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PREFACE 

This historic st ructure report (historical data section) has been 

prepared to satisfy in part the research needs as stated in the task 

directive (approved by Mid-Atlantic Acting Regional Director Don H. 

Castleberry in a memorandum dated February 3, 1983) concerning the 

Delaware Aqueduct under Package No. 337. Data from this report will 

provide an information base which will be used to plan the 

restorat ion/preservation and interpretation of the s t ructure. The 

emphasis of the report has been focused on the significance of the 

bridge's (and John A. Roebling's) contributions to the evolution of 

suspension bridge technology, architectural modifications and 

maintenance/repair efforts dur ing the period while the aqueduct served as 

a component of the Delaware and Hudson Canal, and the post-1898 ar­

chitectural evolution of the structure relative to its conversion as a 

private toll br idge. 

A number of persons have assisted in the preparation of this report . 

Special thanks are due to Superintendent John T. Hutzky, Chief Park 

Ranger Ronald A. Wilson, and Interpret ive Specialist Calvin Hite, of 

Upper Delaware National Scenic and Recreational River, for sharing their 

ideas on the nature of research required for the project, making available 

to me the park files for reference purposes, conducting me on a guided 

tour of the s t ruc ture , and providing me with the names of local people to 

interview. George Hartman and Mary Curt is of the park staff also 

provided useful information on the location of local residents to interview. 

John W. Bond, Associate Regional Director, Planning and Resource 

Preservation, Mid-Atlantic Regional Office, and two members of his staff, 

Cl i f ford Tobias, Regional Historian, and Sandra Hauptman, Park Planner, 

also provided useful suggestions and available documentation from their 

files for the report . Ronald W. Johnson, Chief, Cultural Resources 

Research, also made helpful suggestions and provided useful 

documentation for the report . My thanks also go to Evelyn Steinman, 

editorial assistant, for typ ing the manuscript. 

Harlan D. Unrau 

June 1, 1983 
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STATEMENT OF HISTORICAL SIGNIFICANCE 

The Delaware Aqueduct, bui l t in 1847-49 to carry the Delaware and 

Hudson Canal over the Delaware River between Lackawaxen, 

Pennsylvania, and Minisink Ford, New York, is the earliest extant 

suspension bridge of John A. Roebling, one of the leading 19th century 

American civi l engineers who is best remembered for his crowning 

work- - the Brooklyn Br idge- -bu i l t to his design by his son Washington. 

The aqueduct is the th i rd work of Roebling's, and in all l ikelihood, it is 

both the oldest suspension bridge in the United States and perhaps the 

oldest extant cable suspension bridge in the world that retains its original 

principal elements. Thus, the st ructure is one of the nation's most 

signif icant engineering treasures. The sole surv ivor and largest of four 

wire cable suspension aqueducts erected by Roebling for the Delaware and 

Hudson Canal between 1847 and 1850, the Delaware Aqueduct stands today 

only because of its strategic location. Following the abandonment of the 

canal in 1898, the st ructure was converted to a private highway toll 

br idge. 

The national significance of the Delaware Aqueduct has been 

recognized both for its historical and engineering importance. Along with 

four other components of the Delaware and Hudson Canal, the Delaware 

Aqueduct was designated as a National Historic Landmark in 1968 and was 

thus included on the National Register of Historic Places. In 1972 the 

American Society of Civil Engineers designated the structure a National 

Historic Civil Engineeering Landmark. 
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CHAPTER ONE 

BRIEF HISTORY OF THE DELAWARE AND HUDSON CANAL 

TO 1850 

The Delaware Aqueduc t was bu i l t as a pa r t of the almost cont inuous 

p rogram of general improvements to increase the c a r r y i n g capaci ty of the 

Delaware and Hudson Canal in the 1840s. T h u s , i t is impor tant tha t a 

b r ie f h is tor ica l overv iew of th is waterway and its per iod ic enlargements be 
1 

examined to place the s t r u c t u r e in i ts h is tor ica l con tex t . 

1 . Data fo r th is sect ion is based on a summarizat ion of in format ion in 
the basic works on the h i s t o r y of the Delaware and Hudson Canal . These 
works i nc lude : Edwin D. LeRoy, The Delaware and Hudson Canal and 
I t 's G r a v i t y Rai l roads (Honesdale , 1980); Manvi l le B. Wakef ie ld , Coal 
Boats to T idewa te r : The S to ry of the Delaware & Hudson Canal (South 
F a l l s b u r g , New Y o r k , 1965); Doro thy H u r l b u t Sanderson , The Delaware & 
Hudson Canalway: C a r r y i n g Coals to Rondout , 2d ed . (E l l env i l l e , New 
Y o r k , 1974); A C e n t u r y of P rogress : H is to ry of the Delaware and Hudson 
Company, 1823-1923 ( A l b a n y , 1925); and Malcolm A. Boo th , "The 
Delaware and Hudson Canal With Special Emphasis on Deerpa rk , New 
Y o r k " ( u n p u b l i s h e d M. A . t hes i s , State U n i v e r s i t y of New Y o r k , College 
at Oneonta , 1965). 

In add i t ion a number of o ther works contain chapters or s ign i f i can t 
re ferences re la t i ve to the h i s t o r y of the Delaware and Hudson Canal . 
These works i nc lude : A l v i n F. Har low, Old Towpa ths : The S to ry of the 
American Canal Era (New Y o r k , 1926), p p . 185-94; Noble E. W h i t f o r d , 
H i s to ry of the Canal System of the State of New Y o r k , 2 vo ls . ( A l b a n y , 
1906), I , 728-51 ; Jim Shaughnessy , Delaware & Hudson : The H is to ry of 
An Impor tan t Rai i road Whose Antecedent Was a Canal Network to 
T r a n s p o r t Coal ( B e r k e l e y , 1967), p p . 1-23, 37, 60; Robert M. Voge l , 
Roebl ing 's Delaware & Hudson Canal Aqueduc ts (Wash ing ton , 1971), p p . 
1-36; F rede r i ck Moore B i n d e r , Coal Age Empire: Pennsylvania Coal and 
Its Ut i l i za t ion to 1860 ( H a r r i s b u r g , 1974), p p . 16-19, 4 6 - 5 1 , 92-99, 
112-13, 138-39, 144-49; The Hudson Coal Company, JJne S to ry of 
A n t h r a c i t e (New Y o r k , 1932), p p . 59-72, 85-92; and W. J . C o u g h t r y , 
"Cons t r uc t i on of the Delaware and Hudson Cana l , " The Delaware and 
Hudson Rai lroad B u l l e t i n , X ( Ju l y 15, 1930), 219-20; ( A u g u s t 1 , 1930), 
229-30, 238; ( A u g u s t 15, 1930), 245-46, 252; and (September 1 , 1930), 
267-68. 

Also see U. S. Depar tment of the I n t e r i o r , National Park Serv ice , 
The National S u r v e y of H is tor ic Sites and B u i l d i n g s , Special Repor t , 
Delaware and Hudson Canal , Pennsy lvania and New Y o r k , by John D. 
McDermot t , A u g u s t 5, 1968, and "Eng inee r i ng in the Early Days of the 
Delaware & H u d s o n , " Eng ineer ing News - Record , XC (May 10, 1923), 
840-41 . 
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The canal was projected by Maurice and William Wurts, dry goods 

merchants from Philadelphia, as a means of exploit ing their considerable 

anthracite coal holdings near Carbondale in northeastern Pennsylvania 

which they had acquired over a period of years beginning around 1814. 

At f i rs t the Wurts brothers mined small quantities of the coal and 

transported it to Philadelphia by wagon, barge, and raf t , but the returns 

were marginal. The poor financial prof i ts were a result of high 

transportat ion costs, the somewhat undependable means of these modes of 

t ranspor t , and competition from the Schuylki l l and Lehigh coal fields that 

were located closer to the city and had the advantage of navigation over 

greatly improved r ivers . 

The Wurts brothers determined to make New York City their target 

market area as it was potentially the nearest profitable urban area for 

their product and would undoubtedly require increasing amounts of 

anthracite to meet its heating, l igh t ing, and power demands in the years 

ahead. Thus, in the early 1820s the brothers set out to f ind a feasible 

means of t ransport for their coal and thus determined that a canal l inking 

the Delaware and Hudson r iver valleys was the most practical way of 

reaching that c i ty . At the time the Erie Canal was arousing all America 

to enthusiasm for canals. This "canal fever , " along with the quickening 

pulse of economic and industrial expansion then taking place in the United 

States in the aftermath of the War of 1812, made it l ikely that they would 
3 

f ind both political and financial backing for their proposed venture. 

The Wurts brothers organized the Lackawaxen Coal Mine and 

Navigation Company in 1823 to operate their mines and transport their 

product. They obtained authorization from the Pennsylvania state 

legislature on March 13, 1823, to canalize and improve nativation along 

2. Whit ford, History of Canal System of New York, I, 728-30; Harlow, 
Old Towpaths, pp. 185-86; and Shaughnessy, Delaware & Hudson, pp. 
1-2. 

3. Shaughnessy, Delaware & Hudson, pp. 1-2, and LeRoy, Delaware & 
Hudson Canal, pp. 3-8. 
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the Lackawaxen River and to construct a waterway along the r iver if 

necessary. In Apr i l a group of financiers and capitalists from New York 

City and Sullivan and Orange counties in New York formed the Delaware 

and Hudson Canal Company. On the 23rd of that month the New York 

state legislature authorized the incorporation of the canal company with a 

capitalization of $500,000 to construct a canal of "suitable dimensions" and 

"with necessary appurtenances" from the Delaware River through Orange, 
4 

Sul l ivan, and Ulster counties to the Hudson River. 

Benjamin Wright, then the principal engineer directing construction 

of the Erie Canal, was hired to make a detailed "survey or running level 

carried over the country from tide-water of the Hudson r iver , at the 

mouth of the Wat k i l l , up the valley of the Rondout, and thence over to 

the Delaware r iver ; and thence up the same to the confluence of the 

Lackawaxen, and thence up the Lackawaxen to a point as near to the coal 

mines as possible and to ascertain the practicabi l i ty and expense of a 

canal over that route . " Under the general supervision of Wright two 

other canal engineers, John B. Mills of the Erie and John L. Sullivan of 

the Middlesex and Merrimack River Valley Canals, made the survey which 

was pr inted in January 1824. The report recommended that a canal 4 feet 

deep and approximately 32 feet wide at the water line be dug at a cost of 

$1,208,632.95, a fact that caused the company to increase its capital stock 

to $1,500,000.5 

On March 8, 1825, the canal corporation was formally organized, 

Philip Hone, soon-to-be mayor of New York Ci ty , being elected president 

and John Bolton as t reasurer. In June the Delaware and Hudson Canal 

Company purchased the Lackawaxen Coal Mine and Navigation Company. 

On July 13 Hone led the groundbreaking ceremonies for the canal at the 

4. LeRoy, Delaware & Hudson Canal, pp. 8-10. 

5. Whit ford, History of Canal System of New York, I, 732-34, and 
Report of Messrs. Benj. Wright and J. L. Sul l ivan, Engineers, Engaged 
j_n the Survey of the Route of the Proposed Canal, from the Hudson, to 
the Headwaters of the Lackawaxen River, Accompanied by Other 
Documents, & c (Philadelphia, 1824). 
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at the summit of the watershed between what are now the towns of 

El lenvi l le and Wur t sbo ro , New Y o r k . As cons t ruc t i on began Wr igh t was 

engaged as chief eng ineer of the u n d e r t a k i n g w i th John B. J e r v i s , 
c 

another of the Erie eng inee rs , se r v i ng as his ass is tan t . 

The canal was completed at a cost of some $1,875,000 by the fal l of 

1828 w i th the f i r s t boat , Orange Packet , t r a v e r s i n g the waterway f rom 

K ings ton to Honesdale in late Oc tober . The en t i re canal and the 17-mile 

g r a v i t y ra i l road which t r a n s p o r t e d the coal f rom the Carbondale mines to 

the canal te rminus in Honesdale were opened fo r business in October 

1829, and some 7,000 tons of an th rac i te were ca r r i ed over the line tha t 

year . On Feb rua ry 2 1 , 1829, Niles' National Register p r i n t e d a 

desc r ip t i on of the canal as a waterway 32 to 36 feet wide at the water l ine 

and hav ing 

f o u r feet dep th of wa te r . The locks are 70 feet in length 
between the gates and nine feet w ide . The boats are estimated 
to c a r r y t w e n t y - f i v e to t h i r t y t ons . 

From the mouth of the Rondout , were [s ic ] i t connects 
w i th the Hudson , to Port J e r v i s , near the Delaware R ive r , is a 
d is tance of 59 mi les; on th is sect ion are 60 l i f t locks and one 
gua rd lock of hammered s tone, laid ch ie f l y in hyd rau l i c cement. 
The re are also one aqueduct over the Nevers ink River 224 feet 
in l e n g t h , upon stone p iers and abutments ; one over the 
Rondout , en t i r e l y of s tone, upon two a rches , one of 60 and the 
o ther of 50 feet c h o r d ; and ten o t h e r s , of var ious d imensions, 
upon stone p iers and abutments over lateral s t reams; 15 
c u l v e r t s of s tone, and 93 b r idges hav ing stone abutments and 
wing wal ls . 

Port Je rv i s is less than a mile f rom Carpen te r ' s Point , 
formed by the j unc t i on of the Nevers ink and Delaware r i v e r s , 
and at wh ich po int . . . the l ine of the canal is ca r r ied along 
on the east side of the Delaware, to a po int opposi te the mouth 
of the Lackawaxen R ive r . A t th is place a dam has been erected 
across the Delaware, by means of which the canal is f e d , and 
boats cross the r i v e r . From McCar ty ' s Point , which is formed 
by the j unc t i on of the Lackawaxen w i th the Delaware, the canal 
fo l lows up the val ley of the D y b e r r y , at which point the canal 
te rm ina tes , and where a t h r i v i n g v i l lage is a l ready establ ished 
cal led Honesdale. 

6. Har low, Old Towpa ths , p p . 187-88, and Annual Report of the 
Delaware and Hudson Canal Company, 1825, p. 4. 
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On the Delaware section of 22 miles, there are 13 wooden 
locks, and on the Lackawaxen section of 25 miles are 37 locks 
of the same descript ion. These locks are secured by a sub­
stantial d ry stone wall, and so constructed that the wood lining 
can be taken out and replaced, without d isturbing the rest of 
the lock. . . . 

When the canal was opened its dimensions permitted the passage of 

boats having only a 20- to 30-ton capacity. With the supply of anthracite 

assured, the use of coal for heating, iron smelting, and steam generation 

expanded rapid ly, thus contr ibut ing to an ever-increasing demand for 

more. As a result the canal had nearly reached its capacity by 1841 
Q 

when 192,270 tons were carried on the waterway. 

With the prof i ts from the f i rs t decade's expansion as well as an 

increased capitalization which was raised on a periodic basis to nearly 

$6,600,000 by December 1850 a series of improvements were undertaken in 
9 

the 1840s to enlarge the capacity of the canal. These improvements were 

under the supervision of Russel F. Lord, the canal company's chief 
10 engineer from 1830 to 1863. 

7. Niles' National Register, February 21, 1829. Later in 1840 a 
description of the canal and grav i ty railroad was printed in Henry S. 
Tanner, A Description of the Canals and Railroads of the United States 
Comprehending Notices of All the Works of Internal Improvements 
Throughout the Several States (New York, 1840), p. 58. A copy of 
Tanner's description may be seen in Appendix A. 

8. Century of Progress, pp. 124-25. 

9. The financial success of the Delaware and Hudson Canal is analyzed 
in A r thu r J . Alexander, "Cost Curves and Rate of Return on the 
Delaware and Hudson Canal, 1831-1899," paper prepared for American 
Economic History, Johns Hopkins Univers i ty , 1966. 

10. Century of Progress, pp. 126-27, 184. Background historical 
material on the canal improvements and enlargements from 1842 to 1850 
may be seen in Chapter Six of this book. A well-researched biography of 
Russel F. Lord may be found in Peter Osborne I I I , "Russel Farnum Lord: 
His Life, His Times, and His Letters" (unpublished paper, Honors 
Program in American History, Rutgers, The State Universi ty, Newark, 
New Jersey, September 1982). In 1826 Lord had begun work for the 
company as an assistant to resident engineer Portius R. Root. Later 
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The f i rs t official mention of enlarging the canal was on March 24, 

1841, when a committee of the board of managers reported that 

enlargement of the waterway was both desirable and necessary. Later in 

March it was determined that an aqueduct was needed near the mouth of 

the Lackawaxen River to carry the canal across the Delaware Rivei—a 

decision that led to construction of the Delaware Aqueduct some six years 

later. 

The f i rs t program of improvements was authorized by the canal 

managers in August 1842. This enlargement called for dredging the 

trench and building up the height of the banks with the spoil to increase 

the dimensions of the canal prism to a depth of 5 feet and a width at the 

water line of 44 feet and at the bottom of 26 feet, thereby permitting 

passage of 40-ton boats. When the work was completed in late 1844 it 

was calculated that the sum of $108,438.87 had been spent on the 

improvements, but that the savings by loading existing boats with more 

coal had been $163,429.40.12 

The benefits and the company's prospects led the canal managers to 

authorize another enlargement of the canal to a depth of 5-1/2 feet that 

would permit passage of 50-ton boats and thus extend the annual canal 

capacity to 500,000 tons. When the work was reported completed on 

November 17, 1847, the canal management observed that this second 

enlargement had cost some $265,000, while savings in the cost of 
13 t ransport ing coal had exceeded that f igure by some $232,000. The 

10. (Cont . ) dur ing the summer of 1827 Lord became resident engineer of 
the Lackawaxen section of the canal and served in that capacity until 
replacing John B. Jervis as chief engineer in 1830. 

11. Booth, "Delaware and Hudson Canal," p. 52, and Century of 
Progress, pp. 107-08. 

12. Booth, "Delaware and Hudson Canal," pp. 52-53, and Century of 
Progress, pp. 126-28. 

13. Century of Progress, pp. 128-29. The Annual Report of the 
Delaware and Hudson Canal Company, 1846, contains an extract of a 
report prepared by Russel F. Lord on January 6, 1847, in which he 
discusses the improvements made on the canal and their impact on its 
operation. A copy of this extract may be seen in Appendix B. 
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canal company also reported in 1847 that it had realized a net prof i t of 

$582,767 dur ing the preceding year. This sum was "over 20 per cent on 

the capital paid i n , besides expending 30,000 extra in damages by the 

freshet of the year 1846."1 4 

The 1845-47 enlargement was recognized as largely inadequate 

v i r tua l ly before completion as a result of the increasing demand for 

anthracite coal and the construction of the Erie Railroad into the Delaware 

Valley and toward the coal regions in the mid-1840s, thus ending the 

canal's monopoly of anthracite t ransportat ion. To compete with the 

railroad the canal was forced to operate as economically as possible, 

fu r ther reduce transportat ion costs and transit time, and increase boat 

capacity. Thus in late 1847 it was determined to enlarge the canal prism 

to a width at the water line of 48 feet and at the bottom of 30 feet and to 

a depth of 6 feet. This enlargement, which was estimated to cost 

$1,105,000, would accommodate boats having a 98-ton capacity and would 

double the annual carry ing capacity of the canal to 1,000,000 tons. As a 

result all locks and aqueducts along the line of the canal were to be 

rebui l t , the former being enlarged to 15 feet by 90 feet. It was 

estimated that this extensive enlargement program would reduce the 

f re ight charges on coal to 50 cents a ton, "a reduction of over for ty 
15 cents per ton on the lowest f re ight yet pa id . " 

The larger boats that such an enlargement would permit could be 

sent to all ports along the Hudson, supplying towns from the gate of the 

Mohawk Valley to the r iver 's mouth, thus saving the expense of 

t ransferr ing cargoes at Rondout. Towed north to Albany, boats would be 

able to continue through the Erie Canal west to Schenectady, Utica, 

Syracuse, Rochester, Buffalo, and the Great Lakes market. Boats moving 

south to New York City could transfer their larger loads to brigs and 

schooners which sailed Long Island Sound to Connecticut towns and 

14. Niles' National Register, June 19, 1847. 

15. Century of Progress, pp. 129-30, and LeRoy, Delaware & Hudson 
Canal, pp. 43-46. 
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proceeded through Narragansett Bay to Providence or around Cape Cod to 
1 fi 

Boston to meet the growing demand for anthracite coal in New England. 

16. Binder, Coal Age Empire, pp. 145-46. 
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CHAPTER TWO 

THE DELAWARE AND HUDSON CANAL AT THE CONFLUENCE OF 

THE DELAWARE AND LACKAWAXEN RIVERS: 1829-50 

Using the original canal survey by Wright that had been submitted 

in January 1824, the Delaware and Hudson engineers and surveyors 

completed their final surveys and estimates pr ior to construction in 1825. 

In their opinion the "best and least expensive route" was "an independent 

canal, instead of a canal in par t , and a slack water navigation in the 

Roundout, Delaware, and Lackawaxen Rivers, and between the great 

r ivers . . . . " 

As the canal was original ly bu i l t , a small dam was constructed across 

the Delaware just below the confluence of the Lackawaxen River to create 

a slack water for the floating across of canal boats. The original canal 

works at the confluence of the Delaware and Lackawaxen r ivers were 

described by John Willard Johnston, a long-time Delaware River Valley 

resident: 

. at Lackawaxen . . . it [ the canal] passed through a 
guard lock into the Delaware. Opposite the guard a dam 
extended across the River, erected and maintained at heavy 
expense for the purpose of raising the water of the r iver and 
thereby feeding and supplying the canal, and this formed the 
only feeder thence to Mongaup, excepting some small streams 
flowing in at di f ferent points. 

The dam flowed the water of the r iver back to the distance 
of about 1 1/4 miles forming a beautiful sheet of water and at 
times of low water, calm and placid. A channel was provided 
for the passage of rafts and the height of water for the 
requirements of the canal was regulated by means of brackets 
across such channel, and removed when the volume of water in 
the r iver became excessive. Many times dur ing extended 
droughts and the r iver becoming very low, extra means for 
preserving a sufficiency of water was resorted to such as 
graveling the dam; and when too high the guard lock was 
dossed [sic] and the canal fed through its gates. 

1. Annual Report of the Delaware and Hudson Canal Company, 1825, 
p. 4. 
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A towpath was formed along the r iver edge a distance of 
half a mile or thereabout, to a point where a fe r ry was erected, 
by means of a pier stationed at the opposite sides of the r iver , 
composed of foot square pine timber, locked together at the 
corners and the interior thoroughly fi l led with stones. The 
piers were 12 feet square at the base, about 15 feet high and 
contracted to about seven feet square at the top; and these 
piers supported the ends of a fe r ry rope two inches in 
diameter, stretched across the r iver from pier to pier. By 
means of this rope a fe r ry scow was guided and towed back and 
for th across the r iver . . . the demands were so many that the 
scow was kept nearly in constant motion dur ing the day and a 
portion of the night , many times. . . . The canal boats passing 
through the guard lock on the New York side, entered the 
Delaware and were towed to the f e r r y , by which the horses, 
the dr ivers and sometimes the boats were passed to the opposite 
side. On the Penna. side were six locks in close proximity, 
locking up from, or lower to the level of the r iver ; the lower 
lock lett ing the loaded boats lower into the water of the r iver 
or raising l ight boats out of the said r iver to the level above. 
From this lock, a tow-path led to the Penna. end of the fe r r y . 
When the water of the r iver was at low mark, the boatmen . . . 
would by subjecting their bone to extra exercise, give force 
and headway enough to the boat . . . to shoot across the 
r iver , and thus avoid the slow, tedious process of pull ing it 
across by rope. 

Many times the loaded boat crossing from the Penna. side, 
would pass over the r iver and enter the canal in New York 
before the horse and dr iver , crossing by the fe r ry would 
overtake. 

When however, the r iver was swollen by rains, the boats, 
horses and all must be crossed by the f e r r y , a slow, tedious, 
laborious process, requir ing the strength of 3, 4 and 5 chosen 
men to be exerted upon the rope. 

Even this was possible only at certain grades of water, 
above which boats could not be crossed at all and the business 
of the canal suspended for the time. . . . 

During the next two decades the canal works at the confluence of 

the Delaware and Lackawaxen r ivers posed a variety of problems for the 

2. J . W. Johnson, "Reminiscences and Descriptive Account of the 
Delaware Valley and its Connections Aiming to Extend from Pond Eddy to 
Narrowsburg Both Inclusive," 2 vols. (January 9, 1900), I, 38-42 
(handwrit ten copy, Minisink Valley Historical Society, Port Jervis, New 
Yo rk ) . 
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Delaware and Hudson Canal Company. Not only did the slack water 

crossing prove to be the worst bottleneck along the line of the canal but 

ice and water freshets caused serious damage on a number of occasions, 

necessitating expensive repairs and endless turmoi l , loss, and lit igation as 

the result of altercations with the r iver raftsmen. After a freshet 

rendered the dam impassable in Apr i l 1829 a group of raftsmen, angry 

that the canal company did not immediately remove the obstruct ion, 

"proceeded to the dam, blew it up and tore away about eighty feet of i t , 
3 

and succeeded in clearing a passage for their ra f t s . " 

Floods and ice freshets continued to plague the canal works in this 

v ic in i ty . A flood and ice freshet in January 1831 "proved 

destructive to p roper ty , " sweeping "the ice with great violence out of the 

Delaware r iver" and causing " in jury . . . to the apron of the Delaware 
4 

dam." During the spring of 1837 "unusually heavy" canal repairs were 

attr ibuted in part to "the breaking up of the ice in the Delaware and 
5 

Lackawaxen r ivers . . . ." Large repair expenditures were required 

after "an extraordinary f lood" caused by an ice freshet on the Delaware 

River in March 1846 led to considerable damage along the "Delaware 

section" of the canal. During this flood the water was higher than it had 

been "dur ing the great flood of 1841, which was so disastrous to the 

Lehigh and Schuylki l l Canals, as well as our own. " 

3. National Intell igencer, Apr i l 18, 1829. This incident is described in 
more detail in an article in the Wayne County Herald, November 22, 1877, 
excerpts of which may be found in Sanderson, Delaware & Hudson 
Canalway, pp. 30-31. The excerpts may be seen in Appendix C. 

4. Annual Report of the Delaware and Hudson Canal Company, 1831, 
p. 11. 

5. Annual Report of the Delaware and Hudson Canal Company, 1837, 
P- 4. 

6. Annual Report of the Delaware and Hudson Canal Company, 1846, 
p. 3. 
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CHAPTER THREE 

DETERMINATION TO BUILD THE DELAWARE AQUEDUCT 

The need for an aqueduct to carry the Delaware and Hudson Canal 

over the Delaware River had been understood from the canal's beginning. 

Tentative steps for such a structure had been taken in March 1841 when 

the canal managers directed Chief Engineer Russel F. Lord to locate an 

aqueduct at or near the mouth of the Lackawaxen to carry the canal 
1 

across the Delaware River. 

The issue of constructing an aqueduct over the Delaware River again 

confronted the Delaware and Hudson Canal Company in January 1845 when 

the Erie Railroad began to make preparations to petition the Pennsylvania 

state legislature to permit it to enter the state over a bridge just north 

of the mouth of the Lackawaxen River. As a result Lord presented a 

proposal to John Wurts, the canal company's president, to enlarge the 

canal on the flats of the northern side of the Lackawaxen and to 

construct an aqueduct to carry the canal across the Delaware River where 

the rope fe r ry was located. He also proposed that the f i rs t three locks 

on the Pennsylvania side of the Delaware be eliminated and relocated on 

the New York side, where the canal could then follow its existing course. 

The purpose of Lord's proposal was to allow construction to begin 

immediately, thus forcing the railroad to be diverted away from the 

company's works and avoiding interference with the canal's own planned 

crossing of the r iver . 

At this point the canal company confronted a second problem 

result ing from a Pennsylvania law passed on February 9, 1826, that 

prevented it from construct ing an aqueduct across the Delaware River and 

diver t ing the water of the Lackawaxen beyond its normal course. Lord 

argued that the company would meet the spir i t of the law, because the 

1. Century of Progress, p. 139. 
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water used in the aqueduct would actually be discharged from the New 

York locks into the Delaware River direct ly across from the mouth of the 

Lackawaxen. Because Wurts feared that the legislation permitting the 

railroad to enter Pennsylvania would be passed, he urged Lord to proceed 

with the construction of the aqueduct as quickly as possible. 

Soon thereafter Lord presented a plan for an aqueduct across the 

Delaware River where the rope fe r ry was located. The specification 

called for a 600-foot-long st ructure having nine piers spaced at distances 

ranging from 53 to 70 feet apart. The wider spaces were to be placed on 

the deeper New York side of the r iver . Towpaths were to be located on 

both sides of the aqueduct, and the piers were to be 10 feet thick at the 

base and 4 feet thick at the top. The bottom of the superstructure was 

to be 26 feet above the level of the r iver , and the structure was to be 

bui l t at r ight angles to the r iver . Stone for the masonry was to be 

obtained from local sites, cut , and laid in cement. 

As Lord proceeded on the project he ran into d i f f icu l ty with 

Benjamin Holbert, the landowner of the proper ty , taverns, store, and 

houses on the north side of the Lackawaxen who was suspected of 

favoring the railroad's entry into the state. The canal company had the 

deed of cession from Holbert dating back to the 1820s for r ights to the 

land that it crossed. The canal company's attorney, however, was of the 

opinion that the revised Pennsylvania constitution required corporations to 

provide adequate compensation to private property owners if they 

intended to infr inge upon the property of the part ies. Lord, agreeing 

with the counsel, was certain that Holbert would require extravagant 

sums of money from the canal company before he would allow his property 

to be used for enlargement of the canal and construction of the aqueduct. 

Because of the intransigence of Holbert, Lord recommended purchase 

of part of the Lackawaxen Manor on the south side of the Lackawaxen 

River when Charles Lacoste placed the land on the market for $7,000 in 

November 1845. This would enable the canal company to sk i r t the Holbert 

lands by carry ing the canal over to the south side of the Lackawaxen via 

an aqueduct and then over the Delaware south of the rope fe r ry site. 
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A c c o r d i n g l y , Lord qu ie t l y purchased 126 acres of the Lackawaxen Manor 

( known as the Lacoste Purchase) fo r $7,000 in January 1846 and then 

conveyed to the canal company the r i g h t " to use, occupy &c. these 

Lands" on October 7, 1846 ( la te r on May 16, 1851, he qu i t claimed the 
2 

land to the company by d e e d . ) 

T h u s , the proposed cons t ruc t i on of the Delaware Aqueduc t was both 

delayed and i ts location changed as the resu l t of compet i t ion w i th Erie 

Rai l road i n t e res t s . Documentat ion re la t ive to the delay and change of 

locat ion , recen t l y found by Peter Osborne I I I , Execut ive D i rec tor of the 

Min is ink Val ley His tor ica l Soc ie ty , in the Lord Col lect ion and col laborated 

by the Weston Delaware and Hudson Canal maps expla ins the reasons why 

L o r d , in p lann ing the canal improvement at the conf luence of the Delaware 

and Lackawaxen r i v e r s , establ ished the aqueduct over the Delaware not 

above the mouth of the Lackawaxen at the rope f e r r y s i te , bu t jus t 

below, thus r e q u i r i n g cons t ruc t i on of a second new aqueduct over the 
3 

Lackawaxen less than 1/2-mile ups t ream. 

Cons t ruc t i on of the Delaware and Lackawaxen aqueducts was 

au thor i zed by the canal managers on Februa ry 13, 1846, soon a f te r the 
4 

Lacoste Purchase was made. By mid-December of tha t year two 

proposals fo r the Delaware Aqueduc t had been rece ived- -one for a 

2. Mater ial f o r th i s sect ion is based on "The John A . Roebling & 
Delaware and Hudson Canal Years : 1844-1863," paper presented to the 
John A . Roebl ing Symposium at Eddy Farm, S p a r r o w b r u s h , New Y o r k , on 
June 4 , 1983, by Peter Osborne I I I , " p p . 5 -8 , and L. W. Weston, 
Delaware and Hudson Canal Company Maps, ( s u r v e y e d in 1854 and drawn 
in 1856 by L. W. Weston, rev ised in 1865 by R. F. L o r d , J r . ) . The 
o r ig ina ls of these maps are in the possession of the Delaware and Hudson 
Railway Company in A l b a n y , New Y o r k , and xerox photocopies are ava i l ­
able in the El lenvi l le Publ ic L i b r a r y and Museum, E l lenv i l le , New Y o r k . 
Copies of the maps of the area at the conf luence of the Delaware and 
Lackawaxen r i v e r s may be seen on the fo l lowing pages. 

3. Previous exp lanat ions fo r the cons t ruc t i on of two aqueducts and the 
change of the canal 's rou te to the south side of the Lackawaxen are best 
summarized by Voge l , Roebl ing 's Delaware & Hudson Canal A q u e d u c t s , 
p p . 6 -7 , 9. 

4. C e n t u r y of P rog ress , p. 139. 
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conventional, t russed, six-span timber st ructure on masonry piers made 

by Solan Chapin. The other, submitted by John A. Roebling, a civil 

engineer from Saxonburg, Pennsylvania, was for a wire-cable suspension 

aqueduct to cross the r iver with four piers. 

In developing his proposed plan Roebling fi l led a notebook entitled 

"Wheeling Br idge, 1846, Delaware & Hudson Canal. [Aquaduct over] 

Delaware r iver . Aquaduct over Lackawaxen. Nov. 1846" with 

calculations, estimates, and drawings. A notation in the notebook for 

November 21 , 1846, reads: 

Propose to Mr. R. F. Lord to construct both Aqua for the sum 
of $60,400 the large one [Delaware] with 8 1/2 inch cable, the 
small one [Lackawaxen] with 7 inch cables. The beams to be 
strengthened by susp. straps underneath, beams and posts to 
be preserved by tar r ing or paint ing, so that they will last 30 
years. . . . 

Before the two plans were referred to a canal company committee for 

official consideration, John Wurts, president of the Delaware and Hudson 

Canal Company, studied and compared them. On December 17 he wrote to 

Lord: 

In regard to Roebling, I f ind that I have not information 
enough to enable me to make a comparison between his plan and 
the wooden aqueduct. In my memorandum book, it is offered 
that "the superstructure of the two aqueducts if of wood, would 
be $38,000. On Roebling's plan the cost would be 
$60,000--difference $22,000. The wooden structure would 
require repairs in 12 years; what is perishable in Roeblings 
would require repairs in 17 years — difference in duration 5 
years, difference in cost of repairs $17,000 in favor of 
Roebling." Now to make a calculation between the two it is 
necessary to compound the interest on the $22,000 for 12 years 
to see what 

5. Booth, "Delaware and Hudson Canal," p. 53, and Proposal to Canal 
Company by S. Chapin, February 1846, Lord Collection, Minisink Valley 
Historical Society. 

6. "Wheeling Br idge, 1846. Delaware & Hudson Canal [Aquaduct over] 
Delaware r iver . [Aquaduct over] Lackawaxen. Nov. 1846," Roebling 
Collection, Box 10, Folder 6, Richard Gelman Fixman L ibrary, Rensselaer 
Polytechnic Inst i tute, T roy , New York. 
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funds we would then have in hand to repair the superstructure 
of the wooden aqueduct. Against this on the other hand, we 
must put the $17,000 that would be saved in repairs the f i rs t 
time, on Roebling's plan, together with f ive years interest 
compounded, on the whole amount that it would require to 
repair the wooden structure at the end of 12 years. Now this 
amount I have not got--1 have merely difference between the 
two. If you will give me this amount I will make7the calculation 
and then present the subject to the Board. . . . 

The two plans were referred to a company committee on December 

28, 1846, and on January 6, 1847, the committee reported in favor of 

Roebling's proposal. Although expressing "much doubt" that the wire 

would be imperishable, the committee felt that it "must submit to the 

opinions of those who have examined the subject more f u l l y . " The 

principal advantage of the wire suspension br idge, in the opinion of the 

committee, was that two fewer piers would be necessary, thus making it 

cheaper, reducing its impedance to water and ice freshets, and providing 

for greater horizontal clearance for r iver t ra f f ic . Suspension spans could 

also be erected without falsework in the r i ver , an important advantage at 

a site subject to flooding and ice floes. Their recommendation, however, 

was to take effect only after James Archibald, engineer of the canal's 

gravi ty rai l road, or Russel Lord, chief engineer of the canal, inspected a 

similar aqueduct bui l t by Roebling in 1844-45 to carry the Pennsylvania 
o 

Canal over the Allegheny River at Pi t tsburgh. 

Lord arr ived in Pit tsburgh on January 29 to inspect both the 

Allegheny Aqueduct and Roebling's Smithfield Street suspension bridge 

built in 1845-46 over the Monongahela River. The Allegheny Aqueduct, 

erected in 1844-45 on the piers of a seven-span timber structure that had 

been damaged by ice, and the Smithfield Street Bridge over the 

Monongahela were the f i r s t bridges of any kind bui l t by Roebling, who 

7. John Wurts to Lord, December 17, 1846, Lord Collection, Minisink 
Valley Historical Society. 

8. Minutes of the Board of Managers, Delaware and Hudson Canal 
Company, December 28, 1846, and January 6, 1847, quoted in Booth, 
"Delaware and Hudson Canal," pp. 53-54. 
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previously had been involved in general civil engineering activities for 

canals and railway surveys and had manufactured wire ropes for haulage 

on the inclined planes of the Allegheny Portage Railroad, the Morris 
9 

Canal, and the grav i ty railroad of the Delaware and Hudson Canal. In 

his personal diary on January 29 Roebling wrote: 

Mr. Lord Engineer of the D & H CC arr ived at Pi t tsburgh. 
Appeared to be well pleased with the aquad. & br idge. 

When Lord left Pit tsburgh on February 2, Roebling noted: 

Mr. Lord left Pit tsburgh for Ph.--promised to write to 
Saxonburg, as soon as the contract was confirmed by the D. H 
C. Co. 

9. A biographical sketch of John A. Roebling, as well as an examination 
of his accomplishments and contributions to bridge engineering 
technology, may be seen in Chapter Five of this report . 

10. Diary (1847), Roebling Collection, Box 14, Rensselaer Polytechnic 
Inst i tute. Contemporary descriptions of the Allegheny Aqueduct and the 
Monongahela Bridge at Smithfield Street in Pittsburgh that were printed 
in the American Railroad Journal may be seen in Appendixes D and E. 
Further information on the two bridges may be found in : "The Wire 
Suspension Aqueduct over the Allegheny River at P i t tsburgh, " Journal of 
the Franklin Inst i tute, X (1845), 306-09; Henry Grattan T y r r e l , History 
of Bridge Engineering (Chicago, 1911), p. 219-20; J . C. Adams, 
"Multiple-Span Suspension Br idges," Engineering News - Record, CVII 
(August 13, 1931), 270; S. M. Wickersham, "The Monongahela Suspension 
Bridge at P i t tsburgh, Pa. , " Scientific American Supplement, XV (June 16, 
1883), 6201-02; G. Lindenthal, "The Monongahela Br idge," Engineering 
News and American Contract Journal, XI (May 24, 1884), 251-53, and XI 
(May 31, 1884), 265-66; and D. H. Mahan, An Elementary Course of Civil 
Engineering, 6th ed. (New York, 1868), pp. 163-64, 172-76. 
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CHAPTER FOUR 

CONSTRUCTION OF THE DELAWARE AQUEDUCT: 1847-49 

The last entry in Roebling's diary referred to the fact that on 

February 1 he had given Lord a proposed specification for the Delaware 

and Lackawaxen aqueducts for approval by the company managers. A 

copy of the "Specification of the Superstructure of the Wire Cable 

Suspension Aqueduct over the Delaware River and Lackawaxen Creek, 

Delaware & Hudson Canal," dated February 1, 1847, and signed by 

Roebling in P i t tsburgh, read: 

The aqueduct over the Delaware r iver will be constructed 
in 4 spans, one reach to be 142 feet wide from centre to 
centre, the others to be 131 feet each. The Lackawaxen 
aqueduct will consist of two equal spans of 115 feet from centre 
to centre. 

Both works are to be constructed upon the plan of the 
suspension aqueduct over the Allegheny r iver at Pi t tsburgh, 
with those exceptions mentioned below. The cables on the 
Delaware aqueduct are to be 8 1/2 inches diameter; one on each 
side of the t r u n k ; those on the Lackawaxen will be 7 inches 
diameter; the anchor chains will be in proport ion. The cables 
will be manufactured of the best charcoal iron wire, No. 10 
size, the wrapping No. 14 1/2 do. Each strand of wire to be 
well varnished, and the whole cable to be well painted inside 
and outside. The anchor chains will be manufactured either of 
good charcoal blooms, or good scrap i ron. They will be well 
painted before they are put under ground, and surrounded by 
hydraul ic cement (to be furnished by the Company.) The 
cables will rest and be secured in cast iron saddles on the 
piers. Those on the abutments will be moveable, on rol lers, to 
admit of contraction and expansion. The suspenders will be 
made of good charcoal i ron , 1 1/4 inch diameter. They will be 
double, like those on the Pit tsburgh aqueduct, and rest upon 
the cables by means of small cast iron saddles, which are to be 
connected among themselves by l inks, vary ing in size from 
1 1/4 inches square to 1/2 inch. 

The t runk will be 9 feet deep, 18 feet in bottom, 19 feet 
at top water l ine, calculated for 5 feet 6 inches to 6 feet of 
water: to be composed of a double course of 2 1/2 inch 
planks, laid diagonally, the two courses crossing each other, 
and to be well spiked down. The bottom courses will be 
supported by the beams, the sides by the posts and braces. 
These timbers will be connected in solid frames, suspended to 
the cables, 4 feet apart from centre to centre. The beams and 
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braces will be arranged in pairs, the posts single. Each single 
beam will be 30 feet long, 6 x 15 inch. The t runk posts are to 
be 7 x 14 at the lower end and 7 x 7 at the upper. The 
outside posts and rail I ings [s ix ] will be 7 x 7, the braces 2 1/2 
x 10. The t runk posts will be secured between the beams by 
means of dovetailed tenons and screw bolts. The t runk posts 
as well as the outside posts to be extended above the towpaths 
for the support of the rai l ings. There will be a towpath on 
each side of the t r u n k , 6 feet wide in the clear between the 
raiMings [ s i c ] , to be constructed of two courses of plank, the 
lower course 2 inches, laid lengthways, the second course of 2 
1/2 inches, laid across, all well spiked down, and resting upon 
joists of 2 x 10 inches, embracing the posts. 

In order to assist the beams, they will be supported in the 
centre by a girder of 10 x 12 inches, resting upon oak blocks 
and iron straps, one on each side, 1 inch square. It is 
calculated that one half of the weight of the water will be 
supported by the straps, the other half by the timber. To 
make the t runk water t ight and preserve the timber, both 
courses of the planking, bottom as well as sides, are to be well 
caulked and pitched for a depth of 6 feet and 6 inches. 

The top of beams, as far as the bottom of t runk rest on: 
the inside of the posts, support ing the sides of the t r unk ; and 
the tenons of the posts will be painted with boiled linseed oil 
and Spanish brown. The rail ings above the towpaths will be 
painted in the same way, except the crosses in the outside 
ra i l ing, which will be painted white. 

The extension at the ends of the aqueducts to be 
constructed of a double course of planks, the lower course to 
be 2 inches th ick , the upper courses 1 1/2 inch, si l ls, posts 
and braces to be of white oak, the sills to be hewed on two 
sides. All the timber and plank, except that of the anchorage 
and what is specified to be oak, to be of good sound white 
pine, and free of shakes, rents or black knots. The timber to 
be used in the anchorage will all be good sound white oak. 

The drawings to be forwarded will more minutely explain 
the details of construct ion, and shall be considered a part of 
this specification. 

I agree to put up the superstructure of the Delaware & 
Lackawaxen Aqueducts, as explained by this specification and 
the drawings, including all the timber, iron and wire-work, and 
caulking and paint ing, and furn ish all materials, for the sum of 
Sixty thousand and and Four hundred dollars /$60,400/--the D 
& H Canal Company to do all the masonry of the piers and 
abutments, also the excavation and masonry for the anchorage, 
the excavation and puddling for the sheet pilings at the 
extension, stone cutt ing for bull heads and studdings, and 
furn ish all the cement required for the anchorage and rest of 
the work. 
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Payments to be made to the contractor, as the work 
proceeds, and materials are del ivered. Ten percent of the 
contract sum to be retained by the Company, and to be paid to 
the contractor three months after the completion of the work. 

Signed John A. Roebling. . 
Pittsburgh Feby. 1 , 1847 

In May 1846 George Watson, a fr iend of John B. Jervis, had been 

hired by Lord to begin preparations for the masonry of the Delaware 

Aqueduct. On February 2, 1847, Lord received a letter from Thomas 

Tracy who was supervising the work from his office at Lackawaxen. 

Among his comments were: 

The work at this place is going on very well. Although 
there is considerable frost to contend with this week it does not 
materially hinder Silas but Mr. Watson's force more where he is 
takeing [sic] out sand on the f lat . The stone quarry work 
well. Mr. Fuller thinks he will be reddy [sic] to commence the 
excavation for the abutment to the aqueduct on the York side 
in about 2 weeks. 

The cost estimate for work dur ing January and February, including 

lumber for lock gates and the reservoir at Wilcox Pond, was $4,298. The 

cost estimate for the preliminary work at the Delaware Aqueduct site was 

$7,299 for the months of December 1846 and January and February 1847. 

The work for the aqueduct was under the supervision of three foremen: 
2 

Watson, Hunt ington, and J. B. Fitch. 

On February 12 John Wurts informed Roebling that his proposals and 

specification for the Delaware and Lackawaxen aqueducts had been 

accepted by the company. The contract approval was subject to the 

understanding 

1. "Specification of the Superstructure of the Wire Cable Suspension 
Aqueduct over the Delaware River and Lackawaxen Creek, Delaware & 
Hudson Canal . . . February 1 , 1847," Lord Collection, Minisink Valley 
Historical Society. A copy of part of the specification may be found in 
"Wheeling Br idge, 1846. . . ," Roebling Collection, Box 10, Folder 6, 
Rennselaer Polytechnic Inst i tute. 

2. Tracy to Lord, February 2, 1847, Lord Collection, Minisink Valley 
Historical Society. 
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that the needful work is to be commenced as soon as the 
masonry which is to be constructed by this Company shall be 
completed to sustain the superst ructure, and prosecuted to 
completion without any unreasonable delay to the satisfaction of 
R. F. Lord and James Archbald Engrs. , the engineers of this 
company, or those who may succeed them in that station. 

Roebling replied immediately that these terms were acceptable and the 
3 

contract was closed. 

Roebling immediately started preparations for construction of the two 

aqueducts. On February 13 he sent to Lord a "cross section of the 
4 

aquaduct [a copy of which has not been found] and a bill of t imber." 

Five days later he forwarded to Lord a preliminary cross section profile 

of the Delaware Aqueduct and asked for "two Cross Sections or profiles 

of the Riverbed and the Banks of the sites of the Deleware as well as the 

Lackawaxen Aquaducts." To provide a correct plan of the anchorage 

Roebling needed the profiles for the two banks at both sites. Because 

the r iver bed was "of less importance" and required less "accurracy" 

Lord could probably draw a rough section in his office without going to 

the site. Roebling also desired "a l i tt le topographical scetch [sic] of the 

two sites with the adjacent ground, & . . . drawn by hand without any 

scale." He went on to state: 

In the plan I sent you last week, you will observe that the 
t runk posts are extended 2' 6" below the beams. I should 
prefer to extend them 2' 9". The length of posts in the bill is 
16 feet, long enough to project them 21 9". I prefer this plan 
to the other. The iron rod will be calculated to support the 
t russ , which results from one half of the weight of water. 

3. John Wurts to Roebling, February 12, 1847, and Roebling to John 
Wurts, February 19, 1847, Lord Collection, Minisink Valley Historical 
Society, and Roebling to John Wurts, February 19, 1847, "Wheeling 
Br idge, 1846 . . , " Roebling Collection, Box 10, Folder 6, Rensselaer 
Polytechnic Inst i tute. 

4. "Wheeling Br idge, 1846 . . , " Roebling Collection, Box 10, Folder 6, 
Rensselaer Polytechnic Inst i tute. 
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Please order one pair of beams and two t runk posts and 20 
f t . braces, to be delivered early this season, for an experiment 
I wish to make, to convince all parties of the sufficient 
strength of the framing. I intend to put up 2 beams and 
posts, and load them with a quanti ty of stone, equal in weight 
to the weight of water. By carefully noting the deflection of 
the t imbers, we are able to judge of their s t rength. I have 
done the same on the aquaduct, to test my calculations. 

Roebling also enclosed another bill of timber 

including the oak required, except the timber from the 
anchorage, extensions and the oak suspension blocks. With 
respect to the beams, you better order them 16 inches x 13 1/2 
inches, well squared and hewed, to be whip sawed by myself. 
The shorter t imbers, part icular ly the posts I should prefer 
them sawed, this will be the cheapest and easiest way ,-for the 
construct ion, if he has an opportuni ty for sawing. . . . 

On February 23 a circular was pr inted soliciting bids for lumber for 

the two aqueducts. The bids would be received unti l March 10 and the 

lumber was "to be of good sound White Pine, and work full size, free of 

shakes, rents or black knots, when counter-hewed." The lumber was to 

be delivered "on the Pennsylvania side of the Delaware r iver above high 

water mark, between the mouth of the Lackawaxen and Delaware Dam . . 

by or before the f i r s t day of July nex t . " 

Meanwhile, on February 18 Roebling wrote a letter to Jonathan 

Rhule, a resident of Williamsport, Pennsylvania, who had worked for 

Roebling dur ing the construction of the aqueduct and bridge in 

Pi t tsburgh, asking him to be the on-site supervisor for the construction 

of the two aqueducts. Roebling noted: 

. . . I am now making plans, and have already forwarded bills 
of t imber, which will be contracted for by the Engineer of the 
Cy. and delivered dur ing the season but not unti l after the 

5. Roebling to Lord, February 18, 1847, Lord Collection, Minisink Valley 
Historical Society. 

6. A copy of this circular may be seen on the following page. 
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WANTED, on THE DEL. & HUDSON CANAL. 

flOPOIIflONI 
Will be received until the 10th day of March next, for furnishing and delivering the following bill of Lumber, viz : 

All the above bill to be of good sound White Pine, and work full size, free of shakes, rents or black knots, when counter-hewed, 
and delivered on the Pennsylvania side of the Delaware river above high water mark, between the mouth of the Lackawaxen and 
Delaware Dam (for Del. and Hud. Canal) by or before the first day of July next. Payment will be made when the Lumber is de­
livered on the bank as above stated, and approved and accepted to (he satisfaction of the Engineer on Delaware and Hudson Canal 
for the time being. Proposals are desired to be in writing, stating the price per one thousand feet board measure, and directed to 
the subscriber, at the otlice of the Delaware and Hudson Canal Company, in Honesdale, Wayne county, Pa. For any information 
relating to the above bill of Lumber, apply to the Engineers or Superintendents on Delaware and Hudson Canal. 

JOHN A. RQEBLING, Engineer 
February 23d, 1847. 

890 Pieces, 16 by 6 1-2 inches,—31 feet long, y. 104,910 feet Board Measure, 
400 do. 14 by 7 inches at one end, 7 by 7 at the other,—16 ft. long, y. 39,200 do. 
200 do. 7 by 18,—20 feet long, + 8 0 , 4 0 0 do. 
800 do. 2 1-2 by 10,—10 feet long, y_ 16,*9» Af f<' do. 
800 do. 2 by 10,—7 feel 8 inches long, 10,200 do. 
400 do. 7 by 7,—12 feet long, , 1 9 , 6 0 0 do. 
400 do. 6 by 7,—6 feet 8 inches long, y. 8,800 ijJV do. I 

1,600 feet Linial Measure, 7 by 7 inches, for Railing, j 6,533 do> | 

1,600 feet Linial Measure, 6 by 6 inches, for Railing, +. 4,800 feet Board Measure. 
1,400 do. 6 by 7, any length over 20 feet, . 4,900 do. 
1,400 do. 5 by 5, do. ^ 1,450 .2 7 - do. 
Plank, 25 or 26 feet long, 2 1-2 inches uniformly thick, y. 76,680 do. 
Plank, 14 feet4 inches long, 2 1-2 inches uniformly thick, 76,680 do. 
Joice, 2 in. by 10, or 2 inches by 12, either 16, 20, or 24 ft. long!? 22,400 do. 
Joiee, 1 1-2 by 10 inches, 16 or 24 feet long, (y 19,200 do. 

Total Board Measure of Fine, 442,558 feet. 



June freshet. If we therefore go from here about the middle of 
June, it will be time enough. My calculation is to employ but a 
limited number of good carpenters, as there will be all the time 
from July and August to March next year doing the carpenter 
work. The anchor masonry is to be done by the Co. , but I 
have to attend to i t . The beams will have to be counter 
hewed. I intend f re ight ing a section boat at Pit tsbg. with tools 
and machinery. You and your family and some hands who wish 
to go along, can take passage at Hollidaysbg. 

As to yourself, I will make you the following proposit ion: 

I will pay you $2.00 per day, as long as the work lasts, 
which will probably be about one year, and an extra 
compensation of $100 besides, which I intend to increase to 200 
more, if your conduct justif ies i t , but which increase shall 
entirely be left to my option and ful l w i l l . If I fare well in the 
contract and am ably assisted by you, and you look to my 
in terests- - i t will then give me much pleasure to reward you 
accordingly. . . . 

On March 6 Roebling submitted a bill of "white oak" for the 

anchorages of the two aqueducts to Lord. In a notation beneath this bill 

in his notebook, entit led "Suspension Aquaducts. Delaware and Hudson 

Canal . . . Feb. 1847," Roebling commented: 

to avoid the corroding effect of the tauning and galling stuf f , 
contained in oak, the f i rs t course of plank upon the anchor 
plates should be of maple wood or any other hard wood, which 
is free of corroding substance. Pine is too soft. Tarr ing the 
plank is also good. A layer of cement is also necessary 
between the plank and the i ron. Avoid all contact of iron and 
oak timber. Lime is the best prevent ive. Lime water around 
the screws of the suspension blocks. The seat of the 
suspension plates should be well ta r red , before the plate is put 
on. Mallet says that iron oxide in contact with i ron, facilitates 
corrosion. „ l f so what effect has Spanish brown, when the oil 
disappears. 

7. Roebling to Rhule, February 18, 1847, "Wheeling Br idge, 1846 . . ," 
Roebling Collection, Box 10, Folder 6, Rensselaer Polytechnic Inst i tute. 
Soon thereafter Rhule accepted the proposal. 

8. "Suspension Aquaducts, Deleware and Hudson Canal. John A. 
Roebling, Febr. 1847," Roebling Collection, Box 4, Alexander L ibrary, 
Rutgers, The State Univers i ty , New Brunswick, New Jersey. 
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On March 15 Lord sent "rough sketches of the locality of the two 

aqueducts" which he had drawn on February 27. These drawings 

provided detailed data on the bank and r iverbed conditions that Roebling 
9 

had requested for preparing working drawings. 

Roebling made several notations in his notebook on March 11. One 

concerned his remark to Lord "that the foundation timber need only be 

flatted on both sides, and be 12" thick after counter hewing. The 

breadth is not material. I will square it myself and can work it to better 

advantage." He also commented that oak timber was ordered for the 

suspension blocks and that the t runk posts had been changed to "161 4" 

long 15 x 7 & 7 x 7." Lumber had also been ordered for "shanties": 

3000 sup. feet inch Boards 10 f t . long 
1000 " " 2 inch plank 20 f t . long 
400 lineal feet scantling 5 x 5, 20 and 36' long to be common 

stuff on fence. 

After reviewing proposals submitted in response to the lumber 

circular Lord let a contract to Lenaz H. Russell on March 15. The terms 

of the agreement, which included additions to the February 23rd 

advertisement, were: 

to furn ish the white pine lumber, agreeable to his [Roebling's] 
advertisement dated February 23d 1847 at the rate of Eighteen 
Dollars per one thousand feet Board measure . . . that you will 
deliver the th i r t y two hundred feet running measure contained 
in said advertisement for Rail ing, in pieces of from twenty five 
feet to for ty feet in length, and that you will deliver in 
addition to the said advertised B i l l , 30 pieces, 6 x 16 inches 18 
feet & 6 inches long & 30 pieces 6 x 16 inches, 14 feet long, 
containing about 7,800 feet Board Measure of white pine of same 
quality & at the same r a t e ­

s'. Lord to Roebling, March 15, 1847, Correspondence (1847), Roebling 
Collection, Box 10, Folder 4, Rensselaer Polytechnic Inst i tute. A copy of 
the drawings, located in Roebling Collection, Drawer 4, Folder 4, 
Rensselaer Polytechnic Inst i tute, may be seen on the following pages. 

10. "Suspension Aquaducts . . . Febr. 1847," Roebling Collection, Box 
4, Rutgers, The State Univers i ty. 
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And also that you will furn ish at the same place the 
following Bill of good white oak lumber, and at the same time, 
for f ifteen Dollars, per one thousand feet Board Measure--

32 pieces 7 x 12 inches 15 feet long--3,360 feet Bd. Meas. 
30 pieces 8 x 12 inches 11 feet long--2,640 feet Bd. Meas.. 
45 pieces 3 x 7 inches 12 feet long--945 feet Bd. Meas. 

Under the direction of Lord plans for the masonry were well 

underway by March 19. On that date Lord wrote to Roebling: 

We have concluded to change the batter of our masonry to 
about one half inch to one foot, instead of one inch to the foot. 
We f ind that the half inch batter will save us considerable 
expense in dressing stone. We will carry it up a ful l and 
liberal level, as to thickness, and it will be conveniently 
brought to the proper, and desired dimension for connecting 
with your work. . . . 

In that same letter Lord responded to certain questions Roebling had 

submitted to him along with some plans for the aqueduct. Lord 

commented: 

In relation to "how much the surface of Delaware & 
Lackawaxen r i ve rs , is below canal bottom," I take the top of 
bottom plank in the aqueduct for canal bottom. 

During the summer and fa l l , when not swollen by heavy 
rains, what we call common water; the surface of Delaware r iver 
is about 31 feet below canal bottom: for both abutments the 
site is inland and through considerable excavation, and the 
foundation of both are nearly on a level with the common 
surface of the r i ver , one being 32 feet below canal bottom, and 
the other which is on the canal side of the r iver 31 below. . 

Now for the abutment on canal side, you will observe that 
the depth of water in the old canal, will be, at that point about 
6 feet above the foundation of abutment, that is, the surface of 
canal water will be only 25 feet below canal bottom, in the 
aqueduct, and your anchorage being 28 feet below will 
consequently extend 3 feet nearly below top of water. I have 
anticipated this to some extent by putt ing a sheet pil ing 

11. Lord to Russell, March 15, 1847, Correspondence (1847), Roebling 
Collection, Box 10, Folder 4, Rensselaer Polytechnic Inst i tute. 
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between the canal and abutment, in order to be able to pump 
out the water in case we should not get the abutment bui l t up 
to top water before opening our canal, and this would enable us 
also to keep the water out while the anchors are being put 
down. I do not think the water would interfere enough to be 
of any consequence, unless you should deem it best to have the 
anchor plate placed so as to be permanently above the surface 
of the canal water, which will always be about 6 feet above the 
foundation of abutment, at that place; It will you are aware be 
maintained as a feeder after the aqueduct is completed. 

The surface of common summer & fall water in the 
Lackawaxen is 22 feet below canal bottom and both abutments 
will stand in the same relation to i t . The foundation of those 
will probably be some 3 to 5 feet below the surface of water as 
we may find the material when we make the excavation for 
them. 

Lord also noted that he was soliciting propositions "for gett ing the 

oak anchor t imber." He feared it would be di f f icul t "to procure the 100 

sticks 42 feet long at this season of the year, unless at a high price" of 

"$25 to $30 per 1,000 feet Bd. measure." Boat building and shipping 

plank required by New York interests had "used up all that kind of 

timber that is nearby." He thought he could procure white or yellow 
12 pine more easily if those were suitable to Roebling. 

In answer to fu r ther questions from Roebling, Lord informed him on 

March 22 that "we are now putt ing down the foundation for Dela. Aqdt. 

abutment on NY side." On the Pennsylvania shore "the excavation for 

Dela. Aqdt . will be about 15 feet through sand, gravel , & loam, then 

about 10 feet through the same kind of material cemented so as to make 

nearly hard-pan intermixed with boulders." In his opinion this would not 

cause insurmountable diff icult ies for the excavation work for the anchors. 

On the New York side the excavation would "be easy, through loam & 

grave l . " For the Lackawaxen aqueduct the excavation would "be gravel 

down to [ the] surface of the r iver , below that , probably boulders." 

Lord was hoping "to get the abutments for Delaware Aqueduct in a state 

12. Lord to Roebling, March 19, 1847, Correspondence (1847), Roebling 
Collection, Box 10, Folder 4, Rensselaer Polytechnic Inst i tute. 
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of fo rwardness so tha t the anchors may be pu t down soon a f te r 1st of 

Ju ly ; and have the p iers all done so tha t you can have a chance to 

commence the s u p e r s t r u c t u r e in the fa l l and pu rsue i t d u r i n g the w i n t e r . " 

At the Lackawaxen he ant ic ipa ted ge t t i ng one abutment and the p ier 

completed in the fal l bu t the o the r abutment would not be f in i shed un t i l 

the w i n t e r . Waste weirs would be bu i l t by the company near the 

aqueducts . While Roebl ing had recommended tha t the canal company h i re 

a Mr. Skew to supe r i n tend t he i r w o r k s , Lord commented tha t John B. 

Jervis had a l ready h i red a supe r i n tenden t who had worked on the Croton 

Aqueduc t . A number of laborers f rom tha t p ro jec t in New Y o r k C i t y had 
13 

also been h i red to wo rk on the two aqueduc ts . 

Some unexp la ined changes were made in late March re la t ive to the 

lumber fo r the anchorages . On March 26, Roebl ing noted tha t he had 

informed Lord tha t " i f the oak fo r the anchorages cannot be had at the 

rate of 12 cs . to 14 cs . p. f t . on 10.00 [ b y ] 12.00 p. 1000, hewed he 

should o r d e r good hemlock 12 x 15 or 12 x 14--100 s t icks 42 f t . l ong , 

hewed s q u a r e . " Two days later Roebl ing submi t ted a rev ised "B i l l of 

Timber fo r 4 Anchorages" as fo l lows : 

B. M. 

28 s t i cks of Pine 42' long 12" x 15" square fo r 
Delaware 17,640 f t . 

28 s t i cks of Pine 42' long 12" x 14" square 
Lackawaxen 16,464 f t . 

60 s t i cks of Pine 32' long 12" x 14" square (D & L) 26,880 f t . 
48 s t i cks of Pine 15' long 12" x 14" square 

(D & L) 10,080 f t . 
Total pine 71,064 f t . 

64 s t i cks wh i te oak 14' long 10 x 12 fo r both 6,960 f t . 
1600 " of 3" White Oak p l a n k , 8' l ong , B d . measure 4,800 f t . 

400 " of 1 1/2" p lank beach on maple, 8' long 600 f t . 
Total Oak & 14,360 f t . 

13. Lord to Roeb l ing , March 22, 1847, Cor respondence (1847) , Roebl ing 
Co l lec t ion , Box 10, Folder 4, Rensselaer Poly technic I n s t i t u t e . 

14. "Suspension Aquaduc t . . . Febr . 1847," Roebl ing Col lec t ion , Box 4, 
R u t g e r s , The State U n i v e r s i t y . 
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Meanwhile, Roebling was making contacts relative to the purchase of 

metal components for the aqueducts. On March 27 he wrote to Everson & 

Co. , operators of the Pennsylvania Forge: 

Since I saw you, I got the prices of Williams, Foster & Co. 
of the Temperanceville Forge, who charge for levers, straps & 
piston rods and such work, weighing from 1 to 200 lbs . - -6 1/2 
cs. per l b . , all common work under 100 lbs . , as pins & 6 cs. 
p. lb. I have no idea of employing that f i rm, but wish you to 
do my work, and request you to prepare at once for a job of 
about 60,000 lbs. I should like to have all finished by the 1st 
of June. But I hope you will be able to reduce your price from 
7 cs. to 6 1/2 p. cs. for the bars--6 cs. for the pins. I have 
to pay 7 cs. f re ight . . . . I am now gett ing the patterns made 
for the bars, and can send you enough to commence in a week 
hence. . . . The iron to be the best quality of scraps or 
blooms, I prefer the scraps. . . . 

In March 1847 the canal managers reported that "considerable 

progress" had been made in the erection of the two aqueducts. The two 

structures would 

prevent the interrupt ion which has frequent ly occurred in the 
navigation of the canal, in consequence of high water dur ing 
spring and fall f loods. It will also shorten the canal about half 
a mile, and place a portion of it on a higher level, thereby 
protecting it from inundation, to which it has heretofore been 
exposed, and from which it has frequent ly sustained serious 
in ju ry . 

16 
Already some $23,932.74 had been spent on the st ructures. 

During the next six to eight months Roebling continued to finalize 

his plans, estimates, and calculations for the construction of the two 

aqueducts. His notebook for this period ("Suspension Aquaducts . . . 

Febr. 1847") contains data and sketches relative to the length of 

suspenders, quanti t ies, cables, and chains for the two structures. 

15. Roebling to Everson & Co. , March 27, 1847, "Wheeling Bridge, 
1846 . . , " Roebling Collection, Box 10, Folder 6, Rensselaer Polytechnic 
Inst i tute. 

16. Annual Report of the Delaware and Hudson Canal Company, 1847, 
p. 5. 
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The only other documentation pertaining to the construction of the 

two aqueducts dur ing the spr ing , summer, and early fall of 1847 is found 

in two ledgers entit led "Ledger. John A. Roebling. Aquaduct. 

Monongahela B r . " and "Cash Book. John A. Roebling. Deleware & Hudson 

Aquaducts. July 1847 to June 1850." Citations in the "Ledger" indicate 

"castings" and "pat terns" for the two aqueducts were prepared at 

Roebling's Saxonburg works and by P. & C. Shavers at the 

Alleghenytown Furnace dur ing the period from June to October. That 

same summer anchor chains, pins, bars, and scraps were purchased from 

Everson & Co. of the Pennsylvania Forge for the aqueducts. On July 24 

James Patterson of Pit tsburgh was paid $380 for "dr i l l ing 20 set of bars 

for Delaware Aquaduct," " turn ing 20 p ins , " and "making 4 wrapping 
17 machines 8 1/2 inch diameter." 

The "Cash Book" indicates that Roebling purchased "wire" from 

Sherman & Morris and Phelps Dodge & Co. dur ing August and from Jaafe 

& O'Connor in October and had it sent to Saxonburg. A small amount of 

wire rope was also purchased from one Archibald in September, as well as 

some iron from a Mr. Wetmore. Anchor bars, costing $1,800, were 

received from Everson & Co. on October 8. In addition a variety of 

supplies were purchased from August to October, presumably for his 

construction office and the workers at the site of the aqueducts: a stove 

from Palmer & Stanton of Honesdale; hanging papers from H. Ahrenfeldt ; 

dry goods from Ovenon; provisions from Suydam Reed; tinware from 

Rockford & Worley; crockery from Frederick Hadley; and groceries, meat, 

vegetables, and other foodstuffs from various local tradesmen and 

farmers. In addition to the payment of $6,000 to "Z. N. Russell on act. 

of t imber" on September 2 the f irm of Camfieid & Meiony was paid $188.16 

for "40 sticks of hemlock" that same day. On September 7 Moses Brink 

was paid $157.50 for "21 oak." Ed. Swanton was paid $3 on September 22 

for t rot ters and tools. In late October and early November, castings were 

17. "Ledger. John A. Roebling. Aquaduct. Monongahela B r . , " Roebling 
Collection, Box 7, Rutgers, The State Univers i ty. 
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received from Rodman & Co. and No. 14 w i re f rom Rodenbough Stewar t & 

r 1 8 
Co. 

Operat ions at the site of the Delaware Aqueduc t progressed rap id l y 

d u r i n g the fall of 1847. Wr i t i ng f rom the "Deleware Aquaduc t " on 

September 25, Roebl ing in formed L o r d : 

Mr . Russell wishes a d r a f t of $1500--on act . His whole 
b i l l , when d e l i v e r e d , wi l l amount to $8452 w i thou t the ex t ra 
charge for en la rg ing the t r u n k pos ts . As I shall have need of 
the whole amount of $5000 which you have au thor ized me to 
d r a w , on my r e t u r n f rom the West, I request you to pay to Mr . 
Russell $1500--on my account . 

Later on December 20 Roebl ing in formed Lord that he had been 

i nv i t ed by the Niagara B r i dge Company to p resent plans fo r a suspension 

b r i d g e over Niagara Gorge on November 1 . In a l l , he would be away 

f rom the Delaware Aqueduc t site fo r almost two weeks. He noted tha t the 

" l ay ing of the anchor masonry wi l l not be delayed by my absence. I wi l l 
20 

leave such i n s t r u c t i o n s , t ha t no th ing can go w r o n g . " 

The work on the aqueduct was descr ibed by Charles M. D u p u y , one 

of Lord 's ass is tant eng inee rs , in two le t te rs to Lord on October 31 and 

November 17. Hav ing a r r i v e d at the aqueduct on October 30, Dupuy 

in formed the chief eng ineer tha t he in tended to r u n " the l ine of new canal 

on the N. Y . side tomor row, and hope to have i t ready fo r you r 

i n s p e c t i o n . " Relat ive to the aqueduct i t se l f , he o b s e r v e d : 

The Pier on the Penna. side is completed. The middle 
Pier wi l l be f in ished I t h i n k in about the 10th of the mon th , 
and the one on NY side before the 20 th . They are ge t t i ng 

18. "Cash Book. John A . Roeb l ing . Deleware & Hudson A q u a d u c t s . Ju ly 
1847 to June 1850," Roebl ing Co l lec t ion , Box 16, Rensselaer Polytechnic 
I n s t i t u t e . 

19. Roebl ing to L o r d , September 25, 1847, Lord Co l lec t ion , Min is ink 
Val ley His tor ica l Soc ie ty . 

20. I b i d . , October 20, 1847, Lord Co l lec t ion , Min is ink Val ley Histor ica l 
Soc ie ty . 
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along tolerably well with the anchorage on the NY side. I 
think there is no doubt but that the Delaware Aquaduct will be 
completed so far as to allow Roebling to put on his wires this 
winte i—but it will take every moment of time. 

McClellan Smith anci-Guffy were seriously hur t by a blast, 
though not dangerously. 

Several weeks later on November 17 Dupuy sent another progress 

report to Lord relative to work being performed on the Delaware 

Aqueduct. His comments were: 

As they were hoisting one of the largest Pyramid stone on 
the Pier next to NY side--the crane gave way--and as a 
consequence the stone fell and was broken. It being very 
doubtful whether Mr. Dupuy could get out one of these large 
stone and have it delivered before the close of navigation I 
have concluded to lay the bottom course of this pyramid of two 
stone, taking for that purpose one of the smallest stone 
designed for the abutment, and the remains of the broken 
stone. I have dispatched a letter to Mr. Depuy [sic] to 
provide one stone of the smallest size, for the abutment, to 
supply the place of the one that we shall use. . . . 

Mr. Roebling has returned without being successful in his 
Niagara Bridge. . . . 

Mr. Watson is gett ing on as well as usual with his stone 
work. I now very much doubt whether the anchorage walls will 
be finished unti l near the end of December. The abutments will 
in all probabil i ty be completed by the close of this month. This 
work is costing a great deal of money--more I fear than it 
should. Yet I do not see that I can change i t . I have pushed 
Mr. Watson at various [times] so hard, that a short time ago he 
said to me " I f he were to be discharged tomorrow he could not 
make it go faster than it i s . " I was convinced by this that he 
was sincere. Observation only proved to me that he is not 
suited to take charge of a work of so extensive a character. . 
. . This work however must soon draw to a close, and then I 
do not know of any thing of this character in the companies 
business which will draw together such a man of labor so 
di f f icul t to place under the r ight management as th is . 

21. Dupuy to Lord, October 31, 1847, Lord Collection, Minisink Valley 
Historical Society. 
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Abou t 45 tons of the cable w i re has come. About 55 tons 
is ye t to come th i s f a l l . I t is sh iped [ s i c ] and is expected here 
soon. Some of the anchorage bars f o r the last course of stone 
are ye t b e h i n d , bu t Mr . Roebl ing des igns to have them sent by 
R. R. i f t hey do not a r r i v e before the close of nav iga t i on . He 
designs to commence p u t t i n g up his cables as soon as we g ive 
him the w o r k . 

On November 20, 1847, Roebl ing submi t ted to Lord an estimate of 

mater ial de l i ve red and work accomplished on the two Delaware and Hudson 

Canal aqueduc ts . The estimate r e a d : 

22. I b i d . , November 17, 1847, Lord Co l lec t ion , Min is ink Val ley Histor ical 
Soc ie ty . 

23. "Suspens ion Aquaduc ts . . . Febr . 1847," Roebl ing Co l lec t ion , Box 
4 , R u t g e r s , The State U n i v e r s i t y . 

24. Roebl ing to L o r d , November 20, 1847, Lord Col lec t ion , Min is ink 
Val ley His tor ica l Soc ie ty . 
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Russels T imber $8,500 
Cawpf ie ld 190 
Moses B r i n k 162 
Kimble 554 
T imber on g r o u n d 9,406 $9,500 
Carpen te r wo rk done 1,000 1,000 
Cast ings all de l i ve red 

P. & C. Shavers small cas t ings 800 800 
Rodman & Co. large cast ings 2,356 2,400 

Ancho r bars de l i ve red and sh ipped 4,800 
D r i l l i n g , t u r n i n g & f i t t i n g 800 5,600 
I ron on hand 1,180 
Smi th ing done & 400 2,000 
Wire de l i ve red 170,000 lbs . 8 cs . 13,600 
Mach inery on hand 600 
Anchorage 500 
S u n d r i e s , mater ia ls & Shant ies 1,500 ? 0 

$37,500 

The payments wh ich had been advanced to Roebl ing as of November 

20 amounted to $18,096.16. On December 1 he would have addi t ional 
24 payments to make amount ing to $6,000 or $7,000. 



Work on the Delaware and Lackawaxen aqueducts cont inued d u r i n g 

the w in te r of 1847-48. On January 2 1 , 1848, Lord wrote to John Wur ts : 

The masonry of the Delaware aqueduct is completed and 
ready fo r the s u p e r s t r u c t u r e wh ich Mr . Rockberg [s i c ] is now 
e r e c t i n g ; the stone and mater ia ls are mainly p rov ided for the 
Lackawaxen aqueduc t , which we contemplate hav ing completed 
ready fo r the s u p e r s t r u c t u r e ear ly the ensu ing s p r i n g . Al l the 
works connected w i th those aqueducts (as well as the 
a q u e d u c t s , ) are be ing bu i l t in a substant ia l manner and sui tab le 
fo r the proposed en la rged cana l . We contemplate ge t t i ng th is 
wo rk ready fo r use d u r i n g the fal l of 1848. 

Tha t same day Dupuy repo r ted to Lord re la t ive to work underway in 

the v i c i n i t y of the mouth of the Lackawaxen. He observed t h a t : 

T h i n g s go on as usual he re . Today Watson commences at 
the Lackawaxen abu tment . Johnson wi l l be v e r y much t roub led 
w i th water in the lock excava t ion . I t h i n k i t a l together best to 
pu t in one of the screw pumps. Al l we shall have to do is to 
remove the old frame work used at the Del . aqueduct to the 
place r e q u i r e d . If they can get r i d of water I see no reason 
why they can not lay foundat ion t imbers towards the close of 
nex t week. 

Work on the Delaware and Lackawaxen aqueducts was large ly 

completed by late 1848 a l though some minor f i n i s h i n g touches were 

per formed d u r i n g the ear ly months of 1849. High f loods along the 
27 

Delaware d u r i n g the s p r i n g of 1848 may have hampered opera t ions . 

There is no known cor respondence re la t ing to the cons t ruc t i on operat ions 

d u r i n g th i s p e r i o d . Some in format ion can be ex t rac ted f rom Roebl ing's 

ledgers , cash books , and check ro l l s , a l though many en t r ies can not be 

determined w i th accuracy as to the reason fo r the e x p e n d i t u r e , the 

25. Lord to W u r t s , January 2 1 , 1848, p r i n t e d in Delaware & Hudson 
Canal Co. aga inst Penn. Coal Co. , E x h i b i t s , [ I 858 ] , Exh ib i t C, X X V . 

26. Dupuy to L o r d , January 2 1 , 1848, Lord Co l lec t ion , Min is ink Val ley 
Histor ica l Soc ie ty . 

27. Annua l Repor t of the Delaware and Hudson Canal Company, 1848, 
pp . 3 -4 . 
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service performed, or the exact nature or description of the material or 

supplies being purchased. While a definit ive account of the post-November 

20, 1847, construction period cannot be determined, some data on this 

period may be found in the following manuscript materials: "Ledger of 

John A. Roebling, November 1848, Delaware Aquaduct, Lackawaxen 

Aquaduct," Roebling Collection, Box 7, Rutgers, The State Universi ty; 

"Cash Book, John A. Roebling, Deleware & Hudson Aquaducts, July 1847 

to June 1850," Roebling Collection, Box 16, Rensselaer Polytechnic 

Inst i tute; and "Payments on Account of Check Rolls, Deleware & Hudson 

Aquaducts" and "Check Roll, D & H Aquaducts," Roebling Collection, Box 

10, Folder 7, Rensselaer Polytechnic Inst i tute. 

Throughout the period of construction Roebling continued to make 

calculations and write comments in his notebooks about various facets of 

the operations. Although most of these entries are undated, they do 

contr ibute to an understanding of the techniques employed by Roebling in 

erecting the two suspension aqueducts. In his "Suspension Aquaducts . . 

. Febr. 1847" Roebling wrote the following observations and calculations 

for the Delaware Aqueduct: 

The suspension rods at the abutments should not be 
slackened, as the forward movement of the saddles will slacken 
them suff ic ient. They should rather be kept t igh t . Those at 
the Piers should be slackened, to prevent their drawing up of 
the woodwork in winter, also to lower the Centre & throw 
weight upon the piers. 

The length of suspenders on Deleware Aquaduct were 
calculated, an extra allowance of length made (0.30) for the 
f i rs t rod, diminishing to No. 7--and the same proportion of 
length deducted from the center rods. Experience proved, that 
these allowances and deductions were too great & should not 
have been made. The suspenders next the piers proved too 
long, by 3 inches and those at the Center were barely long 
enough. The length as calculated would have been most 
correct. 

Roebling also noted the calculations for the cables as bui l t : 
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Length of Span 

Bottom of saddle 
above canal bottom 

Point of intersection 

Lower side of cable 
at bottom 

Deflection of cable 

Camber 

1st Span 
(Penna. shore) 

14V 9" 

12' 7" 

12' 10-1/2" 

5-1/2" 

12' 5" 

7" 

2nd Span 

13V 

12' 7" 

12' 10-1/2" 

V 3-1/2" 

1V 7" 

4-1/2" 

3rd Span 

13V 

12' 7" 

12' 10-1/2" 

V 3-1/2" 

1V 7" 

4-1/2" 

4th Span 

13V 6-3/8" 

12' 7" 

12' 10-1/2" 

V 6" 

V 6" 

7 „ 28 

28. "Suspension Aquaducts . . . Febr. 1847," Roebling Collection, Box 4, Rutgers, The State 
Universi ty. 
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A second notebook of Roebling's entit led "Wire Cables & Machinery, 

August 1848, Important General Remarks, Construction of Deleware A. 

Cables, Niagara Bridge" includes considerable data on the construction of 

the cable suspension system for the Delaware Aqueduct. Relative to the 

cables, Roebling wrote: 

No. 1 & 2 strand contain 270 wire, each measured from 9 
1/8" c i rc. (solid & compact) to 9 3/4" (rather loose). The 
Center consists of 10 courses in Shoe & counts 330 wire, it was 
made 2" longer than No. 1 & 2, the consequence was, that at 
both ends segments (malleable iron brom 1/4" to 1" th ick) of 1 
1/2" had to be introduced, which proves, that it is shorter 
than No. 1 & 2. The cause of this is owing to the great 
flatness and width of the Saddles. It appears, that the shape 
of the Pit tsburgh saddles is much preferable, l i t t le or none 
wider than the diameter of the Cables. No. 3 was so 
suspended, that the distance a b did not exceed 5". 

The outside threads were wrapped at intervals of 15" with 
No. 14 wire, passed around twice and twisted outside, as shown 
at c c c, so that they can be removed, when the large 
wrapping is put on. The center was wrapped every 8" with 4 
turns of No. 22, which was left on. 

Three temporary wrappings, which are put on, while the 
wire are exposed to the ful l s t rand, are very necessary, to 
keep the wires in their position and to adjust the strands, they 
also assist the wrapping. The english wire was very hard and 
elastic and requires confinement. . . . 

The f i r s t span of the Deleware is 142' from C [enter ] - -C 
[en te r ] , and 3 others are 131' wide, total dis[tance] from C-C 
of abutment 535' 5". The Guideline measured 575' 2" , 
suspended in one sweep with a deflection of 15'. Weight of 575' 
of No. 9 wire: 17,777 = 33.48 lb. [or ] . . . 160.62 lb. 
tension. 

This tension is enough for laying No. 9 wire, but not too 
much, it might be increased to 200 l b . , if the nippers were 
made larger, to hold with more leverage. . . . 

Great attention is necessary in adjusting the wires, when 
the temperature changes from the wind or sun, the wires are 
constantly r ising & fa l l ing, this is very important in large 
spaces. The threads, as the sum is changing, is constantly 
t u rn ing . A cloudy dark and sunny clear day are the best. 
Stormy winter weather very objectionable, moving the wires & 
travel ing wheels, choose the good season, whenever it can be 
done. 
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After a wire is run out, it requires some l i t t le time, before 
its temperature is equalised to that of the strands. . . . 

It is very important that the wire should be drawn of a 
uniform thickness, the length of each strand as well, as the 
di f ferent strands. The i rregular thickness of the No. 9 english 
caused the curves of the various wires to dif fer very 
materially. . . . 

It is also important, that the skeins should be as long as 
possible, to reduce the labor and the number of splices. Some 
of the english strands (good qual i ty / furn ished by a celebrated 
cart wire factory weighed 40 lb. No. 9.) The mixing of 
Spanish brown with the oil does well. Also the wire, 
immediately on receiving i t , & before it gets hard & rus ty , 
should be oiled, the oil kept warm, in which state it runs off 
the skeins easier and cleaner. 

The tension of one wire was ascertained by weight to be 
153 lb. deflection about 15 1/2 to 16', which agrees well with 
the calculations. Adding 7 l b . , caused the wire to rise about 6 
inches, 7 lb. more would raise about 6" more. The greatest 
difference in the deflection of the di f ferent wires does not 
exceed 2 at most 3 inches, which would be equivalent to 2 to 3 
lb. tension. 

Roebling also noted some observations relative to the saddles on the 

Delaware Aqueduct. The saddles were 

11" wide . . . ent irely too much--9" for a 8 1/2" cable would 
have been about r igh t . . . . The roundness of the strands 
should be preserved through the saddle. If the latter is too 
wide, the strands f latten too much, the wires spread and cause 
unequal tension. . . . 

To adjust the length of strands Roebling used 

segments of malleable cast i ron. These were to be from 1/8" to 
1" thick or say 1/8", 1/4", 1/2", 1"--they file well, are easily 
introduced & removed, and will adjust very accurately. This 
mode together with long shoes of no less than 10" wide inside, 
appears much better, than the usual mode of introducing 
wedges, at any rate it answers well , where the Aquaduct plan 
is applied, of connecting 7 strand with one anchor chain. 

Roebling devoted considerable attention to the matter of "adjustments 

of the 7 strands" on the Delaware Aqueduct. He noted: 

The temporary wrapping of the strands, from 15 to 18 
inches, has proved necessary and useful , it is then easy to 
adjust the strands proper ly . The strands for a cable of 8 1/2" 
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diameter . . . should be so suspended, that they will gauge 8 
1/2" in . depth, they must therefore be spread horizontally. 
The Centres of the strands should form the r ight deflection. 
Before the wrapping is commenced, it is useful to put some 
temporary bands every 5 feet around the whole, to keep the 
strands in their relative position. When suspending the strands, 
they may be gauged with a fork at the Centre and dif ferent 
other points, if there is a chance. 

The rollers of the carriage should be deep' and wide so 
that they f i t the cable nearly, if they are too f lat , they have a 
tendency to press upon the upper two strands alone and 
derange their relative position . . . the plan of carriage, 
adopted for the D. A. proved much better, than the 
arrangement on the Allegheny. 

In the 2d span of the D. A. the upper 2 strands were 
pressed down by the rollers being too f lat , when wrapping from 
the pier towards the Centre, the consequence was, that these 
sunk between the outside s t rand, and rose in the Centre of the 
span, where the lower strands got quite slack. This shows the 
necessity of deep grooved rol lers, which will press against the 
sides as well as top. 

The 7 strands should be suspended in 3 strata, which in 
thickness together occupy a depth, equal to the diameter of the 
cable, so that the deflection of the mass of the strands will not 
be changed. . . . The D. strands in the 2 & 3 span were not 
enough spread, and occupied too deep a stratum. 

ft i_s very important and necessary to put strong 
temporary bands around the 7 strands, one every 5 f t . , before 
commencing wrapping. These will keep them in their position; 
without them, the 2 top strands will be pressed down by the 
rollers of the Carriage, which will cause to rise in the other 
half span. This will be prevented by these Bands. It is not 
necessary to untie the strands, while putt ing on these 
temporary bands around the whole. The screw clamps should 
be used to that effect, which act very powerful. . . . 

Screw squeezers were used by Roebling to compress the Delaware 

Aqueduct cables. They were 

much more powerful , than tongues, and more convenient too. 
They should be cast . . . Ring 1" x 2" . They are put on so, 
that a T forms a horizontal l ine, the strands being spread out 
in this di rect ion. By means of these clamps, a perfectly solid 
wrapping may be made. There should be 2~ clamps for every 
machine. They will save much pounding &c. 

29. "Wire Cables & Machinery, August 1848, Important General Remarks, 
Construction of Deleware A. Cables, Niagara Br idge, " Roebling Collection, 
Box 4, Rutgers, The State Universi ty. 
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Roebling also described the operation of the wrapping machines used 

at the Delaware Aqueduct. The machines 

proved a quarter inch too wide, or the cable too small. Still 
the barrel would move with great d i f f i cu l ty , without making a 
very compact wrapping. The wide end of the barrel should be 
at least 1/2 inch, and even wider than the end at the f lyer . 
Weights were suspended over a snatch block in advance of the 
machine to propel i t , this worked very well. Commenced at the 
pier and wrapped towards the Centre. In order to make the 
cable solid and compact, it is necessary, that the tongues for 
squeezing should be very strong (screw clamps are much 
bet ter ) , those on the D. A. and Allegheny A. were too weak 
and l ight . The progress of the machine can be regulated by 
the weight. The barrel of the D. machines are too long, and 
the reels too large. Those on the Allegheny Aquaduct are 
much better proport ioned. The construction of the f lyer , with 
a steel r i ng , screwed on, is good. The large end of the D 
barrel is only 1/4 inch widely than the small end, it should be 
1/2" for such a long barre l . 

In a notebook entit led "Notes on Suspension Bridges by John A. 

Roebling" he made a number of comments and observations about his 

bridge projects over a 10-year period beginning about 1846. The 

notebook contains considerable material on the Delaware Aqueduct, all of 

which was wri t ten after the completion of the s t ructure. The notations 

were organized under the following topics: 

1. Oiling Wire 

160,000 lb. No. 9 wire oiled once on the Deleware 
Aquaduct with 2 1/2 bbls. linseed oi l , well boiled and 
mixed with some Spanish Brown, no l i therage. Kept the 
oil warm all the time and stuped the skeins in a t rough, 
containing the warm oi l . This mode prevents st ick ing. 
Warm oil is better than cold. 

2. Measurements of Cables 

180 lb. No. 9 Deleware Aquaduct measure 2233' . . . = 
17,177 f t . Each cable of 8 1/4" d without wr. was made in 
7 strands. Length of strands 573', made in one sweep with 

30. Ib id . 

45 



15' de f l ec t i on . Tens ion of each w i re = 160 l b . , tension of 
300 wi res (I s t r a n d ) = 48,000 l b . The n ippers held the 
w i r e s , when cleaned of the o i l , we l l , w i t hou t s l i p p i n g . 
Weight of I s t r and = 10,050 l b . 

S t r e n g t h of No. 9 Wire . . . wh ich remained suspended 
one n i g h t and b roke towards morn ing . . . b roke w i th 
2088 lb 

No. 9 Wire. C i rcumference w i thou t w r . 2' 1 3 / 4 " , 2' 1 
3 / 4 " , 2' 2 " , 2' 2" or 8 1/4" d iameter . 

C i r cumf . w i th w r a p p i n g 26 1/4" or 8.36" d iameter , 
in tended to be 8 1 /2" . C i r cumf . of a s t rand of 300 W--
9 . 3 " . 

2 f i r s t s t rands conta in toge the r (270 W 
(270 

3d or C e n t r e , 10 courses 320 
4th 320 
5th 320 
6th 325 
7 325 

Tota l Number of Wires 2150 W 

Weight of both cables w i t hou t w r a p p i n g No. 9 w i re - -141,000 l b . 
Tota l leng th of each cable 576 feet 
Weight p r . foot w i t hou t Wr. 122.74 l b . 
1 l b . of No. 9 w i re measures 17.516 f t . accord ing to 
we igh t of cables. The eng l ish w i re is a l i t t le la rger than 
the N. Y o r k w i r e . . . . 

3. Cau lk ing 

The Deleware T r u n k 545 f t . long w i thou t ex tens ions , 
double cou rse , both cau lked w i th a large s ingle th read 6 
1/2 f t h i g h , 40,000 f t . of seams in all consumed. 
1000 l b . cot ton 9 1/2 c $ 95.00 

350 8 1/2 29.75 
100 oakum 6 3/4 6.75 

8 b b l s . p i t ch 9 sh 9.00 
3 b b l s . ta r 18 sh 6.75 

F re igh t 8.00 
$155.25 

144 days work 2.00 288.00 
Sp inn ing and p i t ch i ng 40.00 
Tota l $483.25 
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4. Estimate of Spikes 

29 casks (100 l b . ) 4 1/2" lu t spikes 
28 casks 5 1/2" lu t spikes 
22 casks 6" lu t spikes 

4_casks 12 penny N. for 2 c: towpath 
83 casks in all 

5. Camber 

Camber of 1st span of 141' 9" was 8" 
2d span & 3d span = 131' 6" 
4th span 131' 5" 8" 

The f i r s t span , a l though the saddles on ly moved 1 /2" , b u t 
owing no doub t to the g rea te r def lec t ion & g rea t heat of 
Summer has set t led near ly down JLp a leve l . The o ther 3 spans 
have set t led on ly about 3 inches. 

The Delaware and Lackawaxen aqueducts were completed by January 

1849. The actual cost of the two s t r u c t u r e s was $51,800, compared to the 

con t rac t p r i ce of $60,400, t hus p r o v i d i n g Roebl ing w i th a p r o f i t of 

$8,600. The Delaware Aqueduc t ( c o n t r a c t p r i c e - - $41,750) cost $77 per 
32 

foot and the Lackawaxen ( c o n t r a c t p r i c e - - $18,650) $81 . 

A notat ion in Roebl ing 's notebook en t i t l ed "Suspension Aquaduc ts . . 

Febr . 1847" summarized the cost of labor on the two aqueducts to 

January 1 , 1849. The f i g u r e s c i ted were : 

Labor & Wire Work , i nc lud ing labor at r a i s i n g , 
screw c u t t i n g $1,950 

Smi th ing (no screw c u t t i n g ) 1,200 
Carpen te r w o r k $3,384 
Jonathan Rhule 1,100 

4,500 
Total wages ( cau l k i ng not i n c . ) $7,650 

Tota l q u a n t i t y of t imber f ramed and p u t u p , not i n c l . anchorage 
is 520,000 f t . B. M. wh ich make the ca rpen te r wo rk cost at the 
rate of 4500:520 = $8.65 p r . 1000 p r . B. M. I t is t he re fo re 
safe to est imate at the rate of $1000 p r 1000. The f i n i s h i n g of 
both works~.may cost $300 more, wh ich wi l l make i t over $9.00 p 
1000. . . . 

3 1 . "Notes on Suspension Br idges by John A . Roeb l i ng , " Roebl ing 
Co l lec t ion , Box 17, Rensselaer Poly technic I n s t i t u t e . 

32. I b i d . 

33. "Suspension Aqueduc ts . . . Febr . 1847," Roebl ing Co l lec t ion , Box 
4 , R u t g e r s , The State U n i v e r s i t y . 

47 



On January 6, 1849, Lord informed John Wurts that the Delaware 

and Lackawaxen aqueducts and related improvements were completed. 

The two aqueducts 

with the new piece of canal and three large locks connected 
with them, will be brought into use at the commencement of 
navigation next spr ing , and thereby the objections of boatmen 
to crossing the r iver dur ing the ensuing season, as well as the 
delay occasioned by freshets at that place, will be removed. 
The work for a general enlargement of the canal has been 
prosecuted with considerable energy dur ing the past year, and 
about 3,200 men, including the common laborers and mechanics, 
are employed on that work at this time. . . . 

After the aqueducts were completed Roebling provided a description 

of the two structures to the American Railroad Journal for publication on 

January 13, 1849. The article read: 

The Delaware r iver is now crowded in a pool at the mouth 
of the Lackawaxen. To avoid the frequent delays, caused by 
high water and ra f t ing , a total change of location was concluded 
on by R. E. Lord, Esq. , principal engineer in charge of the 
canal. This change rendered the construction of two aquaducts 
over the Lackawaxen and Delaware r ivers necessary. After an 
examination of the Pit tsburgh suspension aquaduct, Mr. Lord 
advised the company, to adopt the same plan, and to accept my 
proposal for the erection of the super s t ruc ture , the masonry 
to be done by the company. The two works are now completed 
and ready for the operating of navigation next spr ing. 

The following exhibits some of the dimensions of the 
Delaware aquaduct. 

Number of spans, vary ing from 132 to 142 f t . 4 
Width of bottom of t r u n k , 17 f t . 6 in . 

" " t runk on top, 20 
Depth, - - - - - - 9 
Depth of water, 6 
Weight of water is 142 f t . span in tons of 2000 lbs. 

481 tons. 
Tension of cables result ing from this weight 708 " 
Diameter of each of the two suspension 

cables, - - - - - 8 1 / 2 inch 
Number of strands composing a cable, 7 

34. Lord to John Wurts, January 6, 1849, printed in Delaware & Hudson 
Canal Co. against Penn. Coal Co. , Exhibits, Exhibit D, x x x i . 
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Mr. Roebl ing 's w o r k , both on a suspension aqueduct and a 
suspension b r i d g e - - h a s been t h o r o u g h l y tested at P i t t s b u r g h , 
f o r several years w i th heavy loads a n d , as fa r as we have 
h e a r d , w i th en t i r e success; a n d , f rom what we hear in re lat ion 
to those which he has j us t f i n i shed fo r the Delaware and 
Hudson canal company, of wh ich we g ive above a par t ia l 
d e s c r i p t i o n , he wi l l lose none of his well earned r e p u t a t i o n , as 
we are OAijte sure they wi l l be found equal to the work requ i red 
of them. 

A "Statement of Acc t . of Delaware A q u e d u c t " was found in the Lord 

Col lect ion at the Min is ink Val ley His tor ica l Soc ie ty . The statement 

35. John A . Roeb l ing , "Suspension Aquaduc t on the Delaware and 
Hudson C a n a l , " Amer ican Rai lroad J o u r n a l , X X I I ( Janua ry 13, 1849), 2 1 . 

36. I b i d . 
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Number of w i res in each s t r a n d , - 307 
" " in one cab le , - 2150 

in both - - 4300 
Number of feet of w i r e , we igh ing 1 lb 175 
Weight of one lineal foot of cable 

and w r a p p i n g - 130 lbs . 
Length of each cable and anchor chains 664 f t . 
Average s t r e n g t h of one w i re - 1800 lbs . 
Ult imate s t r e n g t h of both cables - 3870 t ons . 

The w i re cables do not ex tend below g r o u n d , bu t connect 
w i th anchor cha ins , the cross sect ions of which exceeds tha t of 
the w i re f i f t y per cen t ; the s t r e n g t h of w i re be ing 90,000 lbs . 
per super f i c ia l i n c h , whi le the chains wi l l not bear over 60,000 
lbs . 

The t r u n k of t h i s aquaduc t is l ined w i th a towpath of 6 
feet wide on each s ide. 

The Lackawaxen aquaduc t , forms two spans of 114 feet 
each, suspended to two cables of seven ^j-nches d iameter , same 
size as those at the P i t t s b u r g h aquaduc t . 

In a sho r t ed i to r ia l fo l lowing th is a r t i c le D. K. Minor , pub l i she r of 

the American Rai l road Journa l and a f r i e n d of Roeb l ing , commented on the 

s ign i f icance of the Delaware and Lackawaxen aqueduc ts . Acco rd ing to 

Minor : 



inc ludes en t r ies f rom May 12, 1846, to January 17, 1849. The total 
37 

charges f o r the s t r u c t u r e amounted to $180,541.46. 

In March 1849 the canal board of managers repor ted tha t " the 

aqueducts across the Delaware and Lackawaxen Rivers have been 

completed, t h e r e b y p rec l ud i ng any f u r t h e r delays f rom f reshe ts at tha t 

p o i n t . " The managers observed tha t t hey perce ived "no obstacle to 

i n t e r f e r e w i th the t r a n s p o r t a t i o n of 500,000 tons of coal over the Canal 
38 

d u r i n g the p resen t season. " 

The aqueducts were b r o u g h t in to use on A p r i l 26, 1849, when the 

canal was opened fo r the season. D is t ingu ished engineers f rom many 

pa r t s of the Un i ted Sta tes , as well as a large c r o w d , were on hand when 

the aqueducts were f i l l ed w i th water and the f i r s t boat sent t h r o u g h . 

Apprehens ion on the pa r t of some tha t the we igh t of water and a loaded 

boat were too heavy f o r the w i re cable suspension system to susta in 
39 

p roved u n f o u n d e d . 

On Ju ly 7, 1849, a f te r the aqueducts had been in serv ice fo r several 

months , another desc r i p t i on of the s t r u c t u r e s appeared in the American 

Rai l road J o u r n a l : 

The Wire Suspension A q u e d u c t s , over the Delaware and 
the Lackawaxen r i v e r s , which were commenced in 1846 and 
recen t l y completed on the Delaware and Hudson Canal , are now 
opened fo r the passage of boats . These works have been 
erected f o r the purpose of avo id ing the de lay , f o rmer l y 
exper ienced in c ross ing the Delaware r i v e r by means of a dam, 
and wi l l mater ia l ly improve the nav iga t i on . They are 
cons t ruc ted on the plan of the P i t t s b u r g h Suspension A q u e d u c t , 

37. "Statement of Acc t . of Delaware A q u e d u c t , " Lord Co l lec t ion , Min is ink 
Val ley His tor ica l Soc ie ty . A copy of th i s statement may be seen in 
Append i x F. 

38. Annua l Repor t of the Delaware and Hudson Canal Company, 1848, 
p p . 5-6 . 

39. Wakef ie ld , Coal Boats to T idewa te r , p. 84; LeRoy, Delaware & 
Hudson Canal , p. 51; The Hancock He ra ld , June 15, 1933. 
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a st ructure which has proved eminently successful and was the 
f i rs t of its kind in the wor ld, designed and executed by John 
A. Roebling, Civil Engineer of the city of Pi t tsburg. After an 
examination of the work at Pit tsburg by Mr. R. F. Lord, Chief 
Engineer of the Delaware and Hudson Canal, a contract was 
entered into with Mr. Roebling for the erection of the 
superstructure of the Delaware and Lackawaxen Aqueducts. 

The t runks which hold the water are composed of timber 
and plank, well joined and caulked, and suspended from two 
wire cables, one on each side. The cables rest in heavy cast 
iron saddles which are placed on the top of small stone towers 
of 4 by 6 f t . base r is ing 4 feet above the towpath. The t runks 
are wide enough for two boats of the present capacity to pass, 
and on each side side [sic] of each t runk is a towpath. The 
towers are each composed of 3 blocks of a white quartz pudding 
stone, of great hardness and durab i l i ty , obtained from the 
quarries in Ulster county, N. Y. The masonry of the piers 
and abutments, which support the l i t t le towers, has been 
executed in the most substantial manner, of a durable and 
compact gray wacke, which constitutes the principal formation 
of the valley of the upper Delaware. The beds of the facestone 
are all cut , the backing is large and well bounded, and the 
whole laid in hydraul ic cement. Nothing has been spared to 
insure the safety of the foundations, and, by the construction 
of good ice breakers, to guard the piers against the heavy 
floods and ice, which in this r iver prove sometimes very violent 
and destruct ive. 

The cables are each made in one length across the r iver 
from abutment to abutment, and connected at their ends with 
anchor chains, manufactured of solid wrought i ron, in bars of 
iron 5 feet to 10 feet long and 5 to 6 inches wide, by 1 1/4 
inch th i ck . - -The lower end of each chain is secured to a heavy 
cast iron anchor plate of 6 f t . square, on which rests a large 
body of masonry, whose weight resists the strain of the chain 
and cable. As the cables are protected against oxidation by 
paint and a copious varn ish, and are closely encased by a t ight 
wire wrapping, which gives them the appearance of solid 
cyl inders, they may be considered indestruct ible. The 
woodwork is subject to decay, but will last longer in these 
works than in common timber s t ructures, and can be renewed at 
any time. 

The following table exhibits the principal dimensions and 
quantities of the Delaware Aqueduct: 
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Hydraulic cement masonry in Abutments, Piers 
and Anchorage 7,688 C. yds. 

Length of Aqueduct with extensions 600 f t . 
Number of Spans 4 
Length of Spans varies from 131 to 142 f t . 
Width of Trunk at water line 19 
Depth of water 6 f t . 6 in . 
Weight of water between abutments 1,950 tons. 
Weight of water in one Span 487 1/2 
Diameter of wire cables 8 1/2 in . 
Length of wire weighing 1 lb 17 1/2 f t . 
Number of wire in each cable 2,150 
Total weight of cables and anchor 

chains 490,000 lbs. „ 
Ultimate strength of each cable 1,900 tons. 

After the aqueducts had been in operation for a full operating 

season the canal managers reported on their significance to the canal's 

operation. Despite a long and severe winter in 1848-49 all of the canal 

improvements had been ready when the canal opened for navigation on 

Apri l 26. The operating season lasted unti l December 6 "with less 

interrupt ion than usual, furnishing conclusive evidence in favor of the 

strength and permanence of the new work . " The "two Wire Suspension 

Aqueducts over the Delaware and Lackawaxen Rivers" were "a part of the 

new work brought into use" and were "all that was expected or can be 

desired of such s t ructures, and [were] a great faci l i ty to the 
41 

navigat ion." 

About the same time Lord reported to John Wurts on the performance 

of the two aqueducts dur ing their f i rs t season of operation. The 

structures had 

proved valuable improvements to the navigation, being also 
substantial and permanent s t ructures, sustaining all that has 
been claimed for the ut i l i ty of wire suspension aqueducts. 
There have been nine days dur ing the past season that boats 
could not have crossed the Delaware Pond on the former plan of 
crossing dur ing freshets in the r iver . With the aqueduct the 

40. "Wire Suspension Br idge, " American Railroad Journal, XXII (July 7, 
1849), 421. 

41. Annual Report of the Delaware and Hudson Canal Company, 1849, 
p. 3. 
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nav igat ion has not been i n t e r r u p t e d at t ha t po in t d u r i n g the 
season. 

The cons t ruc t i on of the aqueducts necessi tated the cons t ruc t i on of 

three new locks (Nos . 70, 7 1 , and 72) on the New Yo rk side of the 

Delaware to b r i n g the boats to the new h igh leve l , bu t at the same time 

Locks Nos. 1 , 2, and 3 along the Lackawaxen were e l iminated. The dam 

across the Delaware was re ta ined and he ightened to 16 feet to increase 

the e f fec t iveness of the slack water area fo r canal feeder pu rposes . The 

old bed of the canal between the g u a r d lock and the Delaware Aqueduc t 
43 

was used fo r the feeder . 

While Roebl ing was w o r k i n g on the Delaware and Lackawaxen 

aqueducts he was asked to submi t proposals f o r the cons t ruc t i on of w i re 

cable suspension aqueducts to c a r r y the Delaware and Hudson Canal over 

the Nevers ink River at Cuddebackv i l l e and Rondout Creek at High Fal ls. 

On December 28, 1847, Roebl ing submi t ted th ree propos i t ions to L o r d : 

one fo r a s ing le -span aqueduct at High Fal ls, one fo r a 170-foot , 

s ing le -span aqueduct w i t h cables 9-5 /8 inches in diameter over the 

N e v e r s i n k , and one fo r a 180- foot , two -span s t r u c t u r e w i th cables of 
44 6 -3 /4 inches over the N e v e r s i n k . 

Roebl ing p repared more deta i led plans and estimates fo r the two 

aqueducts in October 1848 by wh ich t ime the board of managers had 

42. Lord to John W u r t s , Feb rua ry 6, 1850, p r i n t e d in Delaware & 
Hudson Canal Co. aga inst Penn. Coal Co. , E x h i b i t s , Exh ib i t B, x v i i i . 

43. LeRoy, Delaware & Hudson Canal , p. 5 1 , and Wakef ie ld , Coal Boats 
to T i dewa te r , p. 84. The dam was " b r u s h e d " and " g r a v e l e d " every 
s p r i n g to make i t less suscept ib le to leaks. Bracke ts were also placed on 
the c res t of the dam to increase the area of the s lackwater . The feeder 
was dammed up and a s ign i f i can t po r t i on of the Delaware and Hudson 
Canal pr ism along the Delaware was f i l led in d u r i n g cons t ruc t i on of 
H ighway 97 in 1933-34. Personal i n te rv iews w i th Carl A. D rax l e r , 
M in is ink F o r d , New Y o r k , May 3, 1983, and A r t h u r H. and Annabel 
Haup t , Lackawaxen, Pennsy lvan ia , May 4 , 1983. 

44. "Suspens ion Aqueduc ts . . . Febr . 1847," Roebl ing Col lec t ion , Box 
4, R u t g e r s , The State U n i v e r s i t y . 
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chosen a single-span aqueduct over the Neversink. On November 11 he 

submitted the following proposal to Lord while overseeing the operations 

at the Delaware Aqueduct: 

I propose to construct the Never Sink Suspension 
Aquaduct in one single span of 160 f t . in the clear or 170 f t . 
from center to center of abutment for the sum of Twenty Four 
Thousand Nine Hundred (24,900) dollars. My work to include 
all the i ron, wire & wood work; the t runk to be of the same 
dimensions as the one of the Delew. Aquaduct and to be 
supported by two Wire Cables of 9 1/2 (nine & one half) inch 
diameter each, anchored at both ends to solid chains & oak 
timber foundations, similar to the Del. plan. Extensions to be 
added to both ends of t runk & of same dimensions as on the 
Deleware A. 

I also propose to construct the High Falls Suspension 
Aquaduct in one single span of 130 f t . in the clear or 140 f t . 
from center to center of abt. for the sum of Twenty Thousand 
Four Hundred (20,400) dol lars, including all the i ron, wire & 
wood work; the t runk to be of the same dimensions as on the 
Del. A . , and to be supported by two wire cables of eight and 
one half inch diameter each, connected at both ends with solid 
anchor chains, which are to be secured in the solid rock; the 
t runk to be extended in same way as above. 

Both works to be completed within the year 1849, provided 
the masonry & excavations, which are to be done by your 
Company, will be prosecuted with such speed, that my 
operations can be commenced early next spring and continued 
dur ing the season without in ter rupt ion. 

It shall be understood, that the above works are to be 
constructed on the same general plan and in the same manner 
as the Del. Susp. A . , and that the specification, which was 
attached to my contract for the last work, shall also be binding 
for the above works. 

45. Roebling to Lord, November 11, 1848, "Never Sink Aquaduct. High 
Falls. Oct. 1848. John A. Roebling," Roebling Collection, Box 4, 
Rutgers, The State Univers i ty. The detailed estimates Roebling drew up 
on October 25 before submitting this proposal may be seen in Appendixes 
G and H. 
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The canal company managers au thor ized cons t ruc t i on of the 

Nevers ink and High Falls aqueducts on December 2, 1848, and Roebling 
46 was informed of th is decision by le t ter on December 9. 

The Nevers ink Aqueduc t was of importance because the largest 

cables ( 9 - 1 / 2 inches in d iameter ) ye t cons t ruc ted were used . Roebl ing's 

own comment on the importance of the Nevers ink is contained in the 

concluding pa rag raph of a le t ter to the American Rai lroad Journal p r i n t e d 

on January 13, 1849: 

I have con t rac ted w i th the company, fo r two more 
aquaduc ts , one over the Roundout r i v e r , the o ther over the 
Sink r i v e r , of 170 feet span , r e q u i r i n g cables of 9 1/2 inches 
d iameter , large enough for the suppo r t of a suspension b r i dge 
over the Niagara r i v e r , „ at the site in contemplat ion below the 
f a l l s , of 750 feet span . 

The two aqueducts were completed ear ly in 1851 and placed in 

serv ice d u r i n g the boat ing season tha t yea r . Roebl ing wrote to Charles 

Swan f rom Cuddebackv i l l e on January 14, 1851, "We shall commence 

screwing up to morrow and get t h r o u g h th i s week. Perhaps I may leave 
48 

here nex t Sunday or Monday . " Lord in formed John Wurts on February 

6, 1851, t ha t the Nevers ink and High Falls aqueducts were "near l y 
49 

completed in a subs tan t ia l manner . " Entr ies in Roebl ing's ledger for 

46. Roebl ing to John Wur t z , December 16, 1848, "Never Sink Aquaduc t . 
High Fal ls. Oc t . 1848. John A . R o b e l i n g , " Roebl ing Co l lec t ion , Box 4 , 
R u t g e r s , The State U n i v e r s i t y , and Malcolm A. Boo th , "Roeb l ing 's S ix th 
B r i d g e , ' N e v e r s i n k , ' " Journa l of the Rutgers U n i v e r s i t y L i b r a r y , XXX 
(December , 1966), 16-17. 

47. Roeb l ing , "Suspension Aquaduc t on the Delaware and Hudson Cana l , " 
2 1 . 

48. Roebl ing to Swan, January 14, 1851, L e t t e r s , John A . Roebl ing to 
Char les Swan, 1849-65, Roebl ing Co l lec t ion , Box 2, R u t g e r s , The State 
U n i v e r s i t y . 

49. Lord to John W u r t s , Feb rua ry 6, 1850, p r i n t e d in Delaware & 
Hudson Canal Co. against Penn. Coal Co. , E x h i b i t s , Exh ib i t B, x x i . 
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the per iod ind icate tha t he received f inal payment on his con t rac t fo r the 

two aqueducts on May 16, 1851. Al l to ld he had been paid $45,793.92 fo r 

the two s t r u c t u r e s . 

50. "Ledge r of John A . Roeb l ing , November 1848. . . , " Roebl ing 
Co l lec t ion , Box 7, R u t g e r s , The State U n i v e r s i t y . More data on t he 
cons t ruc t i on of the Nevers ink and High Falls aqueducts may be f ound in 
Boo th , "Delaware and Hudson C a n a l , " p p . 55-64, and Booth, "Roeb l i ng ' s 
S i x th B r i d g e , " 12-20. 
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Wakefield, Coal Boats to Tidewater, p. 83. 
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CHAPTER FIVE 

ACCOMPLISHMENTS AND SIGNIFICANCE OF JOHN A. ROEBLING'S 

CONTRIBUTIONS TO SUSPENSION BRIDGE TECHNOLOGY 

A. CAREER AND ACCOMPLISHMENTS OF ROEBLING UP TO 

CONSTRUCTION OF DELAWARE AND HUDSON CANAL AQUEDUCTS 

John Augustus Roebling, born in Muhlhausen, Thur ing ia , Germany, 

on June 12, 1806, attended the Muhlhausen public schools and the city 

Gymnasium before entering the Royal Polytechnic Institute in Ber l in. 

There his course included archi tecture, engineering, bridge construct ion, 

hydraul ics, languages, and philosophy. At the age of 20 he received a 

degree in civi l engineering, and for the next three years he worked for 

the Prussian government on road building in Westphalia. His primary 

interest was bridge construct ion, part icular ly that of suspension bridges. 

He made a special study of a chain suspension bridge over the Regnitz 

River at Bamberg in Bavaria, and subsequently presented his study as a 

thesis for his state examination. 

His creative ideas and inventiveness hampered by red tape and 

official inert ia, Roebling, with his brother Kar l , left Muhlhausen for 

Bremen in the spring of 1831 and later sailed for Philadelphia, reaching 

that city on August 6. After several weeks the brothers left for 

P i t tsburgh, travel ing mainly by the Pennsylvania Main Line Canal system. 

They purchased 7,000 acres of land in Butler County, about 25 miles from 

Pi t tsburgh, and settled in company with a small group of German 

colonists. The small hamlet, f i r s t known as Germania and afterwards as 

Saxonburg, served as a focal point for their efforts to attract German 

emigrants to their agr icul tural experiment. 

The agricul tural experiment proved to be unsuccessful and thus in 

1837 Roebling went to Harr isburg and applied for employment as a state 

engineer and became a naturalized U. S. cit izen. After serving as an 

assistant engineer on the slack water navigation of the Beaver River, he 
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was engaged on the Sandy and Beaver Canal, a work intended to connect 

Lake Erie with the Ohio River but never completed, and on the 

Pennsylvania Main Line where he located a feeder near Freeport on the 

upper Allegheny. Then he served as a Pennsylvania state engineer for 

three years, surveying and locating three lines of railway across the 

Allegheny Mountains between Harr isburg and Pi t tsburgh, the road 
1 

ultimately being bui l t by the Pennsylvania Central Railway Company. 

After a f i re destroyed Louis Wernwag's aesthetic wooden covered 

bridge in Philadelphia dur ing the summer of 1838, Charles Ellet, chief 

engineer of the James River and Kanawha Canal in Virginia, proposed 

that the quickest and cheapest way to replace the bridge would be the 

construction of a French-type f i l -de- fer cable suspension br idge, 

America's f i r s t . In Apr i l 1839 Ellet published A Popular Notice of 

Suspension Bridges in which he described French f i l -de- fer bridges and 
2 

detailed how such a st ructure could be bui l t across the Schuylk i l l . 

Ellet's treatise st i r red up considerable attention, D. K. Minor, an 

enthusiastic supporter of Ellet and publisher of the American Railroad 

Journal, contr ibut ing to the dissemination of Ellet's recommendations by 

publishing the treatise in its ent irety in his journal . Thus, the ideas of 

Ellet came to the attention of Roebling, a recent subscriber to the 

journal . Impressed with Ellet's treat ise, Roebling wrote to him on 

January 28, 1840: 

The study of suspension br idges, formed for the last few 
years of my residence in Europe, my favorite occupation; as 
this matter however appeared to be l i tt le cared for by 
Engineers in this country , I had no occasion whatever to 
bestow any fu r ther attention to i t , while engaged in 
professional pursuits here. 

1. "Mr. John A. Roebling," Engineering, IV (October 18, 1867), 360-61, 
and Dictionary of American Biography, V I I I , 86-89. 

2. Charles Ellet, J r . , A Popular Notice of Wire Suspension Bridges 
(Richmond, 1839), pp. 1-12. Later when this treatise was published in 
Philadelphia in 1843 it included a description of Ellet's suspension br idge. 
Further information on the life and contributions of Ellet may be found in 
Gene D. Lewis, Charles Ellet, Jr . : The Engineer As Individual ist, 
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Some publications of yours, which appeared in the R. R. 
Journal on the subject of Suspension bridges, revived in me the 
old favorite ideas, and I was very agreeably apprized by the 
report of your being now actually engaged in making 
preparations for constructing a wire cable bridge over the 
Schuylki l l at Pha. and another over the Mississippi at St. 
Louis, which latter indeed would form the greatest construction 
of the kind in existence. 

I have been informed that a like great undertaking is now 
in progress in Europe, the construction of a cable suspension 
bridge across the River Danube at Perth, which River 
resembles the Mississippi in nature & extent. 

I cannot refrain from congratulating you upon the spir i t 
with which you appear to enter upon this important 
undertak ing, and which together with your familiar knowledge 
of the subject will no doubt insure you complete success. 

Let but a single bridge of the kind be put up in Pha. 
exhibit ing all the beautiful forms of the system to the best 
advantage, and it needs no prophesy to foretell the effect, 
which the novel and useful features will produce upon the 
intell igent minds of the Americans. 

You will certainly occupy a very enviable position, in 
being the f i rs t Engineer, who, aided by nothing but the 
resources of his own mind and a close investigation, succeeds 
to introduce a new mode of construct ion, which here will f ind 
more useful application than in any other country. . . . 

Perhaps I should be able to suggest to you an improvement 
in the construction of the saddles, applied by Mr. Telford on 
Minas br idge, in support ing the chains on top of the towers, 
calculated to facilitate the motion of the chains in the saddles in 
consequence of the contraction and expansion of the chains or 
cables. . . . 

Should you at some future period be desirous of engaging 
an Ass. for the construction of Suspension br idges, who is 
competent for the task, and who at the same time would execute 
with pleasure all the necessary drawings, please bear me in 
mind. 

2. (Cont . ) 1810-1862 (Urbana, 1968), and Emory L. Kemp, "Ellet's 
Contribution to the Development of Suspension Bridges," Engineering 
Issues - Journal of Professional Act iv i t ies, ASCE, XCIX (paper 9872, July 
1973), 331. 

3. Roebling to Ellet, January 28, 1840, Letters to John A. Roebling -
Sundry Letters and Reports by John A. Roebling, Roebling Collection, 
Box 2, Rutgers, The State Universi ty. 
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EI let responded to Roebling with an encouraging letter on February 

8, 1840. He observed: 

It has given me much pleasure to learn that you have not 
neglected the subject of suspension br idges, in pursuing your 
professional studies abroad; and that you consequently appre­
ciate the merits of that system of construct ion. It is my 
intention to endeavor to introduce this improvement in the 
United States; and shall accordingly pursue those means which 
appear to me most suitable to convey information to the publ ick, 
in the premises, and extend a knowledge of their powers and 
the principles of their equi l ibr ium. 

I have already had one adopted at Philadelphia, and am 
now engaged in a report for another, and a much more impor­
tant one, for the Mississippi at St. Louis. 

You correctly estimate the character of the American 
people, in supposing that they will not fail to recognize the 
merits of these structures when furnished with one respectable 
specimen. 

Should the system prevai l , as I have reason to believe it 
wi l l , I hope to have the pleasure of engaging the services of 
one who is familiar with the subject, and whose aid cannot but 
be valuable. 

Although the correspondence and blossoming fr iendship between the 

two engineers lasted l i t t le more than a year, their f r iendly letters dur ing 

this period not only reawakened Roebling's interest in suspension bridge 

construction but also led to the establishment of the American wire rope 
5 

indust ry . In the spring of 1841 Roebling had completed the last of his 

railroad surveying jobs. During that survey he had traveled on the 

Allegheny Portage Railroad for the f i rs t time. The 40-mile inclined 

railway between Hollidaysburg and Johnstown was an important link 

4. El let to Roebling, February 8, 1840, quoted in Hamilton Schuyler, 
The Roeblings: A Century of Engineers, Bridge - Builders and 
Industr ial ists (Pr inceton, 1931), pp. 55-56. 

5. For more information on the relationship of El let and Roebling see 
Donald Sayenga, " El let and Roebling," Proceedings of the Canal History 
and Technology Symposium, I (January 30, 1982), 114-54, and ib id . , El let 
and Roebling (York , 1983). 
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between the eastern and western sect ions of the Pennsylvania Main L ine. 

The canal boats were moved in spec ia l l y - cons t ruc ted wheeled cradles up 

and down the steep slopes by cables, genera l l y about 3 inches in diameter 

and made of Ken tucky hemp. Roebl ing conceived the idea (and was 

encouraged by El le t ) of s u b s t i t u t i n g fo r these hempen cables, which were 

sub ject to severe usage and f r e q u e n t replacement , ropes of tw is ted wi re 

wh ich would g ive g rea te r s t r e n g t h and longer l i fe along w i th the advan t ­

age of hav ing a smaller d iameter . A f t e r a number of exper iments he 

patented and manufac tu red the f i r s t w i re rope in America in a small 

f ac to ry at Saxonbu rg equ ipped w i th machinery of his own design and 

f a b r i c a t i o n . In 1842 Roebl ing insta l led a s t randed w i re rope on Plane No. 

3 of the A l legheny Portage Rai lroad at his own expense. The exper iment 

p roved to be successfu l and w i re ropes were soon in t roduced on all the 

inc l ines . Roebl ing wro te an a r t i c le in the American Rai lroad Journal in 

November 1843 de ta i l i ng his achievement and obta ined a patent on a 

por t ion of his s t r a n d i n g process . U l t imate ly , Roebl ing more than 200 wi re 

ropes at Saxonburg and sold most of them to the A l legheny Portage 

Ra i l road , the Delaware and Hudson Canal G rav i t y Ra i l road, and the 

Mor r is Cana l . In 1849 he moved his w i re rope works to T r e n t o n , New 
6 

Jersey . 

While he was conduc t i ng his w i re rope exper iments at S a x o n b u r g , 

Roebl ing determined to enhance his s ta tu re as a " b r i d g e eng ineer" by 

6. John A . Roeb l ing , "Amer ican Manufac tu re of Wire Ropes fo r Inc l ined 
Planes, S tand ing R i g g i n g , Mines, T i l l e r s , E t c . , " American Rai lroad 
J o u r n a l , XV I (November , 1843), 321-34. A copy of th is a r t i c le may be 
seen in Append ix I. A broads ide en t i t l ed "Patent Wire Rope of John A . 
Roeb l ing" may be seen in Append i x J . For more in format ion on the 
h i s t o r y of the wi re rope i n d u s t r y see: Don Sayenga, "Amer ica 's F i rs t 
Wire Rope F a c t o r y , " Canal C u r r e n t s , No. 55 (Summer 1981), I, 3-5; John 
K imber ly Mumfo rd , O u t s p i n n i n g the Sp ider : The S to ry of Wire and Wire 
Rope (New Y o r k , 1921); F. R. Forest ier - Walker , A H is to ry of tTe Wire 
Rope I n d u s t r y of Great B r i t a i n ( L o n d o n , 1952); Roebling to Commissioner 
of Paten ts , March 27, 1841 ( i n c l u d i n g Spec i f i ca t i on ) , and Roebling to 
Dev ine , May 3 1 , 1844, Le t te rs to John A . Roebl ing - Sund ry Let ters and 
Repor ts by John A . Roeb l ing , Roebl ing Co l lec t ion , Box 2, R u t g e r s , The 
State U n i v e r s i t y ; "On the Manufac ture of Whim Ropes from I ron W i r e , " 
Journal of the F rank l i n I n s t i t u t e , X IX (May 1837), 369-73; and S c h u y l e r , 
The Roeb l ings , p p . 48-56, 72-84. 
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submitting a two-part essay on wire cable suspension bridges to the 

American Railroad Journal. In the essays he displayed the results of his 

studies, made a number of recommendations, and posed as a wire bridge 

expert. He urged that more wire bridges be built by "the most eminent 

engineers," implying that he was one in that category. 

The articles made no mention of EI let and this sl ight, together with 

Ellet's discovery that a r i va l , Andrew Young, who intended to use 

Roebling as his engineer, was manipulating to become prime contractor of 

the wire bridge at Philadelphia, ended the fr iendship between El let and 
Q 

Roebling. Hearing of the competition for the wire bridge contract, El let 

7. John A. Roebling, "Some Remarks on Suspension Bridges, And On 
the Comparative Merits of Cable and Chain Bridges, No. 1 , " American 
Railroad Journal, XII (March 15, 1841), 161-66, and i b i d . , "No. 2 , " 
American Railroad Journal, XII (Apr i l 1, 1841), 193-96. A copy of this 
two-part treatise may be seen in Appendix K. It is interesting to note 
that an article concerning French observations on the advantages and 
disadvantages of employing iron or bar wire in suspension bridges 
appeared in the American Railroad Journal several months later. M. Le 
Blanc, "Observations Upon the Comparative Advantages and 
Inconveniences of the Employment of Iron Wire, or Bar I ron, in the 
Construction of Suspension Bridges of Great Span," American Railroad 
Journal, XI I I (July 1 , 1841), 3-7. 

8. In May 1841 Charles L. Schlatter, principal engineer of the State of 
Pennsylvania, wrote a letter to Henry Spackman at the request of Andrew 
Young. In the letter Schlatter praised the knowledge of Roebling in 
planning and construct ing suspension br idges: 

It affords me the greatest satisfaction to be enabled to 
give Mr. Roebling the highest testimonial in my power 
respecting his qualifications to plan and superintend such a 
s t ruc ture . . . . 

Mr. R. has been associated with me in the State service 
more than two years, as my Principal Assistant, dur ing which 
time he has given me the most entire satisfaction. His 
mechanical and scientific attainments have been of great service 
to me, and in the many conversations we have had dur ing the 
time I have been acquainted with him relative to Suspension 
Bridges . . . he has shown that he is perfectly acquainted with 
their principles and construct ion. 

Schlatter to Spackman, May 7, 1841, Letters to John A. Roebling -
Sundry Letters and Reports by John A. Roebling, Roebling Collection, 
Box 2, Rutgers, The State Univers i ty. 
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ousted the rival by purchasing a controll ing share of the bridge stock, 

and after receiving the contract completed the bridge in six months. The 

structure was opened on January 1, 1842, amid great fanfare, and El let 

described the structure in A Popular Notice of Suspension Bridges, With 

A Brief Description of the Wire Bridge Across the Schuyl k i l l , at 

r . . 9 — 

Fairmont. 

While El let was away in Europe the 14-year-old wooden aqueduct over 

the Allegheny River that linked the Pennsylvania Main Line Canal to 
10 Pit tsburgh began to collapse. Because the state treasury was plagued 

by massive debts, there was no funding for repairs. Thus, the state 

turned the structure over to the city which in tu rn offered a prize for 

the best and cheapest way to rehabilitate and reactivate the crumbling 

aqueduct. Roebling entered the contest and his design for a cable 

suspension aqueduct, the f i rs t of its kind in the United States, was 

selected. The winning plan included the following concepts: rebuilding 

of p iers; mounting of a sturdier t r u n k , strong enough to support itself 

when empty; elimination of the heavy arches by subst i tut ing iron wire 

cables, carry ing the weight of only water, in a suspension system similar 
11 to that used previously to carry all the weight. 

In his proposal Roebling observed that "a strong argument in favor 

of the suspension plan" was its permanence and durabi l i ty . The 

"principal parts of a suspension aqueduct will be formed of iron and 

stone, which will last for centur ies." The wooden parts ( t runk and 

9. Charles EI let, J r . , A Popular Notice of Suspension Bridges, With a 
Brief Description of the Wire Bridge Across the Schuylk i l l , at Fairmont 
(Philadelphia, 1843). The bridge was also described in "Suspension 
Br idges," American Railroad Journal, XVI I I (December 18, 1845), 812. 

10. A detailed description of the wooden aqueduct may be found in John 
C. Trautwine, "Description of the Wooden Aqueduct Carrying the 
Pennsylvania Canal Across the River Allegheny, at Pi t tsburg; from Actual 
Measurement," Journal of the Franklin Inst i tute, IV, 3rd Series (Ju ly , 
1842), 1-10. 

11. Donald Sayenga, "The Original Pit tsburgh Aqueduct," Canal 
Currents , No. 59 (Summer, 1982), 3. 
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beams) could be substituted with iron ones at any time "so as to render 

the whole structure imperishable, and insure the services of the aqueduct 

for the fu tu re . The difference of weight by the substitution of iron for 
12 the beams and t runk in place of wood, would be in favor of i r on . " 

Emulating EI let, Roebling became the general contractor for the 

work, replacing the wooden aqueduct in 1844-45 with the l ighter, 

stronger wire cable suspension structure bui l t on the old piers, each of 

the two cables being 7 inches in diameter and consisting of seven strands 

of wire with some 1,900 parallel wires. The s t ructure, which was opened 

to commerce in May 1845, consisted of seven spans, each 162 feet long 

with the canal t runk 14 feet in width at the bottom and 16-1/2 feet at the 

water l ine. The cables were the f i rs t to have the continuous spiral 

wrapping that had been advocated by the French engineer Vicat some 

decades earl ier. 

Some years later the significance of the Allegheny Aqueduct was 

described in a biographical sketch of Roebling in Engineering — a sketch 

that Roebling probably wrote himself: 

A rigorous winter and an unusually rapid r iver added 
greatly to the dif f icult ies to be overcome, heightened as they 
were by the entire novelty of the method of construct ion, and 
by the unavoidable imperfections of hitherto untr ied cable 
machinery, intended for the f i rs t time to make a large cable in 
the place . . . it was to occupy permanently. 

One satisfactory phase, however, in the history of that 
work, and indeed of a subsequent one also, was the practical 
refutation its success afforded to the numerous attacks of the 
engineering profession of that day, who scoffed at the bare 

12. "Suspension Aqueduct," American Railroad Journal, XVII 
(September, 1844), 276. 

13. Sayenga, "Original Pit tsburgh Aqueduct," 1-4; Don A. Sayenga, 
"Roebling's Pit tsburgh Aqueduct," Canal Currents, No. 61 (Winter, 
1983), 3-6; and H. J . Hopkins, A Span of Bridges: An Il lustrated 
History (New York, 1970), p. 215. 
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idea of a suspension aqueduct, -Afid predicted its downfall as 
soon as the water was let into i t . 

As the Allegheny Aqueduct was nearing completion in 1845 a great 

f i re swept through portions of P i t tsburgh, destroying the wooden 

Smithfield Street Bridge over the Monongahela River. Soon a contract 

was let to Roebling to replace the destroyed bridge with a suspension 

bridge bui l t on the okl piers. The s t ructure, which was completed in 

1846, had eight spans of 188 feet in length each. The outside width of 

the bridge was 32 feet. The bridge was stiffened by diagonal stays 1.25 

inches in diameter, and its two cables, each 4-1/2 inches in diameter, 

contained 750 wires. Unable to adopt the air-spinning method on this 

br idge, Roebling constructed the two cables on two separate land-based 

platforms, and then hoisted them into place from flatboats. The pendulum 

principle was applied to counterbalance adjoining spans under the action 

of unequal loads. Cast-iron towers were anchored to the old piers which 

were so narrow that Roebling had to ensure a near-vertical reaction at 

each tower, accomplished by providing inverted Y-shaped pendulums, to 

the legs of which he fastened cables which were discontinuous at the 

pendulums. The spinning process was accelerated by using larger wire 
15 than that on the Allegheny Aqueduct (1/6 inch instead of 1/8 inch). 

The significance of these two works was analyzed brief ly by J. C. 

Adams, a design engineer from Pi t tsburgh, in the Engineering News--

14. "Mr. John A. Roebling," Engineering, 360. 

15. A. A. Jakkula, A History of Suspension Bridges [n Bibliographical 
Form (Washington, 1941), p. 129; "Mr. John A. Roebling," Journal of the 
Franklin Inst i tute, LIV (December, 1867), 411; Hopkins, Span of Bridges, 
pp. 215-16; G. Lindenthal, "The Monongahela Br idge, " Engineering News 
and American Contract Journal, XI (May 24, 1884), 251-53, and (May 31, 
1884), 265-66; S. M. Wickersham, "The Monongahela Suspension Bridge, 
at P i t tsburgh, Pa. , " Engineering News and American Contract Journal, X 
(May 26, 1883), 243-44; and S. M. Wickersham, "The Monongahela 
Suspension Bridge at P i t tsburgh, Pa. , " Scientific American Supplement, 
No. 389 (June 16, 1883), 6201-02. 
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Record in 1931. He noted that the construction of these bridges 

"contributed to the art and knowledge of suspension-bridge bui ld ing" : 

The cost of the aqueduct was $62,000, including the 
removal of the old wooden structure and revisions to the piers. 
For the Smithfield St. bridge the cost was $55,000, including 
revisions to the piers. Both bridges replaced wooden 
st ructures, that of the latter having been destroyed in the 
great f i re of 1845. 

The suspenders for the Smithfield St. span were of 
charcoal iron 1.5 in . in diameter and spaced 4 f t . centers. 
Diagonal stays of 1.25 in . in diameter were used. 

Over the piers the cables for the aqueduct were 
constructed with swells made by introducing short wires at two 
points. These swells were wedged into corresponding recesses 
in the support ing saddles, thus f ix ing the cables to the piers. 
For the Smithfield St. spans the cables were attached to the 
towers by pendulums 2.5 f t . long. When a heavy load passed 
over any span, the maximum movement of the adjacent pendulum 
was observed to be not over 0.5 in . 

On both of these br idges, in the words of their bui lder: 
"Oxidation is guarded against by a varnish applied to each wire 
separately. Their preservat ion, however, is insured by close 
compact and continuous wrapping made of annealed wire and 
laid on by machinery in the most perfect manner. A continuous 
wrapping is an important improvement, which in this case has 
for the f i rs t time been successfully appl ied." 

It is of interest to consider the changes and advances in 
practice after a lapse of 85 years as regards unit stresses, 
loads, size of wires and cables, suspenders and suspender 
spacing, diagonal stays, st i f fening girders and cable protection. 
The continuous wrapping of wire cables by machinery commonly 
used today, was a contr ibut ion from the f i rs t of these 
br idges. 

More recently, Donald Sayenga, an executive with the Bethlehem 

Steel Corporation who has devoted considerable study to the engineering 

contr ibutions of Roebling and Ellet, has noted that the Smithfield Street 

Bridge effort was "a unique amalgam of techniques and experiments 

involving flexible spans, hollow towers, and cables equipped with a 

16. J. C. Adams, "Multiple-Span Suspension Br idges," Engineering 
News — Record, CVII (August 13, 1931), 270. 
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system of ba lanc ing p e n d u l u m s . " The two suspension b r i dge cont rac ts in 

P i t t s b u r g h p rov ided Roebl ing w i th cons iderable "p rac t i ca l knowledge about 

such b r i d g e s , p a r t i c u l a r l y methods for making and anchor ing cab les . " 

Because of th is wo rk and his re lated studies and tes ts , Sayenga states 

tha t Roebl ing became "conv inced the French eng ineer ing school had not 

adequate ly recognized the th rea t to suspension b r idges posed by 
17 

w i n d s t o r m s . " While he d id not " rea l l y unde rs tand spec i f ica l ly how air 

caused p rob lems , " he "overdes igned to compensate for the dangers " and 

"became a leading exponent of s t i f fened f l oo rs , braced w i th guys and 

s t a y s . " On the o ther h a n d , El let " con t inued to subscr ibe to the French 

not ion tha t a b r i d g e f loor must remain f lex ib le to re l ieve i tsel f of the 

imbalance created by loaded v e h i c l e s . " While the s tudy of aerodynamics 

was then on ly remote con jec ture and t h e o r y , Sayenga observes tha t 
18 

"Roebl ing must be applauded for his apprehens ion and c o n s e r v a t i o n . " 

In September 1846 Roebl ing p repared a repo r t and plan for a wi re 

suspension b r i dge over the Ohio R iver between C inc i nna t i , Ohio, and 

C o v i n g t o n , K e n t u c k y . A l t hough Roebl ing 's plans were not accepted at 

the time because of lack of f inances , the detai led repo r t indicates that 

Roebl ing had become an a u t h o r i t y on the pract ica l implementat ion of the 

p r inc ip les of suspension b r i dge e n g i n e e r i n g . The repo r t contained 

l eng thy desc r ip t i ons fo r the anchorage, cables, suspenders , s tays , 

f l o o r i n g , f ounda t i ons , p i e r s , and ice b reakers of the proposed b r i d g e . 

In his i n t r o d u c t o r y remarks , Roebl ing concluded that the "so lu t ion of the 

problem of c ross ing large and deep r i v e r s w i th great spans and at h igh 

e leva t ions , was lef t to modern 

17. One reason for Roebl ing 's concern was the damage caused to the 
suspension b r i d g e over the Menai S t ra i t in England by a w inds torm in 
January 1839. Observa t ions re la t ive to the damage may be found in W. 
A . P rov i s , "Observa t ions on the Effect of Wind on the Suspension Br idge 
over the Menai S t r a i t , More Especial ly w i th Reference to the Inqu i r ies 
wh ich its Roadways Susta ined d u r i n g the Storm of January 1839," Journal 
of the F rank l i n I n s t i t u t e , I I I , 3 rd Series (March 1842), 210-14. Also see 
"Suspension B r i d g e s , " Sc ient i f i c Amer ican , V I I I (November 20, 1852), 78. 

18. Sayenga, El let and Roeb l ing , p p . 28-29, and Sayenga, "El l et and 
R o e b l i n g , " 130-31. 
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engineering. It has been ful ly solved by the application of the principle 
19 of suspension." 

By 1847 Roebling had established a well-deserved reputation as a 

designer/ builder of suspension br idges, and El let had become involved in 

plans to convert the Ohio-Mississippi drainage network into an enormous 

canal system with the canals formed in the r ivers themselves, regulated 

by impoundment and release of natural water and controlled by t r ibutary 
20 dams. In that year, however, several of El let's half-forgotten bridge 

proposals were revived after the American economy recovered from the 

abysmal years of the late 1830s and early 1840s. As a result El let 

ultimately received contracts for the construction of suspension bridges at 

the Niagara Gorge and the National Road across the Ohio River at 
21 Wheeling despite the fact that Roebling submitted plans for each. 

Although Roebling was unsuccessful in obtaining the contracts for 

the Cincinnati , Niagara Gorge, and Wheeling bridges in 1846-47, he 

obtained two patents on suspension bridge construction dur ing this 

period. The patents were based on techniques of suspension bridge 

construction that he had developed as part of his efforts on the 

19. John A. Robeling, Report and Plan for a Wire Suspension Bridge, 
Proposed To Be Erected Over the Ohio River at Cincinnati (Cincinnat i , 
1846), pp. 1-33. 

20. Despite his interest in bridge and aqueduct construct ion, Roebling 
found time in 1847 to prepare a paper for the Pit tsburgh Board of Trade 
in which he advocated a railroad from Philadelphia to St. Louis. Later in 
1850 Roebling wrote to the Journal of Commerce, expressing his conviction 
that a transatlantic telegraph was feasible. John A. Roebling, "The 
Great Central Railroad from Philadelphia to St. Louis," American Railroad 
Journal, XX (1847), 122-25, 134-35, 137-41, 155-57, and Schuyler, The 
Roeblings, pp. 65-71, 87-88. 

21. Sayenga, " El let and Roebling," pp. 132-33, and Sayenga, El let and 
Roebling, pp. 31-33. After a tornado damaged the Wheeling bridge in 
1854, Roebling was called to make the repairs. He united the separate 
strands on each side into solid cables and placed them farther apart at 
the towers than at the center, thus making the bridge more r igid against 
wind pressure. Schuyler, The Roeblings, pp. 117-18. 
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Al legheny Aqueduc t and Smi th f ie ld St reet B r i dge in P i t t s b u r g h . The two 

patents were fo r " A n c h o r i n g Suspension — Chains fo r B r i d g e s , " (Patent 

No. 4710, dated A u g u s t 26, 1846) and "Appa ra tus fo r Passing 

Suspension—Wires fo r B r idges Across R i v e r s , E t c . , " (Patent No. 4945, 

dated January 26, 1 8 4 7 ) . 2 2 

The techn ique Roebl ing used in the anchorages of the A l legheny 

Aqueduc t was a va r ia t i on of the French methods. Normal ly , an 

u n d e r g r o u n d ai r chamber was bu i l t to allow d r y i n g and inspect ion of the 

chains and cables. His t h e o r y , which he pa ten ted , was tha t a chemical 

react ion between mois ture and his cement /mor ta r m ix tu re would form a 

"calcareous coa t i ng " on the i ron l i n k s , e l iminat ing the need fo r 

i nspec t ion . 

The idea of passing suspension wi res across r i ve r s w i th a t r ave l i ng 

rope had been des igned by the French engineer V ica t . Roeb l ing , 

however , was the f i r s t to use a sp inn ing wheel as pa r t of the process on 

the A l legheny A q u e d u c t . On June 6, 1846, he appl ied fo r a patent on 

his method of passing suspension w i r e , at which time he was not aware of 

V icat 's ear l ie r w o r k . He then re f i led his pe t i t ion on September 19, 1846, 
23 to obta in p ro tec t ion on his appara tus o n l y . 

Fol lowing the years 1847-50, d u r i n g which he cons t ruc ted the f ou r 

Delaware and Hudson Canal w i re cable suspension aqueduc ts , Roebl ing 

a t t r ac ted admirat ion and achieved a measure of h igh s tand ing among the 

eng ineers of his day . T h u s , Roebl ing real ized his ambit ion —tha t of a 

22. Patents Nos. 4710 and 4945, Records of the Patent O f f i ce , Record 
Group 241 , National A r c h i v e s . Copies of the two patents may be seen in 
Append ixes L and M. Also see U. S. Congress , House, Annual Report of 
the Commissioner of Patents : Report of the Commissioner of Patents , fo r 
the Year 1846, 29th C o n g . , 2d sess, 1847, H. Doc. 52, p p . 298-99; U. 
S. Congress , House, Annua l Repor t of the Commissioner of Patents , fo r 
the Year 1847, 30th C o n g . , 1st sess . , 1848, H. Ex. Doc. 54, p. 74; Mary 
Raimonde B a r t u s , "John A u g u s t Roeb l ing : I nven to r and B r i d g e b u i l d e r " 
( u n p u b l i s h e d M. A . thes is , Fordham U n i v e r s i t y , 1957), p. 84; and 
S c h u y l e r , The Roeb l ings , p p . 89-92. 

23. Sayenga, "Roeb l ing 's P i t t s b u r g h A q u e d u c t , " 4 , 6. 
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prominent bu i l de r of suspension b r i d g e s . Since 1844 he had bu i l t six such 

s t r u c t u r e s , f i ve of them c a r r y i n g canal aqueduc ts . In his pro jects he had 

found the o p p o r t u n i t y to t r y out the ideas tha t had been c rowd ing his 

mind d u r i n g the p reced ing yea rs . No o the r b r i d g e b u i l d e r of the time 

could boast of hav ing bu i l t six suspension s t r u c t u r e s . Yet whi le the 

e rs twh i le immigrant had become a foremost exponent of the a r t of 

suspension b r i d g e c o n s t r u c t i o n , he was st i l l seeking new wor lds to 

conquer . The t h o u g h t tha t the cable suspension system might be used 

for ra i l road b r idges had become a f i xed idea in his m ind . Th is concept ion 
24 

was the seed of Roebl ing 's nex t g rea t achievement . 

B. CAREER AND ACCOMPLISHMENTS OF ROEBLING AFTER 
CONSTRUCTION OF DELAWARE AND HUDSON CANAL AQUEDUCTS 

The l is t of Roebl ing 's wo rks in the f ie ld of suspension b r i dge 

cons t ruc t i on d u r i n g the 1850s and 1860s pu t him at the f o r e f r o n t of his 

p ro fess ion . Perhaps , the most s t r i k i n g s t r u c t u r e was the pioneer ra i l road 

w i re cable suspension b r i d g e which he bu i l t at Niagara Falls in the years 

1851-55. Despite the na tu ra l obstacles to be overcome and the ou tb reak 

of a cholera epidemic at the s i t e , Roebl ing succeeded in bu i l d ing a 

s t r u c t u r e tha t b r o u g h t him enormous p res t ige and in te rna t iona l fame. 

Hav ing a clear span of 825 fee t , the b r i d g e was suppor ted by f ou r w i re 

cables of 10 inch diameter each. The b r i d g e had two f l o o r s - - t h e lower 

one fo r vehic les and the upper one fo r ra i lway t r a c k s . The two f loors 

were connected by s t r u t s and diagonal tension rods so tha t the 

s u p e r s t r u c t u r e formed a cont inuous hollow g i r d e r s t i f f enough to suppo r t 
25 

the act ion of a ro l l i ng load, the we igh t be ing suppor ted by the cables. 

24. David B. S te inman, The Bu i l de rs of the B r i d g e : The S to ry of John 
Roebl ing and His Son (New Y o r k , 1950), p. 106. 

25. "Mr . John A . R o e b l i n g , " E n g i n e e r i n g , 361 ; Schuy le r , The Roebl ings, 
p p . 93-97, 122-24; T y r r e l l , H i s to ry of B r i dge Eng inee r i ng , p p . 225-27; 
Char les B. S t u a r t , L ives and Works of C iv i l and M i l i t a ry Engineers of 
America (New Y o r k , 1871), p p . 306-09; and Final Repor t of John A . 
Roeb l ing , C iv i l Eng ineer , to the Pres idents and D i rec to rs of the Niagara 
Falls Suspension and Niagara Falls In te rna t iona l B r i dge Companies, May 1 , 
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The significance of the Niagara Railroad Bridge has been examined 

by Sir Alfred Pugsley in his The Theory of Suspension Bridges. 

According to Pugsley, a new approach to sti f fening suspension bridges 

was ar is ing: 

. . . Whereas Robert Stephenson, when designing the Britannia 
Tubular Bridge (1845), had argued that st i f fening by means of 
deck girders would necessitate such large girders that the 
cables and suspension system might be dispensed wi th , Peter 
Barlow . . . showed by a series of model experiments that 
much weaker girders would, in fact, be sufficient to spread 
local loads on to the cables and so avoid large deflections. It 
was as a result of this that Rankine produced his approximate 
theory for two and three hinged sti f fening girders that has 
been used so much ever since. By assuming that any con­
centrated load was spread by the girder uniformly across the 
whole span on to the cables, he produced the f i rs t rational 
theory of the interaction of cable and g i rder . At the time, of 
course, the bridges concerned were of spans of only a few 
hundred feet, and the sti f fening girder was being advocated as 
an alternative to the inclined rods of Motley and others. It was 
thus natural for John A. Roebling, in America, when he bui l t 
his f i r s t long span railway br idge, that of 821 f t . span over 
the Niagara Falls, to combine all three methods--the normal 
cables with vertical rods, the inclined rods radiating from the 
towers, and the deep heavy st i f fening g i rder ; and he did so 
with such success that the f i rs t locomotive (weighing 23 tons) 
to pass over the bridge caused a central deflection of only 3 
1/2 in . . . . 

It was at this stage that the importance and influence of 
the bridge weight itself upon the bridge stiffness was f i rs t 
realised. . . . 

Roebling, from his Niagara experience, had evidently 
gained an intui t ive understanding of the stiffness of a heavy 
suspension bridge of long span due to gravi ty forces. This, 
and his practical development of the construction of wire cables 
for suspension br idges, led Roebling f inal ly to the successful 
design and-- in 1883, after his death--the successful completion 
of the great Brooklyn Bridge of 1596 f t span. The stiffening 
girders of the Niagara Br idge, between its upper and lower 
decks, were 16 f t deep-- i .e . about one-f i f t ieth of its span; the 
main trusses of the Brooklyn Bridge are only 17 f t deep-- i .e . 
about one-ninetieth of its span. Roebling stil l clung to the 

25. (Cont . ) 1855 (Rochester, 1855), pp. 1-47. The "table of 
quanti t ies" for the Niagara Railroad Bridge may be seen on the following 
page. 
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I A T M • : • • 4 " v > r . : : E S . 

L::.=iLof Gdlgc'r n <•.••..•_-• :.. . :.--.- (' :• « or ?21f t .4 ia 
F! -,r I-::*-*:, • i . >. SCO • 

!CutEl*r of Wire Csl Is. * « 
Diameter of each " 10 iscL** 
&-ui Wire St-cti-.n of re L Cv'-j G0.40 «•:• in. 
Aggregate " '• • • •• . • : , ik : Call.*, 241.CO 
Aj.-rrg.ate S-v(i •:: of Ar..b:r :"_d=s. r i M lilies, 270.00 " 

uj-f-er links 372.00 • 
riiitnsle strength of CLa'rs, 11904 tons. 
Aggregate cinnK-r of W:r-= •= C<:'•-<. 14000 
Aversij.? «J'-r-tli of c-::o W:~ 16 »; it*. 
L~ti:.-Jlc strv gth of four ca' -4. _ 12000 tons. 
Permanent w..-igli! >:.:•:•-r.-l ' T C:L"-s. 1000 * 
T*r.sk>n re-tilting _ 1S 10 h 

Length of Aoch. >r Chat:* 66 ft. 
" uj-ivr Ca::-«, 1251 -
"lower " 1 1 9 3 " 

DvS*-doos of u;;-er Crd',- *: m - i ™ temperature,.. 54 • 
lower - - « 6 4 * 

Average deft action ._ 50 * 
Jfurr-ber of Susj-enJerS) 624 
Aijr>-c?»te utiiijiate sironirth vf ? i-r^ndcrs, . 1S720 tons. 
Numl-.-r of 0\erfi\or Slavs, 64 
Aggregate strength * 1570 tons. 
Nutld-er of River Slavs, 56 

Aggregatestrength " 1660 tons. 
Elevation of Kailwav track aL-.-- middle sU^e of river, 245 ft. 

Final Report of John A. Roebling . . . May \, 1855, p. 46. 
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rad ia t i ng inc l ined suspension rods of his ear l ie r des igns , bu t 
was c lear ly becoming more con f iden t ofy the cable g r a v i t y 
s t i f fness associated w i th long spans . . . . 

Fol lowing the complet ion of the Niagara Rai lroad B r i d g e , Roebling 

completed two o ther notable suspension b r idges w i th the help of his son 
27 

Washington who g radua ted f rom Rensselaer Poly technic I ns t i t u te in 1857. 

In 1856 John began bu i l d i ng towers f o r a 1,400-foot suspension b r i dge 

over the Ohio River between C o v i n g t o n , K e n t u c k y , and C i n c i n n a t i , Oh io , 

us ing rev ised plans f rom those he had submi t ted ear l ier in 1846. The 

Panic of 1857 i n t e r v e n e d , however , and later the ou tb reak of the Civ i l 

War p reven ted the complet ion of th i s b r i d g e un t i l 1867. The b r idge 's 

span of 1,057 feet was the widest w i re cable suspension span in the wor ld 

cons t ruc ted to tha t date and was hera lded by Eng ineer ing as "unden iab l y 

the f i nes t of i ts k ind ever c o n s t r u c t e d " and " u n d o u b t e d l y the f ines t work 
28 

s t r u c t u r a l l y and a r c h i t e c t u r a l l y , of i ts c l ass . " 

D u r i n g cons t ruc t i on of the Niagara Rai l road B r i dge Roebl ing 

commenced another ra i lway suspension b r i d g e over the 1,224-foot gorge of 

the Ken tucky River on the pro jec ted l ine of the Lex ing ton and Southern 

26. Si r A l f r e d Pugs ley , The Theo ry of Suspension Br idges ( L o n d o n , 
1957), p p . 4 -6 . 

27. Washington A . Roebl ing wro te a paper en t i t l ed "Design fo r a 
Suspension A q u e d u c t " f o r his g radua t ion thesis in 1857. The s tudy 
conta ined cons t ruc t i on gu ide l i nes , ca lcu la t ions , and d raw ings f o r an Erie 
Canal aqueduc t "a t the fa l ls of the Poestmki l l , a creek r u n n i n g f rom East 
to West t h r o u g h Rensselaer C o u n t y , and empty ing into the Hudson in 
South T r o y . " Washington A . Roeb l ing . Thes i s . Rensselaer Polytechnic 
I ns t i t u te Class of 1857. "Des ign f o r a Suspension A q u e d u c t . " Roebl ing 
Co l lec t ion , Rensselaer Poly technic I n s t i t u t e . 

28. S c h u y l e r , The Roeb l ings , p p . 125-28; T y r r e l l , H is to ry of B r i dge 
E n g i n e e r i n g , p p . 231-33; "The C inc inna t i B r i d g e , " Eng inee r ing , IV 
(October 1 1 , 1867), 335; Repor ts on the Ohio B r i d g e , at C inc i nna t i : 
Repor t of John A . Roeb l ing , C iv i l Eng ineer , to the Pres ident and Board 
of D i rec to rs of the Cov ing ton and C inc inna t i B r i dge Company, A p r i l 1 , 
1867 ( C i n c i n n a t i , 1867); and "The C inc inna t i Suspension B r i d g e , " 
E n g i n e e r i n g , IV ( J u l y 12, 1867), 22-23; ( J u l y 19, 1867), 49; ( Ju l y 26, 
1849), 74-76; ( A u g u s t 9, 1967), 98-99; ( A u g u s t 16, I867), 140-41. The 
table of quan t i t i es f o r t h i s b r i d g e may be seen on the fo l lowing page. 
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"The Cincinnati Suspension Br idge, " Engineering, IV (August 16, 1867), 141. 

75 

Main span from centre to centre of towers ... 1057 ft 
Side spans from abutment to centre of tower ... 281 „ 
Total length between abutments ... ... ... 1019 1( 
Elevation of floor above low water at tower ... 91 „ 

„ „ ,, in centre ... 1()3 ,, 
,, of Front-street, Cincinnati approach ... fiQ ,, 
,, of Second „ Covington „ ... 71 ,, 

Ascent of Cincinnati approach in 100 ft. ... ... 5 ,, 
Length of Cincinnati'approach from Front-street 

to abutment ... ... ... ... ... 341 „ 
Length of Covington approach from Second-street 

to abutment ... ... ... ... ... 292 ,, 
Total length, including approaches ... ... 2252,, 
Number of cables ... ... ... ... ... 2 
Diameter of each ... ... ... 12^ in. 
No. 9 wires in each cable ... ... ... ... 52(H) 

,, „ both cables 1U,400 
Average strength of one wire ... ... ... 1620 lb. 
Ultimate strength of one cable 4212 tns. 

„ „ of both cables 8424 „ 
Number of slays in main span ... ... ... 76 
Strength of each 90 tns. 
Aggregate strength of stays 6840 ,, 
United strength of cables and stays ... ... 15,264 ,, 
Weight of main span between towers ... ... 1500 „ 

,, ,, as far as supported by cables 1300,, 
Deflection of cables in main span ... ... ... 89 ft. 
Permanent tension to strength ... ... ... t-f-8 
Ordinary working tension to strength ... ... 1*7*7 
Maximum tension to strength ... ... ... l-j-6 
Section of each anchor chain in square inches ... 190 

n '"'0 „ ., * „ ... 380 
! Ultimate strength of two chains ... ... ... 9500 tns. 

Elevation of anchor-plates above, low wati r ... 25 ft, 
Greatest weight resting upon the foundation of 

each tower ... ... ... . . . . ... 32,000 tns. 
Area of each foundation ... ... ... ... 8250S.ft 
Pressure upon each superficial foot ... ... 3.88 tns. 
Cubic content of masonry of each tower ... ... 400,009 ft. 



Kentucky Railroad extending from Cincinnati to Chattanooga. The 

anchorages were laid and the stone towers erected for the bridge when 

financial problems of the railway company caused the work to be 

suspended indef ini tely. The bridge had been designed on the "girder 

pr inciple" without a carriageway as constructed on the Niagara Railroad 
29 

Bridge. 

During the delay of the Ohio River Bridge Roebling received the 

contract to replace a wooden bridge bui l t over the Allegheny River at 

Pit tsburgh in 1818 with an iron highway suspension structure that 

featured elaborate ornamentation. The work, which consisted of the 

removal of the old st ructure and construction of three new masonry piers, 

took three years from 1858 to 1860. According to Charles B. Stuart the 

total length of the bridge was 

one thousand and th i r t y feet, divided into two spans of three 
hundred and fo r ty - four feet each, and two side spans of one 
hundred and seventy-one feet each. The floor has a width of 
for ty feet, including two sidewalks, ten feet wide. The frame 
work of the superstructure is composed essentially of iron 
g i rders , with a f looring of wood. Ornamental open towers of 
cast- iron support the cables, which are four in number, two of 
seven inches in diameter, attached to the floor between the 
sidewalks and carr iage-way, and two of four inches in diameter, 
attached to the ends of the floor beams; Jri addition to the 
cables, there is an effective system of stays. 

The completion of the Ohio River Bridge at Cincinnati in 1867 

renewed discussion about the construction of a suspension bridge over 

the Mississippi at St. Louis. This proposed work appealed to Roebling 

and he began preparation of a manuscript that was published 

posthumously by his son Washington after his death in 1869. In Long 

and Short Span Railway Bridges Roebling included detailed sections on 

29. Stuart , Lives and Works of Engineers, p. 311; "Mr. John A. 
Roebling," Engineering, 361; Schuyler, The Roeblings, pp. 124-25; and 
T y r r e l l , History of Bridge Engineering, p. 228. 

30. Stuart , Lives and Works of Engineers, pp. 316-17; Schuyler, The 
Roeblings, p. 129; and T y r r e l l , History of Bridge Engineering, p. 228. 
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the fol lowing: (a) theory of the parabolic t russ ; (b) general description 

of a single-track iron railway br idge; (c) plan of a bridge over the 

Mississippi River, at St. Louis, for railway and common t rave l ; (d) 
31 railroad bridge over the Ohio; and (e) short-span bridges. 

Roebling's disappointment at losing the competition for the St. Louis 

bridge contract to James B. Eads, who proposed to erect a cantilevered 

tubular steel arch, was assuaged by his appointment in May 1867 as chief 

engineer for a suspension bridge across the East River connecting Lower 

Manhattan and Brooklyn--a project he had recommended ten years earl ier. 

Roebling and his son Washington prepared plans and estimates and 

Engineering observed on July 12, 1867: 

As a whole, no work of the same character, yet executed, 
approaches this in magnitude. It will undoubtedly be the 
crowning work of Mr. Roebling's l i fe, and we may, not unrea­
sonably conclude that it will hand his name down to posterity as 
one of the greatest engineers of modern times. . . . 

Roebling himself had a ful l appreciation of the magnitude of the East 

River undertaking. In 1867 he wrote to the president and directors 

overseeing the project: 

The contemplated work, when constructed in accordance 
with my designs, will not only be the greatest bridge in 
existence, but it will be the great engineering work of this 
Continent and of the age. Its most conspicuous features--the 
great towers--wi l l serve as landmarks to the adjoining cit ies, 
and they will be entit led to be ranked as national monuments. 
As a great work of a r t , and as a successful specimen of 
advanced bridge engineering, this st ructure will forever testi fy 
to the energy, enterprise., and wealth of that community which 
shall secure its erection. 

31. John A. Roebling, Long and Short Span Railway Bridges (New York, 
1869). 

32. "Suspension Br idges," Engineering, IV (July 12, 1867), 25. 

33. Quoted in Stuart , Lives and Works of Engineers, p. 322. 
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While Roebling was proceeding to finalize the plans for the Brooklyn 

Bridge his contributions to suspension bridge engineering technology were 

assessed by Charles Bender in his paper "Historical Sketch of the 

Successive Improvements in Suspension Bridges to the Present Time," 

read before the American Society of Civil Engineers on March 18, 1868. 

Bender observed: 

The French methods and designs [part icular ly those of 
Navier and Vicat] have been used in our country ; especially 
the method of constructing the cables direct ly on the towers, in 
the year 1844, at the Alleghany suspension br idge, near 
P i t tsburg, and Vicat's invention was a l i t t le , but not 
essentially, modified at the construction of the Niagara and 
Cincinnati suspension bridges by Roebling. . . . 

During this time [the 1850s] the American engineers, 
occupied in improving the wooden t russ-br idges, did not forget 
to appreciate suspension br idges, and that they constructed the 
greatest spans is well known. I mention the former Niagara 
br idge, of one thousand and for ty - two feet span. . . . 

At the time when the Britannia tubular bridge was to be 
bu i l t , R. Stephenson proposed a st i f f suspension br idge, in the 
form of an iron tube, suspended by chains. Many and costly 
models were bu i l t , as at this time no theories existed either of 
truss or of suspension br idges. The tubes in these models 
were made stronger and stronger after every experiment; and, 
last ly, the chains were no longer necessary and were dispensed 
w i th , and the iron tubular bridge was the result . 

It is plain that the Niagara railroad bridge is the direct 
application of Stephenson's plan. 

This work, as well as the Cincinnati br idge, are 
suff iciently known, and therefore I do not consider it to be 
necessary to describe them, nor to demonstrate that they are to 
be appreciated as great works of American enterprise and 
boldness, ojput exhibit nothing commendable in the way of 
invention. 

34. Charles Bender, "Historical Sketch of the Successive Improvements 
in Suspension Bridges to the Present Time," Transactions, American 
Society of Civil Engineers, I (1868), 40, 42-43. Roebling did not agree 
with Bender's assessment of his use of French methods and designs. The 
year before Roebling had discussed the differences between the French 
system of "cable making" and his own system in Reports on the Ohio 
Br idge, at Cincinnati . . . Apr i l 1st, 1867, pp. 48-52. A copy of his 
remarks on this subject may be seen in Appendix O. 
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The plans fo r the B r o o k l y n B r i dge received approva l ear ly in 1869 

and su rveys were q u i c k l y commenced. On June 28, 1869, whi le Roebling 

was watch ing his son per fo rm some p re l im ina ry s u r v e y s , a boat en te r ing 

the Ful ton F e r r y sl ip on the B rook l yn side pushed back the p i l i ng on 

which he was s t a n d i n g , ca tch ing his foot and c r u s h i n g several of his 

toes. A l t h o u g h the toes were amputa ted , te tanus set in and he died of 
35 lockjaw on Ju ly 22 at the age of 62. 

In 1871 Char les B. S t u a r t , the noted b iog rapher of c iv i l and mi l i ta ry 

eng ineers , paid an e loquent t r i b u t e to his long- t ime f r i e n d Roebl ing. He 

obse rved : 

The name of John A . Roebl ing wi l l always take h igh rank 
among the Engineers of Amer ica . He was one of many of our 
f o r e i g n - b o r n c i t izens who have , by t he i r genius and l ea rn i ng , 
adorned and re f lec ted honor on the c o u n t r y of t he i r adop t ion . 
He was a man of whom the eng ineer ing profess ion may j u s t l y be 
p r o u d . His name, w i th eminent f i t n e s s , may take a conspicuous 
place w i th the most honorable and zealous in the work of 
in te rna l improvement and human p r o g r e s s . 

The l i fe of Roebl ing was one of s t u d y and labo i—a l i fe too 
soon t e rm ina ted . He died j us t a f te r en te r i ng upon the 
development of one of the g randes t concept ions of his p r o ­
fessional ca reer . Bu t were men's l ives measured by what they 
accompl ish , by the good they have done , he l ived more than 
most men who see a g rea te r number of yea rs . 

34. ( C o n t . ) The h is to r i ca l development of suspension b r i dge 
cons t ruc t i on as well as Roebl ing 's place in the evo lu t ion of tha t 
development is t rea ted f u r t h e r in T y r r e l l , H i s to ry of B r i dge Eng inee r i ng , 
p p . 202-56; E. L. Kemp, " L i n k s in a Cha in : The Development of 
Suspension Br idges 1801-70," The S t r u c t u r a l Eng ineer , LV I IA ( A u g u s t , 
1979), 255-63; Pugs ley , The T h e o r y of Suspension B r i d g e s , p p . 1-10; 
Hopk ins , A Span of B r i d g e s , p p . 174-236; and Mahan, An Elementary 
Course of C iv i l E n g i n e e r i n g , p p . 251-64, 269-76; Char les Stewar t D r e w r y , 
A Memoir on Suspension B r i d g e s , Compr is ing the H is to ry of The i r O r i g i n 
and P rog ress , And of T h e i r App l i ca t ion to C iv i l and M i l i t a ry Purposes 
( L o n d o n , 1832); James Hann et aj\_, The T h e o r y , Prac t ice , and 
A r c h i t e c t u r e of B r i dges of S tone, I r o n , T imbe r , and Wire ; With Examples 
on the Pr inc ip le of Suspens ion , 2 vo l s . ( L o n d o n , 1839); and M. Nav ie r , 
Rappor t A Monsieur Becquey , Consei l ler D 'Etat , D i rec teur General Pes 
Ponts Et Chaussees Et Pes Et Memoire Sur Les Ponts Suspendus . . . 
( P a r i s , 1823). 

35. S t u a r t , Lives and Works of Eng ineers , p. 326. 
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. He always declined to furnish plans for an important 
st ructure . . . that could not be erected under his personal 
supervision, neither would he undertake work upon plans made 
by others. He was not an imitator; all his great constructions 
were esentially d i f ferent , and planned to meet the special 
features of the location, and when he had once decided upon 
his plan, he was sanguine of its success^ and his whole 
energies were directed to its accomplishment. 

Roebling's son Washington took charge of the construction operations 

of the Brooklyn Br idge, and on May 24, 1883, President Chester A. 

Ar thur led the parade over the Brooklyn Bridge at the grand opening 

ceremonies. In its initial days the bridge was hailed as a triumph of 

intui t ive engineering and was commonly referred to as "The Eighth 

Wonder of the World." For nearly f i f t y years after its completion it 

reigned supreme as the most magnificent suspension bridge on earth. It 

raised such enthusiasm in America that the suspension bridge came to the 

fore for all new long-span world experts in suspension bridge 
37 engineering. Some years later the American Society of Civil Engineers, 

an organization of which John A. Roebling was elected to membership on 

December 2, 1868, noted in its memoir of the noted engineer: 

The crowning achievement of his life was the conception of 
the Brooklyn Br idge, spanning the East River, between 
Manhattan and Brooklyn. This is indeed a marvel of daring 
sk i l l , the worko of a master mind--and a monument to its 
designer. . . . 

36. I b i d . , pp. 301, 309-10. 

37. A number of works have been published on the history of the 
Brooklyn Br idge. Among these are David McCullough, The Great Bridge 
(New York, 1972); David McCullough, "The Great Bridge and the 
American Imagination," The New York Times Magazine, March 27, 1983, 
29-34, 36, 38, 68-69, 80; Alan Trachtenberg, Brooklyn Bridge: Fact and 
Symbol (Chicago, 1965); and T y r r e l l , History of Bridge Engineering, pp. 
237-38. 

38. "John Augustus Roebling, M. Am. Soc. C. E., Died July 22, 1869," 
Transactions, American Society of Civil Engineers, XCV111 (1933), 
1614-18. 
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This view was fur ther amplified by David B. Steinman and Sara Ruth 

Watson, historians of bridge construct ion, in their Bridges and Their 

Bui lders: 

Because it was the crowning achievement of John 
Roebling's career, because it was a miracle for its age, because 
it s t r ik ing ly symbolized man's conquest over the forces of 
nature, because it took another Roebling's health and career, 
because it is an outstanding symbol of the American tradit ion of 
achievement--for all these reasons there is only one Brooklyn 
Br idge, a st ructure standing out by itself in the panorama or 
br idgebui lding of all ages. . . . 

John A. Roebling was one of those rare geniuses who come 
generations before their time. The Brooklyn Bridge, in form 
and pat tern, in composition and proport ion, is his creation. It 
was bui l t as he had conceived i t . It is an art ist ic as well as an 
engineering masterpiece. 

The pierced granite towers, the graceful arc of the main 
cables, the gossamer network of l ighter cables, and the arched 
line of the roadway combine to produce a matchless composition, 
expressing the harmoniousq union of power and grace. It is a 
thing of enduring beauty. 

While not the f i rs t engineer to construct wire cable suspension 

br idges, Roebling was an "early person in the ar t" and contributed to the 

art by perfecting the process and adding "elements of s t rength, r ig id i ty 

and longevity as his special cont r ibut ion. " He was the f i rs t to construct 

wire cable suspension bridges to carry t ra ins. Long-span "bridges of a 

thousand feet and over" were also f i rs t successfully constructed by him. 

Hence Roebling made a signif icant contr ibution to wire cable suspension 

bridge technology. 

The death of Roebling, as well as that of EI let in 1862, marked the 

end of the early period of the modern suspension bridge according to 

Emory L. Kemp, a professor in the history of engineering and technology 

39. David B. Steinman and Sara Ruth Watson, Bridges and Their 
Builders (New York, 1941), pp. 234, 248. 

40. Schuyler, The Roeblings, p. 117. 
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at West Virginia Universi ty. In an art ic le, entit led "Links in a Chain: 

The Development of Suspension Bridges, 1801-70," he observed: 

The early history of the modern suspension bridge is an 
important subject in its own r igh t . I t , however, also provides 
a good example of the transformation of a primitive technology 
into an important and most impressive modern method for 
bui lding long-span br idges. This development was made 
possible by the use of wrought i ron , which was then effectively 
a new structural material, in a most efficient mannei—direct 
tension. 

A galaxy of outstanding engineers in France, Bri tain and 
America was responsible, for a 50-year period, for the modern 
suspension bridge with spans in excess of 300 m clear span. 
This development represents a "conjunction of stars" such as 
Te l ford , Brown, Navier, Sequin, Vicat, Finley, El let and 
Roebling. 

Each made a signif icant contribution to this technology, 
not in isolation, but in relation to a growing tradit ion that 
included the application of theory to design, the use of exper i ­
mental testing techniques and the invention of special 
construction methods. By using a f lexible tendon as the 
principal component, engineers were forced to wrestle with the 
concept of stiffness and dynamic stabil i ty for the f i rs t time. 
These pioneer suspension bridge builders were to f i nd , through 
bi t ter experience, that there is more to a successful bridge 
design than the provision of adequate strength only. . . . 

After the deaths of Ellet and Roebling a new era in suspension bridge 

construction was ushered in with "the use of steel wires and stiffening 

trusses, more sophisticated analytical methods and much improved 
41 construction techniques." 

41. Kemp, "Links in a Chain," 255, 262. 
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CHAPTER SIX 

OPERATION AND MAINTENANCE OF THE DELAWARE 

AQUEDUCT: 1849-99 

The Delaware Aqueduct served as a key structure of the Delaware 

and Hudson Canal for f ive decades from 1849 to 1899. Apparent ly, there 

were no major problems related to its operation and only routine and 

periodic maintenance work were carried out on the aqueduct. 

Few reminiscences of the Delaware Aqueduct by canallers have been 

recorded. An exception was a speech by Du Bois Weber, a former 

boatman, given at the Ellenville Public Library in October 1952: 

. . . Whoever came in the aqueduct had the r ight of way. He 
had to look f i r s t to see whether another boat was coming, 
because the aqueduct was only large enough for one boat to go 
through at a time. One time I saw a raft go down that r iver 
r ight through under the aqueduct. I often wondered how they 
stopped the rafts in the current of the r iver , so I asked a man 
one time. They'd steer for the eddies and get close enough to 
them so they'd be hurled around then and get close enough to 
the shore to throw a line out and fasten it to a tow line. They 
always had to f igure on some eddy to tie the rafts up and they 
had to know whether they were going to get there before dark. 
The r iver had to be a certain height before they started the 
rafts out. . . . 

. . . before the canal closed, a stable had been buil t there 
[near New York end of the Delaware Aqueduct ] . For the stable 
they charged you 10$ a night to put the horses in the stable 
overnight . If they gave you hay, they charged you 15$ more. 
They 1 d idn ' t change teams, but worked the same team all day 
long. 

1. "The D and H Canal," Speech by Du Bois Weber, Ellenville Public 
L ib rary , October 9, 1952, in "The D & H Canal: Stories, E tc . , " Ellenville 
Public Library and Museum. The perils of raft ing under the Delaware 
Aqueduct are also described in Leslie C. Wood, Rafting on the Delaware 
River (Livingston Manor, New York, 1934), pp. 17-19, 88-91. A 
photograph of the Delaware Aqueduct dated 1890 shows several wooden 
structures on the north side of the New York abutment which are said to 
be stables and sheds. 
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The Delaware and Lackawaxen aqueducts were also mentioned in an 

old canal song en t i t led "A T r i p Down the Canal" by "Spot " McLaugh l in . 

One stanza of th is d i t t y wen t : 

Now we are at Ridgeway's th ree l ocks - -
You can leave y o u r bow l ine slack 

When we go t h r o u g h the Aqueduc t 
To cross the Lackawack. 

We went another half mi le. Tom T ie rney 
For some l i gh t boats had to wait 

Here we crossed the Delaware „ 
And went over in to New Yo rk Sta te . 

D u r i n g its f i f t y - y e a r u t i l i za t ion as a canal s t r u c t u r e i l l us t ra t i ons of 

the Delaware Aqueduc t appeared in several s ign i f i can t pub l i ca t ions . In 

1874 a con temporary view (a copy of which may be seen on the fo l lowing 

page) of the s t r u c t u r e appeared in William Cul len B r y a n t ' s P ic turesque 

Amer ica . Later in 1887 a view of the aqueduct appeared in P. L. 
3 

T u c k e r ' s The Erie Route. 

In March 1853 the Delaware and Hudson Canal pub l ished rev ised 

"Ru les , Regu la t ions , and By Laws . . . " g o v e r n i n g the operat ion of the 

wa te rway . Inc luded in the document was the s t ipu la t ion tha t "No boat or 

f loat shall be snubbed or fastened to the s u p e r s t r u c t u r e of the Wire 
4 

Suspension Aqueduc ts . . . under a pena l ty of $10 fo r eve ry v i o l a t i o n . " 

2. "Spo t " McLaugh l i n , "A T r i p Down the C a n a l , " in "The D & H Canal : 
S to res , E t c . , " E l lenvi l le Publ ic L i b r a r y and Museum. Walter Wolfe, aged 
98 and a long- t ime res ident of the B a r r y v i l l e , New Y o r k , area, remembers 
t ak i ng a canal t r i p on a coal boat in 1896 at the age of 12. The boat was 
owned by his f a the r and operated by his b r o t h e r . A l t hough he 
remembers passing over the Delaware A q u e d u c t , he does not remember 
a n y t h i n g no tewor thy about the s t r u c t u r e . Personal i n te rv iew w i th Walter 
Wolfe, N a r r o w s b u r g , New Y o r k , May 3, 1983. 

3. William Cul len B r y a n t , e d . , P ic turesque America . . . , 2 vo ls . (New 
Y o r k , 1874), I I , 474, and P. L. T u c k e r , e d . , The Erie Route: A Guide 
of the New Y o r k , Lake Erie & Western Railway and Its Branches . . . . 
(New Y o r k , 1887), p. 26. 

4. "Ru les , Regu la t ions , and By Laws . . . of Delaware and Hudson 
Canal C o . , March 30, 1853," p r i n t e d in Delaware & Hudson Canal Co. 
against Penna. Coal Co. , E x h i b i t s , Exh ib i t FF. 
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William Cul len B r y a n t , e d . , P ic tu resque America . . . 2 vo ls . 
(New Y o r k , 1874), I I , 474. 
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A major flood on Apri l 30, 1854, undermined the foundations of all 

the aqueducts along the line of the canal according to Chief Engineer 

Russel Lord. The height of the r iver came within 20 inches of the height 

of the ice flood of 1841. No specific reference, however, was made to 

the Delaware Aqueduct. Thus, it can be presumed that the structure 

suffered no appreciable damage. 

During the protracted legal proceedings between the Delaware and 

Hudson Canal Company and the Pennsylvania Coal Company during the 

late 1850s, Chief Engineer Lord was questioned in lengthy court sessions 

dur ing December 1857 and January 1858 concerning the operation of the 

waterway. Included in his testimony was considerable data relative to the 

Delaware and Lackawaxen aqueducts. According to his testimony, the 

aqueducts had shortened the line of the canal by about one-half mile and 

the boating time saved by the two structures was "a day, or nearly a day 

in a round t r ip through the season." The t runks of the aqueducts were 

supported by a wire cable anchored back of the abutments on 
each side of the r iver , resting upon pyramids erected on the 
top of the abutments and piers; the t runk is bui l t of timber 
and plank, attached to the wire cables, by which it is 
suspended between the bearings upon which it rests on the 
abutments and piers; there are two abutments to each 
aqueduct, three piers on the Delaware aqueduct and one in the 
Lackawaxen. 

Only one boat could pass over an aqueduct at a time. 

Available documentation indicates that the Lackawaxen Aqueduct 

suffered considerably more damage than did the Delaware Aqueduct. 

According to the Annual Report of the Delaware and Hudson Canal 

5. Lord to Musgrave, January 23, 1855, Wakefield Collection, Delaware 
and Hudson Canal Historical Society. 

6. Supreme Court , Ulster County, The President, Managers and 
Company of the Delaware and Hudson Canal Company, vs. The 
Pennsylvania Coal Company. Pleadings, and Testimony Taken Before J. 
H. Dubois, Referee, 7 vols. (New York, 1858), I, 179, 182, 184, 191, 
218-19. 
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Company, 1863, a " f r eshe t of unusual s e v e r i t y " in June 1862 "caused 

more or less damage to all the lines engaged in c a r r y i n g Coal to t ide 

wa te r . " The canal was "b reached at several po in t s , and one of i ts two 

pr inc ipa l A q u e d u c t s - - t h e one c ross ing the Lackawaxen- -swept away. Six 

weeks of that pa r t of the year most favorab le for nav igat ion — amount ing 

prac t ica l l y to o n e - f o u r t h of the whole season — were consumed in making 

necessary r e p a i r s , i n v o l v i n g a v e r y large ou t l ay , and a loss of f u l l y 

one - f i f t h of the est imated p roduc t i on of Coal . . . . " 

Some years later John Wi I la rd Johnston reminisced about the 

des t ruc t i on of the Lackawaxen Aqueduc t in June 1862. He no ted : 

by reason of heavy ra ins along the sources of the 
Lackawaxen R ive r , tha t stream at ta ined a he igh t never before 
known to the memories of l i v i ng man. The Delaware . . . was 
bu t s l i gh t l y a f fected by the ra ins a n d , so g rea t was the force 
of water issu ing f rom the Lackawaxen t h a t , i t rushed qu i te 
across the Delaware and f looded up on the opposi te shore . In 
the mad rush of wa te r , the p ier of the aqueduct spann ing the 
Lackawaxen, was unde rm ined , t h r o w n down bod i l y , w i th bu t a 
s ingle small c r a c k , the use of the aqueduct des t royed and the 
en t i re business of the canal suspended fo r the t ime. 

The collapse of the center p ier of the aqueduct lef t a large hole 

about 20 feet across and 10 feet deep in the p ie r ' s f ounda t i on . Chief 

Engineer Lord q u i c k l y erected a co f fe r dam around the hole and pu t six 

steam pumps into ope ra t i on . Because of the leaking cof fer dam, however , 

the water level was reduced by on ly 3 inches a f te r nine days and the 

fu t i l e e f f o r t s of up to 100 men, i nc lud ing fo remen, mach in is ts , mechanics, 

and labo re rs . A t tha t po in t Mr . Sykes , v ice p res iden t of the canal 

company, a r r i v e d on the scene to d i r ec t the repa i r e f f o r t s . Johns ton , 

who ind icated tha t Lord 's ine f fec t iveness was due to his i n tox i ca t i on , 

observed tha t Sykes 

7. Annua l Repor t of the Delaware and Hudson Canal Company, 1863, p. 
3, and C e n t u r y of P rog ress , p. 179. The ( P o r t J e r v i s ) Union-Gazet te 
ca r r i ed an a r t i c le on th i s event in i ts issue of June 1 , 1973. 

8. Johns ton , "Reminiscences and Desc r ip t i ve Account of the Delaware 
V a l l e y , " I , 143. 
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suggested tha t the cav i t y be f i l l ed by t h row ing in stones 
p l e n t i f u l l y mingled w i th good cement mor ta r . Tha t course was 
adop ted ; a thousand bar re l s of cement secu red , and in 6 hours 
a f te r the cement was at h a n d , the cav i t y was f i l led and the 
best foundat ion p r e p a r e d . . . . In 8 days . . . the Aqueduc t 
and the Canal was in w o r k i n g o r d e r . I t is safe to estimate tha t 
the e r r o r s of a d r q n k e n man . . . cost the company not less 
than $300,000. . . . 

D u r i n g the repa i r e f f o r t s John Roebl ing was con tac ted , and he sent 

an eng ineer who had been invo lved w i th the o r ig ina l cons t ruc t ion of the 

aqueduc ts . A f t e r the eng ineer 's r e t u r n , Roeb l ing , out of c o u r t e s y , 
10 

congra tu la ted Lord fo r r epa i r i ng the aqueduc t . 

In November 1863 the canal managers app rop r ia ted funds for 

doub l i ng the size of the Nevers ink Aqueduc t and the six Nevers ink locks 

to el iminate what was known as the "bo t t l eneck " of the canal . Roebling 

was requested by Lord to p repare plans fo r the en largement , bu t he 

asked the company to defer the pro jec t un t i l a f te r the te rminat ion of the 

C iv i l War. Later the idea was abandoned a l together because the 
11 

increas ing compet i t ion f rom ra i l roads caused canal t rade to dec l ine. 

In 1867 the f ou r aqueducts were descr ibed as "essent ia l ly permanent 

w o r k s , as merely the woodwork of the t r u n k requ i res occasional 
12 renewal . " 

9. I b i d . , I , 143-45. 

10. Roebl ing to L o r d , Ju ly 1 1 , 1862, Lord Co l lec t ion , Min is ink Val ley 
His tor ica l Soc ie ty . 

1 1 . O l yphan t to L o r d , September 7, 1863, and Roebl ing to L o r d , 
December 5, 1863, Lord Co l lec t ion , Min is ink Val ley His tor ica l Soc ie ty ; 
Boo th , "Delaware and Hudson C a n a l , " p p . 62-63; C e n t u r y of Progress , p. 
184; and Su l l i van Coun ty C iv i l War Centennia l Commission, Brass But tons 
and Leather Boots (Sou th F a l l s b u r g , New Y o r k , 1963), p. 6 1 . 

12. "Mr . John A . R o e b l i n g , " E n g i n e e r i n g , 361 . 



There are re ferences to a major b reak in the canal embankment in 

the v i c i n i t y of the Delaware and Lackawaxen aqueducts in Augus t 1888, 

but t he re is no ind icat ion tha t the break caused damage to the 

s t r u c t u r e s . On the 26th an e i g h t y - f o o t - w i d e break occu r red in the bank 

of the canal "wh ich separates i t f rom the Delaware River at Lackawaxen . " 

Th is sudden break caused cons iderable "damage to the coal- laden boats 

bound east" and took "some time to r e p a i r , " t hus causing "ser ious 
13 

inconvenience" to the opera t ion of the canal . 

The wooden f lume and s u p p o r t i n g t imbers of the Delaware and 

Lackawaxen aqueducts were replaced pe r iod i ca l l y . The T r i - S t a t e s Union 

repor ted on November 19, 1880, t ha t the Lackawaxen Aqueduc t and half 
14 

of the Delaware Aqueduc t would be r e b u i l t . An item in the W. H. 

Nearpass Col lect ion at the Min is ink Val ley Histor ica l Soc ie ty , dated March 

22, 1897, noted t ha t the Delaware Aqueduc t had been repa i red 
15 

ex tens i ve l y . Ano the r item in the co l lec t ion , dated March 5, 1898, 

conta ins the f o l l ow ing : 

The new Aqueduc t across the Delaware at Lackawaxen wil l 
soon be in readiness fo r use. Just a f te r nav igat ion closed last 
fal l some th ree score men, most ly ca rpen te rs commenced tear ing 
out the old p lank ing and t imbers and rep lac ing them wi th new. 
As i t is about seven h u n d r e d feet long and requ i red half a 
mi l l ion feet of lumber , some idea of the magni tude of the work 
may be imagined. 

13. "A Break in the Delaware and Hudson C a n a l , " Eng ineer ing and 
Bu i l d i ng Record , X V I I I (September 1 , 1888), 158. ~ 

14. T r i - S t a t e s Un ion , November 19, 1880, in Herman R. L y t e l l , "S to ry of 
the Delaware & Hudson C a n a l , " p. 69 ( t y p e s c r i p t copy , Min is ink Val ley 
His tor ica l Soc ie t y ) . 

15. W. H. Nearpass Co l lec t ion , March 22, 1897, quoted in L y t e l l , "S to r y 
of the Delaware & Hudson C a n a l , " p p . 69-70. Contemporary newspaper 
re ferences c i ted in Boo th , "Delaware and Hudson Cana l , " p p . 63-64, 
ind icate tha t the wooden t r u n k or f lume and s u p p o r t i n g t imbers were 
replaced on the Nevers ink Aqueduc t d u r i n g the w in te r of 1896-97. 

16. W. H. Nearpass Co l lec t ion , March 5, 1898, quoted in L y t e l l , "S to ry 
of the Delaware & Hudson C a n a l , " p p . 7 0 - 7 1 . A pho tograph of the 
Delaware Aqueduc t taken ca. 1895 shows tha t the aqueduct had a number 
of major leaks. The p h o t o g r a p h , wh ich may be seen at the end of th is 
r e p o r t , is located in the col lect ions of the Delaware and Hudson Canal 
His tor ica l Soc ie ty . 
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When the aqueduct was rebui l t in 1898 the timber was cut and f i t at 

the canal lumber shop on the Lackawaxen side of the st ructure. The 

workers were paid seventy-f ive cents a day, and they labored from "sun 
A i.17 

up to sun down. 

The extensive program of canal improvements and enlargements of 

which the Delaware Aqueduct was an integral element enabled the canal 

company to compete successfully with the railroads for bulk coal haulage 

into the 1870s. By the mid-1850s more than 1,000,000 tons of coal were 

carried over the canal per year, and the company's prof i ts were 

enormous, ranging from 10 to 24 percent net per annum on its already 

doubled capital. In 1847 arrangements had been made to lease part of its 

canal capacity to the Pennsylvania Coal Company, the tolls from whose 

boats, in addition to its own, swelled its coffers. By 1858 the canal 

company's railway was extended some seven miles farther down the 

Lackawanna Valley to reach other coal mines in the v ic in i ty of Blakesly. 

During the 1860s northeastern Pennsylvania produced 40 to 50 percent of 

the entire anthracite supply for the United States, and the canal carried 

the greater share of it to t idewater. In 1864 the capital stock of the 

canal company was raised to $10,000,000, and even on this amount the net 
18 

earnings of the following year were 31 percent. 

In December 1863 the Pennsylvania Coal Company completed a 6-foot 

gauge steam railroad from Hawley to a junction with the Erie Railroad at 

Lackawaxen, some 16 miles to the east. The loss of the business of the 

Pennsylvania Coal Company, which at its peak had comprised about half 

of the canal coal haulage, forced the Delaware and Hudson to begin 

serious planning for the construction and purchase of railroads itself, 

although the canal had nearly another decade of sustained growth in coal 

17. Jack Barnes, a long-time local resident of the upper Delaware Valley 
who is now deceased, gave these details to Carl A. Draxler. Personal 
interview with Carl A. Draxler, May 3, 1983. 

18. Whit ford, History of Canal System of New York, I, 749-50, and 
McDermott, Special Report, Delaware and Hudson Canal, p. 1. 
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t r a n s p o r t a t i o n , reach ing i ts peak load of 2,930,333 tons in 1872. 

T h e r e a f t e r , the canal tonnage s teadi ly decl ined as the Delaware and 

Hudson inc reas ing ly t u r n e d its a t ten t ion to the acquis i t ion and 

cons t ruc t i on of r a i l r oads : the lease in p e r p e t u i t y of the A lbany and 

Susquehanna Rai lroad in Feb rua ry 1870 p r o v i d i n g i t new out le ts in the 

n o r t h and east ; absorp t ion of the Rensselaer and Saratoga Railroad in 

May 1871; cons t ruc t i on in 1875 of the New Yo rk and Canada Railroad on 

the west side of Lake Champla in ; and bu i l d i ng of a connect ing l ink from 

Susquehanna, Pennsy lvan ia , to N ineveh , New Y o r k , thus opening the 
19 

Rochester and Buf fa lo markets to i ts p r o d u c t s . 

The g radua l d i ve rs ion of more and more f r e i g h t business f rom the 

canal to the ra i l roads led to reduced p r o f i t s fo r the canal opera t ions . By 

1897 on ly 250 boats were opera t ing on the cana l , down f rom the 1,400 

tha t had once r u n d u r i n g the canal 's p rosperous days . On October 26, 

1898, a committee repor ted to the canal managers " t h a t g rea t economies 

would resu l t f rom t r a n s p o r t i n g the company's an th rac i te f rom the mines 

d i r e c t l y to the Hudson r i v e r and Weehawken by means of ex i s t i ng 

ra i l roads instead of ' the p resent system of t r a n s p o r t a t i o n by the G rav i t y 

ra i l road and c a n a l . ' " For some years a large p ropo r t i on of coal mined by 

the Delaware and Hudson had been sent to New Y o r k over the Erie Rai l ­

r oad . Some 10 days later on November 5 the last canal boat was loaded 

and cleared at Honesdale. On Feb rua ry 23, 1899, the canal managers 

au thor i zed abandonment of the cana l , and on A p r i l 28 the New Yo rk state 

leg is la tu re au thor i zed the managers to lease, se l l , or d iscont inue the use 

of the canal whenever the t r a n s p o r t a t i o n of the company's coal could be 

more economical ly accomplished by ra i l r oads . The leg is la ture also 

sanct ioned a change in the company's name to the Delaware and Hudson 
20 

Company. 

19. LeRoy, Delaware & Hudson Cana l , p p . 67-69; Har low, Old Towpa ths , 
p p . 193-94; W h i t f o r d , H is to ry of Canal System of New Y o r k , I, 750-51 ; 
and A l f r e d Mathews, H is to ry of Wayne, Pike and Monroe Count ies , 
Pennsy lvan ia (Ph i l ade lph ia , 1886), p p . 245-46. 

20. Boo th , "Delaware and Hudson C a n a l , " p p . 8 0 - 8 1 ; C e n t u r y of 
P rog ress , p p . 311-18; Ed i t o r i a l , Eng ineer ing News, XL (November 10, 
1888), 296; LeRoy, Delaware & Hudson Canal , p. 83; and B. F. 
Facken tha l , J r . , " I m p r o v i n g Nav igat ion on the Delaware River With Some 
Accoun t of I ts Fe r r i es , B r i d g e s , Canals and F loods , " A Col lect ion of 
Papers Read Before the Bucks Coun ty His tor ica l Soc ie ty , VI (1932) , 
196-200. 
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CHAPTER SEVEN 

THE FATE OF THE LACKAWAXEN, NEVERSINK, AND 

HIGH FALLS AQUEDUCTS 

The Lackawaxen, Neversink, and High Falls aqueducts all fell into 

general disuse and deterioration after the abandonment of the Delaware 

and Hudson Canal, largely because of their location in isolated areas. 

The towpath of the Lackawaxen was used as a pedestrian crossing as 
1 

late as the mid-1930s or perhaps the early 1940s. Three photographs of 

the aqueduct dated Apr i l 16, 1935, in the Delaware and Hudson Railway 

Photograph Collection at the New York State Library show the t runk to 

be cluttered with debris and rot t ing and damaged timbers. Local 

residents recall using the towpath as a walkway and taking timbers out of 

the t runk to keep the towpath in repair. At some undetermined time in 

the late 1930s or early 1940s the t runk and support ing timbers were 

burned, and salvage dealers were permitted to cut up and remove the 

iron and metal components of the cable suspension system. Two stories 

have circulated about the removal of the masonry in the south abutment: 

(a) local residents helped themselves to the stone for personal use, and 

(b) the stone was removed and trucked to Port Jervis for use in the 

construction of a church. The north abutment was not removed because 

the local landowner would not permit its destruct ion. The pier in the 
2 

center of the r iver was removed after Hurricane Diane in August 1955. 

1. It is interesting to note that in December 1907 Pike County officials 
were considering the purchase of the Lackawaxen Aqueduct and 
convert ing it to use as a highway br idge. The alternative under 
consideration was construction of a new bridge near the mouth of the 
Lackawaxen at a cost of $10,000. Pike County Press, December 27, 1907. 

2. Personal interviews with Edwin D. LeRoy, Easton, Pennsylvania, 
March 1 , 1983; with Austin Smith, Barryv i l le , New York, May 3, 1983; 
with Carl A. Draxler, May 3, 1983; and with Ar thur H. and Annabel 
Haupt, May 4, 1983. 
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Nothing is known about the dismantling of the Neversink Aqueduct, 

but it is l ikely that it suffered a fate similar to that of the Lackawaxen. 

More is known, however, about the fate of the High Falls Aqueduct. 

The st ructure over the Rondout was dismantled in August 1921. 

Undated photographs at the Delaware and Hudson Canal Historical Society 

in High Falls indicate that the t runk and support ing timbers had been 
3 

destroyed by f i re before that time. When the cables and metal 

components were removed in 1921 samples of the wire were taken to John 

A. Roebling's Sons Company in Trenton, New Jersey, and tested. The 

tests performed on one of the wires, which according to Roebling's 

records had a tensile strength of 90,000 pounds per square inch, were as 

follows: 

Diameter 0.153 in . 
Breaking strength 1.753 lb. 
Ultimate strength 94,166 lb. per sq. in . 
Reduction of area 25.4 per cent 

According to H. C. Boynton, a metallurgist with John A. Roebling's 

Sons, the wire samples were "not galvanized or coated with any metal, 

yet the corrosion of this wire, while marked, was not excessive. There 

was relatively l i t t le p i t t ing of the surface." Boynton concluded: 

. . . this proves quite conclusively . . . that old wrought iron 
made 75 years ago is much more resistant to corrosion from 
ordinary weathering than our present high carbon steel made in 
acid open-hearth furnaces under str ictest supervision. 

. it certainly seems apparent that the cold-worked iron 
installed 75 years ago has not lost its valuable physical pro­
perties since the bridge was erected. In fact, the general 
opinion among my associates here is that cold-drawn wire 
gradually grows a l i t t le stronger with age. . . . 

3. In his Roebling's Delaware & Hudson Canal Aqueducts, p. 29, Vogel 
states that the f i re occurred about 1916. 

4. H. C. Boynton, "Br idge Wire Tested After 75 Years," The Iron Age, 
CXXI (February 9, 1928), 400. ~ 
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CHAPTER EIGHT 

THE DELAWARE AQUEDUCT UNDER THE CORNELL STEAMBOAT 

COMPANY: 1899 

Following the abandonment of the canal the Delaware and Hudson 

Company began to look for prospective buyers of the former waterway. 

Potential purchasers included the New York, Ontario and Western Railway 

Company, the Pennsylvania Coal Company, and the Erie Railroad 

Company, and negotiations were attempted with those corporations. After 

some months the Delaware and Hudson conveyed the canal "with all its 

franchises, r ights and privi leges" to the Cornell Steamboat Company for 

$10,000 by a deed dated June 24, 1899. The deed stipulated that the 

conveyance included the entire line of the canal "excepting such part as 

the Delaware and Hudson Company may wish to sell or use" and that the 

transfer was made with the understanding that the canal "shall be 
1 

maintained as such. " 

The Cornell Steamboat Company, whose president and principal 

owner was Samuel D. Coykendall of Kingston, New York, had operated 

under contract the Hudson River towing services for the Delaware and 

Hudson Canal Company for some years. Coykendall was involved with the 

Ulster and Delaware Railroad and was referred to as a "railroad and 
2 

steamboat magnate." There were numerous well-founded rumors in 

Delaware Valley and northeastern Pennsylvania newspapers that he was 

f ront ing for various railway interests when purchasing the canal. 

According to The Wayne Independent of June 28, 1899, Coykendall 

1. Deed, Delaware and Hudson Company to Cornell Steamboat Company, 
dated June 24, 1899, Orange County Deed Book 453, Folio 63, as quoted 
in Booth, "Delaware and Hudson Canal," p. 81, and Century of Progress, 
p. 317. 

2. The Cornell Steamboat Company was apparently a Coykendall family 
enterprise since its vice president was George Coykendall and its 
secretary was Frederick Coykendall. 
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and the [Delaware and Hudson] Company are on very f r iendly 
terms and it is only recently he started to extend his Ulster 
and Delaware road to Oneonta, where it connects with the 
Delaware & Hudson, and the coal of the latter road will f ind its 
way to Kingston by means of this connection. For the past 
week a corps of engineers and surveyors had been locating and 
surveying a route on the Moosic mountains. The company 
secured options for the line some months ago, and by following 
the canal in part it will afford a short route to tide water, as 
well as easy grades. 

The article also noted that the Vanderbilt-Morgan interests were 

attempting to acquire the Delaware and Hudson railroad system as part of 
3 

their attempt to establish a transcontinental rai l road. 

The railroad scheme of the Vanderbilt-Morgan interests was spelled 

out more clearly in The Wayne Independent on July 5. The paper 

reported: 

The D & H officials when interviewed here and elsewhere, 
have not denied that a great railroad project is in store for 
Honesdale. The Vanderbi l t and Morgan plan to get hold of the 
D & H system is said to be identical with that used in securing 
control of the Boston & Albany and the Fitchburg lines. They 
are after every feeder they can acquire for their proposed 
great transcontinental road. The anthractite carry ing roads are 
all coming under their control , the D & H. and Erie being the 
only ones left . This began with the change of management in 
the Del, Lack & West, over a year ago. Since then the canal 
and Gravi ty road have been abandoned and the coal for the 
eastern market has been hauled northward to Albany, hundreds 
of miles out of the way. Th is , it is plain to be seen, is being 
done at a loss and a more direct line to the seaboard and to the 
east must be ut i l ized. The only route is through Honesdale. 
Then the handling of coal is not the only object the Morgan and 
Vanderbi l t people have in view . . . they want the passenger 
and f re ight t raf f ic of the great anthracite coal regions for their 
proposed t runk line between the east and the west. . . . The 
Vanderbilts have greatly increased their holdings in Delaware & 
Hudson and . . . they are now in a position to carry out their 

3. The Wayne Independent, June 28, 1899. Also see Milford Dispatch, 
June 29, 1899. The proposed Vanderbilt-Morgan system would also 
include the following rai lroads: Boston & Albany; New York, New Haven 
and Har t ford ; New York Central ; Lake Shore, Chicago and Northwestern; 
and Union Pacific. 
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plan of several years ago to br ing the system under the 
management of New York Central , under terms very similar to 
those offered to Boston & Albany. . . . 

There is no documentation relative to the use of the Delaware 

Aqueduct dur ing the f i ve- to six-month period that it was owned by the 

Cornell Steamboat Company. Local area residents, however, undoubtedly 

used the aqueduct to cross the r iver . Local tradit ion has it that once the 

canal was abandoned some buggies even crossed the Delaware on the 

former towpaths of the aqueducts with one wheel on the planking and the 

other on the guard ra i l . 

4. The Wayne Independent, July 5, 1899. 

5. Personal interviews with Orson Davis, Minisink Ford, New York, May 
5, 1983; with A r thu r H. and Annabel Haupt, May 4, 1983; and with Carl 
A. Draxler, May 3, 1983. 
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CHAPTER NINE 

THE DELAWARE AQUEDUCT UNDER THE ERIE AND 

WYOMING VALLEY AND THE DELAWARE VALLEY AND 

KINGSTON RAILROAD COMPANIES: 

1899-1908 

In November and December 1899 the Cornell Steamboat Company lent 

credence to the "rai lroad scheme" rumors by conveying the Pennsylvania 

side of the Delaware Aqueduct to the Erie and Wyoming Valley Railroad 

and the New York side to the Delaware Valley and Kingston Railroad 

respectively. On November 11 a parcel of land on the Pennsylvania side 

of the aqueduct with the following boundary description was conveyed to 

the Erie and Wyoming Valley Railroad for "one dollar and other valuable 

considerations": 

. . . All that t ract or parcel of land situate in the township of 
Lackawaxen, County of Pike and State of Pennsylvania 
consisting of a st r ip of land t h i r t y (30) feet wide, bounded 
easterly by the westerly end of the aqueduct formerly carrying 
the Delaware & Hudson Canal over the Delaware River and 
known as the Delaware & Hudson Aqueduct; bounded westerly 
by . . . a line drawn parallel with and distant f ifteen (15) feet 
westerly from the Delaware & Hudson Canal, and bounded 
norther ly and southerly by lines drawn parallel with and distant 
f i f teen (15) feet (measured at r ight angles) northerly and 
souther ly, respectively, from a line which would be a westerly 
extension of the center line of said aqueduct, together with so 
much of the Delaware & Hudson Canal aqueduct aforesaid as 
now constructed and exist ing across the Delaware River from a 
point in the town of Highland, in the County of Sullivan and 
State of New York , to a point in the said Township of 
Lackawaxen and State of Pennsylvania, together with the side 
roadways attached thereto, and forming a part of said portion 
of said s t ruc ture , and the wire cables, archorages, supports, 
masonry, piers and abutments support ing said portion of said 
s t ruc tu re , and all other appurtenances thereof; together with 
the land adjacent to the r iver occupied by said portion of said 
s t ructure and its appurtenances, and any and all r igh ts , 
franchises and easements to operate and maintain the said 
aqueduct and its appurtenances across and over said r iver . . . 
said premises being hereby conveyed subject to all the 
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covenants and conditions contained in said deed [deed from 
Delaware and 1 Hudson Company to Cornell Steamboat 
Company]. . . . 

One month later on December 11 the Cornell Steamboat Company 

conveyed the line of the canal from the New York-Pennsylvania border to 

Huguenot, New York , to the Delaware Valley and Kingston Railway for 

the sum of "one dollar and other valuable considerations." This t ract , 

which included the New York side of the Delaware Aqueduct, had the 

following boundaries: 

All that portion of the Delaware and Hudson Canal situated 
in the State of New York which commences at the boundary line 
between the States of New York and Pennsylvania at or opposite 
the borough of Lackawaxen, Pike County, Pennsylvania, and 
ends at the westerly lock at or near the Village of Huguenot in 
the County of Orange, State of New York, with all the 
aqueducts, br idges, proper ty , r igh ts , franchises and 
easements, appurtenant thereto, including the canal bed, locks 
and their appurtenances, tow-path, r ights to d iver t and use 
water for canal purposes from the Neversink and Delaware 
Rivers, so long as said canal shall be maintained as such; also 
a s t r ip of land f i f teen feet wide on each side of the said canal, 
wherever the Delaware and Hudson Company pr ior to the 
conveyance by it hereinafter mentioned had t i t le to such land, 
excepting and reserving such parts thereof if any as were 
excepted and reserved to the said Delaware and Hudson 
Company by the said deed of conveyance: being a said portion 
of the said canal and its appurtenances, situated in the State of 
New York , heretofore conveyed to the party of the f i rs t part 
by the said Delaware and Hudson Company, by an instrument 
dated June 24, 1899, together with all the estate and r ights of 
the party of the f i r s t part and of the Delaware and Hudson 
Company in all to the premises aforesaid: and also all the 
r ights and franchises of every kind owned, possessed, used or 
enjoyed by the party of the f i rs t part or formerly owned, 
possessed, used or enjoyed by the said Delaware and Hudson 
Company in connection with the ownership use and operation of 

1. Deed, Cornell Steamboat Company to Erie and Wyoming Valley 
Railroad, dated November 11, 1899, as alluded to and described in Deed, 
Erie and Wyoming Valley Railroad to Charles Spruks, dated May 12, 1908, 
Pike County Deed Book 62, Folios 351-53. 
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said canal or otherwise not inc luding, however, any lands and 
buildings not above described. 

The sale of the two sides of the Delaware Aqueduct to the two 

railroad companies was part of the railroad scheme and political 

maneuvering referred to earlier when the Delaware and Hudson Canal was 

sold to the Cornell Steamboat Company. The Wayne Independent of 

November 15 and December 13, 1899, provided clues as to the intricate 

dealings surrounding the sale of the aqueduct: 

Behind the incorporation, on February last, at Albany of 
the Delaware Valley and Kingston Railroad Company stands the 
rich and influential Pennsylvania Coal Company, which has for 
years been forced to share its prof i ts with J . Pierpont Morgan's 
road, the Erie, under a t raf f ic agreement compulsory upon the 
coal company in order to d ist r ibute its product. 

Since the Pennsylvania Coal Company desired to end that arrangement, it 

was proposing "to build a railroad 81 miles long from a point within 10 

miles of Lackawaxen . . . to Kingston." The f i rs t step had been to 

purchase 

the old abandoned D & H canal, which follows the line of the 
proposed new road. . . . 

The Pennsylvania Coal Company owns the Erie and 
Wyoming Valley road, which taps the coal region at several 
points and which, under the t raf f ic arrangement with the Erie, 
has been operated by that company. One of the branches of 
this road runs to Lackawaxen. 

The newly incorporated Delaware Valley and Kingston 
Railroad Company will f i r s t construct its 81 miles of line to 
Kingston. The Pennsylvania Coal Company will extend its line 
from Lackawaxen to join the new road, and will then have a 
complete independent line from the coal fields to t idewater. . . . 

2. Deed, Cornell Steamboat Company to Delaware Valley and Kingston 
Railway Company, dated December 11, 1899, Sullivan County Deed Book 
133, Folios 87-90. At the same time the Cornell Steamboat Company 
conveyed the section of canal between Huguenot and Summitville to the 
Delaware Valley and Kingston Railway. Deed, Cornell Steamboat Company 
to Delaware Valley and Kingston Railway Company, dated December 11, 
1899, Orange County Deed Book 459, Folio 355, as quoted in Booth, 
"Delaware and Hudson Canal," p. 81 . 
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The building of a railroad on the line of the abandoned D 
& H canal verif ies the oft predicted yet as frequently denied 
statement that such a project has for some time been on 
foot. . . . 

For sometime the Erie & Wyoming company have been 
straightening the curves and double-tracking their road. This 
line is owned and [sic] is also the road between Hawley and 
Lackawaxen by the Pennsylvania Coal Company. Surveyors 
have already commenced work along the canal below Hawley and 
it is presumed that the second tract for the road is to be laid 
on the canal side of the Lackawaxen. 

Just what the Erie people will now do is a matter of 
conjecture. The company owns the ten miles of road between 
Honesdale and Hawley and whether they will continue to lease 
track privileges of the Pennsylvania Coal company or build a 
new line from Mast Hope to Honesdale and from this point up 
the Dyber ry , or Lackawaxen, remains to be to ld . 

A complete map of the new Delaware Valley and Kingston 
railroad to be bui l t from this city [Kingston] to Lackawaxen, 
Pa., was f i led in the Ulster county Clerk's office . . . by 
Judge Clearwater, counsel for Samuel D. Coykendall, president 
of the Cornell Steamboat Company. It is expected that this new 
road will revolutionize the coal t raf f ic between the Pennsylvania 
coal fields and New England. . . . Mr. Coykendall purchased 
all the real estate owned by the D & H Canal Company on both 
sides of Rondout Creek [between Kingston and Eddyvil le] for 
$160,000. He purchased the entire canal itself in February 
[June] last, which gave rise at that time to the rumor of the 
present railway project. It is intended to prosecute the work 
of construct ing the road as rapidly as possible. 

In l ight of this data it is important that the background of the Erie 

and Wyoming Valley and the Delaware Valley and Kingston Railroads be 

examined. Organized on November 6, 1882, by a group of financiers and 

capitalists from Scranton, Wilkes-Barre, and Reading, the Erie and 

Wyoming Valley Railroad bui l t a railway that extended by 1891 from the 

Lackawaxen River in Pike County to Port Gr i f f i th in Luzerne County, 

thus making a connection between the Delaware and Susquehanna Rivers. 

The road from Lackawaxen to Hawley, a distance of 16 miles, was leased 

to the New York, Lake Erie & Western Railroad Company and was 

3. The Wayne Independent, November 15, December 13, 1899. 
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operated by that company. From Hawley to Port Gr i f f i t h , a distance of 

48 miles, the line was operated by the Erie & Wyoming Valley Railroad. 

There were a number of branches to this road: from Dunmore to 

Scranton, a distance of three miles, and several to the breakers of the 

Pennsylvania Coal Company and those of other operators located along the 

main l ine--an aggregate of eight miles. The road made connections with 

the New York , Lake Erie & Western at Hawley, the Delaware, Lackawanna 

& Western and the Delaware & Hudson Company's railroad at Scranton, 

the Bloomsburg Division of the Delaware, Lackawanna & Western Railroad 

at Avoca, and the Lehigh Valley Railroad at the Lackawanna & Bloomsburg 

Junct ion. 

Early in 1899 officers of the Delaware and Hudson Company 

organized the Delaware Valley and Kingston Railroad under the leadership 

of Samuel D. Coykendall for the expressed purpose of constructing a 

railroad along the bed of the Delaware and Hudson Canal from Kingston to 

Lackawaxen, there to connect with the Pennsylvania Coal Company's Erie 

and Wyoming Valley Railroad and thus deprive the Erie Railroad of the 

coal company's t ra f f i c . Acting quickly to defeat this scheme the Erie by 

1901 had completed arrangements to purchase outr ight the railroad 

property of the Pennsylvania Coal Company which it had operated under a 

lease agreement. As a fu r ther safeguard the Erie bought the 

r ight -o f -way of the canal in the Lackawaxen v ic in i ty , thus preventing any 

competitor from bui lding over a parallel route. 

While the Erie Railroad thwarted the prospective line of the Delaware 

Valley and Kingston Railroad at Lackawaxen, there was fu r ther resistance 

to such a line by other railroad interests between Ellenville and Kingston. 

In 1899 and 1900 the Rondout Valley Railway Company, which later became 

the Ontario and Western Railroad, was planning to build a line from 

4. H. W. Crew, History of Scranton, Perm. (Dayton, Ohio, 1891), pp. 
354-55. 

5. LeRoy, Delaware & Hudson Canal, p. 83, and Booth, "Delaware and 
Hudson Canal," pp. 81-82. 
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Ellenville to Kingston which involved crossing the former canal. 

Resistance to such a line developed quickly and as a result the canal was 

described as looking " l ike a Boer War entrenchment." The Cornell 

Steamboat Company flooded the canal and drew up two smoothbore 

cannon, and it was reported that "watchmen day and night are kept on 

duty with instructions to blow to smitherines anyone who attempts to 

throw a bridge across the canal." By June 7, 1901, however, the Ontario 

and Western had purchased from the Cornell Steamboat Company the 

25-mile stretch of the former canal between Summitville and All igervi l le 

and proceeded to extend its road from Ellenville to Kingston under the 

name of the Ellenville and Kingston Railroad. The road was surveyed to 

follow the canal from Ellenville to Al l igervi l le and thence along a line 

already run through Stone Ridge to Kingston. The new line was used 

primari ly for the summer tour ist resort business. 

During the 1899-1908 period that the two sides of the Delaware 

Aqueduct were in the hands of the railroad interests, it is likely that the 

s t ructure primari ly served informal local cross-r iver transportation needs. 

While it has been generally assumed that the aqueduct was converted to 

use as a highway bridge and the toll house constructed on the New York 

side of the bridge dur ing the years 1899-1901, this conclusion is somewhat 

unlikely in view of the inter-rai l road r i va l ry . Moreover, a newspaper 

cl ipping dated May 22, 1901, describes the condition of the former canal 

as follows: "The feeders are abandoned, the canal is d r y , . . . the 

aqueducts are wrecks. . . . " 

6. Manville B. Wakefield, To the Mountains By Rail (Grahamsville, New 
York , 1970), pp. 63-67, 394. 

7. Unidentif ied newspaper c l ipp ing, May 22, 1902, "Delaware and Hudson 
Canal," Vertical Files, Pike County Historical Society, Mi l ford, 
Pennsylvania. 
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CHAPTER TEN 

THE DELAWARE AQUEDUCT UNDER CHARLES SPRUKS: 

1908-30 

After nearly eight years dur ing which the two sides of the Delaware 

Aqueduct were in the hands of railroad interests, the entire structure 

and its approaches became the property of Charles Spruks, a Scranton 

lumber dealer who specialized in the heavy timbers used as supports in 

the area's coal mines. On May 12, 1908, Spruks purchased for $1 and 

other considerations the t ract that the Erie and Wyoming Valley Railroad 

Company had bought from the Cornell Steamboat Company in November 

1899. The interesting aspect of this deed is that it is accompanied by a 
1 

map, a copy of which may be seen on the following page. 

That same day Spruks purchased the New York side of the aqueduct 

and approaches from the Delaware Valley and Kingston Railway Company 

for $1 and other considerations. This parcel, which was only a small 

portion of the large t ract that had been conveyed to the railroad by the 

Cornell Steamboat Company in December 1899, was bounded as follows: 

All that t ract or parcel of land situate in the Town of 
Highland, County of Sullivan and State of New York, consisting 
of a st r ip of land t h i r t y (30) feet wide, bounded westerly by 
the easterly end of the aqueduct formerly carry ing the Delaware 
& Hudson Canal over the Delaware River and known as the 
Delaware & Hudson Canal Aqueduct; bounded easterly by the 
easterly line of lands of said party of the f i rs t par t , which is a 
line drawn parallel with and distant f i f teen (15) feet easterly 
from the Delaware & Hudson Canal, and bounded norther ly and 
southerly by lines drawn parallel with and distant f ifteen (15) 
feet (measured at r ight angles) norther ly and southerly 
respectively, from a line which would be an easterly extension 
of the center line of said aqueduct; together with so much of 
the Delaware & Hudson Canal Aqueduct aforesaid as now 
constructed and exist ing across the Delaware River from a point 
in said Town of Highland to a point in the Township of 
Lackawaxen, County of Pike and State of Pennsylvania, as is 

1. Deed, Erie and Wyoming Valley Railroad Company to Charles Spruks, 
dated May 12, 1908, Pike County Deed Book 62, Folios 351-53. 
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located in said town of Highland and State of New York; 
together with the side roadways attached thereto and forming a 
part of said portion of said s t ruc ture , and the wire cables, 
anchorages, supports, masonry piers, and abutments supporting 
said portion of said s t ruc ture , and all other appurtenances 
thereof; together with the land adjacent to the r iver occupied 
by said portion of said st ructure and its appurtenances, and 
any and all r i gh ts , franchises and easements to operate and 
maintain the said aqueduct and its appurtenances across and 
over said r iver . . . . 

Charles Spruks was the son of John Spruks, J r . , who had learned 

the carpenter's trade in Germany and in 1842 had emigrated to the United 

States at the age of 18, sett l ing on Staten Island where he married. 

Later, he branched out into bui lding contracting and bought a farm at 

Beach Lake in Wayne County, Pennsylvania. In 1886 two of John's sons, 

Henry J . and Thomas, formed the f irm of Spruks Brothers, a large 

lumber yard and bui lding contracting concern in Scranton. Among other 

structures the f irm had bui l t two schoolhouses, the Scranton axle factory, 

the Lutheran and Polish churches, and some of the city's most fashionable 

residences by 1897. The two brothers also purchased two blocks along 

the main line of the Erie Railroad, where they erected sheds for their 

retail coal business operated under the f irm name of Spruks & Gibbons. 

They, along with their brother Stephen S. , were involved with a variety 

of other business interests: the Scranton axle works; the Allegheny 

Lumber Company, operating in North Carolina; and the Eureka Lumber 

Company in Washington, North Carolina, which manufactured yellow pine 

and cypress lumber. Charles, the second youngest of John's ten 

ch i ldren, began his business career by serving as a bookkeeper for his 
3 

brothers and was active in that capacity by 1897. 

2. Deed, Delaware Valley and Kingston Railway Company to Charles 
Spruks, dated May 12, 1908, Sullivan County Deed Book 155, Folios 
48-49. 

3. Portrait and Biographical Record of Lackawanna County, Pennsylvania 
(New York , 1897), pp. 278-79, and Frederick L. Hitchcock, History of 
Scranton and Its People, 2 vols. (New York, 1914), I I , 345-46. 
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During the early 1900s Charles Spruks apparently acquired extensive 

timber holdings in Sullivan County, New York, along with several other 

lumber contractors from Pond Eddy with the goal of specializing in the 

heavy timbers used as supports in the coal mines of northeastern 

Pennsylvania. Thus, he purchased the Delaware Aqueduct primari ly to 

afford a simple means of gett ing the logs across the Delaware to the 

railhead in Lackawaxen. As a sideline he apparently bui l t a toll house 

and swinging latt ice-work gate on the New York side of the aqueduct to 

collect tolls from common-road t ra f f i c . During this period the towpaths 

were sawn off the aqueduct, a low rail ing was run along the downstream 

side of the t runk floor to provide a separated pedestrian walk, and some 
4 

grading was done at each end for access to existing roads. 

The Delaware Aqueduct received publ ic i ty in a national periodical as 

early as August 1914 when Edward Hungerford commented on its 

significance in an article in Harper's Magazine. He observed: 

At the upper end of the old Delaware & Hudson one 
monumental landmark sti l l remains—the erstwhile aqueduct 
across the Delaware. . . . It is a sturdy wooden s t ruc ture , 
wondrously fashioned. For s ix ty - f i ve years it has defied the 
fearful springtime floods down the Delaware—floods that have 
played havoc with more modern and elaborate br idges. Today 
it is itself a highway bridge of importance. And where the 
slow-moving coal-barges once mad* their weary way the 
automobile has quick and easy f l i gh t . 

In 1926 Alvin F. Harlow published his Old Towpaths, a widely-read 

history of the American canal era. In this work he observed that the 

four Roebling aqueducts on the Delaware and Hudson Canal 

not only stood unti l the canal's abandonment without giving 
away or sagging, but the one which spans the Delaware is in 
use to-day as a highway br idge; and the opinion was recently 

4. Vogel, Roebling's Delaware & Hudson Canal Aqueducts, p. 25. Also 
see Fackenthal, " Improving Navigation on the Delaware River," p. 198. 

5. Edward Hungerford, "Visions of Old Waterways," Harper's Magazine, 
CXXIX (August , 1914), 399. 
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expressed that if the canal were to be put in service again, the 
wood-work of the aqueduct might have to be replaced, but the 
cables and anchorages are so sound that they would support 
the weight of the water and boats again, just as they did 
eighty years ago. 

Much of the story of the maintenance and operation of the Delaware 

Aqueduct dur ing its twenty-two-year ownership by Spruks is based on 

personal interviews with long-time residents of the area. Edwin D. 

LeRoy, the author of The Delaware & Hudson Canal and It's Gravity 

Railroads, remembers passing across the bridge with a horse and wagon 

for the f i r s t time around 1914. Since there were no paved roads in the 

surrounding counties unti l the late 1920s and there were few automobiles 

in the area, much of the t raf f ic in those early years consisted of 

horse-drawn farm wagons according to LeRoy. Maintenance of the bridge 

consisted primari ly of "touch & go" operations that were designed to meet 

whatever needs were apparent to keep the bridge open for 

t ransportat ion. Austin Smith, current ly town historian of Highland, New 

York , remembers chaufferr ing a doctor over the bridge as a youth dur ing 

the early 1920s by automobile. Barbara Nieke, the part-t ime f i l l - in toll 

keeper at the bridge for many years, informed the doctor that he would 

have to buy another booklet of bridge t ickets ( t icket books were sold at 

the toll house) when he attempted to have Smith pass through the toll 
o 

gate without paying. Barbara Nieke, who occasionally worked as a toll 
keeper at the bridge dur ing the 1920s, remembers numerous horse-drawn 

9 
wagons carry ing logs and stone across the span dur ing that period. 

Considerable information on the Spruks period of ownership was 

provided by Carl A. Draxler, a resident of the Minisink Ford area since 

6. Harlow, Old Towpaths, p. 306. 

7. Personal interview with Edwin D. LeRoy, March 1 , 1983. 

8. Personal interview with Austin Smith, Barryv i l le , New York, May 3, 
1983. 

9. Personal interview with Barbara Nieke, Minisink Ford, New York, 
May 5, 1983. 
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1920, and Ar thur H. and Annabel Haupt, residents of Lackawaxen for 

more than 65 years. During much of Spruks' ownership Andy Paye, one 

of Spruks' partners from Pond Eddy, served as bridge overseer. Alonzo 

Smith, who had worked as a maintenance man for local Lackawaxen 

boarding houses, served as the toll collector dur ing the 1910s and 1920s, 

l iv ing in the toll house with his wife and daughter. The kitchen and one 

bedroom were downstairs, and a bedroom and l iving room were upstairs. 

Annabel Haupt, who has lived in Lackawaxen all her l i fe, was a fr iend of 

Smith's daughter and took piano lessons in the toll house l iving room in 

1911-12 from a teacher from Port Jervis. Zane Grey, a favorite with the 

children dur ing the early 1900s because he took them for buggy rides on 

the former canal towpath and held annual parties for them on 

Washington's Bir thday at his Lackawaxen home, owned property near 

Minisink Battlefield and thus used the toll bridge to "keep an eye on his 

p roper ty . " 

During the early 1920s Ella, Bob, and Court Campbell lived in the 

toll house and collected tolls for Spruks. Ella smoked a pipe and used 

Yellow Daisy tobacco--thus her nickname was Yellow Daisy. The bridge 

was open from about 7 a.m. to 8 or 9 p.m. The tolls were collected 

through a window in the kitchen downstairs, and records were kept on a 

pad of paper in the ki tchen. The large gate across the roadway would 

be raised after the toll was paid. A smaller gate was located closer to 

the toll house to allow pedestrians to pass. In those days the toll for a 

pedestrian was 2<£ while that for walking a cow or pig over the bridge 

was 3<£. In the earthen enbankment across the entry road to the bridge 

Ella Campbell maintained a t imber-l ined and supported root cellar, 

consisting of two rooms with wooden venti lators and shelves on both sides 

of a center aisle, in which she sold groceries, meat, and produce. 

During the 1910s and 1920s the Delaware Aqueduct was used 

extensively for haulage of railroad ties and mine props to the railroad 

yard at Lackawaxen. Double teams of horses were often needed to take 

the loads up the steep grade on the Pennsylvania side of the br idge. 

Among the most active lumber dealers who used the aqueduct were John 
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R. Redding, Ben Campbell, Michael Clark, Theodore Kunkell , Adam 
10 Eichman, Ar thu r Barnes, Peter Kessler, and Louis Wizlanchis. 

During the 1920s Spruks made several small purchases of property to 

add to his holdings at the Delaware Aqueduct. In September 1921 he 

bought a small parcel of land, totaling .05 of an acre, on the 

Pennsylvania side of the aqueduct which had become popularly known as 

the Highland and Lackawaxen Br idge. The land was purchased from 

William C. and Jerusha W. Cor t r ight of Lackawaxen for the sum of $1. 

This parcel which Spruks had used as an approach from the highway to 

the bridge at Lackawaxen since 1908, had the following boundary 

descript ion: 

ALL TRACT OR PARCEL OF LAND, situate, lying and 
being in the. Township of Lackawaxen, County of Pike and State 
of Pennsylvania and bounded and described as follows: 
BEGINNING at a point formed by the intersection of a line 
parallel to the abandoned Delaware and Hudson Canal and 
distant f i f teen feet Southerly from the berme side of same and 
the property line of said William C. Cort r ight and one Anna C. 
Gregory; and running thence North 39 degrees West forty-one 
links to Southeasterly edge of a small stone retaining wall; 
thence South 48-1/4 degrees West one chain and sixty-one links 
along edge of said wall to the center of the highway leading 
from the Lackawaxen Post Office past the residence of said 
William C. Cor t r igh t ; thence along center of said highway South 
24-1/4 degrees East twenty- f ive l inks; thence North 54-1/4 
degrees East one chain and s ix ty-e ight Lir>ks along lands of said 
Anna C. Gregory to place of beginning. 

Later on November 11, 1929, Spruks purchased an additional 

,75-acre parcel on the New York side of the bridge from Louise Ernst of 

10. Personal interviews with Carl A. Draxler, May 3, 1982, and Ar thur 
H. and Annabel Haupt, May 4, 1983. 

11. Deed, William C. Cor t r ight and Jerusha W. Cort r ight to Charles 
Spruks, dated September 13, 1921, Pike County Deed Book 73, Folios 
305-06. A small map accompanies this deed, a copy of which may be seen 
on the following page. 
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Minisink Ford, New York, and Paulina Diem of Lackawaxen, Pennsylvania, 

paying them each $1 for the proper ty . The parcel had the following 

boundary descript ion: 

All that Piece or Parcel of land, situate lying or being in 
the town of Highland, County of Sullivan and State of New 
York bounded and described as follows: Beginning at a point 
in the highway leading across the Delaware River to the hamlet 
of Lackawaxen, Pa., said point being 3. 65° 19' E. 19.0 feet 
from transi t point No. 1 of the March 1921 survey, which 
t ransi t point is on the center line of the br idge; 39.5 feet from 
the northeasterly corner of toll house; 32.05 feet from wall at 
the end of bui lding just east of toll house, 33.5 feet from 
opposite end of wall and 21.2 feet from the south westerly 
corner of bui lding opposite end of br idge. 

From the place of beginning S. 27° 27' E. 35.0 feet; 
thence S. 62° 33' W. 65 feet, then S. 27° 27' E. 22 feet; thence 
S. 62° 33' W. 142 feet more or less to the edge of Delaware 
River thence along the edge of the Delaware River N. 27° 27' 
W. 145 feet; thence N. 62° 33' E. 1930 feet more or less, 
thence S. 73° 10' E. 20.44 feet, thence S. 27° 27' E. 15 feet 
and thencp, S. 62° 33' W. 110.17 feet to the place of 
beginning. 

12. Deed, Louise Ernst to Charles Spruks, dated November 22, 1929, 
and Deed, Paulina Diem to Charles Spruks, dated November 22, 1929, 
Sullivan County Deed Book 275, Folios 315-17 and 317-18, respectively. 
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CHAPTER ELEVEN 

THE DELAWARE AQUEDUCT UNDER THE LACKAWAXEN BRIDGE 

COMPANY (FEDERAL BRIDGE COMPANY, 

OWNER): 1930-42 

The Delaware Aqueduct was sold by Charles Spruks to the 

Lackawaxen Bridge Company on November 1 , 1930. The Lackawaxen 

Bridge Company, which had been incorporated in the State of Delaware on 

January 10, 1930, with 100 shares of stock, was a subsidiary of the 

Federal Bridge Company, a toll bridge holding company with offices in 

New York Ci ty . Under the leadership of its president, Col. Peter K. 

Schuyler, a ret ired Army off icer, the Federal Bridge Company owned or 
1 

leased four highway toll bridges as of November 1, 1930. 

Spruks conveyed two Pike County and two Sullivan County parcels 

of land containing the aqueduct and its approaches to the Lackawaxen 

Bridge Company on November 1 , 1930, for the sum of $3 and other 

considerations. The Pike County parcels had the following boundaries: 

1 . ALL THAT TRACT OR PARCEL OF LAND situated in 
the Township of Lackawaxen, County of Pike and State of 
Pennsylvania, consisting of a str ip of land th i r t y (30) feet 
wide, bounded easterly by the westerly end of the aqueduct, 
formerly carry ing the Delaware & Hudson Canal over the 
Delaware River and known as the Delaware and Hudson 
Aqueduct; bounded westerly by a line, described in deed of 
Erie and Wyoming Valley Railroad Company to Charles Spruks 
dated May 12th, 1908 as "the westerly line of lands of said 
party of the f i r s t pa r t , " which is a line drawn parallel with and 
distant f i f teen (15) feet westerly from the Delaware & Hudson 
Canal, and bounded Northerly and Southerly by lines drawn 
parallel with and distant f i f teen (15) feet (measured at r ight 

1. New York Times, October 22, 1930; P. K. Schuyler, "Lackawaxen 
Suspension Bridge Rebuilt for Present-Day Use," Engineering and 
Contract ing, LXIX (November, 1930), 421; and Vogel, Roebling's Delaware 
& Hudson Canal Aqueducts, p. 26. One of the four toll bridges was the 
Reno Toll Bridge at Oil C i ty , Pennsylvania, which the Federal Bridge 
Company leased for a period of the Delaware Aqueduct. The Lackawaxen 
Bridge Company pledged a mortgage of $35,000 to Charles Spruks as part 
of the transact ion. 
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angles) norther ly and southerly respectively, from a line which 
would be a westerly extension of the center line of said 
aqueduct, together with so much of the Delaware & Hudson 
Canal aqueduct aforesaid as now constructed and existing 
across the Delaware River from a point in the Town of High­
land, in the County of Sullivan and State of New York, to a 
point in the said Township of Lackawaxen, as is located in said 
Township of Lackawaxen and State of Pennsylvania; together 
with the side roadways attached thereto and forming a part of 
said portion of said s t ruc ture , and the wire cables, anchorages, 
supports, masonry, piers and abutments support ing said portion 
of said s t ruc ture , and all other appurtenances therefore; 
together with the land adjacent to the r iver occupied by said 
portion of said st ructure and its appurtenances, and any and 
all r igh ts , franchises and easements to operate and maintain the 
said aqueduct and its appurtenances across and over the said 
r iver . . . . 

2. ALL THAT TRACT OR PARCEL OF LAND, situated, lying 
and being in the Township of Lackawaxen, County of Pike and 
State of Pennsylvania and bounded and described as follows: 
BEGINNING at a point formed by the intersection of a line 
parallel to the abandoned Delaware and Hudson Canal and 
distant f i f teen feet Southerly from the berme side of same and 
the property line of said William C. Court r ight and One Anna 
C. Gregory and running thence North 39 degrees and West 
for ty-one links to Southeasterly edge of a small stone retaining 
wall; thence 48 degrees West one chain and sixty one links 
along edge of said wall to the center of the highway leading 
from the Lackawaxen Post office past the residence of said 
William C. Court r ight thence along center of said Highway South 
24-1/4 degrees East twenty- f ive l inks, thence North 54 degrees 
East one chain and s ix ty-e ight links along lands of said Anna 
C. Gregory, to place of beginning. 

CONTAINING 5/100 ACRES . . . The above courses are the 
magnetic bearings for the same for September 1921. This 
portion of land has been used since 1908 by the Bridge 
Company as an approach from the Highway to the Highland and 
Lackawaxen Br idge. 

The two Sullivan County parcels were conveyed to the Lackawaxen 

Bridge Company via two separate deeds. The boundaries of these parcels 

were: 

2. Deed, Charles Spruks and Nettie Spruks to Lackawaxen Bridge 
Company, dated November 1 , 1930, Pike County Deed Book 84, Folios 
386-88. A copy of the map accompanying the second parcel may be seen 
on the following page. 
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All that t ract or parcel of land, situated in the Town of 
Highland, County of Sullivan and State of New York, consisting 
of a str ip of land t h i r t y (30) feet wide, bounded westerly by 
the easterly end of the Aqueduct formerly carry ing the 
Delaware & Hudson Canal over the Delaware River and known as 
the Delaware & Hudson Canal Aqueduct; bounded easterly by a 
l ine, described in deed of Delaware Valley and Kingston Railway 
Company to Charles Spruks dated May 12th, 1908 as "the 
easterly line of lands of said party of the f i rs t pa r t , " which is 
a line drawn parallel with and distant f i f teen (15) feet easterly 
from the Delaware & Hudson Canal, and bounded norther ly and 
southerly by lines drawn parallel with and distant f i f teen (15) 
feet (measured at r ight angles) norther ly and southerly, 
respectively, from a line which would by an easterly extension 
of the center line of said aqueduct, together with so much of 
the Delaware & Hudson Canal Aqueduct aforesaid as now 
constructed and exist ing across the Delaware River from a point 
in said Town of Highland to a point in the Township of Lack­
awaxen, County of Pike and State of Pennsylvania, as is located 
in said Town of Highland and State of New York, together with 
the side roadways attached thereto and forming a part of said 
portion of said s t ruc ture , and the wire cables, anchorages, 
supports, masonry, p iers, and abutments support ing said 
portion of said s t ruc ture , and all other appurtenances thereof, 
together with the land adjacent to the r iver occupied by said 
portion of said st ructure and its appurtenances, and any and 
all r i gh ts , franchises and easements to operate and maintain the 
said aqueduct and its appurtenances across and over said 
r iver . . . . 

All that piece or parcel of land situated, lying or being in 
the Town of Highland, County of Sul l ivan, State of New York, 
bounded and described as follows: Beginning at a point in the 
highway leading across the Delaware River to the hamlet of 
Lackawaxen, Pa. said point being S. 65° 19' E. 19.0 feet from 
transi t point No. 1 of the March 1921 survey, which transi t 
point is on the center line of the br idge, 39.5 feet from the 
north easterly corner of toll house, 32.05 feet from wall at the 
end of bui lding just east of toll house, 33.5 feet opposite end 
of wall and 21.2 feet from the south westerly corner of building 
opposite end of br idge. 

From the place of beginning S. 27° 27' E. 35.0 feet thence 
S. 62° 33' W. 65 feet, then S. 27° 27' E. 22 feet; thence S. 62° 
33' W. 142 feet more or less to the edge of Delaware River 
thence along the edge of the Delaware River N. 27° 27' W. 145 

3. Deed, Charles Spruks and Nettie Spruks to Lackawaxen Bridge 
Company, dated November 1 , 1930, Sullivan County Deed Book 276, Folios 
580-83. 
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feet; thence N. 62° 33' E. 193.0 feet more or less; thence S. 
73° 21' E. 84.19 feet; thence N. 62° 33' E. 51.77 feet; thence 
S. 67° 10' E. 20.44 feet; thence S. 27° 27' E. 15 feet and 
thence S. 62° 33' W. 110.17 feet, to the place of beginning, 
containing 0.75 acres more or less. 

Litt le data could be found relative to Peter K. Schuyler or the 

Federal Bridge Company. One article wri t ten by Schuyler and published 

in the Engineering News--Record on December 4, 1930, does indicate his 

interest in toll bridges and in pending state and federal legislation 

affecting the construction and regulation of new bridges. He wrote that 

the number of highway toll bridges in operation in the United States had 

increased from 233 on October 1, 1927, to 296 on August 1 , 1930. In 

addition 51 toll bridges were under construction throughout the nation. 

More than $1,000,000,000 was invested or contemplated for investment in 

toll br idges, including both public and private projects. Of the 296 

bridges in operation, 96 or 31 percent were publicly owned, and the 

trend appeared to be toward increased public ownership of toll bridge 

operations. He observed that in some states toll bridges were classed as 

a public u t i l i ty under the control of a public service commission. In 

Pennsylvania, where 17 toll bridges were located entirely within the state 

and eight were on the boundary lines, the intra-state bridges were 

subject to the jur isdict ion of a public service commission which had the 

author i ty to regulate rates and service. The commission also had the 

author i ty to protect exist ing bridges against unwarranted competition by 

denying permission for construction of new structures if the existing ones 

were adequately serving the t raf f ic needs of a given area. As both state 

and federal legislative bodies were considering legislation affecting the 

regulation and construction of new br idges, Schuyler urged that such 

prospective bills be given detailed study "so as to thoroughly protect the 

travel ing public and assume the construction of only such bridges as are 

4. Deed, Charles Spruks and Nettie Spruks to Lackawaxen Bridge 
Company, dated November 1 , 1930, Sullivan County Deed Book 276, Folios 
583-84. 
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warranted" and when constructed the bridges to operate "under adequate 

regulat ion." 

Almost as soon as the Delaware Aqueduct was purchased Schuyler 

published an article in Engineering and Contracting relative to his plans 

to rebuild the bridge to make it "suitable for highway traf f ic of the 

heaviest class." He noted that a "careful inspection of the structure 

showed the major portions of it to be in excellent condit ion" and that the 

stone masonry was "in excellent shape." His plans, which were "being 

made at present ," included the " rebui ld ing" of "the floor system." This 

reconstruction work would involve the removal of the wooden canal t runk 

and the substi tut ion of a simple floor system consisting of transverse 

floor beams hung from suspenders, longitudinal s t r ingers, and plain 

transverse plank decking for the roadway. 

The reconstruction work was carried out and completed in 1930-31. 

The work was supervised by Thomas Andrews, an engineer employed by 

the Federal Bridge Company. Local help was recru i ted; among those who 

were thus employed were Herman Browser, Bernie Kunkel l , Ben Campbell, 

Harvey Eldred, Charles Haas, Bill Shafer, and Carl A. Draxler. 

According to Ar thur H. Haupt, the reconstruction work "had the 

advantage of revealing the suspension 'ropes' but the disadvantage of 

destroying the unique br idge-borne canal 'box. ' " Southern pine or 

5. P. K. Schuyler, "Toll Bridges in Operation Total 296," Engineering 
News--Record, CV (December 4, 1930), 880. 

6. Schuyler "Lackawaxen Suspension Bridge Rebui l t ," 421, and Vogel, 
Roebling's Delaware & Hudson Canal Aqueducts, p. 26. The 
reconstruction effort was undoubtedly related to the increasing number of 
paved roads and the expansion of automobile t raf f ic in Pike and Sullivan 
counties. For instance, the f i r s t paved roads were constructed in Pike 
County in 1927 and plans were underway for the realignment and 
pavement of Highway 97 in New York. Personal interview with Edwin D. 
LeRoy, March 1 , 1983. 
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hemlock was presumably used for the new planking, deck, and 

s t r ingers. 

Carl A. Draxler was one of the workers on the Federal Bridge 

Company's project to modernize the br idge. He remembers that the ends 

of the posts support ing the canal t runk were sawed off and the t runk 

sides were pulled down with ropes, section by section. According to his 

recollection the pier cap on the Pennsylvania span shifted as a result of 

the removal of the canal t r unk rather than as a result of the May 30, 

1933, f i re as has generally been believed. Federal Bridge Company 

employees came to the Delaware Aqueduct for one week, but , saying the 

work was too dangerous, left the site. Thus local laborers, making f i f t y 

cents per hour, did v i r tua l ly all of the work under the supervision of 

Thomas Andrews. On two occasions near-accidents occurred dur ing the 

project: Shafer and Draxler almost fell into the r iver near the 

Pennsylvania shore when the hangers shifted suddenly; another time, 

after tools had dropped into the r iver , Draxler recovered them via a rope 

thrown over the br idge, but on his way back up the rope started 

unravel l ing. As part of the project the cables were wire brushed and 

painted with an ant i - rus t brown-colored substance. Loose wrapping was 

pulled off and painted, but no other changes to the cables or metal 

components of the bridge were made. Pier protectors or icebreakers, 

consisting of timbers bolted to the piers, were installed. Temporary 

walkways were bui l t along the outside of the planking dur ing the work. 

While some of the planking was being instal led, the automobile caravan of 

Governor Franklin D. Roosevelt, on his way to dedicate the nearby 

Ten-Mile River Boy Scout Camp, was held up for nearly an hour. 

7. "The Haupt's: Unofficial 'Historians' of the Roebling . . . The Haupt 
Photographs of the Dismantling of the Canal Bed . . , " Upper Delaware 
Magazine, I (Winter /Spr ing, 1979), 11, 33. Haupt, an ardent amateur 
photographer, took some photographs of the dismantling of the canal 
t r u n k , copies of which may be seen at the back of this report . 

8. Personal interview with Carl A. Draxler, May 3, 1983. 
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About the time of the bridge modernization project John H. Redding 

lived in the toll house and served as the bridge overseer for the Federal 

Bridge Company. After the project was completed a Mrs. Heflin served 

as the daytime toll keeper and Draxler worked from 6 p.m. to 11 p.m. 

dur ing the summer months, both earning f i f t y cents per hour. The 

Federal Bridge Company provided forms for the toll collectors to f i l l out 

for the purpose of record keeping. Draxler remembers the local people 

cussing the "toll b r idge , " with many of them dr iv ing to Shohola to cross 

the r iver "free of charge" or waiting unti l the toll collector went home at 

n ight . 

A major f i re broke out at the Delaware Aqueduct dur ing the night of 

May 30, 1933, destroying the woodwork of the westernmost span on the 

Pennsylvania side of the s t ructure as well as a signif icant portion of the 
10 span adjacent to i t . While the story of the f i re has not been ful ly 

authenticated or documented, Austin Smith of Barryvi l le and Ar thur H. 

Haupt of Lackawaxen have indicated that the general feeling of area 

residents was that the f i re was started with gas and matches by local 
11 persons wanting a modern tol l - f ree bridge with no weight limit. 

Although f i re companies with pumpers had been formed on both sides of 

the Delaware dur ing the late 1920s, the f i re was fought , at least in par t , 
12 

with water drawn from the r iver in buckets by ropes. While the f i re 

was widely referred to as a case of arson, no law enforcement agencies 

pursued the matter. According to A r thu r H. Haupt, who served as the 

justice of the peace in Lackawaxen for some th i r t y - f i ve years, it was 

generally agreed that the bridge was "under the sole authori ty of the 

9. I b i d . , and personal interview with A r thu r H. and Annabel Haupt, 
May 4, 1983. 

10. There are several timbers on the bridge today showing the charred 
effects of f i re damage. 

11. Personal interviews with Austin Smith, May 3, 1983, and Ar thur H. 
and Annabel Haupt, May 4, 1983. It is possible that the f i re might have 
resulted from rising feelings against the purchase and reconstruction of 
the bridge by a New York City-based f i rm. 

12. Personal interview with John Traber , Barryv i l le , New York, May 5, 
1983, and let ter, Olive Brower Finenko to Harlan D. Unrau, May 12, 
1983, 
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owner." Thus, law enforcement agencies never became involved in any 
13 incidents related to the s t ruc ture . 

Repairs to the charred bridge were commenced within two weeks. 

On June 15, 1933, The Hancock Herald reported that : 

The cables and hangers sustaining the historic four-span 
"D & H" canal viaduct at Lackawaxen, Pa., on the main line of 
the Erie were not seriously injured by the f i re on May 30th that 
destroyed the woodwork of the two spans of the s t ructure. A 
contractor is hauling timber for repairs, and it is expected that 
within a short time the charred woodwork will be replaced and 
that the br idge, bui l t or iginal ly as a viaduct for canal boats 
operating from Honesdale to Rondout, will be reopened for 
highway t ra f f i c . Ever since the canal was abandoned in the 
early [ late] nineties, the st ructure had been used as a 
roadway, and it was almost indispensable for people of the 
neighborhood, the nearest other bridges -being at Narrowsburg 
to the north and Pond Eddy to the south. 

Following repairs to the woodwork of the bridge the roadway was 

tarred and gravel chips spread on the new plank decking. This work 

was carried out by a crew from the Pennsylvania Highway Department, a 
15 division of the State Department of Public Works. 

The Delaware Aqueduct was discussed in F. H. Frankland's 

Suspension Bridges of Short Span in 1934. He observed that the "only 

multiple-span highway suspension bridges yet bui l t in the United States 

are the old Roebling bridge in Pi t tsburgh" and "the Lackawaxen Bridge 

over the Delaware River . " Regarding the latter he noted that "the sag of 

the cables is about 1/12 and consequently the structure is remarkably 

r i g id , although some of this r ig id i ty is due to the fact that , for highway 
1 fi 

loading, the cables are considerably oversize." 

13. Personal interview with A r thu r H. and Annabel Haupt, May 4, 1983. 

14. The Hancock Herald, June 15, 1933. 

15. Personal interview with Austin Smith, May 3, 1983. Smith was a 
member of the crew that did this work. 

16. F. H. Frankland, Suspension Bridges of Short Span (New York, 
1934), p. 85. 
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Soon after the f i re damage was repaired and the bridge reopened the 

William John (Jack) Brower family moved into the toll house. Mr. Brower 

managed the toll collection operations and supervised the maintenance 

activities at the bridge on behalf of the Federal Bridge Company until his 

death in 1940. 

Considerable information about the Browers dur ing the 1930s was 

provided to the author of this report by Mrs. Olive Finenko of Chenango 

Falls, New York, in a letter dated May 12, 1983. The Brower family, 

consisting of three chi ldren (Kathryn aged 15, Jack J r . , aged 8, and 

Olive, aged 13), arr ived at the bridge in June I933 with a small t ruck 

packed with f u rn i t u re . They moved from Oil Ci ty , Pennsylvania, where 

Mr. Brower had been working at the Reno Toll Bridge for the Federal 

Bridge Company. 

The toll house at the Delaware br idge, consisting of " f ive small 

rooms, no bath, no water, only e lect r ic i ty , " was small and primitive 

compared to their quarters at Oil Ci ty . The "p r i vy " was on top of the 

abutment across from the toll house. The two rooms downstairs in the 

toll house were the kitchen and l iving room with three bedrooms upstairs. 

The r iver was the source of wash water, a pulley being fastened on the 

cable just beyond the f i r s t pier on the upr iver side to pull water up by 

bucket. Their d r ink ing water was obtained from a spring across Highway 

97 from the toll house. A shed was attached to the west end of the toll 

house and at the end of that was a gas pump where the Browers pumped 

gas--the price vary ing between 7 to 10 gallons for $1. 

While the Browers were at the bridge all repairs were done by Jack 

Sr. and Jack Jr . When the planks would loosen, one of the Browers 

would take a hammer and dr ive in the spikes. 

The entire family helped collect tolls and open the gate to allow 

vehicles to pass. Local residents would help to relieve the Browers if 

they went away. Harvey Eldred helped to repair the roof of the toll 

house one year, and the entire Brower family helped to paint the toll 

house on one occasion. 
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A daily sheet was f i l led out for the Federal Bridge Company, 

denoting the number of vehicles, pedestrians, and gallons of gas pumped 

for each hour of operation. The sheets along with a postal money order 

were sent to Peter Schuyler in New York on Mondays and Fridays. Tolls 

for cars were twenty- f ive cents and for pedestrians two cents. An 

average of $20 ( including gas) was sent to Schuyler twice a week. A 

sliding slot in the window toward the bridge (near where the tally sheets 

were kept) permitted toll collection from pedestrians. 

Bill Shafer, one of the Lackawaxen men who had worked on the 

bridge in 1931 and after the f i r e , crossed the bridge frequent ly by 

"walk ing" the cables and thus avoiding the tol ls. Ben Campbell, another 

man who had worked on the br idge, walked from his home in New York to 

Lackawaxen every day. Since he received his pension check once a 

month he paid his tolls at the f i r s t of every month "along with candy for 

the k ids . " 

When the ice on the r iver broke up in spr ing the bridge was a 

favori te spot for spectators with up to 30-40 people watching at a given 

time. When someone would holler "here comes the big one," people would 

run to the pier that the ice was moving toward to see if i t broke up or 

"climbed the p ie r . " When the dam on the Lackawaxen broke at Hawley, 

the Browers watched parts of houses, barns, chicken coops, and trees 

pass under the br idge. 

In winter the wind and the sway of the bridge helped to clear the 

bridge of snow. The roadway between the edge of the bridge and 

Highway 97 was shoveled by the Brower chi ldren. 

The Brower family experienced tragedy in 1940 as Kathryn died in 

May and Jack Sr. died in December. Olive was already married, and her 
17 

mother and Jack Jr . moved from the bridge dur ing the summer of 1941. 

17. Olive Brower Finenko to Harlan D. Unrau, May 12, 1983. Mrs. 
Finenko is the last l iv ing member of her family. 
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One of the more bizarre incidents to occur at the bridge took place 

in 1940. A man from Eldred, New York , flew an airplane under the 
18 

bridge's center span as a stunt . 

18. Personal interview with Ar thur H. and Annabel Haupt, May 4, 1983. 
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CHAPTER TWELVE 

THE DELAWARE AQUEDUCT UNDER THE LACKAWAXEN BRIDGE 

COMPANY (EDWARD H. HUBER, OWNER): 1942-73 

On June 1 , 1942, Edward H. Huber, a lumber broker from Scranton 

and a nephew of Charles Spruks, purchased the Lackawaxen Bridge 

Company, and hence the Delaware Aqueduct, from the Federal Bridge 

Company. The conveyance consisted of the transfer of the entire 100 

share of stock in the Lackawaxen Bridge Company to Huber as well as the 

assignment of the $35,000 mortgage original ly pledged by the Lackawaxen 

Bridge Company to Charles Spruks in November 1930. Since the transfer 

of property was conveyed by an exchange of stock no deed was recorded 
1 

in the county land records. 

Edward H. Huber, son of Edward Huber and Anna Spruks Huber, 

was born in Atco, Pennsylvania,. There he received his early education 

in the local rural schools and later pursued higher education in the 

Wharton School of the Universi ty of Pennsylvania. He moved to Scranton 

in 1916 and was f i r s t employed by the Bulls Head Coal Company, owned 

by Jonathan Vipond, S. S. Spruks, David Spruks, Jay Law, and John 

Stansbury. After several years he went to work for the Spencer Coal 

Company of Dunmore. After serving in the Navy dur ing World War I, he 

and his brother Stephen S. Huber organized the Bell Grocery chain of 

food stores which quickly grew to operate 55 stores between Honesdaie 

and West Pit tston. In 1928 he disposed of his interest in the chain and 

began working for the Pacific Oil Company. After two years he became 

area representative of the Tidewater Oil Company. In 1938 he organized 

the Hawk Oil Company, d is t r ibut ing petroleum products in the Scranton 

area. Early in 1940 he sold his interest in that company to manage the 

business of his uncle, Charles Spruks, one of Scranton's largest brokers 

1. Assignment of Bond and Mortgage to Edward H. Huber, June 1, 1942, 
Sullivan County Mortgage Book 322, Folio 361, and "Lackawaxen Bridge 
Company Stock Cert i f icate, June 1 , 1942," Edward H. Huber Collection, 
Scranton, Pennsylvania. 
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in mining supplies, and on his uncle's death, he took over the business. 

In this capacity he sold heavy timber to mines throughout northeastern 

Pennsylvania, sometimes requir ing 60 to 70 t ruck loads of lumber per day 

from his holdings in the Virginia-Maryland region to service his 

customers. In addition to his purchase of the Lackawaxen Bridge 

Company he also owned several mines and was an officer of others. 

In December 1968 Huber was elected vice president of the South Side 

Bank and Trus t Company of Scranton, a position he sti l l holds with the 

present-named Penn Security Bank and Trus t Company. A member of the 

Dunmore Methodist Church, he served for many years as trustee and 

treasurer of the Methodist Homes for the Ag ing, Wyoming Conference, and 

played a prominent role in the establishment of the home for the aged in 
2 

Atco, Pennsylvania. 

Huber purchased the Delaware Aqueduct for speculative purposes, 

hoping to sell the s t ructure to the states of Pennsylvania and New York 

at a pro f i t . Political involvements prevented such a sale as officials of 

both states could not agree on a "deal" for the t ransfer . 

During his ownership of the s t ructure the toll operation was 

generally open in winter unti l 6:00 p.m. in the evening, and in summer it 

was f requent ly open unti l midnight. If the weather were bad and there 

was l i t t le business, Huber instructed his toll collectors to go home after 

which passage was f ree. In 1942 the toll was 25 cents for vehicles and 5 

cents for pedestrians, with passage on Christmas Day free. By 1970 the 

toll rates were 25 cents for cars, 15 cents for motorcycles, 35 cents for 

p ickups, and 5 cents for pedestrians. The speed limit was 5 miles per 

hour, but local residents remember many instances when vehicles would 

travel from 20 to 30 miles per hour over the span. The bridge was 

insured for a six-ton load limit, but this limit was not s t r ic t ly enforced, 

2. Unidentif ied newspaper c l ipp ing, ca. 1968, Edward H. Huber 
Collection, and personal interview with Edward H. Huber, Scranton, 
Pennsylvania, March 25, 1983. 
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in part because it was known that the bridge would hold considerably 

more weight. Thus, mail t rucks , feed t rucks , and heavy t ractor- t ra i ler 

t rucks carry ing loads of up to 20 tons of br ick and 60 tons of lumber 

were known to use the bridge regular ly . Moreover, the limit could not 

be s t r ic t ly enforced, in part because there was no regulation of bridge 

t ra f f ic once the toll collector went home at n ight . During the 1950s there 

was one reported instance when the dr iver of a t ruck and trai ler hauling 

a load of 32 tons of steel waited unti l 2:00 a.m. to cross the span. 

During his years of ownership Huber maintained the bridge with the 

help of local railroad employees who worked some evenings and weekends. 

Huber himself spent many weekends at the br idge, br inging work crews 

from Scranton, supervising the maintenance act ivi t ies, and "swinging a 

sledgehammer himself" unti l the age of 75. 

Clarence Miller of Minisink Ford served as Huber's bridge and 

maintenance superintendent, and after 1958 Miller's son-in-law, Orson 

Davis of Minisink Ford, took over as Huber's primary maintenance 

supervisor. 

At f i r s t Huber used local oak and hemlock timbers for the periodic 

replacement of str ingers and planking. In later years these types of 

timber were not readily available so he used oak timber from Virgin ia, 

Maryland, and Georgia that he acquired as part of his lumber operations. 

The timber pieces were creosoted in Baltimore before being trucked to the 

Delaware Valley. As a normal routine the str ingers and planking on one 

or two spans would be replaced each year either in spring or fa l l , using 

one t rac tor - t ra i le r load of lumber per year. The old planks were raised 

with the aid of a broom attached to the f ront of a car or p ickup. A 

continuous problem was the tendency of the timber pieces to rot as a 

result of the constant exposure to the damp climatic conditions in the 

Delaware Valley--a problem that made repairs both frequent and 

expensive. According to Huber, the bridge was a "non-prof i t operation" 

because the cost of maintenance was usually higher than the revenue 

realized from the tol ls. 
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Every f ive years or so the cables and metal components of the 

bridge were scraped with wire brushes and then painted with black 

rust-resistant type paint. Oil was put under the saddles to increase their 

mobil ity. New wrapping was installed as needed, and steel bands were 

sometimes placed around the portions of the wrapping where it was 

broken and the cables exposed before paint ing. On at least one occasion 

a drunken dr iver hit the suspender rods and bent them, necessitating 

their removal and stra ightening. 

Several times dur ing his ownership of the bridge the upstream side 

of the pier abutments was covered with a cement facing. On at least one 

occasion a cofferdam was erected around the piers to permit the 

repointing and rehabil itation of the stonework in the pier foundations. 

Much of this work was carried out by men using a boat. 

Other than the problems involved with the maintenance of the bridge 

the two chief di f f icul t ies faced by Huber were that of vandalism and 

inaccurate accounting procedures by some of his hired toll keepers. 

Vandalism, presumably carried out by local residents, was a continuing 

f rust rat ion of Huber throughout his ownership of the br idge. At various 

times he was afraid that some of his hired toll keepers were cheating him 

out of toll receipts. For example, he found that some delivery t rucks 

were allowed to pass without paying tolls if they provided the toll keepers 

with a "g i f t " of their merchandise. Sometimes Huber would dr ive from 

Scranton to spend summer evenings out of sight on the Lackawaxen side 

of the bridge tal ly ing the number of vehicles passing over the span to 

see if the toll keepers were giv ing him an accurate accounting of the 

t ra f f i c . In later years Huber paid some of the toll keepers a percentage 

of the money they received in tolls as pay. 

During the early years of his ownership of the bridge some of his 

hired toll keepers lived upstairs in the toll house. In later years the 

upstairs was converted into two storerooms and the downstairs remodeled 

into an office and supply and tool room after the oil shed was removed. 

Although he made no major structural changes to the toll house dur ing 

his ownership, Huber painted it periodically, changing the color from 
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gray or beige with green tr im to red. Huber had it heated with a coal 

stove, and made necessary repairs, especially when a vehicle would brush 

against i t . Screens were installed over the windows to save them from 

vandals. A new roof was put on the structure by Joseph Smith, a local 

resident, several years before he sold the structure in January 1973. 

The cement block just outside the toll house was put in dur ing the 1950s 

at which time a s tu rdy , wooden gate was installed replacing the 

latt ice-work gate. 

A number of improvements were made to the bridge and toll house 

dur ing the Huber years. Although electric lines had been run across the 

bridge dur ing the 1920s, l ights were not installed on the structure unti l 

the 1940s. A telephone was installed in the toll house dur ing the late 

1940s or early 1950s. New electric lines were run across the bridge by 

A r thu r H. Haupt in the late 1940s or early 1950s (about the time 
3 

television was introduced at Lackawaxen). 

The reminiscences of Leona Davis, a l i fe-long resident of Minisink 

Ford, provide fu r ther details of the operation of the bridge dur ing the 

1950s and 1960s. She served as a part-t ime toll collector dur ing weekends 

in 1954-55. Her father Clarence Miller served as toll collector and bridge 

superintendent for many years, and her husband Orson Davis became the 

primary maintenance supervisor of the bridge in 1958. 

During the 1950s and 1960s there was sometimes heavy t raf f ic on the 

br idge, part icular ly on weekends, that was related to the railroad yard 

and feed mills at Lackawaxen as well as the Jewish summer camps on both 

sides of the r i ver . Although cars were allowed to pass on the bridge 

3. Personal interviews with Edward H. Huber, March 25, 1983; Ar thur 
H. and Annabel Haupt, May 4, 1983; Orson Davis, Minisink Ford, New 
York , May 5, 1983; Leona Davis, Minisink Ford, New York, May 5, 1983; 
George Shork, Narrowsburg, New York, May 3, 1983; and Carl A. 
Draxler, May 3, 1983. Also see New York Times, June 11, 1967; The 
Scranton Tr ibune, July 23, 1970; The Scrantonian, November 8, 1970; 
New York News, September 26, 1971; and The Pocono Record, February 
6, 1983. 
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dr ivers tended not to pass each other out of courtesy and custom. 

Strings of cars often would cross the bridge before vehicles from the 

opposite direction would venture on to the span. 

The toll collector pumped gas from the pumps located between the 

toll house and Highway 97. A daily tal ly sheet was kept by the toll 

collector on a desk in f ront of the window on the bridge side of the toll 

house, detail ing the weather, gas tank readings, pedestrians, and number 

and types of vehicles that passed over the bridge each hour. The toll 

collector was supposed to "walk" the bridge every day, noting problems 

that required attent ion. When Huber was notified that repairs were 

requi red, he would have the bridge superintendent order the necessary 

materials and commence the work as quickly as possible. 

Mrs. Davis remembers a number of interesting and colorful 

experiences at the br idge. During a spr ing rain a lady going too fast on 

the bridge got her car turned crosswise across the bridge and required 

help to get the car off the span. Every Memorial Day a ceremony was 

held at the cemetery in Lackawaxen. During the playing of "taps" at the 

cemetery a man with a wreath marched to the center of the br idge, which 

was closed for the occasion, and threw the wreath into the r iver . At one 

point a man brought a box of ashes (the remains of a relative) and 

poured it over the edge while Huber was on the br idge. During the 

early 1960s Bil ly Graham crossed the bridge on his way to a meeting in 

Scranton. 

During the 1950s and 1960s local area people resented the payment of 

tolls at the br idge. This feeling was part ial ly assuaged by the sale of 

t icket books ( for eight t r ips ) at the toll house which entitled the 

purchaser to two free t r ips for both cars and pedestrians. If a person 

bought gas he did not have to pay the to l l . Companies whose trucks 

regular ly passed over the bridge had monthly accounts. 

Vandalism was a continuous problem at the br idge. While the bridge 

generally closed in the evening, weather conditions and the number of 

young people in the v ic in i ty of the bridge often determined when the toll 

collector could go home. Sometimes the collector stayed at the toll house 
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unti l the early morning hours. While there were no robberies dur ing the 

Huber per iod, there were occasional incidents in which a plank or part of 

the guard rail would be ripped out and thrown into the r iver . The lights 

on the bridge were often broken with rocks or bul lets. 

Weather conditions sometimes caused problems at the br idge. During 

Hurricane Diane in August 1955 flood waters on the Delaware splashed the 

planks of the bridge but caused no appreciable damage to the s t ructure. 

During the winters the abutments would freeze, sometimes raising the 

height of a span. The bridge and approaches were sanded by the toll 

collectors and local men, primari ly Orson Davis, and t rucks and snow 
4 

plows would clear the bridge of snow. 

In the late 1960s an article appeared in the New York Times 

indicating that the bridge "is and has been 'for sale. '" After owning the 

bridge for some 27 years Huber was quoted as saying that "the bridge 

business, even when good, can get a bit monotonous in that length of 

t ime." The bridge remained "tremendously st rong" although there was a 

posted "s ix- ton limit" sign at the s t ruc ture . Recently, a t ruck with 28 

tons of stone had crossed the st ructure but such a load was considered 

dangerous. Under some "overloads" str ingers had been broken in the 

br idge. The str ingers under the planks were 5 inches by 14 inches and 

24 feet long--a size lumber seldom seen anymore. The principal work of 

upkeep concerned 

occasional replacing of the two and a half inch thick oak planks 
which form the bridge f loor. The width of the bridge requires 
two such planks, butted end to end. They are nailed down 
with f ive 60-penny spikes. 

During the summer months there is a tol l - taker on duty 24 
hours a day. In the months when there is much less act iv i ty , 
the late night and early morning hours are " f ree . " 

Most regional people, glad to be able to avoid a dr ive of 
many miles in either direction in order to cross the Delaware, 
buy books of t ickets . Those who use the bridge only 
occasionally pay the regular tol ls. . . . 

4. Personal interview with Leona Davis, May 5, 1983. 

130 



Huber noted that the "closest cal l" for the bridge had occurred 

dur ing a flood when two par t ly - f i l led 20,000-gallon gas tanks broke loose 

at Honesdale and floated down the Lackawaxen. As a result of being 

par t l y - f i l led , the tanks 

floated along at an angle, with part of the tank st icking out of 
the water. As the one tank approached the bridge it was t i l ted 
with the top downstream--a condition that would have made it a 
dangerous battering ram when it hit the br idge. Fortunately, 
as it approached, it swung around and, with the top t i l ted 
upsteam, merely hit the bridge a glancing blow and continued 
on downstream. 

Huber continued to advertise his intention to sell the br idge. In 

October 1971 Grit quoted him as saying he would "dearly love to sell that 

br idge" because it required more time than he had to spare. Help was 

d i f f icu l t to secure and he did much of the work himself. The hardest job 

was "dr iv ing those 60-penny spikes" which held the floor to the 

subflooi—a recurr ing problem since vibrat ion loosened them. 

In 1971 Robert M. Vogel, Curator of the Division of Mechanical and 

Civil Engineering in the Smithsonian Inst i tut ion's National Museum of 

History and Technology, described the condition of the bridge in his 

Roebling's Delaware & Hudson Canal Aqueducts. According to Vogel the 

fabric of the s t ructure was 

in generally good condit ion. The masonry, except for an 
understandable minor deterioration of the upstream pier faces 
from r iver ice, is quite perfect. The floor system is good as 
the planking 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 of the fact 
that each span original ly contained about 500 tons of water plus 
the additional dead load of the t runk and towpaths. True, it 
was an evenly d is t r ibu ted , non-moving, non-impact load, but 

5. Undated article from New York Times (ca. 1969) in William H. 
Stephens, comp., "D & H Canal," scrapbook, Wayne County Historical 
Society, Honesdale, Pennsylvania. 

6. Gr i t , October 3, 1971. 
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there can be l i t t ^ doubt that the cable system today is not 
working very hard . 

In November 1972 Huber formally placed the Delaware Aqueduct on 

the market and announced that his tentative sale price was $100,000. 

Two months earlier he had indicated that the bridge had been "a 

non-prof i t operation from the standpoint that the cost of maintenance" had 

"been higher than the revenue real ized." The fact that it was designated 

a National Historic Landmark in 1968 had "created additional expense" 

since its landmark status was bestowed "under the premise that it would 
o 

be maintained in the same manner as it was original ly bu i l t . " 

In the wake of his announcement several potential buyers made 

of fers. At the same time various professional, historical, and political 

interest groups became alarmed at what might happen to the bridge if it 

were sold. Joseph M. Purcel l , administrator of the Sullivan County Parks 

and Recreation Commission, was afraid the bridge might be destroyed and 

thus attempted to help Huber sell the st ructure to local government 

agencies who would preserve and interpret the structure as part of a 

historical park . At the same time he pressed for state-federal-county 

funding to enable the aqueduct to become a county or municipal park with 
9 

historic emphasis and picnic faci l i t ies. William M. Rice, an AIA architect 

in New York wrote to Huber saying that it was "inconceivable that the 

various appropriate historical and engineering societies have not shown 

suff icient gumption to assure safe ownership." Charles Bi rnst ie l , a 

professor in the School of Engineering and Science of New York 

University,, informed Huber: 

7. Vogel, Roebling's Delaware & Hudson Canal Aqueducts, p. 26. 

8. Stango to DePasquale, September 7, 1972, DePasquale to Stango, 
October 6, 1972, and unidenti f ied newspaper c l ipp ing, Danny A. Stango 
Collection, Dunmore, Pennsylvania. 

9. The (Middletown, New York) Times-Herald Record, March 11, 1967, 
May 3, 1968. 
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It is d i f f icu l t to overstate the significance of this structure 
in the historical development of the art of suspension bridge 
construct ion. I hope that the buyer will appreciate this and 
preserve the st ructure in its present form, except for repairs 
to the cable wrapping, deck and guard rai ls, and operate it as 
a service to the local communities. It would be a shame if 
Roebling's original fabric were altered. Even worse, would be 
an attempt to relocate the s t ruc ture . 

If events should make it necessary for you to consider 
selling the bridge to a party for scrap, or one that intends to 
alter it substantial ly, or a party that intends to move i t , I 
woulqT appreciate an opportuni ty to discuss the matter with 
you. 

10. Telephone interview with Joseph Purcel l , Apr i l 7, 1983; and Rice to 
Huber, December 1, 1972, and Birnstiel to Huber, December 5, 1972, 
Stango Collection. 
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CHAPTER THIRTEEN 

THE DELAWARE AQUEDUCT RECEIVES ATTENTION AS A 

NATIONALLY-SIGNIFICANT HISTORIC AND 

ENGINEERING LANDMARK: 1970-72 

The Delaware Aqueduct was a largely-forgotten historic and 

engineering treasure for more than 100 years. At its 100th anniversary 

in 1949 one local wr i ter observed about the s t ructure: 

. . . A victim of time and change, it stil l serves an economic 
purpose and has survived where most contemporaries have long 
since been replaced. To the knowing, its solid stone masonry 
and stout pine timbers remain in mute testimony to the 
permanency of its construction and reflect additional credit 
upon the persistent applications of thorough and practical 
acumen that were so characteristic of its bui lders. 

Now, bowed by the burdens of years and gray with the 
dust of neglect, it yet stands; a gr im, defiant veteran of the 
past, symbolic of the glories it once knew, of the destinies it 
helped to shape, and wi thal , an enduring t r ibute to our 
Country's pioneer sp i r i t , from which it was conceived'. 

Interest on the part of various local government organizations and 

historical societies for designation of the Delaware Aqueduct as a National 

Historic Landmark emerged dur ing the spring of 1967. On March 13, 

1967, Manville B. Wakefield, author of Coal Boats to Tidewater, 

introduced a resolution that was passed by the Sullivan County Historical 

Society urging establishment of the "Roebling Suspension Bridge" as a 
2 

National Historic Landmark. 

As part of the effort to obtain National Historic Landmark status for 

the Delaware Aqueduct an engineering study of the structure was 

1. Fred Suydam, "Old Bridge Observes Centennial: Delaware Aqueduct 
Celebrates 100th Anniversary , " July 7, 1949 ( typescr ipt copy, Pike 
County Historical Society). 

2. Resolution, Sullivan County Historical Society, March 13, 1967, 
Wakefield Collection, Delaware and Hudson Canal Historical Society. 
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undertaken by Mayo and Lynch of Hoboken, New Jersey, at the request 

of the New York Council of the Ar ts . The study was designed to develop 

proposals to stop deterioration of the cable suspension system and 

estimate the extent of necessary repairs. Among other items the 

engineers noted that the cable's wrapping was unwound in many places, 

thus exposing the wire strands. Rust and exposure had eaten away at 

the metal components of the s t ruc ture , and two stone piers had moved at 
3 

the middle where strain on the load-bearing members was greatest. 

Sullivan County park administrator Joseph M. Purcell supported the 

effort to obtain landmark status for the aqueduct and was one of those 

who initiated inquiries with the Northeast Regional Office of the National 

Park Service in Philadelphia in August 1967. In February 1968 the 

Sullivan County Historical Society made similar inquiries about the 

aqueduct's potential for landmark status. By June 1968 the offices of U. 

S. Senators Robert F. Kennedy and Jacob K. Javits of New York and 

Joseph S. Clark of Pennsylvania and U. S. Congressman Joseph M. 

McDade of Pennsylvania had contacted the National Park Service on behalf 

of fu r ther inquiries by the Sullivan County Historical Society. As stated 

by James M. Staples on May 14, 1968, it was the position of the society 

that: 

Although in some respects showing the wear of more than a 
century of exposure to the harsh weather of the region, the 
bridge today remains a s turdy t r ibute to the engineering genius 
who was later to build the Brooklyn Bridge and many other 
notable spans. 

Aside from its obvious historical merit, the bridge contributes 
greatly to the nostalgia of a region which in essence is stil l 
remote in time from the fast approaching tensions of 
urbanizat ion. Aesthetically, it and its quaint red, posted 
bedecked tollhouse lend art ist ic charm to the placid valley of 
the Delaware and at the same time evoke memories of a younger 
America, when visionary men wove a network of canals to open 
a country 's heartland to commerce and settlement. 

3. The (Middletown, New York) Times-Herald Record, March 11, 1967. 
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Today the scenic and historic upper Delaware River valley 
remain singularly isolated from the mainstream of American 
tourism, and accompanying commercialization. This condition 
now, however, is about to change radically under the impetus 
of such developments as the Federal Interstate Highway system 
and the Delaware Water Gap National Recreation Area. National 
Historical Landmark status for the old Roebling Bridge would 
serve both to identify its significance to the casual tour ist , and 
to safeguard it against some future development which might 
diminish its charm and val id i ty . 

As a result of these efforts NPS historian John D. McDermott 

completed a special report on the Delaware and Hudson Canal for the 

National Survey of Historic Sites and Bui ldings. In the report the 

aqueduct was declared to be one of f ive well-preserved sections of the 
5 

nationally-signif icant canal. Based on the report Secretary of the 

Interior Stewart Udall declared the canal to be eligible for registered 

National Historic Landmark status that same year. The following year the 

Delaware Aqueduct was identif ied as the "oldest suspension bridge in the 

United States that retains its original elements and the earliest extant 

example of Roebling's engineering genius" in the Mohawk-Hudson area 

study conducted by the Historic American Engineering Record. 

On July 22, 1970, a ceremony with some 150 people in attendance 

was held at the site of the aqueduct commemorating the designation of the 

st ructure as part of the registered Delaware and Hudson Canal National 

Historic Landmark. The program was organized and led by Danny 

Stango, a 

4. Staples to Nell igan, May 14, 1968, Staples to Javits, May 17, 1968, 
and Jensen to Javits, June 25, 1968, Stango Collection; and telephone 
interview with Joseph M. Purcell, Apr i l 7, 1983. 

5. McDermott, "Special Report, Delaware and Hudson Canal." 

6. Robert M. Vogel, ed. , A Report of the Mohawk-Hudson Area Study: 
A Selective Recording Survey of the Industrial Archeology of the Mohawk 
and Hudson River Valleys i_n the Vicini ty of T roy , New York, 
June-September 1969 (Washington, 1973), p. 151. 

7. The Scranton Tr ibune, July 23, 1970; Pike County Dispatch, July 30, 
1970; The Scrantonian (Pictorial Section), August 30, 1970; The Wayne 
Independent, July 16, 18, 21 , 23, 1970; and (Port Jervis) Union Gazette, 
July 23, 30, 1970. 
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relative of Edward H. Huber and a New York Life Insurance agent in 

Scranton, Pennsylvania, and Manville B. Wakefield. Those offering 

remarks dur ing the program included: C. Albert Sharkey, supervisor, 

Town of Highland; Joseph M. Purcell, administrator, Sullivan County 

Parks and Recreation Department; Paul M. Sturges, chairman, Delaware 

and Hudson Canal Historical Society; and Robert M. Vogel, curator, 

Smithsonian Inst i tu t ion. The principal speech for the occasion was given 

by John Bond, Chief, Interpretation and Resource Management, New York 

City Group, National Park Service, followed by the formal presentation of 

a certif icate to Huber. The bronze plaques denoting National Historic 

Landmark status had already been mounted on the New York and 
Q 

Pennsylvania abutment walls of the s t ruc ture . 

In early November 1970 a camera crew from WCBS, the Columbia 

Broadcasting System affi l iate in New York, filmed a five-minute 

documentary on the Delaware Aqueduct. Additional film footage was taken 

several weeks later. The film clips were made available to a number of 

Delaware Valley CBS-affil iates for local showing as well as to various 

cable television services. According to Craig Spence, WCBS director of 

8. Memorandum, Director, Northeast Region, to Director, Washington 
Office, July 20, 1970; "Lackawaxen Br idge, Delaware and Hudson Canal 
Registered National Historic Landmark - Ceremony Held on July 22, 1970 -
John Bond, Chief, I & RM Remarks"; Registry of National Historic & 
Natural Landmarks, Preservation Ceremony Report, August 31, 1970; and 
"Program Commemorating the Presentation of National Historic Landmark 
Plaque for the Lackawaxen Br idge, July 22, 1970; Land Resources 
Division Files, Mid-Atlantic Regional Office, National Park Service. There 
is considerable material relating to this ceremony in the files of the Danny 
Stango Collection. Photographs and a cassette tape recording of the 
ceremony have been duplicated from this collection and are on file in the 
park files of Upper Delaware National Scenic and Recreational River. The 
aforementioned program brochure listed the formal corporate organization 
of the Lackawaxen Bridge Company: E. H. Huber, president; Elizabeth 
Huber, t reasurer; Elmer Acker, vice president; Clarence L. Miller, 
bridge superintendent; and Lee Miller Davis, assistant bridge 
superintendent. 
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the documentary, the film afforded a "nostalgic look at a slice of 
9 

Americana" that was sti l l being used. 

The significance of the Delaware Aqueduct as a National Historic 

Civil Engineering Landmark was recognized by the American Society of 

Civil Engineers dur ing its annual meeting in Houston, Texas, on October 

18, 1972. Accordingly, the Lehigh Valley Chapter of that organization 

placed two bronze plaques on the bridge (one on each side of the r iver ) 

dur ing a ceremony held at the site on November 12. Robert E. Nolan, 

J r . , incoming president of the chapter and a member of the architectural 

and consulting engineering f irm of Bellante, Clauss, Miller and Nolan in 

Scranton, was in charge of the arrangements committee and served as 

master of ceremonies. Oscar Bray of Boston, the immediate past 
10 president of the National Society of the ASCE, dedicated the plaques. 

9. The Scrantonian, November 8, 1970. Efforts should be made by the 
National Park Service to acquire this film clip for use in its interpret ive 
program for the br idge. 

10. Nolan to Stango, October 27, 1972, and News Release, Sullivan 
County Publicity and Tourism Department, October 26, I972, Stango 
Collection, and Press Release, American Society of Civil Engineers, 
"Roebling's Delaware Aqueduct is Designated A National Historic Civil 
Engineering Landmark," November 2, 1983, in William H. Stephens, 
comp. , "D & H Canal." 
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CHAPTER FOURTEEN 

THE DELAWARE AQUEDUCT UNDER THE LACKAWAXEN BRIDGE 

COMPANY (ALBERT L. KRAFT, OWNER): 1973-80 

On January 15, 1973, Albert L. Kraf t , a telephone company employee 

and a resident of Hawley, Pennsylvania, purchased the Lackawaxen 

Bridge Company, and hence the Delaware Aqueduct, from Edward H. 

Huber. The sale of the bridge consisted of the transfer of the entire 100 

shares of company stock as well as assignment of the $35,000 mortgage 

that Huber had assumed in I942. A special meeting of the stockholders, 

with Huber as chairman, was held at the home of Huber in Scranton on 

January 15 at which time three new directors were elected: Albert L. 

Kraf t , his wife, Jean R. Kraf t , and David A. Kraf t , the Krafts' oldest 

son. A second meeting was held that day at the Krafts' home in Hawley at 

which time the following officers were elected: Albert L. Kraft , 

president, David A. Kraf t , vice president, and Jean R. Kraf t , secretary 
A • 1 

and treasurer. 

Because the transfer was a stock transfer transaction, no deed of 

conveyance was recorded in the county land records. According to 

Huber, the terms of agreement included a down payment by Kraft with 

installments to follow and with Huber holding a lien against the bridge 
2 company. 

1. "Assignment of Bond and Mortgage Given E. H. Huber to Albert L. 
Kraft and Jean R. Kraf t , his w i fe , " January 15, 1973; Lackawaxen Bridge 
Company, Minutes of Special Meeting of Stockholders, January 15, 1973; 
Lackawaxen Bridge Company, Board of Directors, January 15, 1973; 
Waiver of Notice of the Special Meeting of Stockholders, Lackawaxen 
Bridge Company, January 5, 1973; Assignment Separate from Cert i f icate, 
January 15, 1973; Huber Collection. 

2. "Appraisal Report of Tract No. 101-01, Lackawaxen Bridge, Town of 
Highland, Sullivan County, New York, Lackawaxen Township, Pike 
County, Pennsylvania, Upper Delaware Scenic and Recreational River 
Project . . . Prepared for National Park Service, Mid-Atlantic Regional 
Office . . . by W. L. Moore & Son . . . Easton, Pennsylvania . . . Apri l 
16, 1979," p. 8, and personal interview with Edward H. Huber, March 
25, 1983. 
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When Gene Peluso, Landmark Specialist with the National Park 

Service's Mid-Atlantic Regional Office, visited the Delaware Aqueduct in 

Apri l 16, 1973, he noted that the "br idge is very sturdy and in no 

danger of being a safety hazard." He observed, however, that "wooden 

portions of the siding could use a pa in t ing . " The immediate area of the 

bridge was " l i t tered with pieces of wood which were taken from the 

bridge as being non-serviceable." The grounds required "leveling out 

and maintenance." The canal bed near the New York abutment was "f i l led 

with everything that people can throw in it plus weeds galore." Restora­

tion of the toll house was already underway with the second floor 

intended for conversion to use as a gi f t shop. An outside stairway 

leading to the second floor was also planned. When this was completed 

Kraft intended to clean the canal bed and level out the nearby terrain for 
3 

use as a parking lot. 

In July 1973 the Society for Industrial Archeology Newsletter 

reported on the acquisition of the Delaware Aqueduct by Kraft . The 

article noted that the new owner was " fu l ly appreciative of the venerable 

span's extraordinary historical importance." Kraft already had "replaced 

much of the timberwork of the deck." During the coming fall he intended 

to "remove rust and repaint the main cables, suspenders and other 

i ronwork. " His long-range plans were "to rework the approaches, repoint 

the pier and abutment masonry, and construct some type of ice protectors 

for the upr iver masonry faces." He had also taken steps to draw public 

attention to the s t ruc ture , provide visitor faci l i t ies, and open a gi f t 
. 4 

shop. 

3. Registry of National Historic Landmarks, Report of Biennial Visit to 
"D & H Canal, Penn. New York Lackawaxen," Apri l 16, 1973, Land 
Resources Division Files, Mid-Atlantic Regional Office. At this time Kraft 
stopped selling gas and removed the pumps. Personal interview with 
Leona Davis, May 5, 1983. 

4. "Delaware Aqueduct Sold - But It 's OK'.," Society for Industrial 
Archeology Newsletter, II (Ju ly , 1973), 1. 
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A brochure prepared by Kraft advertised the items for sale in the 

Toll House Gift Shop when it opened on the second floor of the s t ructure. 

The items included: post cards, stat ionery, candles, f i lm, candy, 

baskets, fenton glass, Americana pine art icles, jewelry, pepsal mills, and 

books on local h is tory. Mugs and tiles by Tink Wig Pottery of Hawley, 

Pennsylvania, were also for sale. Among the items from the Hawley shop 

were special ti le with bridge replica, handcrafted dolls, hand-carved onyx 

items, lamps, wind chimes, and toys. Purchase of $1.00 or more in the 

gi f t shop was good for one free passage on the br idge. 

It is generally believed by local residents that the Delaware 

Aqueduct was not maintained with the same degree of care under Kraft as 

it had been under Huber. In fact many residents assert that Kraft paid 

minimal attention to the bridge after purchasing the nearby Lackawaxen 

House Restaurant. This was especially t rue dur ing the late 1970s when 

the financial welfare of Kraft 's business investments began to deteriorate. 

Although minor vandalism had been a problem for some years ( i . e . , 

the toll gate was sometimes removed on Halloween), such problems became 

more serious dur ing Kraft 's ownership--a problem that may have been the 

result of his h i r ing young people at low wages to run the toll operation. 

The picking up of loose planks and throwing them in the r iver became 

more prevalent and the toll house was broken into several times with 

windows broken. 

A well-publicized accident on June 23, 1977, dramatized the in ­

creasing neglect of the br idge. On that date flatbed trucks carry ing 

heavy loads of used railroad ties had been crossing the bridge all day. 

In the afternoon a 1975 Ford flatbed t ruck with a load of 

5. "Lackawaxen Br idge, Roebling's Delaware Aqueduct, 1847," in vertical 
f i les, "Br idges , " Ellenville Public Library and Museum. 

6. Personal interviews with William Nieke, J r . , Minisink Ford, New York, 
May 5, 1983, and Orson Davis, May 5, 1983. 
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ties went through the deck just beyond the New York abutment, fall ing 

some 30 feet and landing on its back in the abandoned canal bed below. 

Neither the dr iver nor his assistant were hur t seriously nor was the 

bridge heavily damaged except for about half of the deck system of the 

f i rs t span on the New York side. Kraft proposed to have that portion of 

the deck replaced by October, when the legal aspects of the incident 

were unravel led. While some publications viewed the accident as a result 

of the bridge's deteriorat ion, a number of local residents at tr ibute the 

cause of the accident to the fact that the t ruck was going too fast and 

started sliding when its brakes locked or the dr iver shifted gears too 

qu ick ly . It is interesting to note that the plank on the span that broke 

had been replaced by Kraft the previous year. 

The bridge planking and decking were repaired by local men using a 

derr ick to install the st r ingers. Some six hangers were replaced--the 

new ones looking considerably di f ferent from the original components, 

according to Ar thur H. Haupt who helped with the repairs. The saddles 
g 

were not damaged and thus were not replaced. 

After some four months the bridge was reopened to vehicular t ra f f ic . 

During the period of repairs the bridge was unattended on a regular 

basis and the historic landmark plaques were removed. On November 25, 

1977, Mid-Atlantic Regional Office Landmark Specialist Peluso wrote to 

George Emery, Chief, Historic Sites Survey, stating that 

Mr. Kraft . . . is investing a large amount of money to restore 
the bridge and to clean up the entire area around the bridge 

7. "Delaware Aqueduct Deck Fails Under Gross Overload," Society for 
Industrial Archeology Newsletter, VI (Ju ly , 1977), 1, and The 
(Middletown, New York) Times-Herald Record June 24, 1977. 

8. Personal interviews with Leona Davis, May 5, 1983; Orson Davis, May 
5, 1983, and Ar thur H. and Annabel Haupt, May 4, I983. During the 
1950s a t ruck carry ing a 23-ton load of bricks broke one str inger on the 
Pennsylvania side of the br idge. 

9. Personal interview with Ar thur H. and Annabel Haupt, May 4, 1983. 
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and with the help from the grants program hopes to restore the 
canal, also. It is his wish that after the bridge is restored, he 
would like to have another ceremony and requested a 
replacement plaque for the occasion. 

Despite the criticism of Kraft 's maintenance efforts at the br idge, 

there is some evidence that he was concerned about the upkeep of the 

s t ructure. He installed new lights on the bridge and installed an electric 
11 

stove in the toll house. In August 1976 David Kraft cut a sample wire 

(with wrapping) from the main cable and gave it to Kenneth E. 

Nieworkne, an engineer from Bethlehem, Pennsylvania, for testing of its 

mechanical properties and minimum tensile s t rength. The tests showed 

that the bridge's tensile strength was undiminished and that "the wire 

was produced to 90,000 psi minimum tensile s t reng th . " The results of the 

tests were 

Sample Diameter Tensile Strength % R/A 

Main cable .1386" 93,500 psi 53.1% 
Wrapping .080 " 71,000 psi 40.1% 

.080 " 76,000 psi 

At the same time the Krafts apparently were exploring ways to protect 
12 

the wires from fur ther rust ing and weathering. 

From 1973 to 1976 Kraft maintained the same tolls that Huber had 

charged--25 cents for passenger cars and 5 cents for pedestrians. In 

1976, however, the tolls were raised to 50 cents for passenger cars. 

Kraft also introduced a new t icket system in which tickets were punched 

rather than torn off from a book. Despite that increase the operation of 

the bridge was by and large a losing proposition for the owner. The 

aforementioned appraisal report in Apr i l 1979 noted that 

10. Peluso to Emery, November 25, 1977, Land Resources Division Files, 
Mid-Atlantic Regional Office. 

11. Personal interview with Orson Davis, May 5, 1983. 

12. Nieworkne to Kraf t , November 29, 1976, Mid-Atlantic Regional Office 
Files. 
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It is quite doubtful that the tolls received have provided any 
substantial revenue for many years and ownership of the bridge 
is l ikely to be a hobby ancL a personal interest rather than an 
economic business venture. 

The costs and revenues of the bridge operation are more readily 

understood by looking at Kraft 's "Yearly Operating Cost Summary" 

submitted to the Federal Highway Administration in February 1979. The 

summary included the following items: 

a) Salary of two toll collectors for 
ten (10) months/year, each $750/month 

No fee collection for 2 months): 

(2) (750) (10) = $15,000.00 

b) Total tax to two counties = 2,200.00 

c) Electric bill for the 5 lights on 

bridge " = 1,200.00 

d) Upkeep (br idge maintenance) = 1,200.00 

e) Insurance = 850.00 

f ) Snow removal = 200.00 + 

TOTAL COST = $20,650.00 
Kraft claimed that approximately 40,000 cars and t rucks (or about 112 per 

day) crossed the bridge per year from which he raised $20,000 in tol ls. 
14 Hence he lost some $650 per year, not counting interest payments. 

On Apri l 26, 1979, an article in the New York Times reported the 

reminiscences of Kraft and his son James as negotiations were underway 

for the sale of the st ructure to the National Park Service. Excerpts from 

the article include: 

13. "Appraisal Report . . . Apr i l 16, 1979," p. 14. 

14. Memorandum, Leslie L. Fugedy to Regional Director, Mid-Atlantic 
Region, February 26, 1979, Mid-Atlantic Regional Office Files. 
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" I love the b r i d g e , " Mr . K ra f t says . " I f I were a 
m i l l i ona i re , I wou ldn ' t be se l l ing i t . I'd be at the b r i dge fo r 
the rest of my d a y s . " 

He remembers when he bough t i t six years ago, gu l p i ng 
down his beer at the Lackawaxen House ba r , r u s h i n g out to 
stop the old man, Ed H u b e r , who owned i t and wanted to get 
r i d of i t , and t h u s f u l f i l l i n g a marvelous impulse. 

When he made the deal and to ld the fam i l y , Jimmy cou ldn ' t 
bel ieve they ac tua l ly owned a to l l b r i d g e , j u s t l ike t h a t . He 
raced ou t onto i t , r u n n i n g f rom one state to the n e x t , f rom the 
Pocono side to the Catsk i l l s ide , in joyous possession. I t was 
t h e i r s , lock , spans and to l l house , rep le te w i th Barbara Neike 
[ s i c ] , a woman f rom the New Y o r k side in her n i n th decade, a 
woman as f i ne l y w r o u g h t as the b r i d g e , who always took time to 
chat as she col lected the t o l l s . 

In his time in the to l l house , Jimmy has been th rea tened by 
boozy wise guys t r y i n g to evade to 50-cent t o l l . (Pa r t of the 
t r a f f i c pa t te rns invo lves the fac t tha t an 18 -year -o ld can imbibe 
legal ly here on the East bank in the Min is ink I n n , whi le 15 
seconds across the r i v e r he must wai t t h ree years to d r i n k at 
the Lackawaxen House . ) 

S t r o n g e r than any t r o u b l e , t h o u g h , is the boy 's memory of 
the b r i dge ' s g rea t v i r t u e s — f i s h i n g f rom it fo r eels when the 
s p r i n g r i v e r rose m u d d y ; meeting an endless f low of pleasant 
people , i nc lud ing b r i d g e b u f f s and scho lar ly engineers come to 
see Roebl ing 's small masterp iece. 

The modern -day t r a f f i c of 50,000 autos a year uses the 
same cab les , suspende rs , p ie rs and anchorages pu t the re by 
Roeb l ing . The autos bare ly tax the b r i dge ' s anchored 
s t r e n g t h , bump ing across the lumber deck ing tha t Mr . K ra f t 
and his o ldest son , D a v i d , mainta ined themselves. 

" T h a t ' s what I'll miss, s i t t i n g down and t h i n k i n g about the 
b r i d g e and keeping i t f i t , " he says , r e f e r r i n g to the 26-foot 
leng ths of 14- inch t imbers t ha t became inc reas ing ly expens ive in 
recent y e a r s . 

" I t h i n k the U. S. came along j us t in t i m e , " Mr . K ra f t 
says , his foots teps s p r i n g y and thump ing as a pulse beat on 
the b r i d g e , wh ich has a mesmeriz ing aroma of ta r and t ime, of 
the water below and the t rees beyond . " I t was ge t t i ng too 
expens ive to r u n at 50 cents a c a r . " 

15 
The K ra f t s plan to move away now. . . . 

15. New Y o r k T imes, A p r i l 26, 1979. 
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Although efforts were made by the author of this report to locate 

Albert L. Kraft for interviewing purposes, the location of his current 

residence could not be established. When Edward H. Huber sold the 

Delaware Aqueduct to Kraft in January 1973 he turned over all his 

records relative to the bridge to Kraft . When the National Park Service 

acquired the st ructure in March 1980 these records were not turned over 

as part of the transaction. Hence it is possible that these records might 

stil l be in Kraft 's possession. Since they would be a valuable addition to 

the NPS archives on the history of the br idge, fu r ther efforts should be 

made to locate Kraft and acquire these materials. 
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CHAPTER FIFTEEN 

THE DELAWARE AQUEDUCT UNDER THE NATIONAL PARK 

SERVICE: 1980-PRESENT 

Vir tual ly as soon as Congress authorized the Upper Delaware 

National Scenic and Recreational River on November 10, 1978 (Public Law 

95-295, section 704), as a unit of the National Park System, agency 

personnel indicated a desire to acquire the Delaware Aqueduct as a 

"cultural resource centerpiece" for the new park. This interest coincided 

with the financial dif f icult ies of Albert Kraft and his desire to sell the 

s t ruc ture . Hence preliminary negotiations for the transfer of ownership 

of the st ructure were commenced dur ing the winter of 1978-79. 

On February 13, 1979, Leslie L. Fugedy, a civi l engineer of the 

Mid-Atlantic Regional Office, met with Federal Highway Administration 

officials to participate in an inspection of the bridge to determine the 

safety of the st ructure and the extent of the immediate repair work that 

would be required to make the bridge a safe, fu l ly functional conduit for 

vehicular t ra f f i c . According to the t r i p report of Fugedy "close visual 

observations" were made 

of the s t ruc ture , specifically the 8 1/2" diameter wrought iron 
cables, the four anchorages at the 2 abutments, the timber 
roadway decking and rai l ings. 

The timber roadway consists of double transverse floor 
beams each 5" x 14", 25' long, resting on a saddle, bolted to 
the ends of the 1 1/4" diameter wrought iron double suspender 
rods on 4' centers. The floor beams are support ing the 
longitudinal 3" x 8" - 12' long str ingers on 18" centers to 
which the 3" x 10" - 10' long deck planks are fastened at r ight 
angles to the direction of t ra f f ic . . . . 

In general, the present bridge structure is stil l in fair 
condition despite the almost criminal neglect of its maintenance 
for many years. The cables, anchorages and the suspender 

1. New York Times, Apr i l 26, 1979. 
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rods must be repainted immediately and the wire wrapping for 
the cables repaired. The bridge seat on the masonry abutment 
at the Pennsylvania side has to be repaired, some of the timber 
roadway structure must be replaced and the entire rail ing 
system reconstructed in order to br ing the bridge up to an 
acceptable safety level for both vehicles and pedestrian t raf f ic . 

2 
The repairs which Fugedy recommended were estimated to cost $60,000. 

Mid-Atlantic Regional Office Director Richard L. Stanton urged on 

March 23 that the necessary repairs to the bridge be given f i rs t pr ior i ty 

once the st ructure was acquired. Two signs were to be put up at either 

end of the bridge the day after t i t le to the structure was t ransferred. 

The signs would state that the National Park Service had acquired the 

bridge and that the structure was considered to be unsafe. Repairs 

would be commenced soon, the bridge would be reopened for vehicular 
3 

use, and no tolls would be charged. 

Meanwhile on March 12, the Federal Highway Administration had 

submitted a document entit led "Connection Road over Delaware River, 

Upper Delaware Wild and Scenic River." In the report the cost of a 

complete rehabilitation of the Delaware Aqueduct was estimated at 

$900,000. Nathan B. Golub, Associate Regional Director, Operations, 

Mid-Atlantic Regional Off ice, thus recommended that the Park Service 

should "take this opportuni ty to close the bridge to all t raf f ic using the 
4 

FHWA report as the support ive document." 

2. Memorandum, Leslie L. Fugedy to Regional Director, Mid-Atlantic 
Region, February 26, 1979, Mid-Atlantic Regional Office Files. 

3. Informal memorandum, Stanton to Golub, March 23, 1979, Mid-Atlantic 
Regional Office Files. 

4. Memorandum, Associate Regional Director, Operations to Regional 
Director, Mid-Atlantic Region, March 29, 1979, Mid-Atlantic Regional 
Offices Files; U. S. Department of Transportat ion, "Bridge Safety, 
Federal Highway Administrat ion, Inspection Report, Connection Road Over 
Delaware River, Upper Delaware Wild and Scenic River, Str . No. 
4870-0018, Inspected: 2-13-79," Mid-Atlantic Regional Office Files; and 
Pike County Dispatch, July 12, 1979. 
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On Apri l 16, 1979, W. L. Moore & Son of Easton, Pennsylvania, 

submitted an appraisal report of the Delaware Aqueduct to the National 

Park Service. The report , prepared to determine the fair market value 

of the st ructure and proper ty , estimated the value of the land to be 

$10,000 and the improvements $60,000. This value estimate was to be 

used as the basis for acquisition of the property by the Park Service. 

Negotiations for the purchase of the aqueduct had proceeded far 

enough by Apr i l 20 that NPS Director William J . Whalen reported on their 

progress to the Assistant Secretary of the Interior for Fish and Wildlife 

and Parks. According to his memorandum of that date: 

The Mid-Atlantic Region is presently negotiating with Mr. 
Elbert [A lber t ] Kraf t , a wil l ing seller of the Delaware 
Aqueduct. We have hopes that this acquisition will be resolved 
soon. Tit le dif f icult ies have surfaced and condemnation for 
clearing t i t le may be requi red. It is being purchased under 
the Upper Delaware legislation as set out in the National Parks 
and Recreation Act of 1978. 

. . . The basic st ructure appears to be sound. A recent 
Federal Highway Administration inspection revealed that , with 
certain improvements in the roadbed and other reasonable 
corrections, the bridge can continue to carry l ight vehicular 
t raf f ic with ease. At the present time a fee of 50<t is being 
charged for the use of the br idge. It is used principal ly by 
people l iving in the small communities on either side of the 
r iver . 

When t i t le to the bridge and abutments has been obtained, 
it is our plan to close the bridge for a brief period and 
undertake important corrective work. The bridge would be 
reopened to l ight t raf f ic thereafter with no tolls being charged. 
Tolls are economically infeasible and minor maintenance can be 
handled by the present staff of the Delaware Water Gap National 
Recreation Area once initial repairs have been made. Local 
residents would be inconvenienced for several months; however, 
another bridge crosses the Delaware only four miles 
downstream. 

5. "Appraisal Report . . . Apr i l 16, 1979." The report contains a 
section on "Income Approach to Value," which discusses the revenues and 
expenses arising from operation of the aqueduct. A copy of this section 
may be seen in Appendix P. 

6. Memorandum, Director, National Park Service, to Assistant Secretary 
for Fish and Wildlife and Parks, Apr i l 20, 1979, Mid-Atlantic Regional 
Office Files. 
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The New York Times reported on Apri l 26, 1979, that the "quiet 

mood of affection of Albert Kraft and his son Jimmy is understandable as 

they stroll their toll bridge and make up their minds to sell it [ to] the 

Federal Government." The article went on to state: 

Nothing moves on the bridge this day. It has been 
chained closed for a month as the National Park Service 
negotiates to acquire the bridge and keep it for its history and 
beauty. Yet, a considerable deal is happening. For the 
bridge--Roebling's original Delaware Aqueduct-- is the oldest 
suspension bridge in the country , and now its preservation will 
be guaranteed fu r the r . 

In May a public notice was sent to Delaware Valley residents 

announcing that the National Park Service "has agreed to purchase and 

preserve" the "Delaware Aqueduct Br idge. " Regional Director Stanton 

stated that this action would "preserve for fu ture visi tors perhaps the 

most signif icant historical feature that remains in the area that Congress 

designated as the Upper Delaware Scenic and Recreational River." The 

bridge was to be purchased through the acquisition of stock of the 

Lackawaxen Bridge Company. Installation of new decking and restoration 

of the guard rail ings would take two months after the National Park 

Service gained ownership. The bridge would then be reopened to l ight 
Q 

vehicular t raf f ic on a tol l - f ree basis. 

The sale of the bridge was held up by a suit brought by Raymond 

M. Moulthrop, J r . , of Lehighton, Pennsylvania, owner of the flatbed 

t ruck that had the accident on the bridge in June 1977. Moulthrop 

claimed the bridge had a posted weight of 40,000 pounds, and Kraft had 

7. New York Times, Apr i l 26, 1979. 

8. "Future Meetings Set for Delaware River Valley Residents," [May 
1979], Mid-Atlantic Regional Office Files. This announcement was based 
on an "Offer to Sell" signed by all parties on May 7. It was anticipated 
that closing would take place in 30 to 45 days. Follow-Up Slip, Stanton 
to Golub/Bradford, May 7, 1979, Mid-Atlantic Regional Office Files. Also 
see Bert S. Feldman, "The Roebling Bridge: First Monument of the Upper 
Delaware," Upper Delaware Magazine, I, (Winter /Spr ing, 1979), 10, 40. 
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an obligation to maintain the bridge in strong enough condition to take 

that weight. The t ruck had a gross weight of 29,000 pounds at the time 

of the accident. The t ruck sustained damage of $8,556 and was out of 

service for 180 days. Thus, Moulthrop sought to recover the cost of 

damages plus $18,000 and interest for loss of the vehicle's use. In July 

1979 Judge James Marsh of the Pike County Court in Milford directed a 

wr i t of garnishment be issued in the amount of $20,000 as a security for 

a possible judgment against the owner of the "Roebling Br idge." The 

garnishees were to be "any person, corporation or governmental agency 

or department that may owe money for the purchase of the Lackawaxen 
g 

(Roebling) Br idge. " 

While negotiations for the purchase of the aqueduct continued, the 

National Park Service was involved in various preliminary efforts to make 

the bridge secure. In September measurements were taken of the severely 

damaged suspender rods and support plates and the piers were checked 

for underscouring. It was determined that four suspender rods and 

plates be replaced after NPS acquisition of the br idge. No underscouring 

was observed at any of the piers but severe ice damage on the upstream 
10 face of the piers was noted. 

After more than 18 months of negotiations, dur ing which time t i t le 

attorneys sought to clear t i t le questions and insure that no liens remained 

against the proper ty , the Delaware Aqueduct became the property of the 

National Park Service on May 27, 1980, as the result of the purchase of 
11 the Lackawaxen Bridge Company for $75,000. The boundary description 

in the deed of acquisition read: 

9. Pike County Dispatch, July 12, 1979, December 27, 1979. 

10. Memorandum, Civil Engineer, Mid-Atlantic Regional Office, to 
Regional Director, Mid-Atlantic Region, September 19, 1979, Mid-Atlantic 
Regional Office Files. 

11. U. S. Department of the Inter ior , National Park Service, News 
Release, "National Park Service Purchases Historic Suspension Bridge 
Across Delaware River , " Apr i l 1 , 1980, Mid-Atlantic Regional Office Files. 
Also see t i t le papers relating to acquisition of the property in Land 
Acquisit ion Division Files, Mid-Atlantic Regional Office, for more details 
relative to the lengthy proceedings involving the purchase. 
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Tracts 101-01 and 101-02 

[Tract numbers are those designated on Upper Delaware (N)S & RR 
Segment Map I0I] 

Tract 101-01 

All that certain tract or parcel of land lying and being 
situated in the Town of Highland, Sullivan County, State of 
New York, consisting of two parcels, being more part icular ly 
described as follows: 

Parcel I 

BOUNDED westerly by the easterly end of the aqueduct 
formerly carry ing the Delaware and Hudson Canal over the 
Delaware River known as the Delaware and Hudson Canal 
Aqueduct; bounded easterly by the easterly line of lands 
of said party of the f i rs t par t , which is a line drawn 
parallel with and distant 15 feet easterly from the Delaware 
and Hudson Canal and bounded norther ly and southerly by 
lines drawn parallel with and distant 15 feet (measured at 
r ight angles) norther ly and southerly respectively, from a 
line which would be an easterly extension of the centerline 
of said aqueduct; together with so much of the Delaware 
and Hudson Canal Aqueduct aforesaid as now constructed 
and exist ing across the Delaware River from a point in 
said Town of Highland to a point in the Township of 
Lackawaxen, County of Pike and State of Pennsylvania, as 
is located in said Town of Highland and State of New 
York; together with the side roadways attached thereto 
and forming a part of said portion of said structure and 
the wire cables, anchorages, supports, masonry, piers and 
abutments support ing said portion of said structure and all 
other appurtenances thereof; together with the land 
adjacent to the r iver occupied by said portion of said 
s t ructure and its appurtenances and any and all r igh ts , 
franchises and easements to operate and maintain the said 
aqueduct and its appurtenances across and over said 
r iver . 

BEING a portion of the same premises which Charles 
Spruks and Nettie Spruks, his wife, by their certain deed 
dated November 1 , 1930 and recorded in the Sullivan 
County Clerk's Office in Liber 276 of Deeds, at Page 580, 
on December 10, 1930, granted and conveyed unto the 
Lackawaxen Bridge Company. 
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Parcel 11 

COMMENCING at the intersection of the centerline of the 
highway leading across the Delaware River to the hamlet of 
Lackawaxen, Pennsylvania and the westerly r ight-of-way 
line of State Highway 97; thence South 27° 27' East, 53 
feet, more or less, to an iron pin and the point of 
beginning; thence South 62° 33' West, 39.0 feet to an iron 
p in ; thence South 27° 27' East, 22.0 feet to an iron p in ; 
thence South 62° 33' West, 142.0 feet to an iron p in ; 
thence North 27° 27' West, 145.0 feet to an "X" chiseled in 
rock; thence North 62° 23' East, 181.0 feet to an iron pin 
set on the westerly bounds of said State Highway 97; 
thence South 27° 27' East, along said r ight -o f -way, 123.0 
feet to the point of beginning. 

Parcel II containing 0.58 of an acre, more or less. 

Said Parcel II being the same land as depicted on a plat 
entit led "Map Showing Lands of Lackawaxen Bridge Co." 
prepared by John Kestler, Land Surveyor Lie. No. 35418, dated 
July 3, 1963 and being a portion of the same premises which 
Charles Spruks and Nettie Spruks, his wife, by their certain 
deed dated November 1, 1930 and recorded in the Sullivan 
County Clerk's Office in Liber 276 of Deeds, at Page 583, on 
December 10, 1930, granted and conveyed unto the Lackawaxen 
Bridge Company. 

Tract 101-02 

All that certain tract or parcel of land lying and being 
situated in Lackawaxen Township, Pike County, State of 
Pennsylvania, consisting of two parcels, being more part icular ly 
described as follows: 

Parcel I 

CONSISTING of a str ip of land 30 feet wide, bounded 
easterly by the westerly end of the aqueduct, formerly 
carry ing the Delaware and Hudson Canal over the Delaware 
River and known as the Delaware and Hudson Aqueduct; 
bounded westerly by a l ine, described in deed of Erie and 
Wyoming Valley Railroad Company to Charles Spruks dated 
May 12, 1908 as, "the westerly line of lands of said party 
of the f i rs t pa r t , " which is a line drawn parallel with and 
distant 15 feet westerly from the Delaware and Hudson 
Canal, and bounded norther ly and southerly by lines 
drawn parallel with and distant 15 feet (measured at r ight 
angles) norther ly and souther ly, respectively, from a line 
which would be a westerly extension of the centerline of 
said aqueduct, together with so much of the Delaware and 
Hudson Canal aqueduct aforesaid as now constructed and 
exist ing across the Delaware River from a point in the 
Town of Highland, in the County of Sullivan and State of 
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New York, to a point in the said Township of Lackawaxen, 
as is located in said Township of Lackawaxen and State of 
Pennsylvania; together with the side roadways attached 
thereto and forming a part of said portion of said 
s t ruc ture , and the wire cables, anchorages, supports, 
masonry, piers and abutments support ing said portion of 
said st ructure and all other appurtenances thereof; 
together with the land adjacent to the r iver occupied by 
said portion of said st ructure and its appurtenances and 
any and all r igh ts , franchises and easements to operate 
and maintain the said aqueduct and its appurtenances 
across and over said r iver . 

Parcel I containing 0.14 of an acre, more or less. 

BEING the same premises which Charles Spruks and Nettie 
Spruks, his wife, by their certain deed dated November 1, 
1930 and recorded in the Office of the Recorder of Deeds 
in and for Pike County, Pennsylvania, in Deed Book 
Volume 84, at Page 386, on December 4, 1930, granted and 
conveyed unto the Lackawaxen Bridge Company. 

Parcel 11 

BEGINNING at a point formed by the intersection of a line 
parallel to the abandoned Delaware and Hudson Canal and 
distant 15 feet southerly from the berme side of same and 
the property l ine, now or formerly of said William C. 
Cor t r ight and one Anna C. Gregory; and running thence 
North 39° West 41 links (27.06') to southeasterly edge of a 
small stone retaining wall; thence South 48 3/4° West 1 
chain and 61 links (106.26') along edge of said wall to the 
center of the highway leading from the Lackawaxen Post 
Office past the residence, now or formerly, of said William 
C. Cor t r igh t ; thence along center of said highway, South 
24 1/4° East 25 links (16.5 ' ) ; thence North 54 3/4° East 1 
chain and 68 links (110.88') along lands, now or formerly, 
of said Anna C. Gregory to the place of beginning. 

Containing 0.05 of an acre, more or less. 

Said Parcel II being a portion of the same land as depicted 
by a plat entit led "Map of Land showing premises surveyed for 
the Lackawaxen Bridge Company, Inc." prepared by John A. 
Boehm, Registered Surveyor, Greely, [sic] Pennsylvania, dated 
Apr i l 25, 1974, Dwg. No. A21-134. Said Parcel also being 
conveyed by William C. Cor t r ight and Jerusha W. Cor t r ight , his 
wife, to Charles Spruks by deed dated September 13,..J921 and 
recorded in Deed Book 73 at Page 305 of Pike County. 

12. Deed, Lackawaxen Bridge Company to United States of America, 
dated March 27, 1980, Pike County Deed Book 714, Folios 283-87, and 
Sullivan County Deed Book 959, Folios 121-25. Boundary survey maps 
for Tracts 101-01 and 101-02 may be seen on the following pages. 
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When it was determined that there were certain errors in the deed 

pertaining to Tract 101-02 on the Pennsylvania side of the aqueduct a 

correction deed was filed on March 16, 1981, to amend the original deed. 

The revised boundary description read: 

Tract 101-02 

All that t ract or parcel of land situate in the Township of 
Lackawaxen, Pike County, State of Pennsylvania, lying on the 
westerly side of the Delaware River, and is more part icular ly 
bounded and described as follows: 

BEGINNING at a point in the center of the public highway 
leading through Lackawaxen, said point being the nor th­
westerly corner of lands of the First National Bank of 
Hawley (Liber 249, Page 181); North 39° 52' 42" West, 
along the center of said highway, 16.50 feet to a point; 
thence North 40° 04' 05" East, along the southeasterly 
edge of a low stone retaining wall and an extrapolation 
thereof, 172.60 feet to a monument set; thence North 62° 
45' 18" East, along lands now or formerly of Smith, 123.64 
feet to a point; thence North 27° 14' 42" West, 22.00 feet 
to a point; thence North 62° 45' 18" East, 34.06 feet to a 
point; thence South 27° 14' 42" East, along the easterly 
face of the west abutment of the Delaware Aqueduct, 
114.85 feet to a point; thence North 75° 33' 02" West, 
along the south side of a tow path, 75.85 feet to an iron 
rod; thence South 57° 04' 28" West, along said tow path, 
41.60 feet to an iron pipe found; thence South 77° 45' 12" 
West, along said tow path, 65.39 feet to an iron rod found 
at the end of the tow path; thence South 87° 20' 20" West, 
31.71 feet to a monument set; thence South 45° 39' 02" 
West, 110.88 feet to the place of beginning. 

Containing 0.42 of an acre of land as surveyed by Joseph 
C. Woods, P.L.S. in November, 1980, a copy of said 
survey being attached hereto and made a part hereof. 

Subject to electric company r ights and easements, 
telephone company r ights and easements, and public highway 
easements and dedications of record, if any. 

13. Deed of Correct ion, Lackawaxen Bridge Company to United States of 
America, dated March 16, 1981, Pike County Deed Book 772, Folios 56-60. 
Also see Memorandum, Chief, Acquisition Branch, Land Resources 
Division, Mid-Atlantic Regional Office, to Superintendent, Upper Delaware 
Scenic and Recreational River, January 27, 1983, Land Resources Division 
Files, Mid-Atlantic Regional Off ice, for notification of closing and passage 
of t i t le of property to National Park Service. 
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The National Park Service issued a press release on Apri l 1 

announcing the purchase of the Delaware Aqueduct. Excerpts from the 

press release include: 

The National Park Service has completed the purchase of 
the Delaware Aqueduct Bridge that spans the Upper Delaware 
River between New York and Pennsylvania. . . . 

The old br idge, long ago converted from canal boats to 
cars, was purchased through the acquisition of the stock of the 
Lackawaxen Bridge Company, owned by Albert Kraft and his 
family of Hawley, PA. 

NPS reached agreement with the company last summer to 
purchase the br idge. Purchase was delayed while t i t le 
attorneys insured that no liens remained against the property. 

Until recently, the bridge was one of the last privately 
operated bridges in the eastern seaboard. Some 50,000 vehicles 
a year used the br idge; the toll was 50 cents a car. It was 
closed by the owner in the spring of 1979 after vandalism made 
the span unsafe. 

"We will take immediate steps to determine the soundness 
of the b r idge , " said James W. Coleman J r . , Acting Regional 
Director of the Mid-Atlantic Region headquarters in 
Philadelphia. 

"We have made our own engineering study. Now we must 
consult with federal highway engineers on the bridge's safety. 
After a thorough inspection, the Federal Highway Administration 
will determine whether the bridge can be reopened to either 
pedestrian or l ight vehicular t ra f f i c . " 

In the meantime, Coleman emphasized, the bridge is closed 
to the publ ic. 

The Delaware Aqueduct Bridge is an important historical 
feature of the Upper Delaware Scenic and Recreational River. . 

The Park Service also plans to install an interpret ive 
exhibi t at either end of the br idge. The display will tell 
v isi tors of the engineering and technological history of the 
br idge, of its function as part of the Delaware and Hudson 
Canal system and give a profi le of its bui lder. 

14. U. S. Department of the Inter ior , National Park Service, Press 
Release, Apr i l 1 , 1980, Mid-Atlantic Regional Office Files. 
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The National Park Service quickly took steps to reopen the bridge to 

pedestrians. On Apri l 22 a survey was made of the bridge to determine 

the amount of lumber needed to make temporary repairs. All 

deck-planks, rai l ings, and rail ing posts that needed replacement to make 

the st ructure safe for pedestrian t raf f ic were counted. It was noted that 

there were "many large gaps on the bridge because of missing 3" x 10' 

deck planks that were either thrown into the r iver or simply carried away 

by vandals. This made it extremely dangerous for anyone to walk, dr ive 

or bicycle on the b r idge . " After this repair work would be completed the 

Park Service would be able "to use a small t ruck mounted crane on the 

bridge to l i f t up the heavy cast- iron pier-caps over the support cables to 

be checked" when the Federal Highway Administration reinspected the 

br idge. It was found that the following lumber material was needed: 

442 deck-planks @ 3" x 8" - 10' long = 8,840 bd. f t . 
61 rail ing posts @ 4" x 8" - 6' long = 488 bd. f t . 

2034 l in . f t . of 6" x 1" rail ings = 1,018+ bd. f t . 

TOTAL = 10,346 bd. f t . 1 5 

While the National Park Service was making plans to let a contract 

for the temporary repairs the condition of the bridge and the prospects 

for renewed vehicular t raf f ic over the span were described in an article 

in the Pike County Dispatch on August 14. Among the "deficiencies" 

were "missing decking and ra i l ing, with the rest described as '80 percent 

rot ten.1 Other problems included a chain used to replace a deck 

support ing rod, rusted cables and anchor bolts, broken and frayed cable 

wire, ice-damaged masonry piers bulging out in places. . . ." These 

problems, the result of deferred maintenance, made it unlikely that 

vehicular t ra f f ic would be commenced anytime soon. The wr i ter concluded 

by observing that "highway usage in itself has become regarded as a 

'historical r ight1 by Lackawaxen residents, who are becoming increasingly 

15. Memorandum, Civil Engineer, Mid-Atlantic Regional Office, to Acting 
Regional Director, Mid-Atlantic Region, May 5, 1980, Mid-Atlantic Regional 
Office Files. It was noted that at the present time the bridge was 
"closed to pedestrian and vehicular use by chain-l ink gates installed by 
the Park at both ends of the bridge and by heavy guardrails constructed 
by the New York State Highway Department." 
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Based on an evaluation of rating factors given in the 
repor t , this s t ructure is appraised to be in crit ical condition. 
At the time of this inspection, the bridge was closed to all 
t raf f ic and was receiving minimal timber repairs in order to 
open the bridge to pedestrian t raf f ic only. Since all of the 
timber decking was being removed in the repair process, a 
thorough inspection of the timber str ingers and floor beams was 
performed. 

Several timber floor beams were found to be undersized 
( i . e . 4" x 14" rather than 5 1/2" x 14") and major deterioration 
and horizontal shear fai lure cracks were observed at random 
locations throughout the br idge. Several timber str ingers 
exhibited tensile failures at midspan which developed into shear 

16. Pike County Dispatch, August 14, 1980. 

17. A copy of the original contract bid schedule may be seen in 
Appendix Q. 

18. Memorandum, Civil Engineer, Mid-Atlantic Regional Office, to 
Regional Director, Mid-Atlantic Regional Office, September 18, 1980, 
Mid-Atlantic Regional Office Files, and River Reporter, November 6, 1980. 
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impatient at having to detour through Shohola or Narrowsburg to cross 
1 k 

the Delaware River." 

A contract for "Repair Work on Roebling Bridge" was let to Bonham's 

General Contracting of Honesdale, Pennsylvania, and work began on 

August 20. The contract called for repairing and replacing portions of 

the deck, construct ing new ra i l ing, and replacing four damaged 
17 suspender rods at a cost of $9,241.25. When the contractor commenced 

work by removing deteriorated, unsalvageable deck planks and 

long-decayed rail ings it was found that those rail ing posts which the 

National Park Service had wanted to save were also badly deteriorated. 

Thus it was determined to replace all posts and install new ones with new 

bolts and bracing. A contract was also let to Kevin Marrinan of Eldred, 
18 

New York, to rework the electric l ight ing on the br idge. 

When the aforementioned work was underway the Federal Highway 

Administration inspected the bridge on August 27. Some general 

observations result ing from the inspection were: 



failures as the crack approached the neutral-axis of the 
s t r inger . Severe decay and fungus attack was observed on 
many of the timber str ingers and floor beams. The majority of 
the timber str ingers exhibited sway and negative camber. Many 
members contained large knots which were located in the tension 
area of the beams and st r ingers. These knots effectively 
reduce the depth of the member by the knot diameter, thus 
reducing the available strength of the member to carry live 
loads. All timber used in this bridge appears to be mill run 
lumber. In order to allow vehicular t raf f ic on this br idge, all 
exist ing timber will have to be replaced with structural grade 
lumber, appropriately sized by the desired live loading. 

As to the overall condition of the br idge, the report stated that 

there was crit ical "timber deck, s t r inger , and floor beam deteriorat ion; 

90% of rai l ing missing; cable strand deteriorat ion; several hangers 

damaged; masonry joint deter iorat ion; ice damage to p iers . " The cables 

were in poor condit ion: "30% deterioration of covering, approximately 15% 

of cable strands are broken and rus t i ng . " The hangers were in fair 

condition with "one missing and replaced with [a] chain, [and] several 

bent . " After "all the temporary timber repairs" had been made "to open 

the bridge for pedestrian t ra f f ic" the "estimated remaining l i fe" [of the 

s t ruc ture] could "be increased to 1 year." Accordingly, Federal Highway 

Administration officials recommended that all iron members be cleaned, 

repaired, and painted, all timber members be replaced with treated 

t imber, and all masonry joints be cleaned and pointed with missing stones 

to be replaced. The estimated cost of all these improvements was 

$900,000, although the estimated cost of the most crit ical repairs to permit 

reopening of the bridge to l ight vehicular t raf f ic (up to six tons) was 

$450,000.19 

19. U. S. Department of Transportat ion, Federal Highway 
Administrat ion, "Br idge Safety Inspection Report, Connection Road Over 
Delaware River, Upper Delaware Wild and Scenic River, Str . No. 
4870-001P, Inspected: 8-27-80"; U. S. Department of the Inter ior, 
National Park Service, News Release, "Highway Agency Evaluates 
Delaware Aqueduct As In 'Crit ical Condi t ion, ' " November 13, 1980, 
Mid-Atlantic Regional Office Files; Pike County Dispatch, December 14, 
1980. 
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A f t e r complet ion of the tempora ry deck repa i rs the b r i dge was 

reopened to pedes t r ian and b icyc le t r a f f i c on October 23. To assure safe 

access to the s t r u c t u r e , 4 - foo t -w ide "gap gates" were cons t ruc ted at both 

ends of the aqueduc t . B lack top t ra i l s f rom both gua rd ra i l gates at the 

ends of the aqueduct were also c o n s t r u c t e d . Pro tec t ive and in fo rmat ive 

s igns were ins ta l led at both ends of the s t r u c t u r e , and measures were 

taken to i nsu re tha t the pa r k would maintain a clear and safe pathway 
20 

over the aqueduc t f ree of snow and ice d u r i n g the w i n t e r . 

Meanwhi le , a pe t i t ion s igned by f i ve h u n d r e d local res idents was 

p resented to the National Park Serv ice at a pub l ic meeting held at 

Lackawaxen on October 29, 1980, reques t i ng the reopening of the b r i dge 

to veh icu la r t r a f f i c . In respond ing to th is p e t i t i o n , as well as the 

Federal H ighway Admin i s t ra t i on r e p o r t , M id -A t l an t i c Regional D i rec to r 

James W. Coleman, J r . , o b s e r v e d : 

We have j us t spent $26,000 on the aqueduct to replace 
ro t ted t i m b e r s , insta l l new deck ing and r a i l i n g , and res tore the 
l i g h t i n g . . . . These were makeshi f t repa i rs tha t wi l l allow 
pedes t r ians and b icyc l i s ts to use the old b r i dge and use i t in 
sa fe t y . . . . To get the f unds to make these repa i r s , we had 
to d i v e r t money f rom o ther pa rk p rog rams . . . . We are well 
aware of the des i re of many people in the Upper Delaware 
Val ley to allow cars and t r u c k s to use the b r i d g e aga in . A t 
the same t ime, I'm sure people real ize tha t the h igh cost of 
accompl ishing th i s would make i t d i f f i c u l t to add i t to the Park 
Serv ice b u d g e t . . . . We are also concerned about the h is to r i c 
i n t e g r i t y of the aqueduc t . I have asked the regional h is to r ian 
to evaluate the h i s to r i c s ign i f i cance of the s t r u c t u r e and to 
make recommendations as to how modern-day t r a f f i c can be 
compat ib le w i th the ? 1 h is to r i c appearance tha t we purchased the 
b r i d g e to p r e s e r v e . 

20. Memorandum, C iv i l Eng ineer , M id -A t l an t i c Regional O f f i ce , to 
Regional D i r ec to r , M id -A t l an t i c Regional O f f i ce , September 18, 1980, 
M i d - A t l a n t i c Regional Of f ice Fi les; River Repor te r , November 6, 1980. 

2 1 . U. S. Depar tment of the I n t e r i o r , National Park Se rv i ce , News 
Release, "H ighway Agency Evaluates Delaware Aqueduc t As In 'Cr i t i ca l 
C o n d i t i o n , ' " November 13, 1980, M id -A t l an t i c Regional Of f ice Fi les. 
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The resource management problems associated with the Delaware 

Aqueduct continued to pose serious questions for the National Park 

Service. Various local citizens groups went on record as advocates for 

reopening the aqueduct to vehicular t ra f f ic , while at the same time 

estimates of rehabil i tat ing the structure for such purposes were nearly 

$1,000,000. The resource management problems, as stated by 

Superintendent John T . Hutzky, on November 13, 1980, were two-fo ld: 

the primary problem is preservation of an historic 
s t ructure that is one of the prime cultural resources of the 
r iver val ley, and the second problem is to resolve the long term 
use of the st ructure as a result of the political pressure to 
mandate its fu ture as a vehicle crossing. 

Accordingly, he requested that three research projects be 

undertaken to "evaluate the preservation needs and the long term status 

of the Roebling Aqueduct" : studies of the extant remains of the Delaware 

and Hudson Canal, st ructural analysis of the cable suspension system and 

masonry support ing structures of the br idge, and the long-term effects of 

continued use of the aqueduct as a vehicular bridge as opposed to 
22 

remaining as a pedestrian crossing. 

Later on March 3, 1981, the Cultural Resources Workgroup of the 

Upper Delaware General Management Planning Team prepared a draf t 

report on the problems facing the National Park Service relative to the 

uti l ization of the Delaware Aqueduct. With Sandra Hauptman, Mid-Atlantic 

Regional Office Outdoor Recreation Planner, as leader, this workgroup 

noted some of the dif f icult ies associated with this issue: 

The National Park Service is committed by its own cultural 
resource management policies to preserve the historic materials, 
conf igurat ion, and integr i ty of the s t ruc ture . Simply put , the 
question is, will reopening the bridge to vehicular t raf f ic 

22. Memorandum, Superintendent, Upper Delaware NS & RR, to Regional 
Director, Mid-Atlantic Region, November 13, 1980, Mid-Atlantic Regional 
Office Files. Also see Memorandum, Team Captain, Upper Delaware 
Planning Team to Regional Director, Mid-Atlantic Region, March 3, 1981, 
and Castleberry to Coll ins, September 4, 1981, Mid-Atlantic Regional 
Office Files. 
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compromise the structure's historic fabric and values, accelerate 
deterioration or otherwise harm the structure? To answer this 
question, technical information and studies are required to 
assess the condition of the cables, to evaluate the impact of 
sway and vibrations that are caused by vehicular use and to 
answer other preservation questions. . . . 

Returning the bridge to vehicular use would preclude the 
interpret ive option of using the existing toll house as a 
"museum" because people could not safely walk to i t . The 
bridge is worthy of interpretat ion, and in order to provide this 
service to park v is i tors, other means would have to [be] 
explored. 

Regardless of whether or not the bridge can be reopened 
for vehicular use, it is in urgent need of immediate repairs to 
the cables to stabilize them and to prevent fu r ther 
deteriorat ion. The masonry piers also require repair and 
stabilization as soon as possible. To perform these two tasks 
$500,000 is needed. . . . 

Should research indicate that the Aqueduct can, without 
compromising its historic values, be reopened to vehicular use, 
the Federal Highway Administration would have to be consulted. 
Safety standards would have to be met in a way that enables 
the bridge to retain its historic appearance. 

An analysis of the options for reopening the bridge to 
automobile t raf f ic indicates that there appear to be three 
choices. 

1 . Replacing the wooden members of the present suspension 
bridge system which was installed in 1933. Under this 
system the roadway is entirely supported by the cables. 
(The design weight for the cables is 3870 tons which is 
more than a hundred times in excess of what would ever 
be required for vehicular t ra f f i c . ) 

2. Reconstructing the t runk system which existed for 85 
years (50 years for the canal and 35 years as a roadway). 
Under this system, the roadway would not depend entirely 
on the cable system for its ful l load-bearing capabil i ty. 

3. Using new technology such as an orthotropic steel deck to 
which the cables could be attached in a no-load condition. 
Modern steel elements could be covered with wood. 
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Cost estimates has [have] yet to be developed for these three 
options, but funding would be needed in excess of the $500,OQQ 
which will be needed for stabilization of the cables and piers. 

On August 25 NPS personnel met with Regional Director Coleman to 

explore the options for the future of the Delaware Aqueduct, develop a 

Park Service position on the treatment of the s t ructure, and plan 

strategy for fu ture programming. The following conclusions were 

reached: 

1 . "The Park Service is committed to the preservation of the 
historic elements of the st ructure and we will take the 
actions needed to stabilize the cables and masonry. . . . " 

2. "The National Park Service is committed to opening the 
bridge for l ight vehicles. However, before we can request 
funding for the repairs needed to reopen the bridge to 
vehicular t ra f f ic , we have to thoroughly explore the 
possibilities of shared or cooperative management. . . . " 

In October 1982 the National Park Service published its long-awaited 

"Draft Environmental Impact Statement for the River Management Plan" of 

Upper Delaware National Scenic and Recreational River. Relative to the 

cultural resource management of the Delaware Aqueduct it stated: 

The Delaware Aqueduct is listed on the National Register 
of Historic Places. The Park Service owns the structure and is 
committed to preserving its signif icant elements, in accordance 
with "NPS-28, Cultural Resources Management Guideline." A 
detailed engineering study is in progress to determine if the 
bridge can be reopened to l ight vehicular and pedestrian use 
without threatening its historic in tegr i ty . The bridge will be 

23. Part I I I . B . Cultural Resources Workgroup Report (D ra f t ) , March 3, 
1981, Mid-Atlantic Regional Office Files. 

24. Memorandum, Outdoor Recreation Planner to Regional Director, 
Mid-Atlantic Regional Office, September 3, 1981. See Memorandum, 
Outdoor Recreation Planner to Regional Director, Mid-Atlantic Region, 
August 21, 1981, Mid-Atlantic Regional Office Files, for background data 
of this meeting. One such meeting to be held with local Delaware Valley 
citizens' groups and political interests in the aftermath of the August 25 
statement was held at the Zane Grey House at Lackawaxen, Pennsylvania, 
on September 18, 1981. See "Roebling Bridge Meeting, Zane Grey House, 
Lackawaxen," September 18, 1981, Mid-Atlantic Regional Office Files, for 
the minutes of this meeting. 
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reopened only if the engineering study indicates that the 
historic fabric will not be harmed. The actual reopening will 
depend on fund ing. 

The possible role that the towns, counties, and two states 
might play in sharing some of the operational and maintenance 
costs of the aqueduct should be fur ther explored. . . . 

The aqueduct's national significance will continue to be 
interpreted and put into historic perspective for the public 
through exhibi ts, signs, and programs. Specifically, the 
tollhouse at the east end of the aqueductpjnay be adaptively 
used for wayside exhibits in a mini-museum. 

The engineering study referrred to in the "Draft Environmental 

Statement" was submitted to the National Park Service by A. G. 

Lichtenstein & Associates, Inc . , of Fair Lawn, New Jersey, that same 

month. The firm had performed various field inspections and tests on the 

bridge's structural elements to determine its load carry ing capability and 

the amount of st i f fening needed to stabilize the deck and roadway to 
26 

insure low maintenance operation. The overall conclusions contained in 
the report were: 

1. The present uti l ization of the Bridge as a pedestrian 
crossing is s t ructura l ly adequate without the addition of a 
st i f fening t russ . However, maintenance work should be 
performed on several floorbeams and str ingers as well as 
protection and painting of the cables. 

2. The Bridge can be reopened to limited highway traf f ic 
after certain structural upgrading work is performed as 
discussed in this Report. 

3. In our opinion this upgrading work can be accomplished 
without compromising the historic elements of the Bridge 
and in an economical manner. 

25. U. S. Department of the Inter ior , National Park Service, "Draft 
Environmental Impact Statement for the River Management Plan, Upper 
Delaware National Scenic and Recreational River," October 1982, p. 88. 

26. U. S. Department of the Inter ior , National Park Service, Denver 
Service Center, "Our Scenic Delaware," October 1982, p. 3. 
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4. The recommended highway traf f ic should be limited to one 
larre and to vehicles not exceeding 15 tons in weight. This 
should suffice for community services such as f i re t rucks , 
school busses, ambulances, etc. 

5. The estimated cost of the upgrading construction is 
$800,000 in 1983 dollars. This does not include 
engineering, legal services, approach work, t raf f ic devices 
and Right-of-Way costs. 

In late 1982 Congress, at the urging of Representative Joseph M. 

McDade of the 10th Congressional Distr ict of Pennsylvania, approved the 

expenditure of $391,000 for the rehabilitation of the Delaware Aqueduct 

dur ing fiscal year 1983. The f igure was broken down into three specific 

categories: $115,000 for bridge cable repairs; $250,000 for 

architectural-engineering contract for preliminary design work and 

construction drawings for stabil ization/preservation of s t ructure; and 

$26,000 for preparation of historic st ructure report on bridge by NPS 
28 

personnel. 

In early 1983 the National Park Service initiated two studies on the 

Delaware Aqueduct. A contract was let to A. G. Lichtenstein & 

Associates, Inc . , to establish the original configuration and materials of 

the bridge's cable suspension system and piers and determine the best 

methodology for the stabil ization/preservation of those components. 

National Park Service personnel in both the Mid-Atlantic Regional Office 

27. "Delaware and Hudson Canal Bridge Over the Delaware River at 
Lackawaxen, Rehabilitation Study (For Vehicular Loading), October, 
1982," Prepared for U. S. Department of the Inter ior , National Park 
Service, Mid-Atlantic Region, Submitted by: A. G. Lichtenstein & 
Associates, Inc . , Consulting Engineers, p. 2. The report contained 
sections on the inspection results, cable system analysis, load test ing, 
and design for rehabil i tat ion. Excerpts from the report may be seen in 
Appendix R. 

28. Pike County Dispatch, February 10, 1983. 
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and the Denver Serv ice Center were assigned to p repare an h is to r i c 
29 

s t r u c t u r e r e p o r t , t h i s document be ing one sect ion of tha t r e p o r t . 

A ceremony was held at the Delaware Aqueduc t d u r i n g the af ternoon 

of June 4 , 1983, to replace and rededicate i ts National H is tor ic Landmark 

p laques . The unve i l i ng of the new plaques ( to replace the ones stolen 

f rom the aqueduc t some years ea r l i e r ) was the climax of a day - l ong 

symposium honor ing John A . Roebl ing and his con t r i bu t i ons to b r i dge 

eng ineer ing techno logy sponsored by the Center f o r Canal H is to ry and 
30 

Techno logy in Easton, Pennsy lvan ia . 

29. Memorandum, Park Planner Hauptman to Associate Regional D i rec tor 
B o n d , Feb rua ry 14, 1983; Memorandum, A . G. L ich tens te in to Sandra 
Hauptman, Project Manager, March 3, 1983; and U. S. Department of the 
I n t e r i o r , National Park Se rv i ce , "Nat ional Park Serv ice Takes Steps to 
Restore Delaware Aqueduc t B r i d g e , " n . d . ; M id -A t l an t i c Regional Off ice 
Fi les. Also see Pike Coun ty D i spa tch , Feb rua ry 17, 1983; The 
(M idd le town , New Y o r k ) T imes-Hera ld Record , March 19, 1983; and The 
Pocono Record , Feb rua ry 6, 1983. 

30. ( D r a f t ) Coleman to McDade, n . d . , M id -A t l an t i c Regional Of f ice Fi les; 
R iver Repor te r , May 5-18, 1983; and "John A . Roebl ing Symposium, June 
4 , 1983, Spar row B u s h , New Y o r k . " 
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RECOMMENDATIONS 

Vir tual ly all known repositories having materials relating to the 

Delaware Aqueduct were consulted or visited dur ing the course of 

research of this report . It is recommended, however, that Upper Delaware 

National Scenic and Recreational River establish an oral history program 

and tape record interviews with many of the persons named in this study 

who have had some affi l iation with the maintenance and operation of the 

Delaware Aqueduct. As a beginning focal point for the oral history 

program it is recommended that the following persons be interviewed: 

Edward H. Huber, Carl A. Draxler, A r thu r H. and Annabel Haupt, Orson 

and Leona Davis, and Olive Brower Finenko. 

It is also recommended that the National Park Service acquire the 

original Weston maps of the Delaware and Hudson Canal presently located 

at the Delaware and Hudson Railway Company in Albany, New York. If 

this is not possible or pract ical, the maps should be obtained by an 

organization such as the Center for Canal History and Technology in 

Easton, Pennsylvania. 

Efforts should be made to locate Albert L. Kraft for interviewing 

purposes and for possible acquisition of any Lackawaxen Bridge Company 

records sti l l in his possession for the NPS archives at Upper Delaware 

National Scenic and Recreational River. 
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REPOSITORIES VISITED DURING RESEARCH 

Albany Inst i tute of A r t and History, Albany, New York 

Albany Public L ibrary , Albany, New York 

Crawford Memorial L ib rary , Monticello, New York 

Delaware and Hudson Canal Historical Society, High Falls, New York 

Delaware and Hudson Railway Company, Albany, New York 

Ellenville L ibrary and Museum, Ellenville, New York 

Free Library of Philadelphia, Philadelphia, Pennsylvania 

Historical Society of Pennsylvania, Philadelphia, Pennsylvania 

Library of Congress, Washington, D. C. 

Mid-Atlantic Regional Off ice, National Park Service, Philadelphia, 
Pennsylvania 

Minisink Valley Historical Society, Port Jervis, New York 

New York State Archives, Albany, New York 

New York State L ibrary , Albany, New York 

Pike County Courthouse, Mi l ford, Pennsylvania 

Pike County Historical Society, Mi l ford, Pennsylvania 

Pike County Public L ib rary , Mi l ford, Pennsylvania 

Port Jervis Free L ibrary , Port Jerv is, New York 

Rensselaer Polytechnic Inst i tu te, T roy , New York 

Rutgers University (Alexander Library and Library of Science and 
Medicine), New Brunswick, New Jersey 

The Wayne Independent, Honesdale, Pennsylvania 

Wayne County Historical Society, Honesdale, Pennsylvania 

Wayne County Public L ib rary , Honesdale, Pennsylvania 

State Universi ty of New York (Sojourner T ru th L ib ra ry ) , New Paltz, 
New York 

Sullivan County Courthouse, Monticello, New York 
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REPOSITORIES CONSULTED DURING RESEARCH 

American Philosophical Society, Philadelphia, Pennsylvania 

Engineering Societies L ibrary , New York, New York 

Free Public L ib rary , Trenton, New Jersey 

Mayo Lynch & Associates, Inc . , Hoboken, New Jersey 

National Archives, Washington, D. C. 

New Jersey Historical Society, Newark, New Jersey 

New York Canal Society, Syracuse, New York 

New-York Historical Society, New York, New York 

Pennsylvania Historical and Museum Commission, Harr isburg, Pennsylvania 

Sullivan County Democrat, Callicoon, New York 

Sullivan County Historical Society, Hur leyvi l le, New York 

The Franklin Inst i tute, Philadelphia, Pennsylvania 
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C H A I N - O F - T I T L E FOR DELAWARE AQUEDUCT: 

1899 - PRESENT 

June 24, 1899 - Delaware and Hudson Company to Cornel l Steamboat 
Company (Orange Coun ty Deed Book 453, Folio 63) 

November 1 1 , 1899 - Cornel l Steamboat Company to Erie and Wyoming 
Val ley Rai l road (P ike Coun ty Deed Book 62, 
Folios 351-53) 

December 1 1 , 1899 - Cornel l Steamboat Company to Delaware Val ley 
and K ings ton Railway Company (Su l l i van Coun ty 
Deed Book 133, Folios 87-90) 

May 12, 1908 - Erie and Wyoming Val ley Rai lroad to Char les S p r u k s 
(P ike Coun ty Deed Book 62, Folios 351-53) 

May 12, 1908 - Delaware Val ley and K ings ton Railway Company to 
Char les S p r u k s (Su l l i van Coun ty Deed Book 155, 
Folios 48-49) 

November 1 , 1930 - Char les S p r u k s and Nett ie S p r u k s to Lackawaxen 
B r i dge Company ( s u b s i d i a r y of Federal B r i dge 
Company) (P ike Coun ty Deed Book 84, Folios 386-88) 

June 1 , 1942 - Purchase of Lackawaxen B r i dge Company by 
Edward H. Huber ( t r a n s f e r of company s tock ; 
no land deed reco rded ) 

January 15, 1973 - Purchase of Lackawaxen B r i dge Company by 
A l b e r t L. K ra f t ( t r a n s f e r of company s tock ; 
no land deed reco rded ) 

March 27, 1980 - Lackawaxen B r i dge Company to Uni ted States of 
America (P ike Coun ty Deed Book 714, Folios 283-87, 
and Su l l i van Coun ty Deed Book 959, Folios 121-25) 
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APPENDIX A 

Description of Delaware and Hudson Canal by 

Henry S. Tanner, 1840 

D E L A W A R E AND HCDSON C A N A L , unites the Hudson r iver 

with the Carbondale coal mines, in Pa . It commences on the 

left hank of the Walkil l , at Eddyvil le, about 2 miles south of 

Kingston, and proceeds in a general southwest direction, along 

the valleys of the Walkil l , Rondout, Ruttcrkill and Nevisink 

rivers, and through Kingston, Alarbletown, Mombacus, and 

Warwas ing , in Ulster county, to Port Jervis , at Carpenter ' s 

Point, on the Delaware. At this point the canal deflects 

towards the northwest and pursues that course, along the left 

bank of the Delaware, to a dam near the mouth of the L a c k -

awaxen creek ; here the canal crosses the Delaware , and enters 

the valley of the JLackawaxen, which is thence followed aloDg its 

north declivity, to Honesdale, where it terminates , and where 

the rail-road to Carbondale commences . 

T h e rail-road section of this improvement , 16.50 miles in 

length, [has a rise towards the summit of 912 feet, and thence 

to the coal mines it descends 850 feet, overcome by 7 inclined 

planes, with an inclination of one in twelve. Leng th of the N e w 

York section of the canal, 83 miles ; Pennsylvania section, 25 

mi l e s ; and rail-road, 16.50 m i l e s ; total length from the Hud­

son to Carbondale, 124.50 mi les ; rise from the Hudson to the 

summit , in Sullivan county, 535 fee t ; thence to Carpenter ' s 

Point is a descent of 80 ; thence to the crossing of the Dela­

ware , a rise of 1 4 8 ; and thence to Honesdale, a rise of 187 

fee t ; total lockage 950 ; Honesdale 870 feet above tide water . 

T h e canal is 4 feet deep, and varies in width from 32 to 36 

fee t ; 107 locks, each 76 by 9 feet. 

Tanner, A Description of the Canals, p. 58. 
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APPENDIX B 

Extract from a report of R. F. Lord, Esq., dated 
TTamiary 6th, 1847. 

The original plan upon which the canal v..-s con­

structed afforded 4 feet depth o water, and a maxi­

mum capa ';.' for boats carrying -c rocs of •'• tons. 

The lowest, rate of freight for whHr boatm'm had 

been obtained in tin eoal husim •-. up to the year 

1843, was .81.34 per Ion; and it .'- not probable, that 

for any considerable mereasc of business, they could 

have been retained at that rate: for at that they were 

more or less transient, and frequency abandoned their 

boats. 

In the month of September, 18-12, a plan was 

adopted for enlarging the canal, to be accomplished 

by raising the .height ard increasing the strength of 

its banks and appendages, with materials taken mainly 

from its bed and berm side, below the surface of the 

usual boating head, sufficient to sustain 5 feet depth 

of water, improve its channel, and make it competent 

for boats to navigate it, carrying 40 ton cargoes, with 

a view of making a more desirable i> isiness for boat­

men, and thereby reduce the rate o. weight. 

The improvement was commenced in the fall of 

1842, and was prosecuted to consid- rablc extent the 

ensuing winter, in order ;•• realize in part its benefits 

for the year 1843. and ' have it completed during 

the season of 184r>. 

," The <h pth of water was gradual1"*- increased during 

theseason of navigation, as the banks v- -re prepared to 

sustain it. Its immediate effects w< apparent, from 

the boats which were adapted to the ^-ner head of 4 

feet,'being ni ' to carry . • ricrea.se1 cargo, ;n pro-
• —-W-— 

portion to the additional depth of water, The best 

class of these boats had their sides raised in order to 
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improve the offered advantages; and new boats were 

built on an enlarged plan, to correspond with the im­

prove- I'iiJ. 

Art tie close of the. year IBM, a review of Ihc jm-

proveiie III exlid-ited the following c-s\!!:; 

There !.;nl I-.-.:. .••;• :.-•!• ' f.u <--.!vi ,i: ... : i 

Do. •'•>• ii". do. I s -i:: 

Do. 'I' do. iln. 184-1, 

Making the amount up l" tiio I'l-iS'1 of the your Is i'. eipial to 

F o ; .lir li ' i-ii: - so! ' ll \ i ' 1813 . ti boa t s coin-

menced the season laden with cargoes liie same as 

the)" carried in 1212; and although lhc\ no wed with 

greater facility in coTisuojuenoe of tin- improvement, 

and were a'de I- • :irr\ eargi ol i ' ' lw:i> belo•••• lie 

close of the season, the a\ erage cargoes ol all the boats, 

taken for the whole season does- nol dear ly exhibil 

the advantages derived that year from the enlarge­

ment. 'I in . • rag'- > ar: oi loi all the boat: dining 

the'whole season, were 'Mil tons, and the average 

freight on the whole business of the year was Hi.Ob 

per to ; being red- 'ion of 31 rout* per Ion on 

227,60b tons of coal, (the ijuantily in 1843,) and 

equal to the sum of 

•For the year 1844, t!•• old patleru boat ; averaged 

3G1J ion.-: 'h,,.-. ,f the" that laid been , i,< - 3 ft,« 

tons; and the-new boats buill for lb enlargement, 

averaged 121;] tons. All llie bonis taken together 

forth-' whole si-pso' averaged 401$ tons per cargo, 

or t r i p ; ami ilie average rate of fr-.'ig-ii wa iti c \ ' s 

jier ton. being a reduction from the r e v in i s ! " of 3V 

cents per Ion, on 2bl.00/i tons of coal. Mlie onanii:-. 

in 1844.) e'|iial to llie sum of 

showing the reduction of freight for 1843 and IS44, 

to have been 

870,551 

1 7 6 

Gl.Jlvl 
38,8ujl 

92.8JI 

163,421 



"Deduct the amount expended for enlargement 

up to close of 1844 108,438.87 

we have ^v cxe^s* in favor of o i l i ' - ^ m ^ l orpin1 to. . 9^ 1,000.53 

After a review of flic advantages derived from the 

enlargement of canal up to the close of the vear 

1844, ii v\a in., '\ '.' ••,,.,,;•;,,,,, jhe impiMveinenl in 

tlie same plan, and increase the depth of water to 61 

feet, making the canal competent to the navigation of 

boats laden with 50 tons; and the requisite work lias 

been progressing during the years !v':!5aiid 18!<i be 

ing now nearly completed. 

There was. expended during the year 1845, to com­

plete the fir. t Contemplated enlargement, and to con­

tinue the improvement in view of increasing the 

capacity of canal up to the transit of boats laden 

with 50 tons, the sum of (55,314.93 

Then- has been expended (luring the vear 184(5. 

in continuation of the enlargement, including about 

$26,000 in raising guard banks, &c., to afl'ord greater 

protection against extraordinary floods, the sum of.. ^V'.t,(>l0.00 

Making the aggregate amount for enlargement in 1845 

and 1846, 141,924.93 

In the year 18-15 there was an extensive drought, 

which deranged the unci utimi inor. or I s - during 

53 days; and during that period, the boats were 

laden with light cargoes, ami an advance of freight 

made to compensate the hi .mien. In coiisequenei 

-of this, .!. average tonnage : r..m <>i ' hdu !••'• 

this ye: n do no; «xliiliil so full, inc ad\ milage el 

the enkiigenieiit, (.omparcd witii I IK-, season oi io l l . 

The new boats built for the enlarged canal, during 

the time there was a full supply of water in it, 

averaged 4 5 i i tons, and all the boats for the whole 
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season averaged 42-^j t ons ; the average rate of freight, 

including the premium paid for the whole season, 

was 97 cents per ion. b. iiig a i. 'ii; 'jon from the rale of • ) 

1842, of 87 cents per ton, on 2G<5.<»/2 tons of coal, (the , | 

quanti ty in 1815.) equal to the sum of 93,446.64: 

For Ih-yi-m 181(5, the urn. b e a-!. ,',-l ... Mm ; J 

enlargenieiit, averaged 49JJ tons, and carried cargoes .* 

of 50, 51 . 58, and 54 ions in the laitm part of the 

season. All tin1 boats lor the whole season, averaged 

46 2 TJ tons per ' r ip. .• d t in-average rat" of freight 

was 91} cents per ton. being a reduction of 42} cents 

per ton from the rate paid in 1.8-12. on 818,100 tons 

of coa! (the qi anti t i in 1816, (equal to the s"m of. . 186,116.00 

showing a ivduetion in freight for 1815 and 1816, of. $234,562.64 

Deduct the amount expended for enlargement. ;;l 
1 O ig 

during the years 18-15 and 1846 8144,924.93,' 

we Inn- m favor of enlargeinenl for 1815 and 184(5.. 8''59,637.71 

A d d the balance at the end of 1 8 4 4 . . . . ' 51,990.53 

Balance in favor of enlargement at close of 184(5. ,8114,628.24 

For a eoin;.avati\ •• view of the increased capacity 

of the '-anal, suppose we pass 9(5 boats per dav, 

(which would be but four boats each way per hour 

for 21 hours,) laden 50 tons cadi, equal to 1,800 tons 

per daw and the navigation op' n 180 day (it was '-' 

192 in 181(5.) it would give per annum 864,000tons 

Ninety-six boats per day, laden 80 tons, would be * 

2,880 per dav. and for 180 day.-, .-nly 518,400 " ' 

B y tl•:.- v • Li\<: a ai n» • im-ic . d • >•> ••itv of. .845,600 tons. 

In <:••;. jimncc oi the ehauie-1 ! r a n d having 

been made more smooth, as well as increased in > 

width, tit id tin- very considerable increase of the sur­

face, width, which provides for more easily displacing 

the water by boats, I th ink that the traction of tho J 
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boats now, with 50 tons, is no greater than it was in 

1842 with 30 tons. The annual repairs of boats 

have been reduced more than 33 per cent, by the im­

provement; and, although the rate of freight has 

been gradually reduced, the boatmen are more per­

manent, and i\lai' ile-'n boats. 

During the years 1845 and 1846 a considerable 

proportion of the boats were of the old pattern, and 

adapted only to the first proposed enlargement, being . 

compel' ut to carry only 4o to -to ion.-; \vhil< die n .. 

enlarged boats carried 48 to 50 tons; consequently, 

the average freight for those, two years, does not ex­

hibits- ' clearly the advantages of the hit] rovenict 

as it did for the two years of 1«43 and 181 i, when 

the boats were more competent to improve the in­

creased facilities. The old pattern boats are being-

paid for and their IHIIidier considerably reduced ey.: •, 

season, and their places supplied with boats built io 

.correspond with the enlargement. Nearly all the. 

old pattern boats will he with drawn from the coal 

business during the year.- 1847 and 1848; alter wbi h 

the rate of freight can be brought down to correspond 

with the enlargement and increased facilities of 
x*.*s -
nairigation. 
'•;,yln 1842, 30 tons at SI.34 paid the boatmen $40.20p. trip 
• ; / ; 50 " 84 cents will pay them 42.00" " 

V The results of the improvement on the eamil will 
»bc, > 

? Tst Increased strength r.d permamir solidity, to 

'•resist tin: action ot floods. 

v-2d. Additional faeilities and certainty of liaviga-
tiojbon i t 
: • s&*V • 

.Jtf'Sd. A large increase of its permanent capacity. 

4th. A permanent reduction of about 50 cents per 

ton on the rate of freight 

Ah of which has been obtained without hiterr.iv.t-

ing the r -gular navigation and b i-inoss of the ..ao. 

Annua l Repor t of tine Delaware and Hudson Canal Company, 1846, p p . 11-16. 
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APPENDIX C 

Problems w i t h Raftsmen at the Delaware 

River Dam: 1829 

. . . The Delaware River was originally 700 feet in width, and the building of the dam 
was given out by contract in the year 1828, for $1.00 per foot lineal measure. It was 
to be constructed 7 feet in height, and was finished and accepted by the company in 
the fall of 1829. In the spring of 1830 it was almost Impossible for a raft to pass 
without being more or less wrecked. Meetings were organized by the lumbermen 
and resolution passed to remove the obstruction. 

At the appointed time over 100 hardy pioneers of the forest with several teams, 
made their appearance, and the work of destruction commenced. Heavy blasts of 
powder were exploded, axes and saws were freely used, but when night threw her 
dark mantle upon the scene but little had been accomplished. For some unaccount­
able reason, the party packed their tools in the morning and departed for their several 
homes. The managers of the company immediately sent large gangs of men to repair­
ing and fixing a place in the dam where rafts might pass in comparative safety, but 
their efforts were in vain, and it continued to be a terror to the river-men. 

As a last resort the company employed a number of skillful water-men, paying 
them $10 per day, to navigate rafts through the perilous waters, and also paying 
damage to the owner of the lumber if any occurred in the passage. These men board­
ed the rafts at the mouth of the Lackawaxen river and were taken off in small boats 
below the dam. This expensive system was carried on for several years. 

In the meantime the company was not idle. Repairmen were constantly at work 
building cribs, carting stone, brush and gravel, and acres of mountain forest includ­
ing rocks and stones enough to build a second Chinese wall, have been thrown into 
the bed of the stream; and in addition to this hundreds of thousands of feet of hem­
lock timber and a few hundred tons of iron cost the company a mint of money, but to­
day little if any danger is experienced by raftsmen in passing through the shute on the 
Pennsylvania side of the river. All damages paid to lumbermen perhaps cannot be 
strictly told, . . . but without this vast outlay of money, the Delaware and Hudson 
Canal Company could never have existed, and the canal would have been a failure. 
(WAYNE COUNTY HERALD, November 22, 1877, from the MILFORD HERALD) 

Excerp ted in Sande rson , Delaware & Hudson Canalway, p p . 3 0 - 3 1 . 
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APPENDIX D 

'I'lir \ \ I t r t-;il*|trll«)mi A<|tlrflttl«*t ovrr IK* 
Aii.Ki,ri.} Hirer »« I'tllelmrst. 

The work recently [•onslrucled under this 
stipei ililetldclice of Joint A. luirhlillg, the 
'I'-Mjjlier itlid eontriiftof, has supplied the 
place o| tht. 0 | , | wooden structure, which ori­
ginally was built by the stute of IVllllSylva-
"in, nt the western terntitmtioti of the lVuu-
sylvan in rnnn], 

Tho council of the city of Pittsburg-, by 
whom, in consequence of mi arrangement 
with the stute, the tolls on this aqueduct are of 
late received, and who arc bound to heep the 
work in repair, decided on rebuilding, and 
ttfter considering various plans, adopted tlntt 
•f Mr. Iioebling, and ontorod into contract 
with him, to reconstruct tho communication 
for the gross sum, including tho removal of 
the old ponderous structure and the repair of 
the piers and almtmenls, of tJtVdjOOO, a very 
small sum indeed for a work of such mag­
nitude. As this work is the fust of tho kind 
ever attempted, its construction speaks well 
for the enterprise of tho city of Pittsburg. 

The removal of the old work, was com­
menced in September, 18-14, and boats wero 
passi d through the new tlqtllldtlft in May 
INlfi. This work consists of 7 spans of Ilk) 
feet each, from centre to centre of pier ; the 
trunk is of wood, and 11 10 feet long, 11 feet 
at bottom, l(>4 feet on top, the sides 8J feet 
drop. Th-Ro ns well us the bottom, uro 
composed of a doublt course of 2J inch white 
pine plank, laid diagonally, the two courses 
crossing each other nt right angles, so as to 
form a solid lattice work of great strength 

and stintless, sufficient to boar its own weight, 
and to resist the effects of the most violent 
siorms. The bottom of the trunk rests upon 
transverse beums, arranged in pairs of •! feet 
apart; between those, tlio posts which sup­
port tin-sides of the trunk, are let in with 
dovetailed tenons, secured by bolts. The 
outside posts which support the side walk and 
towe path, incline outwards, and nreconncc-
tfd with tho beams in a similar manner.— 
Each trunk post is held by 2 braces, 2Jx lO 
inchos.und connected with tho outside poaisby 
a double joist of 2JxlO inches. The trunk 
posts nrc 7 inches square on top, and 7x14 
at the heel; the transverse beams are 27 
feet long and UixO inches, the space between 
two adjoining is 4 inches. It will be ob­
served, tbut all parts of the framing ate double 
with the exception of the posts, so us to 
admit of the suspension rods ; each pair of 
beams is on each side of the trunk, suppor­
ted by a double suspension rod of 1} inch 
round iron, bent in the shape of « stirrup, 
and mounted un a smull cast iron saddle, 
which rests on tho cable; these saddles sre 

ion top of the cable, connected by links, which 
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il.ition?, I I | on uli irl i llic weight uf "300 pore li­
es of niiiMniiy rest, The stability nl this 
|i.ut of tin' Miiicllirc is fully insured, as llir 
icsistlllleT oflllft am lionise is Iwirc as great 
as I ho greatest strain, lo which the chains 
ran over bo xtlhji rloil. 

T in ' plan uf niu'lionigc adopted mi the 
uuuedlict, vaii is materially limn those im th 
mis usually apple d to suspension bridges, 
w lul l ' mi din u I'liiiniiil i In! iiuil uii'l i 
:, 11 a 11 nl I u i the passage nl the chains, Oil the 
: 11111:11 j 11 .• t, tin- chains below iM. i u in I an ' iinlii'il 
ilrilniid completely surrounded by cement, In 
tlits construction of ihil masonry, this male-
rinl IM well ns limn mnrtnr, have been 
abundant ly implied. Tho bars nrr painted 
willi rod lend; their preservation is rendered 
certain I'v tin' known quality ol I'.'iloiironini 

n u n ills, In |in Vint oxidation. II uiiii'iiiii' 
should liinl its way lo llio chains, it will ho 
satnraliil witlt liino, ami adil aiiutlut ralea 
riinis routing lo llio iron. Thin pin lion til 
tlio work litis been I'M'i'iitrd with scrupulous 
rare, so as lo iniili r it i inniciMary on the 
|mrl of those, who exorcise n surveillance over 
the structure, to examine it. 'The repaint-
iiijj of llio i-alilrs every two or throe years 
will insure their duration for a long pi nod. 

Where the ,'al.li s I. si mi the sailillr:, their 
si/a is increased at two points l.y int 11 nlili'iit ;• 
slant w i n s , and tint? forming swells, which 
lit into c o n e ponding reeis.a s uf the casting, 
Is III i ill liaise -wells the I'll Me i? full ilily 
pressed down hy throe n> I ol stroii)' iron 
wedges, driven through opening*, w h u h an 
cost in the sid. s of ill'' saddle. 

When the mm its ol the MI>|M'MMOII plan 
weie ills,'iisse I previous lo the emoioi nee, 
mi nl of the [in. l ine, donbls were raised as 
a. the slahiliiy of the pyramid? and the nun 
sultry below, when limqilul fo res t.hoilld 
happen to dr.iiirl' the equilibrium of adjoin 
ilij; spans. It was then proved hy n statical 
demonstration, that nny of the arc Ilea with 
the witter In the trunk could support nit extra 
\vi irjht of 130 Ions, without disturbance to 
any part of lite ivotk, In this i-xnminaliim 
no allowance lit nil was made for the g n a t 
nsistance of ll.e woodwork and the stillness 
of the trunk itself. l>nrin;,' the raising ol 
'he frame work the several arches wen re-
peatedly tuhji cted to very considerable line-
ipial forces, which never disturbed the bal-
ance and proved the correctness of provioui 
calculations. 
I The stiIliu M and rigidity of the structure 

is so great, that no doubt is entertained, that 
eneli of tin, several orelics would sustain it-
self, in ease the woodwork of the next, one 
adjoining should bit consumed hy fir«r. The 
woodwork in any of the arches srparMnly 
may l.e removed and substituted by new tnu-
icrial, without ifleeting the equilibrium of 
the m xt one. 

Tim origiiml idea, upon which tlio plan 
lias been )M rfecled, was to form n teoiWe* 
trunk, strong enough to guppoit ila own 
weight, nifd still' enough for an iiiptuduct or 
bridge, nnd to eoirihine this s'riiclitra with 
wire, cables of a sufficient strength to boar 
safely the great-weight of water. 

Tho plan of this work therefore is a com-
jhinalioti, which presents very sii|ieiior nd-
jvantages, viz. great strength, sllj/'uest, safelyt 

iluiIIiiiliti/ and nininmi/. 
This system for the first time successfully 

carried out on the Ihusborg lupindtMri, m a r 
hereafter Ml applied with the happiest results 
to railroad bridges, which have to rosXtt (In 
powerful weight and great viliiniions which 
result limn the pas-age of lieuvy locomotives 
and Ii ami ol cms. 

I'l.MAIIK.—Till! ipililllitll'S ill till! follow­
ing lalile are <':i Irn In Ii il lor II depth of water 
of I feci, which has hern in the aqMaduct 
ever since the opening. T h e depth CUntrnV 
plated, was ;j,J feel, a greater depth i t a t MV> 
si tit required, on account of the raising of 
the bottom of the canal hy bar? ai.d imdimnot 

jwhirli have to he removed hi foro the Uvsl 
can Mi loweii il. 

T.iut.i: ni' .,n AN en n:s ON M,'ii.im;i"f, 
I .elll'lll .-I ,ll|ll, iflli 1 VI illiolll e M . ' | , s . , , n - . l , | . | ( l l e d . 

lMl.|es 1,175 " 
..ill.'- Illllll'liuilis 1,'JCJ » 

jlliailll'lcr .-I eal.li". 7 lllelliT. 
Aggiegalr weight nl' both cables lilt inns. 
Anal net inn nl I I), ol water ill trunk. M lisM. 
'I'olal weight ol water in lipiailliel... .i!,t(W loon. 

" " I.IIC span 'Jdftlottx, 
Weight of one spun ini'linlini; a l l . . . . -MM Ions, 
Aj'.i'ic, iimiit'er nl' wires in liuili rabies. 11,101 

I A " ' . I . " : , I lilt w ire MS'tinll nl' I'lilll 
i eal-li . in • iipaheial inelies Kl iiuhes. 
I \ • • -1 • •. -. -1.. I union uf anchor chains.. VJ in.-lies. 
IVll.it ion i I rallies I I 0. (i Indies. 

II level i,-II ul i i i., mi,! •• a I ni e piers.. Iti It, ti indies. 
1\\ ' ."lit "I u. in in one : pan tut trim 
i, ,i '"•• vn hMh 
I 1'i'll'ioll el caMes reselling IVIIIII tills J* 1 

weight IMtoMX. 
|'l'elei,.n ot" a siir'.lc nil.' " " MPf R*. 
I \vrrngi' ultimate strength of one win-, i t tin II m, 
llllilll.lle -11.' i. - • 11 • ..I I'lihl'-N '-'.OW tuns. 

j'l'.'i.-,i..ii I.-.nil In,in weight of M nler 
in solid minie iIK tl III Mill' 

I ralile II.MHt lis. 
Tension li'Mltlln;! Ii'iin weight of Miller 

ll|mn "in' M|. inch nl imetior chains. I l,<HK) II", 
I'lri-uii' u -I ailing liuili Miiglitiil Milter 

tipin n |n rami I 137# Ions. 
I'rwmrr na-iilling from weight of wster 

iip ni one Mipiiheial !• oS ol pyr»inlil,IN,H(Hhs. 

Iiininish in size from the pier towaids tin 
•litre. T h e sides of the trunk rest solid 

'gainst tho bodies of masonry, which are 
- n cted on each pier and abutment as base?, 
i'»r tin' pyramids which support the cables.—' 
l'ln se py r.t in ills which a re construe led oft hn . 
dorks of n durable hard sand stone, l i - r i v 
• - I ahuve the lend of the sidewalk and low 

.'Ii, a u l measure il y't leet on top, unit-1 • CM 
• l in ha.-e. T h e MIII wa 'k nnd lowpnth he j 

mi 7 leet wide, leave il feet sjiace lor the 
• i--age of llio pyramids. T h e ample width 
•I the tow nml fooipnih is therefore yontmc-
• d on every jiier, hut thisarrangement proves 
in inconvenience, ami was necessary lor the1 

II»|M nakin next to ihe t runk. ! 

T h e caps wllich cover the suildles ami ra-1 

1, s on the pyramids, are suspended next to 
I., trunk, line mi each side, each ol these 
a o caIdes I? exactly 7 inches in ileum ler, 
• idet ly solid and compact, and constructed 

" - or piece from shore lo shore, I I7."i feel 
nog , it is composed of 11)00 wires of Jl 
o. h ihickiitss, which arc laid parallel lip 
„ell o l lor , great cure 1ms been taken to in-
an an iipial tension of the wires Oxidu-j 
i ii i- giiaided against hy a varnish, applied 
• i aeh wire si parol ' ly , their preservation, 
•Hi ver is in-in id for ,ei tain by II close coin 
, : and continuous wrapping, made ol an 

., iled wire, and laid on by machinery in. 
In most p.ifii 'i manner. A continuous 
a • ippmg i- an loipmt.uit implovrllli lit, which 
i this ease has lor the liist time been sue 

• s lully applu d. 
A well constructed and well wrapped cu­

ll' pie.seois the appeaiaut'e of a solid c\ hn | 
', i. which in sir, n u b pl'i lltly surpasses a 
i "o , inado of hais of the si lue argreg'ale 
• lion or weight, h is net only the go at, 

.1 l.niie sir. ngtli of wire, which reinlel.s il 
uperior to bar iron, hut its grenler elaslici 
\ , w hii'h enables it to support strong tuul re-
sa i i i l vibrations, add still more to its value 
i- a material for bridge building. 

T h e extremities of the cables do not ox 
nl Mine ground, hot connect with aiii'hoi 
Iciins, which ina curved line pass through 
i ige masses ol masonry, the last links oe-
••I v mg a vertical position. Thfi bars rum-

;„- og these chain?, average IJX'I inch, 
.a I ate from 4 m I'J feet long, they are man 
d.i ' u . d of boiler scrap, and forged in om 

J.I ee without a weld. T h e extreme links 
anchored to heavy crtst iron plates of 0 

. i siptare, which are held down hy thefoun 
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"The Wire Suspension Aqueduct over the Allegheny River at P i t tsburg , " 

American Railroad Journal, XVI I I (October 9, 1845), 648-49. 

Fig. 148—shows in elevation a portion of the stone supports, and a crow 
section of the trunk, & c , of the Alleghany canal aqueduct-bridge. 

A, piers. 
B, supports of masonry on the piers for the wire cables. 
C| interior of a portion of the trunk. 
a, cross-joists suspended from the cables m by tile bent suspend ing-bars 7t, 

on which the bottom e of trunk rests, 
6, inclined struts in pairs connected with the pieces c to support the sides d 

of the trunk. 
D, tow-path. 
s, cross-joists of the tow-path. 
r, inclined supports of s. 
t and r, parajiets. 
A, sleepers on top of the piers on which the cross-joists a rest. 

Mahan, An Elementary Course of Civil Engineering, p.' 273. 
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APPENDIX E 

'Wire Suspension Bridge over the Monongaheia, at P i t tsburg . " 

The new suspension bridge over the Mongahela 
river at Pittsburgh, was commenced in June, 164b, 
and opened for travel in February, 181(1. The piers 
and abutments of the old wooden structure, which 
was destroyed by the great fire, required extensive 
repairs to be fitted for the reception of the new super-1 
structure. The whole length of the work between 
the abutments is exactly 1500 feet, and is divided in 
eight spans of 183 feet average distance from cen­
tre to centre. The piers are 50 feel long at bottom 
36 feet high, and 11 feet wide on top, battering 1 
inch to the foot. 

Two bodies of substantial cut stone masonry,! 
measuring 0 fret square and 3 feel high, are erected 
on each pier, at a distance of IS fret apart. On 
these the bod plates arc lai I d, iwn for the support of 
the cos' iron ton is, to which thi too calhf an sus­
pended by means of pcit'hifK/iis. F o b span being] 
supported by two separate cables, there are, there­
fore, In cables supended to 18 towers. 

The lowers are composed of four colums, moulded 
in the form of a two-sided, or cornered, pilaster; 
they arc connected by four lattice pannels, secured 
by screw bolts. The pannels up and down stream 
close the whole side of a tower, but those in the di­
rection of the bridge form an open doorway, which 
serves for the eontinuation of side-walks from one 
span to the other. 

On top of the pilasters or columns, a massive cast­
ing rests, which supports the jKnduhtm. to which the 
cables are attached. The upper pin of the pendulum 
lies in a seat which is formed by the sides and ribs 
of a square box occupying the centre of the casting. 
For the purpose of throwing the whole pressure upon 
the four columns underneath, 12 segments of arches 
butt against the centre box and rest with the other 
end upon the four corners. 

The pendulums are composed of four solid bar 
of 2 feet 6 inches long, from centre to centre of pin, 
4 inches by one inch—the pins arc 3 inches in di­
ameter. To the lower pin, the cable of one span is 
attached directly, and the connection formed with 
the next cable by meani of four linln of 3 feet 6 
inches long and 4 inches by 14 inch. 

The opposite cables, as well as the pendulums, 
are inclined towards each other—the distance be­
tween being 27 feet at the top of the towers, and 22 
feet at the centre of a span. The pendulums on the 
abutments, however, occupy a vertical position. 

The two sidewalks arc outside of the cables, and 
5 feet wide. The roadway between is contracted to 
DO feet, and separated from the sidewalks by fender 
rails, which are raised from the floor by means of 
blocks of C inches high, 8 feet apart. The total 
width of the bridge between the railings, is 32 feet. 

The anchor chains which hold the cables of the 
first and last span, arc secured below ground in the 
same method which was applied to the aqueduct— 
their oxidation is guarded against In the same man­
ner. 

The cables arc A\ inches in diameter, and pro­
tected by a solid Wrapping; they are assisted by 
stays, made of 1J inch round charcoal Iron ; the 
suspenders are of the same material, 11 inch diam­
eter, and placed 4 feet apart. 

The peculiar construction of the Monongaheia 
bridge was planned with the view of obtaining a 
high degree of stiffness, which is a great desideratum 
in all suspension bridges: this object has been fully 
attained. The wind has no effect on this structure, 
and the vibrations produced by two heavy coal 
teams, weighing 7 tons each and closely following 
each other, are no greater than is generally observed 
on wooden arch and truss bridges of the same span. 
I This bridge is principally used for heavy hauling ; 
a large portion of the coal consumed in the city of 
Pittsburgh passes over it in four and six horse 
teams, 

As a heavy load passes over a span, the adjoining 
pendulums, when closely observed, can be noticed to 
move correspondingly—the extent of this motion not 
exceeding one half inch. By this accommodation 
of the pendulums, all jarring of the cast iron towers 
is effectually avoided. Another object of the pendu-
unis is to direct the rcsnl.'ant of any forces to which 
he work may be subjected, through the centre of the 
towers, as well as of the masonry below. 

Two of the piers of the old structure had once 
given way in consequence of the shaking and pres­
sure ot the arch timbers, when subjected to heavy 
load-. 8u li an accident can nevet take place on 
the new structure, as the piers arc only subjected to 
the quiet and v< r'.ical pressure of the towers. 

1 do not recommend the application of pendulums 
in all cases; but in this, it appeared to me the best 
plan which could be adopted. 

The two towers on each pier are connected by a 
wooden beam, properly encased and lined by the 
same mouldings which ornament the top of the cast­
ings. 

The lightness land graceful appearance of thia 
structure is somewhat impaired by the heavy pro­
portions of these connections, bull had to resort toil 
from motives of economy. 

The whole expense of this structure does not ex­
ceed $55,000—a very small sum indeed for such an 
extensive work. 
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A great portion of this work had to be done dur­
ing last winter, and in eold weather; it was accom­
plished without any accident, with the exception of 
one of the workmen who was Reized by fits and 
killed by falling off a pier. 

TABLE OF QUANTITIES OF MONONOABELA BRIDGE. 

Length of bridge between abutments 1500 feet. 
Number of spans 8 
Avenge width of spans from centre to 

centre 188 feet. 

Diameter of cables 4 | in. 
Number of wires in each 750 
Weight of superstructure of one span, as 

far as supported by the cables 70tona 
Tension of cables resulting from it 123 " 
Weight of four six-horse teams, loaded 

with 101 bushels of coal each 28 " 
Tension resulting from it when at rest 49 " 
Weight of 100 head ot cattle at 600 lbs... . 40 " 
Tension resulting from it when at rest 70 " 
Aggregate weight of one span as far as sup­

ported by the cables, plus 100 cattle at 
rest 110 " 

Tension resulting from it 193 " 
Ultimate strength of two cables 860 " 
Section of anch >r chains 36 in. 
Section of pendulums C3 " 

" All the materials of iron used in the construc­
tion of the Monongahela bridge, as well as of the 
aqueduct, were manufactured at Pittsburg. The 
wire was furnished by Messrs. R. Townsend A. Co. 
and by Mr. S. M. Wickcrsham." 

"Wire Suspension Bridge Over the Monongahela, at P i t tsburg , " American 

Railroad Journal, XIX (June 13, 1846), 376-77. 
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"Statement of Acct. of Delaware Aqueduct ," Lord Collection, Minisink Valley 
Historical Society. 
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APPENDIX G 

"Never Sink Aquaduct. High Falls. Oct. 1848. . . , " Roebling Collection, 

Box 4, Rutgers, The State Univers i ty . 
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Estimate for Neversink Aqueduct: October 25, 1848 



APPENDIX H 

Estimate for High Falls Aqueduct: October 25, 1848 

Box 4, Rutgers, The State Univers i ty . 
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APPENDIX I 

AMERICAN MANUFACTURE OF WIRE ROPES FOR. INCLINED PLANES, STANDING 

RIGGING, MINES, TILLERS, ETC. BY JOHN A. ROEBLLNG, CIVIL ENGINEER. 

The art of manufacturing ropes of wire is comparatively new. Numer­
ous attempts have been made in Europe and here, and most of them hav* 
proved failures. A collection of parallel wires, bound together by wrap­
pings in the manner of a suspension cable, is no rope and not fit for running, 
it can only be used for a stationary purpose. The first rigging made in 
England, was of this description. The difficulty in the formation of wire 
rope arises from the unyielding nature of the material; iron fibres cannot 
be twisted like hemp, cotton or wollen; their texture would be injured by 
the attempt To remove this obstacle, some manufacturers have resorted to 
annealing, and thereby destroyed the most valuable properties of iron wire, 
TO. its great strength and elasticity. ' ' ' " ' j ' " r \ v '**- •'-•* ••••" 

My first attempts in the manufacture of voire rope, were made four years 
!igo, my intimacy with the construction of wire cable bridges induced me to 
jugvestigate this matter. The principles of my process'differ from those of 
trie English manufacturer*, they are original and secured by patent 
The novelty of my proceeding chiefly consisrs in the spiral laying of the' 
wiree around a common axis without, twisting the fibres, and secondly iA 
•objecting the individual wires white thus laying to a uniform and forcible 
tension under all circumstances. By this method, the greatest strength is 
obtained by the least amount of material, and at the same time a high degree 
pf pliability. Each individual wire occupies exactly the. same position 
•; '" > . c . — 1 11 i " . »i •!• 
t^NOTE,—By the term elasticity, I mean tha properly of wire to stretch and give w h e n subjected to. 
• atraia, and to readme its former length after the strain erases, without suffering a permanant along* 
Olson. Tha extant of elongation of iron is in proportion to the tensions, In estimating tha strength 
* / e ropes the strain it has to support, should never exceed the Jiinifof elasticity. A permanent strata 
aaqnjrea some more allowance. 

Tha elongation of good wire of No. 11, 15 or 16, amounts, according to my own experiments hs 
Sgnr- of its length per ton per rqnare inch. A strain of 15 torsi upon a rope of 1 square inch efaj. 
l eas) MOO fees long wlU pexxlacs aa elengatjqa of ,2 feat, Tha limit of elasficity for wsrhlag NTf* 
i n asm at nl at II to 20 tons per iqnaja meE aceorrBtsgle the ante andSqaeiiry ef l a a e r a * 'A'|rreea-

heerreurwsH rxreerrcce nerrsouwal etantale-nf end j reneareA, ae laet a rnpirnrev . . . w . j , . , . .. 
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throughoutthe length of a strand; another jesulf of the precision and loroc 
applied in laying, is the dcrse-r^atact of th^wjres, which, render? the adnns-
^ t v o f air and inoisture irnposeihje. - , . . • • - . 

Three years ago I offered fa the board of canal commissioners wluch was 
then, in power in P. imsylvarria, to put a wire rope of my manufacture on 
Que of the planes of the Allegheny Portage railroad, at my own risk and 
expense, the value of the rope to be paid in proportion, as it rendered ser­
vices equivalent to a hpiup rope, 'fins libera] offer .however was rejected 
and not considered until the present board came into office. ' Last year I put 
three ropes, riieu -Ul '"S inffia aggregate 34QQ Let, d^-inches circumfei*nice, 
in operation.on plane No. 3. Owing to tfie want of.'fldhrsion, 1 had at tint 
strut to copfeud with some difficulties. By means of a double groove on the 
receiving' sheave and a guide- sheave placed back of it, which crosses the 
tope and leads it from one groove to the other, which improvements wore 
added to the machinery last' whiter; I succeeded in doubling the adhesion. 
When in unfavorable wejHher there is delay and sjipping on the other planes 
tlnj-wjre rope can at all .times pull as heavy a load without a balance, as the 
eqgiue ia capable of hauling. The planes of the" Portage railroad require 
hemp topes of b\ inches circumference, tnadp of the best Russia or Italian 
hejrrp, and which cannot be trusted longer with safety than one season 
They are frequently from reasons of economy continued 1.} seasons ; much 
however, depends upon the weather and business. The unfavorable circum 
jSPjqces under which the wire rope had to work last year, effected it soon'; 
fhrteweat. of tin. whole of tjaisjssason, however, is not perceptible, ami ii, 
rprfiSjent condition promises a long duration. I am now..manufacturing 
ajfccgher. wire rope of 51.00 feet long in four pieces for plane No. 10. 

--The first rope of my make, 600 feet long, 3 | inches circumference lias 
.jrrpf been in successful operation (wo seasons, hauling section boats from the 
hash} to tlje railroad at Johnstown. Two more were put to work last spring 
Hl'the new !f|ips at Hullidavsburg and Columbia. From my present expe­
rience, I may safely assert that wire rope deserves the preference over hemp 
rope in all situations much exposed, and where great strength and durabili­
ty is required. 

jVJ;By my pruc. ss of manufacture, the same pliability is imparted to tin; rope 
jvjjich, is proper to the wire itseff. Paradox as this may appear, it is never-

•rjhejess a fact and is easily explained. By pliability is lure understood the 
jfft^pt of flexure to which the rope or wire may be'subjected, without pro­
ducing a permanent bend ; when released the rope must resume its former 
and straight position. To bend a rope requires force, and this force is in 
•Apportion to its ureal section, caeteris paribus. . ' . . . 

-•'.Well manufactured iro-n. lope is uore pliable than hemp rope of the- same 
fttength. I am manufacturing tillers of fine wire, capable of bearing 3000 
lbs. and which ply around cylinders as small as four ittohes in diameter, and 
in which ike wires are so comp'wtly laid,, that,not, the slightest shifting in 
their spiral position is to be ohaemd. - A number- of my. tillers are in usi 
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qn the Ohio unci Mississippi Such rope would ^'pliablfi enough, fbtjui 
rung rigging and be of long duration. , •-,..-. bb. tre •,';;• #e-u{ .<•',-.. ;. ; : ^ S 

I will here add a few remarks on the introduction cti-'tt&fiding wire rijgr 
ging in place of lump rigging. This subject hasfpr some years prifpsjfc 
engaged tin ttin niiou of the navy department of England' and France, £gj| 
the success which has attended tiro use of. wire in place of hemp for ehwtftjt 
and stays in the naval and commercial service of .Great Britain, wQu&jjft 
appi ais, Mem ia warrant an attempt to test its Utility on our national TrrfflK 

Allow me to .-it In re a few remarks from the notes qf.Ca.pt. Basil Mfftll 
on a tour tlirnu: ;, Se . ii/erland, and while examining the wire sl,:''Pt)fVM 
bridge ut Frybui,. lie says, "attempts are now making and will ote)$B$ 
IHlCCCi -1, to introduce wire rigging, which is stronger and better than eJu^Ll 
because lessdiqn adenton the accidental quality and careless mamtfactueq^fji 
lirigle part. 1 low strange it is, that the plan of making wire bridgm^rm 
successfully adupti'd in France, and elsewhere, should, not have found. %£gf 
enough in England to he fairly tried on a large scale, Fiyburg-brklgajtJOft 
feet wider than Menui, at least equally strong, has cost only one-fiiih of lh# 
money. 1 do not think wire will answer for running rope; but for standijuj 
rigging it may, 1 conceive, be most usefully substituted for hemp, % wjlj| 
equal strength experhnee shows it to be lighter-" •-.•--.wh*' 

The call, s ui siupi iisioa bridges are staUoqary.and.wjll, when prqWc^J 
•gainst oxidation, L»t an indefinite period, Standing rigging, (wheqpeftp^ 
pared to running rope) is nearly stationary, and there is little wear but what 
arises from the direct strain, which if supported by. (sufficient streugtbj,£rju| 
have no deteriorating effect In comparing the two materials, wire ajy| 
herap lor rigging, tire state of preservation and time pf use should becojj 
siqerut. For instance, a hemp rcuy of a certain size, .made of the bestju^' 
ian hemp, will when new, possess two-thirds of the strength of a wire qĵ f 
of tin; same weight per foot; but let the two stays ;.Jr&ve. been exposed-*^ 
served five years, then the strength of the hemp slay will bo gone^^y)u)bj 
the wire stay will not show any perceptibly reduction,., -.Jn this cafa^S 
course, a common wiar and tear is supposed. i -; fj,-... ;,,-.*- tyjwB 

The must promiaeiit features of wife rigging as compared to he*nyh(S|k 
ging, are its gr at durability, less weight and size, less"surface expt*^;Ujt 
wind, lees danger in time of action of being d^royed by shot- dBfaJyg 
good quality of the wire rope is its great elasticity which is. quite suf§qjft$ 
to counteract the i ifect of a sudden jerk, while a vessel is roiling iieavdyej* 
sea. 'The elasticity of hemp rigging is only to be relied car to a yery. soattt 
extent, it w ill pi', e and stretch a great deal but not return.'- p •;gW 

A common olji ction of those not larniliar with the nature of wire jppOjj 
its supposed rapid distinction by oxidation, but no apprehension is lea* GnUr 
ded than this. Running wire rope while in use either in or qnt of wafclilp 
iq mim s or any other situation, will not-oven require the protection of oft 
varnish or tar; w bile ut work it will- rust no more th«n a raff or AchMfiiw 
use, but when idle, oxidation,>yiU.a#aqt if u r^p tpp^b jgq^ j t^^ r^^ 
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serf A*»- however, th* process of laying is carried on with mathematical 
precision, by which the wires,.are brought into the closest contact, the assent 
blage of wires in iorm of a Strand,- present a solid rod, which will he no 
more subjected to rusting than the link of a chain of the same size. The 
individual wires as well as the strands and ropes are coated with an excel­
lent varnish during the manufacture. Wire rigging will require no other 
protection but oiling or tarring once or twice a season. Where elegance is 
«rf object, black or green paint may be used. ;Bigging ipade of linked 
wires and not painted, would present a most elegant appearance and be ex­
empt front all r u s t i n g . . ' ' " ' . - / - r ' ' " '*:*• - •-•»„ 
• V^firtirope can be spliced in the same manner as hemp rope. The attach-
rdoxtt of wire shrouds to the'sides of the vessel and to the masthead and their 
connection with the rattlines (which should also be of wire) can be effected 
by the old method; the use of wire however, will suggest some modifica­
tions belter adapted to the material. ; • 
'""Borne wire rigging has been manufactured in England which simply con­
stats of a collection of parallel wires bound together and served over with 
hemp. - These mixtures, as experience has' proved in the case of tiller-ropes, 
*re' objectionable, the wire will rust inside of the hemp in spite of all pro­
tection by varnish; besides the cover of hemp,-which adds nothing to the 
strength, is only an additional expense. * • '•'' 

Iron is now gradually superseding wood in the construction of vessels, a 
Complete revolution in ship building has already commenced in England 
!Allhough very expensive at first, iron ships will prove the cheapest in the 
Wid'' Are there any well founded objections to wire rigging, which assumes 
the same relation to hemp rigging as wooden ships'to'iron ones 1 There 
axe' none.. Why then not test this matter by encouraging those who are 
capable of bringing it to perfection? A number of iron vessels are now 
building for the naval and revenue service, wln^h seem to offer appropriate 
occasions for the test of this matter. '• *" l4 -'o -' • ••• c* -. .-
: • SaxtnbWrg, Pa., Sept. 1843- - ' - ' \ ! ' . * 

American Rai l road J o u r n a l , XVI (November , 1843), 321-24. 
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APPENDIX J 

PATENT WIRE ROPE of JOHN A. ROEBLING, 

When substi tut ing Wire Rope for Hemp Rope, it" is good economy to allow for the former the seme weight, which 

experience has approved of for the la t ter , per foot run or per yard. 

As a general rule, Wi re Ropes will last from two to three times as long as Hemp Ropes. 

To guard against rust, stationary ropes should be oiled'with Linseed Oil, or painted with Red Lead, Spanish Brown, 

or anv other durable paint, or they should be tarred from time to time. Running Rope, when in use, requires no protec­

tion. Wire Ropes will run on the same' sized sheaves as Hemp Ropes of equal strength, but the greater the diameter the 

less the wear. ' . ' • ' - . . 

The adhesion of Wi re Rop.es is the same as that of Hemp Ropes. When giving orders, the diameter of sheaves, 

kind of machinery, and duty to perform, shoul 1 he described. The size of wire and rate of twist will he determined ac­

cordingly. Wire Ropes should nor be coiled or uncoiled like Hemp Ropes, but should be reeled, so as not to affect the 

twist. The manufactured rope is reeled up»n a drum, which, whoa mounted upon a wooden* spindle,he'ween two supports, 

and made to revolve, will pay off the ropo in the same manner in which it received it . • 

Wire Ropes are substi tuted for Hemp Ropes and Chains, on Inclined Planes, fax Standing Rigging on bear.', .f 

Sailing Vessels and Steamers, Ferry Ropes, in Mines, for all kinds of heavy hoisting, with or without blocks and tackles, 

in Foundries, for stays on derricks, Cranes and Shears, for staying Chimneys and Masts, for Tiller-, Towlinos, Lightning 

Conductors, for Suspension and either Bridges, Crossing Rivers for Telesrapb uses. Ac. Ac. 

TERMS* CASH. 
Brmvx ft* ;,r-(,' '-r. '-'•'! f*Mx 

Roebling Collection, Box 4, Rutgers, The State Universi ty. 
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APPENDIX K 

SOME REMARKS ON SUSPENSION BRIDGES, AND ON THE COMPARATIVE 

MERITS OF CABLE A N D ' C H A I N BRIDGES, BlJ J. A. RccbUttg, Civil 

Engineer. IS'Q. 1. 
The subject of suspension bridges is beginning to engage the at­

tention of the profession. To cause public opinion to incline in fa­
vor of this species of structure, can only be accomplished by the 
successful erection of some good specimens] The ocular demon" 
stration they will offer, will advance this cause more than all trea­
tises. Among the profession, however, this matter cannot be too-
much discussed, provided the discussion is carried on by men who 
arc familiar with the features- of the system. 

The writer takes tins occasion to remark that he has, ever since 
the introduction of suspension- bridges upon the continent, made 
himself intimate with the system, that he had some excellent op­
portunities of becoming practically acquainted with the details of 
construction, and that he has, with devoted interest, taken notice of 
all the improvements which have gradually been introduced. 

Chain bridges originated in their improved form in England, and 
were, in the course of a few years, introduced into France and 
Germany. The material of which the chains in most of these 
bridges are manufactured, is common iron. The bars, composing 
the links, are generally about 15 feet long, 4 inches deep, and three-
fourths of an inch thick, therefore presenting a sectional area of 
3 square inches. 

The difficulty of insuring the iron in such dimensions of an uni­
form and even quality and strength throughout, is obvious, and hence 
the large quantity of iron expended in chains to insure strength? 
and safety. The general practice has been to allow from 16 to 
20,000 lbs. per square inch, as the maximum strain to which chains 
should be subjected in the most trying case. This is rather less than 
one-third of the actual strength of iron bars. A far greater allow­
ance of strength is made for the suspension rods, which are more 
liable to be seriously affected than the chains. Experience and fa­
tal accidents which have occurred to some carefully planned and 
executed suspension bridges have proved that the usual allowance 
of strength for the chains and rods is not by any means too ample. 
With the exception of some accidents which were the results of 
defects in the bars, and which only prove that the latter had not 
been sufficiently examined and tested, it can be shown that the most 
serious injuries to which suspension bridges may be subjected, can 
be guarded against more successfully by some alterations in the 
system, and by resorting to some simple expedients, than by a mere 
increase of strength in the chains. 

On the occasion of the erection of several suspension bridges 
over the arms of the Danube, in the city of Vienna, a body of sci­
entific Engineers undertook a series of experiments on the strength 
of different sorts of iron, steel and wire. The actual capacity of 
iron to sustain a powerful strain uninjured, does not so much con­
sist in its ultimate tenacity as in its elasticity. A bar of good iron 
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may sustain a strain which approaches the limits of its atflMgtll 
without breaking, but a succession of such trials, which are beyosj*} 
its elastic capacity, will gradually stretch it permanently, and Ofjsjpt 
at last a rupture. 

Any strain upon a bar of iron, no matter how trifling, will prodtaft 
an actual elongation of its librcs. Owing to the elastic quality of 
iron, the fibres will contract again as soon as the cause of the Strain 
is removed. But this will only take place to a certain MtOJJt, 
The extent of the elongation to which the fibres may be subjected 
without having their power of contracting at all impaired, ujc|bt> 
limit of elasticity on which we can safely rely. Therefore ABMS 
ahould never be strained beyond this limit. This rate of elastrvMy 
in common bar iron amounts to about one third of it* uj«ĵ wa*a 
.strength. If, therefore, thirty tons are required to break ^bWfti 
iron of one square inch, the strain it can support without iqjWQ% 
will amount to ten tons. If this strain is frequently repeated, 
and applied for a considerable length of time, it.should be reduflad. 
to eight tons or even less. ...id& 

The result of the experiments at Vienna was, that the FinjflUmjp 
decided in favor of steel as the material to be used for the rhlJM4 
the elastic power of this metal, and the greater uniformity of'itH 
grain, being so much superior to that of iron, that greater strength 
and safety could be obtained for less expense by using it irtateao\£f 
iron. It is proper to remark here that the steel used in these bridge* 
was manufactured of natural steel ore, and cost but little more-tha*, 
Iron. 

Note.—Natural steel ore is found in abundance in Austria, jMuQft 
the famous mining districts of Seigerland, in Prussia. A ,ft j | jrjfc 
marks on the Muessener mountain in the latter district mayTMfjfii 
uninteresting to those who intend to visit the continent aftd Jhi 
river Rhine, from whence they can easily reach the celebrated stay 
mine at Mucssen. The steel ore has no resemblance to common 
iron ore, and looks more like crystalize feldspar than any 
thing else. The mine at Mucssen where this ore is found in B# 
greatest purity, has been worked since time immemorial, and Uif 
computed, that when the ore is exhausted, the mere pillars, which 
are now left to support the roofs, will furnish a supply fqr SUM 
centuries more. "' 

This mine is not worked in the common way, and has a remark­
able appearance. The visiter descends a broad flight of steps, 
arched over at a convenient height to walk upright. Arr'ved, at 
the floor of the gallery, he finds himself at the entrance o a Uifttf* 
nificient hall and succession of halls, with dome shaped ceilings 
supported by pillars. These excavations have been made in the 
solid ore, and the effect of the reflection of the light, when properly 
illvminated, from the millions of crystals of ore composing the 
walls, all around, is very beautiful and fairy-like. This sight is 
worth a trip of 100 miles to enjoy. 

The South American market, and part of the West India mar­
ket is largely supplied with all sorts of implements and cutlery, 
made of this natural steel ore. 

[It may be well to remark that a similar ore is not uncommon in, 
the United States. [ED. R. R. J.] 



Since these steel suspension bridges were constructed, wire cables 
in place of chains were more generally introduced by the French 
Engineers, and gradually prevailed over the whole continent. 

The superiority of wire cables over chains cannot be contested 
for one moment, why the English Engineers still cling to the old sys­
tem, after they have seen the principle of wire cables successfully 
tested, and particularly after they have witnessed the success of the 
Friburg bridge, which exceeds the Vienna bridge in boldness. Why, 
after so much experience, they do not abandon the use of chains, is 
to me truly a matter of astonishment. 

The ultimate strength of wire as used in cable bridges, is two-
thirds greater than that of iron bars as used for chains. The pro­
portion of elasticity to the: ultimate strength is greater in wire than 
in iron. 52,000 lbs. may be relied on with safety, as the extent of 
the elasticity of wire per square inch. 

On the other hand, iron is much cheaper in the form of bars of 
several square inches section, than in the form of wires of i inch 
thick. But the manufacture of wire cables is a great deal simpler 
and cheaper than the manufacture of chains. The cost of a wire 
cable bridge will generally be found less than of a chain bridge 
of the same strength. But there are some peculiar features belong­
ing to the cable system which should decide in its favor even at an 
advance of cost. 

The process of wire drawing, imparts to the iron a great unifor­
mity of grain. If a strand is made of good iron, and sound at its 
ends, it is generally good throughout. Unsound places are mostly 
visible on the surface. The toughness of wire strands is easily 
examined by testing the two ends. The actual test of all the strands 
throughout can likewise easily bucflbctcd. 

A cable is constituted of a great number of wires. Admitting 
now that a few unsound strands, in spite of all care and vigilance, 
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should find their way into a cable, their number would be too Waal! 
to affect the strength of the whole materially. All the single nltls 
are coated with a durable varnish, and the finished cable is coated. 
again, and may be effectually protected against the influences of the, 
weather by a tight wrapping throughout The wrapping has alto 
the advantage of preventing the unequal expansion and contraction 
of the inner and outer wires, when exposed to the rays of the sun, 
and sudden changes of temperature. Cables can in this manner/he: 
more effectually protected against oxidation, than chains of bajrii<6*«. 
The beauty of a well manufactured cable is, that all the compodtfct 
parts are uniformly placed and equally strong throughout.. EoSfe, 
single strand bears exactly its portion, and thus the greatest strengths 
is effected by the least amount of material. :/*j>/V** • 

The floor of a chain bridge is suspended by vertical iron bars/fife 
cable bridges these suspenders an ('•.•rated by small wire cables, 'wfcMfe 
should always have an inclined position. Even where a chain bridge-
should be found preferable to a cable bridge, the susjxmders should, 
be invariably made of w ire. Wirt; suspenders arc pliable, and wjjl 
easily move with the floor, when set in motion by the wind. vTahflh 
fastenings of the suspenders at the two ends cannot give away$;bat 
it has frequently occurred on chain bridges, that the heads of tbfi 
suspension rods have been snapped off ill consequence of the wrapp­
ing and twisting. ,§ 

I will notice here the remarks of Colonel i'aslcy upon the effect 
of storms, communicated in the Transactions of the Institute of QMBJJ 
Engineers:— UMBr 

" By the hurricane of October 11, 1835, one-third part of the RMp* 
way of the Suspension Bridge at Montrose (410 feet spanj-wjjdj^i. 
very small exception, was carried away. The suspension rodj|.fltfc 
the west side were cither broken or very much bent, buj, &hjp. 
chains, 4 in number, and extending in two parallel lines, oi>|w4>. 

.tiers each, appeared perfect. It is our opinion, based on observa­
tions, that the motions which a bridge experiences, are not lateral* 
but longitudinal. The Hammersmith suspension bridge does jjujt 
appcarto.be subject to these longitudinal motions, even in a_ja*ft 
violent gale, and this is amply accounted for by the longitudinal 
trussing which is there adopted. The idea, that these longitudinal 
motions, and the .injuries to the road-ways of suspension bridge^, 
are owing to the violent action of the wind from below, is con­
firmed by what Colonel I'aslcy witnessed in Nov. 183G, at the 
Chatham Dock Yard. One side of the roof of a shed for ship­
building, was raised up and down repeatedly, until at last, a lftffp 
portion of it, about 40 to 50 feet, was floated up like a sheet•stf' 
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paper, and carried to a distance of 00 yards. Such being the 
violence of the wind, we may readily conceive that the continual 
extension and compression to which the suspension rods must be 
subject, by the rise and fall of the roadway , is prevented in the 
Hammersmith bridge, by four lines of strong trussing along the 
whole length of the road-way, firmly connected to the bearers below-
No similar trussing exists in the Menai, the Montrose, or any other 
suspension bridges which Colonel Pasley has seen. The rise and 
fall of the platform of the Menai bridge is confidently stated to be 
three feet in ordinary gales, so that unless some similar trussing be 
employed, it may reasonably be expected that this bridge will be 
seriously injured in some future hurricane. The peculiar con­
struction of the suspenders in several pieces, with joints, is a source 
of security to this bridge which the others do not possess. The 
author believes that no suspension bridge of 400 feet betwixt the 
piers can be considered secure without two indexible lines of lon­
gitudinal trussings from pier to pier." 

Amer ican Rai lroad J o u r n a l , X I I (March 15, 1841), 161-66. 

'i-OWr. NIMAHhs ON -I -I'l.Mlos I'.KIiil-, IMl ON 1111'. COM r Alt ATI VI 
Ml:HITS nr r.vr.l.i: AMI < i m \ HIIIIM.I:-. / '•/./. .1. /•'»/,/.//g, Cieil 

Storms arc im<pio!'.;i.i,;;hlv lb" greatest ciH-iiii' • of suspension 
bridges. A, iii the notion ol the wii .1, ln.-\u M I . upon these struc­
tures, there appears to be it ilivei'silj of i j inioii among Kiiginecrs. 
I will tiller some n m a i l s which are tl: ivsuh i I o h * rvulioit and 
reflection. 

Those who have had an opporiiiiiilt ofixamiti! 'Iiaiti bridges, 
will know that it rctpiin s c mparntiu Ij but a i n :;!l force to put the 
chains and the who1.. Iloor in an o i iilating motion, as 11 iey are sus-
p 'tided vertically, and w ill follow the laws of the pendulum. 

Huilings anil longitudinal vi rtiea! trusses will not present these 
oscillnting motions, but a still and well •constructed floor will offer 
a great resuttunce. 

The floors of ahii.-t till the Kip lish so-| cusion bridges arc cn-

tirely too light ; lot; , r p i . in,, us in ti i- ,. -.• - ,t ate to be found on 

the Continent. 
When the force which sets a [ci.duh'in in m dion is continued to 

be applied at regular intervals, which i if 'spoiid ssiih the oscilla­
tions and their directions,'the . I l c t will I ' a g n a t extension of 
these oseillntions. The scope of owillalh ' • >f tlu-heaviest weights 
thus suspended and operated upon, m:y I"' very mueh increased. 
Forest trees which have uilhslood the ' ''•'• > Is of storms for nges, 
have only escaped lite fate of other l< • - funmalc individuals, be-
cause the gusts of wind never happened to correspond with the os­
cillating motions of their tops. Chance sated them. It is tha 
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s.-.-,: •-* •• ,• :» .-['. I.-' t. b, _ . Vflcn a i •_' v.': ' l '• w* side-
wav s again '. t! < \.' c i' ..i:t; :... i •** • I &, su.'ft t • > s •• '• •- _<. rn cs-
c"...: J:JJ iii' i.< n to a smaii exn. nt will soon bi | r<i .uctd. 1 l.e ir­
regular succession of trusts of wind, which but se!d m will corre­
spond with the oscillations of ti e bridge,will be the very means of 
stepping them; and thus many a bridge has withstood the fury of 
gales unhurt. 

But suppose, while the bridge is oscillating to a great extent, an­
other furit us stream cf air 1-J.J [i ns to strike it. ju*t at the time it 
is moving in the >ame direct:' -n. the etiect which then v\ii! be pro­
duced cai in ' t fail to be destiu live. 

Thus, we sec that a mere calculation of the eflccl of wind upon 
a body wh.cn suspended, will give a result far short of what actually 
may and has taken place. 

Vertical currents of air may be. no doubt, as violent as horizon­
tal current- ; but the former w ii! never do much harm to a vvcll-con-
struco d bridge. 

The experience in susprr..»i< n bridges was very limited at the 
time Mr. Telford displayed t h e p - w c r o f his genius bv t i c erection 
cf the n< ble Mcnai. No provish ns were made I \ him to secure 
the platform against the al l ien of vertical r u m r . t s . although the 
position of that bridge admits of the most effectual &| | licatirn of 
remedies which will never fail. 

Mr. Brunei, jr., was the fir-1 who applied the pro] er means to 
guard against the effect of vertical currents, and to a certain extent 
also against side currents, in the construction of a suspension bridge 
on the Isle of Bourbon, where hurricanes are of fu intent occur­
rence.—($<e l\'aiirr's Mtiiiuir tur b s Pouts b'ufjn itdrts.) In this 
bridge the platform is held down by stages, fastened by the lower 
ends to reversely-curved chains, the ends of which are secured in 
the piers and abutments. 1 hus the platform is completely secured 
vertically. At the same time the ends of these reversed chains re­
cede from the bridge horizontally, and act as diagonal stays in the 
latter direction. 

T h e same expedient can be applied to the Mcnai bridge more ef­
fectually, as the floor is elevated nearly ICO feet above the water . 
This, together with strong cast iron parapets, and a better con­
structed floor, would no dcubt insure the safety of this noble work 
for all ages to come. 

Chains are suspended in vertical planes, and when put into a 
twinging motion, cease to oih'i a unifoim support to the suspension 
rods. 

Cables are, and should alwav s be suspended in inclined, or rather 
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curved inclined plane*: but thiscannnt be done with chains. Here­
in i"in«:s!< '>r.: of tlte in tin -u;> r. iritie- of cobles over chains. 

Tor piar.es, in which lite cub! :* are su*p n led, being inclined to­
wards each other, give at once to the tl j ir a horizontal stability, 
csp 'dally at the mid I! • •»( the b r i d : \ where it is mist needed. It 
requires a wind of _'• c f >rco e v r i to displace a platform thus sus­
pend ul, to anv extent, and regu.ar oscillations are next to irnpos-
sihle. 

This principle of inclining the cables may, in situations exposed 
to fre ment storm-. be carried out to a greater extent than it has 
been. It is necessary, i: i\vevor,in sue , r a c * , that the cables should 
be supported by towers, and not sing!' aa • directed columns, as 
thev h.av * a ten 1 n~ v to thru-t the latter t ov.tr 1- each other. 

The Friburg bridge i* suspended by {•• ir cables of 5J inches 
each in diameter. Tw i cable* are place | ,,tj ,-ach side. There is, 
hou ••>"/-. n> practical ilitR.'.ilty in uniting any number of cables 
into one single cable, - > th.'.t there may h : but o/c cable on each 
side, to which all the suspenders on that side arc attached. A sin­
gle cable will be superior to a pair of cables when displaced by 
lateral forces. The arrang 'tnent of the cables in inclined planes is 
also rendered easier, \vh u but one cable is formed, than when they 
are collected into pairs. 

In order to increase the vertical stability of suspension bridges 
of a great span, it will be useful to bring the weight of the cables 
into action by connecting them with the fl >or at intervals, either 
bv timbers or cast iron pipes, which may include the suspenders. 
The fl tor then cann >t be raised at any place without lifting a con-
sid Tabic portion of lb.2 cables and of the whole bridge. 

Xhs greatest trial to which a suspension bridge may be subjected, 
next to si >rm*, is the til irch of a b »dy of soldiers, moving over it 
in regular file an 1 step. A crowd of people, m wing promiscuous­
ly, will not produce a strain so severe as the momentum of a much 
smaller body of men, the united weight of which is rising and fall­
ing at regular intervals. In the latter case, a regular vertical oscil­
lation of the platform longitudinally will take place, and the mo­
mentum of the load will unite with the momentum of a great por­
tion of the bridge, in producing shocks which greatly exceed the 
strain produced by a promiscuously moving load. Heavy railways 
and stiff connections between the floor and cables, and a stiff floor, 
will contribute much to counteract such effects. 

Large bodies of troops, when moving over such bridges, should 
always be ordered out of step. Several accidents produced by th« 
c ' . ' oe rau«e are now on record. 
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T h ' ' above rt'rn ir! - '• tve m>t h"i-n mndf will) a view of bringing 

suspension bid I.: ••- into discredit. T o impute surh a motive In mo 

would lie unjust. No one r-.:i\ he n greater admirer of the system 

than myself. The superior i ty o f these structures, and especially 

cable bridges, over all »l!u r k ind o f bridges, needs no argument of 

mine. Ah' •!• :n n !, ' \ • e . 'ah'i in-,1 this k ing ago. 

In s|H'akiie> o f i ' • v, a!, p ".it-. o f il ie ,s\ stem, 1 have only in­

tended In s!i isv how in i !i e.i in u p n •<• '<.:ir\ in planning ami rxe-

ruting a suspension hi ! • • in order to insure per f -e l safety. It ap­

pears that the d struct ion o f s . m.inj w i Men bridges by the late 

freshets, w mid nrge the ad >i»tioti of a svslcin which is beyond the 

reach of ice and 11 md•. I'.ai. to insure the successful introduction 

o f cable bridges into the l r u i l c d Slates, their erection, and cs-

perially the eonslrueti . in of the first specimen, ulionl I not he left 

to mere mechanics. N i m uleru improvement has prof i led m i r e 

by the aid o f science Mian I he s\ stem of su -pension bridges. And 

we see that all the n .!>!•• an I hold structures o f this k ind wh i ch 

have been put tip in Europe, were planned and executed under the. 

immediate superintendence of the most eminent Engineers, whose 

practical judgment was aid d by a rich store of scientific knowl­

edge. 

Amer ican Rai l road J o u r n a l , X I I ( A p r i l 1 , 1841), 193-96. 
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Patent No. 4710, August 26, 1846, Anchoring 

Suspension - Chains for Bridges 
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UNITED STATES PATENT OFFICE. 
J .NO A KOKtU.INO, OK P I l T N H l ' R n n . PEXMiai iVAJHA^,^^. 

ANCHORINO SUSPENSION-CHAINS TOR BRIDGE* 

Specification of Letter* Patent No. 4.710. dated Atiauat 2H. I M S . 

/ , n't irhmii if niiti/ • '>/) '>/ /».• 

He it known i lmt I . J O H N A. I t n u u . i M i , 
c i v i l engineer, of P i t t sbu rgh . A l legheny 
county . State of Pennsy lvan ia , h m r invent-

5 f i l ;i new p lan of Cons t ruc t i ng Wi re - t 'able 
• •I ( l ia in Suspension- H r i d g c s : ami 1 ' 1 " 
h i i vhv i l i i ' l a r i ' t ha i the f o l l o w i n g i- a fii.ll 
al io i' \ai ' t i l i ' - r i ] it inn. 

M \ improvement i i i i i - i - t - in a new nmdc 
10 o f anchorage', appl icable In w i re br idges a-

well a> r l i a i n I'i 11IL'I'-. 
M \ p lan of anchorage di f fers i i ' i v ma-

b-riul lv f rom t in ' mode h i t he r to pursued. It 
i- [• i ' in '* ipal ly ru lcu la t i 'd for such locations. 

15 . . l i i t i ' there i- no rock, ami where an a r t i ­
f ic ial anchorage has to he inaile. In most 
case-, the practice has l icen. to resist the 
pre—ure of the anchor plates, to wh ich the 
chains or rubles arc a t tached, and wh ich are 

JO cont inued below g round in a s t ra igh t course. 
d i rec t ly by a large mass o f sol id masonry, 
I 'otistrncted e i ther in the f o rm of arches or 
s t ra igh t wal l .- , and b u t t i n g against the abut­
ments, upon wh ich the towers rest, wh ich 

25 support the chains or cables. In th is ea-e 
the pressure is t r ansmi t t ed to a smal l sur­
face of - tone w a l l , wh ich has to he construct­
ed w i t h meat care and o f the best mater ia l 
to prevent the breaking; o f the anchor plate 

30 and the i r r egu la r sett l ing; of the masonry. 
A n d as the base of th is masonry is hut smal l , 
i ts extent in length must lie p ropor t iona l l y 
large so us to otter the necessary resistance. 
I n place of resting; the anchor p late d i rec t l y 

35 against a -tone w a l l . I a p p l y in my mode a 
system of t i tuU ' rs . wh ich serve in a manner 
a- a founda t ion for the si ipei incmnhei i t 
l l iasonrv, d i - t r i h n t e the g n a t pressure of 
the anchor p la te- over a large surface of 

<0 masonry, reduce therefore its length or 
dep th , and by i t - y ie ld ing; and elastic nature 
prevent the breaking; of the anchor p la te- . 
I pre fer curv ing; the cha in - or cables In-low 
grround in place o f cont inu ing ; them s t ra igh t . 

45 [r i - also my pract ice, to su r round al l the 
i ron below ground by h v d i a i i l i c cement and 
wa l l it in u i l l i solid i n a - u i r y . in place of 
leav ing an open channel a- i- the ca-c In 
mo-t -u -pcn- io r i f• j - ; • I•_-• I lie n ml w i th 

60 wh ich I su r round t in > h on i r • ible- pre 
serves t l ie i l l aga in- l ru I ng i l b ' t n a l l v . 
Where: greater p r iea i . t ion i- dc i red. tin-
• •bail 's may lie inclosed in lead. 

T i e accut l lpHl iy i ' lg d r a w i n g -hows a Ion 
"» g i t u d i n a l section i f the p lan of ineborage. 

w h i i l i has ac tua l ly been app l ied by me to 

the new Moi iongnheln br idge at P i t t sburgh . 
A s in i l ln r p lan Wits appl ied to the -u-jHMi 
- ion ai j i ieduct. constructed bv me. In fx i lh 
s| n u t i ires ih , . suspension en hies connect w i t h go 
anchor chains, made of solid bars. The last 
or extreme l inks occupy a vert ical po - i l i on . 
ami every otic of the short l i n k - rests upon 
a sol id - lone block. Well bed.led in the lower 
masonry. The bed plate to which the last c ; ) 

l i nk is at tached, is marked in the d r a w i n g by 
the let ter A. it i- hud in a th ick U-d of hy­
d rau l i c cement. At the end of a br idge, 
which is suspended to two cables or chains, 
there arc two anchor plates la id opposite to 70 
each other. A t the Monongahela br idge the 
distance IH'Iween these plate- is 27 feet f rom 
center to center. < hi top of each anchor 
p late a p l a t f o r m I t is la id down , o f about 111 
feet square and S inches th ick , composed of 75 
I courses o f 2-'mch wh i te oak p lank, the 
courses crossing each other at r igh t angles, 
and al l spiked together w i t h i ron spike-. A 
t h i n layer of cement is spread over the an­
chor plate before the p lank i - la id down. 30 
A n open ing is left in the center of the plat­
f o rm for the pa-sage of the chain I I . D ie 
p l a t f o r m U ' ing well settled d o w n , leveled 
and covered w i t h cement, a course of t i m ­
bers ( ' i - la id down next wh ich extends to 35 
the abutment K and is a- wide a- the plat­
f o r m H and composed <>f wh i te oak - t i c k -
hewed 12 inches square and of an even th ick­
ness. T h e two courses (.' which are opposite 
each other , serve for the support of the re- 90 
s i - t i n g w a l l - 1) wh ich support the pressure 
of the curved chains, and al-o fo r the sup­
port o f the main course o f foundat ion t i m ­
ber- marked I«\ T h i s course is composed of 
about 12 wh i te oak - t i cks , 12 to la inches 95 
t h i ck . ID feet long and ex tend ing al l the 
vv a v across the p i t . I t serves for the support 
of the ma m i r y ( t . the weight o f wh ich t- to 
resist the pressure o f the anchor plate-. 
This hotly of masonry being about 10 feet 100 
long and 12 feet w ide, need not IH.' very deep 
to offer 11 sufficient resistance to the pressure 
of the anchor p la te- . A l l the t imbers are 
copiously g rou ted w i t h t h i n l ime mor ta r 
for the purpose of preservat ion. They w i l l 105 
never rot a- they are deeply bur ied under 
g round and en t i re ly excluded f r om the air. 
I In- siicee— of t i e above p lan of anchorage. 
w inch 1- en t i re ly novel and o r i g i na l in al l 
it- feature- , ha- been demonstrated on the n o 
aqueduct and Monongahela b r idge , lately 
constructed under my superintendence. 
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Wlinl 1 claim ii-- my original invention j 
and u i-li In MVIIIC hy let ters Patent is -

J in- application (if a timber foundation. 
in place of stone, in connection witli anchor ] 

s |iliiti-s. in support iiii- pressure of tin- nnelior 
• bains or rabies against the anchor mnsonry 
• if a -ti-peiision bridge— for the purpose of • 
inn easing the ba-e of tliat masonry, to in-
• i i.i-i- the surface exposed In pressure, and 

)n to -iihstituie ivnml as nil elastic material in 
place of s11iiit'. fur the liedding of the anchor 
plate.-.- tin- t imber foundation cither to oc- j 

enpv an inclined position, where the anchor 
eahh's or chains are continued in a straight 
line below ground, or to l>e placed lion IS 
/.outally, when the anchor cables are curved. 
ns exhibited in the accompanying draw 
i rg , the whole to be in sub»tiiii«'e and in 
its main features constructed as fully de­
scribed above and exhibited in the drawing. 20 

.JOHN A. KOKBLlNti . 
Witnesses: 

JONATHAN RIIUI.H, 
A I X X . MII.I.AH. 
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UNITED STATES PATENT OFFICE. 
JNO. A. aOEBLlNO. Or PITT8B0HQH, PBNN8TLVANIA. 

APPARATUS FOB PASSPNO 8TTSPKN8I0H-WIJUE3 FOB BBIDOK3 ACBOS8 BXVBB3, Sea. 

Specification of letters Patent B"o. 4,845, dated January 2fl, 1847. 

To all whom it may concern: 
Be it kn<rwn tha t I, JOHAT A. ROKBXXNO, 

civil engineer, of P i t t sburgh , Allegheny 
county , S ta t e of Pennsylvania, have in-

. vented a new Me.thod of Travers ing Wires 
Across Rivers or Hollows for the Purpose of 
F o r m i n g Suspension-Cables for the Sup­
port of Br idges ; and I do hereby declare 
that the following is a full and exact de-

,n s r r ip t ion. 
Fo r the sake of illustration, I have in the 

accompanying drawing presented a section 
of the Niagara River above the whirlpool, 
where a bridge is contemplated, and wnere 

15 m v system or forming wire cables, may be 
applied to the best advantage, 

a a represent the two towers for the sup­
por t of the wire cables b b b, to which the 
iloor i.s to be suspended ; the cables are sup-

_, posed to lie in the course of const ruction. 
c <l c is a double wire rope, which is sus-

]>erided across the chasm for the suppor t of 
a small platform d, upon which those per­
sons are stationed, whose business it is to 

25 regulate the tension of the wires. As there 
will a lways l>e two cables to be manufac­
tured, opposite each other, this platform is 
to ex tend ff^im one to the other ; and in 
order to steady it horizontally, it is held by 

JQ four wire stays, indicated oy the dotted 
lines d * d e, which are anchored in the sides 
of the bluffs. 

/ is a horizontal wheel or sheave 16 to 20 
feet in diameter , attached to a vertical shaft, 

35 which is to be turned by horsepower. Th i s 
wheel has on its periphery a groove, for the 
reception of the endless rope Ic A i c g. On 
the opjKwi'" oank of the river, a similar 
wheel, marked g> is put up, around which 

40 the endless rope passes. In case the towers 
are buil t separately for the support of the 
cables, and not connected with each other, 
the endless rope may be worked between the 
towers. But where the towers are connected, 

44 as is supposed in the case before us, the end­
less ro[>e has to be passed over the summit 
and outside nf the towers,and should be sup­
ported on rollers. a> is exhibited by Figure 
8. Th i s roj>e may be nf hemp, but a wire 

fO rope, which will n it stretch, is much pref­
erable. T w o traversing or traveling wheels, 
marked A and i, by which the wires are 
passed from shore to shore, are attached or 
suspended to the endless rope. The mode of 

55 construction of these wheels i.s represented in 
Figs . 2 and 3 on a larger scale. 

A Fig . 2 exhibits a portion of the endless 
rope* A single rope might be substituted in 
place of the endless one and only one travel­
ing wheel worked in place of two. A double 8 0 

or endless rope and two wheels are however 
much more expeditiously. 

K represents a wheel of from 4 to 5 feet 
diameter , constructed of wood very light, its 
r im is furnished with a large groove made of 55 
sheet tin. I t revolves freely around an ac­
curately turned off spindle, which is at­
tached to a vertical a rm I, either made of 
wood or iron, and which terminates at its 
uppe r end in a neck, bent like a bow, and 70 
marked m, which is attached to the rope A 
by means of twine or wrapping wire. The 
object of the neck m is to clear the rollers B 
at the towers or upon piers, if there are any. 
Where there are piers, I put up on each a 75 
frame for the support of two rollers, to sup­
por t and work the endless rope. 

n indicates a pair of wires, which with 
one end are fastened to the ends of the 
spindle at the center of the wheel, with the go 
other to the lower point of a small tr iangle 
O, made of inch pine board, and armed with 
two iron necks, bent like the neck m, for the 
purpose of cleaning the rollers B. The tri­
angle with the wires n are to pull the wheel 15 
a long and preserve its vertical position. 

The operation of the whole appara tus is 
as follows: The skeins of wire, of which the 
cables are to be formed, are in the first in­
stance united by splicing their ends, and 90 
reeled on large reels, capable of holding 
lrVX) pounds of wire or more. One of these 
reels is marked v in Fig. 1. I t may further 
be mentioned, that a came is usually formed 
of one single endless wire (which is com- 95 
posed of a great number of skeins, spliced) 
which is passed around a cast iron shoe or 
segment, at each end of the cable. When 
a cable is to be commenced, the end of a 
wire is fastened to the segment next to the 100 
reel, then passed around the groove of the 
t ravel ing sneave; the horse is then started, 
which sets the endless rope in motion and 
causes the travel ing sheave to advance. But 
as the one end of the wire is fast, the other 105 
must play off the reel and pass around the 
t ravel ing sheave, which thus keeps on re­
volving until it reaches the opposite shore, 
where the machinery is stopped. A double 
wire has now been traversed from one ^hore 110 
to the other, it is then taken off the travel­
ing sheave, by detaching one of the pi lling 
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wires n, passed around the segment and ad­
justed. While this is accomplished, the two 
traveling sheavs on the other side receives a 
wire from another reel, and is s tar ted across 

6 the river, the first t ravel ing sheave re tu rn ing 
empty. The rope is therefore worked re­
ciprocally and the horse reversed at the end 
or every t r ip . 

Those persons, who are stationed on the 
10 suspended platform d, make their passage in 

a basket or box, suspended to the endless 
rope, the box being taken off, when wire is 
running. Or the basket may be suspended 
to a separate rope, which may be worked by 

15 a windlass. 
The alxive mode of t raversing wires, has 

in its main features been successfully ap­

plied in the formation of the cables of the 
suspension aqueduct at P i t t sbu rgh , con­
structed by me. 20 

W h a t I claim as my original invention, 
and wish to secure by Letters Pa ten t , is— 

The application of t ravel ing wheels, sus­
pended and worked, either by a double end­
less rope, or by a single rope, across a r iver 25 
or valley, for the purpose of t ravers ing the 
wires for the formation of wire cables, the 
whole to be in substance and in its main 
features, constructed and worked, as above 
described, and illustrated by the drawings. SO 

J O H N A. R O E B L I N G . 
Witnesses: 

J O H N E . HEKBET, 
LEONARD S. J O H N . 

a 



APPENDIX N 

Description of Wire Cable Suspension Bridge Construction 

By John A. Roebling, 1867 

The art of .cable making is of modern origin. The 
brothers Seguin, French Engineers, first undertook, in 
the early part of this century, to construct wire cables 
in the place of chains, for the suspension of bridge 
floors. A number of light structures were erected by 
them and others over the Rhone and other rivers of 
France. But owing to the light and frail character of 
these works, most of them have broken down or been 
destroyed by storms. M. Chaley, another distinguished 
French Engineer, at the end of the first quarter of this 
century, erected the suspension bridge at Freibourg 
over the valley of the Sarine in Switzerland. This 
work, as the largest span in Europe, measuring 870 feet 
between the towers, has for many years been an object 
of great engineering interest. But owing to the want 
of stillness, and also of strength, its lifetime appears to 
be precarious. 

By the practice of these engineers, a certain process 
for the construction of wire cables became established, 
and was considered the only method which would insure 
success, until by the erection of the Suspension Aque­
duct over the Alleghany river at Pittsburgh, from 1844 
to 1845, an opportunity was afforded to me to demon­
strate on a large scale the practicability of another system, 
in all respects superior to the French. Previous to this 
undertaking, I had been engaged for years in experi­
ments on wire ropes and cables. I had fullv succeeded 
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in the introduction of this manufacture into this country, 
and my ropes were then in successful operation on the 
inclines of the old Alleghany Portage in Pennsylvania, 
.since abandoned, and on other planes. I was therefore 
well prepared to engage in a work, which in its general 
plan, as well as in its execution, was considered by the 
profession in the light of a hazardous and unwarranted 
novelty. The success of that work, and of eight others, 
including the Niagara railway bridge, the Alleghany 
•bridge,'and the Cincinnati bridge, all constructed on my 
plans and under my personal direction, have fully estab­
lished this new system of cable making. 

The object of these remarks is to gratify the desire of 
some professional men, and to explain, what I have 
never clone before, the difference between the French 
system and mine. The principal feature of the French 
plan is to suspend the floor to a number of small cables. 
By my plan only two large cables are suspended, one on 
each side. The Cincinnati bridge is supported bv two 
large cables, 12j inches diameter. The cables in my 
bridges are always assisted by stays, and this feature is 
entirely wanting in the French system. The question 
now arises, what advantage is gained by one large cable 
over a number of small ones? The old saying, that 
united we stand, hut divided we fall, applies literally to 
this case, but in a double sense. Suppose the tension of 
the different wires is uniformly the same in both ar­
rangements, and suppose both systems are caused to 
oscillate by a heavy male, then the group of small cables 
is subject to the danger of a variableness in their indi­
vidual motions. "While some of them move up, others 
may swing down, and perfectly uniform resistance is 
then rendered impossible. If the small separate cables 
are united into one, no such variableness can exist. No 
matter to what oscillations the large cable maybe exposed, 
they are always met by its united strength. In the 
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divided system one cable may break after the other, 
because they cannot be expected to act in perfect unison. 
The correctness of this view was fully demonstrated by 
the catastrophy which overtook the Wheeling bridge on 
the 17th of May, 1854. This bridge forms a span of 
1010 feet from center to center of tower, the length of 
the floor is 960 feet—its width was 24 feet, supported by 
12 cables, G on each side, with an aggregate number of 
wires of G,G00 No. 10 guagc. If the tension of the 
Wheeling cables had been as uniform as those tof the 
Cincinnati bridge are, then their relative strength would 
have been as 7 to 12. No stays were employed in the 
Wheeling bridge. The floor was torn by the gale into 
three sections, the eastern portion measured 500 feet, 
the western GOO feet, leaving the central part 200 feet 
long., All the cables but two broke loose from the an­
chorage, one after another. One small cable, composed 
of 150 wires, broke in the center. For the want of stays 
and of stiffness, the floor was subjected to very con­
siderable oscillations, and thus broken up and destroyed 
by its oion momentum. 

A divided system of cables possesses but a small de­
gree of that inherent stillness which is obtained by form­
ing one single massive cable, bound up in a continuous 
wrapping of such strength that it approaches the stiff­
ness of a solid cylinder. The groat stiffness and rigidity 
of our cables was forcibly illustrated during the suspen­
sion of the beams. A temporary track was laid down 
over the center of the beams for the transportation of 
materials on trucks. The beams being free to suing, 
the remarkable stillness of this track was in part owing 
to the great weight of the' cables, but also in a great 
measure to their stillness. After the center girders had 
been put in place and connected with the beams, the 
stability of the skeleton floor was so far increased that 
loads of 5 tons weight produced hut little impression. 
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Another and most important advantage of large and 
heavy compact cables in large spans is obtained from 
their powerful horizontal action in bracing the center of 
the span. Only those who have tested this matter on a 
large scale are able to appreciate it. I do not expect 
professional men to credit the statement, without seeing 
with their own eyes, that the center of the Ohio bridge 
is not deflected by heavy gales, neither horizontally nor 
vertically. This remarkable horizontal stability is in a 
great measure due to the powerful bracing of the cables. 
This admirable feature of a well built cable bridge 
cannot be introduced into a chain suspension bridge, 
without involving details of great difficulty. 

The French system was first introduced into this 
country during the construction of the Schuylkill river 
bridge, at Fairmount, Philadelphia, by the late and much 
lamented Col. Charles Ellet, jun., who, like a true hero, 
sacrificed his life in his successful endeavors to make 
steam rams efficient on our western waters during the 
late civil war. According to this system the small 
cables arc made on shore, or away from the bridge, then 
dragged to (lie site and elevated to their final position. 
P u t this practice is very objectionable, because the wires 
composing a cable, when under no strain, become loose, 
bulged out, and in consequence dislocated and entangled 
more or less. This derangement is much increased by 
the great abuse tbc cables suffer during the process of 
dragging, hoisting and placing in position. No matter 
what care, may have been taken to insure uniform ten­
sion, this uniformity will be lost by the subsequent rough 
handling. Tlic hardness and elasticity of good cable 
wire will approach that of steel. Pu t this elasticity may 
be the means of destroying the uniformity of tension if 
this tension is relaxed. 

My earliest experiments taught me that the French 
system is wrong in principle, and that no good cable 

can be made by that process. This objection may in 
part be overcome by employing a continuous wrapping, 
but not altogether. Nor is there always sufficient room 
available on shore for the construction of long cables. 
Wha t then is tbc remedy ? The cables should be made 
across the river, very nearly in the position which they 
will finally occupy, and the tension of the wires must 
never be relaxed below a safe mark. This system, which 
I have applied for the last 23 years, with invariable suc­
cess, is the only true one which will insure uniformity 
of tension.' I admit that this system is apparently more 
complicated than the French ; it requires more extensive 
machinery, also more judgment and supervision, but it 
is the only plan to make a good cable. 

Reports on the Ohio Br idge, at Cincinnati . . . Apri l 1 , 1867, pp. 48-52. 
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APPENDIX O 

Income Approach to Value of Delaware Aqueduct, 1969 

I n c o m e : 

Gross Receipts $17,625. 

Expenses; 

Fixed Expense: 

Taxes $553. 
Insurance 303. 

Total Fixed Expense: $850. 

Operating Expenses: 

Lahor $5,850. 
Electric 1,070. 
Maintenance & 

Repair 2,284. 
Supplies 237. 

Total Operating Expense: $9,441. 

Total Expenses $10,297. 

NET Income 7,328. 

Capitalized @ .119052 61,569. 

Rounded to 61,500. 

Justification of capitalization Rate 

M = mortgage percentage 
C = mortgage coefficient 
Y = yield 
R = overall rate 

Assume mortgage of 75%, 15 years, 10^ % interest, 
investment period 10 years. 

R = Y - MC 
R = .15 - .75 (.041264) 
R = .15 - .030948 
R = .119052 
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APPENDIX P 

CONTRACT BID SCHEDULE Cn%oJ 

REPAIR WORK ON ROEBLING BRIDGE 

UPPER DELAWARE NATIONAL SCENIC 

AND RECREATIONAL RIVER 

(LIN. FT. = Linear Feet; L.S. = Lump Sum) 

(S.Y. = Square Yard) 

ITEM SPEC. EST. ITEM WITH UNIT BID PRICE UNIT AMOUNT 
NO. REF. QUAN. UNIT PRICE BID 

1. 780 2I4. Each Supply and replace floor 
beams, using new 6" x lk.'-
214.' long treated timber 
beams installed, 
at per each, $ $ 

2. 780 58 Each Supply and replace sway 
braces, using new 
k." x 8" - 6' long 
treated timber, 
installed, at per 
each, $ $ 

3. 780 k. Each Supply and replace sway 
braces, using new k." x 8" -
k7 long treated timbers, 
installed, at per each, $ $ 

li. 780 Lump Remove all existing 
Sum railing, decking and 

stringers of the two 
center spans of the 
bridge and salvage all 
reusable timbers as 
directed in field by the 
Contracting Officer or by 
his Representative at per 
lump sum, $ 

5. 780 Lump Remove all existing railing 
Sum and decking of the two end 

spans of the bridge and salvage 
all reusable timbers, as directed 
in field by the Contracting Officer 
or by his Representative, at per 
lump sum, $ 
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ITEM SPEC. EST. ITEM WITH UNIT UNIT AMOUNT 
NO. REF. QUAN. UNIT BID PRICE PRICE BID 

6. 780 3 Each Replace three (3) 
bent or missing 
suspender rods and 
support plates (to be 
supplied " by the 
National Park Service, 
at per each, $ $ 

7. 78O 60 Each Supply and install 
new I4." x 8" - lb/ long 
treated stringers in the 
two center spans, 
at per each, $ $ 

8. 780 2I4. Each Supply and install new 
b_" x 8" - 16" long treated 
stringers in the two 
center spans, at per 
each, $ . $ 

9. 780 156 Each Supply and install new 
b_" x 8" - 18' long 
treated stringers in the 
two center spans, at 
per each, & $ 

10. 780 7)|? Each Supply and install new 
3" x 8" - 10' long treated 
bridge decking in the two 
center spans, at per 
each, $ $ , 

11. 780 990 Lin.Ft. Supply all new treated 
timber and construct hand 
railing between piers and 
abutments along full length 
of bridge using b" x 6" - 6" 
long rail posts and 2" x 10" 
rail planks including all 5/8" 
dia. galvanized steel bolts of 
the required lengths, nuts and 
washers complete in place, 
at per lin. ft. * e 

12. 780 990 Lin.Ft. Supply all new material 
and construct curbing 
between piers and abutments 
along ruil length of bridge 
using 6" x 6" - 12' long 
treated timber with treated 
spacer and nailer blocks,' including 
galvanized steel bolts, nuts & 
washers, at per. 
lin. foot, $ $ 
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SUMMARY FOR CONTRACT AWARD 

GENERAL INFORMATION: Bidders are required to quote on all the above 
items in order for their bid to be considered. SPEC. REF. (Specification 
Reference) refers to the construction specification describing the 
work. In case of discrepancy between .words and figures, the words 
shall govern. In case of error in the extension of prices, the unit 
price shall govern. In case of bidder's error in summation of totals 
the individual bid item amounts corrected and totaled shall govern. 
Failure to enter unit prices shall be cause for rejection of bid. 

BASIS OF AWARD: Award of the contract is contingent upon the amount 
of available funds. The quantities (except "lump sum" items) shown above 
are estimated and will be used for the purpose of canvassing the bids'. 
Award will be made to one bidder only, on the basis of the low bid, for 
the total of A as shown above. However, after- award, the Contracting 
Officer will have the right to increase or decrease any or all of the 
estimated quantities by twenty-five (25%) percent or to increase 
or decrease any one or of the quantities by any amount provided 
that the total cost of the original contract (exclusive of "lump sum" 
items) is not changed by more than twenty-five (25%) percent. Payment 
to the Contractor will be made on the basis of the actual quantities 
of the work completed. The Contracting Officer reserves the right to 
T<=iact anv and all bids. 
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ITEM SPEC. EST. ITEM WITH UNIT UNIT AMOUNT 
NO. REF. QUAN. UNIT BID PRICE PRICE BID 

13. 780 llpO Each 

Replace deteriorated I4." x 8" - 16' 
long stringers in the two end 
spans and increase the number of 
stringers to set spacing at 16" 
on center using salvaged stringers 
from the two center spans, 
• at_ P_er _each» $ J , 

111. 780 2li5 Each Replace deteriorated 
3" x 10" - 10' long 
decking in'the two 
end spans using salvaged 
decking from the two 
center spans, at per 
each, $ $ 

15. 780 Lump Repair stone masonry 
Sum abutment at the Pennsyl­

vania side, at 
per Lump Sum, $ 

TOTAL A: (Items 1 through 15) 
$ 



APPENDIX Q 

Excerpts from 

"Delaware and Hudson Canal Bridge . . . October 1982 . . . 

A. G. Lichtenstein & Associates. . . ." 
INSPECTION PJ1SULTS 

'The bridge was inspected in April, 1982. The dimensions and conditions 

of each of the elements were established as follows: 

1. Deck: Recently laid 2-1/2" x 10" oak plank floor consisting of 

approximately half new planks and half older planks in fair to poor 

condition. 

2. Stringers: 2-3/4" x 7-1/2" oak timbers, a number of stringers were 

found to be in a deteriorated condition and will require replacement. 

3. Floorbeams: The 6" x 14" timber floorbeams show major deterioration 

particularly in the area of hanger connections. The new floor made it 

difficult to establish with certainty the amount of deterioration in 

each and every stringer and floorbeam. 

4. The timber railing posts and railing appear to be satisfactory. 

5. Hangers: The 1-1/4" C4 steel rod hangers seem to be satisfactory. 

AGLAS received from the Park Service, one (1) original hanger for 

testing. This hanger had been damaged and previously replaced. 

6. Cables: Each cable consists of seven (7) strands made up of approximately 

307 wrought iron wires for a total of 2150 wires pen cable. Mr. rbrank 

Neeld, a cable specialist associated with AG1AS for this project, made 

two (2) field inspections and prepared a sketch for unravelling one sag 

area of one (1) of the cables where deterioration was evident. T/his 

work requires an experienced structural steel contractor and is estimated 

to cost between $10,000. and $15,000. 
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Another area of concern was the entrance of the cable into the 

saddles over each pier where deterioration was extensive, 

a flat area. The cast iron enclosure on top of the saddle was 

lifted and the cable inspected. A short strand of one of the 

cables was tested for material strength and chemical composition. 

Our visual inspection of the cable found numerous areas of unravelling 

and missing protective wrapping on the cable and some areas where 

rusting of the cable was evident. At the entrance of saddles some broken 

wires were noted on the outside of strands. 

7. Anchorage: The seven (7) strands flare out at the anchorage and are 

connected to wrought iron eyebars which are embedded in the stone 

abutment/tie backs. The condition of the cable and eyebars were noted 

to be satisfactory. 

8. Piers and Abutments: The piers and abutments are constructed of stone 

rnasonry. The upstream face of the piers are built out to protect 

against ice flow. Initially timbers were installed on the upstream 

face for added protection. Much of the masonry joints on the piers 

were found to require repointing-and the stone nosing on the upstream 

face has undergone severe erosion. 
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/•ALYSIS OF CABLE SYSTEM 

^ study of the configuration of the cable and the spans reveal that a 

computer program for this type of project is not easily adapted. We, 

therefore, decided to perform long hand calculations for the following 

Cable Loading conditions: 

1) Unstiffened cable in tension (due to its own weight) and the 

bridge, dead load as supported by it - with frictionless 

connections over the piers. Stiffness of the deck was 

assumed to be negligible. 

2) A ten thousand pound load "was placed" in the middle of the 

span and a frictionless connection was assumed at each 

pier. 

3) A ten thousand pound load "was placed" at the middle of span 

and full fixity was assumed at each pier. 

The deflection caused by Condition 2 was calculated at 41". The deflection 

caused during Condition 3 was calculated to be approximately 13". 

The stiffness of the timber deck, railing posts, and horizontal rails 

and other connection elements obviously affect the performance of the 

cables. This stiffness or ability of the roadway to distribute load 

over a larger number of hangers is difficult to determine. It appears 

that a stiffening truss will have to be considered under any circum­

stances of vehicle loading. We therefore suggested a loading experi­

ment be performed by us with the assistance of the National Park 

Service in order to get a more accurate understanding of the behavior 

of the cable and roadway deck acting together. 
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/pAD TESTING 

A load test of the structure was conducted by AGLAS on Thurday, 

August 19, 1982. Points on the existing cables at all four (4) spans 

were set and elevations were taken with no load on the Bridge by use 

of a level located on the erdnankment. A pre-weighted truck (9360 Lbs. 

truck with driver and timber planking totals approximately 5 tons) was 

moved onto the Bridge and placed along the center line of roadway 

with its centroid located above the center of the New York span. Elevations 

were taken at the pre-set points on the cable at all four spans. The 

truck was then moved to the center of each of the next 3 spans and elevations 

of the pre-set points on the cable taken. After the truck was removed 

from the Bridge on the Pennsylvania side, elevations were again taken with 

the Bridge unloaded. Barricades were unfastened on the Pennsylvania 

Approach to allow the truck to be removed without driving back across the 

Bridge. 

Deflections in the range of 2" were measured at the center of each 

span when the truck was located at that span. Downward deflections of the 

cable of up to 3/4" were measured in adjacent spans. See the attached table 

of measured deflections. 

The final unloaded reading indicated 3/4" to 1" deflection of the 

cable as compared to the initial unloaded readings. This could be caused by 

temperature change of more than 20 from the initial readings in the 

morning and final reading in the afternoon. Measured deflections were 

adjusted to compensate for this temperature change in the calculations. 

Analysis of the cable - deck system under the known load and deflec­

tions indicate that the Bridge has sufficient stiffness to spread the 

concentrated wheel loads to a uniform load distributed over approxima ly 

40' to 60'. This additional stiffness significantly reduces deflections 
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from t h e I d e a l i z e d c a s e c o n s i d e r e d under t h e o r i g i n a l c a b l e a n a l y s i s . The 

deck docs n o t however a c t a s a f u l l l e n g t h s t i f f e n i n g rrember f o r t h e e n t i r e 

span b u t o n l y p r o v i d e s l o c a l s t i f f n e s s t o t h e s t r u c t u r e . Thus w i t h o u t 

a d d i t i o n a l s t i f f e n i n g , t h e span i s s u b j e c t t o r i p p l i n g and swaying which 

r e d u c e s t h e l i f e of t h e c a b l e and r e q u i r e s i n c r e a s e d m a i n t e n a n c e cos t t o 

t h e t i m b e r deck s y s t e m . Cab le t e n s i o n f o r dead l o a d and t h e 5 t on t r u c k 

l o a d i n g were c a l c u l a t e d t o b e w i t h i n 110 t o 114 k i p s ( 1 , 0 0 0 Lbs) depending 

on a c t u a l span l e n g t h , a c t u a l s a g of each span and measured d imens ions . 

See t h e f o l l o w i n g t a b l e : 

AIITUSTED MIDSPAN CABLE CABLE STTTFTSS* 
SPAN DFTFJLECTION TENSION* ASSUMING 60% OF CABLE WORKINC 

I E 1 3 / 8 " 1 1 3 . 4 k 4 . 8 5 k s i 

2E 1 1/4" 111.9 4 . 7 8 k s i 

3E 1 7 / 8 " 1 0 9 . 8 ^ 4 .69 k s i 

4E 2 5 / 8 " 1 1 0 . 8 ^ 4 .74 k s i 

1W 1 5 / 8 " 1 1 3 . 5 k 4 . 8 5 k s i 

2W 1 5 / 8 " 1 1 2 . 2 k 4 .79 k s i 

3W 1 1/2" 1 0 9 . 5 k 4 . 6 8 k s i 

4V7 1 5 / 8 " 110.3** 4 . 7 1 k s i 

Based on t h e s t i f f n e s s of t h e deck , and t h e r e s u l t o f t h e t e s t , i t 

a p p e a r s t h a t a p p r o x i m a t e l y 60 t o 80% of t h e c a b l e s t r a n d s a r e work ing . 

* K = k i p s = 1,000 Lbs . KSI = k i p s p e r s q u a r e i nch 
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Because of the above findings we feel the bridge is capable of 

carrying vehicular traffic with the use of properly designed stiffening 

truss. The rriagnitude of deflections also indicate that if the bridge were 

to remain as a crossing for pedestrians only, no stiffening trusses are 

needed. However, the Park Service could still consider the inclusion of 

Cable unravelling under the Cable Protection work in conjunction with 

the final design of a vehicular crossing. 
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PRIMARY SOURCES 

Manuscript Materials and Collections 

Albany, New York . Albany Inst i tute of A r t and History. Delaware and 
Hudson Railroad Collection. 

. Delaware and Hudson Railway Company. Real Estate Records. 

. New York State L ibrary . Delaware and Hudson Railway 
Corporation Records. 

. . Martha L. Phelps Papers. 

Dunmore, Pennsylvania. Danny A. Stango Collection (p r iva te) . 

Ellenvilie, New York. Ellenville Public Library and Museum. Vertical 
Files, "Br idges. " 

High Falls, New York. Delaware and Hudson Canal Historical Society. 
Wakefield Collection. 

Mi l ford, Pennsylvania. Pike County Courthouse. Recorder of Deeds. 
Land Records. 

. Pike County Historical Society. Vertical Files, "Delaware and 
Hudson Canal." 

Monticello, New York. Sullivan County Government Center. Recorder of 
Deeds. Land Records. 

New Brunswick, New Jersey. Rutgers, The State Universi ty. Alexander 
L ibrary . Roebling Collection. 

Philadelphia, Pennsylvania. Historical Society of Pennsylvania. 

Autograph Collection of Simon Gratz. 

Wurts Family Papers (Collections A and B ) . 

. National Park Service. Mid-Atlantic Regional Office. Various 
division and staff f i les. 

Port Jerv is, New York. Minisink Valley Historical Society. Russel F. 
Lord Collection. 

Scranton, Pennsylvania. Edward H. Huber Collection (p r iva te) . 

T roy , New York. Rensselaer Polytechnic Inst i tute. Richard Gelman 
Fixman L ibrary . Roebling Collection. 

Washington, D. C. National Archives. Records of the Patent Office, 
Record Group 241 . 
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The two primary collections of Roebling manuscripts are those at 
Rutgers, The State Univers i ty , and Rensselaer Polytechnic Inst i tute. All 
drawings, plans, and manuscript materials relative to the Delaware 
Aqueduct in these two collections have been copied and will be submitted 
to the park l ibrary/archives at Upper Delaware National Scenic and 
Recreational River. 

The materials in the Danny A. Stango and Edward H. Huber 
collections were helpful in chronicl ing the history of the aqueduct dur ing 
Huber's ownership from 1942 to 1973. 

The post-1898 chain-of- t i t le of the aqueduct was determined by 
research in the Land Records at the Pike County Courthouse and the 
Sullivan County Government Center. 

Considerable material relative to the Delaware Aqueduct, which has 
not been available to researchers unti l recently, was found in the Russel 
F. Lord Collection at the Minisink Valley Historical Society. 

The various division and personal files at the Mid-Atlantic Regional 
Office provided documentation for the National Park Service efforts to 
acquire and stabil ize/preserve the aqueduct. 

Documents in Record Group 241 at the National Archives provide 
information on Roebling's patents in the field of suspension bridge 
engineering. 

Photographs of the Delaware Aqueduct in the Delaware and Hudson 
Railway Corporation Records, the Danny A. Stango Collection, and the 
Wakefield Collection have been copied and will be submitted to the park 
l ibrary/archives at Upper Delaware National Scenic and Recreational 
River. 

Published Documents 

Annual Reports of the Delaware and Hudson Canal Company, 1825-1900. 

Delaware & Hudson Canal Co. against Penn. Coal Co. Exhibits [1858] 

El let, Charles, Jr . A Popular Notice of Wire Suspension Bridges. 
Richmond, 1839. 

. A Popular Notice of Wire Suspension Bridges, With A Brief 
Description of the Wire Bridge Across the Schuylk i l l , at Fairmont. 
Philadelphia, 1843. 

Final Report of John A. Roebling, Civil Engineer, to the Presidents and 
Directors of the Niagara Falls Suspension and Niagara Falls 
International Bridge Companies, May 1, 1855. Rochester, 1855. 
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Maps 

L. W. Weston. Delaware and Hudson Canal Company Maps, ( s u r v e y e d in 
1854 and d rawn in 1856 by L. W. Weston, rev ised in 1865 by R. F. 
L o r d , J r . ) . 

New Pal tz , New Y o r k . State U n i v e r s i t y of New Y o r k . Delaware and 
Hudson Canal Company Maps (25 i nd i v idua l maps p r imar i l y of High 
Falls and Rondout areas, ca. 1870s, and Folio size map book, 
"Reservo i r and Reservo i r Lands of the Delaware and Hudson Canal 
Company. Pennsy lvan ia . New Y o r k . n . d . ) . 

Or ig ina ls of the Weston maps were found at the headquar te rs of the 
Delaware and Hudson Railway Company in A l b a n y , New Y o r k , whi le xerox 
copies of the microf i lmed maps were found at the El lenvi l le Publ ic L i b r a r y 
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Report of Messrs. Ben j . Wr igh t and J . L. S u l l i v a n , Eng ineers , Engaged 
uj_ the Su rvey of the Route of the Proposed Canal , f rom the Hudson, 
to the Headwaters of the Lackawaxen R ive r , Accompanied by Other 
Documents, & c^ Ph i lde lph ia , 1824. 

Reports on the Ohio B r i d g e , at C i n c i n n a t i : Report of John A . Roebl ing , 
C iv i l Eng ineer , to the Pres ident and Board of D i rec tors of the 
Cov ing ton and C inc inna t i B r i dge Company, Ap r i l 1 , 1867. 
C i n c i n n a t i , 1867. 

Roeb l ing , John A. Long and Shor t Span Railway B r i d g e s . New Y o r k , 
1869. 

. Repor t and Plan fo r a Wire Suspension B r i d g e , Proposed To Be 
Erected Over the Ohio River at C i n c i n n a t i . C i n c i n n a t i , 1846. 

Supreme C o u r t , U ls ter C o u n t y . The Pres iden t , Managers and Company of 
the Delaware and Hudson Canal Company, v s . The Pennsylvania Coal 
Company. P leadings, and Test imony Taken Before J . H. Dubois , 
Referee. 7 vo l s . New Y o r k , 1858. 

U. S. Congress . House. Annua l Repor t of the Commissioner of Patents: 
Repor t of the Commissioner of Patents , fo r the Year 1846. 29th 
Cong . 2d sess. 1847. H. Doc. 52. 

. . Annua l Repor t of the Commissioner of Patents , for 
the Year 1847. 30th Cong . 1st sess. 1847. H. Ex. Doc. 54. 

Of these documents , the Annua l Reports of the Delaware and Hudson 
Canal Company, the Delaware & Hudson Canal Co. against Penn. Coal 
Co. , the Repor t of Messrs. Ben j . Wr igh t and J . L. Su l l i van , and the 
Pleadings p rov ided usefu l documentat ion re la t ive to the cons t ruc t i on and 
opera t ion of the Delaware and Hudson Canal and the Delaware Aqueduc t . 
The var ious repo r t s and t reat ises by Roebl ing p rov ided backg round for 
the s t udy of his accomplishments and con t r i bu t i ons to suspension b r i dge 
e n g i n e e r i n g . The two congressional documents p rov ided data re la t ive to 
Roebl ing 's pa ten ts . 



and Museum. It is recommended tha t the National Park Serv ice g ive 
cons idera t ion to the acqu is i t ion of the o r i g i n a l s . 

Newspapers 

G r i t , October 3, 1971 . 

M i l fo rd D i spa tch , June 29, 1899. 

National In te l l i gencer , A p r i l 18, 1829. 

New Yo rk T imes, October 22, 1930; June 1 1 , 1967; Ap r i l 26, 1979. 

New Y o r k News, September 26, 1971. 

Niles1 National Reg is te r , Feb rua ry 2 1 , 1829; June 19, 1847. 

Pike Coun ty D i spa tch , Ju ly 30, 1970; Ju ly 12, 1979; December 27, 1979; 
A u g u s t 14, 1980; December 14, 1980; Feb rua ry 10, 17, 1983. 

Pike Coun ty Press, December 27, 1907. 

R iver Repor te r , November 6, 1980; May 5-18, 1983. 

The Hancock He ra ld , June 15, 1933. 

The Pocono Record , Feb rua ry 6, 1983. 

The Sc ran ton ian , A u g u s t 30, 1970; November 8, 1970. 

The Scran ton T r i b u n e , Ju ly 23, 1970. 

The Sunday Record (Mon t i ce l l o ) , June 22, 1980. 

The T imes-Hera ld Record (M idd le town , New Y o r k ) , March 1 1 , 1967; May 
3, 1968; June 24, 1977; and March 19, 1983. 

The Wayne Independen t , June 28, Ju ly 5, November 15, December 13, 
1899; Ju ly 16, 18, 2 1 , 23, 1970. 

Union Gazette ( P o r t J e r v i s , New Y o r k ) , Ju l y 23, 30, 1970; June 1 , 1973. 

The newspapers p rov ided cons iderable data on the Delaware 
Aqueduc t for the per iod f rom the late 1960s to the p resen t . A r t i c les in 
the M i l fo rd Dispatch and The Wayne Independent were he lp fu l in 
document ing the h i s t o r y of the s t r u c t u r e d u r i n g the immediate a f termath 
of i ts sale by the Delaware and Hudson Canal Company. The one ar t i c le 
in The Hancock Herald was usefu l in document ing the date and ex ten t of 
damage of the 1933 f i r e . 
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Miscellaneous Mater ials 

" A r t h u r H. and Annabel Haupt Photograph Sc rapbook . " ( p r i v a t e ) . 
Lackawaxen, Pennsy lvan ia . 

"Coe F. Y o u n g , Delaware and Hudson Canal Company . " 1944. 
T y p e s c r i p t copy , New Y o r k State L i b r a r y . 

"Delaware and Hudson Canal P h o t o g r a p h s . " 3 vo ls . El lenvi l le Publ ic 
L i b r a r y and Museum. 

"John A . Roebl ing Symposium, June 4 , 1983, Spar row B u s h , New Y o r k . " 

Johns ton , J . W. "Reminiscences and Desc r ip t i ve Account of the Delaware 
Val ley and Its Connect ions A iming to Extend f rom Pond Eddy to 
N a r r o w s b u r g Both I n c l u s i v e . " 2 vo ls . January 9, 1900. 
Handwr i t t en copy , Min is ink Val ley His tor ica l Soc ie ty . 

L y t e l l , Herman R. " S t o r y of the Delaware & Hudson Cana l . " T y p e s c r i p t 
copy , M in is ink Val ley His tor ica l Soc ie ty . 

McLaugh l i n , " S p o t . " "A T r i p Down the Cana l , " in "The D & H Canal : 
S to r ies , E t c . , " E l lenvi l le Publ ic L i b r a r y and Museum. 

"Mile fo r Mile Donnel ly Recalls Old Canal Days , 1942." T y p e s c r i p t copy , 
New Y o r k State L i b r a r y . 

"Program Commemorating the Presentat ion of National H is tor ic Landmark 
Plaque For the Lackawaxen B r i d g e , Ju ly 22, 1970." 

S tephens , William H. comp. "D & H C a n a l . " Scrapbook, Wayne Coun ty 
His tor ica l Soc ie ty . 

"T he John A . Roebl ing & Delaware and Hudson Canal Years , 1844-1863." 
Paper p resented to the John A . Roebl ing Symposium at Eddy Farm, 
S p a r r o w b u s h , New Y o r k , on June 4 , 1983, by Peter Osborne I I I . 

Suydam, F r e d . "Old B r i dge Observes Cen tenn ia l : Delaware Aqueduc t 
Celebrates 100th A n n i v e r s a r y , " Ju ly 7, 1949. T y p e s c r i p t copy , Pike 
Coun ty His tor ica l Soc ie ty . 

"T he D and H C a n a l . " Speech by DuBois Weber, El lenvi l le Publ ic 
L i b r a r y , October 9, 1952, in "The D & H Canal : S to r ies , E t c . , " 
El lenvi l le Publ ic L i b r a r y and Museum. 

Of these mater ia ls , the most usefu l in terms of document ing the 
h is to r ica l canal con f i gu ra t i on and the operat ion of the Delaware and 
Lackawaxen aqueducts was the work by Johns ton . The work by Lyte l l 
p rov i ded some ins igh ts into the operat ion and maintenance of the Delaware 
Aqueduc t d u r i n g the 1880s and 1890s. The Haupt scrapbook contained the 
on ly known pho tographs of the 1933 f i r e at the Delaware A q u e d u c t . The 
pho tographs in the El lenv i l le Publ ic L i b r a r y and Museum and the Stephens 
scrapbook at the Wayne Coun ty His tor ica l Society were genera l ly 
r epe t i t i ve of pho tog raphs found e lsewhere. The reminiscences and 
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re f lec t ions by Y o u n g , McLaugh l i n , Donne l l y , Suydam, and Weber p rov ided 
data as well as " local co lor" concern ing the operat ion of the canal and 
aqueduc t . 

Personal I n te rv iews 

Edwin D. LeRoy, Easton, Pennsy lvan ia , March 1 , 1983. 

Donald Sayenga, Beth lehem, Pennsy lvan ia , March 1 , 1983. 

Edward H. Hube r , S c r a n t o n , Pennsy lvan ia , March 25, 1983. 

Edward S tee rs , Honesdale, Pennsy lvan ia , May 2, 1983. 

Car l A . D r a x l e r , Min is ink F o r d , New Y o r k , May 3, 1983. 

George S h o r k , N a r r o w s b u r g , New Y o r k , May 3, I983. 

A u s t i n Smi th , B a r r y v i l l e , New Y o r k , May 3, 1983. 

Walter Wolfe, N a r r o w s b u r g , New Y o r k , May 3, 1983. 

A r t h u r H. and Annabel Haup t , Lackawaxen, Pennsy lvan ia , May 4, 1983. 

Leona Dav is , M in is ink F o r d , New Y o r k , May 5, 1983. 

Orson Dav is , M in is ink F o r d , New Y o r k , May 5, 1983. 

Barbara N ieke , Min is ink Fo rd , New Y o r k , May 5, 1983. 

William Nieke, J r . , M in is ink F o r d , New Y o r k , May 5, 1983. 

John T r a v e r , B a r r y v i l l e , New Y o r k , May 5, 1983. 

Telephone In te rv iews 

Joseph M. Pu rce l l , C l e r k , Su l l i van C o u n t y , A p r i l 7, 1983. 

George J . F l u h r , Pike Coun ty H i s to r i an , A p r i l 7, 1983. 

In te rv iew via Le t te r 

Ol ive Brower F inenko , Chenango Fo rks , New Y o r k , May 12, 1983. 

Of these i n t e r v i e w s , the most usefu l and he lp fu l for th is repo r t were those 
w i th Huber (1940s-70s) , D rax le r ( 1920s -p resen t ) , the Haupts (1910s -p resen t ) , 
Leona Davis ( 1950s -p resen t ) , Orson Davis (1950s-p resen t ) , and Finenko (1930s) . 
I t is recommended tha t an oral h i s t o r y p rogram be in i t ia ted and that the a fo re ­
ment ioned persons be in te rv iewed on tape . 
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Persons Consul ted 

Emory L. Kemp, Pro fessor , H is to ry of Science and Techno logy , West 
V i r g i n i a U n i v e r s i t y . 

Danny A . S tango , Dunmore , Pennsy lvan ia . 

Rober t M. Voge l , C u r a t o r , D iv is ion of Mechanical and Civ i l Eng inee r ing , 
National Museum of American H i s t o r y , Smithsonian I n s t i t u t i o n . 

SECONDARY SOURCES 

Books 

A C e n t u r y of P rog ress : H i s to ry of the Delaware and Hudson Company, 
1823-1923. A l b a n y , 1925. 

B i n d e r , F reder i ck Moore. Coal Age Empire: Pennsylvania Coal and Its 
Ut i l i za t ion to 1860. H a r r i s b u r g , 1974. 

B r y a n t , William Cu l l en . e d . P ic tu resque Amer ica. 2 vo l s . New Y o r k , 
1874. 

C rew, H. W. H i s to ry of S c r a n t o n , Penn. Day ton , Ohio, 1891. 

D ic t i ona ry of Amer ican B i o g r a p h y . V I I I . 

D r e w r y , Char les S tewar t . A Memoir on Suspension B r i d g e s , Compr is ing 
the H is to ry of T h e i r O r i g i n and Prog ress , And of The i r App l ica t ion 
to C iv i l and M i l i t a ry Purposes. London , 1832. 

Edwards , L lewel lyn Nathan ie l . A Record of H is to ry and Evolut ion of 
Ear ly Amer ican B r i d g e s . Orono , Maine, 1959. 

Fo res t i e r -Wa lke r , E. R. A H is to ry of the Wire Rope I n d u s t r y of Great 
B r i t a i n . London , 1952. 

F r a n k l a n d , F. H. Suspension Br idges of Shor t Span. New Y o r k , 1934. 

G o r d o n , Thomas F. A Gazetteer of the State of Pennsy lvan ia . 
Ph i lade lph ia , 1832. 

Good r i ch , Phineas G. The H is to ry of Wayne C o u n t y . Honesdale, 1880. 

Hann , James, et a_L_ The T h e o r y , Prac t ice , and A r c h i t e c t u r e of Br idges 
of S tone, I r o n , T i m b e r , and Wire; With Examples on the Pr inc ip le of 
Suspens ion . 2 vo l s . London , 1839. 

Har low, A l v i n F. Old T o w p a t h s : The S to ry of the American Canal Era. 
New Y o r k , 1926. 
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H a r r o d , K a t h r y n E. Master B r i dge B u i l d e r s : The S to ry of the Roebl ings. 
New Y o r k , 1958. 

H i t chcock , F reder i ck L. H is to ry of Scranton and Its People. 2 vo ls . 
New Y o r k , 1914. 

Hopk ins , H. J . A Span of B r i d g e s : An I l l us t ra ted H i s t o r y . New Y o r k , 
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1. Delaware Aqueduct, 1890, looking toward Lackawaxen from Minisink 
Ford with canal stables and sheds in foreground. Photograph taken 
from post card , Danny Stango Collection. 
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2. Delaware Aqueduct, ca. 1890s, showing upstream side from Minisink Ford. Wakefield Collection, 
Delaware and Hudson Canal Historical Society. 
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3. Delaware Aqueduct, ca. 1890s, looking upstream from Minisink Ford, Danny Stango Collection. 
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4. Delaware A q u e d u c t , ca. 1890s, looking downstream from above the mouth of the Lackawaxen 
River and showing canal feeder dam in f r o n t of aqueduc t . Delaware and Hudson Railway 
Company Co l lec t ion , New Yo rk State L i b r a r y . 
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5. Delaware Aqueduct, ca. 1890s, looking upstream and showing canal 
in foreground. Delaware and Hudson Canal Historical Society. 
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6. Delaware Aqueduct, ca. 1890s, looking downstream from the mouth of the Lackawaxen River. 
Wakefield Collection, Delaware and Hudson Canal Historical Society. 
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7. Delaware Aqueduct, ca. 1895, looking upstream and showing canal in 
foreground. Wakefield Collection, Delaware and Hudson Canal Historical 
Society. 
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8. Delaware Aqueduct, ca. 1910, looking toward Minisink Ford from Lackawaxen and showing upstream 
side of aqueduct. Delaware and Hudson Railway Company Collection, New York State L ibrary. 
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9. Delaware Aqueduct, ca. 1910, looking toward Minisink Ford from Lackawaxen and showing 
aqueduct while work is underway to make it accessible for vehicular access. Delaware and 
Hudson Railway Company Collection, New York State L ibrary . 
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10. Delaware A q u e d u c t , ca. 1910, look ing toward Min is ink Ford and showing i n t e r i o r of aqueduc t , 
to l l ga te , and tol l house. Delaware and Hudson Railway Company Co l lec t ion , New Y o r k State 
L i b r a r y . 
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1 1 . Delaware A q u e d u c t , December 4 , 1923, looking toward Lackawaxen and showing tol l house. 
Delaware and Hudson Railway Company Co l lec t ion , New Y o r k State L i b r a r y . 
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12. Delaware Aqueduct, December 4, 1923, looking toward Lackawaxen from Minisink Ford and showing 
upstream side of aqueduct. Delaware and Hudson Railway Company Collection, New York State 
L ibrary . 
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13. Delaware Aqueduct, May 1, 1924, looking upstream. Delaware and Hudson Railway Company Collection, 
New York State L ibrary . 
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14. Modernization of Delaware Aqueduct for highway t ra f f ic , 1930-31. 
Photograph taken by Ar thur H. Haupt, Ar thur H. Haupt Collection. 
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15. Modernization of Delaware Aqueduct for highway t ra f f ic , 1930-31. 
Photograph taken by Ar thur H. Haupt, A r thu r H. Haupt Collection. 
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16. Modernization of Delaware Aqueduct for highway t ra f f ic , 1930-31. 
Photograph taken by Ar thur H. Haupt, A r thu r H. Haupt Collection. 
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17. Modernization of Delaware Aqueduct for highway t ra f f ic , 1930-31. 
Photograph taken by Ar thur H. Haupt, A r thu r H. Haupt Collection. 
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18. Modernization of Delaware Aqueduct for highway t ra f f ic , 1930-31. 
Photograph taken by Ar thur H. Haupt, Ar thur H. Haupt Collection. 
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19. Modernization of Delaware Aqueduct for highway t ra f f ic , 1930-31. 
Photograph taken by Ar thur H. Haupt, A r thu r H. Haupt Collection. 
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20. Modernization of Delaware Aqueduct for highway t ra f f ic , 1930-31. 
Photograph taken by Ar thur H. Haupt, Ar thur H. Haupt Collection. 
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2 1 . Delaware Aqueduc t F i re , May 30, 1933. Photograph taken by A r t h u r H. Haup t , A r t h u r H. Haupt 
Co l lec t ion . 
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22. Delaware Aqueduct Fire, May 30, 1933. Photograph taken by A r thu r H. Haupt, A r thu r H. Haupt Collection. 

CO 

•ts. 



oo 
en 



23. Delaware Aqueduct Fire, May 30, 1933. Photograph taken by Ar thur H. Haupt, Ar thur H. Haupt Collection. 
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24. Delaware Aqueduct Fire, May 30, 1933. Photograph taken by Ar thur H. Haupt, Ar thur H. Haupt Collection. 
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25. Delaware Aqueduct toll house and toll gate, Apr i l 1968, looking toward Lackawaxen from Minisink 
Ford. Wagenfohr Photo, Stone Ridge, New York, Delaware and Hudson Canal Historical Society. 
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26. Delaware Aqueduct, ca. 1970, showing upstream side. Photograph by Jim Shaughnessy, Danny 
Stango Collection. 
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DESCRIBE THE PRESENT AND ORIGINAL (IF KNOWN) PHYSICAL APPEARANCE 

As built in 1847-49, the four-span Delaware Aqueduct carried the Delaware and 
Hudson Canal over the Delaware River in a wooden trunk suspended by two wire cables 
designed and erected by John A. Roebling. The cables rested in cast iron saddles 
Iplaced on the top of small white quartz stone towers having a base of 4 ft. by 6 ft. 
and rising 4 ft. above the wooden towpaths located on both sides of the trunk. The 
masonry of the abutments and the three piers, which supported the towers, were com­
posed of gray wacke laid in hydraulic cement. 

The cables (each having a diameter of 8-1/2 in. and consisting of 2,150 wires) 
were each made in one length across the river from abutment to abutment, connected 
at their ends with wrought iron anchor chains. The lower end of each chain was secured 
to a heavy cast iron anchor plate of 6 ft. square on which rested a vast amount of 
masonry whose weight resisted the strain of the chain and cable. The cables were pro­
tected against oxidation by paint and varnish and closely encased by a tight wire 
wrapping. 

The Delaware and Hudson Canal was abandoned in 1898 and some ten years later the 
Delaware Aqueduct was converted into a highway bridge. The canal towpaths were sawn 
off, a low railing was run alongside the downstream side of the trunk floor to provide 
a separated pedestrian walk, a toll house was built at the New York end, and some 
grading was done at each end for accommodation to the existing roads. 

In 1930-31 virtually all of the original timber—canal trunk, floor beams, etc.—was 
removed to permit the reconstruction of the floor system for modern highway traffic. 
The simple floor system of today was substituted, consisting of transverse floor beams 
hung from suspenders, longitudinal stringers, and plain transverse plank decking. After 
a fire destroyed the new woodwork of the Pennsylvania span and part of the one adjacent 
on May 30, 1933, the floor system was restored quickly and the bridge reopened. 

Except for some deterioration the aqueduct's cable suspension system is in generally 
good condition today. The wooden floor system, which has been renewed periodically since 
1930-31, has been deemed unsafe for vehicular traffic and thus the bridge is only open to 
pedestrian traffic at present. 



SPECIFIC DATES BUILDER ARCHITECT 

STATEMENT OE SIGNIFICANCE 

The Delaware Aqueduct, built in 1847-49 to carry the Delaware and Hudson Canal 
over the Delaware River between Lackawaxen, Pennsylvania, and Minisink Ford, New York, 
is the earliest extant suspension bridge of John A. Roebling, one of the leading 19th 
century American civil engineers who is best remembered for his crowning work—the 
Brooklyn Bridge—built to his design by his son Washington. The aqueduct is the third 
work of Roebling's, and in all likelihood, it is both the oldest suspension bridge in 
the United States and perhaps the oldest extant cable suspension bridge in the world 
that retains its original principal elements. Thus, the structure is one of the nation's 
most significant engineering treasures. The sole survivor and largest of the four wire 
cable suspension aqueducts erected by Roebling for the Delaware and Hudson Canal between 
1847 and 1850, the Delaware Aqueduct stands today only because of its strategic location. 
Following the abandonment of the canal in 1898, the structure was converted to a private 
highway toll bridge. 

The national significance of the Delaware Aqueduct has been recognized both for its 
historical and engineering importance. Along with four other components of the Delaware 
and Hudson Canal, the Delaware Aqueduct was designated as a National Historic Landmark in 
1968 and was thus included on the National Register of Historic Places. In 1972 the 
American Society of Civil Engineers designated the structure a National Historic Civil 
Engineering Landmark. 
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Delaware River between Lackawaxen. Pennsylvania, and Mim'sink Ford, New York. The 

canal was abandoned in 1898 and some ten years later the aqueduct was converted into 

a highway bridge. In 1930-31 the aqueduct's original woodwork wag ruamaaed end t-ho 

simple f,loor system of today snhst i tutprl , consisting nf transverse floor beams hung 

from suspenders,—1 nngitndinal—stringers, and plain transverse plank decking. T4he 

toll hnii.se at the New York end of the bridge was built ca. 1908. Except for oomc 
Jptprinpfjnn the aqueduct's cable suspension system is in generally good condition 
while the wooden floor system is considered safe only for pedestrian traffic at prespnt. 

_____ continue on additional page(s) if necessary 

If structure has been removed, how ? -_ ( ) date: 
mm/dd/yy 

R-port prepared by: Harlan P. Unrau date: June 6, 1983 

• I I I I i I I I I I I I I 1 I : i I I I I l I • i ! I 1 I t I ' I I ' • ' I ' 1 I I '! I 

I I i I l ; I i I I i i I l l I i I 1 1 I I I ! I ! I I 1 I I : : ! I ! I ! 1 i ! I I '• ' • 

http://hnii.se


As the Nation's principal conservation agency, the Department of the 
Interior has basic responsibilities to protect and conserve our land and 
water, energy and minerals, f ish and wi ldl i fe, parks and recreation 
areas, and to ensure the wise use of all these resources. The 
Department also has major responsibil i ty for American Indian reservation 
communities and for people who live in island terr i tor ies under U.S. 
administration. 
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