers.

The resident engineer and his assistant were employed directly
by the canal company although many principal engineers had a very
considerable say in their appointment. Recruitment of site engineers
appears to have changed very little throughout the period, being based
to a great extent on personal recommendaiion and knowledge (21).
Smeaton, like Rennie and Telford, was frequently asked to provide
testimonials for fellow engineers:

"Jr Jessop (who served with me 14 years) is now in



such extensive business that the difficultye will

be to get him to go deliberately over it. He lives

at Newark, Mr Whitworth is certainly a very able

man and of great experience; his present abode I

do not know ..... Mr Clowes I do not personally

know." (22)

The main responsibilities of the resident engineer when appointed
were the implementation of the principal engineer's designs, the
purchase of materials, hiring of labour and the general day-to-day
management of the project. With such a system in operation, Brindley,
Smeaton and Rennie were able to take on concurrent civil engineering
projects unprecedented in scale and complexity.

Variations in managerial procedure were most apparent at resident
engineer assistant level, the position of the resident engineer by
comparison remaining fairly constant throughout the period. The
creation and division of managerial responsibility at this level was
to some extent dependent on the availability of capital and the competence
and size of contractors. Assistants were employed to supervise the
construction of specific works on the project, such as locks, bridges,
and anéillary buildings, or superintend the execution of specific
tasks like earth moving and puddling (23). The magnitude of respon-
sibility, especially on Brindley projects, could range from supervision
of all bridges along the total length of canal, or one section of it,
to a particular bridge.

The managerial problems encountered by Smeaton on the construction
of the Forth and Clyde were typical of those found on early, large scale
civil engineering projects, being to a large extent supervisory and
sponsorial, His difficulty in establishing an adequate managerial
structure stemmed from an unwillingness on the part of the canal

company proprietors to provide sufficient funds at regular intervals.
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Smeaton was appointed 'Head Engineer' at £500 per annum (24). He
submitted a survey and estimate of the proposed canal, specifying the
type of materials to be used, the number of locks, bridges and ancillary
equipment, together with a possible completion date. He proposed to
divide the work into three sections, with surveyors and foremeén
responsible for each, but this was rejected by the company on the
grounds of expense. His dissatisfaction with the limitations placed
upon his managerial structure occasionally erupted into fullscale
disagreements with the canal committee, as in June 1771 when he com-
plained of a shortage of 'proper officers' to deal with the routine
management problems of liaison with land-owners and ordering of
building materials (25). Barely twenty years later, Rennie was able
to install a full site management team on the Lancaster canal capable

of dealing with the meny problems of canal construction.

To The Committee Of The Lawcaster Canal

John Rennie, Principal Engineer

Arch,Millar, Resident Engineer on the works from
Tewitfield to Calder

Henry Eastburn, Resident Engineer, Calder to Preston
and Bark Hill to Clayton Green

Wm Cartwright, Assistant Engineer, Calder to Preston
and Bark Hill to Clayton Green

Thos. Morris, Superintendent of Masonry and work at Lune

Jas,Hamilton, Superintendent of works under Mr Eastburn

Wm.Millar, Land Surveyor

John Duncan, Superintendent of Masonry, Bark Hill to Wigan

Edmd.Baxter, Assistant Clerk to S Gregson

Fred McDonald, Overlooker of Puddling under Mr Millar

Wm,Dickinson, Carpenter

11



Geo, Siddle, Superintendent and Measurer of Earthworks

under Mr Millar

Geo. Joyce, Superintendent and Measurer of Earthworks

under Mr Millar
Geo.Atkinson, Superintendent of Masonry and lMeasurer of
Earthworks from Lancaster to Calder

John Gill, Superintendent of Masonry and Measurer of
Earthworks from Lancaster to Borwick

Geo, Germaine, Overlooker of Fencing from Lancaster to
Borwick

Wm.Smith, Overlooker of the Works and Check Keeper for the
tonnage between Bark Hill and Chorley. (26)

The most easily identifiable manifestation of managerial weakness
on Brindley and Smeaton construction projects was their inability to
prevent serious modificgtions to an agreed parliamentary pdan, a plan
on which the entire managerial structure (costing, materials and con-
tracting) of the project was based.

Smeaton's original concept of the Forth and Clyde Canal was, on
more than one occasion, augmented by the adoption of major policy
revisions emanating from his resident engineer. In 1770 Mackell
proposed a major line alteration, which obtained the backing of the
committee; although he expressed grave reservations, Smeaton finally
gave his approval (27).

Many of Brindley's resident engineers, at the 'request' of the
canal committee, agreed to construct contour canals rather than adhere
to the parliamentary routes in order to save money (28). Samuel Simcock,
one of Brindley's most trusted and long-serving engineers, lengthened
the Oxford Canal by nine miles as directed by the committee. He was
also responsible for the implementation of similar deviations at

Smethwick, on the Birmingham Canal, which were only finally rectified
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after the expenditure of several bundred thousand pounds.

Brindley protested but was unable to prevent such actions occurring.
Disagreement with the Coventry Canal Committee grew so heated over line
deviations that he withdrew his services in 1769 (29), but this proved
to be an exception. Brindley and Smeaton found themselves, along with
many engineers of the period, virtually powerless in preventing canal
committees from effectively destroying the managerial relationship
between resident and chief engineer over this issue. They were some-
times equally powerless to prevent feuds from breaking out between their
resident engineers and canal committees. It was left to a later
generation of civil engineers to resolve these particular problems.

Rennie, like Smeaton, was acutely aware of the short -comings of
the deputy system and devoted a considerable amount of time and effort
to their eradication. Of the many problems encountered by him on
construction projects few weee attributable to imprecise delegation. In
a lengthy communication to the Committee of the Kennet and Avon canal
company he deflned the reqpn31b111t1es of the various bodies and
individuals involved in its construction, beginning with the principal
engineer and the correct procedure relating to line deviations.

The department of the principal engineer was to furnish all
designs and specifications for the work to be executed, examine the
line of the canal and wher;bdeviations are prepared he should give
specific directions to the resident engineer about the mode of executing
all the work, who should send a monthly report of his préceedings to
him and write when difficulties occur. - He should examine works
before the gquarterly meeting and report his opinion thereon to the said
meetings. - In this way the general and sub-committees will have a full
state of the business before them and where errors are committed they
will be able to trace them to their source and lodge blame or approbation

2
where it may be due. (30)
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Rennie believed that 'the art of good government' consisted of
delegation and in building uéua system of government that enabled him
to stand as it were on a pyramid, with the ranks of resident engineers,
assistants, inspectors and contractors spreading out under him more
widely at each stage, so that everything from the bottom up was under
his control. In this way he could, while yet only 33 years old,
simultaneously construct three different canals totalling 170 miles,
in widely separated parts of the country, and finish them with an
enhanced reputationi(Sl). The actual content of the Kennet and Avon
statement was not particularly innovatory; the basic concepts were
unchanged from the 1760's, only the focus sharpened. Although the
extract is very long it is worth quoting at length, for it provides the
most detailed summary of civil engineéring organisation before the
commencement of Telford's Highland projects in 1803.

"There should be a resident engineer in each district,

andeunder agent with assistants for super-

intending the masonry, and another with assistants for

the earth work, who may occasionally assist as staff

holders.

The business of the resident engineer is to attend

to the whole of the works, to see that they are

executed according to the plans furnished by the

principal engineer, examine the levels, set out the

canal and occasionally examine such parts as may

appear to improve in any degree the line of the canal

and report his opinion thereon, teke the quarterly

statement of the works, and in general issue all

directions to the agents for the masonry and earth-

work etc., For this purpose he should reside some-

where about the middle of his district, where should

1



be an office for sub-committee meetings, for the clerk
and principal and resident engineers. In this office
should be deposited all plans and contracts that
refer to the works, all books in which are copies of
orders given to the agents, letters wrote (sic) to

the contractors or others - and also books containing
copies of reports and measurements of the works, which
books should lay open for the inspection of the committee.
The resident agents must act under the resident
engineers in whom a due confidence must be placed,

and no orders and direstions must be given but

through such resgdent engineers. The agent for

the masonry should attend to the state of the
foundations, the materials to be used and the

proper execution of the work in every stage of it
agreeable to the directions and plans sent to him

by the resident engineer. His assistants must

attend to the particular jobs, such as meking the
foundations of the aqueducts (which are the most
matefial jobs in the whole line) and see that no
insufficient or bad stones are put into the work,

or improper mortar used. He should also attend

to the heights of the different parts of the work

so that they be not too high or too low - lock
foundations, gates etc are also in his department.

He should likewise make statements of the work

done, materials furnished, men, horses and carts
employed every fortnight. or month as may be agreed
on to the resident engineer.

The agent for the earth work should see that the canal

15



is executed agreeable to the sections and directions
furnished - that the linings and puddles are of properv
dimensions and materials and executed at the time when
the banks are in their most proper state, and see that
they be sufficiently worked. He should besides put in
the top and bottom level stakes where wanted, make the
fortnightly or monthly measurements and in general
attend to the resoiling of banks, gravelling of

towing paths etc. His assistants must attend to
particular and difficult jobs such as ramming of
culverts and aqueducts, puddling bad ground etc,

the number of men, carts and horses employed by

the contractors and company, that one statement

may correct another.

The contractors should be paid money on &/c once

a fortnight or month, but they should be directed

to give a previous notice (say a week) in writing

to the Clerk of the district stating the sum they
shall want.

This notice should be referred to the resident
engineer who will contrast the same with his measure-
ments and say how much or if the whole of the sum
required shall be paid them. - Then partial statements
will be sufficient to enable him to say what money
should be advanced, and at the end of every quarter
previous to the general committee an accurate statement
of the whole works should be taken, with the sums of
money paid on account and laid before the general
committee, by which it will be easy to see how matters

stand with the contractors.
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Each agent should be directed to keep an exact account

of his time, how he is employed and what he has done

and these should be fairly copied into a book ready

for the inspection of the committee at their fortnightly

meetings - or perhaps monthly would be sufficient for

this - which should always be held at the office of the district.

The resident engineer should make the purchases of

timber ironwork etc, but this should be after he

has laid all the offers he can procure before the

sub-committee in cases where no advertisements are

made and he should give his opinion in writing by

which they may be enabled to judge for themselves.

If these directions are rigidly followed I have

no doubt the works wiil be conducted with regularity

and economy and if the works are let to proper con-

tractors at fair prices I have no doubt they will

be executed in such a way as to reflect honor on all

concerned, which is the sincere wish of gentlemen....

Your most obedient,
John Rennie" (32)

Although he laid great emphasis on the need for stratification
and clarification in management Rennie nevertheleéss stressed the need
for continual cooperation between all bodies concerned. "The department
of surveyor and engineer be separate so that no jarring, unpleasantness
or interference may take place. But although a line ought to.be drawn
between them yet such as understanding should exist only between the
heads of each department, but between the officers and agents employed
under them that the welfare and success of the whole may be effectually
promoted." (33)

Demarcation between chief and resident engineer on Rennie projects
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was on occasions, however, vague and uncertain. The controversy which
surrounded the design and construction of the Bell Rock Lighthouse was
centred around the employment of Robert Stevenson, an extremely competent
and well-established civil engineer in his own right, as resident
engineer on the project. (34) Claims for his involvment in the actual
design of the work were championed by various groups after the death of
Rennie in 1821. It can, with some justification, be argued that the
Bell Rock incident was, due to the employment of Stevenson, untypical
and hybrid in the general history of managerial organisation. The
archival evidence suggests that Rennie organised the project along well
established lines, consulting regularly with his resident engineer,
possibly incorporating some of his suggestions in the final plan. It
is clear, however, as indicated by Stevenson's letter of the

6 January 1807, that Rennie retained overall control of the design
work:

"I shall be happy to know how soon I can receive

your determination about the size of the base and

curve for the lower part of the building, that I

may prepare the working drawings." (35)

Charles Cunningham's statement that "the Bell Rock Lighthouse
was planned by Stevenson and 'sanctioned' by Rennie" is clearly in-
correct (36). In reality Stevenson supervised on-site construction, a
task which he performed with great ability and efficiency.

Similar claims had been made for several of Brindley's assistants.
nThe Coventry Mercury“of the 28 September 1767 published a letter
championing the cause of Thomas Morris:

"Your Burslem correspondent makes Mr Brindley the Sir

Isaac Newton of his age, but seems not to know that the

Duke of Bridgewater has another ingenious man, viz

Thomas Morris, who has improved on Mr Brindley, and

18



is now raising a valley to the level by seven double
water-locks, which enable him to carry earth and
stones as if down steps" ...(37)

Boucher states that Morris was, at the time of the letter, a practical

carpenter, probably acting as an assistant engineer (38).

The Relationship Between Engineer and Sponsor

The relationship between the engineering staff and the promoter
reflected upon the standing of the chief and resident engineer, the
general capability of the 'Engineering Proffession' to maintain an
independent line, and the sophistication or otherwise of the organis-
ational machinery.

The influence of wealthy promotersy experienced in the economic
exploitation of their estates (or employing Agents to do this for them)
must have been very considerable on early canal projects especially.
The more usual confrontation was, however, between engineer and committee
who acted as watchdog for the shareholders and it is the managerial
machinery developed by the engineers in response to this conflict which
is of perticular relevance to this study.

The main areas of conflict were primarily concerned with the
appointment and accountability of personnel, adherence to the agreed
parliamentary plan and the maintenance of an adequate cash supply.
Wherever possible the impact of sponsorial interference has been
included in the relevent section, however some general points require
an independent assessment.

The recruitment of resident and assistant engineers was a major
source of irritation between the chief engineer and committee. The
influence of the chief engineer regarding recruitment was very con-
siderable. It has already been noted in the previous section that many

of the engineers included in this study were actively involved in the
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employment of their own assistants and trainees. James Brindley
especially employed a large percentage of his pre-canal assistants as
resident and assistant engineers. His monopoly of canal engineering
skills presumably silenced any committee opposition (39). On construct-
ion projects the site staff were employed and peid directly by the
company, hence their desire to be included in the recruitment procedure.
Conflict arose when one party actively attempted to exclude the other

or appointed compliant or 'interested' persons. The danger of a canal
committee coming between chief and resident engineer or conflict between
resident engineer and committee has already been dealt with.

William Chapman's feud with his committee over the recruitment of
assistants resulted in a direct appeal to the shareholders through the
publication of a pamphlet (40). In an attempt to give greater authority
to his argument Chapman quoted Smeaton on the shortcomings of committees:-

"The greatest difficulty is to keep committees from

doing either too little or too much - too little when

casegof difficulty start , and too much when there

are none." (41)

Smeaton was extremely critical of interference in technical matters and
the lack of a properly organised secretariat in many organisations:-

"If, instead of making plans, I am to be employed

in answering papers and queries, it will be

impossible for me to get on with the business ...

A1l the favour I desire of the proprietors is,

that if I am thought capable of the undertaking, I

may go on with it coolly and quietly, and whenever

that to them shall appear doubtful, that I may have

my dismission." (42)

The lack of an organised secretariat and a liking for intrigue on

the part of cenal companies caused much delay and worry for the chief
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engineer throughout the period. It was only with the passage of time,
and bitter experience,that an adequate company committee management
structure evolved, ensuring clearer division of responsibility.

The dangers of work being delayed by differences of opinion
between committee members over canal policy were present throughout.
The Forth and Clyde project was marred by such disruption when various
routes were put forward. Brindley, Yeoman and Golborne* were called in
to report on Smeaton's official line. The latter regarded the incident
as a personal insult, but was basically powerless to stop it (43).
William Jessop was involved in similar difficulties on the Ellesmere
Canal in the 1790's., It could still be said with some Jjustification in
1830 that the recommendations of the most eminent engineers could be
disregarded by sufficiently powerful pressure groups within companies
on non-technical grounds. Success in ensuring the implementation of his
designs was due to the chief engineer's strength of character rather
than any reverence for the standing of engineers on the part of the
employers.

The minutes of many canal companies record that the principal
engineer agreed to devote so much time to their specific project. Many
engineers appear to have had great difficulty in persuading committees
that they had equally important business elsewhere. Rennie's original
terms for himself on the Lancaster Canal in 1792 were £600 to cover
five months' residence and subsequent visits whenever his presence was
considered necessary. Because of his heavy commitments he was forced
by the committee to reduce his fee to two hundred end fifty guineas
in 1797. (44)

Hostility between engineer and sponsor also occurred on consultancy

projects. Although this had no adverse effect on the management of

4 Future members of the Smeatonian Society
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such schemes it did reflect upon the standing of civil engineers.
Smeaton took a strong line when defending his assistant against com-
plaints from a client that a design for a waterwheel was simply a copy
of an earlier design:

"T was therefore not a little surprised ..... that you

disapproved of lMr Eastburn's plan; because it was

like Mr Waterhouses's old wheel of 12 feet diam

built for him by my directions ..... give me leave to

say that what I then did.I cannot now improve upon

so long as the object remains the same, that is,

to get the most power possible out of a given

guantity of water in dry seasons. The construction

of mills, as to their power, is not with me a

matter of opinion it is a matter of calculation and

I should draw the same result from the date this year

that I did twenty years ago.

eee.o After 3 years of experience I don't think it

necesséry to give any further proof that my theory

of power is a right one than to say, that in that

space I have directed the building of no less than

50 new mills no one of which ever failed of doing

its expected duty, when brought to a full and fair

examination: and in this method I have very fully

instructed Mr Eastburn." (45)

He was equally severe regarding the provision of his professional
opinion on an architect's design for a project in which he was not
personally involved:

"It is contrary to the usual practice of professional

men to give their opinions upon each other's work unless

regularly called upon in the wey of their profession;
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and upon reflection you will readily see the want of

confidence in the persons employed, and confusion, that

in many cases a proceeding of this kind would naturally

create." (46)

His actions in this matter cannot be regarded as typical.

The effect of sponsors on the management and organisation of civil
engineering projects was to some extent fluid and variable, depending
very much on the individuals concerned. The attitude of sponsors was,
however radically affected by two major developments, the determination
on the part of civil engineers to define managerial responsibility and
the increased status of engineers as a result of the general recognition
of civil engineering as a profession (47). A table of engineering fees

from 1760-1830 has been included at the end of this study. (Appendix 2)

The Use Of Contracting Firms In Civil Engineering Projects, 1750-1830

The use of contractors was of primary importance to the overall
study of managerial orgenisation in civil engineering projects. The
widespread adoption of the contracting system contributed more than any
other single factor to the development of a successful managerial
structure by demanding immediate solutions to the unique problems it
posed. The scale of works undertaken, involving more than one sponsor
and large amounts of capital, the sudden demand for such works and the
consequent need for engineers to delegate responsibility, were all
essential pre-requisites to the development of this structure; but it
was the contracting system which tested &t to the full, forcing the
pace and necessitating the introduction of standardised codes of practice.
The period 1750 to 1830 saw the gradual eclipse of small contracting
concerns and their replacement by large 'Master Builders' and nationally
based contracting firms employing meny hundreds of men with large

reserves of material, equipment and,above all, capital (48). It must
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be stressed, however, that this was by no means uniwversal and small
contracting firms continued to play a very vital role in civil engineering
projects well into the latter half of the nineteenth century (49). This
was paralleled by the development of complex, legally binding contracts
which ensured ultimate control for the chief engineer over a project
through close adherence to his specifications as laid down in the
contract, and strict supervision from his deputy on the work site (50).

The actual management of contractors remained basically constant
throughout the period. Specifications and contracts were drawn up or
approved by the chief engineer after the initial survey, the construction
work being supervised by the resident engineer and his assistants who
ensured adherence to the contract. Measurement of work and calculation
of payment weve also undertaken by site staff, although the chief
engineer usually fixed the contract price. Variations in man@gement
technique depended to a large extent on the size and efficiency of
contracting firms and their own internal management structure.

The career of James Brindley was of great importance in the
development of managerial organisation specifically evolved to deal
with small contractors. The problems which arose from the employment
of such firms required a system of management distinct from that
evolved for larger organisations, especially in the field of supervision
and measurement. The small contractor was virtually dependent on the
menagerial machinery of the engineer and company while the larger firm
was capable of assuming more responsibility and of creating its own
managerial structure. The relationship between smell labour contractor
and employer was much more akin to the direct labour situation, where a
proprietor employed his own estate workers or recruited labour direct (52).
Many of the small firms were no more than loose associations of workmen,
with self-appointed spokesmen to negotiate terms (52). There was

seldom any conflict between such groups with regard to division and
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responsibility of labour, they had no pretensions of managerial skill
and were quite prepared to accept the authority of the resident
engineer and his staff, They were there simply to offer their services
as labourers (53) and took no part in managerial decisions. Brindley
employed numerous small contractors on the construction of the earth-
works for the Bridgwater Canal, the Duke providing all planks, barrows
and ancillary equipment (54). Other undertakings including boat-
building, carpentry, manufacture of machinery, centering and brick and
masonry work were carried out by direct labour, utilising estate
employees or specially recruited labourers from areas as widespread as
York and Birmingham (55). The practise of advertising for skilled
masons and craftsmen was used frequently by Bridgewater and Brindley
and became the accepted norm for later projects. Although many of the
contractors or sub-contractors employed on Brindley projects were little
more than labouring gangs, many more enjoyed a slightly more elevated
position, undertaking masonry and puddling work.

Did the size and number of contractors have any direct bearing
on the number of assistants employed?

It is unlikely that each contractor or contract was assigned an
assistant, although without a detailed investigation it is difficult to
comment on the contractor-assistant ratio (56). It has already been
established that both the size of contracts and number of assistants
increased towards the end of the eighteenth century.

The presence of direct labour necessitated supervision. Boucher
states that on late eighteenth century projects direct labour was
employed on difficult work (usuelly underwater foundations) because the
contractors of that period were not sufficiently competent to perform
such tasks (57). Presumably the situation in the 1760's was even more
serious and necessitated the more frequent employmemt of direct labour,

The situation was further complicated by the widespread use of sub-
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contractors which continued well into the nineteenth century and
beyond. The dangers of using sub-contractors in construction work were
essentially managerial and centred around the guestion of adeqguate control
both of quality and finance. Pollard states that the eighteenth century
building firm was usually very small, consisting of one skilled crafts-
man and his assistants; the accepted method of contracting was for a
single craftsman to be made responsible for the complete project, sub-
contracting the various specialist jobs out to others (58). Was this
system employed on early canal projects? Evidence of Brindley's working
methods and of the inadequacy in the managerial sense of the early
contractors would suggest that this was not the case. Contracts were
drawn up directly with numerous firms rather than one individual. The
minutes of the Oxford Canal Company for the 13 September 1769 record
that the committee agreed to sanction the acceptance of several tenders
including those of John Watt for making three miles of canal from
Hawkesbury stop lock at £350 per mile; additional payments were to be
made for cuttings deeper than 4' 4" or embankments higher than 3'.
Bridges were extra at £210 each. John Robinson and Thomas Jackson
contracted to make the 12 miles of canal from Stretton Fields to
Hillmorton (59). In both instances a time limit was included, exactly
what form, (if any) of the final payment appears to have been developed
by a later generation of civil engineers. On the Coventry Canal
Piercy and Hogg contracted for the cutting of Gritt Hollow at 20 p per
cubic yard, puddling at 4%p per yard, the company providing planks and
barrows (60).

Brindley employed contractors from a widespread geographical
area. It is not known if he established any permanent contractual
links with any of them as later generations of civil engineers did.
Like Brindley, Rennie used small contractors on his early canal projects.

There were separate contracts for earthworks, masonry and carpentry on
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the Kennet and Avon. He was very wary of trusting contractors with more
work than they could properly undertake, letting out no more than three
or four miles of earthwork to one men (61). The bridges were built by
mesonry contractors but, as has already been stated in a previous
section,it was 'exceptional to find one of these who could undertake any
work of real difficulty such as underwater foundations; this had to be
done by direct labour' (62). The building of the foundations for the
Lune, Limpley Stoke,and Avoncliff aqueducts were all executed by

direct labour under the supervision of the resident engineer and his
assistants. Similar difficulties were experienced at London Docks in
1800 where the difficult work of constructing the entrance locks was
carried out under direct labour. On the Kennet and Avon,stone was
supplied by quarry owners under contract with the company end not with
mesonry contractors. Lock gates were made under one contract, but the
'timber was obtained for them after tender by another contract with a
gelected timber merchant' (63).

To conclude briefly on Brindley's use of contractors. It would
appear that he created an adequate managerial system to cope with
numerous small contractors, most of whom. seem to have entered into a
full contractusl agreement with the canal company. As in other aspects
of his ﬁanagement, weakness resulted from lack of definition and
experience, (especially amongst the contractors themselves), and makes
his achievements all the more remarkable.

The trensition from the use of small, dependent contracting firms
to large organisations capable of underteking all aspects of the work
was slow and painful. The division of responsibility between the small
contractor and resident engineer was to remain relatively clear, it was
impossible for such a body to evolve a self-sufficient managerial
structure, even if the incentive to do so had been there. As it was,

they were more than satisfied to attach themselves to the site management
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organisation. Unfortunately this attitude was not adopted by the newly
emerging 'Master Builders'. They made no attempt to solve their internal
management problems which naturally arose from the employment of many
hundreds of men and:assumption of responsibility for the construction of
complete projects. They were, as a result, just as dependent on the

site management as the smaller firms. Large contractors were disliked
by engineers for their lack of internal management and reluctance to
accept authority of site staff even though they were entirely dependent
upon them (64). Disputes also arose over the larger firms' insistence
that they be involved in policy decisions and matters traditionally
reserved for site engineers. Companies and engineers consequently
preferred to engage smaller concerns. The failure of such an organisation
would not seriously impede the progress of construction; the failure of

a large firm usually had catastrophic consequences on the project,
bringing work to a halt and wrecking the estimated cost. The situation
regarding the early use of large contractors is perhaps best demon-
strated by the unhappy experiences of the Birmingham Canal Company with
John Pinkerton, who can be regarded as the somewhat inefficient proto-
type of later large organisations.

Although the following account of Pinkerton's affairs is fairly
lengthy, it forms an essential link between immediate post-Brindley
management methods and those employed by later generations of engineers.

Pinkerton had been employed on numerous civil engineering projects
before he came to Birmingham. With his brother he had worked on the
Driffield Navigation (1768), Bishop's Soil Sluices (1770),Market
Weightor Navigation and Drainage (1772), the Hedon Navigation (1774),
the Selby Canal (1775), parts of the Aire and Calder (1775-8), the
Calder and Hebble (1776-80). Alone he contracted for the Erewash
Canal, (1778-80), the Bi®mingham and F azeley Canal (1783-9), the

Dudley Canel Tunnel (1785), the Basingstoke Canal (1788), the Gloucester

28



and Berkei% Canal (1795), the Lancaster (1794) and the Barnsley Canal
(1793-99) (65). The amount of experience gained was very considerable
for the Period and clearly shows the degree of mobility among early
contractors.

Pinkerton seldom contracted for the whole of & canal, unless it
was of limited size, because he lacked the financial and managerial
stability necessary for such an undertaking (66). The scale of his
operations was,however, considerably larger than normal for the period.
He clashed head on with the managerial establishment which had evolved
around small contractors and lost. Pinkerton had no permanent nucleus
of labour and relied almost entirely on local manpower. He had no
equipment and used that provided by the company, being 'totally
dependent upon the advances of money made to him, weekly or monthly,
by his employers'. As a result he was 'never able to take the whole
responsibility for construction upon himself; he was always subject to
supervision,even in minor details' (67). As in many early canal projects,
lack of capital prevented the development of an efficient management
body. Friction resulted. Pinkerton was constantly arguing with Bough,
Superintendent of the Birmingham Broadwater extension, about the type
and quality of materials to be used. One disagreement regarding
cement was finally settled by the Canal Company Committee in his favour.
Later he argued that:-

"After the foundations were set out by the company's

Agent, they had, properly speaking done with him,

and ought not to have further interferenced with

Him,."(68)

Bough continued, however, to inspect his work at regular inter-
vels, finding much shoddy work. The actual contract between Pinkerton
and the Birmingham Canal Company was not drawn up until after work had

started; which was according to Broadbridge, not unusual at the time (69).
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The Company reserved the right to take over construction work under
direct labour if it was thought necessary; a completifn date and
arrangements for payment were also included in the contract. Perhaps
the most important clause was the one which stated that £500 was to be
retained for three years after the completion of the work, during which
period the contractor was liable for full repairs. The innovatory
nature of the contract however proved of little use against Pinkerton
who soon got into financial difficulties. All goods and materials in
his possession were taken over by the company who presumably finished
the work by direct labour, at his expense. The unfortunate contractor
finally paid his way out of the agreement, after sustaining heavy
losses. The enforcement of such a contract required a highly developed
managerial structure, This was not present on the Birmingham Canal in
the 1780s. An assistant engineer was dismissed by the committee for
not carrying out proper checks on Pinkerton's work, he was told that:-

"Your past conduct clearly shows you can but have

little if any regard for the interests of your

employers,let not the undertaker any more make

you believe that sand is lime or clay unburned

can be bricks." (70)

The resident engineer's assistants on the Dudley tunnel were told
to pay particular attention to Pinkerton's activities under threat of
dismissal but they failed to cope with his internal management problems
and work ground to a halt. The company complained that he had left the
supervision of the project to a nephew "who was a fine gentleman and
neglected (it)" and added that they "never wished to employ lir Pinkerton
again, having a very low opinion of him." (71) Pinkerton was also
unsuccessfully employed by Rennie on the Lancaster Canal, one of his
earliest major civil engineering projects (72). The involvement of

engineers in contract work was to be maintained throughout the period,
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Brindley and Rennie being very active in the manufacture of mill and
pumping machinery, while many of their assistants followed successful
- careers as constction and labour contractors (73).

Rennie was one of the first civil engineers to use large contract-
ing firms successfully. His most celebrated contractors, Joliffe and
Banks, shared a similar, if slightly more elevated position, to Thomas
Telford's 'team' of hand-picked contractors, having the full confidence
of their employer in all technical and menagerial matters. Banks began
as a compar@tively small contractor for Brindley's pupil Robert Whitworth
on the Leeds and Liverpool Canal (74). In 1793 he began his long
association with Rennie when he became a contractor for the Lancaster
and Ulvaston Canals., From 1795 to 1800 Banks was involved in various
canal projects, including the Huddersfield and Cromford Canals. The
partnership was formed in the 1800s and they contracted for Rennies
West India Dock and Waterloo Bridge in 1810-11, sub-contracting the
bridge approaches to Grey. In 1813 they built Sheerness Dockyard to
Rennie's design, Southwark Bridge (1816) and later took part in the
extensive Fen Drainage Schemes directed by Rennie and his sons together
with Telford. The family connection continued after the death of
Rennie senior with London and Staines Bridges. Rennie made Joliffe and
Banks responsible for all the contracted work, they drew up their own
contracts with any sub-contractors, for whom they were entirely
responsible (75). The problem of managerial responsibility was over-
come by improved organisation among the contractors themselves.

Boucher states that in Rennie's later contpacts:

"Sub-letting was arranged with his permission, not

upon his instructions, and sub-contractors were

entirely a matter for the general contractor, the

Engineer's only concern being to see that the

work was properly executed according to plan and
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specifications." (76)

This reflected not so mueh a fundamental innovation on the part of the
engineers, but rather a ‘'catching-up' on behalf of contracting internal
management,

Contracts from a comparatively early date (1780s) contained a
clause providing for arbitration in the event of dispute. On one
occasion Rennie claimed the right to act as arbiter himself:

"T have retained in the hands of the Company's

Engineer a power of explaining his own meaning

of discharging the Contractor and valuing the work

himself. These may appear arbitrary and improper

powers to be lodged in the hands of any manj

granted, but necessity requires it. Without

such a power being lodged somewhere there is no

probability of doing a work of this kind properly.

Suppose for instance a mason was to contract of a

single Lock, Culvert or Bridge and was not proceeding

properly, either in the way of ex@cuting his

work, or in the time of doing it. He might by

this means delay the opening of the Canal by

many months after all the other works were

finished and by going into the Court of Session

there is no saying when the business would be

settled. The settling of the work by arbitration

is little better, the time lost is of'ten great

and arbitrators lean usually universally to the

side of the Contractor (hence?) it te a certain

degree takes the controlling power out of the

hands of the Engineer where it ought to lay so

that after many years experience I have found it
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necessary to adopt the Rule stated in the Specification.

I hold it as a principle that every contract should be

materially beneficial to the Parties, unless it

is so, no Contractor can be bound to perform it, and

the only way to have work to proceed with expedition

and be well executed is to let the contractors have

a reasonable profit and the director of the work a

full compulsory power over them which he may have by

letting them have a reasonable price for their work

and retaining the power in his own hands, which the

specifications I have made fully give him and I

£ind no difficulty in getting good contractors to

enter into these terms." (77)

Boucher states that much of this is 'unexceptional' except the
passage which refers to the engineer 'valuing the work himself'; no
court would have accepted this, preferring the usual practise of
bringing in an outside engineer. His proposals were never adopted and
he resumed the use of more normal methods of arbitration (78).

The contribution of Smeaton towards the efficient use of contract-
ors is extremely difficult to assess due to the shortage of relevant
archivel material. Hopefully a study of his attitude towards contract-

ing will be made in the near future.

Accounts And Costing

The one aspect of civil engineering management which appeared to
have progressed very little over the period was that of costing. From
Brindley to Rennie the same appalling inaccuracies relating to costing
and the keeping of accounts persisted. The increase in the scale and
complexity of many projects accentuated this weakness (79). The

effects of weak managerial control in relation to spomsors, contractors
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and deputies on costing has already been noted in previous sections.
Discrepancies between the estimated and actual cost of a project were
attributed to external factors, Shortage of raw materials and labour
prices were the most common scape:--goats. There was no apparent
realisation that any one of the managerial problems dealt with in this
sfudy was also capable of gffecting an estimate. Many of the failures
in costing were due to the lack of monetary control and an inability to
keep accurate accounts of expenditure. Even on later projects it was
impossible to ascertain from the accounts exactly where the money was
going. Separate accounts for repairs and revenue were rare (80). This
concealed mistekes in construction management and ensured their survival.
When a canal committee ordered a resident engineer to construct a
contour canal they did not take into account the higher maintenance

costs and loss of revenue which resulted from longer routes. Deficiencies
in accounting methods guarenteed the continuance of such practices.

The actual estimate was made by the chief or consulting engineer
and included in his initial survey and report. Many projects were
disabled before their commencement because of inaccurate initial
estimates. As Pollard states, there was a basic inability to see that:-

"a large sudden local demand for labour would in the

circumstances in rural areas at least, be likely to

drive up wages, and in the case of land and materials,

was to a large measure responsible for the ludicrous

way in which the costs of the great civil engineering

enterprises were undergstimated by the engineers.

The confusion and lack of accuracy carried over

into the railway age." (81)

Failures in costing continued to occur, however, even after the partial

eradication of many mahagement problems. The effects of wage rises and

raw materials have already been mentioned. The Napoleonic Wars, which
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caused higher wage rates, a shortage of manpower and materials,must
have distorted many estimates. One of the few recorded examples of
Smeaton's experiences with such difficulties is entered in the minute
books of the Forth and Clyde Canal. In 1772 he reported to the
committee that the estimate had been exceeded because 'of massive and
substantial way' in which the work had been executed (82). Rennie's
estimate of £79,002 for the Kennet and Avon Canal in 1791 was hope-
lessly inaccurate. When asked to explain why the half-completed canal
had lost over £141,724 in 1801, he replied that it was due to increased
wages and construction difficulties (83). His estimate for the
Caledonian Canal in 1803, although more accurate than Telford's, was
still £300 ,000 short of the final cost (84).

The introduction of 'standardisation' in civil engineering
projects ensured a degree of accuracy in the costing of certain features.
Smeaton and Brindley drew up standardised designs for mill machinery,
canal and river locks, accommodation bridges and ancill .ary buildings
and equipment. However there was no attempt at esteblishing a stock-
pile of parts and meny of the designs, although duplicated on a specific
project, were unique to that project. Brindley's standardised bridges
on the Bridgewater Canal were quite different from those on the Trent
and Mersey (85).T£ue standardisation did not occur until the very end
of the eighteenth century when Rennie and his contemporaries began to
incorpotate standardised, easily-reproducible ancill ary features in
their designs. This did little, however, to alleviate the most serious
deficiené%s prevalent in costing, which continued well into the nine-
teenth century.

Progress in the evolution of efficient management techniques in
civil engineering was considerable between 1750 to 1850. With the
exception of specialised factors like contracts, however, this progress

was essentially one of definition and consolidation, and not innovation.
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This short study has attempted to identify some of the major managerial
problems and describe how the most eminent engineers of the age
approached them. It will hopefully provide a basis for comparison in
the following study of - Thomas Telford's managerial methods in the

Highlands of Scotland, 1803-1830.
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CHAPTER 2

MANAGEMENT

Problems of managerial control were increased on the Caledonian
Canal and Highland Roads and Bridges by distance, supply of raw materials
and the unprecedented scales of the projects. Although the two projects
shared many common features, they were fundamentally different in
managerial organisation and procedure. This difference was centred,
to a large extent, around the existence, on Highland Roads and Bridges,
of detailed contracts and specifications and a dual/system of finance
from local proprietors and the government. This chapter will attempt
to describe the managerial structures developed by Telford in response
to these probilems, with special reference to the division of respons-
ibility between Telford, Jessop, Road Inspectors, site engineers and
contractors.

The managerial team employed on the construction of the canal
remained essentially unaltered throughout much of the construction
period, both with regard to structure and personnel. To ensure clarity,
a brief outline of the structure will be given before dealing with the
individual points raised in the opening paragraph. This is best shown

diagrammatically:
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The Board of Commissioners (Canal)

J Rickman T Telford J Hope W Jessop
(Sec to Board) (Engineer) (Lega% Agent) (Consultant)
| g

Accountant | Kinlock Lockhard

é (Legal Agent, Inverness)

Resident Superintendent-~«L-«—Resident Superintendent

Clachnaharry Corpach
J Telford, 1804-1807

M Davidson, 1804-1819 A adbn, 1807-1822
J Davidson, 1819-1822

5" X

i Contractors
Aok
Assistant ///, \\\\\\\ Assistant
A May‘ A Mackenzie =—————Clark (ixact location unknovm)
QOverseers Overseers
Workmen Workmen
o Indicates an element of doubt in the structure which will be

discussed in text.

The managerial team on the Highland Roads and Bridges project.
was far more precisely defined. Its structure is again best shown
diagrammatically:

The Board of Commissioners (Roads and Bridges)

J Rickman T Telford J Hope
(Board Secretary) (Engineer) (Legal Agent)
Accountant Chief Road Inspector

J Donaldson, 1804-1806, Died 1806

J Duncombe, 1806-1809, Replaced

J Mifchell, 1809-1824, Died 1824

Road Inspectors (Maximum of six)

Contractors

Workien

The two Boards of Commissioners shared a common Chairmen, Secretary,

Legal Agent and Engineer, however there was no intermixing of manag-
erial personnel below the level of engineer. The relationship between
Telford, Hope, Rickman and the two Boards of Commissioners will be

dealt with in a separate chapter. Before proceeding to describe the

various managerial levels emloyed on the two projects it is intended
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to examine in some detail the relationship between Telford and Jessop.
This relates exclusively to the Caledonian Canal project. Jessop was
not involved in the Road and Bridges project in any capacity, except
for an extremely brief period in 1805 when he received a small sum for
advising Telford on bridge matters.

Telford and Jessop

The purpose of this section is to examine the contribution of
Telford and Jessop in the setting up and running of the managerial
team and their role in the project as a whole., In assessing these
factors it will be necessary to answer the following points: who was
responsible for the recruitment and, therefore, size of the managerial
team; who decided their responsibilities; who assessed wage and contract
rates; who decided what materials should be used; who appointed the
contractors and who implemented changes in design and line? A brief
chronological outline of Jessop's involvement in the project will be
given before examining the above points.

Jessop, together with Rennie, gave evidence before the select
committee on the various Highland improvement schemes in June 1803,
prior to the creation of the Board of Commissioners (1).‘ When asked to
comment on Telford's proposals for the canal, he stated that he could
not give 'an accurate judgement, not having seen the country' (2).
However, he did provide an estimated cost of the whole project (3). As
in the London Bridge enquiry, he was called upon by the Government to
give his general opinion on the feasibility of the project as one of the
country's leading civil engineers. On the 4 August 1803, the newly-
appointed Board of Commissioners took measures;

"for obtaining the opinion and assistance of

Mr William Jessop, another eminent and experienced

engineer". (4)

He was ordered to inspect the proposed line of canal with Telford (5),
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which he did in October 1803, reporting back to the Board in February
1804 (6). A revised estimate was also submitted by him at this date.
After 1804 he made a Jjoint inspection with Telford in October or
November of every year up to his retirement in 1812. He died in 1814.

Recruitment of managerial staff began in the early eutumn of
1803 when Telford appointed John Wilson as Resident Engineer or Super-
intendent at Corpach, and A.May and W.lMackenzie as Superintendent/Pay
Clerk at Clachnaharry (7). These appointments were made before Jessop
had become involved with the project (8). It is probable that John Wilson
was the same Wilson who had worked with Telford on Pontcysyllte
Aqueduct as a contractor. Nothing is known about the background of
Andrew May or William Mackenzie except that the latter was a land
surveyor from Inverness. J Smith was employed at Corpach to negotiate
the purchase of country timber and arrange for its cutting and delivery (9).
A Mr Mason was employed to investigate the location of quarries. He
was also involved in the preparation of a report on the entrances to
the canal with Murdoch Dowvmie (10). A considerable number of survey-
ing assistants was also taken on, (11) so that by the time of Jessop's
visit in October 1803 a full-scale survey team was in operation. Con-
struction work commenced on a very limited scale in December 1803, but
it was not until the passing of the Second Canal Act in June 1804 that
moves were made to appoint permanent supervisory constructionsstaff.
Jessop was again excluded from the major decision-making over recruitment,
simply endorsing Telford's appointments. Evidence for this belief
comes from the Second Caledonian Canal Report which contains extracts
from Telford and Jessop's correspondence over the new posts. The
Commissicners reported that after having:

"taken into consideration a representation made to

us by Mr Telford respecting the propriety of providing

a constant superintendence on the spot, we appointed
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Mr Mathew Davidson ... (Clachnaharry District) ...

and Mr John Telford ... (Corpach District) ...

These persons were recommended to us by

Mr Thomas Telford, with the entire approbation

and concurrence of Mr Jessop, as men of tried

ability and long experience." (12)
Telford received authorisation from the Board to appoint them (13). He
had written to Jessop on the .8 June 1804 suggesting John Telford and
Davidson:

"The works being upon a scale of uncommon magnitude,

and in a district of country unaccustomed to oper-

ations of this nature, I propose that such persons

only shall be instructed with the chief superintendence

and the execution of the principel works, as have to

my own and your knowledge, for ten years past, been

employed upon works of a similar nature whose abilities

may be relied on and who are likely to enter with zeal into

the spirit of the undertaking ..." (14)
Telford had known Davidson virtually all his life, working with him as
o stonemason in his native Eskdale before leaving for London in 1782.
He had employed Davidsén as site engineer on several bridge projects in
Salop before appointing him Resident Engineer for Pontcysyllte Aqueduct.
Jessop had been Principel Engineer on the project and had become acquain-
ted with Davidson (15). Similarly, John Telford was an ex-Telford
Ellesmere Canal employee who had been fully versed in his working
methods, acting as his personal assistant for some time (16). Telford
concluded his letter of 8 June by proposing that Davidson be provided
with "such assistants for counting the men and measuring the works as
mey from time-to-time appear necessary." (17) For the middle district

he proposed to employ "persons of an inferior description" because
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"the works there can be occasionally examined and checked by H%;hew
Davidson and John Telford." (18) Jessop replied to Telford's proposals
on the 9 June, agreeing to all the appointments.(19) He made no
amendments to the managerial team as suggested by Telford. Wilson,
lMay and Mackenzie were relieved of their supervisory posts during the
ensuing months, Wilson re-emerging as one of the principal contractors,
and May as assistant and pay clerk to Mathew Davidson (20). Mackenzie
appears to have left the employment of the Commissioners altogether.
Wilson's assistant continued to serve him in his new capacity (21).
It is not known how much Telford was involved in these re-appointments,
and details of Telford and Jessop's involvement in the appointment
of managerial staff below the level of superintendent are extremely
scarce. Jessop requested that Telford deal with the appointment of all
assistants in June 180Lk.

"fThat Assistants they may want cannot at present be

specifiedy they must from time to time be appointed

as circumstances may call for them and this should

be left to your discretion." (22)
Telford and Hope decided upon the appointment of Kinlock Lockhart as the
Commissioners legal representative in Inverness in 1805 (23). Jessop
does not appear to have been consulted. John Telford died suddenly in
1807 and was replaced by Alexander Easton, a former stone_meson and
Telford road inspector in Argyll (24). Again Jessop does not appear to
nave been involved. No further menagerial appointments appear to have
been made before Jessop's retirement in 1812. Telford made Maﬁﬁew
Davidson the senior superintendent, appointing him as his deputy when
he left for Sweden in 1808 (25).

It is clear, therefore, that Telford, rather than Jessop, was
responsible for managerial recruitment. He was more in touch with the

day-to-day running of the canal and therefore better able to devise and
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appoint a managericl team for its supervision. In this instance at
least, Jessop merely rubber-stamped his decision.

It was Telford, rather than Jessop, who decided upon the respons-
ibilities of the manageriel team. In his letter to Jessop of June 1804
Telford proposed that the superintendents fix contract rates in
"particular places" with the proviso that the "state of such rates to be
always immediately communicated to me and to be subject to my determin-
ation." (26) Through such a system he undoubtedly hoped to control from
a distance by financial menipulation. Telford requested that Jessop
comment on the "above proposal"™ and hoped that it gave "a reasonable
prospect of the works being carried on with the economy, fidelity and
success." (27) No records survive of Jessop either opposing Telford's
managerial team or suggesting improvements. It was, therefore, Telford's
set of instructions which was adopted by the Board and used on all
subsequent occasions for the control of site construction staff.

Jessop's participation in the fixing of contract and wage rates
was considerable as he accompanied Telford on the inspection tours when
these matters were considered. He was not involved, however, in deciding
the wage rates for the excavation of Corpach and Clachnaharry Basins,
which had been determined by Telford in 1803 (28). This work had pres-
umably been performed by direct labour, as no contractors were
appointed until June 1804 when Telford and Jessop received instructions
to "determine the rates of expense of the sundry works upon the line of
canal ... (and the price of) labour for the different sorts of work." (29)
Telford had contacted the Board of Commissioners in June 1804 request-
ing Jessop's assistance on the above points:

"It would be a great satisfaction to my mind, to

have the assistance and advice of Mr Jessop in

Scotland." (30)

Tmmediately after, Telford contacted Jessop, giving him a full break-
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down of his proposals:

"Every part of the works which can be so mamaged

to be executed by measure of rates or prices, to

be determined by you or myself after having

maturely weighed every circumstance relative to

the different works. All the cutting, puddlings

and embankments to be let in small lots to different

persons, ... the general rules for prices to be

determined by you or myself." (31)

The various rates were fixed in August 1804 after a joint inspection.
Telford and Jessop had previously been instructed to take careful con-
sideration of local wage rates in deciding upon those for the canal (32).
This would suggest that those members of the mangerial team who had
been in the Highlands longest and therefore had a greater local know-
ledge (ie Telford) played the decisive role in the fixing of wages.

This has to be counter-balanced, however, by the fact that Jessop had

a far greater knowledge of wage rates throughout the country. Any
substantial increase in the contract price was subject to Telford and
Jessop's approval(33). This policy was adhered to throughout Jessop's
involvement in the project and beyond. Jessop's contribution to the
fixing of prices would thus appear to have been considerable both in
1804 and after. It is not known how much he was influenced by Telford's
fixing of wage rates in the Autumn of 1803 or by his superior local
knowledge.

In the location, purchase and transport of materials it would
appear again that Telford provided the driving force. The survey team
was fully involved in this department before Jessop set foot in the
Highlands, Telford opening negotiations with Cameron of Lochiel for the

purchase of country timber in late September 1803 (34). In the joint

instructions of 1803 and 1804, Telford and Jessop Wwere requested to pay
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special attention to the location of materials.(35) As in previous
instances, however, the person with the most local knowledge had
the greater say in deciding such matters. By the summer of 1804
Telford had completed his third "period of duty" in the Highlands.
Jessop was just arriving for his second. Decisions regarding the
purchase of timber may have been taken jointly but it was Telford
who handled all the initial enquiries and correspondence, as has
already been seen above. Jessop was probably influential in the
purchase of iron-work, although here again it was Telford who handled
the correspondence, shipping and erection. Contracts for iron-work
were put out to tender, the offers made by Outram and Co (Jessop's
partner) and Hazledine being accepted, Hazledine had for some time
been associated with Telford projects, providing the iron-work for the
Pontcysyllte Aqueduct. (36) Machinery requirements were decided on
at the joint inspection of August 1804 and orders were placed almost
immediately afterwards, for three Boulton and Watt pumping engines
and a large amount of plateway.(37) The canal's first dredging
machine appears to have been designed entirely by Jessop,(38) who
was probably instrumental in the adoption of a steam dredger. Telford
did not involve himself in the development of dredging’machines af'ter
Jessop's departure, preferring to import specialised knowledge on
the matter, in the person of Bryan Donkin.(39)

The choice of construction contractors was made by Telford in
June 1804, In that month he wrote to Jessop suggesting Simpson,
Wilson and Cargill as the masonry contractors.

"Tn all matters relative to the execution of building

I mean to employ John Simpson‘wifh whose abilities

and character you have also been acquainted for upwards

of ten years past. John Wilson and James Cargill are

with him e.ee"(40)
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Jessop "heartily concludedi}ith Telforé]in appointing the contractors
straight away rather than open the contract to competition (and) run
the risque of getting very inferior men".(41) He also agreed to
Telford's proposals for letting the earth-work in small lots to
different persons, although he thought that "the size of such lots
(ought) to be proportioned to the ability of the undertakers" in the
hope of finding some who "may be able to manage a large contract, or
a number of small lots".(42) Simpson, Wilson and Cargill had all
been employed on the Ellesmere Canal, undertaking the masonry contract
on the Pontcysyllte Aqueduct. Simpson had also been employed on
virtually all of Telford's bridge contracts from 1790 onwards. The
decision to bar competition on the masonry contract wa& thus under-
standable, given the wealth of experience offered by the successful
contractors. Jessop's proposals over letting earth contracts in
multiple units appears to have become standard practice, only half
a dozen "firms" being involved in the main excavation work between
1804 and 1822.(43)
Alterations in Canal Design

Telford examined the line of the canal in 1801(44) and again
in 1802, using James Watt's survey as a guide.(45) The second
survey was comparatively detailed, listing the number of locks,
bridges, aqueducts and culverts. This plan was accepted by the
Parliamentary Select Committee a;d was included in the application
to Parliament for obtaining the initial grant of £20,000.(46) Im
the autumn of 1803 Telford was ordered to draw up a detailed plan
of the canal suitable for re-application to Parliament for a second
more permanent Canal Act.(47) Jessop received instructions in .
September to examine the line of canal, (48) In December 1803 he

was ordered to prepare a report and estimate on the canal, using
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information supplied by Telford and his team of surveyors.(49) His
report was submitted to the Board in February 1804, having first

been endorsed by Telford. (50) It was then included in the papers
used in obtaining the second Canal Act.(51) The estimate which was
included in the report was considerably more than Telford's 1802
figure, mainly on account of the &doption of more expensive lock
designs. (52) The number of locks had been reduced by two to twenty-
three, and aqueducts reduced from twelve to seven, although bridges
had been increased from twelve to twenty-three.(53) As in other
aspects of decision-making,it is difficult to assess how much Jessop
was influenced by Telford and his surveyors. Line changes had been
decided upon before he even arrived in the Highlands; the position
of the sea locks being altered after a joint report by Murdoch Downie
and Mason.(54) General survey work proceeded well into 1804 and it
was not until June of that year that Telford and Jessop received
instructions to mark the exact position of the locks, bridges, weirs
and culverts.(55) Many of the canal features were positioned during
August 1804 although weirs and culverts were not definitely fixed,

as their position depended on the raising of the fresh-water lochs, a
task which was not to be performed until the completion of the project.
(56) The siting of locks and bridges in the middle district was also
left open, as it was not intended to commence operations in that area
until the two outer districts had beem completed. Jessop was not
involved in the detailed surveying of the middle district which did
not start until the year of his departure in 1812.(57)

Jessop appears to have been very much involved in the major
design chynges relating to lock construction and in the adoption of
cast-iron as a suitable material for bridge and lock gate' construction,.
Telford had submitted turf walled lock designs in his original 1801

survey., He argued that the slowness of operation would be counter-
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balanced by the cheapness of construction, and the accompanying
estimate was based on the use of turf locks.(58) Jessop budget ed
for more conventional masonry locks in his February 1804 estimate,
which increased the overall cost of the project by £56,000,.(59)
Telford, after considering the revised designs, gave his approval.
(60) It is not known who was responsible for the design of the locks
as built, although Telford does include drawings of the locks in the
Atlas of plates to his autobiography (61). Telford and Jessop decided
to increase the size of the locks after a joint investigation into the
type of vessel most likely to use a canal. They were assisted in this
task by Sir William Rule, who supplied information on the size of Navy
frigates and warships (62). The decision to use cast-iron for the lock
gates appears to have been taken jointly, for Telford states in the
1814 Report that "the high price of oak led Mr Jessop and myself to
adopt cast iron." (63) The use of cast-iron for accommodation bridges
was also a Jjoint decision, the basic design being based on swing
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