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Sewers, hidden beneath the ground and unpleasant in their associations,
are easily overlooked. Yet sewers require visualization, both in order to
know their location in relation to the above- and belowground city infra-
structure and to plan and construct them in the first place. Representations
of sewers, whether maps, diagrams, or engineering drawings, are a vital
means by which their spaces are conceived and perceived in the urban fab-
ric; for this reason, they warrant close attention as important mediating
documents in their physical and social construction.

This article considers the role of technical representations in the build-
ing of one of the most significant civil engineering projects of the mid-
nineteenth century: London’s main drainage system, which was designed
and overseen by engineer Joseph Bazalgette (1819–91). In the context of
this article, I use the term “technical representations” to mean the written
and pictorial documents Bazalgette used in the early 1860s to transfer his
design into built reality. My primary focus will therefore be on the con-
tract—composed of engineering drawings and an accompanying specifica-
tion—which was the key document that mediated the relationship between
the engineer and his most important ally, the contractor. I will also pay
close attention to the variety of audiences beyond the contactor to whom
these documents were directed, including the organization to which Bazal-
gette was responsible, the Metropolitan Board of Works, those who funded
the project, those parties directly affected by construction, and the wider
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public, who would inevitably be responsible for paying for the project. My
goal is to construct a fuller picture of the social context in which the main
drainage project was implemented and the crucial role played by the con-
tract in mediating social relations of many kinds, a perspective that is
absent in the existing literature on the subject.1

Technical representations—sketches, orthographic plans, schematics,
diagrams, perspective drawings, and models, to name only the most com-
mon—have conventionally been regarded first and foremost as cognitive
tools of the engineer. They are viewed primarily as expressions of ideas in
the “mind’s eye” of the designer.2 Recent literature on the subject has chal-
lenged this understanding by focusing on the role played by technical rep-
resentations in the transformation of ideas into artifacts—in effect, placing
these documents within their specific social contexts.3 Such a shift of focus,
according to Wolfgang Lefèvre, “can reveal an entire world of social rela-
tions between different groups of individuals in which technological proj-
ects were embedded.”4 What has emerged is a body of literature allied to
wider notions of the social construction of technology that pays close at-
tention to the role of technical representations both as tools of communi-
cation directed at multifarious audiences and as a means for controlling the
process of production and regimenting a workforce.5 This recent literature

1. The most comprehensive accounts of the construction of the main drainage sys-
tem are Stephen Halliday, The Great Stink of London: Sir Joseph Bazalgette and the
Cleansing of the Victorian Metropolis (Stroud, UK, 1999), 86–90; and David Owen, The
Government of Victorian London, 1855–1889: The Metropolitan Board of Works, the
Vestries, and the City Corporation (Cambridge, Mass., 1982), 56–61. Both Halliday and
Owen’s accounts refer to the importance of the contract in the construction process, but
both posit a conventional understanding of the contract drawings and specifications as
cognitive tools of the engineer. Consequently, neither explores the wider social context
in which these representations were situated.

2. Eugene S. Ferguson, Engineering and the Mind’s Eye (Cambridge, Mass., 1992).
Ferguson’s focus on the cognitive processes of the engineer follows a similar emphasis
seen in Ken Baynes and Francis Pugh, The Art of the Engineer (Guildford, UK, 1981);
Peter Booker, A History of Engineering Drawing (London, 1979); and Brooke Hindle,
Emulation and Invention (New York, 1981).

3. See John K. Brown, “When Machines Became Gray and Drawings Black and
White: William Sellers and the Rationalization of Mechanical Engineering,” IA: The Jour-
nal of the Society for Industrial Archaeology 25 (1999): 29–54; John K. Brown, “Design
Plans, Working Drawings, National Styles: Engineering Practice in Great Britain and the
United States, 1775–1945,” Technology and Culture 41 (2000): 195–238; Wolfgang Lef-
èvre, ed., Picturing Machines 1400–1700 (Cambridge, Mass., 2004); Steven Lubar,“Repre-
sentation and Power,” Technology and Culture 36 (1995, suppl.): 54–82; David McGee,
“From Craftsmanship to Draftsmanship: Naval Architecture and the Three Traditions of
Early Modern Design,” Technology and Culture 40 (1999): 209–36; and Edward W. Stev-
ens Jr., The Grammar of the Machine: Technical Literacy and Early Industrial Expansion in
the United States (New Haven, Conn., 1995).

4. Lefèvre, 5.
5. In relation to literature on the social construction of technology, technical repre-

sentations can be identified as important tools in enlisting and directing an actor net-

03_49.3dobraszczyk:03_49.3dobraszczyk 568–  7/14/08  12:49 PM  Page 569



T E C H N O L O G Y A N D C U L T U R E

JULY

2008

VOL. 49

570

has tended to focus on mechanical engineering and naval architecture—
fields in which many factors combine to accentuate the control imperative
and a hierarchical power structure. In mechanical engineering, design and
production tend to concentrate in the same firm, which is normally oper-
ating in a competitive market. Engineers must demonstrate value primarily
to the buyer of the product, while workers tend to exercise their craft skills
in opposition to managerial control.

Civil engineers, who have so far been neglected in this recent literature,
would undoubtedly conceive of their tools of representation quite differ-
ently from their counterparts in the mechanical engineering profession. In
building a canal, railway, or drainage system, the most significant obstacle
in the path from design to construction is not the workforce, but nature.
Civil engineers must devise means of imposing their design over a natural
environment that they can know only incompletely before, during, and
after the project. To successfully achieve this, they must form alliances with
many different parties, including those who authorize and finance the proj-
ect, the contracting firm that will execute their plans, the various parties
who have vested interests in the land impinged upon by the project, and the
wider public that is supposed to benefit from it. In short, civil engineers, far
more than their mechanical-engineering counterparts, must gain the con-
fidence and cooperation of a host of diverse audiences if they are to have
any chance of successfully transforming their designs into artifacts.

The first section of this article will outline the authorization, funding,
and contracting processes of London’s main drainage system, focusing on
the largest of the twenty-seven main drainage contracts, that for the north-
ern outfall sewer (NOS).6 I outline the variety of contexts in which this
contract appeared, focusing in turn on the drawings and specification, and
I question conventional understandings of these representations as having
been intended solely for contractors. The remainder of the article will focus
on the construction process itself by following the progress of the NOS
from 1861 to 1864, examining who represented the construction process
and how, in an effort to explore what this can tell us about the relationship
between engineer and contractor.7 The article specifically investigates the

work. On actor-network theory, see Bruno Latour, Reassembling the Social: An Introduc-
tion to Actor-Network Theory (Oxford, 2005); and John Law, “Notes on the Theory of the
Actor Network: Ordering, Strategy, and Heterogeneity,” available online at http://www.
lancs.ac.uk/fass/sociology/papers/law-notes-on-ant.pdf (accessed 29 January 2008).

6. For the twenty-seven separate contracts, see London Metropolitan Archives
(LMA), MBW/2421/1–27, for the contracts and specifications; and LMA, MBW/2500–
2532, for the contract drawings.

7. For general accounts of the construction process, see Halliday (n. 1 above), 77–
102; Owen (n. 1 above), 56–69; and Denis Smith, “Sir Joseph Bazalgette (1819–1891):
Engineer to the Metropolitan Board of Works,” Transactions of the Newcomen Society 58
(1986): 94–95.
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role that contract drawings and specification played in the construction
process. In contrast to mechanical-engineering projects, the main drainage
system involved the construction of an object within vast and complex
physical and social environments, in this case London’s metropolitan area—
both above- and belowground. The existing accounts of the construction of
the main drainage system indicate that the alliances Bazalgette forged with
his contractors, and the contractual representation between the two parties,
were both very effective, allowing him to complete the project in just nine
years, between 1859 and 1868. What they do not tell us is how Bazalgette
negotiated with the many other parties involved in the realization of his de-
sign. In reality, Bazalgette’s representations had to mediate among a num-
ber of different audiences with different demands. This article will focus its
attention on how these visual constructs met their varied ends.

The Main Drainage System

During the first half of the nineteenth century, the population of Lon-
don increased almost threefold, from 959,000 in 1801 to 2,362,000 in 1851.
This exponential growth of the city’s population placed serious strains on a
once-effective and -sustainable system of natural drainage, comprised of
ancient watercourses and sewers for excess rainwater. The usual method of
disposing of household sewage—even up until the mid-nineteenth cen-
tury—was to empty it into pits, known as cesspools, located close enough to
dwellings for most people to have access to them. By mid-century, the in-
creasing availability of water, coupled with the popularity of the water closet,
meant that these drainage facilities rapidly became inadequate for the grow-
ing volumes of water and sewage discharged into them.8 At the same time,
sanitary reformers and engineers called for urgent action, critically charac-
terizing the city’s sanitary infrastructure as being on the verge of collapse, a
primary cause of disease, and governed by a multitude of conflicting inter-
ests. Prominent among these reformers was the engineer Joseph Bazalgette,
who joined London’s sanitary administrators—the Metropolitan Commis-
sion of Sewers—in 1849, where he gained firsthand experience of the city’s
ancient sewers as one of the commission’s surveyors.9 His eventual rise to
chief engineer of the commission in 1852 and, from 1855, the Metropolitan
Board of Works was in part a consequence of his own intimate knowledge
of the tortuous topography of London’s existing sewers.

Bazalgette’s solution to the city’s sanitary crisis was the main drainage

8. Joseph Bramah’s Valve Closet, patented in 1778, became the accepted model for
water closet production during the nineteenth century; by 1797, he had already made
approximately 6,000 closets.

9. On Bazalgette’s early involvement in the Metropolitan Commission of Sewers, see
Halliday, 51–57.
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system (fig. 1), the design of which he developed from 1852 to 1855. Still in
place today, it consists of five distinct large-scale sewers, totaling eighty-two
miles in length, that cross London on either side of the river Thames from
west to east, converging in outfall sewers running roughly parallel to the
river. These are known as “intercepting” sewers, in that they intercept waste
from existing street sewers and divert it to outfalls on the Thames, outside
the city limits. The sewage was originally discharged into the river at high
tide to prevent it from flowing back into the city area. Included in the main
drainage system are four principal pumping stations, situated at points in
the system where the sewage needed to be lifted from low-lying areas up to
the level of the river.

As a civil engineering project, the direct precedents of the main drain-
age system were those founded on precise surveying techniques, such as
canals (from the late eighteenth and early nineteenth centuries) and rail-
ways (from the 1830s). The planning of canals and railways, both enor-
mous in their geographical extent, demanded the application of sophisti-
cated surveying techniques pioneered by the Ordnance Survey from the late
eighteenth century on.10 When Bazalgette joined the Metropolitan Com-
mission of Sewers as a surveyor in 1849, he would have used maps pro-
duced by the first Ordnance Survey of London (1848–51) to collect and
chart information on the city’s existing sewers.11 The survey was carried out
as an essential prerequisite to the planning of a citywide sewer system. For
the first time, it mapped London as a unified metropolitan area, applied an
accurate and consistent method of surveying to the city as a whole, and in-
cluded a systematic mapping of road and waterway levels, which provided
a foundation for calculating the gradients necessary for sewer construc-
tion.12 From the time of his appointment as chief engineer to the commis-

10. In the decades up to 1860, the Ordnance Survey had risen to a position of car-
tographic prominence with the production of a series of maps of Great Britain. Coupled
with its emphasis on military planning, the Ordnance Survey also employed new sur-
veying techniques, culminating in the first Trigonometric Survey, begun in 1791. On the
history of the Ordnance Survey, see R. A. Skelton, “The Origins of the Ordnance Survey
in Great Britain,” Geographical Journal 128 (1962): 415–16; J. B. Harley, “Error and Re-
vision in Early Ordnance Survey Maps,”Cartographic Journal 5 (1968): 115–24; Ida Dar-
lington and James Howgego, Printed Maps of London, c. 1553–1850 (London, 1964), 24–
28; T. Owen and Elaine Pilbeam, Ordnance Survey: Map Makers to Britain since 1791
(Southampton, UK, 1992); and Charles Close, The Early Years of the Ordnance Survey
(Newton Abbot, UK, 1969).

11. Smith, 90–92.
12. On the first Ordnance Survey of London, see Ida Darlington, “Edwin Chadwick

and the First Large-Scale Ordnance Survey of London,”Transactions of London and Mid-
dlesex Archaeological Society 22 (1969): 58–61; Rosa Lynn B. Pinkus, “The Conceptual
Development of London, 1850–1855” (Ph.D. diss., State University of New York at Buf-
falo, 1974), 124–34; Ralph Hyde, Printed Maps of Victorian London, 1851–1900 (Folke-
stone, UK, 1975), 5; Owen, 29; Halliday, 49, 50–51; and Lynda Nead,Victorian Babylon—
People, Streets, and Images in Nineteenth-Century London (London, 2000), 18–22.
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sion in late 1852 to the eventual construction of the main drainage system
in the early 1860s, Bazalgette used the Ordnance Survey plans as the basis
for his conception of the project. In some of his many reports produced
after 1852, he used the survey plans to illustrate his scheme, while many of
the contract drawings during the 1860s featured extracts from the large-
scale survey plans.13 The crucial importance of the Ordnance Survey in the
conception and eventual realization of Bazalgette’s project highlights a key
difference between civil- and mechanical-engineering projects: where the
latter are primarily concerned with producing an object abstracted from its
surrounding space, the former must, first and foremost, understand (and
eventually negotiate) a complex environment. For Bazalgette, the Ordnance
Survey of London provided an essential foundation for his conception of
the main drainage system, made visible in his drawings from 1852 on.

Authorization and Funding

When the Metropolitan Board of Works (MBW) superseded the Metro-
politan Commission of Sewers in 1855, Bazalgette continued in his role as
chief engineer and the new board soon approved his plan for the main
drainage system. However, his success was short-lived. Although the 1855
Metropolitan Local Management Act, which created the MBW, charged the
board with the task of constructing a citywide sewerage system, the act also
specified that any projects costing more than £50,000 would need to be
approved by the crown-appointed First Commissioner of Works, a post held
in 1856 by Sir Benjamin Hall.14 On 3 July 1856, Hall rejected Bazalgette’s
plan, stating that in his opinion, the positions of the outfalls were not suffi-
ciently far enough away from the metropolitan area to prevent sewage from
returning on the incoming tide.15 There followed a protracted and often bit-
ter dispute between Bazalgette and Hall, which resulted in further plans
being drawn up by both Bazalgette and independent referees appointed by

13. See LMA, MCS/479/13, “Report by J. W. Bazalgette, Engineer, on the Sewage
Interception and Main Drainage of the Districts South of the Thames” (3 April 1855);
LMA, MCS/479/13, “Report by J. W. Bazalgette, esq., Engineer, on the Sewage Inter-
ception and Main Drainage of the Districts North of the Thames” (22 May 1856).

14. Metropolitan Local Management Act, 1855, 18 & 19 Vic. c.120. On the ramifica-
tions of the act, see Gloria Clifton, Professionalism, Patronage, and Public Service in Vic-
torian London (London, 1992), 8–21; Halliday (n. 1 above), 61–83; Henry Jephson, The
Sanitary Evolution of London (London, 1907), 82–90; Owen (n. 1 above), 31–45; and
Pinkus, 169–87.

15. LMA, “Metropolitan Board of Works, Minutes of Proceedings” (“MBW Min-
utes”), 3 July 1856, pp. 293–94, sec. 3. Also see Metropolitan Local Management Act,
1855, 18 & 19 Vic. c.120, sec. 135. This clause states that the MBW had the duty of con-
structing “such sewers and works as they may think necessary for preventing all or any
part of the sewage within the Metropolis from flowing or passing into the River Thames
in or near the Metropolis.”
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Hall.16 When Bazalgette presented his final plan on 6 April 1858, with the
assistance of the engineers George Parker Bidder and Thomas Hawksley, the
question remained unresolved.17

What brought the dispute to a rapid conclusion during the summer of
1858—the hottest on record—was the notorious and much-documented
“Great Stink” that enveloped London.18 The passing of the Metropolitan
Local Management Amendment Act of 2 August 1858—just two weeks and
four days after its first reading in Parliament—has been attributed both to
the fear of the smell emanating from the Thames, reported in contempora-
neous press accounts, and also to a more accommodating First Commis-
sioner of Works, Lord John Manners.19 Whatever the reason, the new act
granted authority to the MBW to build whatever scheme it approved and
allowed it to borrow £3 million from the Bank of England, which would be
paid back over 40 years by means of a 3d. rate imposed on all properties
within the metropolitan district.20 In addition, the act removed the power
of the First Commissioner to veto the scheme. From now on, Bazalgette’s
drawings would no longer be subject to the scrutiny of the government.
With the removal of the most powerful agent in Bazalgette’s former hierar-
chy of responsibility, he gained a great deal of autonomy in the subsequent
production and tendering of contracts.

16. See LMA, MCS/479/14, “Report by J. W. Bazalgette on the Outfall of the Main
Drainage and Intercepting Sewers Below the Boundary of the Metropolitan Area,
Recommending an Extension on the South Side of the Thames” (7 July 1856). On the
referees’ plan, see Halliday, 99–103, and Owen, 51–55. The “MBW Minutes” from 1856
to 1858 also provide an exhaustive record of this dispute.

17. LMA, MBW/076, “Main Drainage of the Metropolis. Report to the Metropolitan
Board of Works upon the Main Drainage of the Metropolis” (J. W. Bazalgette, with
George Bidder and Thomas Hawksley) (6 April 1858).

18. On the “Great Stink,” see Clifton, 23–24; T. F. Glick, “Science, Technology, and
the Urban Environment: The Great Stink of 1858,” in Historical Ecology: Essays on Envi-
ronment and Social Change, ed. Lester J. Bilsky (Port Washington, N.Y., 1980), 122–39,
187–88; Halliday, 104–11; Claire Horrocks, “The Personification of ‘Father Thames’: Re-
considering the Role of the Victorian Periodical Press in the ‘Verbal and Visual
Campaign’ for Public Health Reform,” Victorian Periodicals Review 36, no. 1 (2003): 2–
19; Owen, 53–54; and Dale H. Porter, The Thames Embankment: Environment, Technol-
ogy, and Society in Victorian London (London, 1998), 70–72.

19. Metropolitan Local Management Amendment Act, 2 August 1858, 22 & 23 Vic.
c.104. On the fear of the smell and the role of the first commissioner, see Horrocks, 13;
Halliday, 104; and Owen, 53. These accounts stress the importance of a combination of
factors in the passing of the act.

20. Metropolitan Local Management Amendment Act, ibid., clauses 1, 4, and 23, 4
and 6, and 10 and 12, respectively.
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21. Parliamentary Papers, 1888, vol. 56, “Interim Report of the Royal Commission-
ers Appointed to Inquire into Certain Matters Connected with the Working of the
Metropolitan Board of Works, Minutes of Evidence Taken on the Metropolitan Board of
Works Enquiry Commission.”

22. Bazalgette awarded the Thames Embankment Contract No. 1 (1864) to George
Furness after only three weeks earlier it had been awarded to the lowest tender, Samuel
Ridley. For additional information on the Thames Embankment contracts, see Owen (n.
1 above), 84–86.

23. LMA, “MBW Minutes,” 4 August 1865, p. 984, sec. 30; and 20 April 1866, pp.
489–91, sec. 4.

24. Parliamentary Papers, p. 321, Bazalgette’s evidence of 10 July 1888.
25. See LMA, MBW/2421/1-11, “Main Drainage Contracts Nos. 1–11.”
26. During the construction of the main drainage system, Bazalgette’s engineering

department expanded significantly. In 1856, he oversaw a department comprising six

Tendering

In 1888, Bazalgette explained the process by which the main drainage
contracts were tendered while giving evidence to a royal commission that
had been established to investigate the working practices of the MBW.21

Bazalgette had been accused of favoritism in the awarding of contracts,
despite his insistence that the tendering process was impartial and governed
by meticulous procedures. From one perspective, the accusation seems
accurate. Of the twenty-seven main drainage contracts drawn up from
1859 to 1865, the contractor George Furness (1820–1900) was awarded two
and William Webster five. Bazalgette favored both firms for their reliability
and reused them many times over the course of his career, later awarding
them both prestigious contracts for the Thames Embankment.22 Not only
did Bazalgette favor well-known contractors over those that offered the
lowest tender, but, in the case of the Abbey Mills pumping station (1865–
68), he awarded the project to Webster without having drawn up a contract
at all, bypassing the apparently uniform process he described in such detail
in 1888.23

However, in the case of the contract for the NOS—the largest and most
important of all the main drainage contracts—Bazalgette did apparently
follow the meticulous procedures described in his testimony of 1888. Once
the deadline for tenders had expired on 18 October 1860, they were depos-
ited in a box that would be opened by a clerk at the scheduled board meet-
ing and the tenders handed over to its chairman, who formally announced
them to board members.24

The NOS contract, made up of fifty-one drawings and an eighty-five-
page specification, was drawn up from 1859 to 1860 after eleven of the
other contracts had already been successfully tendered.25 The production of
contract drawings, which numbered over 400 for the twenty-seven con-
tracts, took place within a strict hierarchy of labor at Bazalgette’s office, in
which draftsmen mainly fulfilled the role of copyists.26 Bazalgette paid
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draftsmen, an accountant, a clerk, and three assistant engineers (John Grant, Edmund
Cooper, and Thomas Lovick, all of whom had served as Bazalgette’s assistants in the
Metropolitan Commission of Sewers in 1855). By 1865, at the peak of the main drainage
construction, the department had grown to an office-based section (twenty draftsmen,
three clerks, and an accountant) and a site-based section (two surveyors, fifty-nine clerks
of works, and twenty-two maintenance staff).

27. LMA, “MBW Minutes,” 12 August 1859, p. 578, sec. 9.
28. Baynes and Pugh (n. 2 above), 129.
29. LMA, “MBW Minutes,” 10 August 1860, p. 594, sec. 36.

draftsmen on a weekly basis and, due to the pressure of tight deadlines for
contracts, often required them to work unrestricted hours.27 They were re-
sponsible both for producing the contract drawings themselves and for
overseeing their lithographic reproduction. All of the original main drain-
age contract drawings, now held at the London Metropolitan Archives,
were meticulously colored by Bazalgette’s team, whereas all reproductions
were in monochrome. Significantly, these monochrome reproductions
formed the basis for the contract that was advertised to potential tenders as
well as for publication in periodicals and newspapers. Color was not a nec-
essary condition of their contractual function—which means that the orig-
inal drawings must have been meticulously colored after reproduction, thus
highlighting the importance Bazalgette invested in them as aesthetic objects
that could enhance his own professional status and reputation among his
peers.28

Once Bazalgette and his draftsmen had completed the drawings, a spec-
ification was drawn up detailing all aspects of construction, materials, and
costs. The whole was then presented to the members of the MBW for ap-
proval before being advertised to potential tenders. In the case of the NOS,
the drawings were presented at the MBW meeting on 10 August 1860
(which was attended by twenty-seven board members) even though Bazal-
gette’s employees were still preparing both lithographed copies and the
specification, which Bazalgette hoped to submit to the board within a
week.29 In fact, board members approved the drawings and authorized
Bazalgette to issue advertisements for the tenders immediately, with the
deadline for applications to expire on 4 October. Bazalgette’s audience at
these meetings consisted of representatives from London’s vestries and dis-
trict boards, who would have had very limited knowledge of how to inter-
pret engineering drawings. The fact that Bazalgette presented color draw-
ings to the board suggests that aesthetic appeal was an important factor in
impressing and convincing his audience, especially as the use of color was
unrelated to the contractors’ needs. Whatever the reason for this use of
color, members of the board invariably neglected to question the viability
of Bazalgette’s drawings for realizing the project.

Once the negotiation with this audience had been completed, Bazal-
gette addressed his key potential allies in the realization of his project: the
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30. On the evolution of engineering contracts, see Halliday (n. 1 above), 84, 86; R. K.
Middlemas, The Master Builders: Thomas Brassey; Sir John Aird; Lord Cowdray; Sir John
Norton-Griffiths (London, 1963), 171–73; and F. M. L. Thompson, Chartered Surveyors:
The Growth of a Profession (London, 1968), 66–82.

31. E. W. Cooney, “The Building Industry,” in The Dynamics of Victorian Business:
Problems and Perspectives to the 1870s, ed. Roy Church (London, 1970), 154–55.

32. Ibid., 157; Halliday, 84; and John Summersom,The London BuildingWorld of the
1860s (London, 1973), 12–13. Halliday cites the role of Thomas Cubitt in providing the
model for large-scale contracting firms. In 1851, according to Cooney, five large con-
tractor firms, each employing more than 350 workers, dominated London’s building
industry; by 1873, there were six firms with more than 800 employees, and forty-one
with more than 200.

33. See Owen (n. 1 above), 56; and Halliday, 89.
34. LMA, “MBW Minutes,” 10 August 1860, p. 594, c.36.
35. Parliamentary Papers (n. 21 above), p. 341, Bazalgette’s evidence of 13 July 1888.
36. LMA, “MBW Minutes,” 19 October 1860, pp. 709–10, sec. 4. The ten tenders are

listed as follows: Messrs. William Hill & Co., 203 Whitechapel Road, £649,666; Mr.
George Furness, 36 Great George Street, £625,000; Mr. Thomas Brassey, 4 Great George
Street, £661,245; Mr. William Webster, Charlton Wharf, Woolwich, £690,000; Mr. Joseph
Diggle, 1 Castle-Terrace, Dover, £660,000; Messrs. George Boulton & Co., Wakefield,
£666,666; Mr. Edward Thirst, John-Street, Chelsea, £650,000; Mr. W. Dethick, 77 Great
Cambridge Street, £646,000; Mr. W. Moxon, 25 Parliament Street, £642,000; and Mr. G.
Todd Jr., Ranelagh Works, Cheyne Walk, £699,500.

contractors. For all of the twenty-seven main drainage contracts, he em-
ployed a system known as “measure and value” in which every detail of the
project was specified in advance and the contractor was repaid very slowly
as construction progressed. In the early nineteenth century, this type of
contract gradually superseded the traditional “after measurement” con-
tract, where the specification would be drawn up after construction (and
from which the cost of the project would be ascertained).30 The expansion
in the scale of engineering projects in the early nineteenth century stimu-
lated a corresponding intensification of competition among contractors.31

By mid-century, a small number of very large contracting firms had suc-
ceeded, by the process of competitive tendering for large-scale railway con-
tracts, in dominating the building industry.32 After the original contractor
for the northern middle-level sewer, William Rowe, went bankrupt soon
after winning the contract in February 1860, Bazalgette began to favor
larger contracting firms, which did not always offer the lowest tender.33 In
the case of the NOS, he even extended the deadline for tender at the request
of Thomas Brassey, the owner of one of the largest British contracting firms
of the nineteenth century.34 Indeed, Bazalgette strongly advised prospective
contractors to purchase copies of the drawings and specification for the
considerable fee of £5, which was “to secure that none but bona fide ten-
derers shall send in their tenders.”35

On 19 October 1860, the board opened and examined the tenders for
the NOS. Ten contracting firms submitted bids, ranging from £625,000 by
George Furness to £699,500 by Mr. G. Todd.36 Out of these, four were al-
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37. Brassey was awarded the contract for the northern middle-level sewer after the
failure of Rowe; Webster, the southern high-level sewer; Dethick, the Ranelagh storm-
relief sewer; and Moxon, the northern high-level sewer.

38. Cliff Wadsworth,George Furness: Willesden’s Greatest Resident? (London, 1996), 6.
39. LMA, MBW/246,“Board Papers,” 1–29 October 1858,“Mr. Bazalgette’s Report to

the Metropolitan Board of Works upon the Arrangements Proposed for Constructing
the Main Drainage and Intercepting Sewers” (30 September 1858), p. 4.

40. LMA, “MBW Minutes,” 26 October 1860, pp. 729–30, sec. 2. Furness’s sureties
were the eminent engineer Sir Joseph Paxton and Messrs. Smith and Knight, contractors
for a portion of the Metropolitan Underground Railway, built from 1859 to 1863.

41. Despite the fact that the Institution of Civil Engineers was founded in 1818, in
the mid-nineteenth century engineers, architects, and contractors often began their
careers in the same field: surveying. In the 1850s, the Institution did impose a stricter
hierarchy of membership, from full members down to associates, but only at the end of
the nineteenth century, with the introduction of more specialized forms of training, did
the three fields begin to resemble their contemporary counterparts. See R. A. Buchanan,

ready employed on other contracts for the main drainage system: Thomas
Brassey, William Webster, William Dethick, and William Moxon.37 All of
these bids were compared with Bazalgette’s estimate of £635,000, calculated
with the aid of the board’s quantity surveyor and solicitor. Like Brassey and
Webster, Furness had already gained extensive experience in railway con-
tracting by working during the 1840s and 1850s on projects in England,
France, and Brazil.38 One factor that may have influenced the board’s deci-
sion to accept Furness’s tender was his proven ability to carry out several
contracts simultaneously—a practice common in railway construction and
one adopted by Bazalgette for the main drainage system.39 However, it is
clear that Bazalgette’s inclination to favor reliable contractors was tempered
by the board’s concern with expense; yet, like the meeting in which Bazal-
gette presented the contract, no discussion of the matter is recorded among
board members, indicating that their confidence in Bazalgette’s judgment
was remarkably high. Like Webster and Brassey, Furness was to prove an
important ally in the successful realization of two other main drainage con-
tracts: the northern outfall reservoir, and part of the Thames Embankment.
Before the contract was signed and the “common seal of the Board” affixed
to it, two reliable sureties confirmed the contractor’s financial status.40 Fur-
ness also signed each of the fifty-one contract drawings and the specifica-
tion to confirm his contractual obligations and responsibility for the entire
project.

Drawings

Both Furness and the other nine bidders for the NOS contract would
have relied upon the fifty-one contract drawings, in conjunction with the
specification, to determine their respective tenders. Although Furness was
not an engineer,41 he was elected as an associate of the Institution of Civil
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The Engineers: A History of the Engineering Profession in Britain, 1750–1914 (London,
1989), 63 and 69–70.

42. Wadsworth, 5.
43. The index section was a drawing used in the construction of both canals and

railways. On its use in canal construction, see Charles Hadfield, British Canals: An Illus-
trated History (Newton Abbot, UK, 1984), 44–45.

Engineers in 1864 in recognition of his extensive experience and knowledge
of engineering practices.42 His early experience in railway contracting pre-
pared him well for interpreting Bazalgette’s drawings. Both the index map
(fig. 2) and index section (fig. 3) were drawings common to all large-scale
civil engineering projects, which, due to their enormous geographical ex-
tent, required concise overviews. The NOS index map shows the proposed
course of the sewer, in this case a distance of 5 miles and 1,400 feet. In the
index section, the otherwise imperceptible inclination of the sewer (2 ft/m)
is shown by employing vastly different horizontal and vertical scales (in fig.
3, the horizontal scale is 880 feet to 1 inch; the vertical scale, 11 feet to 1
inch).43 This disparity of scale serves to distort the topographical features
and thus exaggerate vertical variations, which are seen as prominent peaks
and troughs along the route of the sewer. Both the index map and section,
as well as providing a complete overview of the project, also indicate to the
contractor the obstacles that would be encountered during construction,
including roads, rivers, and railway lines.

The information presented in the index map and section was greatly ex-
panded in the general map and section, which were drawings also common
to all of the main drainage contracts. At ten times the scale of the indexes,
these drawings rendered topographical details such as buildings, rivers, and
vegetation, ground and water levels, information concerning land owner-
ship, and references to other drawings in the contract. An extract of the
NOS general plan shown in figure 4 formed a small part of the original col-
ored sheet that measured approximately ten meters in length. The subse-
quent lithographic copies of these drawings, intended for the contractor’s
use, were divided into many separate sheets. The original colored sheet was
almost certainly one of the drawings presented to MBW members to ap-
prove the contract in August 1860. The use of color in both the general plan
and section is more elaborate than in the original index drawings, with
topographic details such as buildings, rivers, and vegetation immaculately
rendered in browns, blues, and greens, respectively, with the intended line
of the sewer indicated in red. Additional information not shown on the in-
dex drawings concerns land ownership, which was prominently labeled
(most of the land shown in figure 4 is labeled “East London Waterworks
Company”). For MBW members, each of whom represented the interests
of individual vestries and district boards in London, such information
would have been of the utmost importance: it highlighted which landown-
ers would be affected within their respective areas of jurisdiction. For the
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FIG. 4 London Metropolitan Archives, London (LMA), MBW/2508: Northern
Outfall Sewer, Contract Drawings, Drawing No. 3, General Plan, one-hun-
dredth extract to scale. (Photograph from original held at LMA, reproduced
by permission of LMA, Corporation of London.)
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44. LMA, “MBW Minutes,” 23 December 1859, p. 849, sec. 36. The contract was
awarded to the iron manufacturer Joshua Horton, based in Brimley Hill, Staffordshire,
for £2,422. For the original contract, see LMA, MBW/2421/4, “Contract No. 4, Iron
Fencing, Northern Outfall Sewer, J. Horton, Iron Merchant” (20 December 1859).

45. On the origins of three-view orthographic projection, see Lefèvre (n. 3 above),
209–44.

46. LMA, MBW/2508, Northern Outfall Sewer, Contract Drawings, Drawings Nos.
5–12, works at River Lee.

47. Ferguson (n. 2 above), 94–95.
48. LMA, MBW/2508/21–25, Northern Outfall Sewer, Contract Drawings, Drawings

Nos. 2–25, plan and elevation of Stratford Road crossing and details. On the Stratford
Road crossing, see The Builder, 6 October 1860, 633–34; “The Metropolitan Main-
Sewerage: the Northern Outfall Sewer,” LMA, MBW/2320, “Engineer’s Annual Reports,”
29 June 1861, pp. 5–6; and MBW/2321, “Engineer’s Monthly Reports,” 3 October 1861.

contractor, the situation was different. His primary concern lay not with
the interests of landowners, but with production. It is unlikely that either
the index or general maps and sections would have provided him with a
great deal of useful information, particularly as the course of the NOS had
already been marked out with iron fencing before the contract had even
been advertised.44

It is in the detailed drawings of specific parts of the project—making up
the bulk of the fifty-one drawings for the NOS contract—that the needs of
the contractor were most directly addressed. Unlike the index and general
maps and sections, these drawings make use of three-view orthographic pro-
jection—that is, plan, elevation, and sectional views—in the tradition of
mechanical-engineering drafting from the late eighteenth century on.45 This
technique enables various views of individual parts of the project to be
arranged on single sheets, thus explicitly addressing the contractor, who
would have the knowledge to interpret and execute them. Drawings 5
through 12 detail the method of construction for the proposed viaduct over
the river Lee that would carry the twin lines of the northern outfall sewer.46

Figure 5 shows drawing 5, which depicts the general arrangement of the
intended works at the river. The plan view of the viaduct, seen at the top left
of the drawing, represents the “key” to the other drawings scattered over the
rest of the sheet—sectional views that clarify “configurations that can other-
wise be deduced only from hidden lines.”47 The river Lee was only one of
many obstacles encountered in the planning of the NOS: other drawings pic-
ture more aqueducts over the Waterworks, the Pudding Mill, Abbey Creek,
the Channelsea, and City Mill rivers and numerous minor watercourses, and
bridges and tunnels over many railways and roads, including the Stratford
Road, which had to be raised ten feet above the sewer embankment.48

As indicated above, during the tendering process the audience for the
main drainage contracts comprised both those directly associated with the
production of the contract—Bazalgette, his draftsmen, quantity surveyors,
and solicitors—and those who were part of the decision-making process,
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49. LMA, “MBW Minutes,” 17 August 1860, p. 625, sec. 38. On this date, a letter was
sent to the Secretary of State, Sir George Cornewall Lewis, for permission to take lands
for the proposed NOS.

50. See, for example, LMA, “MBW Minutes,” 9 November 1860, p. 786, sec. 28. The
Eastern Counties and London & Blackwall Railway companies wrote a letter to the
Secretary of State stating that they thought the purchase of their land for the NOS con-
tract was unnecessary.

51. See Clifton (n. 14 above), 40. The “MBW Minutes” from 1859 to 1868 are filled
with details of the parties compensated and the disputes arising subsequently.

52. LMA, “MBW Minutes,” 21 December 1860, pp. 925–26, sec. 4. See also LMA,
MBW/2310, “Annual Reports of the Metropolitan Board of Works,” 10 August 1860, pp.
9–10. One of these reports states that between 25 March 1859 and 25 March 1860, the
MBW dealt with forty claims for compensation to landowners for the NOS and north-
ern high-level sewer contracts alone, costing the MBW £36,111 5s.

53. LMA, MBW/2310, 5 August 1859, p. 16. According to Bazalgette, “the Board have
successfully resisted all attempts to obstruct the progress of their works, several applica-
tions to the Court of Chancery for Injunctions to restrain their proceedings having been
made and refused.”

including the board members and the bidding contractors. However, the
contract drawings were also subject to the scrutiny of more disparate audi-
ences not directly involved in either the drafting or decision-making
processes. If the 1858 Metropolitan Local Management Amendment Act
had limited the power of government to interfere with the realization of the
main drainage system, it had not removed it altogether. For each of the
twenty-seven main drainage contracts, permission had to be sought and
granted by the Secretary of State for the MBW to compulsorily requisition
property and lands.49 In all cases, this permission was granted, but it was
often strongly contested by more important landowners, resulting in delays
in construction.50 In the case of the NOS, the contract drawings, particu-
larly the general plan, outlined in detail the various occupiers of land over
which the sewer would pass. Throughout the period of construction, nego-
tiations for land purchase and compensation occupied much of the time of
the MBW—more especially, their solicitor, who dealt with all negotiations
and settlements.51 In the case of the NOS contract, thirty feet of land on
either side of the sewer also had to be purchased to allow for access during
construction. In December 1860, the unlucky residents and owners were
informed and the solicitor drew up the necessary agreements.52 These land
negotiations reveal the MBW asserting its authority often in the face of un-
derstandable objections from property owners. However, the straight line
of the NOS was no respecter of persons, and the courts consistently upheld
its authority as a “public” project.53

Unlike their counterparts in mechanical engineering, civil engineers
were often required to address this nebulously defined “public.” The main
drainage system was, from the start, explicitly deemed a public project in
that it claimed to benefit, through improved sanitation, Londoners, who
would also eventually pay for the project via property taxes. It is not sur-
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54. International Exhibition, 1862: Official Catalogue of the Industrial Department
(London, 1862), 38: “Class 10: Civil Engineering, Architectural, and Building Con-
trivances; Sub-class B—Sanitary Improvements and Constructions,” entry 2,369: “Bazal-
gette, J. W. Spring Gardens. Drawings of, and Models Connected with the Metropolitan
Main Drainage.”

55. “Abbey Mills Pumping Station, No. V,” The Engineer, 27 September 1867, 272.
During August and September 1867, the journal published reproductions of nine draw-
ings from the original contract.

56. On press accounts of the construction of the main drainage system, see Paul
Dobraszczyk, “Sewers, Wood Engraving, and the Sublime: Picturing London’s Main
Drainage System in the Illustrated London News, 1859–62,” Victorian Periodicals Review
38, no. 4 (2006): 349–78. For contract drawings, see “The Metropolitan Main-Drainage
Works: Machines for Lifting the Sewage” (engraving), Illustrated London News, 21 May
1864, 504; and “The Metropolitan Main Drainage Southern Outfall at Crossness” and
“Metropolitan Main Drainage: Plan of the Southern Outfall Works at Crossness” (en-
gravings), Illustrated London News, 8 April 1865, 335. These engravings are directly
copied from drawings 1 and 9, respectively, in the southern outfall works contract
(1862).

57. The early history of the ILN is outlined in Mason Jackson, The Pictorial Press, Its
Origins and Progress (London, 1885), 291–313; Eric De Maré, The Victorian Woodblock

prising, then, that throughout the planning and construction of the main
drainage system, contract drawings were important mediating representa-
tions among Bazalgette, the MBW, and the wider metropolitan population.
For example, while Bazalgette used contract drawings to illustrate the many
talks he gave on the main drainage system to specialist audiences of engi-
neers, he also exposed them to a much wider public audience, both by ex-
hibiting some unspecified contract drawings in the 1862 International Ex-
hibition in South Kensington and by providing others for reproduction in
London’s periodicals.54 When The Engineer published a series of drawings
and specification extracts from the 1865 contract for the Abbey Mills
pumping station, it proudly proclaimed that “so complete a description of
any engineering work has never before appeared in the pages of a weekly
journal.”55 Not only was the journal promoting the main drainage sys-
tem—and Bazalgette’s prowess—to a specialized audience that possessed
the skills to read these drawings, it was also celebrating its own representa-
tion of the project.

During the 1860s, the Illustrated London News (ILN) also published
many wood-engraved topographical views of the construction of the main
drainage system, often accompanied by reproductions of contract draw-
ings.56 Founded in 1842, the ILN marketed itself specifically as an illus-
trated newspaper and, initially costing sixpence, appealed to a “respectable”
middle-class audience that was self-consciously defined by the newspaper
itself. From the outset, editors of the ILN consistently stated their intention
not only to elevate the status of wood engraving to that of a fine art, but
also to use the medium to realistically document everyday events, such as
the building of sewers.57 In addition, the ILN had set itself up as a mouth-
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piece in the campaign for metropolitan “improvements” and followed the
construction of the main drainage system in an almost ecstatic celebratory
tone throughout the 1860s. Such publicity was, in part, encouraged by the
MBW: in October 1861, representatives from the ILN and many of Lon-
don’s other newspapers were given the opportunity to experience the con-
struction project firsthand, through tours led by Bazalgette himself.58 The
ILN’s many wood-engraved illustrations of the project were both dramatic
renditions of a vast spectacle in the city and also sober educational treatises
on its technological details. In its coverage of construction, the newspaper
often published reproductions of contract drawings and dramatic perspec-
tive views within the same edition; however, when it represented the con-
struction of the northern outfall sewer in 1864, it uniquely combined these
within the same engraving (fig. 6).59

In the full-page engraving, the large topographical image shows the
outfall of the NOS, the hovering viewpoint serving to reveal the vast scale
of construction seen in the mid- and far distance, made up of a confusion
of rubble, machinery, and workmen. Below this dramatic image is a sec-
tional view of the works based on part of drawing 43 from the NOS con-
tract. The context and content of this reproduction, however, are very dif-
ferent from its source image. The engraving greatly simplifies the contract
drawing by removing all measurements and much of the topographical
labeling. In addition, the engraved image is divorced from its original orth-
ographic context. Unlike the original contract drawing, it does not show a
projected view of the image directly above it; rather, the ILN itself defines
the “technical” meaning of this drawing. Unlike The Engineer, this newspa-
per is not addressing a specialist audience, but rather a multifaceted and
self-consciously constructed group of middle-class Londoners with a range
of technical abilities. As a composite image—at once both dramatic and de-
monstrative—this engraving serves to both educate and engage these read-
ers in a way that would have meant very little to an engineer or contractor.

Illustrators (London, 1980), 81–92; Celina Fox, “Wood Engravers and the City,” in Victor-
ian Artists and the City: A Collection of Critical Essays, ed. Ira B. Nadel and F. S. Schwarz-
bach (Oxford, 1980), 2–3; Simon Houfe, The Dictionary of British Book Illustrators and
Caricaturists, 1800–1914, with Introductory Chapters on the Rise and Progress of the Art
(Woodbridge, UK, 1978), 67–74; and Peter Sinnema, Dynamics of the Printed Page:
Representing the Nation in the Illustrated London News (Aldershot, UK, 1998). For the
editors’ views on wood engraving, see “Our First Anniversary,” Illustrated London News,
27 May 1843, 347.

58. On press responses to the 1861 tours, see Dobraszczyk, 363–66.
59. “London Main-Drainage Works: View and Section of the Outfall of The North-

ern Drainage at Barking Creek” (engraving), Illustrated London News, 28 May 1864, 513.

03_49.3dobraszczyk:03_49.3dobraszczyk 568–  7/14/08  12:49 PM  Page 588



DOBRASZCZYKK|KLondon’s Main Drainage System

589

FI
G
.
6
Pa
g
e
la
yo
u
t,

Ill
u

st
ra

te
d

Lo
n

d
o

n
N

ew
s,
28

M
ay

18
64
,
p
.
51
3,
“L
o
n
d
o
n
M
ai
n
-D
ra
in
ag
e
W
o
rk
s:
V
ie
w
an
d
Se
ct
io
n
o
f
th
e
O
u
tf
al
l

o
f
Th
e
N
o
rt
h
er
n
D
ra
in
ag
e
at

B
ar
ki
n
g
C
re
ek
,”
w
o
o
d
-e
n
g
ra
ve
d
p
ri
n
t.

03_49.3dobraszczyk:03_49.3dobraszczyk 568–  7/14/08  12:49 PM  Page 589



T E C H N O L O G Y A N D C U L T U R E

JULY

2008

VOL. 49

590

60. LMA, MBW/2421/4 (n. 43 above); and LMA, MBW/2421/20, “Contract No. 20,
Northern Outfall Reservoir, G. Furness, Contractor” (27 February 1863).

61. Joseph W. Bazalgette, “On the Main Drainage of London, and the Interception of
the Sewage from the River Thames,”Minutes of Proceedings of the Institution of Civil Engi-
neers 24 (1865): 299–300.

62. LMA, MBW/2421/12, “Contract No. 12, Northern Outfall Sewer, G. Furness,
Contractor” (6 December 1860): “Specification of Works,” pp. 3–71, and “Provisions and
Schedule of Prices,” pp. 72–84.

Specification

If the NOS contract drawings can be said to have many different func-
tions and concomitant audiences, then the accompanying detailed written
specification might be expected to be directed at one audience only: the
range of bidding contractors and subsequently the successful bidder, in this
case George Furness. The specification, read in conjunction with the con-
tract drawings, provided the prospective contractor with much more com-
plete information than the drawings alone, as well as articulating more fully
his projected relation to Bazalgette. The form and scale of the main drain-
age specifications varied from contract to contract. For example, the three
contracts produced for the northern outfall project include an 1859 con-
tract for iron fencing made up of a 4-page handwritten specification and a
sketch drawing, while the 1863 contract for the outfall reservoir comprised
32 pages, 128 clauses, and 10 detailed drawings.60 However, the huge scale
of the 1860 NOS contract set it apart as an engineering project, on par with
the building of an extensive line of railway: it consisted of 85 printed pages,
plus a 6-page index listing the 267 separate clauses.61

The NOS specification is divided into two parts: a series of clauses pro-
viding detailed instructions to the contractor, and a list of quantities and
prices of materials required.62 The order of the clauses follows that of the
drawings, with the earlier clauses outlining general instructions regarding
construction (clauses 1–17), the later detailing the specific design features
such as the proposed aqueduct over the river Lee (clauses 18–50). Where
the drawings show many detailed visualizations of the project, both general
and specific, the specification directly instructs the contractor of his duties.
The information given in the clauses often refers directly to the contract
drawings: 7 clauses (numbers 4–7 and 12–14) in the index refer to drawing
47; while those outlining the arrangements for the aqueduct over the river
Lee begin with general references to the drawings (clauses 18–20 refer to
drawings 5–8), and end with references to specific parts of individual draw-
ings (clauses 20–49 refer to drawings 9–12).

The last pages of the specification comprise a schedule of prices, fixed
by Bazalgette’s estimators in advance and common to all the main drainage
contracts. A quantity surveyor, working from Bazalgette’s contract draw-
ings, calculated the volumes of materials required and their respective
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costs.63 The resulting exhaustive list was then incorporated into the specifi-
cation, including estimated prices for all materials—per cubic yard for con-
crete and per “rod” for bricks—and all types of labor, including two types
of digging (general excavation and foundation work)—paid per cubic yard
excavated—and more specified types of labor paid on the basis of a ten-
hour-day’s work.64 The contractor would then be expected to produce his
own estimates that had to correspond with the prices set by the engineer.
Bazalgette ordered that the entire project was to be completed in two years,
with a fine of £50 per day levied on the contractor thereafter.65 The con-
tractor would then maintain the works for one year after completion, after
which he would receive his full payment.66 For the duration of construction
the contractor was paid on a monthly basis by the MBW, with 90 percent of
the contractor’s expenses being paid during this time, 5 percent paid on
completion, and the remainder to be paid after the period of mainte-
nance.67 By specifying all these details in advance Bazalgette ensured that all
bidders would conceive of the project along the same lines, so that their
bids would be comparable. In effect, by relieving the contractor of the risk
of underestimating the cost of materials, the resulting range of bids would
say much more about the projected efficiency of organization of each of the
contractors, enabling Bazalgette and the MBW to ensure, in their final
choice of contractor, both cost-effective and quality construction.

Throughout the specification, the drawings figure as important, yet in-
complete, mediating representations between engineer and contractor. The
contractor was ordered “to set out the works in every particular, according
to the drawings, [with] the written dimensions on the drawings . . . in all
cases to be preferred to the scales, in computing the quantities.”68 Yet this
unequivocal assertion of the primacy of the drawings is also undercut in
one of the introductory clauses:

Such drawings and specification are to be considered as explanatory
of each other, and should anything appear in the one that is not
described in the other, no advantage shall be taken of any such omis-
sion, and the Contractor is so to consider in forming his estimate.
Should any discrepancies, however, appear, or should any misunder-
standing arise as to the meaning and import of the said specifica-
tion or drawings . . . thereupon the same shall be explained by the
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Engineer for the time being of the Metropolitan Board of Works,
and this explanation shall be final and binding upon the Contrac-
tor; and the Contractor is so to execute the work according to such
explanation, and without charge or deduction to or from the
Contract.69

Here, Bazalgette outlines the codependency of the drawings and specifica-
tion and also his own responsibility for their correctness or otherwise. Al-
though bound to any decisions made by the engineer to alter either the
drawings or specification, the contractor clearly has some degree of free-
dom to question the meaning of the specification or drawings, the quality
or dimensions of the materials, or what is meant by the “due and proper”
execution of the works.70 Furthermore, with regard to some information
depicted in the drawings—levels and borings—it is the contractor, rather
than the engineer, who is deemed responsible for any errors or omissions.
The fact that the contractor “must satisfy himself as to the correctness of
this information” points to his level of freedom in providing his own meas-
urements to carry out construction.71 As will be seen below, this ambiguity
was to result in conflicts during construction between engineer and con-
tractor, centered on the payments made from the MBW to the contractor.

Construction

Whereas early Victorian engineers have received detailed attention
from biographers, the men who founded the large-scale contracting com-
panies during this period, such as William Webster, Thomas Brassey, John
Aird, and George Furness, have earned relatively scant recognition.72 This
neglect has been attributed to the fact that unlike engineers, who left be-
hind voluminous written and visual documentation, contractors left little,
since their business was mostly carried out orally.73 The official documen-
tation of the construction process comes from Bazalgette himself, who was
asked by the MBW to produce monthly reports throughout its duration, in
addition to his accounts already included in the annual reports of the

03_49.3dobraszczyk:03_49.3dobraszczyk 568–  7/14/08  12:49 PM  Page 592



74. LMA, “MBW Minutes,” 27 July 1860, p. 550, sec. 22. For the reports, see LMA,
MBW/2321 (n. 48 above), 1860–70; LMA, MBW/2320 (n. 48 above), 1861–69; and LMA
MBW/2310 (n. 52 above), 1856–65. From 1856 to 1860, Bazalgette’s engineering reports
formed part of the MBW annual reports, but from 1861 to 1869 his reports were printed
separately.

75. Porter (n. 18 above), 70. For lists of the duties of the clerks of works, see LMA,
“MBW Minutes,” 23 October 1868, pp. 1183–85, sec. 19; and LMA, MBW/2321, 3
November 1870, pp. 6–7.

76. LMA, MBW/2321, 1 February 1861, p. 6.
77. LMA, MBW/2320, 29 June 1861, p. 6; and LMA, MBW/2321, 4 April 1861. Fur-

ness was one of the first contractors to introduce mechanization into the construction of
civil engineering projects, using steam-cranes and concrete-mixing machines in the
building of the NOS.

78. LMA, MBW/2321, 6 June 1861, pp. 1–2; and 1 August 1861, pp. 1–2.
79. Ibid., 2 January 1862, p. 1.
80. Ibid., 6 February 1862, p. 1.
81. Ibid., 2 October 1862, pp. 1–2.

DOBRASZCZYKK|KLondon’s Main Drainage System

593

MBW.74 Apart from press accounts, Bazalgette’s reports remain the only
thoroughgoing documentation of the construction process. However, the
facts and figures that make up the bulk of his reports do not provide much
insight into how these statistics were compiled. Throughout the construc-
tion process, important parts of Bazalgette’s engineering department were
the site-based staff, including surveyors, fifty-nine clerks of works, and his
three assistant engineers (the latter supervised construction). The clerks of
works were the most important mediators between contractor and engi-
neer and were permanent residents onsite for the duration of construction.
Their duties included measuring the contractor’s work on a weekly basis,
regulating construction lines and levels, and ensuring the quality of mate-
rials used75—in effect, they provided the raw material for Bazalgette’s
monthly reports.

Bazalgette’s monthly report of February 1861 stated that the line of the
NOS had been marked out with fencing and that construction had begun
soon after.76 Furness, like many other large-scale contractors, set up his own
concrete-mixing works onsite that included five stationary engines, freight
cars, and a specially built line of track leading from Barking Creek to the
site. Bazalgette stated in June 1861 that these initiatives “inspire one with
confident expectations.”77 By August 1861, Furness began constructing the
brickwork and the aqueduct over the Lee, as well as many of the other
aqueducts along the route and the concrete foundations and brick arches
for the embankment across the marshes.78 By January 1862, the iron gird-
ers and superstructure for the aqueducts were being manufactured in off-
site foundries.79 In February, Furness’s men had cut through the embank-
ment of the Eastern Counties Railway to a depth of twenty-four feet
“without interruption to the traffic”80 and, by October, four miles of the
concrete embankment were completed.81 By the middle of 1863, the brick-
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work for the double and treble lines of sewer was almost complete, with all
the ironwork for the aqueducts onsite and ready to be erected.82 By August,
Bazalgette stated that the project was “near completion,”83 although it was
not until March 1864 that he was able to say it had been finished.84 Work
on the outfall and reservoir at Barking Creek, also carried out by Furness,
continued until August 1864.85

Bazalgette’s reports present the construction of the NOS as a relatively
seamless process, unimpeded by contingencies, and merely detail the vast
accumulation of materials and money spent. When we do “hear” the con-
tractor’s voice, such as in a report Bazalgette compiled to justify a 30 per-
cent increase in his original cost estimates, information given by the con-
tractor is used solely to legitimize Bazalgette’s argument.86 Likewise, other
contingencies—the 1859–60 labor strike over working hours, continuous
problems with heavy summer rains, hard winter frosts, and difficulties ob-
taining enough brick and stone—are all presented as factors that, although
they often delayed construction, did not prevent progress from remaining
“decidedly satisfactory.”87 However, even a cursory examination of the
minutes from the MBW meetings during the early 1860s shows that Bazal-
gette conceals much in his account, which is hardly surprising given that he
was presenting his reports to the same audience that had approved his ini-
tial cost estimates. The MBW minutes are filled with claims from the vari-
ous contractors that contradict Bazalgette’s calculations; for example, in
1865, after completing the NOS contract, Furness was still claiming out-
standing payments that contradicted Bazalgette’s initial estimates.

According to Bazalgette, in such an event, the relevant assistant engi-
neer and the clerk of works would discuss the issue with the contractor and
his agents using the contract drawings and specification as a guide.88 The
correct costs would be determined, after which an account would be sent to
the accountant who would, by comparing it to the engineer’s schedule of
prices, certify and sign it as correct. However, because Furness was disput-
ing the initial cost estimates themselves—that is, those made on the basis of
the information in the drawings and specification—this process was clearly
an inadequate way of resolving the problem. After receiving repeated letters
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from Furness demanding to be paid, Bazalgette eventually suggested ap-
pointing an independent engineer to arbitrate.89 The board firmly rejected
this proposal, stating that it had “the fullest confidence in their engineer.”90

The outcome of this apparent impasse is not known. Because Bazalgette
had already provided Furness with a degree of flexibility in his interpreta-
tion of both drawings and specification, he was clearly torn between main-
taining his alliance with Furness and the procedures approved by the MBW.
Bazalgette’s decision to absolve himself of responsibility is tantamount to
an admission of defeat. The MBW revoked this decision, as it obviously un-
derstood the possible implications of being viewed as demonstrating insuf-
ficient confidence in its chief engineer.

Bazalgette’s written accounts of the construction of the main drainage
system were given a pictorial counterpart in a series of photographs com-
missioned by the MBW in the early 1860s.91 These images documented
moments when the main drainage system was opened up to the scrutiny of
an “official” public. They depict visits to the construction site organized by
the MBW in October 1861, July 1862, and July 1864, which were attended
by representatives of London’s newspapers, vestrymen, and members of the
Parliament. Lavish ceremonies were held to mark the completion of the
Crossness pumping station in April 1865, which were attended by royalty,
politicians, archbishops, and numerous other dignitaries.92 Despite the fact
that photography, during the 1860s, had not yet developed as a “snapshot”
art, being still reliant upon a long exposure time and cumbersome equip-
ment, the MBW set a precedent in its use of this medium to document the
construction of high-profile technological projects.93

The photograph reproduced in figure 7 shows a portion of the NOS
under construction in 1862. Placed prominently on the left is one of Fur-
ness’s concrete-making machines, developed specifically for this project. In

03_49.3dobraszczyk:03_49.3dobraszczyk 568–  7/14/08  12:49 PM  Page 595



T E C H N O L O G Y A N D C U L T U R E

JULY

2008

VOL. 49

596

the right background, the semicircular forms of the embanked sewers can
be seen, with two wooden pulley devices in front. Scattered throughout the
image are various workmen, with supervisory staff members distinguished
by their dark clothing and top hats and manual laborers mostly carrying
shovels and buckets. However, the principal subjects of the photograph are
the three figures standing in the mud at the bottom center-right of the
image gazing toward the camera. Bazalgette, on the left, is the only imme-
diately recognizable figure; the middle figure is probably Furness, while that
on the right is likely to be either the clerk of works or the onsite engineer,
Edmund Cooper. A white sheet of paper, almost certainly one of the NOS
contract drawings, is held by all three figures, serving to link together their
static poses.

This photograph is unique among the collection commissioned by the
MBW in depicting a contract drawing. Here is an immediate visual repre-
sentation of the alliance among the engineer, his associates, and the con-
tractor, with the drawing cementing this relationship. The image also pre-
sents the viewer with an immediate correlation between this relationship
and the reality of construction seen to the left and behind the figures, with

FIG. 7 Photograph showing the construction of the northern outfall sewer,
circa 1862. (Photograph from original held at TWA, reproduced courtesy
of Thames Water plc.)
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its welter of hastily constructed wooden supports, its array of scattered
workers, the prominent mounds of displaced mud and dirty trenches, and
what appears to be a discarded overcoat directly behind the figure of Bazal-
gette. If the photograph confirms the importance of the alliance of Bazal-
gette and Furness, it also raises questions as to just how they negotiated
with the variety of other figures seen throughout the image—from the
supervisors of the works, in their top hats and black clothing, to the labor-
ers, or “navvies,” seen in the background right of the image, inside the con-
crete-making machine, and, prominently in the left foreground, passively
gazing at the camera. How did Furness manage such an enormous work-
force? What role did the drawings play in this process? What was the rela-
tionship between Bazalgette and his various supervisory staff members,
and, in turn, between them and the navvies? The absence of written records
on the part of Furness, coupled with the dominance of Bazalgette’s repre-
sentational bias, makes it very difficult to gauge the precise nature of these
interactions. What this photograph provides, for a brief but permanently
captured moment, is a reflection of the range of voices and the complexity
of relationships missing from the existing documentation.

Conclusion

The recent literature on technical representations has focused on the
social contexts in which these documents were embedded. However, its
predominant emphasis has been on mechanical-engineering projects, leav-
ing the field of civil engineering unexplored. By focusing on the role of the
contract in the realization of London’s main drainage system, this article
has made a first attempt to contextualize technical representations in an
important civil engineering project, from which three main conclusions
can be drawn.

First, I have emphasized the representational context of engineering
drawings within the main drainage project. As was shown, both parts of the
contract—drawings and specification—were inseparable; the language of
the specification underscored the inadequacy of drawings in conveying
“complete” information to the contractor. Consequently, my discussion did
not limit itself to drawings, as has been the tendency in the recent contex-
tualist literature, but also gave due emphasis to the relationship between
different forms of technical representation—in this case, both visual and
verbal.

Second, the article also stressed the sheer number of parties involved in
the realization of the main drainage project, many more than in any con-
temporaneous mechanical engineering counterpart. Bazalgette’s representa-
tions not only had to negotiate with those directly involved in the tendering
process—administrators, government officials, contractors, surveyors, and
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solicitors—but also with a far more indefinable public audience. By dis-
cussing reproductions of Bazalgette’s drawings in newspapers, this article
has stressed the importance of investigating the public context of these rep-
resentations, which vary dramatically according to the particular “public” to
whom they are addressed.

Finally, the article investigated the relationship between engineer and
contractor in the tendering and construction process. By using the north-
ern outfall sewer contract as a case study, the article highlighted some
ambiguous aspects of that relationship made apparent within parts of the
contract itself. The successful realization of the contract depended on the
establishment of a strong alliance between Bazalgette and his contractor, in
this case Furness. And yet, in representational terms, construction is viewed
entirely from Bazalgette’s point of view, Furness’s voice being apparently
absent. However, by examining points of conflict between the two parties,
this article has shown that Bazalgette himself was torn by conflicting inter-
ests throughout the construction process: on the one hand, he needed to
maintain his alliance with Furness; on the other, however, he had to dem-
onstrate both his impartiality and also his authority to the MBW. My con-
cluding examination of a photograph, part of this official documentation,
highlighted some of the questions that remain unanswered by the domi-
nance of Bazalgette’s representations. If contractual representation pro-
vides a way of exploring the rich social contexts in which civil engineering
projects were realized, it is only one of the many representations—picto-
rial, written, and oral—that would have been key to this realization.
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