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F1cuRE !.- The Delaware Aqueduct, 1970, in the early morning river mists. ( Photograph by author. )

The nineteenth-century American civil engineer, John A . R oehling, is best
remembered for his crowning work, Brooklj•n Bridge, built to his design by his
son, Washington , fallowing the elde r Roebling's death in I 869. Although an
engineering monument of I he high est order, B rookl')m Bridge must- if historical
justice is to be done- share its notoriety with a small, relative!')' obscure suspension bridge that was R oebling's seco11d work, and is his earlist still standing.
J\1oreover, in all likelihood, th e Delau.;arc Aqueduct is the oldest existing American suspension bridge and may w ell be the oldest existing suspension bridge in
the world (that retains its original principal e/em r11ts). The sole survivor and
largest of four suspe11sion aqueducts erected by Roehling between 1847 and
1850 lo carry the Delaware & Hudson Canal over rivers, the D elaware Aqueduct stands today only because of its strategic lo cation. Following abandonment
of the canal in 1898, the stru cture was converted to a private highway bridge,
which fun ction it continues t o serc:e, spanning th e Delaware abo ve Port Jervis.
THE AUTHOR: Robert M. Vo gel is Curator of I he Division of lvf echanical
and Civil Engineering in th r Smithsonian l 11stitutio11's National Museum of
H istory and Technology.

T he Delaware & Hudson Cana l
U nl ike the Erie and most other American barge
canals, the Delaware & Hudson Cana l, opened in
1829, was built as an essentially one-way route to
transport a single commodity - anthracite coal rather tha n general freight in t\,·o clirectio ns. 1 It was

CovER: The Delaware Aqued uct, 1969. ( Photograph by David Plo\,·den. )

'The can a l compan y did. of course. a,·ail thC'mseh-es of th e
opportun ity to carr y wlrntc,·cr a lo ng-th e-line gen eral freight
presente d itself, and th is busi ne ss. " ·hi le far less si gni ficant
th an coal haulage. \\·as a worth\\'h ilc account. Fn r cxaru plc.
in the year I fH6 the goods transpnrtC'cl ,,·ere: r nal. 318.000
ton s: general merch andise. 28.00 0 tons : and lumber. I 0
million board feet. ( Annual R e po .-t o f the B oard o f Mana g ers
of the D e lnz• •nre & Hudso n Canal C ompan y fo r th e }'ear
1846. New York, 30 March llH7 ) .

projec ted by l\1aurice and \ i\lilliam \ \lurts as a means of
exp loiting their great coalfields in northeastern Pennsylrnnia, a canal a t that time being the only feasible
way of getting th e bul k coal to the seaboard. As Ne\"'.
York \\'as potentially the most profitable m a rket a rea,
the canal was planned to st ri ke for the Hudson River,
down \\'hi ch the coal could be readily transported to
the city. C ha rters were granted to the 'W urts' b y the
Pennsyh-a n ia and Ne\,. York legislatures to improve t h.e
na\·igation o f the Lacka\1·axen River- reaching prac tically in to th e L ackawanna coalfields at H onesdale and
at its mouth joining the Dela\\'are- and to build a
line of wate r com munication between the D elaware
and Hudson rivers.
T he Delaware & H u dson Canal Company was
1
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FIGURE 2.-The Delaware & Hudson Canal and Railroad System, 1866. {From A Century

of Progress: History of the Delaware & Hudson Company.)

formed and in the spring of 1823 contracted with
Benjamin Wright to survey and locate a suitable
route. At the time, Wright was still serving as chief
engineer of the Erie Canal. He was instructed to select
a line from tidewater on the Hudson at Rondout
(near Kingston), up the valleys of the Rondout, Neversink, Delaware, and Lackawaxen rivers to the coalfields. The total distance was 108 miles with a lockage
of 1,086 feet. 2 Construction began in 1825-the year
of the Erie's opening-with Wright acting as chief engineer and the later renowned John B. Jervis as his assistant. The entire canal was opened for business in
October 1829. Seven thousand tons of anthracite
passed its length during the first year. Operations
reached their peak in 1872 when 2.9 million tons were
~This figure was 1,073 feet until the final improvement in
1875 when lock changes raised it. The difference in elevation between terminals was 343 feet.

moved. 3 From that time, competition from an expanding railway network rendered the canal obsolete
with increasing rapidity, tonnage gradually declining
until final cessation and abandonment in 1898.4

Improvements and Enlargements
When the canal was opened, it was the sole means
for transporting coal out of the anthracite region. It
Noble Whitford in his History of the Canal System of the
State of New York states that the peak year was 1868 with
almost two million tons, but the higher figure and later year,
from A Century of Progress-History of the Delaware &
Hudson Company 1823-1923 are more likely correct.
' The history of the Delaware & Hudson Canal has been
well documented and related. The best account is Wakefield's
extremely detailed, beautifully illustrated, and thoroughly
enjoyable Coal Boats to Tidewater-the Story of the Delaware & Hudson Canal. See the bibliography for this and
other works.
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was shallow-four feet in depth-with a waterline
width of 28 feet (soon increased to 32 feet) and a bottom width of 20 feet. The first boats held 20 tons of
coal. With a supply assured, the use of anthracite for
heating, iron smelting, and steam generation expanded rapidly, engendering more business for the
mines and canal. As a result of this cycle of prosperity,
the canal eventually reached its capacity. Even with
the introduction of 30-ton boats, by 1841 the demand
for coal had so increased that the canal's limit had
been about reached. In that year, 192,000 tons were
carried-27 times the first year's tonnage.
The Delaware Aqueduct was built as an integral element in an almost continuous program to increase
the canal's capacity, therefore a brief survey of the
various improvements will be useful for placing the
aqueduct in its setting. The need for periodic enlargements had been assumed almost from the outset, but
as in the construction of other pioneer American
transportation ventures like the Baltimore & Ohio
Railroad, the modest capital initially available and the
uncertainty of later needs dictated that the first route
incorporate many expediencies and compromises.
With the profits from the first decade's operation, it
was possible to undertake a modest enlargement of the
canal.6 In November 1842, at the close of the boating
season, work was begun to deepen the trench to five
feet by dredging the bottom and building up the bank
height with the spoil, permitting passage of 40-ton
boats. The happy fiscal effects of the project, completed by 1844, were so pronounced that the canal
management in 1845 began another increase-to produce a SY2 -foot depth which would pass boats of 50ton burden and result in an annual canal capacity of
one half million tons. The cost of the project was
$232,000.
Even this enlargement was recognized as inadequate practically before completion, for not only was
the demand for coal increasing geometrically, but the
progress of the Erie Railroad into the Delaware Valley and toward the coal regions in the mid 1840s an-

3

•According to A Century of Progress the improvements
were financed also by increased capitalization. Up to 1845
the share capital was $1.9 million. At the end of 1847to finanre the major enlargement then under way-it had
been increased to $3.9 million, and by the end of 1850 to
$6.6 million. The net profit for the year 1850 was about
12 percent on invested capital.

3
nounced the end of the canal's monopoly of anthracite
transportation. Consequently, the company was compelled to operate as economically as possible in order
that its rates might be competitive with the railway's,
if not actually lower. The only available means of reducing coal transportation costs between Honesdale
and the Rondout depot were by increasing the capacity of the boats and reducing transit time.
With the threat of competition from the Erie hastening them into already inevitable action, the Delaware & Hudson directors in 1846 authorized the most
ambitious enlargement project in the canal's history.
The plan was to increase both capacity and speed, the
former by both further deepening-to 6 feet-and
widening, so that boats of 98 tons could be accommodated. The annual capacity would be thus drastically
raised to one million tons, about five times the canal's
1842 capacity, an indication of the growing importance of both anthracite and the canal in the coal industry. The estimated cost was $1.1 million. The principal consequence of the widening was the necessity
for rebuilding all locks and aqueducts, the former
being enlarged from the original size of 9}12 feet by 75
feet to 15 by 90 feet. The lock-gate design was also
changed to permit faster locking through.
The most significant improvement to the canal's operation, however, was to be a material reduction in
the passage time by removal of the worst bottleneck in
the system-the slack-water crossing of the Delaware
between Lackawaxen, Pennsylvania, and Minisink
Ford, New York, just above the mouth of the Lackawaxen. As capital originally had been inadequate to
build an aqueduct for the purpose, a still pool had
been formed by damming the Delaware, into which
the boats were locked down on each bank. They then
crossed the river either by momentum or hand haulage along a ferry rope strung between the banks, the
mules being carried over separately on a small rope
ferry. Under ideal conditions the crossing was slow
and a serious operational snag; at worst, during high
water in spring and fall, the passage was impossible
and canal operations came to a halt for days at a
time. A further hazard was conflict with the considerable traffic of timber rafts on the river. The raftsmen, forced to traverse the low canal dam either by
shooting it on the Aowage over the crest or passing
through a sluiceway, in general were understandably
hostile to the canal interests and constantly engaged
[Text continues on page 6]
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DEVELOPMENT OF THE SUSPENSION AQUEDUCT DESIGN-PITTSBURGH

The design employed by Roehling for all four Delaware & Hudson Canal aqueducts sprang forth fully
developed in his first suspension structure, a 7-span
aqueduct erected in 1844-1845 to carry the Pennsyl-

vania State Canal over the Allegheny River at Pittsburgh. The executed plan, however, evolved only after
passing through a number of design stages.
(Drawings courtesy Rensselaer Polytechnic Institute.)

.zr,·
5.-ln this design the floor-beam members were sprung into a simpler doublebowstring form of 36-inch depth. \\"hile somewhat less stiff than the pre,·ious plans, the
longitudinal spacing of the frames was almost hah·ed, from i feet to 3 feet 10 inches, producing greater overall strength. Roebling's predilection for the Egyptian Re\·i\"al, ultimately
manifested so strikingly in the magnificent stone towers of his Niagara Bridge (Figure 25 ),
was first seen in several of the Pittsburgh preliminary designs. He estimated weights and
costs for rendering in both marble and cast iron what he termed the "pyramids.'"
F1cURE
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4.-Here the floor beams have been
further stiffened by deepening to 46 inches and
the addition of diagonal struts to transfer the
trunk load more directly to the suspension
points.

6.-The design finally developed and accepted as
" . . . part of the agreement of 28 August 18-H . . . " bore
but tenuous resemblance to its predecessors. The principal
change and improvement was moving the trunk system's
points of suspension in from the outer ends of the floor
beams to points just outside the trunk sides, effecti\"ely
reducing the bearing length of the beams from 28 feet to
18, and increasing their load-supporting capacity about two
and a half times. Moreo\'er, they then acted as continuous beams. The weight of the towpaths and bracing,
and the pressure of the water against the trunk sides acting
through the inside diagonal struts, all bore downward on the
cantile\'ered outer ends of the floor beams, materially
counteracting the stress imposed by the water load at the
center and further lowering the total stress in the beams .
These trans\"erse beams were finally reduced to pairs of
6 x l 6s, spaced c\'ery four feet. The iron-plate trunk and the
architecturally elaborated pyramids of iron or marble were
casualties, presumably \'ictims of harsh fiscal policy; but
the double-diagonal wood-plank trunk sides and floor that
replaced the iron added enormously to the \·ertical and
lateral stifTness of the spans, and if cheaper, were certainly
also better.
F1cuRE

3.-As a means of achieving watertightness, Roehling in all early schemes proposed to form the aqueduct trunk of wroughtiron plate, a rational choice in a city already
a major iron center. By supporting the suspended structure at its extreme width, the floor
beams acted as simply supported beams of considerable length-about 29 feet-with the great
load of water bearing at their centers. The
beams had thus to be of inordinate depth.
Roehling obtained this by building up a 40-inch
beam from a 16- and two 15-inch sticks,
blocked apart by the longitudinal stringers.

FIGURE

FmuRF.

All elements of the Pittsburgh Aqueduct were proportioned and disposed to perform economically as
well as cITecti\"elv, resulting in a design of high
efficiency. In the. Delaware & Hudson spans three

years later. Roehling found it unnecessary to make any
appreciable modification of the plan. The Pittsburgh
Aqueduct sern·d wt'll until abandonment of th<-' canal
in 1860, following which it was re1110\·ed.
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FIGURE 7.-R. F. Lord's plan for re-routing the canal at Lackawaxen in conjunction with an
aqueduct crossing of the Delaware. Rough sketch sent to John A. Roehling 27 February 1847.
(Courtesy of Rensselaer Polytechnic Institute.)

[Text continued from jJage 3]
the company in physical and legal harassment. An aqueduct had, in fact, been projected from the canal's
beginning. The need now being pressing and the capital available, it was included in the enlargement plan.

Construction of the Delaware Aqueduct
R. F. Lord, chief engineer of the canal, in planning
the enlargement relocated the canal route at Lackawaxen, establishing the aqueduct over the Delaware
not above the mouth of the Lackawaxen River at the
rope ferry site, but just below. This necessitated, in
addition, construction of a second new aqueduct-over
the Lackawaxen (Figures 7 and 8). Every Delaware

& Hudson Canal scholar and author has speculated
on Lord's reasons for planning the new route in that
seemingly extravagant way, without having drawn any
very convincing conclusions. There were obvious disadvantages to the scheme, notably the added cost of
the second aqueduct and the fact that the piers of the
Delaware Aqueduct would be subject to the collective
flow and battering of ice from both rivers. Two reasons are most commonly assumed for the re-routing:
political considerations; and riverbed and riverbank
conditions unfavorable to the upstream location. The
first, in the case of a private company under the scrutiny of its stockholders, seems unlikely, and there is
nothing in the topography of the site lending much
support to the second. More reasonable is a recent be-

FIGURE 8.-The canal at Lackawaxen, about 1860, showing both the old canal and the new
route across the .. flats" between the new aqueducts. (Courtesy of Manville B. 'Wakefield, from
Coal Boat.I to Tidewater.)

lief of Manville B. Wakefield, author of the definitive
Delaware & Iludson Canal history, that if the aqueduct had been built at the ferry, practically opposite
the Lackawaxen's mouth, the piers would have been
in constant jeopardy from the great ice floes that annually came down the Lackawaxen, grinding across
the Delaware to the eastern shore \Vith great force.
Damage from these floes necessitated practically
yearly repairs to the lock and bank of the canal which
had been there before the aqueducts.
Another likelihood, howewr, is suggested by the site
conditions. Had the ferry location been selected, the
aqueduct would have bC'cn right in the slack-\vater
pool, with several consequences. First, there would
have been less vertical clearance under the aquC'duct

for the rafts, probably an insufficient amount at spring
high water when much of the rafting was done.
\Vorse, the cofferdams used in building the aqueduct
piers would have to have been considerably higher
and heavier, and the entire problem of pier construction would have been a good deal more difficult in the
deeper water of the dammed pool, quite possibly to a
de~ree more than offsetting the added cost of the
Lackawaxen Aqueduct. There is also the probability
that in the twenty years the Drlaware had been stilled
above the dam, quantities of silt had bC'en deposited in
the pool so that there would han· bPPn that much
morP material to excayate beforp reaching a solid
footing. Finally, the riwr, in addition to being deeper.
was, on the e\·idence of contemporary photographs,
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FIGURE 11.-The Delaware Aqueduct superstructure, February 184i. By the time of actual
construction, Roehling had abandoned the plan to truss the floor beams as shown and had
adopted saddle covers rectangular in cross section. Otherwise, the drawing reflects the
aqueduct as built, and follows almost exactly the Allegheny Aqueduct design. (Courtesy of
Rensselaer Polytechnic Institute.)

f1Il

I
!

apparently somewhat wider abm·e the dam, which
would ha\·c necessitated a longer structure.
In February 1846, the canal directors authorized
the two aqueducts at Lackawaxen, and by late December that year t\vo proposals had been received.
One was for a conventional, trussed, timber structure
on masonry piers, in six spans. The other, submitted
by John A. Roehling, a civil engineer, of Saxonburg,
Pennsylvania, \\'as for a wire-cable suspension aqueduct of four spans. The management inclined toward
the latter scheme as it not only was cheaper. but 11?-ore
important, the longer spans meant two f ewPr ri\'£'r
piers, and reduced impedance to floodwater and ice,
as well as greater horizontal clearance for the river

traffic. Another major adYantage, not generally recognized by Delaware & Hudson historians, was that suspension spans, unlike either truss or masonry-arch
spans, could be erected without falsework in the river,
a matter of some significance at a site so subject to
flooding and ice jams.6

"The C"ables were spun in plaC"e without support. When
they were C"omplt>tc and the suspend"'rs attach('d, the timber
cruss frames of the trunk were hoisted into position from
barges anchored below, following which the rest of the
suspended structure was easily laid down. The freedom from
falsework continues to be one of the suspension bridge's
great advantages. Sec Figure 36.

10

Roebling's plan was tentatively accepted on 6 January 1847. On the 29th 7 Lord arrived in Pittsburgh for
a four-day visit to inspect a similar aqueduct built by
Roehling in 1844-1845 to carry the Pennsylvania
Cana l over the Allegheny.
The Allegheny Aqueduct was the first bridge of any
kind built by Roebling, who previously had done general civil engineering-mostly rai lroad surveys-and
m anufactured wire ropes for hau lage on the inclined
planes of the Pennsylvania state and other canal systems. The aqueduct replaced, and was erected on the
piers of a seven-span timber structure8 that had been
damaged by ice. In order to have his design accepted,
Roehl ing was obliged to take the construction contract
as well, at his initial cost estimate. Completed in May
1845, the aqued uct was a resounding success, stilling
considerable criticism. It served until abandonment of
the canal in 1861.9
Lord was impressed with both the Allegheny Aqueduct and Roebling·s Smith field Street ( Pittsbu rgh ) suspension bridge built in 1845- 1846 over the M onongahela. At Pittsburgh, Roehling introduced a practical
method of constructing the cables by spinning in place
the individual wrought-iron wires of which they were
composed, compacting them fin ally into a cylindrical,
virtuall y solid cable, in which each wire carried its full
proportional load. The two continuous cables supporting the wooden canal trunk an d towpaths were seven
inches in diameter, each 1, 175 fee t long from anchorage to anchorage. The total weight of water in the aqueduct was 2,100 tons.IO

7
Lor d's ,·isit has been erroneou sly p laced in D ecember
1847 by all authors. This \\'OUld hard ly ha\'e been possible.
firslly. because of the company·s inducement to p ress the
project fon,·ard \\'ith full steam. and second ly. because the
date stone of the aqueduct reads 1847. It is unlikely either
that the masonry \\'ou ld h ave been started befor e the
fo rma l acceptance o f the R oeh ling d esign or th at it could
ha,·c been lai d up in the r i\'er ice in the fe\\' weeks that
would hm·e remained in 1847 follo\\'ing a \'isit in D ecember.
Roeblin g,.s 18.J.7 diary notes Lord 's visit as 29 J anuary2 Febr uary. and L ord h imself in a 15 March 1847 letter to
R oeb ling refers to his return from Pittsb urgh .
• The spans ,·aricd from 159'-6 Y2 " to 162'-7 " , the average
length being l 60' -8 y, " ( R oebling's measurements, ink
dra\\'ing, Rensselaer Polytechnic I nstitute's R oehling Collection ).
" .Jnsrph W h ite and M . W. von Bcrncwitz, Th e Bridges of
Pittsb urgh; A. A . .Jakku la , A H istory of Suspension Bridges
in Bibliograph ical Form .
JO !bid .
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After his inspection trip, Lord concluded that Roebling's abilities were far ahead of their time. T he contract for both final design and construction of the Dela wa re and Lackawaxen aqueducts was given to Roehling, for a combined price of $60,400, and work
began almost immediately.
The contract price for the D elaware Aqueduct was
$41,750, the Lackawaxen, $18,650. Roehling cla imed
a clear profit of $8,600. While about 14 percent of his
actual cost, it is hardly excessive when we realize tha t
his contracting profit included his engineering fee as
well. Possibly because of their remote location, these
structures cost considerably more, relatively, than the
Pittsburgh aqueduct: $82 and $78 per foot versus
$+8. 11 Also, the greater the number of spans, the less
the cost per-foot-of-length, for regardless of the number, four anchorages were required, the cost of which
was a considerable item in the total. 12 Of Roebling's
$24,900 price for the Neversink Aqueduct, $21 ,277
was shown as representing the actual cost with an unidentified sum of $3,623 added to make the total. He
notes, however: "Reiner Gewinn [net profit] circa
5000," or about 25 percent. The figure for the High
Falls span was nearly 29 percent.IS
Aside from Lord's report and the na tural advantages of a suspension aqueduct, a further factor no
doubt influencing the D elaware & Hudson's selection of Roebl ing to build the aqueducts was their confidence in him resulting from the long and satisfactory
use of Roehling wire ropes on the inclined pla nes of
the company's gravity railroad at the west end of the
canal.
Roebling's construction contract covered only the
superstructure or suspended spans, "including all iron,
timber and wi re work, the compa ny to do a ll masonry
and cement." 14 His presentation and estimating drawings were apparently based on only genera l site informa tion, for, shortly a fter his return from Pittsburgh,
Lord sent Roehl ing detailed data on the bank and riverbed conditions for preparing the working drawings
(Figures 8 and 9). With these in hand , Lord's crews
in March 1847, despite the dual handicaps of wea ther
and probably river ice, commenced the foundation

11
R oehling, No tes (326 ), page 76.
"Sec also Appendix I I.
"Never Sink Aquaduct
H igh Falls Aqu adu ct
1848
John A . R oebling.
"Roebling, 1847 Diary, 29 J anuary.
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FicuRE 12.-At a t ime when public works wrought less havoc to the landscape than today,
engineering structures could frequently be apprecia ted for their visual as well as thejr
technical contribution, even in an area as scenica lly ha llowed as the upper Delaw a re Valley.
A contemporary view o f the Delaware Aqueduct from \\.illiam Cullen Bryant's Picturesque

America, volume 2.

work and the laying of the pier and abutment masonry. Although the canal company was primarily responsible for tha t portion of the work, continual and
careful coordination with Roehling- who spent most
of this period at home-was necessary concerning the
setting of the great iron anchor plates in the abutments. These huge castings resisted the pull of the
chains of eyebar links that rose up through the masonry mass u ltimately to restrain the main cables.
Roehling presumably visited the site periodically,
but much of the consulta tion was conducted through
correspondence. I n late :\1Iarch, Lord advised him that
"We are proposing to get the abutments for Delaware
Aqueduct in a state of forwardness so that the anchors
may be put down soon after !st of July; and haYe the
piers all done so that you can have a chance t~ commence th e superstructure in the fall and pursue it during the winter." T he su bstructure work on the Lac~~
waxen span lagged somewhat behind and Lord ant1c1pated tha t the last of the four anchor plates _there
could not be placed until well into the ·wmter,
" . . . probably by building a roof over it [the abutment foundation] so that we can use a fire, hot water
&c."15 That excavation and masonry work could be
carried on du ring that period, at that season, in that
notoriously cruel climate, was something of a small
" R . F . Lord to .John A. Roeblin g, 22 March 104·7, in the
Rensselaer Polytechnic lnstitute's R ocb ling Collection .

miracle and a sure reflection of the company's anxi'
ety to capitalize on the improvement.
Roehling took up his work at Lackawaxen probably
in the summer or fall of 1847, working on both
aq ued ucts sim ultaneously throughout 18.J.8. They were
completed by about yea r's end in time for the opening
of the 18+9 canal season on 26 April. The aqueducts
were, needless to say, an unqualified success structura lly a nd o perationally. T he Lackawaxen Aqueduct,
about ha lf a m ile west of the Delaware, was al most
identical but had only two spa ns, each of slightly less
than 115 feet, wi th a sing le ri,·er pier.
T he aqueducts were designed, like the locks, to pass
only a single boat, but nevertheless had a path on
each side. Closely following the design used by R oehling at Pittsburgh, these aqueducts had a heavy wood
trunk or flume holdinCT between 6 and 6 Y2 feet of
water, 19 feet wide at ~he waterline. The trunk sides
were bui lt up of two thicknesses of 2Y2 -i~ch, .untreated, white-pine plank, laid tight on opposite diagonals and caulked up to the waterli ne, in effect f~rm
ing a rigid. solid-lattice truss, but without functional
top and bottom chords ( Figure 11 ) . The stiffness of
these great trusses was such that they were capable of
sustaining their own deadweight, leaving the cables to
carry only the wa ter load. The floor was also of double plank, carried by transverse double Aoor beams,

[T ext continues on page 15]
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FIGURE

13

13

T HE D ELAWARE AQU EDUCT SUSPENDER SYSTE:\1

All iron\\'ork in the present suspender system is
origina l. C nli ke the plan adopted by R oebling for the
iagara and later bridges ,,·here \\'ire-rope suspenders
,,·ere hung from clamps bolted tightly around the
umnapped main cables, on the Dela\\'are & H udso n
aqueducts he first \\'rapped the cables for the ir entire
length bet\\'een the to\\'er saddles and hung the
doubled rod suspende rs from small cast-iron saddles
that simply sat on the cables. The scheme had the
advantage of avoid ing the many joints \\'here the
wrapping \\'as interrupted at the suspender clamps, a
problem in the later system (and today ) .
I t \\'as necessary, ho\\'ever, to pre,·en t the saddles

near the to\\·ers, \\'here tl:e cable slope \\'as greatest,
from sliding clo\\'nhill by a series of restrai11i11g links
engaging the saddles in a series. Adhesion \\·as adequate to hold the saddles in place near the center of
th e cable span .
The long iron bushings bet,,·een the suspender 11uts
and th e bearing castings arc recent, placed to com pensate for the redu ced thickness of the present deck
system . ( Dra\\'ings, courtesy of Rensselat:r Polytechnic
I nstitute ; photog raphs, June 1969, by thl' author, for
the Historic A111crican E ngineering R ecord and the
S111ithsonian Institution .)
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19.- R oebling's sketch plan fo r the wire shed a t Lackawaxen . T he coi ls o f cable

~vi re as received were pl aced on the front reels ( A ) . The wire was drawn through the pins
the st raightening blocks ( B ) by being wound upon the drawing drums ( C ), and fina lly
re_e led on the back drums ( D ) . These were taken to the bridge site for spinning. He rc, the
wi re was a lso g iven an initial coating of protccti,·e oil. (Courtesy of Rensselaer Po lytec hni c
Institute.)
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[Text continued f ram page 1 I]
in t urn hung from the suspenders as in a conventional
suspension bridge. The 8-foot towpaths were bracketed out from the sides, level w ith the trunk top.
All was supported by the continuous main cables,
one on each side of the trunk, at the bottom of their
<lip slightly abO\'C floor le\·cl. The cables rise to be
carried at each pier and the abutments over cast-iron
saddles mounted on squat stone towers that stand
about four feet above the trunk top. The suspenders
arc plain I Yi -inch-round, wrought-iron rods, doubled
over the cables into stirrup form, the bottom ends
threaded for the floor-beam nuts.16 They bear upon
the cables on small cast-iron saddles; those nearest the
towers, where the cable slope is greatest, arc prevented
from sliding downhill by wrought-iron restraining
li nks or stays (Figures 13-18) .
In his account of the D elaware Aqueduct, Da\·id
Steinman states that on this project R oehling for the
first time used wire-rope suspenders or hangers (between cables and floor beams ) , an error \\'hich has
been repeated by others. Although Roebling \\'as indeed a manufacturer and avid proponent of \\'ire
rope, he did not employ it here. I ts main uses, then as
now, were in either running applications ( elc\·ators,
hoists) or as standing (stationary) rope, where it enjoys the advantages over simple iron or steel rod of
being more manageable in transport a nd erection, and
considerably stronger. In the aqueduct ( s), ho\\'e\·cr.
the hanger lengths being relatively short-a maximum
o f abou t 14 feet (when doubled)-handling \\'ould
have been no problem, and the hanger spacing, dictated by the floor-beam spacing, was sufficiently
close that the hanger loads "·ere readily borne by
simple wrought-iron rods at each point. Round bar
stock was by then widely produc:ed, and would ha\'e
been far cheaper than wire rope. Wire rope is used for
bridge suspenders today (and was by Roehling in later
spans) when they are o f great length and under stress
grea ter than can be carried by simple rods of reasonable diameter. Neither condit ion being present in the
aqueduct structures, there is no reason to suppose that
Roehling \\'Ould ha\·e incurred the added expense o f
wire rope. Furthermore, the nuts at the hanger bottom s are square and relatively thin, an early pattern

in

0
' Da\'id B. Steinman, Th e Builders of the BridgeThe
Story of j ohn Roebling and H is S on, pages 10 1-105.
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suggesting that they are original, and all original aqueduct drawings show doubled rods O\·er small saddles
exactly as present today (Figures 13-18 ) . W ashington
A. Roehli ng in his Rensselaer Pol ytechnic Institute
thesis. "Design for a Suspension Aqueduct." ( Figure
56) specified wire-rope suspenders, \\'hi ch may h a\'C
been the source of Steinman's confusion. Even more
likely, ho\\'C\'er, is a small dra\\'ing found recently in
the Rensselaer Polytechnic I nstitu te Roehling Collection. Although at one time in a folder on t he Dela\\'are Aqueduct, it is undated and unmarked as to project. It sho\\'s a "·ire-rope-suspender encl socket. ates
refer to "upper" and "lo\\'er" suspenders, and the a ttachment of the suspenders to the main cables \\'i th
"clamps," conditions not found at Lacka\\'axcn, bu t
d efinitely so at R oebling's Niagara ra ilroad bridge of
1851- 1855, \\'here t he u pper and the lower decks
hung from separate sets of suspenders that u ·cre of
\\'ire rope. The clra\,·ing appa ren tly fou nd its "·ay into
the \\'rong folder at some past time.
R oehling had also developed at Pittsburgh the
method used to fabricate the cables and anchor them
at their ends. I t was used in e\·ery bridge he built
(except the Smithfield S treet ), an d has been used for
major suspension bridges by most of his successors to
the present day. 11 The 2, 150 iron \\'ires forming each
of the Dcla\\'are Aqueduct's 8Y2 -inch cables \\·ere indi\·idually spun in place. Each cable is composed o f
Se\·en strands_ ls In his Noles, Robeling specified \-arying numbers of wires in the strands :
First strand
Second strand
Third or center strand
Fourth strand
Fifth st rand
Sixth strand
Seventh strand
Total

270 \\'ires
270 \\'ires
320 \\'ires
320 \\'ires
320 \\'ires
325 \\' ires
325 \\·ires
2, 150 \\'ires

The compacted diameter o f the cables \\·ithout outer
wrapping \\'as 8.36 inches. " intended to be sy;
inches." The \\'eight per foot. ,,·ithout \\'rapping \,·as

"Roebling pat entrcl the system after its succrssful appl i c~
tion "n th e Pittsburgh Aqueduct ( U ni ted S tates Pat_e nt 4~:~::>.
26 Januarr 18-l i) . Ap/1arat11.< for P a.<.<ing S11.<faC11<1011 I f i re.<
for Brid.~cs Aero.<.< Rircrs . & c.
'" Roebl ing,No tes ( 326 ) .

16
122.74 pounds, and the total length of each cable, 576
feet. Each strand was formed by carrying the wires
across from anchorage to anchorage, over the saddles,
in a bight of two wires at a time carried by a traveling
sheave, so that at each anchorage a loop was formed
which passed over a cast-iron strand shoe, pinned to
the anchor bars, anchoring the strand. The strands are
thus actually skeins formed of a single, continuous
wire, spliced at the ends.19 Between the towers the
seven strands were compacted into cylindrical form,
virtually solid, then varnished and served with a continuous wrapping of iron wire for protection from the
weather. 'Where they splay out between the abutment
towers and the anchor bars, however, the strand loops
are exposed to view, clearly showing their formation
as they join the strand shoes (Figures 20-23) . Although photographs of the aqueducts in use show wood
guards over these sections the loops would still have
b
.
. '
een subject to a certam amount of condensation and
other moisture. The exposure to the weather of so
much area of such small-diameter strands without
wrapping, is in odd discord with Roebling's ~onsistent
advocacy of solid, single cables, with the interior wires
p~otected overall by the envelopment of a close wrappi~g. It was, in fact, on this very point that he inveighed most critically
· ·
against Charles Ellet, a conte~porary and sometimes rival suspension-bridge
bmlder, and other members of his school. Ellet favored, _rather, cables composed of many small, separate wire
d bundles, because, he claimed , \vith a solid ,
wrap~e cable it was impossible to so spin the individual wires that eac h carnc
· d its
· proportional
.
share of
the total load · TT
··1i·
.
. ma'- n\\ 1 mg to encase any wires
m
sonry
because
of
the
d'ffi
l
.
h'
.
h
..
• •
1 cu ty m ac 1evmg t e positive
airtight seal ne ed e d to prevent corrosion
.
and aware
that the ·stress on t h ese b ack-span sections
.'
was less
than on those c
·
h
.
arrymg t e suspenders, Roehlmg seems
to h ave been sa t'isfi e d to depend for weather ·protec-

in At that ea
. .
.
.
.
rly stage in its history, Rneblmg's wire-rope
fi rm \\'as not "et
d
.
.
.
/
rawmg its own wire (in fact. was not for
anot h er year to
it ultim
m~ve to Trenton, its eventual seat, where
1
wire for ~~e Yb ~rew into a major industrial enterprise). The
was p
he rdidge cables, as for general wire-rope production,
.
urc ase from the few United States drawers and from
1mport<'rs of Eu
.
.
fi
f
h
ropean wire. Roehling drew on at least three
rms or t e great
. .
needed in the two aqueducts at
1,ack awax<'n th b quant1t1es
lk
e LI of the wire being received in the first
.
'
.
.
nine months of 1848
while the cable spinning was m
progress.
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tion upon the varnish and oil coating of the individual
wires and on a heavy coating of the completed
loops.
Tests made on samples of the cable wire removed
from the High Falls Aqueduct, when it was finally dismantled in 1921, were reported by H. C. Boynton, a
metallurgist at John A. Roebling's Sons Company.20
The ultimate tensile strength was 94, 166 pounds per
square inch, well above Robeling's design requirement
of 90,000. The condition of the wire at the time was
described as slightly pitted but generally good, despite
long exposure. Almost fifty years of additional exposure, without any protection, has taken its toll, for
specimens recently gathered-surviving no doubt because of the site's remoteness-are badly pitted and
unable to stand the bending test specified by Roehling
for acceptability of wire.
Another of Roebling's principal reasons for favoring
the solid wire cable was that it added considerably to
the overall stiffness of the suspended structure in its
resistance to the dangerous oscillations caused by gusting winds under certain conditions. Here again, this
effect would have been of no consequence in the aqueducts' short, unloaded back spans between the end
towers and anchorages, where there were no suspenders.
The anchor bars were carried down through the anchorage masonry, terminating in six-foot-square castiron anchor plates upon which the masonry bears, its
dead weight resisting the pull of the cables. Roehling
calculated the ultimate strength of the pair of cables
at 3,870 tons and the stress on them (and thus on the
anchors) from the loaded trunk at 770 tons.
'\Vhile Roehling would not embed cable wires in
masonry, he made a practice of doing so with his
anchor bars, from the Pittsburgh Aqueduct on. By
pouring a thin cement grout around the bars he felt
confident of completely excluding air and moisture
assuring total freedom from corrosion. When the'
Pittsburgh Aqueduct was taken down in 1861, seventeen years after its abutments had been laid up, Roehling made a careful examination of all the iron in the
structure. "The cement was solid to the iron, no trace
of Rust."21
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The difference in the four span lengths of the aqueduct has been a matter of occasional speculation. The
span lengths, from the Pennsylvania to the New York
sides, are:
By the original
design

142'-0"
131'-0"
131'-0"
131'-0"
535'-0"

Shown by Roehling as
built, in "Notes" (326)

-

141 '-9"
131'-0"
131'-0"
131 '-5"
535'-2 1'

As measured,
August 1969

141 '-5"
131'-4"
130'-10"
131'-6"
535 1-1 11

The three spans closest to the New York shore are
all so close to 131 feet that the present differences are
obviously the result only of construction discrepancies
and the shiftings of age and long service. The original
design did indeed call for equal lengths of 131'-0". But
what of the odd 142-foot length of the first Pennsylvania span? That, too, is specified as early as 27 February 1847 in Lord's rough sketch (Figure 9), which
is the earliest mention found on the subject of the aqueduct's relationship to the site. The correspondence
between them does not make it clear whether Roehling or Lord made the basic determination of the
span lengths. Undoubtedly they conferred during the
Pittsburgh visit and perhaps reached a joint conclusion. That, however, does not answer the initial question. Although Lord obviously had far greater knowledge of the site conditions, his sketch shows a relatively level riverbed, with no particular circumstances
on the Pennsylvania side that would have led to a
span variation there. In a (presumably) later refined
sectional drawing of the river and masonry (Figure
10), however, Roehling clearly does show a slight rise
in the surface of the river bottom at the first Pennsylvania pier, and it was probably to take advantage of
the shallower water at that point that the pier was
placed there. Had the adjacent abutment been located
farther out into the stream to make that span also 131
feet, it would have projected so far beyond the bank
as to form an impediment to the flow of river and
ice during high water.

Creek at High Falls near the canal's eastern terminus,
both in New York. Both were part of the original construction, the Neversink Aqueduct a two-span timber
truss designed by Jervis, 22 and the High Falls Aqueduct-the only one referred to by its place name rather
than the stream-crossing name-a two-span, stonearch structure.
From the time of his arrival at Lackawaxen, if not
earlier, Roehling was considering that aspect of the
improvement project and, by 28 December 1847, with
his work on the first two aqueducts barely under way,
he submitted the following proposals to Lord for the
replacement structures:
Never Sink Aquaduct one span of 170
ft in the clear, diameter of cables 9%
inch, all stonework and rock excav
to be done by Cy, myself to do all wood
& iron work
$2 5, 000
Never Sink 2 spans of 90 ft each in the
clear Cables 6% inch
$18,000
High Falls one span 120 ft in the clear
Cables 7% /1
$16,500 23
Although both structures were to have the same
trunk dimensions and follow the general plan of the
two Lackawaxen aqueducts, two major differences
were proposed. The Neversink River at the aqueduct
site could be reduced to no less than 170 feet between
abutments. A single span would thus have been appreciably longer than even the 142-foot-long span of the
Delaware Aqueduct, Roebling's longest to date except
for the lighter Pittsburgh spans. He thus made the
dual proposal for the crossing in both one and two
spans, but stronaly
recommended the latter • as
b
cheaper, for even the added cost of the center pier
would not have approached the $7 ,000 difference between the two schemes. In fact, he maintained that
because of the greatly reduced mass of the anchorage
masonry on both banks, even with the center pier t.he
total masonry cost would not exceed that for the smgle-span plan, and might possibly be less. 24 (See Appendix Von page 42.)

[Text continues on page 23]

The Other Aqueducts
00

H. C. Boynton, "Bridge Wire Tested After 75 Years"
The Iron Age, volume 121 (9 February 1928), page 400.'
21

Notes on Suspension Bridges

1860 ( 2 71 ) .

In addition to the two aqueducts at Lackawaxen,
the overall v.·idening of the canal necessitated the replacement of two existing major aqueducts, over the
Neversink at Cuddebackville and over Rondout

2:1 Malcolm A. Booth, "Roebling's Sixth Bridge,
'Neversink'," The journal of the Rutgers University Library,
volume 30, number I (December 1966), page 13.

::i

Suspension Aquaducts ... Febr. 1847.

w.

Ibid.
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THE DELAWARE AQUEDUCT A NCHORAGES , CABLE CONNECTIONS, AND SADDLES

The method employed by Roebling to anchor the
suspension cables a t their ends and resist the great
stress imposed by them on the anchorage system was
in general based upon European practice, but with two
significant improvements. T he principal of these was
the solid encasement of the iron anchor chains in
cement grout to exclude a ir and moisture and thus
preven t rusting. European engineers traditionally left
open galleries around the chains and anchor plates
to permit air circulation and, more importantly, inspection and painting. The soundness of the Roebling
plan is reflected in the top anchor link at High Falls,
thoroughly intact after being embedded in the masonry
for at least seventy years. ( F igure 37 ) .
The other departure was placement of a solid timber
g rillage between the anchor p la tes and the superincumbent masonry mass, to a ct as a slight cushion between them and evenly distribute the stress between

the t\VO u nyielding surfaces. Roebling patented t he
system after applying it on both Pittsburgh structures
(United States Patent 4710, 26 August 1846 ). T he
timber, well below the water table, was not susceptible
to rot.
The rad ia l thrust of the chains, as they c hange a ngle
from vertical a t the anchor plates to the back span
angle, is borne by a seri es of stone b locks set into
the abutment side walls. The projection of these
is seen in Figure 21, and in the ruins of the Neversink
Aqueduct south anchorage in Figure 39. (See also
Figure 46. )
Equal stress in a ll the anchor chain li nks in a section
was obtained by drilling their eyes simultaneously, in a
p ile, to ensure equal length. (Drawing, courtesy of
Rensselaer Polytechnic Institute; photographs, June
and November 1969 fo r the H istori c American Engineenng Record and the Smithso nian I nstitu tion. )

FIG URES 22 and 23.-Saddle, strand loops, and a ttachment of loops to anchor chains, Pennsylvania north anchorage.

". ,, ·.{. ,, .
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20.- The Pennsylvania towers
and saddles. Rema rkable survivals a re
the guides tha t prevented snaggi ng of
the canalboat tow ropes as they passed
over: the iron bar j ust above the backspan strand loops and the casting bolted
to the tower corner on the river face .
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FIGURE 26.-Roebling's system of cable anchorage introduced at Pittsburgh and fully
developed on the D elaware & Hudson aqueducts requ ired no essential modification when
t hirty years later it was applied to a structure on the scale of the Brook lyn Bridge. C o m pare
the details of anchor bars, shoes, and strand loops w it h those used at Lackawaxen ( F igures
22 and 23 ). At New Yo rk, howe,·er, these elements were fully protected from exposu re by
masonry co,·erings. Behind the eyebars is the cable-wire spinning \\·heel. ( From a lantern
slide, Brooklyn anchorage, about 18/i , in the Di,·ision of M echanical and Civi l Engineering,
National M useum of H istory and T echnology.)

FIGURE 25 .- A nearly full view of the ancho r-chain and
bearing-block system used by Roehling in a ll of his bridges,
early and late, grea t and sma ll, was provid ed in 1878
duri ng rep lacement of some of the links of the Niaga ra
Railway Suspension Bridge ( 185 1-55 ) . D esp ite cement
g routing, leakage a long the chains ha d caused som e rust ing.
S ho rtl y after the bridge's construction, Roebling foun d that
the lime he had theretofore customa ril y used in the grout

to ca use a bon d of calcification between t he mason ry and
t he links in the event that there was any leakage, would in
t ime cause t he hard ened grout to sl ig ht ly sh rink away from
the iron, actua lly lead ing to leakage. Aft er 1860 he used
plain cement grout on ly. ( Photograph from M odj eski &
Masters, enginee rs, in the D i,·ision of Mecha nica l and C i,·il
Eng ineering, Nationa l Museum of H istory and Tec hnology.)

FIGURE 27 .-De laware Aqued uct fro m a bo,·e the mouth of the Lackawaxen, shortly before
suspension of canal operat ions. The D elmrnre & Hudson clam, reta ined after co nstru ctio n
of the aqueduct to provide feed water for the sect ion of the canal to the east, is just in fro nt
of the aqued uct piers. ( Photog raph courtesy of the Delaware & Hudson Railway Com pany. )
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[Text continued fr om page 17]

F rcu RES 28 and 29.- The downstream side of the D elawa re Aqueduct before abandonm ent.
Except for the cana l's a bsence, Lackawaxen, Pennsylvania, seen across the river, has
changed little over the years. In the lower \·iew may be seen the E rie Railway's truss bridge
over the Lackawaxen, built instead of Roebling's proposed suspension span ( Figure 5 7),
and the remains of the 1828 canal a nd the cana l company's dam across the D elaware .
(Upper photograph, courtesy of J im Sha ughnessy; lower, courtesy of D elaware & Hudson
Cana l Historical Society, Ghea r Collection. )

\

D espite the prospect of a substantial saving, the
company for unknown reasons ultimately selected the
single span, most likely under the impression tha t
$7 ,000 was a cheap price for avoidance of the difficulties-such as ice floes, flood-born debris, and und ermining-to be looked for with a ri\·er pier. The
L ackawaxen River crossing offered no option, for
there a sing le span would have been 230 fee t in
length. T hat appa rently was more than Roebling
cared to a ttempt at the time with loading of that
m agnitude, and there is no record that a one-span aqueduct was ever considered.
The other suggested d e\·iation from the ea rlier
methods arose from the fact that at High Falls the
banks were constituted of good, solid "mill stone"
rock. Roebling proposed to embed the anchor plates
direc tly in the rock, saving the cost of building up artificia l m asonry masses abO\·e them . Because of the native rock's supposed impermeability, he was willing to
carry the cable w ire t hrough it, connecting the strand
loops d irectly to the plates eliminating the need fo r
expensive anchor chains. The plan was to excavate
ad its or channels a bout sixty feet long and just large
enough to get the plates down into place. Presumably,
they would have been too small to perm it the cables to
be conventiona lly spun in place as the spinning wheel,
cable reels, and other apparatus all had to be located
either near the ends of the cables or beyond. Roebling's solution was a modification of the plan he had
used in his second bridge, the highway span over the
M onongahela at Pi ttsburgh, where he had prefabricated the cables on shore and then hoisted them, complete, into place. At High Falls, he proposed "The
strands to be made in the Canal, and put into boxes,
then rolled to the abutmen t and across on tresselwork,
then hoisted in the saddles."25 His suggestion th at the
stran d s be "made in the ca na l," was probably based
upon th e fact t hat the " boxes" could be rolled out in a
straight line without turns from the south east side of
t he creek . I t was easier to a ttain equal tension in the
wi res by handl ing onl y one strand at a time than if the
entire cable was treated as a uni t. This ach-antage,
however, was somewhat reduced since Roehling-be-
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FIG U RE 30.- 0nc of the last boats through the canal crossing the Lackawaxen Aqueduct, about 1898, moving light
toward Honesdal e. On the Del awa re an d Lackawaxen a queduc ts the tow path was widened around the midst ream
towers to pro\·ide a consta nt width ; the pat h on the berm
si de, howe\·er, used mainly by common foot traffic, was
not widened. ( Photogra ph courtesy of Dela\\°a re & Hudson
Ra ilway Com pany.

cause of the rela tively small cable diameter- planned
to use only fou r strands rather tha n the customary
seven that compact more readily into the final ci rcular
section of the finished cable.
Apprehension o\'er being able to prevent moisture
from reaching the buried w ires, the uncertain ty o f
achie\'ing equal tensio n in all wires of all strands, the
problem of erec ting falsework in the ri\·er, and the apparent general d ecision to increase t he clear span o f
the aqued uct from 120 to ! 30 feet (ul tima tely 135),
necessita ting larger cables, must in combination have
been sufficient to scuttle the scheme. On 11 November
1848. as the aqueducts at Lackawaxen were nearly
complete a nd ten months after his first proposal. Roebling submi tted a second one for th e replacement
strncturcs. I t specified single spans of 160 feet clc·ar for
Ne\·ersink and 130 feet clea r for High Fa lls. with
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FIGURE 31.- The Lackawaxen Aqueduct, looking northeast t0wa rd the Delaware. As at
P ittsburgh, Roehling a rranged the floor beams and side struts of the D elaware & Hudson
Aqueduct trunks into simple trusses that both supported the o\·erhanging towpat hs and
resisted the side pressure of the water on the trunk walls. ( Photograph courtesy of Dela ware &
Hudson Railway Company. )

~

cables anchored by chains, for $24,900 and $20,400,
respectively. ~ 6
The proposal also established a schedule that called
for the company to start their masonry work almost
immediately, a llowing Roebling to complete his superstructures by the end of 1849. The company was anxious to see the improvements brought into effect as
soon as possible, and had accepted the proposal less
than a month a fter its submission (even before knowing whether the first two aqueducts would conduct
themselves as advertised ). The company's crews, however, were employed on the canal proper until opening of the season and readmission of the water, and
apparently it did not have the labor force to undertake its part of the projects until the spring of 1849.
Work continued throughout 1849 and most of 1850,
and both aqueducts went into service a t the start of
the 185 1 canal season. The 90i-inch cables of the
Neversink span were the largest that had been made
for any suspension bridge up to the time. Comparative
data on all four aqueducts are given in Appendix I.

Decline and Recent History
The 1847- 1850 enlargement of the canal was spectacu la rl y successfu l. In the Delaware & H udson Annual Re /1ort for 1849, the management noted that
"The t\\'o v\/ire-Suspension Aqueducts over the Delaware and Lacka\\'axen Rivers, are a part of the new
\\'Ork brought into use last year, and prove to be all
tha t \\'as expected or can be desired of such structures,
and a great facility to the navigation." 2 ; With slight
additional deepening a nd \\·idening, the canal by 1852
\\'as able to pass 130-ton-capacity boats, which had the
coincident advantage of being large enough to be river-worthy. They could thus make the down-Hudson
trip to New York directly, eliminating the expensive
transshipment of the coal to schooners at R ondout,
with the boats being hauled up and down river by
tugs.
Chief engineer Lord estimated tha t the project,
particu la rl y the advent of the Delaware and Lac kawaxen aq ued ucts, had avoided nine days stoppage of
boating due to high \\·ater in the first year of operation, a nd cut a full day from the passage time. All in
all , the company could reduce rates by half, bringing
the transporta tion cost d own to about fifty cents per
3_2.-Hig~ _Falls, New York, and the aqueduct over Rondout Creek. To the right of
the span is the ongma l masonry-arch aqueduct it replaced. (Photograph courtesy of Delaware
& Hudson Railway Company.)
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'" J\'ei·er Sink Aq11ad11cl ... Oct. 1848.
"' Annual Report. Delaware & H udson Canal Company.

New York 1850, p. 3.

ton. O n this basis, the canal was able to compete quite
successfully with the railroads for bulk coal haulage
well into the 1870s. I t has been noted that the peak
year was 1872 when almost three million tons of coal
were carried. From that time on, the competitive situation deteriorated rapid ly for the canal. Whereas it
had by then about reached its maximum practical
capacity, the technology of the rai lroad was in a state
of flo urishing and seemingly unlimited a dvance. In
the last three decades of the century, locomotive
weights doubled, with corresponding increases in car
capacity and train lengths, and decreases in rates.
The D elaware & Hudson management h ad the wisdom to march with rather than against this trend, and
although th e canal was operated almost to the century's end, it was under rap idly declining conditions as
the company expanded its ow n rail network which it
had commenced decades earlier. In 1898 the last boat
moved over the waterway, and the following year the
physical plant of the system was liquidated.
Of the four suspension aqueducts only the Delaware
had any apparent adapti\·e usefu lness. The Lacka waxen, Neversink, and High Fa lls (Rondout) spans
\\'ere all simply abandoned and sooner or later demolished: the High Falls survi,·ed derelict until 1921 and
the Lackawaxen even longer. Abutments and remains
of anchor chains a re evident a t a ll three sites (Figures
34, 37-39).
The Delaware Aqueduct, ho\\'e\·er, being in a strategic location well away from any other road crossing
of the river, was purchased privately and converted
into a highway bridge. F rom the evidence of photographs, the process of adaptation \\'as simplicity itself.
The towpaths were sawn off, a low railing was run
along the downstream side of the trunk floor to provide a separated pedestrian walk, a tollhouse was built
at the New York end. some grading was done at each
end for accommodation to the existing roads, and
it \\'as "Open For Business" (Fig ures 41 - 44·) ·
The first private owner was Charles Spruks, a
Scranton lumber dealer who specialized in the heavy
timbers used as supports in the area's coal mines. Because his principal timberlands were in Sullivan
County, New York, he purchased the aqueduct prim a rily to afford a simple means of getting the logs
across the D elaware to the railhead in L ackawaxen.
The collecting of tolls from common-road traffic was
actually a sideline.28
:o

Information from Mr. Edward H. Huber, Scranton.
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FIGURE 33.-Neversink Aqueduct at Cuddebackville, New York, which had the longest
single span of the D elaware & Hudson suspension aqueducts. ( Photograph in the D ivision
of Mechanical & C ivil Engineering, National Museum of History and Technology.)

About 1929 the bridge was purchased by the Federal Bridge Company of W ashington, D.C., a toll
bridge holding company, which operated it under the
name of L ackawaxen Bridge Company, incorporated
10 J anuary 1930. In late 1930 plans were announced
by Colonel P. K. Schuyler, Federal 's president, to rebuild the floo r system for "highway traffic of the
heaviest class." 29 It may have been at that time, or in
about 1932 , a fter a fire that d estroyed th e woodwork
of the west ( Pennsylvania) span and part of the one
adjacent, that virtually a ll o f the o~iginal timber was
removed- trunk, floor beams, and all. The simple
floor system of tod ay was substituted, consisti ng of
transverse floor beams hung from the suspenders,
longitudinal stringers, and plain transverse plank
decking.
The Lackawaxen Bridge Company was purchased
in March 1942 by E. H. Huber of Scranton, who presently maintains the operation. A toll of twenty-five

"' P. K. Schuyler. " Lackawaxen Suspension Bridge Rebuilt
for Present-Day Use," in Engineering and Contracting.
vo lume 69 ( November 1930 ), page 421.

cents for cars and five cents for pedestrians is charged,
with a ll passage free after the collector goes home at
n ight. The fabric is in generally good condition. T he
masonry, except for a n understandab le minor deterioration of the upstream pier faces from river ice, is
quite perfect. The floor system is good as the p lanking is periodically replaced, and the cables, despite unwinding of the outer wrapping in a few areas, are
kept painted and appear as adequate as when spun.
The posted allowable load of six tons is almost ludicrous in view o f the fact that each sjJan originally contained abou t 500 tons of \vater plus the a dditional
dead load of the trunk and towpaths. True, it was an
evenly di stribu ted , non-moving, non-impac t load, but
there can be li ttle doubt tha t the cab le system today is
not working very hard.

The Aqueduct's Relative Historical Status
There is good reason to believe that the Delaware
Aqueduct is the oldest suspension bridge standing in
the United States today. There are only two other
possible contenders for th e distinction: the famed Essex-Merrimack bridge designed by J ames Finley a nd
erected in 1810 over the Merrimack at Newburyport,

FIGURE 34.- Remains of the Lackawaxen Aqueduct. Only the west abutment sur;ives, the
east abutment and the midriver pier having been entirely demolished for the conveniently
located supply of cut stone. ( Historic American Engineering Record and the Smithsonian
I nstitution.

Massachusetts (Figure 53 ) ; and the " Wire Bridge"
over the Carrabassett R iver a t New Portland in central Maine. At first g lance it appears that the Finley
bridge is clearly the oldest. In 1909, ho\\'ever, virtually
the entire superstructure was replaced- t he shape of
the \\'OOcl towers broadly reproduced in reinforced
concrete; t he four open-link chains replaced by four
3Y2 -inch wire cables; and a new steel and timber deck
fitted. The sole fabric remaining of the original structure is the p ie r masonry below deck level, so that \\'e
h ave a case not unlike that of grandfather's Origina l100-yea r- Old ax vvh ich in its long history had five new
heads and twelve new h and les. The present bridge is
plainly not tha t o f 1810, and only loosely resembles it
in general form.30
The " \-\'ire Bridge" is a ra ther d ifferent case. It,

'° Full details of the original and reconstructed bridges
arc in En gineering News. 3 August 1911 , page 129 and
25 September 191 3, pages 585-87 .

too, has undergone a certain amount of rebuilding.
The shingle and board sheathing of the timber towers
has been replaced, the wood deck is new, and the
original rod suspenders and clamps have recently been
replaced by prefabricated wire ropes with new cable
clamps. The majority of the to\\'er framing and t h e
main cables and their anchorage ha rd·ware, however,
a re entirely original, and if we recognize in t hese elements the h eart and soul of a suspension bridge, it is
not unreasonable to consider that the b ridge is indeed
the actual one of oriO'inal
date (Figure 54 ) ·
0
..
There is some conflict about the date. the pos1t1,·e
resolution of which will require more resea rch than
has been done to d ate. Unfortunately, th ere was probably no more documentation generated at the time of
the bridge's construction than there would h ave bee~
for any other relatively small bridge, so that th ere 1s
little expectation of any new contempora ry evid ence
coming to light. Local tradition, based apparently ~n
certain New Portla nd town-meeting m inutes, mam-

28
tains emphatically that the " Wire Bridge" was built in
1842, u si ng wire cables fabricated in Sheffield, England . The d ate appears on local roadside m a rkers
guid ing tourists to the site, and in virtually a ll
recent newspaper accounts of the bridge. Charles Ellet's wi re bridge over the Schuylkill in F a irmount
Park, Phila d elphia, the first consequenti al wire suspe nsion bridge in America, was built in 184 2, and there
is no technical reason why the Maine bridge could not
a lso h a ve gone up then. If it did, then it preceded the
Delawa re Aqueduc t by a fi ve-year margin and thus
rightfully d eserves the ti tle of "The Oldest Standing."
Several fac tors, however, m ake that d ate seem entire ly unrealistic if not unbelievable. First, a lack of
historical au thority weakens its proba bility. While the
necessary technology and a certain degree of precedent did exist , the likelihood is not great of either being
reflected in a structure, erected by local m en , in
what even today is a relatively remote region ; it is, in
fact, almost hopelessly slim . The second factor is the
former presence of two very simila r bridges in the imm ediate a rea , in the towns of Kingfield and Strong.
At King field , cables of ordinary chain were e mployed;
at Strong, \\'ire cables, as at Tew Portland, were used.
The Kingfield c hain bridge is known to h ave been
buil t in 1852- 1853, th e Strong wi re bridge in 1856 .
(They \\'ere rep laced in 19 16 a nd I 922 respectively.)
The striking simi la ri ty of all three spans-particula rly
in the arch itectura l character o f the shingl ed timberframe to\\'ers-and the presen ce of three suspension
bridges \\'ithin a n,·elve-mile circle, in a n area a nd a
time a lmost exclu si,·ely of timber truss bridges, lead s
one to look for the con nection among them that obviously must exist. The Kingfield spa n \\'as d esigned
and built, according to apparen tly re liable local evid ence, by D aniel Beed y of Farming ton ;31 the New
Portland span by D a,·id Elder and C a ptai n Cha rl es B.
Clark ;32 a nd about the Strong bridge, we do not
31

Data on the Kingfield Bridge is from an unpublished
typescript in the files of the Smithsonian I nsti tution's Di,·ision
of Mechanical and Ci,·il Engi neering, Kingfield BridRes. prepared in about 19,~5 by th e well-known bridge historian
T.lewcllrn ~- Edwards of Glen Echo, Marylan d. Mnst of Dr.
Edwards" inform ation is based on primary and local sources
and is considered solid. An extract appears in his "A Brief
Discussion of the C:ec,Jn~y of Maine Ri,·ers and Streams and a
llistnrr of Six Early :'vf aine Bridges," Paper No. 15 of th e
j\faine Tc<'hnolngy Experiment Statinn, University of l\!aine.
Orr.no, Onober 193+. pages 28-29.
"" " Herc's th e Fi ne Old Suspension Bridge at >Jew Portland,
Mc. " New England Co11st ructio11, May 1954, pages 62-63.
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know. Thus, there may or may not have been a
common hand between the Strong span a nd either of
the other two. In any event, what surely must have
occurred was observation of the success and c heapness
of the earliest of the three structures, with emulation
by two other towns a nd either one or two other builders.
Assu m ing that the New Portla nd bridge was not
built in 1842, the question is, wh ic h o f the trio was the
first? As the Strong bridge is kno\\'n to have been later
than the Kingfield, it was either Kingfield or N ew
Portland. v\lhichever, its erection must surely have
been regarded by the town's authorities as a rather
unconventional solution to their bridging problem, its
lack of local precedent evoking some trepidation. In
that light, it seems so probable as to approach a d ead
certainty that there \\'Ould not have been room for t\vo
experiments at once. Thus, not the a dded novelty of
wire for the cables (despite its ea rlier use by Roebling
a nd Ell et), but rather a materia l of far grea ter fam iliarity having characteristics of strength not only
known, but highly visible: chain. In other words, it is
suggested that the Ki ngfield bridge of 1852- 1853 was
the progenitor. Ei ther of the wire bridges could then
have been the second bui lt. £,·en the Strong bridge of
1856, erected only three yea rs later, 111ight quite logicalh· ha \·e been of \\'ire. The elapse of that 111uch time
certifi ed that the suspension sys tem itself. in King field's
spa n, was furni shing good. safe se n ·ice. :O.fore sig nifi ca nt, Roeb ling"s famed a nd widely publicized :'\iagara
R ai lway Suspe nsion Bridge was completed the pre\·ious ,\·ear., carr>·incr
"' a 111ainlinc railroad on a n 850-foot
spa n. with wire cables.
Based on the lack o f pos1t1\·e evidence supporting
the 1842 date, a nd on the abo,·e reasoni ng. it is difficult to believe that the Ne\\' Portla nd bridge \\'as built
a decade before the Kingfield bridge: it is quite easy,
however, to visualize its construction a d ecade after
t he Strong bridge. An e n try in the New Portland
Town Report for I March 1866 states tha t D avid
Elder, agen t for the bridge, \\'a s paid $3.624.97. 3 3 The
figure is too large for mere repairs, no matter how
major, but is a perfectly reasonable one- consid ering
the scale of t he structure, the place. and the time- for
construction of the complete bridge. L. l . Ed \\'ards
(sec footno te 3 1) mentions the bridge only cursorily,
noti n~ that it was bu ilt a fter tl1e Strong bridge, a lthough he gi\TS no e\·iclence for t he sta tr-1nent.

[T ext co11li11ucs
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F rcuRES 35, 36, and 37.- Slow death a t High Falls. After
standing derelict but intact for nearly twenty years following abandonment of the canal, fire destroyed _the aqueduct's woodwork about 19 16, le;l\"ing the cables and
suspenders in a state not unlike that during original construction, just before the first of the trunk frames had been
"hoisted into place. Today only the abutment masonry and
portions of the anchorage eyeba rs remain. £ ,·en these have
not been permitted a dignified final rest: the old-metal
vanda ls have remo,·ed the stones from around most of the
upper links and cut portions of them away. ( Photograph at
right, courtesy of Delaware & Hudson Railway Company;
center, Delaware & Hudson Canal Historical Society, Ghear
Collection; and bottom, Historic American Engineering
Record and the Smithsonian Institut ion.)
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FIGURES 38 and 39.-The masonry of both Neversink Aqueduct abutments survives, but a ll
the upper sections of the anchor ba rs are gone. ] ust upstrea m on both sides of the Neversink
are fragmentary remains of the predecessor two-span timber-truss aqueduct. As at High
Falls, the canal was slightly realigned during the enlargement to permit const ruction of the
new aqueduct without d isrupting service on the old. On both of the later structures, the
abutment wing walls are straight, meeting the face a t a n a ngle, unlike the earl ier Delawa re
and Lackawaxen spans where the surfaces meet in a curve. (Historic American Engineering
Record and the Smithsonian Institution.)
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F IGURE ·W.- Dcla\\'arc Aqueduct and .Minisink Ford, Ne\\' York , shortly a ft er the canal's
abandonment in late 1898. Except for rcmo,·ing the berm \\'a ll on the outside of t he curve
at Lacka\\'axen to pro,·idc road access, not hing has yet been done to a lter the structure for
toll-bridge service. (Photograph courtesy of the Delaware & Hudson R ai l\\'ay Company.)

FIGURE 41.- Int erior of the Dela\\'are Aqueduct trunk after com·crsion to a toll bridge, about
1900. ( Photograph councs>' of the Dela,,·are & Hudson Rai l\\'ay Company ) .
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·H .- View from Lackawaxen, about 1910. The towpaths have been remo\·ed in the
alterat ion but not the tow-rope rail. D uring t he cana l period, the upstream faces of t he
pi ers were protected by poin ted wooden ice-breakers. Rene\,·ed as needed, they prevented
t he deterioration that has occurred si nce. The pier faces \\·ere sheh-ed to suppo rt the icebreaker framing. The icebreakers a rc seen in Figure 27. ( Photograph courtesy of the Delaware & Hudson Railway Company. )
FIGUR E

FIGUR ES

42 and 43 .-Ea rly twenti eth-century views of the Aqueduct from New York. (Photographs courtesy of the D ela ware & Hudson Railway Com pany. )

[Text continued f ro111 page 28]
Finally, the to\\'n-meeting m inutes of about 18'~2
that are purported to refer to this bridge speak of it as
having been projec ted and built b y a Colonel Morse;
the struc ture, because of its novelty, being referred to
locally as "?\ forsc's Fool Bridge." 34 Thoroughgoing
local inquiry, however, reveals that neither that name,
nor l'vlorse's in any for m , has apparently ever been a ttached to the bridge, whi le a granddaughter of C la rk
docs cl early recall fam il y lore c rediting he r grandfather w ith its construction. So it \\'ou ld seem that the
1842 references are e ither to another, entirely differe nt, bridge that had a short life and left no solid e\·idence of its existence, or to an earlier, ne\·er-built project for th e sa m e site.":' Taken a ltogethe r there seems
reason e n ough to di scount th e da te of 1842 , and consider the Dela\\'are Aq ued uc t to be in fact America's
earli est sta nding- suspension bridge.
Its future secrns reasonably secure. Although it. too,
is in a re mote area. it is happi ly situated between the
Poconos and thf' Catskills. and sti ll is th e only crossing
of the D ela\\'a re for ten mi les upstream and four
downstream so tha t enough vacation a nd local traffic

u ses it to make it an economic if not \1·ildly profitable
. o\\'ner an d \·1··oi·tl1 adequate main te venture for its
.
I t 1ms b e en 1·eco<Ynized
as a hisna nce exp enditures.
:o
.
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mode rn suspensio n bridge.

·"' These statements are rep or te cl m
· a n arti cle on the New
Portland bridrrc from GR I T -Famil;• S ection. 26 D ecemb er
"' magazine
·
I 9 6J- ( a Su nday
supp Iemen t ) , posted in thc H otel
H e rbert. Kingfield. Maine. not ed in August_ I 969.
'"' For th e data in th is paragraph. I am 111debted to Mr.
Charles A. Whi tten. c . E .. of Augusta. Ivlaine , who has
closely follmn·d the career of the :\e"' Por tland brid ge ..and
acti,·elr pu rsued its earl)' history. H e sha res my serious
doubts conC<' rn ing th e earlier date. as do all othcr hnclgchisto rians encountered. J akku la, in his A H i.<tory of S11s/1e 71 sio 11 Brid[!rs ;11 Bibliof!raph ical Fo rm. cu rio usly docs not list
it a lth oug h hc docs the Strong and th e Kin gfie ld span s. using
as his sole reference th e Ed\\'ards article ( foot note 3 I ) .

34

SMIT HSONIAN STUDIES JN HIST ORY AND TECH NOLOGY

35

NUMBER I 0

DELAWARE AQUEDUCT· DELAWARE AND HUDSON CA~AL · 1847-1848
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F IGURES 45, 46, and 47 (overleaf ) .- The following t hree
drawings \\'ere made in August 1969 by the MohawkHudson A rea Survey ( M-HAS ), sponsored by the American Society of Civil Engineers, the National Park Service,
the New York State Historic Trust, a nd the Smit hsonian
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FIGURE

Instituti on. The M-HAS was the first project of the recent ly fo rmed Historic American Engineering Record ,
establ ished to prepare a nd prese rve g raph ic records of
significa nt American engineering monum ents .
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T HE D ELAWARE AQUEDUCT T ODAY, Figures 48-52. (Photographs by D avid P lowden. )
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·l-8 .- T he New York shore from L acka\\·axen .
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F 1c:L-RI-. S -~~ and :iO.- T raffic d uring 111ost of the yra r 1s steady though lig h t, hut d"·inclles from .Ja 11 11 ;11·~ - to
!vb rch. :\ s th r on ly crossing of the Del;l\,·arc fo r fifteen m iles, the bridge fills a decided local need ;is " -ell

as being un ique poi11t of i11tercst.
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FIGU RE 5·L- The " Wire Bridge," Ne\\" Port land, M a ine. W hile having un dergone some
rebu ilding, the bridge is original in its pri ncipal clements and is a rare surviva l of a n early
sus pension structu re. (Photograph by David Plo\\"den. )

FrcuRES 51 and 52.- The contrasting massiveness of masonry piers a nd lightness of wire cables, so much the
m easure of the suspension bridge and so ofte n extolled by poet a nd painter in the Brookl yn Bridge, is as fully
marked at the aq ueduct.
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r c.1::-t,iu;; to the n b O\'C bill

or

Lumh c r~ a pply lo t IC En ;.; in ccr~ or Sll (H!rintc111l1· n ts Oii ll clawarc a rnl IJ u d s o n Ca nul.

JOHN A. ROEBLING,

En~·inee1·.

Fd1ru11ry 23il, 1847.

FIGURES 53.- Essex- M errirn ack Bridge nea r Newburyport, Massachusetts, before and a ft er.
In the 1909 "rebuilding" of the 18 10 structu re, the entire su perstructu re \\'as replaced wi th a
loose replica, leaving of the origina l fa bric on ly the pi er masonry below deck level. (From
Enginee ring Ne\\'s ( 25 September 19 13 ) , volume 70, page 585. )

Ft< :URE 'i'i.-Im·ita ti on to suppl y lum ber fo r the D elaware and Lackawaxen aqueducts.
(Courtesy of Rensselaer Polytechni c I nstitute. )
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Summary of Delaware & Hudson Canal Improvements
(From Whitford, Volume 1, page 1467)
rear of Completion

Width al top

Width al bottom

(feet)

(feet)

1829 (as first built)
1844

28
44

1852
1875

48
48

20
26
30
32

Dept/1
(feet)

4

5
6

6
FIGURE

II

56.-Suspcnsion aqueduct design by Washington A. Roebling. See Appendix III.

Comparative Data on the Four Delaware & Hudson Aqueducts*
Delaware

Number of spans_______
4
Center-to-center span
length (feet)__ __ __ _ _ (see page 17)
Number of cables______
2
Diameter of cables
(inches) ____________ _
SYi
Total number of wires
in each cable (see
page 15)____________
Weight of cable
per foot (pounds) _ _ _ _
Weight of water in one
span at 6'-6"
depth (tons)_________
Working tension on
both cables (tons)___
Ultimate tensile
strength of both
cables (tons)_ __ _ __ _ _
Roebling's contract
price _______________
Cost per foot of suspended trunk (see
page10) ____________

Lackawaxen

High Falls

2

1

114.37
2

145
2

Neversink

170

2

vt:'P.,, ti,
7+

~~:;'/.

BYi+

2150

1624

2300

2880

122. 7 5

90

125.7

170

-r

424

538

632

I

771

552

790

3870

2900

4100

5200

$41,750.

$18,650.

$20,400.

$24,900.

$78.00

$82.00

489
(142-foot span)

ffe,

~,.,.___,

$141.00**

. I

998

---i

..'

,'

/

\

_inm

$146.00**

*Mostly from Natrs (326 ), various pag-cs.
"'*The per-foot cost of Nl"vl'rsink v.·as greater brcausc of the- larger cables and anchorage ironwork, a function of the higher price normally paid for a longer than for a shorter span.
FIGURE

57.-Proposal for the New York and Eric Railroad suspension bridge at Lackawaxen. See Appendix IV.

...
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VI

Design for a Suspension Aqueduct

The Delaware Aqueduct Saddles

This design for a suspension aqueduct is from the senior thesis of Washington
A. Roehling ( 1837-1926), class of 1857, Rensselaer Polytechnic Institute. While his
design admittedly follows closely those of his father's Delaware & Hudson aqueducts,
Washington Roehling proposed a number of modifications, necessitated principally
by the greater loads imposed by a 164-foot span, 40-foot trunk width, and 7-foot
water depth. The width, the same as that of the aqueducts on the enlarged Erie
Canal, would pass two large boats abreast. The changes were mainly quantitativeuse of two 14Y2-inch cables on each side of the trunk with other elements proportionately heavy-but the design also specified built-up wrought-iron plate girders
for the floor beams and wire-rope suspenders, both significant departures from the
Delaware & Hudson aqueducts. (Courtesy Rensselaer Polytechnic Institute.)

(See Figure 47)

IV

Not all of the modifications to the Pittsburgh Aqueduct design made at Lackawaxen were for the better. In Wire Cables & Machinery . .. August 1848, Roehling
observes that the saddle pattern employed in the first two Delaware & Hudson
aqueducts is unsatisfactory in having the seat for the cables too wide. At Pittsburgh,
the space was just about as wide as the cable diameter so that the cable's circular
section was preserved as it passed through the saddles. At Lackawaxen, he used a
width of 11 inches causing the BV2-inch cables to flatten considerably at that point,
destroying the roundness of the strands and cables near the saddles and causing
unequal tension in the individual wires (see also Figure 22). Despite these misgivings,
the saddles of the two later aqueducts apparently were cast from the same patterns
for the same widening and flattening is evident at High Falls (Figures 35 and 36).

Proposed Railway Suspension Bridge
This proposed suspension bridge was designed to carry the New York and
Erie Railroad over the Lackawaxen River near the aqueduct site. Designed by
~~ebling while building the two aqueducts at Lackawaxen, it had many characteristics in common, particularly in the cable and anchorage systems. The deep, latticetruss-stiffened deck closely forecast that used in his Niagara railroad bridge begun
four years later. The estimated cost for the brido-e with hvo spans of 195 feet each
~ '
'
wa.s $11,040 for a single-track structure and $22,080 for a double. (Suspension
Bridges Dec 1847 John A. Roehling, page 27.) (Courtesy Rensselaer Polytechnic
Institute.)

v
Neversink Aqueduct
Comparison of Roebling's Proposals for a 1- and a 2-span Structure*
1 span

Clear span length (feet) _____________ _
Cable diameter (inches) _____________ _
Cable length (feet) _________________ _
Cable weight, both, with wrapping
(tons) _____________________ _
Cable cost @ 10 cents per pound _______ _
Anchor chain weight, total (tons) _____ _
Total cost ---------------------------

170

2span

2

@90

1 span
as built**

160

91~

6%

972

261***

266***

203

46.5

$9,200
13

$24,900

23
$4,600
4.5
$18,000

36

$7,490
22
24,900

=~uspensio~ Aquaducts ... Febr. 1847. Data, about November 1847.
**1:[euer Sink Aquaduct ... Oct. 7848..

. The early plans proposed runnmg the cables on the west shore through chases in solid
:ock directly to the anchor plates, as had been proposed for the High Falls Aqueduct without
intervening anchor chains. Distance, saddle to plate, 62 feet.
'
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UNPUBLISHED SOURCES
Two bodies of Roehling manuscript papers exist:
The Roehling Collections in the Library of Rensselaer
Polytechnic Institute, Troy, New York, and in the
Special Collections of the Library of Rutgers University, New Brunswick, New Jersey. The former is
a collection of vast scope and immense value, covering
all of John A. and much of Washington A. Roebling's
professional careers. There are many notebooks, letters,
and reports, but the collection's crov.·ning glory is a
large number of drawings and sketches-design, presentation, study, and working. The entire collection
was recently classified and cataloged by the author
with a grant from the American Society of Civil Engineers. A published version is anticipated. The Rutgers
Collection, while smaller, contains some material of
great technical interest as well as personal items in the
form of letters, diaries, and other documents. There is
little graphic material. The collection is readily accessible and well cataloged. Oddly, the technical material
in both collections overlaps to a considerable extent,
the result apparently of haphazard handling and storage while the material was passing through various
famil}' hands.
The first nine references below are all manuscript
notebooks. The first four are from the Rensselaer Polytechnic Institute Collection; the next five from the
Rutgers. Various other Rensselaer Polytechnic Institute letters, notes and drawings are cited individually,
for which the Library catalog number is given.
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e.g., O\'er Genessee Ri\•er, water-main aqueduct
O\·er East River, railroad bridge o\·er Lackawaxen
and Delaware & Hudson Canal (see Appendix IV) :
but also one page of post-mortem observations,
with sketches, on Delaware Aqueduct cable
making.]
Wire Cables & Machinery
August 1848
Important General Remarks
Construction of
Delaware A: Cables
Niagara Bridge. [Nine
pages of extremely detailed post-mortem notes, remarks, and comments on the cable making procedure at Lackawaxen, compared frequently with
that at Pittsburgh.]
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Others
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John A. Roehling
[Pittsburgh] Aquaduct, Monongahela Bridge. [Also covers early work
on the Delaware and Lackawaxen aqueducts, particularly the contract work done in Pittsburgh on
the anchorage iron in mid-1847.]
Never Sink Aquaduct
High Falls Aquaduct
Oct. 1848
John A. Roehling. [:Much additional
design data and calculations.]
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Delaware and Hudson Canal
john A. Roehling
F£•br. 1847
Delaware A.
Lackawaxen
Never Sink
High
Falls. [Contains the basic design data for all four
structures, including cost estimates for the Neversink and High Falls spans.]

Letter to L. N. Edwards from L. A. Porter, Bridge
Engineer, Pennsyh-ania Department of Highways,
26 September 1950, gi\'ing certain data on the
bridge from the memory of a "11r. Black.'. [Di\·ision
of 1vlcchanical and Civil Engineering, Smithsonian
Institution.]
\VASHINGTON Auocsn.:s. Design for a
Suspension Aquaduct. Senior thesis (manuscript),
Rensselaer Polytechnic Institute. Troy, New York,
1857. [Original, Rensselaer Polytechnic Institute Library: microfilm and Xerox reproduction, Xational
Ivluseum of History and Technology Library,
Smithsonian Institution.]
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