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include two series. Proceedings of the UiiileJ States .h'ulionul Museum and United States

National Museum Bulletin.

In these series, the Museum publishes original articles and monographs dealing

with the collections and work of its constituent museums— The Museiun of Natural

History and the Museum of History and Technology— setting forth newly acquired

facts in the fields of anthropology, biology, history, geology, and technology. Copies
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and to specialists and others interested in the different subjects.

The Proceedings, begun in 1878, are intended for the publication, in separate

form, of shorter papers from the Museum of Natural History. These are gathered

in volumes, octavo in size, with the publication date of each paper recorded in the

table of contents of the volume.

In the Bulletin series, the first of which was issued in 1875, appear longer, sepa-

rate publications consisting of monographs (occasionally in several parts) and vol-

umes in which are collected works on related subjects. Bulletins are either octa\o or

quarto in size, depending on the needs of the presentation. Since 1902 papers re-

lating to the botanical collections of the Museum of Natural History ha\e been
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of History and Technology," have been gathered shorter papers relating to the
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Figure 1.—James Millholland (1812-1875), pioneer railroad master mechanic. As this signature shows, he spelled

his name variously. (From World's Railways, p. 45.)



John H. White

James Millholland

And

Early Railroad Engineering

From the apprentice 07t the "Tom ThtimF^ to the master

machinist of the Philadelphia and Reading Kailroad, the

career of James Millholland spanned nearly a half century in

the early development of the American railroad. One of the

great mechatties of the 19th century, he is remembered not only for

his highly original innovations , the most outstanding of ivhich

ivas the conversion of the wood burner to the anthracite burner,

but also for his locomotives, ivhich were plain, practical machines,

highly distinctive from the ornate locomotives of the period.

The Author: John H. White is associate curator of trans-

portation in the Smithsonian Institution s Museum of History

and Technology.

JAMES Millholland is remembered today as one of

the foremost railway master mechanics of the 19th

century. He was fortunate in also having been

esteemed in his lifetime for having perfected numerous

railway mechanisms and, most particularly, for his

work on anthracite-coal-burning locomotives. He
was born on October 6, 1812, in Baltimore, Maryland,

and there received a private education.' Gifted with

' Railroad Gazette (August 28, 1875), vol. 7, p. 362. (Obitu-

ary notice.)

an aptitude for mathematics and influenced by his

father, who manufactured ship fittings, young Mill-

holland inclined naturally toward mechanics as a

life work. In 1829, at age 17, he was apprenticed

to George \V. Johnson, a Baltimore machinist, there

gaining his first experience in working on a locomotive

engine, Peter Cooper's famous Tom Thumb.

Cooper, in an effort to persuade the new Baltimore

and Ohio Railroad to adopt steam power, had started

to build this light steam locomotive ui 1829. He had

worked out the general arrangement and assembled a
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Figure 2.

—

Tracing of Millholland's

sketch of the George ]\'. Johnson, built

in 1831 for the Baltimore and Ohio

Railroad.

r^ft^sct itbCo

boiler and cylinder, but, busy with other affairs in

New York, he asked George Johnson to complete the

machine. Thus young Millholland had a direct hand

in the building of the Tom Thumb—completed in

1830—and shared in a pioneer effort to introduce

mechanical transport in America. Considering Mill-

holland's later involvement with anthracite coal, it

was somewhat prophetic that the Tom Thumb was de-

signed to burn this fuel.

Millholland next assisted his employer in building

a second locomotive, named the George ]\\ Johnson in

honor of its designer. It was completed in 1831 and

won SI 000 as second prize in a contest sponsored by

the Baltimore and Ohio Railroad. The Johnson em-

ployed a curious assemblage of design features, in-

cluding walking beams, geared transmission, and a

divided firebox, but the machine was not a success

and was retired after brief service.

The only authentic illustration of the Johnson is a

little sketch made by Millholland in 1873 (fig. 2).

The several illustrations which were subsequentK

published are based on this sketch.

-

Millholland left his native city for New York in

1832 and entered the employment of the Allaire

Works, a firm famous for marine engines. With
the exception of a brief sojourn in Mobile, Alabama,

where he worked on a sawmill during 1836, he stayed

with Allaire until 1837. In his 25th year, like most

other young mechanics, he was obscure and unknown,

but, unlike most. Millholland was about to embark on

a distinguished career.

His great opportunity came in 1838 when he

returned to railroad work in Baltimore and was

appointed master mechanic of the Baltimore and

Susquehanna Railroad. The prestige of his new
position possibly was more apparent than real, for

the Baltimore and Susquehanna was a threadbare

little company whose serpentine road wound a dis-

tance of 58 miles between Baltimore, Maryland, and

York, Pennsylvania. It had 80 bridges, too many
curves, and too few locomotives or cars. The novice

master mechanic soon was put to the test of keeping

in working order the road's 10 engines, which could

not have been more poorly adapted to the needs of

the compan)-. Three were British made. The rest

were built on patterns similar to the British engines

by the Locks and Canals machine shop of Lowell,

Massachusetts. All of the engines proved too light

for steep grades and too rigid to negotiate the road's

sharp curves. Fortunately, the company had a

fairly well-equipped repair terminal in Baltimore,

adjacent to the present Mt. Royal Station, known as

the Bolton shops. Millholland there began remodel-

ing the road's niotive power as fast as funds permitted.

One of the most extensive locomotive remodelings

Millholland executed for the Baltimore and Sus-

quehanna was the reconstruction of the Herald,^

the first engine on the line. It was a Sampson-class

- Reconstructions of the Johnson appeared in Railway Age
(July 7, 1893), vol. 18, p. 531, and in J. G. Pangborn, WorliTs
Railways (New York: Winchcll Printing Co., 1894), p. 52.

' The facts presented on the Herald are from the Baltimore

and Susquehanna Railroad's annual report for 1854, and in

Railroad Advocate (May 26, 1855), vol. 2, p. 2.
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Figure 3.— The Baltimore (1837) built by Locks and Canals and reconstructed by Alillholland

in later years with a leading truck and cast-iron crank axle. (From Thomas NorrcU.)
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0-4-0, a standard design of its English maker, Robert

Stephenson & Cb. The engine had proved entirely

unsatisfactory for the Baltimore and Susquehanna, and

had been rebuilt in October 1832—-only a few months

after its delivery—as a 4-2-0 wheel arrangement.

By 1846, however, it was found too small for further

service and accordingly was taken into the company

shops for major remodeling. Millholland fashioned

a powerful 13-ton 0-6-0, nearly twice the weight of

the original Herald, from which only the boiler was

used. Other major features of this remodeling were

a gear drive for power and low speed, and a lateral-

motion arrangement for each driving a.xle to permit

navigation of sharp cur\'es. The engine was in-

tended for the movement of trains through city

streets between the railroad's various Baltimore

terminals. The Herald was still in ser\'ice in 1857,

but was sold for scrap two years later.

Millholland's gifts as mechanic and innovator first

received notice in a report by the American Railroad

Journal for November 6, 1845, on the use of cast iron

for making crank axles. Inside-connected engines,

which were then popular, were fitted with wrought-

iron crank axles. Although \vrought iron was the

strongest material available, it was not only costlv,

but its variable quality and fibrous character made it

unreliable for use in crank axles. These broke

frequently, creating a costly hazard and serious

accidents.

Millholland's insistence upon cast-iron crank axles

seemed preposterous because the metal was brittle

and unable to withstand great impact stresses. He
eschewed oidinary cast iron, however, and insisted

on the best cold-blast Maryland iron— the kind used

for cannons and car wheels—which had a tensile

strength of about 30,000 pounds per square inch.

In its report, the American Railroad Journal noted

that Millholland's cast-iron crank axle had been used

successfully since June 15, 1845. The engine in

question, unidentified except that it was built in

Lowell, was unquestionably one of the light Locks

and Canals locomotives mentioned above. It was

described as having a leading truck, a single pair of

driving wheels, and a pair of trailing wheels, making

it a 4—2-2. The crank axle weighed 1150 pounds

before turning, which compared favorably to a

similar unmachined wrought-iron axle weighing 1164

pounds. It had been cast by J. Watchman of Balti-

more at a cost of S69, whereas the wrought-iron axle

cost S291 before machining. Not only was the cast-

iron crank cheaper, but it was equally as strong as the

wrought-iron one. The American Railroad Journal con-

tinued its report:

A few evenings since, the engine with the cast iron

crank axle, was, together with its tender, thrown entirely

off the track, by a large hog getting under the \\heels

behind the cow-catcher—no damage having been done

to any part of the engine, it was thus shown that the cast

axle can bear without injury the sudden and violent

strain to which it was subjected by this accident, as well

as the wrought iron crank axle. There is therefore good

reason for believing that this improvement, which will so

materially reduce the cost of replacing a broken crank

axle, may with perfect safety be introduced into general use.

The Baltimore and Susquehanna subsequently

fitted its other inside-connected engines with cast-iron

crank axles. No evidence exists that other roads

followed suit, but the Baltimore road seenied well

pleased with Millholland's innovation. In a letter to

Robert Stephenson and Co., dated March 8, 1850,

Robert S. Hollins, secretary of the Baltimore and

Susquehanna, stated: "Our preference is the Cranked

Axle Locomotive, but repeated breaking of the axle;

Every Locomotive having broken one or more, we

were induced to try cast iron, and after an experience

of 5 years, we have adopted them entirely, never yet

having broken a Cast Iron Crank Axle''' ^ This state-

ment, made two years after Millholland had left the

Baltimore and Susquehanna, testifies that the cast-

iron crank axle was a success on its own merit and not

merely because it was a "pet" of the presiding master

mechanic. According to Millholland's eldest son,

James A. Millholland, one of these crank axles was

sent to his father years later, presumably in the 1860's,

after the engine had been scrapped.^ This trophy

laid arouitd the Philadelphia and Reading shops for

some years, only to be junked during a clean up.

In addition to rebuilding existing machines and

developing the cast-iron crank axle, Millholland built

two new locomotives at the Bolton shops. The first

of these identical machines, the General Taylor, was

completed in October 1846; the other, the Wm. H.

It'alsnn, in March 1847.^ Intended for freight service,

these machines were large for the times, each weighing

* Engineer (May 29, 1914), vol. 117, p. 601.

5 Letters dated May 11 and 18, 1888, from James A. Mill-

holland to J. E. VVatkins, a curator at the Smithsonian Institu-

tion.

^American Railroail Journal (December 19, 1846), vol. 19,

p. 811, states that the ]i'alson "was lately built." The March
1847 date is given in the Baltimore and Susquehanna's annual

report for 1849.
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Figure 4^-The freight locomotive Um. H. Watson was designed and built bv James Millholland at
the Bolton shops of the Baltimore and Susquehanna Railroad in 1847. It was fitted vvith a cast-iron
crank axle. (From an original drawing in the Smithsonian Institution.)

26},; tons. They had 18- x 18-inch cylinders, 48-inch-
diameter driving wheels, and were inside-connected,
fitted with massive cast-iron crank axles each of
which measured about 8,^ inches in diameter (fig. 4).

A separate cutoff was employed, both valves being
driven by a single eccentric. Both the Taylor and the
Watson appear to have been wood burners, since they
had small, deep fireboxes.

Millholland's energies were not confined to loco-

motive work, for he also contributed improvements
to car and bridge design. His advocacy of railway-
car springs made of wood paralleled his cast-iron

cranks as a bold substitution of a cheaper, unconven-
tional material for heavy service. Millholland secured

a patent (No. 3,276) for wooden springs on September

23, 1843, and their use by the Baltimore and Susque-

hanna was reported the following vear:

The freight cars in general use on this road are superior,

in many respects, to any we have seen, that is, they carry

a greater amount of freight in proportion to the weight of

the car, than on most roads. They have six wheels,

the body is made light but strong, resting on wood springs,

consisting of two pieces each 2 inches by 6, and 13 feet

long, of white ash plank. Other companies will do well

to examine them and either adopt, or improve upon
them."

Tlie Baltimore and Susquehanna annual report for

1843 notes the construction of 29 six-wheel freight

cars '-on the plan in\ented by James Millholland."
Such cars cost $450, weighed 8500 pounds, and had a
capacity of 1 2,000 to 1 4,000 pounds. The same report
mentioned the construction of a "similar" car for

passenger service, apparently meaning one with six

wheels and on wooden springs. The 1844 annual
report shows the construction of 37 more six-wheel
cars, 24 of which were built in the company shops,

the remainder by pri\ate contractor. By 1850 the
road reported 159 six-wheel freight cars of various

styles. Six-wheel cars were in themselves unusual.

The only other United States railroad known to have
them was the Baltimore and Ohio, which had o\er

200 six-wheel iron coal hoppers. Six-wheel tenders,

however, were common in the 1840s and 1850s, and
six-wheel cars were used extensively by foreign roads.

In addition, wood springs were used later on thou-

sands of four-wheel coal "jimmies" of the Reading,
Lehigh Valley, Central of New Jersey, and other

roads. Some of these continued in regular service

through the 1890's. Millholland received J 1000 for

the use of his wood spring and other patents while he

was in the service of the Reading.*

' American Railroad Journal (October 1844), vol. 17, p. 292.

' The Minutes of the Board of Managers, preserved by the

Reading Company, Philadelphia, Pennsyhania. Cited here-

after as Minute Books.
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Figure 6.

—

The plate-girder bridge completed in 1847 by Millholland for the Baltimore and

Susquehanna Railroad. (From Engineering News, October 20, 1888.)

track bridge was fabricated from Jj-inch boiler iron.

It was 6 feet deep by 54 feet long, weighing 14 tons.

Built at the Bolton shops in the winter of 1846 and

placed in service 19 miles north of Baltimore in April

1847, it was the first such bridge in America—and

probably the first of its kind in the world. In 1864 it

was rebuilt for a double track and continued in use

for another 18 years '' (see Appendix I).

In 1848 Millholland was in the prime of life, a

recognized mechanic and respected engineer whose

reputation had outgrown his position with the strug-

" Engineering News (October 20, 1888), vol. 20, p. 305, con-

tains a drawing and reproduces a letter (May 1, 1849) from

Millholland to Herman Haupt describing the bridge. See also

C. W. CoNDiT, American Building Art: the I9lh Century (New

York: O.xford University Press, I960), pp. 106-107 and 301.

gling Baltimore and Susquehanna. Accordingly,

when in August 1848 the Philadelphia and Reading

Railroad offered him the position of master machinist,

he readily accepted. '-

The Philadelphia and Reading was one of the best

engineered railroads in the 19th-centtu-y United

States. In contrast to most American roads, it \vas

very well constructed, with generous curves, light

grades, and heavy T rails. Its capitalized cost came

to SI 80,000 per mile, more than six times that of most

other American railroads. Running from Phila-

'2 Millholland gives the date of his employment with the

Reading in a letter (November 9, 1860) to C. T. Parry of the

Baldwin Locomotive \Vorks. This letter is preserved by the

Historical Society of Pennsylvania.
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Figure 7.-—The Philadelphia, built in 1844 by Norris Brothers for the Philadel]jhia and Reading Railroad.

Shown as rebuilt 1848-1849 bv MillhoUand. (From American Locomotives. 1849, by E. Reuter.)

delphia to the coal fields near Pottsville, the line was

built as an anthracite carrier. In 1835, tliree years

before it began to operate, the board of managers had

decided it was "of the utmost importance that the

locomotive engines to be constructed for this company

be built with a view to the exclusive use of anthracite

as fuel . . .
." '^ This plan was frustrated when

experience showed that anthracite was all but im-

possible to burn in locomotives, and the line had to

resort to wood.

Millholland's major problem was not simply to

build a coal-burning locomotive—diflicult enough in

itself—but one that \\ould burn anthracite. This

" Minute Books, April 13, 1835.

dense, slow-burning fuel—sometmies called "stone

coal"—was singularly inappropriate for use in the

narrow and deep wood-burning fireboxes of the early

19th century. Anthracite burned best when spread

thin over a large area. Wood, on the other hand,

being highly combustible, was stacked thick and deep

for best results in firing.

Because the Reading's primary traffic was anthra-

cite, MillhoUand \sas expected to develop a practical

plan for using this fuel in the company's locomotives.

He labored ten years with the problem, and in the end,

despite many failures, he achieved a remarkably

successful design. Boiler and firebox improvement

was Millholland's chief occupation, and he pioneered

in this field. Most American motive-power oflicials

of the period were content with wood burners, con-

10 BULLETIN 25 2: CONTRIBUTIONS FROM THE MUSEUM OF HISTORY .AND TECHNOLOGY
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Figure 8.

—

The Delaware as built in 1846 by Ross VVinans foi" the Philadelphia and Reading Railroad.

It was not a successful anthracite burner and was rebuilt in 1850 by MillhoUand with a central-com-

bustion-chamber boiler. (From American Locomotives, 1849, by E. Renter.)

centrating their energies on the other basic problem

of perfecting flexible running gears for the uneven

and cheaply built tracks that characterized most rail-

roads in the United States.

Millholland's initial attempt to produce an anthra-

cite burner was on a Norris six-wheel connected

engine, the Philadelphia}^ Built in 1844, this wood

burner had exploded shortly after being placed in

service and already had been rebuilt once in the

company's shops before Millholland's remodeling of

1848 or 1849. He made an effort to increase the

grate area, but the machine was a dismal failure as a

coal burner. The rebuilt Philadelphia, however, is

"Angus Sinclair Development of the Locomotive Engine (New

York: Sinclair Publishing Co., 1907), p. 288. Sinclair mis-

takenly states that the Philadelphia was a new locomotive and

the first engine to be constructed by MillhoUand for the

Reading.

noteworthy for its double-poppet throttle valve.

(A valve of this type is shown at n in fig. 1 1.) This is

one of the earliest recorded uses of the poppet throttle,

which after 1870 became the standard throttle valve

for all American locomotives. MillhoUand was

probably the first in America to make large-scale use

of this style of throttle.

Not long after the Philadelphia's rebuilding, Mill-

hoUand attempted to modify the Warrior, an 0-8-0

flexible-beam freight engine built by Baldwin in

1846, for anthracite. The firebox was extended

behind the rear driving wheels and widened to about

66 inches.'^ This was an enormous increase in grate

'' Rauch makes this statement in his article on MillhoUand in

Railway and Locomotive Engineering (June 1903), vol. 16, p. 276.

The Philadelphia and Reading annual report for 1858, how-

ever, lists the D'amor as rebuilt in 1858.

PAPER 69: JAMES MILLHOLLAND AND EARLY RAILROAD ENGINEERING 11



Figure 9.

—

Millhollanu's patented central-combustion-chamber boiler with dead-plate fire grate.

Note the similarity of this design to the general arrangement, excepting the patented fcattires. of the

Delaware boiler. (From U.S. National Archives.)

area, since the firebox in regular wood burners of the

period was rarely more than 34 inches wide. En-

couraged by the Warriors performance, Millholland

turned his hand to rebuilding more of the Reading's

old engines.

Two years before Millholland joined the Reading,

several coal-burning, eight-wheel engines had been

purchased from Ross Winans, who had developed a

successful coal burner some years earlier. ^Vinans'

engines were built to burn soft coal, a fuel far more

readily combustible than anthracite. These engines

did not succeed on the Reading, however, although

Millholland recognized that their builder was correct

in providing a large grate area. He rebuilt one of the

machines, the Delaware, in December 1850, and two

sister engines soon thereafter.

Some months later the Scientific American, comment-

ing on the rebuilt engines, said that they were so

successful that the Reading planned to rebuild all of

their power on Millholland's new plan.'^ But the

statement was premature, for the plan was, in fact,

very defective. Whatever success was obtained with

these engines should be credited to the method of

firing and not to the firebox plan. Millholland had

instructed the fireman to put only 7 inches of coal on

the grates in place of the 18 inches previously u.sed.

(In the end, most locomotive authorities agreed that

skillful firing was more important to successful coal

burning than were the many complex boiler and

^^ Scientific American (October 18, 1851), vol. 6, p. 35.

12 BULLETIN 25 2: CONTRIBUTIONS FROM THE MUSEUM OF HISTORY AND TECHNOLOGY



firebox designs advocated by various inventors and

engineers, Millholland among them.) The Scientific

American went on to state that cast-iron plates 9 inches

wide on each side and 16 inches wide at the rear were

placed on the grates in an effort to protect the firebox

sheets from the direct action of the fire, and thus only

the center portion of the grates was open. This

arrangement may have preserved the firebox, but it

hampered combustion by restricting the free passage

of air to the underside of the fire.

A second and more important modification was the

placement of the combustion chamber near the center

of the boiler waist. The central combustion chamber

was connected to the firebox by a number of large

(3- or 4-inch-diameter) tubes; the gases were carried

to the smoke box by regular small (2-inch-diameter)

tubes. Ideally, all of the combustible gases not

burned in the firebox would burn in the central

chamber before passing to the smoke box. In practice,

however, the temperature of the gases, already too

cold for combustion, was further reduced in the central

chamber, where they were mixed with more cold air.

Millholland was overly concerned, as were many other

engineers, with the quantity of air required for good

combustion.

On February 17, 1852, Millholland secured a

patent (No. 8,742) for the combination of dead-plate

grates and central combustion chamber.'" The

" The central combustion chamber had been patented in

England six years earlier. See John Dewrance, British Patent,

October 1846. The central-combustion-chambcr boiler was

revived in 1884 by A. J. Stevens, master mechanic of the

Central Pacific Railroad. .Seemingly unaware that this was

an old idea, he reported in the January 1885 Xalional Car

Builder (page 2) on the successful tests of a locomotive boiler

identical in plan to Millholland's. The incident aptly il-

lustrates the many instances of inventors independently du-

plicating the work of others in attempting to solve identical

problems.

Figure 10.

—

The .anthracite-burning e.xpress locomotive Illinois, built in 1852 by Millholland at the

Reading Shops. The engine was not a success, but, after remodeling, continued in service until 1869.

(Smithsonian photo 26807-G.)
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Figure 12.

—

The Jiiniala. a P.-^vvnee-class freight locomotive built in 1855 at the Reading .Shops. Note

the misspelling o[ Juniata in this contemporary lithograph. (From the Reading Company.)

The table indicates that a large quantity of wood ^vas

burned with the coal, testifying to the inability of

MillhoUand's boiler to make steam. The combina-

tion of wood and coal was not unusual, having been

used as early as the 1830's by the Philadelphia and

Columbia Railroad. The failure of MillhoUand's

boiler was noted by the American Railroad Journal,

June 3, 1854, which explained that because of in-

sufficient steam the cylinders of the Illinois had been

reduced in diameter by 2 inches."" After the Illinois

and the Michigan, no other engines were built on this

design.

Not many months after the Illinois entered service,

MillhoUand brought out another new locomotive

named the Wyomissing; it was the first of the Pawnee

class and an odd-looking machine.'' A six-wheel,

connected engine intended for freight service, its

-" The American Railroad Journal does not specifically name the

Illinois but mentions an express locomotive built by MillhoUand.

The article erroneously gives the original cylinder diameter as

15 rather than 17 inches.

-' Although the H'yomissing was the first Pawnee-class locomo-

tive, the class was named for the Pawnee, the second of the

design.

boiler was built on the 1852 patent, and like the

Illinois it was a poor steamer. Unfortunately, no

pertinent information or drawings exist for the

IVjomissing. Two well-detailed lithographs were is-

sued in 1855, however, of a sister machine, the

Juniata (figs. 12 and 13). One %iew shows the com-

plete machine, the other a longitudinal section of the

locomotive. Again, the lithographs are thought to

be attempts to promote MillhoUand's boiler patent.

The backward-sloping outer wrapper of the firebox is

the most remarkable feature shown in the illustra-

tions. This distinctive form of firebox (adopted at

about the same time by \Vinans) became the favored

design for all subsequent locomoti\es built by Mill-

hoUand. The elimination of crown bars and the

substitution of stay bolts to support the crown (or top

inside sheet) of the firebox was a progressive step.

Unfortunately, the designer continued to use the

abortive central combustion chamber. The boiler's

efficiency was aided by a feedwater heater, a steam

jet (meant to improve draft when the engine was

stationary), and a variable exhaust. MillhoUand's

use of these devices—none original with him—reveals

his awareness of the innovations of other skilled

mechanics.
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Longitudinal Section
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Figure 13.—A longitudinal section of the Juniata from the companion to the lithograph shown in the

preceding illustration. (From the Reading Company.)

Locomoti\es of the Pawnee class were more success-

ful than the Illinois, and the Reading built about 15

o\er the next several years. The Pennsylvania Rail-

road and the Delaware, Lackawanna and Western

Railroad, both desirous of finding good coal burners,

had a small number of engines patterned after Mill-

holland's Pawnee design. It might be added that

the Pawnees were not true Mogul or 2-6-0 locomotives

as is occasionally assumed. The leading wheels were

attached to the main frame in the same manner as the

drivers and could not swi\el. Since the leading

wheels were behind the cylinders, the Pawnees, like

most coupled locomotives without trucks, were front-

end heavy.

In January 1854 while Millholland was in the midst

of developing a workable anthracite-burning locomo-

tive, a great fire destroyed the Reading workshops.

It was imperative to rebuild the shops quickly so that

operations might be maintained, and Millholland

—

never satisfied with half measures—immediately set

to work on an elaborate and imaginative scheme.

The fire occurred on a Sunday night; by the following

Tuesday morning Millholland's draftsman had com-

pleted the preliminary drawings for a single-story,

brick building measuring 482}; by 229 feet."" Its

fireproof roof was made of corrugated sheet iron with

an iron-truss frame supported by cast-iron columns.

-- Railroad Advocate (February 10, 1855). vol. 1, p. 2.
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Figure 14.

—

The Tecumseh was completed in November 1853 at the Reading Shops. This Pawnee-class

engine is illustrated by a contemporary- watercolor rendering. (Photo courtesy of the Atwater Kent Museum.)

Half of this immense structure was completed within

a year after the fire. It was fitted with a transfer

table and stalls for 40 locomotives. A foundry, 120

by 30 feet, and a blacksmith shop, 163 by 30 feet,

adjoined the main building. The car-repair, steam-

hammer, and brass shops were on a separate plot not

directly adjacent to the locomotive facilities. These

shops were said to "surpass in extent and in con-

venience of arrangement, any similar works in the

United States if not in the world." ^^ A detailed

diagram of the "grand plan" was published by the

Railroad Advocate, January 24, 1857. While not all of

Millholland's elaborate scheme was adopted, its es-

sential elements were retained. By 1896, however,

these shops were considered obsolete, and plans were

underway to raise the roof of the main building to

permit installation of a heavy-duty, overhead travel-

ing crane. ^* It is uncertain if this remodeling pro-

ject w^as undertaken, since new repair shops were

" Ibid.

''* Locomotive Engineering (.\pril 1896), vol. 9, pp. 307-309,

describes and illustrates the old Reading shops.

constructed in 1902 on another site in Reading.

Not until Millholland had recognized the failure of

his central-combustion-chamber boiler did the Read-

ing achieve its goal of operating as a coal-burning

road. Apparently Millholland dropped the patented

boiler in 1855 or 1856, for the Reading's fleet of coal

burners grew rapidly thereafter. In 1852 only 24 of

the Reading's 103 locomotives were coal burners; by

1857 the proportion had increased to 100 coal burners

in a total of 142 locomotives. A large part of this

conversion must be credited to the generous purchase

of Winans' Camels. Yet these ponderous, eight-wheel

engines—-developed primarily for soft-coal burning— -

were modified by Millholland because they never

were entirely successful for anthracite. Even so, the

increasing number of company-built locomotives indi-

cates that Millholland was perfecting a dependable

hard-coal burner. Another indication that its own

shops were at last supplying a successful product came

in 1855 when the Reading stopped buying from

Winans.

The final and most positive proof that the patented

boiler was at last abandoned is the small engraving of

a Millholland locomotive boiler published in Douglas
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A I R MOLES WHICH CftN

"j BE CLOSED OR OPENED.

HALF END ELtVATION
AND TRANSVERSE SECTION

OF FIRE BOX

Figure 15.

—

This drawing of 1856-1857 indicates that MillhoUand had at last abandoned

his impractical central-combustion-chamber boiler. Note the wide firebo.x shown in the

end elevation. (From Galton's Report on the Railways of the United States, 1857).

Galton's Report on the Railways oj the United States}^

Galton gathered his information in the fall of 1856

for the British Parliament. It is assumed that he

acquired the boiler drawing at the same time and that

it was MillhoUand's latest design. This would estab-

lish the demise of the patent boiler at least as early

as the fall of 1856, possibly in 1855. The engraving

shows MillhoUand's design for an anthracite-burning

firebox and boiler. The general plan is similar to

that of the Pawnees, but the central chamber is not

sho\sTi. The design is plain and straightforward,

showing a simple combustion chamber at the firebox

end of the boiler. An end-elevation view shows the

grate to be 66 inches in width (fig. 15).

About 1858 MillhoUand introduced water grates,

thus solving a chronic problem long associated with

anthracite burners. ^^ Ordinary cast-iron grate bars

burned out quickly because of anthracite's intense

heat and lack of insulating ash, although it was the

practice to use coal of poor quality, one that would

produce a large amount of ash to insulate the cast-

iron grates from the direct heat of the fire. The

water grate was a series of staggered iron tubes con-

necting the front and rear water spaces of the firebox.

Circulation of water through the tubes prevented the

grate's burning out. Although the idea was not

original with MillhoUand, he introduced it in the

United States and perfected its use. One advantage

of the water grate, aside from its longer life, was that

it permitted the use of better grades of anthracite.

By 1859 MillhoUand, for all practical purposes, had

converted the Philadelphia and Reading to coal

burning; only four wood buiTiers remained on the

property. The Reading thus became the first major

railroad in America to convert from wood to coal,

and it did so despite the attendant difficulties in

devising a method to bum anthracite—-a far greater

challenge than if the native fuel was bituminous.

Few other large roads converted until the early 1 870's.

The Reading might have converted even faster had it

not been for MillhoUand's stubborn attachment to his

patented boiler. But in all fairness, it must be agreed

that his empirical rather than scientific methods

solved the Reading's fuel problems years before any

other major railroad achieved similar results.

MillhoUand paused to summarize his work in this

field in a special memorandum published in the

Philadelphia and Reading annual report of 1859 (see

Appendix II). Previously his efforts had been alluded

to sparsely in the road's printed reports,"" and the

^* London: Eyre & Spottiswoode, 1857.

2' An exact date for MillhoUand's first use of the water grate

cannot be determined. Engineer (February 8, 1861), vol. 11,

p. 92, states that he used it for two or three years before he

patented it .•\pril 16, 1861 (No. 32,076).

-' Direct reference to MillhoUand in the Minute Books is also

sparse; the management dealt directly with MillhoUand's

superior, G. A. NicoUs, Superintendent of the Reading, and

nearly all mechanical discussions mention only NicoUs.
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Figure 17.

—

This clean-line passenger locomotive, the Htawatha, was built bv Millholland in 1859.

It was the first of a vei'y successful class of passenger locomotives and was not retired until 1883. (Smith-

sonian photo 40630.)

master machinist rarely was invited to make any

direct comment. Obviously, the management rec-

ognized the importance of Millholland's achie\ement

and now wanted him to report directly to the stock-

holders.

In his report, Millholland briefly reviews the road's

experience with the Winans engines and his progres-

sive enlargement of the grate area from 17.68 square

feet in 1847 to 24.5 square feet in 1854. Under-

standably, he makes no mention of the 1852 boiler

patent or its dismal record. He does comment at

length on the water grate and the substitution of iron

for copper in fireboxes, in which his work was of eciual

iinportance. Copper had been favored for the inner

wrapper of the firebox because it did not blister and

break down as readily as tlie fibrous wrought-iron

plate, but it was expensive, soft, and weak. Mill-

holland reported that the renewal of a copper firebox

cost S454 compared to SI 99 for iron, the diflference

lying in the price of materials. The copper sheets had

to be made very thick, about % of an inch, because

they were weak and became e\en weaker when
heated. The last and most important objection to

copper was that it was a soft material and was rapidly

worn away by the abrasive action of the fly ash (un-

burned particles of coal) as exhaust drew the smoke
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Figure 19.

—

The Fmvn, A light passenger lgcomotiv'E built by Millholland in 1860. (Chaney neg. 14479.)

through the firebox at great speed. Iron fireboxes

lasted for 59,866 miles on the average; copper fire-

boxes, from 25,373 to 39,254 miles, depending on

their construction.

Despite the success of his water grate and firebox,

a report on the performance of Reading engines for

1857 was not altogether flattering to Millholland.-*'

Annual mileage 12,023/ locomotive

Cost of repairs per mile 11 .6^/ locomotive

Cost of coal per mile 13.4ff/ locomotive

Most American locomotives a\'eraged about 20,000

miles per year and cost about 10 cents per mile for

repairs. Fuel cost was a less definite matter since it

varied widely from railroad to railroad. A good gen-

eral figure for the period, howe\er, is 20 cents per

mile for wood. On some roads where wood was

scarce or efficiency low, fuel costs were as high as 31

cents per mile. But, in fact, no true comparison can

be made, for no cost figures exist for wood-burning

locomotives doing the same heavy service as that

performed by coal engines on the Reading. Al-

though mileage figures for wood engines are plentiful

for the 1850s (some ran 30 miles to a cord), little

information is a\ailable on train weights. In short,

Millholland's 19 miles per ton must be tempered by

the knowledge that 700-ton trains were hauled, while

the 25-30-mile-per-cord wood burners probably- had

hauled trains of no more than 200 tons.-^

In theory, Millholland should have shown better

economy than he actually achieved. Coal cost the

Reading S2.55 per ton; wood, $4.33 per cord.'"

These fuels were even more disproportionate than

indicated by cost, since 1 ton of antliracite is thermally

equivalent to 1}> cords of wood. Hence $2.55 worth

of coal, if efficiently burned, should do the work of

$6.50 worth of wood. Millholland fell far short of

this ideal, but he did produce a workable coal burner

that performed with enough economy to drive wood
burners off the Reading.

In the 1859 report Millholland confined his remarks

to firebox and boiler improvement, yet he might well

have mentioned his work on locomotive rimning

gear. In 1857 he had built what is generally be-

lieved to be the first locomotive with a firebox above

the frame.'' This was achieved by a special design in

which the top rail of the frame, rather than being

straight, was set at about an 8° angle to the front

pedestal, as shown in the drawing of the Hiawatha

(fig. 18). The inclined arrangement permitted the

firebox to pass over the top of the frame and yet keep

-' Z. CoLBURN and ,\. L. Hollev, Permanent Way and Coal

Burning Locomotives (New York: Holley & Colburn, 1858), p. 1 18.

» Ibid.

3" Ibid.

" The Vera Cruz is said to be the first locomotive witli its

firebox above the frame. There is some question, however, as

to whether it was an old engine rebuilt in the Reading shops or

a new machine constructed there.
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Figure 21.—This 1864 firebox patent shows Mill-

hoUand's plan for a betvveen-the-frames mounting

of his water-grate firebox in order to achieve a

lower center of gravity than his usual boiler-frame

arrangement permitted. (From U.S. Patent

Office.)

the entire boiler assembly low. It also provided a

firebo.x some 10 inches wider than the conventional

between-the-frame style. This Millholland frame was

popular well into the 20th century.

Sometime in the early 1860s Millholland revixed

the old-fashioned riveted frame so popular \\ith New-

England locomotive builders in the 1840s and 1850s.

The frame's top rail was made from two wrought-iron

bars about 1 Y^ inches thick by 6 inches deep. The

pedestals were bolted or riveted between the top-rail

bars, making a simple, heavy frame. No bottom rail

was used. This style of frame probably was tised first

on the Reading's Gunboat class of 1863 and was still

in use by the Reading in 1880.

Unquestionably influenced by VVinans, Millholland

preferred cast-iron driving-wheel tires. These were

cheaper than wrought iron, and were extensively

employed by the Baltimore and Ohio Company and
by the Reading for wheels under 50 inches in diame-

ter. They also had been used on the Baltimore and

Susquehanna in 1840 during MillhoUand's superin-

tendence, where he was credited with introducing

cast-iron tires for large-diameter wheels in 1845.^^

While showing no inclination to abandon the cast-iron

tire, Millholland in 1851 or 1852 (about the time

Kj-upp produced his first steel tires) produced some of

the world's first steel tires. These were made at the

Reading shops and were fitted to the locomotive United

Stales. A few other sets were made and gave good

service, but for economy he preferred the cast-iron

tire. Unfortunately, no contemporary account of this

early use of steel tires can be found, and we must

depend on the recollections of E. J. Ranch.''

Another unusual desi2:n favored by Millholland was

one for solid-end connecting rods. The vast majority

of 19th-century locomotives were equipped with

straps bolted to the rods and provided with keys for

alignment. The strap-end rod was liable to work

loose or become misaligned by inept adjustment of the

keys. The solid-end rod, ha\-ing no straps, bolts, or

keys, was not subject to these defects. It should be

noted that MillhoUand's preference for solid-end rods

was shared by several other mechanics, notably

Ross Winans.

\Vith the question of a practical coal-burning boiler

answered by 1858, Millholland turned his attention

to the design of new locomotives. The first of these

ne\v designs was an eight-wheel passenger locomotive

named Hiawatha. It was an elegant machine,

remarkably modern in appearance. The water grate,

poppet throttle, and slope-back firebox were familiar

Millholland features, but several novel devices were

added. The round iron cab was the most obvious

departure from standard American practice. It

should be remembered that the Reading had been a

pioneer user of iron cabs (about 1845), but never

before had such an elaborate and decorative iron cab

'-' .liiifru-aii Railroad Journal (November 6, 1845), vol. lii,

p. 71+.

" Locomotive Engirnrring (June 1896), vol. 9, p. 500.
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Figure 23.— J in An zona, A Gijs\.i '\ i-t i \ss freight locomotive built in 1863 at the Reading .Shuij>. -Xuic

the feedwater injector fitted to the firebox behind the rear driving wheel and the solid-end connecting

rods. (Chaney neg. 5382.)

Figure 24.

—

One of sever.al Mogul-type locomotives built in 1865 by Danforth, Cooke & Company for

the New York and Erie Railway, fitted with a Millholland boiler. (Engineering, May II, 1866.)
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Figure 25.

—

The Robert Crane bl'ili in lob4 lor the Reading and Ciolumbia Railroad by the Lancaster Loco-

motive Works. This engine was based on the design of Millholland's Hiawatha class. (Photo courtesy of

llie Lancaster County Historical Society.)

been seen on the road. The Hiawatha was also

notable for its superheater, a nest of pipes placed in

the smokebox. While the Hiawatha drawing is the

earliest known illustration of Millholland's super-

heater, he is credited with using it "some time" prior

to 186L'* A few other roads were e.xperimenting

with the superheater at this time, but it was not

" .\. L. HoLLEV, American and Ewopean Railway Practice {New
York: \'an Nostrand, 1861), p. 143.

adopted uni\crsally for locomotives until about 1910.

In contrast to the Illinois, Millholland's first anthra-

cite-burning passenger engine, the Hmwalha was a

great success and served as the model for 44 other

locomotives of the same design.

The adoption of Millholland's design by other roads

provided sure evidence that his anthracite-burning

firebox, patented (41,316) January 19, 1864, was a

success. In 1860 the Central Railroad of New Jersey

purchased three new locomoti\'es with Millholland
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Figure 26.

—

The East Pennsylvania Railroad acquired the EaUnn in about 1860 from the Rogers

Locomotive Works. It clearly has a Millholland boiler and other features of his design. The scene is

Kutztown. Pennsvlvania. in 1870. (From the Reading Company.)

Figure 27.—A Gunbo.\t-cl.ass freight locu.mutive built fru.m Millholland's designs for the Pennsyl-

vania Railroad in 1 866 bv the Lancaster Locomotive W^orks.
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Figure 29.

—

The Pennsylvania was the largest steam locomotive in the world when constructed by

Millholland in 1863; this 50-ton locomotive was in service until 1885. One pair of driving wheels was

removed in 1870.

firebo.xes. These were pronounced superior to any

other coal btirners tested on that road and were said

to have saved 7 cents a mile over the road's wood
burners.'^ The Erie purchased a large number of

Mogul freight locomotives between 1862 and 1865,

all of which were built with Millholland firebo.xes.

The New Jersey Railroad and Transportation Com-
pany also acquired three engines similarly equipped.

The Lancaster Locomotive Works in 1865 advertised

that it would build locomotives with the ".
. . cele-

brated coal burning boiler of Mr. James Millhol-

land." "^ Probably the most impressive testament to

Millholland was the trial of his firebox by the Paris

and Orleans Railway.'" Millholland sent his chief

assistant Levi B. Paxson to France to supervise the

reconstruction of the French engines.

Incidental to the use of the boiler by other com-

panies was MillhoUand's injector for supplying water

to boilers. The injector had been invented by Henri

Giffard of France and was introduced in this country

about I860.'' While most master mechanics agreed

that feedwater pumps were troublesome, early in-

jectors were expensive and unreliable. Millholland

sought to remedy these complaints with a simplified

design. In his patent specification (No. 35,575) of

June 10, 1862, the inventor claimed his injector could

be made at )iaih the cost of an equal Giffard injector.

MillhoUand's son James carried the argument even

further by stating that an injector made by his father

for S4 was equal to a SI 80 Giffard injector.'' The

actual cost and success of MillhoUand's injector

remains a question, but the Reading was one of the

first railroads to use injectors on its locomotives. The

device did not gain universal acceptance in loco-

motives, however, for another 20 years.

In March 1863 Millholland completed a large 10-

wheel freight locomotive called the Nevada. This

machine was the first of the Reading's famous Gun-

boat class, of which 134 were constructed. The

design was so sound that it was still being used many

'5 American Railway Review (February 28, 1861), vol. 4, p. 1 18.

'' American Railroad Journal (August 12, 1865), vol. 18, p. 774.

" Engineer (February 8, 1861), vol. 11, p. 92.

3' For a survey history of the injector, see Frank A. Tavlor,

A Catalog of the Mechanical Collections of the Division of Engineering

(U.S. National Mu.seum Bulletin 173, 1939), pp. 125-133.

3» Letter from James A. Millholland to J. E. VVatkins of the

Smithsonian Institution, May 18, 1888.
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years after Millholland's retirement. (The first

locomotive witli a Wootten boiler, built by Mill-

holland's successor, John E. Wootten, in 1877, was

essentialh- an elaboration of Millholland's plan for the

Gunboat class, except for the very wide firebox which

was made for burning waste anthracite coal.)

In September 1863 Millholland finished the Perm-

sjlvania (fig. 28), a mammoth "pusher" engine.

This giant 12-wheeIed machine was for many years

the largest locomotive in the world. Nearly twice

the size of a standard eight-wheeler of the period, it

weighed over 50 tons, had 20 x 26-inch cylinders and

a grate area of 31}^ square feet, and could pull 2500

tons on the level. The engine was built to assist

heavy coal trains up the Falls Grade (0.9 percent) near

Philadelphia. The Pennsjlvmua was followed by seven

smaller sisters. The first of these, the Kentucky,

weighing 41 tons, was completed in 1864; the last was

bulk in 1872.

In 1866 James Millholland resigned as master

machinist of the Philadelphia and Reading to devote

himself to other business and community interests.

After a long illness he died in Reading, Pennsylvania,

in August 1875 at the age of 63. Although his later

years were undistinguished by mechanical invention,

he already had made outstanding contributions to

railroad technology. His original works include the

cast-iron crank axle, wooden spring, plate-girder

bridge, poppet throttle, anthracite firebox, water

grate, drop frame, and steel tires. He was also an

early user and advocate of the superheater, the feed-

water heater, and the injector. His general designs

were followed by the Reading long after his retire-

ment, and a number of his innovations were adopted

as standard practice by the railroad industry.

James Millholland was an original mechanic whose

designs were distinctive and different from those of

his contemporaries. His locomoti\es were plain, prac-

tical machines; their simple lines favored European

concepts rather than the gaudy and ornamental styles

so txpical of 19th-century American locomotives.

One line in his obituary summarizes his career: "The

science of mechanics was his lifelong study, and the

locomotive the special object to which he devoted

the energies of his constructive genius."
"*

' Railroad Gazette (August 28, 1875), vol. 7, p. 362.

Appendix

I

[From Engineering Xews, October 20, 1888, p. 305.]

The following letter, written by the designer to

Mr. Herm.^n H.'kUPT. soon after the erection of the

bridge, gives many details which will be of interest:

Re.^ding, P.\., May 1, 1849.

De.ar Sir:—Enclosed I send \cu the drawings of the

three bridges I constructed on the Baltimore & Susque-

hanna Railroad while engaged as Superintendent of

machinery and road. The one marked A was built

at the Bolton depot in the winter of 1 846 and 1 847, and
was put in its place in April, 1847. This bridge is

made of puddled boiler-iron Jj-in. in thickness.

The sheets, standing vertical, are 38 ins. wide and 6

ft. high, and riveted together with "s rivets, 2% ins.

from center to center of rivets, ^'ou will observe by
reference to the drawing, that each truss frame is

composed of two thicknesses of iron, 12 ins. distant

from each other, and connected together by 5-16

iron bolts, passing through round cast-iron sockets at

intervals of 12 ins.; which arrangement, together with

the lateral bracing between the two trusses, ensured

stability. The lateral bracing is composed of % round

iron, set diagonally and bound together at the crossing

by two cast-iron plates about 4 ins. diameter, the sides

next to the bracing being cut in such a manner, that

when the two % bolts that pass through them were

screwed up, it held them firmly together. There is

also a bolt passing through both truss-frames and

through the heels of the lateral bracing, at right

angles with the bridge, which secured the heels of the

lateral braces, and by means of a socket in the center

made a lateral tie to the bridge, giving the bridge its

lateral stability.

The lower chords were of hammered iron, there

being some difficulty at that time to get rolled iron of
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the proper size, and are in one entire piece, being

welded together from bars 12 ft. long. There are

eight of them. 5 x 'i-ins., one on either side of each

piece of boiler iron, and fastened to it with %-'m. iron

rivets 6 ins. distant from each other. There are but

four top chords, and of the same size of the bottom,

two on each truss near the top, the timber for the rail

making up the deficiency for compression, and

answering the purpose of chords. This bridge was

built at the time Messers. Stephenson and Brunel

were making their experiments with cylindrical

tubes preparatory to constructing the ^^enai bridge;

the cylindrical tubes failing, they adopted this plan of

bridge.

The entire weight of the bridge is 14 gross tons, and

cost $2,200; but as the same kind of iron of which the

bridge is composed can be had for at least 15 per cent,

less now, than it cost at the time, it would be but fair

to estimate the cost of the bridge at 11,870, without

any reference to the labor that is misapplied in all new-

structures of the kind, making the cost of a bridge 55

ft. long, $34 per ft. And I have no doubt \\here there

would be a large quantity of iron rec'uired for such

purposes, that it could be had at such prices as to

bring down the cost of bridges of 55 ft. length to $30

per ft.

\'ery respectfully yours,

James Millholl.and.

II

[From Philadelphia and Reading annual report for

1859, pp. 55-61.]

Re.^ding, Dec. 13th, 1859.

R. D. Cullen; Esq., President Philada. and Reading

Railroad Co.

De.^iR Sir: I have >our letter of the 7th inst., and

most cheerfully comply with your request mentioned

therein.

We have been burning anthracite coal in some cf

our locomotives for the past twelve years, and for five

years in all the engines employed in coal transporta-

tion, hauling with them trains of 500 tons, exclusive

of the weight of cars, and are now burning anthracite

coal in all the locomotives on passenger, freight, and

coal trains, employed on the main line of the road,

and in all the engines empIo\ed on the lateral roads,

except the two passenger engines on Lebanon Valley
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Branch, and one running the Reading .'\ccommoda-

tion Train, and one on the Chester \'alley Railroad,

burning wood.

There are now on the road,

4 First class .Anthracite coal burning Passenger Locornotis'es.

I Second " " " "

88 First " " Coal and Freight "

3 Second " " " "

These engines are much easier managed than wood-

burners, and a much more uniform pressure of steam

can be kept on them, as they are all provided with

variable exhausts, under the control of the engineer,

who can increase or diminish the draft at pleasure.

To fire these engines requires much less labor than

wood-burners, as it is not necessary to fire oftener than

at intervals of forty minutes, and sometimes double

that time may elapse without further attention than

occasionally to clean out the cinder and ashes between

the grate-bars. The best fireboxes for burning

anthracite coal are those with the largest grate area.

The first four large engines for burning this fuel, built

by Ross Winans, Esq., of Baltimore, and placed on

the road in 1847, had fireboxes six feet three inches

long, by two feet ten inches wide, giving a grate area

of 17-68 square feet; these engines did not make

steam freely, and had to be run with a small exhaust,

and in consequence produced a very strong draft, and

threw a great deal of coal out of the chimney. The

next five engines built by Mr. Winans for this Com-

pany, were placed upon the road in 1850 and 1851,

and were different from the four built by him in 1847;

they are what is commonly called the "Camel"

engine, ha\'ing a large dome and house on top of the

boiler for the engineer, their fireboxes being five feet

two inches long, by three feet six inches wide, giving

a grate area of a little o\er eighteen square feet; they

were also deficient in making steam, but gave much

better results than the first four. The engines that

have been placed on the road within the past seven

years, also built by Mr. Winans, have fireboxes seven

feet long and three and a half feet wide, making a

grate area of 24.5 square feet, and perform very

satisfactorily. One of the difficulties we have had to

contend with in the use of anthracite coal as a fuel for

locomotives has been the necessity of using an inferior

quality of coal for the purpose of preventing the cast

iron grate-bars from melting, as it makes a great deal

of cinder and ashes, which, when once formed on the

grate-bars, protects them from the immediate action

of the fire, and the firemen have to be very careful
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in cleaning the grate-bars, that they do not get so

much of it out as to bring the hot coals in contact with

the bars and melt them down, and being compelled

to use this inferior coal has made the consumption

appear more tlian it really should be.

The best coal could not be used in our locomotives

with any certainty of success, until water grate-bars

were substituted for cast iron; in fact, it was looked

upon as a bad article for the purpose, because it would

melt the cast iron grate-bars; but the water grates have

shown that it is far preferable, as it not only takes less

of it to perform a trip, but there is less reciuired on the

grate at a time, and the fire being thinner, a larger

exhaust can be used, and conseciuently a much milder

draft is produced; no fire is thrown from the chimney,

and the increased area of the exhaust relieves the back

pressure on the pistons, and thereby increases the

power of the engine.

In using the best anthracite coal in our passenger

engines fitted with water-grates, I have seen the fire

run down so low, when near the ends of the road, that

a portion of the grate bars would be bare. And I

have no hesitation in saying, that, with a properly

constructed boiler, fitted with water- grates, and the use

of good anthracite coal, all classes of locomotives, both

passenger and freight, can be used with as nuich

reliance as to their performances, both as to speed and

power, as engines burning wood or any other fuel;

and that a more uniform pressure of steam can be

maintained on them, than any wood-burning pas-

senger or freight engines that have been on our

road for the past eleven years. It is, however, a

matter of experiment with us now, to know what is

the best material for a firebox, and the proper shape

to put it in for service with anthracite coal. In the

fireboxes of Winans' engines, having a grate seven

and a half feet long, and three and a half feet wide,

with vertical side-sheets, we have been using copper,

three-eighths of an inch thick; this, however, would

not last more than about eighteen months, running

about 25,373 miles, when the boilers had the entire

back end of the firebox open, with two upper and one

lower door to close when in use, and cast iron grate-

bars.

In this kind of a firebox, the side-sheets would be

worn down in places to not more than a sixteenth of

an inch thick; and in others, it would retain nearly

its original thickness, hut from what cause I am not

able to say; but probably from mechanical action, as

the thin places are generally found about where the

coal would strike the side-sheets when thrown in with

a shovel. To remedy this wearing away of the side-

sheets, I put in a harder material, iron; but it does not

last so long as copper placed in a vertical position,

as it appears to become very much overheated, and

cracks vertically, showing a crystalline fracture,

which, I have no doubt, is caused by the absence of

water on the opposite side of the sheet from the fire.

The steam generated on the side next to the water

(in consequence of the sluggishness of the circulation,

if any, in this part of the boiler), remains there in

contact with it, and as it will not take up heat with as

much facility as water, allows the iron to become too

much overheated, and the first strain that comes upon

it in the way of unequal expansion or contraction,

causes it to crack; but copper being a more ductile

material, is not affected in the same way, but becomes

softer by the frequent heating and cooling, and there-

fore appears to be the best material of the two, for

this kind of firebox.

I closed up one-half the open end firebox by putting

a water back that took up one-quarter of the opening

on each side of the firebox, leaving one-half the area

of the end open from top to bottom; the lower half of

the opening was closed by a grate door, which serves

to admit air to the coal in that part of the furnace that

would not be supplied with air if a solid door was

used, and also for the purpose of inserting a slice-bar

to break up the cinder on the grate. The upper half

of the door is used for firing, and consists of two plates

of cast iron, the inner one about two inches from the

outer, leaving a space between, that was supplied

with air through holes bored or cast in the outside

plate; which air protects the inner plate to some ex-

tent from the heat, and also supplies air to ignite the

gases, and not to allow them to pass from the furnace

unconsumed.

This arrangement of doors increases the durability

of the side-sheets, and engines whose boilers have

been thus fitted, have run an average of 29,391 miles

before the sheets required replacing.

To introduce the water-grates, I was compelled to

close the back end of the firebox, leaving an ox-al

door for firing, the same as in the ordinary wood-

burning boilers, but with a number of small holes in

the inner plate of the door, and larger in the outer;

and in some of the boilers, I have put hollow stay

bolts, with an opening about one-quarter inch in

diameter, in the back end of the fire-box. The side-

sheets in the first boiler fitted with water-grates and

closed back end, run 39,254 miles; and as this is the

only one that wants the side-sheets renewed, I have no
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Statement of the Number and Names of Wood-burning Engines that have been changed to Anthracite Coal-burners; when

done; the number of Miles run, and the Duty these Engines are doing

Names of Engines.
When altered to

Coal-burners.
No, of

Miles
Run.

Allegheny

Gowen and Marx.

Tuscarora

Shamokin

Empire

Mahanoy
Amazon
Yorktown

Columbus

Rio Grande

Carolina

Missouri

New York

Manatawny
Black Diamond . . .

Texas

New England

Warrior

Oregon

Pacific

Ontario

January

June
November
February

June

June
November
November

June

June

July

August

May
May
June

August

October

December
May

1855

1855

1855

1856

1856

1856

1856

1856

1857

1857

1857

1857

1858

1858

1858

1858

1858

1858

1859

168,588

25, 385

28, 708

43, 969

35, 363

56, 045

54, 182

51,701

31,782

35, 020

41,626

35, 049

30, 722

27,011

32, 590

38, 457

30, 540

31,386

14, 098

7,364

Freight Train Main Road.

Assorting at Reading.

Running at Palo Alto.

Pusher, Richmond Wharves.

Work on Lateral Roads, Coal Region (on grades over 100 feet to the mile).

City Coal Trade, Philadelphia Branch.

Work on Lateral Roads, Coal Trade (on grades over 100 feet to the mile).

Passenger Train, Valley Rjiilroad.

Freight Train, Lebanon Valley Branch.

Freight Train, Main Line.

Freight Train, &c.

Assorting Cars at Harrisburg.

doubt as good results will be had from others fitted

in the same way. I have now on trial, in a boiler

with vertical sides, and same sized firebox as before

mentioned, with closed back, and side and end sheets

five-sixteenths of an inch thick, made of Mr. Clay's

homogeneous steel, which is doing well; it has run

14,381 miles. Most of the fireboxes of the boilers of

engines we ha\'e built in our own shops, and of those

we have made to take the place of wood-burning

boilers, differ somewhat in shape from those I have

mentioned, and have a combustion chamber attached,

extending from eighteen to thirty-six inches into the

cylindrical part of the boiler; and some of the fire-

boxes are much wider than they are long at the bot-

tom, which makes the side-sheets incline towards the

fire. Iron has been used in all these with one ex-

ception, which is five feet long and five feet wide,

making a grate area of twenty-five square feet. In

this I put copper side-sheets, to ascertain if the shape

had any influence on the wear. The experiment

showed that copper would last longer in this shape

with cast iron grate-bars, and the back end partly

open, as they lasted to run 38,292 miles, while those
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with back end partly open run but 29,391 miles.

The iron sheets, however, in other fireboxes, with

inclined sides, show that this plan of constructing is

much the best, as the side-sheets show little or no

wear, and are not much thinner when taken out than

they were originally, and the only cause for removing

them arises from imperfect welding of the iron, which

gives rise to blistering and cracking around the stay-

bolts, so as to cause leaks; but they last much longer

than the copper sheets in the vertical sides, and have

run an average of 59,866 miles.

I think, from an experiment with an iron sheet in a

firebox with vertical sides, that I have hit upon a plan

that will prevent the radiating cracks around the

staybolts. It is to indent the sheet at the hole the

staybolt passes through, a little more than will receive

the riveting of the end of the staybolt; this places the

iron in such a shape in the sheet as to allow it to

spring, when the expansion of the sheet and staybolt

takes place. The experiment clearly shows an ad-

vantage from the indentation, as the opposite sheet,

in the same firebox, is cracked and leaks, whilst the

stavbolts in this are as perfect as the day they were
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put in, never having leaked at ail, after liaving been

in operation since October, 1858, and ran 22,388

miles.

The most durable firebox for burning anthracite

coal we have had on the road is of iron, in a small

boiler of one of our light engines, built by the Com-
pany, about eight years since, and has been but a few

months replaced with a new one. It is four feet five

inches long, and three feet seven inches wide, making

a grate area of 15.82 square feet. The sidesheets,

being smaller than in the large engines now in use in

our coal trade, were made direct from the bloom, and

are consequently homogeneous; the flue sheet was also

set back from the firebox about eight inches. It ran

168,588 miles, but I have not included it in the aver-

age number of miles ran by our engines witli iron

fireboxes.

RECAPITULATION

Average number of miles ran with iron firebox

sheets, 59,866

Average number of miles ran with copper

firebox sheets, open end, 25,373

Average number of miles ran with copper

firebox sheets, half closed, 29,391

Average number of miles ran witii copper

side-sheets, closed end, and water-grates, . . 39,254

Cost of Rencwitig the Cupper Firebox Sheets

Labor "per contract," $100 00

870 lbs. copper 278 40

635 lbs. boiler iron, 31 75

165 lbs. rivets, 11 55

273 lbs. staybolts, 21 84

49 ft. hollow bolts, 10 87

Carried forward, $454 41

Brought forward, S454 41

Cr.

By 530 lbs. old copper, ... $106 00

By 881 lbs. scrap iron, .... 11 75

SI 17 75

Balance, $336 66

Cost oj renewing Iron Firebox Sheets

Labor, $100 00

1095 lbs. boiler iron, 54 75

165 lbs. rivets, 1 1 55

273 lbs. staybolts, 21 84

49 ft. hollow bolts, 10 87

$199 01

Or.

By 1 190 lbs. scrap iron, 15 87

Balance, $183 14

The consumption of fuel by our coal train engines,

with a train of 100 loaded cars, with five tons per car,

and 1 10 empty cars up, is on an average in the round

trip of 190 miles, 9 tons of coal.

The performance of our anthracite coal-burning

passenger locomotives, I think, will compare favorably

with locomotives using wood or bituminous coal on

other roads.

Annexed please find a statement of the performance

of one of them, and it may be as well to state, that the

engineer and firemen of this engine never ran a coal-

burner before, and had not been on this more than a

month when the experiment was made, having been

taken off a wood-burning passenger engine, and I

have not the least doubt, but a better result can be

shown under similar circumstances, in future.

I would also call your attention to the performance

of the Phoenix, the pushing engine at the Falls grade.

This engine burns anthracite coal, is an eight wheel

connected engine, and weighs 70,700 lbs., and is doing

the work that required two eight wheel connected

wood-burning engines, weighing 52,192 lbs. each.

The number of engines that have been changed from

wood to coal-burners, and the miles ran by each up to

the 30th of Nov. 1859, will be found in the following

statement.

None of these engines have had new fireboxes, or

firebox sheets put in their boiler since they com-

menced burning coal.

Very respectfully,

James Millholl.^iNd.

U.S. Government Printing Office: 1967

For sale by the Superintendent of Documents, U.S. Government Printing Office

Washington, D.C., 20402—Price 30 cents
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Figure 1.—William Gunn Price (1853-1928).



Arthur H. FraT^ier

William Gunn Price

and

The Price Current Meters

The developnent and use of current meters, luhkh provide

streamflow data by measuring the velocity and discharge of ivater

flowing in rivers, has been an important factor in providing for

municipal water supplies and in the construction of dams,

bridges, and culverts, as well as contributing significant informa-

tion toward the solution of territory litigations and public health

problems resulting from stream pollution.

This paper traces the history and development of an outstanding

f-xmily of current meters, the Price family, ivhich is interrelated

with the history of the United States Geological Survey. It also

presents a biography of that retnarkable 19th-century American

inventor, William Gunn Price.

The Author; Arthur H. Frazjer, as former chief of the

Division of Field Ec[uip}mnt in the United States Geological

Survey, had exceptional opportunities for accumulating technical

and historical information on current meters, and he provided

many of the meters now in the collections of the Stnithsotiian

Institution.

N THIS MODERN AGE, the expressioii current meter per second) of the water flowing in rivers. The major

tends to conjure up a mental image of an ammeter. purpose of this article is to discuss an important

hich measures electrical currents, rather than an family—the Price family—of current meters of that

image of the device it originally was used to describe, old-fashioned type and to present some little-known

namely, an instrument for measuring the velocity information about the man whose portrait appears

(in feet' per second) and the discharge (in cubic feet in figure 1, William Gunn Price. It was he who
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Figure 2.

—

1 he original Price current meter, now preserved in the Smithsonian Institution's

Museum of History and Technology. (USNM cat. no. 289638; Smithsonian plioto

44538-H^

built the first model of those meters (fig. 2) while

working on the Ohio River near Paducah, Kentucky,

in 1882.

Price's current meter was by no means the first one

built, but, as it is presently the most commonly used

meter in tlie United States, it was selected for

discussion in this paper. First, though, it seems

appropriate to discuss some of the important uses for

which streamflow data are obtained, daily records of

which are maintained and published by U.S. Geo-

logical Survey for almost 8000 gaging stations on

rivers throughout the United States. A partial list

explaining the importance of streamflow records to

modern engineering follows:

D.\MS.—Dams are built for water supplies, hydro-

electric power, flood control, irrigation, navigation

improvement, and recreation. In each instance, a

careful study of all pertinent streamflow records

must be made well in advance of any construction

work to determine whether the drainage area above

the selected site yields an adequate amount of water

to accomplish the purpose for which the dam is

intended, particularly when intended for irrigation

or municipal water supplies. For hydroelectric

power, all aspects of the streamflow characteristics

must be considered before the economic feasibility

of the venture can be determined. A common
requirement concernirg every proposed dam is that

its spillway capacity be adequate to accommodate

a maximum possible flood within the drainage area,

because inadequate spillway capacity is one of the

major causes of dam failure. Streamflow records,

which are obtained by using current meters, provide

the best possible basic data for designing proper

spillways.

LiTiG.^TiONS.—Litigations involving the uses of

water have occurred since the beginning of written

history. In .-1 History of Technology,^ one finds evidence

that the words "rivals" and "rivers"' stem from the

same source. "That very word [rivals]," the book

states, "in Roman law denoted those who shared

the water of a rivus, or irrigation channel; it thus

implies jealously guarded rights and frequent

quarrels."

Perhaps the most equitable method yet devised for

settling litigations concerning water rights has been

by means of court decisions which allot certain

amounts or proportions of the available water to each

litigant who has a legitimate right to it. Water

masters are appointed to carry out these court orders,

and the masters base the distribution on data pro-

cured with current meters.

Public He.^lth.—Today streams often are pol-

luted by untreated sewage, by manufacturing

wastes, and, more recently, by modern detergents, or

by combinations of the three, with a consequent

destruction of fish and wild life and withdrawal

of attractive recreational waters and city water

supplies from public use. Conservation officials and

public health officers at all administrative levels

—

Federal, State, and local—are deeply concerned, par-

ticularly in periods of drought, when streams are

' Ch.\rles a. .Singer, and others, eds. From Early Times to

Fall of Ancient Emfires (vol. 1 of A History of Technology, by

.Singer, and others, eds; O.xford: Oxford University Press,

1954), p. 521.
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low and the percentage of pollution consequently

high. Streamflow records—indicating the approach,

presence, intensity, and passage of these periods

—

provide important information.

Highway Bridges and Culverts.—The intel-

ligent design of bridges and culverts for the vast

network of highways across the nation depends on

the axailability and adequacy of streamflow records.

Without such records, these structures might be built

too large, resulting in excessive cost, or too small,

endangering the road in times of se\'ere floods. Al-

thougli this list could be expanded, these examples

are sufficient to explain the importance of such records

in relation to modern engineering problems.

Current meters have provided the most expeditious

and economical means for making acceptably ac-

curate streamflow measurements. A current mxter,

comljined with a graduated wading rod for making

soundings in shallow streams or with a sounding

weight for making soundings of deep streams from

bridges, boats, or cableways, enables the hydrog-

rapher to determine quickly the cross-sectional area

and velocity of a river at the place where its discharge

is to be measured. This discharge is the product of

the cross-sectional area (in square feet, as determined

from the soundings) and the average velocity (in feet

per second, as obtained with the current meter).

-

On the accuracy of streamflow records, Carter and

Anderson conclude :

^

If single discharge measurements \vere made [with cur-

rent meters] at a number of gaging sites by the usual 0.2

and 0.8 method (using 30 stations and 45-second observa-

tions) the errors of two-thirds of the measurements would

be less than 2.2%.

There is little doubt that if measurements are made

by a competent hydrographer, with good equipment,

at a suitable site, and under favorable conditions, the

maximum error occurring in any measurement of the

entire lot would be well within five percent.

2 For fuller information, consult the Water-Supply Paper

series published by the U.S. Geological Sur\ey. Number 888

deals with stream gaging; no. 868 with the performance of

current meters in shallow water; and no. 95 with the accuracy

of streamflow records.

3 Carter and Anderson, ".Accuracy of Current Meter

Measurements," Journal of the Hydraulics Division, Pro-

ceedings of the American Society of Civil Engineers (July 1963).

William Gunn Price

William Gunn Price, the son of Dr. William Price

and Tryphene Gunn Price, was born in KnoxvilJe,

Pennsyh-ania, on July 6, 1853, but moved when still a

child to Chaseville, New York, two miles southwest of

the picturesque village of Schenevxis. Probably be-

cause William's father died before the boy's seventh

birthday, William's early education was rather

sketchy. There are reports that he attended high

school in nearby Cooperstown, famous for James
Fenimore Cooper's Leatherslocking Tales and for base-

ball. There are also reports that he attended Hart-

wick Seminary in New York State. Such reports

tend to exaggerate Price's early education. Doubt-

lessly he attended both the high school and the

seminary, but most likely not for the usual length of

time. An article in the Yaldma (Wash.) Herald for

December 18. 1921, quotes him as saying:

As a boy I was not much interested in school, and made

very little progress. When not doing farm work, I was

allowed to have tools, and learned to make things, many
of them original. I also learned to repair clocks and

watches, and to do blacksmith, tinsmith, and carpenter

work

.

When, however, Price was later faced with a special

need for "book learning," he diligently studied the

appropriate books and mastered the subjects.

His early disinterest in schools apparently was not

inherited. Both his parents were well educated and

had taught at the Knoxville Academy, which his

father had established before he was married. \\"\[-

liam Price, Sr., taught mathematics and science, and

Mrs. Price taught music, French, and art. During

those teaching days William Sr. studied medicine, and

finally was graduated from the University of Pennsyl-

vania's medical college. Later, when a practicing

physician at Chaseville, he often gave free lectures on

scientific subjects.

.\s to young William's grandfather on his mother's

side, these comments about him appear in the Price

scrapbooks:

Grandfather Gunn was an expert mechanic. He built and

operated a sawmill on his farm, run by waierpower of a

brook .... He sometimes made the shoes for his

famih- . . . was the town gunsmith . . . designed and

built churches. He was good, and had die gift of reason.

Looking back, it seems evident that \Villiam Gunn

Price inherited much of the culture of his mother, the

scientific insight of his father, and the craftsmanship
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together with the inventi\-e genius of his grandfather.

He, too, "was good, and had the gift of reason."

There was an instinctive urge in him to design, con-

struct, and invent—particularly to invent ; the story of

his inventions is truly the story of his life.

Price made the following statement to a friend in a

letter dated July 15, 1926:

When a boy I made several simple inventions, one of

which was to enable my mother to shell peas by turning a

crank. The pods came out of one hole, and the peas

came out of another.

His first employment on work of an engineering

nature began in 1871 or 1872, and lasted about four

years. It was described in his scrapbook as "civil

engineering, sur\-ey, sewer, and bridge work at New
York city."

Possibly his association there with engineers made

him aware of deficiencies in his knowledge of mathe-

matics, because further notes in that scrapbook

relating to the same period state in part

:

J. H. Serviss . . . taught me, for four years, higher

mathematics and engineering, at Englewood, New Jersey.

My cousin J. D. Probst paid him for doing it till I earned

enough by my work to compensate him.

During the beginning of that four-year period he had

invented an adding machine that was used for several

years, probably at the engineering office where he was

employed.

The training given Price by Mr. Ser\-iss was no

doubt responsible for his being able to qualify for

his next three jobs as a land surveyor in the State of

New York (1877), as an assistant engineer with the

New York and Harlem Railroad (in 1878), and as an

assistant engineer with the Mississippi River Com-
mission (1879-96).

During the 17 years he spent with the Mississippi

River Commission, his irrepressible talent for in-

vention was continually in evidence. In 1882 he

invented the Price current meter, which will be

discussed later, and in subsequent years he invented

many devices for building levees and for protecting

the banks of the Mississippi from erosion. •

As though he felt remiss for not having invented

anything of importance during the year in which

he had worked for the New York and Harlem Rail-

road, he conceived and patented a "Street Car Fare

Box." Patents for that device were awarded to him

<An e.\ample of the latter is found in U.S. patent 528,891,

dated November 6, 1894, which Price received for inventing

a "machine for building embankments."

in 1885 (319,333 on June 2 and 326,778 on September

22). "That box," he later observed, "stopped horse-

car drivers from stealing fares on many railroads."

It was the first of his inventions to be patented, and

modern streetcars and buses still use his fare boxes.

There can be little doubt but that Price's fare box

produced a favorable impression on officials of the

Chicago City Railway Company, because from 1896

to 1898 he held the position of chief engineer in that

company. There, as one might expect, he brought

forth a completely new series of iirventions. Among
them were his "momentum electric car brake"

for streetcars, which has been used extensively, and

his "automatic railway track-testing car" which,

when moved at ordinary train speeds, produced a

graph showing any defects that might be present

in the tracks. In addition to the Chicago City

Railway Company, the Northern Pacific and other

railway companies have made much use of these

inventions.

His next employment was with the Peckham
Manufacturing Company. As chief engineer there

between 1898 and 1903, he improved trucks for rail-

way cars of all types. He also improN'cd heavy-duty

snow plows for clearing railroad tracks; these were

manufactured imder the name "Ruggles Rotary

Snow Plow." The following advertising claims were

made for the plow

:

Strong, durable, and always ready.

Requires fifty percent less power.

No brooms to keep in repair.

Cost of maintenance ninety percent less than any other

plow.

WorlvS ecjually well in light or heavy snow.

The only snow plow capable of removing deep bodies of

snow.

Patents, however, did not absorb all of Price's

attention. He was gifted with a spirit of adventure

that occasionally refused to be suppressed ; back

in the 1880's, while working among the bayous of

the lower Mississippi, stories were rampant about

gold and other treasures that supposedly were buried

there by the well-known pirate, Jean Lafitte. With

the aid of an Indian guide who boasted of having a

map that showed the location of Lafitte's $10,000,000

buried gold cache. Price took part in one of the

numerous, fruitless searches for that treasure.

When he was 50 the lure of gold again beckoned

him, but this time to a more sophisticated adventure.

To prepare for it, he attended classes in metallurgy,

chemistry, and assaying at Columbia College in New
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York. Thus prepared, he undertook the adventurous

job of equipping the old Fentress gold and copper

mine about nine miles due south of Greensboro,

North Carolina, with operating machinery. That
mine, sometimes called the North Carolina mine, was
the first one in that State to have been worked for

copper. Although the mine is known to have been

reopened in 1903, 1904, and again in 1906, the news-

paper article which described Price's venture did not

reveal what success was achieved through his efforts.

Before the end of 1903, Price's fame as an inventor

had reached the attention of officials in the Standard

Steel Car Company of Pittsburgh, and he was ap-

pointed designing engineer for one of their special

subsidiaries. Regarding that experience Price later

wrote

:

I was employed during a period of ten years in the interest

of Andrew Mellon, now Secretary of the U.S. Treasury,

under a salary and royalty contract, to invent improve-

ments in railway equipment. He incorporated the

Standard Motor Truck Co., especially to manufacture

and sell my inventions. I placed with that Company,

on royalty, 34 patents,—and the resulting royalties have

been coming to me during the past 23 years.

Many of the motor trucks which Price designed were

of the type used on streetcars. His scrapbook con-

tains a photograph of one of them with the following

note, in his handwriting, below it:

Car at Niagara Falls equipped with \V. G. Price's

power brake. President McKinley looking out of the

window.

By 1913, the condition of Price's heart caused him

considerable worry, and he yearned for the smell of

clean, fresh air. Moreover, he missed the companion-

ship of his only living son, William Kelley Price, whose

inventive talents almost equaled his own and who

then lived at Selah, a few miles north of Yakima,

Washington. Price joined his son there and had

hardly settled down when the old urge to in\ent

seized him. Among the problems that intrigued him

first were those related to packing dried apples into

shipping boxes. Dried apples, being spongelike in

nature, were hard to keep compressed within a 50-

pound box while the workman tried to nail the cover

onto it. An unidentified newspaper clipping in his

scrapbook contained the following report on that

subject:

Dried apples were shoveled into a 50-pound box and

then tramped down by the feet of the workmen, who wore

clean rubber boots. More apples were then forced into

the box by a hand press having a lever ten feet long.

Evaporated apples are like rubber, and when the hand
press was removed, they followed it like a "jack-out-of-the-

box," and quick work was required to get the cover in

place ....
In the interest of efhciency and cleanliness, Mr. Price

devised an electrically-operated power press which
eliminates the foot tamping and which forces the apples

into the box with a pressure of twelve tons. So great a

pressure forces out much of the expansive air, making it

easier to lid the box, and making it possible for one man
to do all the boxing for a good sized plant.

Another invention pertaining to the fruit industry

on which he and his son collaborated was a "Fruit

Sizer." In one version of these sizers, apples were fed

in a single row into a pocket at the end of a spring-

actuated lever. Upon coming to rest in the pocket, a

tripping device released the lever and the apples

catapulted into one of a series of cloth bins, where they

were caught gently and rolled without damage into

separate wooden troughs, from which workers trans-

ferred them into shipping boxes. The smallest apples,

being lightest, would be catapulted into the farthest

bins; medium-sized apples would fall into the inter-

mediate bins; and the largest apples would drop into

the closer bins.' This apple sizer received a Highest

Award for fruit-grading machines at the Panama
Exposition in San Francisco in 1915.

In about 1754 Horace VValpole coined the word

"serendipity"—an aptitude for making discoveries

accidentally—which might well apply to the invention

of Price's apple sizer. The circumstance was de-

scribed in an article entitled "Latest in Apple Sizing

Devices" in a September 1913 issue of the Yakima

Daily Republican. It stated in effect that apples are

sometimes plagued with a self-explanatory condition

called water core. Because of excessive water,

apples so afflicted are heavier than healthy apples of the

same si?e. When graded with the Price apple sizer,

those apples afflicted with water core fell into one of

the closer bins intended for the larger apples. Their

noticeably smaller size made it easy for packers to

identify them and cull them out. Fortunate, indeed,

are inventors like the Prices who are gifted with

"serendipity."

At the age of 70, Price w-as still maintaining a

consulting-engineer office in Yakima and supervising

the Price Manufacturing Company, where he gave his

5 See U.S. patent 1,288,184, dated December 17, 1918.
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attention to inventions as modern as clrift-e\aluating

de\'ices for airplanes.

Price obtained over KHJ patents on liis inventions

during his career. At least two of them were awarded

after his death. Perhaps the most eloquent testimony

to the excellence and practicality of his inventions is

that contained in the following telegram, preserved in

one of his scrapbooks:

Webster, Mass. Nov. 8, 1904

Mr. VV. G. Price, Mgr. Elec. Truck Dept.,

Standard .Steel Car Company, Pittsbing, Pa.

Dear sir:

We have operated for six months your truck 0-50; can

find no defects in same; it rides perfectly. Cost of mainte-

nance nothing. Braking attachments superior to any \vc

ever had in operation. You may wriie any testimonial

you desire and sign mv name to same, also same for

Mr. Meller.

Yours truly.

Signed; J. D. Potter, Supt.

[The Consolidated Railway Company]

Price's success at improving street cars led him and

his son to play with the idea of designing a complete

automobile. They did not go ahead with that idea,

however, because Price had a strong belief that auto-

mobiles would never be more than "just a rich man's

plaything." "Too bad," his grandson wrote 40

years later. "Between the two of them, they could

have built cpiite a car
!"

Large Price CuiTcnt Meters

Of all Price's inventions, those that most held his

interest and attention throughout his long engineering

career pertained to his current meters. Four patents

on such meters, scattered over a period of 41 years,

were issued to him. He wrote tiumerous articles about

them for trade and scientific magazines and took an

active part in discussing them at such meetings as those

of the American Society of Civil Engineers, the West-

ern Society of Engineers, and the American Associa-

tion for the Advancement of Science, in all of which he

held membership.

The year 1879 was an especially eventful one for

Price. That was the year when the Mississippi Ri\er

Commission was established, when he found employ-

ment with that Commission, and when he married

Mary R. Kelley. His first station of duty under the

Commission was at Plum Point, Tennessee, a loop in

the Mississippi River opposite Osceola, Arkansas.

There, under the general supervision of the famous

engineer, James B. Eads, Price assisted in transferring

ligurc 3.

—

Rod tlo.^ts similar to those used by

Price at Clayton, Iowa, in 1881. (From Frederick

Yancy Parker, "Mississippi River Gagings by Rod
Floats," Professional Memoirs. Corps of Engineers,

United Stales Army— 1913, vol. 5.)

the configurations of the Mississippi Ri\'er onto a map
of the United States. He also helped to determine the

height, up to 10 feet, of sand waves which moved along

the bottom of the river at a rate of "many feet per

day." But most important of all, he helped to meas-

ure the discharge of the river. Those were probably

the first river-discharge measurements in which he

ever participated.

Those early investigations at Plum Point did not

last very long. Before the end of 1879, the entire

party was forced to evacuate the area and flee to St.

Louis because an epidemic of yellow fever had broken

out in Memphis. In an old syndicated newspaper

article, Dr. W. A. Evans mentioned that epidemic in

the form of a con\'ersation between an old man and

his grandson

:

I lived in Memphis in 1879. I saw the people stampede

in wild flight when yellow fever comes. There were less

than 10,000 left in the city, and they stayed only because

they could not get away . . . guards shot down refugees

trying to escape the plague-stricken city . . . wagons

stacked high with bodies of victims were driven to the
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Figure 4.

—

Ellis current meter of the earliest type such as that used by Price at Clayton,

Iowa, in 1881 and Paducah, Kentucky, in 1882. (USNM cat. no. 317669; photo taken

by author.)

cemetery ... no trains and no business . . . hungry

men and women went into abandoned stores and took

what they wanted. All of this in the latter half of the last

century.

From St. Louis the fleeing survey party proceeded to

Mound City, Illinois, on the Ohio River, close to its

confluence with the Mississippi. There it remained

until the yellow fever epidemic subsided.

By October 12, 1880, Price was placed in charge of

a stream-gaging party with headquarters at Clayton,

Iowa, on the Mississippi River. His was one of sev-

eral such parties the Commission organized for obtain-

ing records of discharge, slope, and sediment

movement in the upper Mississippi River. The other

parties were located at Prescott, Wisconsin ; Winona,

Minnesota; Hannibal and St. Louis, Missouri; and

Grafton, Illinois.

The de\ices then available to Price's party for meas-

uring stream velocities were rod floats similar to those

shown in figure 3 and an Ellis current meter similar

to that shown in figure 4. In his official report of

May 10, 1883, to the Mississippi River Commission,

Price described the work he and his party had per-

formed with these devices as follows:

During the entire (1880-1881) season, 222 velocity

observations [i.e., discharge measurements] were made,

of which 85 were with the meter, and 137 with rod-floats.

Besides the regular velocity observations for discharge,

there were taken 36 sets of vertical observations ....
Until the breaking up of the ice on March 29, 1881, all

of the velocity observations were measured with the

meter. After the ice stopped running, .\pril 12, 1881, all

of the velocity observations were taken with the rod-floats,

used in connection with the plant.

Price's party reinained at Clayton, making stream-

flow measurements on the average of about one in

every two days from December 7, 1880, to October

24, 1881.''

During the winter months of 1880-81, Price rated

his Ellis current meter six times. The expression

"rating a current meter" refers to the operation

whereby the meter is mo\Td through still \vater at

many dilTerent speeds with simultaneous observations

made of the rate at which its impeller (sometimes

called the meter's rotor—the instnmient's primary

moving part) revolves. An electrical contact, which

occurs at each revolution or in some instances at every

fifth revolution, actuates a counting device which

facilitates counting those revolutions. From the data

thus obtained, rating tables are prepared which show

how many revolutions are luade by the impeller

within a selected period of time when the meter is

m.oved through water at any velocity. Although such

data are usually obtained while moving the meter

through still water, the same results would be pro-

duced if the meter was held still and the water w'as

moving, under which conditions the meter is used in

the field.

'•The results of those measurements .irc published on pp.

2243-2248, vol. 2, part 3, of the Report of the Secretary of

War, 48th Congress, 1st Session, House of Representatives

Executive Document no. 1, part 2, 1883 (serial 2185).
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To measure the velocity of water flowing at any

point in a stream, the hydrographer need only

position his meter at the desired point and count the

number of revolutions the impeller makes during

whatever period of time is provided for in the table

—

usually 40 to 70 seconds. He can accomplish that

operation either by ntaking an actual count of the

clicks he hears in a headphone connected to the meter

or by the method used by Price, namely, using an

electric register, the early expression used to describe

an electrical counter. After determining that figure,

he would consult the rating table to determine the

magnitude in feet per second of the water's velocity at

the point where his meter was positioned. Many
velocity observations are needed because of the vari-

ations in velocity which prevail throughout the cross

section of every stream. The velocity is usually high-

est near the surface at midstream; from that point, it

gradually becomes slower and slower as the bottom

and sides of the streambed are approached.

During the past 40 or 50 years, most of the Govern-

ment-owned current meters have been rated at the

National Bureau of Standards. Such service was not

available to Price in 1880, so the method he used

under exceptionally trying circumstances is of con-

siderable interest. Here is the description he wrote

for the journal of the Western Society of Engineers' on

how six ratings of his Ellis meter were made on cold

days during the winter of 1880-1881

:

The meter was first rated in a lake of still water, through

the ice. To do this successfully, an opening should be cut

in the ice one foot wide and 250 feet long. The meter

should be attached to its rod and weight, and suspended

two or three feet below the ice from a sled which straddles

the opening, and which carries the observer with his

battery, register, and stop watch. The ice must be made

level where the sled runners are to pass, so the meter will

be carried without any up and down movement. A base

line of 200 feet should be measured along the opening, and

each end should be marked by a range made by two

flags at right angles with it. The sled should be drawn

back and forth at low, medium, and high velocities, the

stop watch and register being started on the first range

line and stopped on the second. Several ratings like this

were made by the writer during the winter of 1880-1881.

In the same article, Price also described how he had

made his measurements of streamflow when the river

was covered with ice:

' William G. Price, "Gauging of Streams," Journal of the

Western Society oj Engineers (1898), vol. 3, p. 1026.

[A house was built] just large enough for one man to sit

inside, leaving room at the end for a very small stove,

—

and room at the other end to lower the meter into the

water through a trap door. The sled had board runners,

curved to run forward and back, and had a rope at each

end to draw it by. The house consisted of a light wood

frame, \vhich was covered on sides and top with heavy

canvas, and had a canvas door, all of which was given a

coat of linseed oil. A reel near the roof, at one end,

carried the steel meter-suspending rope and insulated

wire. The shaft of the reel passed through the side of the

house, and there w'as a crank-ratchet and pawl on the

outside. The suspending rope and insulating wire were

connected with copper rings on the reel, and springs made

contact with these rings and completed the electric circuit

to the meter, register, and battery. Two men were re-

quired to measure the discharge, one to sit inside and

record the soundings, registrations, and time,—and the

other to cut holes in the ice, draw the sled, feed the fire,

and turn the outside crank when the meter was to be

raised or lowered. Holes were cut in the ice in a line

across the river, and measurements were taken at mid-

depth, for the discharge. Many vertical velocity measure-

ments were also taken, so as to determine the correction

required to reduce the observed mid-depth velocity to the

mean velocity.

Soon after October 24, 1881, Price's party of stream

gagers left Clayton for similar work on the Ohio River

at Paducah, Kentucky. By December 22 he had

established a gage there and had selected a suitable

section in the river for making discharge measure-

ments. During the following month, January 1882,

Price conceived the design of his first current meter.

The circumstances relating to his invention were

described in a letter he wrote on April 20, 1927, to

Nathan C. Grover, then chief hydraulic engineer of

the United States Geological Survey:

In January, 1882, I began measuring the discharge of

the Ohio, at Paducah, Kentucky, under orders of Captain

Smith S. Leach, Corps of Engineers, U.S.A., who was

Secretary of the Mississippi River Commission. My
equipment included a meter which was designed by

General Ellis and another which was designed by Clemens

Herscliel.

The Herschel meter was of the propeller type, having a

horizontal shaft,—and there were no means for excluding

waier from its bearings.

The Ellis meter had a cupped wheel which revolved in a

horizontal plane,—and there was no provision for exclud-

ing water from its vertical-shaft bearings.

I rated these meters in clear, still water, and the plotted

ratings indicated that they would give accurate measure-

ments.
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Figure 5.

—

Herschel current meters as illustrated in the 1879 edition of Buff

and Berger's catalog.

I then began using them for river measurements. The

water was very muddy, and boils in the swift current

carried fine sand to the surface which I caught in my
drinking cup. Neither would give discharge measure-

ments which corresponded with the gradual increase in

gage.

I then rated both meters in a bayou which had been

recently filled with muddy water from the river, and the

rating dots were irregular in location. Some dots indi-

cated an increase of friction in the wheel bearings.

I then rated the meters in a smooth-flowing chute,

carrying sand and fine silt from the river. The meters

were moved alternatively upstream and downstream.

These ratings were very inaccurate, indicating the effect

of grit in the bearings.

I then wrote to Captain Leach that using these meters,

I was unable to secure discharge measurements which at

all corresponded with the dail>- increase in stage. The

river was having a slow continuous rise. I asked Captain

Leach to send me a meter which would give accurate

measurements. The next day at 5 p.m. I received the

following telegram: "Have no meter to send you. Do

the best you can."

Almost immediately the idea occurred to me that by
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Figure 6.

—

Cross-sectional view of the original Ellis

current meter. (USNM cat. no. 317669.)

Figure 7.

—

Cross-sectional view of later Ellis current

meter. (USNM cat. no. 289637.)

using inverted cup bearings, which would trap air, I

could exclude the water and grit. I made drawings for

such a meter that night, and by employing four mechanics,

the meter was completed the next day at 3 p.m.

This meter was used for measuring the great flood of

that year, 1882.

In other documents. Price revealed that in the group

of mechanics he had hired, one was a tinsmith, another

a blacksmith, and a third a locksmith. They were

"the best mechanics in town." The actual current

meter constructed on that occasion is shown in

figure 2.

Price's criticism of the Herschel current meter was

thoroughly justified. Three types of these meters are

shown in figure 5. The impellers, which consist of

four fan-shaped blades surrounded by a circular

metal band, are likely to catch submerged grasses

and leaves which inevitably impede its normal rotat-

ing action, and this, together with the troubles created

by the silt and grit which add friction to the bearings,

overrules any otherwise excellent features that such

meters might possess.

Price's criticism of the Ellis meter was also valid.

Cross-sectional views of the heads of the two earliest

versions of the Ellis meters are shown in figures 6 and

7. It will be noted that in both of these figures the

lower bearing is shown to consist of a pivot pointing

downward into a cup-shaped receptacle that is in an

ideal position to collect silt. Figure 7, illustrating a

meter provided with a contact chamber, shows a

further unsatisfactory condition. As the meters are

lowered into water, the consequent increase in pres-

sure causes the air within the chamber to compress,

and silty water is forced upward through the bearing

into the chamber. Once inside, the water becomes

quiet, and the sediment settles out and lodges around

the upper end of the bearing. When the meter is

raised out of the water, as is frequently the case during

the course of a streamflow measurement, the water

drains out of the contact chamber, but the sediment

tends to cling to and remain on the bearing. Every

time the meter moves vertically downward while in a

river, more silt-bearing water enters the chamber,

adding in turn an additional load of silt in the area

from which it should be excluded.

The drawing in figure 8 shows how Price managed

to cause the open ends of both cup-shaped bearings to

point downward. When this meter moves downward

Hl'B A.ST1 BEAftI\GS

ORIGINAL PRICE CURBEM METER

f»s constructed in 1882>

Figure 8.

—

Cross-sectional view of hub of the

original Price current meter showing the arrange-

ment by which the air was trapped in the bearing

areas when the meter was submerged.
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Figure 9.

—

Price's stream-gaging plant at Paducah, Kentucky, in 1882. Crew, from left to right: Dorst,

Hoyt, McDonald, Price, and Hill. Note meter between Price and Hill. (Photo from scrapbook of VV. G.

Price.)

in water, air becomes trapped in the cavities which

surround the pivots, preventing silt-laden water from

reaching the bearing areas. The drawing in this

figure was based on the earliest model of Price's

meters; his later models contained even larger air

traps, the particular feature that characterizes all

Price-type current meters. The provision of such air

traps was the specific idea for which his first current-

meter patent (325,011) was granted on August 25,

1885.

Price's original current meter, identified as Price

No. A, was first placed in service at Paducah, Ken-

tucky, on the Ohio Ri\er, between two and three

miles below the mouth of the Tennessee River, on

January 24, 1882. The plant, a catamaran which

was towed from one position to another by the launch

Rose Bud, which Price had used at Clayton, Iowa, for

handling rod floats, was outfitted with reels for

handling the new current meter (fig. 9). News

about Price's current meter spread quickly among

the stream gagers who worked for the Mississippi

River Commission, and they seemed to have been

favorably impressed by it. By February 1883, Price

had built a second model, No. B, which was placed

in service during that same month at Carrollton,

Louisiana, near New Orleans, and was e.xhibited

at the United States World's Industrial and Cotton

Centennial E.xposition (December 16, 1884, to

June 1, 1885) in New Orleans.

After finishing the construction of current meter

No. B, Price began building additional meters for

sale on a commercial basis to the Corps of Engineers

and others. These he started to number consecu-

tively, beginning with no. 1. By July 1885 he had

sold 1 1 of them, mostly to the Corps of Engineers.

In Price's letter of January 14, 1885, to VV. & L. E.

Gurley, he tried to induce that firm to take over the

manufacture of his current meters. The letter stated

in part

:

It is a great trouble to me to find a machinist who can

make them, and I have been obliged to do all of the fine

work myself. I wish you would undertake the manufac-

ture of these instruments and furnish them to the U.S.

Government at a reasonable price. The instruments cost

$40.00 to make, which is the value of material and cost of

machinist's labor at E5.00 per day. You can make them

for less money.

I want a royalty of S25.00 on each, and would require

you to sell them for not more than $100. If you accept

this offer, I will have the instruments patented . . . and

any orders I receive for them I will send to you.

Subsequent events show that the firm of \V. & L. E.
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Figure 10.

—

Large Price current meter (35 inches long), model no. 375 in Gurley's early

catalogs. (USNM cat. no. 311708; Smithsonian photo 44538-D.)

Figure 11.

—

Large Price current

METER (24 inches long), model no.

376 in Gurley's early catalogs but

no. 600 in later ones. (USNM
cat. no. 289642; Smithsonian photo

44538-G.)

Gurley accepted the offer and that by July 1885 they

had begun handling whatever orders for meters Price

received. In fact, they seem to ha\e taken over the

remaining supply (about 4 or 5) of the 16 meters that

Price had manufactured up to that time and sold

them for him.

A common criticism of the early Ellis meters was

that they \vere too fragile for use on large rivers.

In his meters Price had attempted to combat that

criticism by making them much larger and far more

rugged than the 18-inch Ellis meters. His original

meter was a little oser 32 inches Jong. Gurley's

first production model (their catalog no. 375) was

even longer—35 inches. Both were made of much
hea\ier inaterials than were the Ellis meters. Price's

theory seems to have been that large rivers required

large current meters, and the first models built by

both Price and Gurley complied with that theory.

Before Gurley's first production lot of the no. 375

current meters was completed. Price decided that a

smaller meter might be easier to handle when meas-

uring small streams. When, therefore, the Gurley

firm introduced its new line of Price meters in 1887,

that line consisted of two models (figs. 10 and 11)

—

the 35-inch model with a 7^-inch-diameter impeller

(catalog no. 375) and a 24-inch model with a 6-inch-

diameter impeller (catalog no. 376). In both in-

stances, the impellers had five cups.

Between the years 1887 and 1896, when a change in

Gurley's model-numbering system went into effect,

that firm sold 45 Price current meters, 19 of which

were of the larger size (catalog no. 375), and 26 of

which were of the smaller size. Of the large meters,

1 4 were sold to the Corps of Engineers, 1 to Columbia

College School of Mines, New York City, and 4 were

sold in Canada.

Influences of Irrigation and of The

U.S. Geological Survey

Two circumstances appear to ha\-e had a strong in-

fluence on the design and construction of Price's next

current meter, his Acoustic model : the intense interest

in irrigation that had arisen, particularly in Colorado,

Nebraska, and California, and the advent of stream

gaging as one of the functions of the United States

Geological Survey.

Edwin S. Nettleton, a graduate of Oberlin College,

Ohio, who was serving his apprenticeship as a civil

engineer under Zacharia Dane, was among those who

heeded Horace Greeley's slogan, "Go West, young

man, and grow up with the country." Nettleton
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born on October 22, 1831, joined Greeley's Union
Colony when it migrated to the Cache la Poudre

Valley and founded the town of Greeley, Colorado.

As the colony's engineer-in-chief, Nettleton laid out

the town, surveyed the farms, and planned the irriga-

tion system. In March 1883 he was appointed state

engineer of Colorado, an office he held for four years.

During his first year in office, he designed a current

meter. In his biennial report for 1883-84 he

remarked

:

At first the Fteley current meter was used for measuring

current velocity, but it was soon apparent that this instru-

ment was entirely too delicate for the rough torrents, filled

with drift of all sorts, in which it was necessary to use it.

An instrument was designed by me more suitable to the icork

[named the "Colorado" current meterY a description of which

is given elsewhere. The main object kept in view in

designing this instrument, was to make it self-clearing, the

great defect of the Fteley meter being its liability to error

from clogging with grass, weeds, etc. which at times would

vitiate many hours' work .... Three "Colorado"

meters, having been made for this department by W. E.

Scott & Co. of Denver; these instruinents have since been

in continuous use in gauging rivers and ditches giving

entire satisfaction.

Photographs of Nettleton and of one of the current

meters built by W. E. Scott & Co. are shown in

figures 12 and 13 respectively. In addition to having

been referred to as the Colorado and the Scott current

meter, these or very similar meters also have been

called the Nettleton meter, after their designer; the

Lallie meter, named after one of its later manufac-

turers ; and the Bailey meter, which was named after

an associate of Lallie's who worked out the design

wherein the exposed counting wheels were placed

within a glass-covered enclosure. One of the Bailey

meters, from the collection of the Museum of History

and Technology, is shown in figure 14.

The early irrigation work performed in Colorado,

Nebraska, and California demonstrated that there

was a considerable need for a small current meter like

Nettleton's that could be carried about easily and that

was convenient to handle when used for measuring

the flow of shallow streams. Moreo\er, beginning in

1888, when extensive stream-gaging programs were

undertaken by the United States Geological Survey,

the need for such meters became greatly enhanced.

As a matter of fact, the impact of that Federal agency

* Italics are the author's.

Figure 12.

—

Edwin S. Nettleton, State engineer of

Colorado who designed the Colorado current meter

in 1883. (From "Eleventh Biennial Report of the

State Engineer to the Governor of Colorado,"

1901-02.)

on the design and general use of current meters was

so great that a full discussion seems warranted here.

Although the Geological Survey was organized in

1879, with its first office provided by and situated in

the Smithsonian Institution, stream gaging did not be-

come one of its activities until President Cleveland

approved a Sundry Civil Appropriations Act on

October 2, 1888. That act provided S100,000 for the

establishment of an Irrigation Survey. ^Vithin that

Irrigation Survey was a sub-unit called the Hydro-

graphic Survey, the main purpose of which was to

obtain streamflow measurements in areas where the

practicability of irrigation was likely to depend upon

the quantity of available water.

Neither John Wesley Powell, then director of the

Geological Survey, nor Clarence E. Button, chief of

Po\veirs new Hydrographic Survey, were acquainted

with suitable means for ineasuring such water supplies.

Under Captain Button's orders, therefore, a party of

young engineers was quickly organized and rushed to

the tiny village of Embudo, New Mexico, on the Rio

Grande about 45 miles north of Santa Fe, to determine

the best manner in which to make such measurements
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Figure 13.

—

Nettleton's Colorado current meter as made by W. E. Scott & Co., Denver,

Colorado. (USNM cat. no. 289641; Smithsonian photo 44537-H.)

and to ascertain what instruments would be Liest for

that purpose. Enibucio is reported to ha\e been

selected by Powell because of his acquaintance with it

from studies he had made of the Pueblo Indians in that

area and because the riv-er was a western stream, ac-

cessible by railroad, and situated in a canyon which

was assumed to have a mild winter climate. The
engineer placed in charge of that group of potential

hydrographers was Frederick Haynes Newell, a

graduate student from the Massachusetts Institute of

Technology.

Arriving at Embudo during the early part of

December 1888 and remaining there until late in

April 1889, the party tried out all the known stream-

gaging methods and tested practically all the different

t)-pes of floats, current meters, and other streamflow

measiH-ing devices that they could build, borrow, or

otlierwise acquire within the allotted time. The
Price models 375 and 376 meters apparently were

either too scarce at that time or too large for use on the

then-shallow Rio Grande to ha\e been included in

those trials. In fact, most of the actual discharge

measurements made on that occasion were accom-

plished with Nettleton's Colorado meter (fig. 15).

I^^at^S

Figure 14.

—

Xettleton's Color.ado curre.nt meter

as improved by Bailey of Lallie & Bailey, Denver,

Colorado, now in the Smithsonian's Museum of

History and Technology. (USNM cat. no. 248696;

Smithsonian photo 44538-A.)
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Figure 15.—U.S. Geological Survey camp at Emliudo, X. Mex., from 1888-89. Xote Colo-

rado-type current meter held at center of group. Frederick H. Newell, the chief of the

party, stands, profile to camera, in the back row, holding a leveling rod. (Photo courtesy of

U.S. Geological Survey.)

The act of Congress under which the Irrigation

Survey had been created was interpreted by Major

Powell as calling for a relatively quick reconnaissance

of a huge area (some 1,300,000 square miles) of arid

public lands and a subsequent report to Congress on

the extent and location of the particular parcels on

which irrigation appeared to be practicable and

economical. As soon as the report was delivered, the

purpose of the act was to have been accomplished, and

any stream-gaging programs started under it would

terminate automatically. Such being the circum-

stances, Newell found it necessary to write the follow-

ing advice to all of the hydrographers in the Irrigation

Survey on August 22, 1890:

The Conference Committee finally came to an agree-

ment \-esterday. The bill provides (only) 5325,000 for

topography, one-half of which is to be expended west of

the 101st meridian. By this, the Irrigation Survey is

brought to a close as far as the engineering and hydro-

graphic divisions are concerned.

The hydrographers then turned over their equipment,

mules, and horses to the nearest topographic field

parties and either sought new employment or were

assigned to other duties in the Survey. Newell

was one of those retained in the Survey's employ.

Except for a few special incidents, no stream-

gaging activities were carried on by the Geological

Survey for several years. Newell's salary was paid

out of topographic funds, but his major activities

appear to have been associated with exploiting as

many of such special incidents as he was able to bring

to light. A crisis occurred when Major Powell

announced that he would resign as director of the

Geological Survey on June 30, 1894. Charles

Doolittle Walcott, who in 1907 became Secretary

of the Smithsonian Institution, succeeded him.

He found no justification for continuing hydro-

graphic work out of the meager funds then available

to the Survey and regretfully informed Newell to that

effect. Newell, faced with the prospect of seeking

a new job, made a determined effort to preserve

his old job by promoting the enactment by Congress

of a special appropriation of funds solely for stream-

gaging purposes, a difficult undertaking since the
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nation was then in the second year of a financial

depression. Despite the obstacles, he induced Senator

William V. Allen of Nebraska, a state which then

was keenly interested in stream gaging as an aid to

irrigation, to offer an amendment to the pending

Sundry Civil Appropriations Act (already passed

by the House) providing a special item for stream-

gaging operations in the amount of $25,000. The

amendment was accepted by the Senate, but before

approval the amount was reduced to $12,500.

Newell, nevertheless, had accomplished his purpose

and the funds—the first appropriation for the specific

purpose of stream gaging granted by Congi-ess

—

became available to the Geological Survey on August

18, 1894. With those funds, the Geological Survey

reestablished its Di\ision of Hydrography and

appointed Newell, who in his career in the fields

of hydrography and irrigation rose to such eminence

that he has often been referred to as the father of

systematic stream gaging, as its hydrographer-in-

charge. From this small beginning has grown one

of the world's largest organizations devoted to stream

gaging. During the course of its existence, it has,

incidentally, made use of several thousands of current

meters.

The passage of the appropriation bill created a

further renewal of interest in the design of current

meters. Nettleton's Colorado meters, which had

ranked high in popularity during the period when

the old Irrigation Survey was in operation, were

found subsequently to be '"so delicate that the cost

of repairs has become a serious matter, and on the

score of economy it has seemed advisable to condemn

them as they became worn."^ When the Survey's

newly established division of hydrography purchased

additional current meters, the small Haskell type

manufactured by E. S. Ritchie & Sons, of Brookline,

Massachusetts, was most frequently selected. But that

screw-type meter enjoyed only a brief period of

popularity. The turning point occurred in March

1895 when Professor O. V'. P. Stout of the University

of Nebraska borrowed his University's model 376

Large Price current meter (Gurley's no. 37) and made

a streamflow measurement with it—the first measure-

ment ever to have been made with a Price meter in

behalf of the Geological Survey. Stout, one of the

Sur\-ey's per diem employees, seemed very much

" Frederick Havnes Newell, U.S. Geological Survry Bullelin

MO (1896), p. 15.

pleased witli the meter's performance, and two months

later the Survey acquired its first Large Price current

meter. It was a second-hand model 376, Gurley's

no. 55. It originally had been sold to the Montana

College of Agi-iculture and Mechanical Arts on

March 24, 1894, and the college sold it to the Geologi-

cal Survey. It was rated May 27, 1895, at the

Survey's rating flume at Denver, Colorado.

It is of interest to note that whereas the firm of

W. &. L. E. Gurlcy sold only 45 Large Price meters

during the first nine years of their manufacture

(1887 to 1895 inclusive) and those mostly to the

Corps of Engineers, during the next nine years they

sold 104. Of that number, 47 went to the U.S.

Geological Survey and only 3 to the Corps of Engi-

neers. This preponderance of sales to the Survey is

likely to explain the special attention that Gurley

subsequently gave to the Sui-vey's suggestions for

current-meter improvements.

Price '"Acoustic" CuiTent Meters

Price was the nation's foremost authority on current

meters for probably a longer period than anyone

before or after his time. Beginning in 1883, one year

after inventing his first model, and continuing for ten

years thereafter, he directed the discharge-measuring

operations of the Mississippi River Commission. As

part of those duties, he wrote the official instructions

for making such measurements, for rating current

meters, and for taking proper care of the equipment

used for such purposes. One set of those instructions,

which he personally prepared, is shown in figure 16.

He also made special studies on subjects such as

determining the shape of the vertical-velocity curve

and the relationship between the velocity of the water

at mid-depth in a stream to the average velocity

throughout the entire depth at the same spot.

Anotiier type of study which Price was especially

cjualified to perform is expressed in the following

order, a copy of which was preserved in his scrapbook

:

It has been reported to me that there is probably a leak

in the Missouri, near Great Falls, Montana. Vou will

take the necessary instruments and assistants and go to

Great Falls and determine if there is a leak, and if so,

report on how to plug it.

Price's coimnent many years later (1927) was:

I found the leak where the water seeps into the upturned

edge of the Dakota sandstone, fifty miles long, through

the canyon from Great Falls to Fort Benton. At extreme

low water the leak was about 600 second feet. It probably

is one source of supply for the artesian wells of South

Dakota.
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Figure 16.

—

Price's instructions on

care of current meters. {Photo

courtesy oj U.S. Geological Survey.)

While working on the Missouri Ri\er when still

employed by the Mississippi River Commission, Price

was selected to deliver a speech as a delegate from

Iowa to an irrigation conference held on January
30-31, 1894, at O'Neill, Nebraska. The newspaper

accounts of that event described him as an enthusiastic

irrigationist.

With such a background and in such an environ-

ment, Price was cjuick to recognize the need for a

meter, similar to that designed by Nettleton, with

which to measure the discharge of shallow streams and

irrigation ditches. According to his notes, he had

conceived of a design for such a new meter as early as

1893, the year before the irrigation meeting took

place at O'Neill. It was not publicly announced,

however, until his article entitled "A New Current

Meter, and a New Method of Rating Meters" ap-

peared in the January 10, 1895, issue of Engineering

News.

The Geological Survey was one of the earliest

purchasers of the new meter. Its first purchase is

recorded as follows: '"

No. 19. Small Price acoustic meter. Maker's No. 3.

Purchased in June, 1895, and issued to W. G. Russell,

Kansas.

On page 16 of the same document arc the following

comments:

The little Price acoustic meter, lately introduced, has also

been successfully used, even under unusual difficulties.

The instrument has commended itself by its extreme

lightness and its sensitiveness, and it has been found

possible to employ it from bridges by suspension from the

end of long rods made of gas pipe.

Although records show that Price had conceived its

design in 1893 and that sales of this meter had already

been made in 1895, he did not file an application for a

patent on it until August 4, 1896. Patent 582,874 was

issued to him as of May 18, 1897.

1' Frederick Haynes Newell, "Report of Progress of the

Division of Hydrography for the Calendar Year 1895," ibid.,

p. 339.
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W. 0, PRICE.
CdEEENT METER,

No. 582.874 Patented May 18. 1897

Figure 17.

—

The Price Acoustic current meter.

{Photo courtesy of 11'. and L. E. Gurley.)

A photograph of a Price Acoustic current meter is

shown in figure 17 and a copy of the patent drawing

in figure 18. Its name was derived from the manner

in which sound was conducted from the meter to the

ear of the hydrographer. As the impeller revolved,

a worm gear located within the enlarged section of the

suspension rod caused its associated worm wheel to

make 1 revohition for every 20 revolutions of the

impeller (see figure 18). Projecting from one side of

the worm wheel were two short pins, 180 degrees

apart. Each pin, in its turn, caused a small, spring-

actuated hammer to he pushed downward against the

spring during 10 revolutions of the impeller. At the

tenth revolution, the pin automatically disengaged

itself from the hammer mechanism. The hammer

then flew up and struck a diaphragm situated across

the top of the chamber, thus creating a sharp sound.

Then the second pin started depressing the hammer,

and the process repeated itself over and over again as

long as the impeller continued to revohe. The sound

caused by the hammer striking the diaphragm every

Figure 18.

—

Patent drawing for Price Acoustic

current meter.

tenth revohition traveled upward through the hollow

rod, then through a rubber tube to the earpiece worn

by the hydrographer. The hydrographer thus could

count by tens the number of revolutions made by the

impeller during a certain period of time and convert

the data, by means of a previous rating of the meter,

into figures representing the velocity of the water in

feet per second.

At the time when the Gurley firm started manufac-

turing this new meter, they adopted an entirely new

numbering system for cataloging such instruments.

On that occasion they announced that (1) the new

acoustic meters were to be listed as their catalog no.

616; (2) the 24-inch Price meters (model 376) were
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to avoid that nuisance. In at least two instances, one

of which is shown in figure 19, gaging cars were pro-

vided with blocks and tackles for lowering the entire

car and its occupants almost to the water's surface.

With such a facility it was possible to shorten the

length of the gas pipe required for positioning the

meter at the proper depth in the river, but this never

proved to be wholly satisfactory.

Figure 19.

—

Gaging car provided with blocks and

tackles to facilitate using the Acoustic meter.

(From U.S. Geological Survey V\'ater-.Suppl)'

Paper 56, pi. 9.)

to be renumbered as catalog no. 600; and (3) the

manufacture of the 35-inch Price meters (model 375)

was to be discontinued.

The Acoustic meter soon achieved a considerable

degree of popularity, but either a Large Price or a

Haskell meter had to be taken along on stream-gaging

trips by field parties of the Geological Survey in order

to enable them to measure the deep as well as the

shallow rivers. Many attempts were made to adapt

the Acoustic meter for deep-water observations so as

First Small Price Current Meters

The division of hydrography of the Geological Sur-

vey had started early in its existence the practice of

holding periodic conferences at which the problems of

the field men were discussed and new ideas ex-

changed. Prior to the conference held in 1896,

Newell requested that the resident hydrographers be

prepared to submit suggestions for improving current

meters. The suggestions received on that occasion

led Edwin Geary Paul, the mechanician of the divi-

sion, to design the first Small Price electric current

meter. That design contemplated using a 6-cup

impeller identical to those furnished on Acoustic cur-

rent meters, in combination with a yoke, tailpiece,

and electric contact facilities resembling the corre-

sponding parts of the Large Price meters but built on

a much smaller scale.

W. & L. E. Gurley collaborated with E. G. Paul in

manufacturing a meter conforming with his specifica-

tions (fig. 20). Figure 21 shows Mr. Paul rating a

later version of such a meter at the Survey's rating

facility at Chevy Chase Lake, Maryland. Records in

the Geological Survey's Water-Supply Paper 11 (1897)

show that the new meter (Gurley's no. 1) had been

assigned no. 91 in the Survey's meter-numbering

system and that this meter had been purchased from

Gurley as of November 12, 1896. E. G. Paul and

C. C. Babb rated it on December 10 of that same year.

The overall length of this new, custom-built, experi-

mental meter was a mere 12 inches. Several improve-

ments were suggested before a production lot was

manufactured, and about six months later (June 28,

1897) the Survey made its first purchase. A drawing

and a photograph of a meter from that lot (Gurley

catalog no. 617) are shown in figures 22 and 23 re-

spectively. This model soon became very popular.

Within a short time its sales far exceeded die com-

bined previous sales of both the early types of Large

Price cuiTcnt meters.

Throughout all of the period during which the

model 617 current meters were in vogue, the task of
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Figure 20.

—

Original Small Price

current meter designed by Edwin

Geary Paul and constructed by

\V. & L. E. Gurley; now in the

Smithsonian's Museum of History

and Technology. (USNM cat.

no. 289643; Smithsonian photo

44538-E.)

carrying two meters, one for wading measuremems

and the other for cable measurements, was accepted

as a necessary evil. That circumstance was demon-

strated by the decision to manufacture a new model

(no. 618) exclusively for wading measurements as a

companion to model no. 617 for cable measurements.

The new model no. 618 had no tailpiece. In its

earliest version (fig. 24) it was suspended by means of

a wading rod screwed into the top of the contact

chamber, in the place normally occupied by the

contact-chamber cap. In a later version (fig. 25) the

wading rods were screwed into a boss on the yoke.

In both instances the electrical contact facilities were

identical to those furnished in the 617 models.

Small Price "Combination Type"
Current Meters

With the advent of the model nos. 617 and 618 Small

Price current meters, the Geological Survey assumed

practically all responsibility for any changes in the

design of such meters. This was not strange or arbi-

trary because the Survey had become a world pioneer

in conducting stream gaging on a systematic basis, and

such an organization inevitably must take charge of

the improvement of its own working tools. In any

event, that was the prevailing attitude when John
Clayton Hoyt of the Survey began to make his influ-

ence felt on the improvement of current meters and

their accessories. Although Hoyt was not noted for

possessing any particularly outstanding mechanical

ability, he was quick to recognize and to act on good

ideas when he saw or heard of them.

Figure 21.—E. G. Paul (sealed) ratuig a laier model

617 Small Price current meter. (From U.S. Geo-

logical Survey Water-Supply Paper 56, pi. 12.\.)

About the same time the Geological Survey spon-

sored the new-model no. 617 Small Price current

meters, the use of electrical counters for evaluating the

number of revolutions of the impellers began to lose

favor. Xewell reported that circumstance as follows :

"

The more experienced men . . . prefer to reduce their

equipment to the simplest form, and, instead of reading

U.S. Geological Survey, lOth Annual Refiort (1897-98), p. 23.
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Section A-A

Figure 22.

—

Cross-sectional view of model 617

Small Price current meter. (From U.S. Geological

Survey VVater-Supply Paper 56, fig. 3.)

^^'f
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Figure 23.

—

Model 617 Small Price current meter,

now in the Smithsonian's Museum of History and

Technology. (USNM cat. no. 289644; Smith-

sonian photo 44538-F.)

dials, count the clicks . . . made by the miniature sounder,

keeping the time by watching the second hand of an

ordinary watch while it marks off fifty seconds.

These two innovations—the adoption of the nev\

meter and the abandonment of the electrical count-

ers—brought about an unexpected difficulty, the solu-

tion of which fell on Hoyt's capable shoulders. In

explanation of that difficulty, it should be mentioned

that large-diameter cup-wheels on current meters,

"much like large-diameter wheels on a wheelbarrow,"

to use a favorite expression of Hoyt's, revolve at a

slower rate than small wheels. Hydrographers fre-

quently found that during flood periods they were

barely able to keep up with the count of the clicks

Figure 24.

—

E.arliest versio.n of model 618 Small

Price current meter. {Photo courtesy oj U.S. Geologi-

cal Survey.)

Figure 25.

—

L.\ter version of model 618 Small Price

current meter. (Photo taken by author.)

produced by e\cn the large-diameter impellers of the

Large Price meters. When, therefore, the smaller

impellers were introduced on the new Small Price

meters, their rate of rotation was so much faster that

it was utterly impossible for the liydrographcr to keep
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Figure 26.

—

Original model of the

621 -type yoke- and penta-contact

chamber for use on Small Price

current meters. Details of the

inner parts of the contact chamber

are the same as those in figure 27.

The instrument is now in the

Smithsonian's Museum of History

and Technology. (USNM cat.

no. 289645; Smithsonian photo

44538-B.)

up with them without an electric counter. That situ-

ation reached a climax at the second annual confer-

ence of the Survey's eastern hydrographers in January

1905. The minutes of that conference show that a

recommendation was made to the efifect that a current

meter should be constructed for use in flood measure-

ments that will record once every 5, 10, or 20 revolu-

tions.

It may be remembered at this point that Price's

Acoustic meter had an impeller with the same dimen-

sions as those of the Small Price meter. No fault was

found with it in this respect, because, as previously

explained, that meter produced one click for every 10

revolutions of its impeller. With it, the hydrographer

easily could count those revolutions by tens, even

under the most severe velocity conditions. Its greatest

favUt, if any, lay in the opposite direction. While

measuring extremely low velocities, the clicks were

widely separated in time, and the hydrographer might

have to wait several minutes before the first one oc-

curred. Since many observations are needed during

the course of a measurement, an unwarranted amount

of his time would thereby be wasted.

Such circumstances prevailed when John Hoyt

returned to Washington, D.C., in the fall of 1906 from

Alaska, where he had just inaugurated the Territoi-y's

first stream-gaging program. The events which then

took place are best described in the following extract

of a letter dated April 5, 1932, which Hoyt wrote to

Willard G. Steward:

As I remember, when I returned from Alaska in the fall

of 1906, you were engaged in designing a penta head [one

which produced a "click" at the completion of every fifth

revolution of the impeller] for the Small Price current

meter. In discussing this matter with you shortly after I

returned, it occurred to me that gearing similar to that

used in the acoustic meter would give the desired results.

The idea came from having used the acoustic meter in

Alaska during the previous season. Following this sug-

gestion, you made a model of a contact chamber in which

\ou used a set of gears from an acoustic meter [and] pro-

vided [it] with contact points so as to indicate electrically.

This arrangement gave satisfactory results, and a meter

was equipped with this contact chamber and sent to

W. & L. E. Gurley, who adopted the idea. In the meter

wliich was sent to Gurley several other changes were made,

including the substitution of sliding connections in the

place of screw connections. The meter was designed so as

to use either a single point contact chamber or the penta

contact chamber, and was known as the combination

meter.

Mr. Steward's reply contained a few suggested cor-

rections to Hoyt's statement, namely that the model of

the contact chamber actually had not been built by

him but rather by "an old German model maker,

Haverbach(?)." It also indicated that he and Hoyt

had ''designed the balancing weights for the tail-

piece, and revised the locking mechanism [which had

been designed originally by Maxie R. Hall of the

Geological Survey] on the tailpiece so as not to lose

half of the tail."

'

Both Steward and Hoyt overlooked mentioning two

other important features that either of them might

have been responsible for on this occasion. The first

was a slot through the stem of the yoke, through which

a flat hanger bar could be passed and used to support

both the meter and one or more sounding weights.

That facility reduced the cost and complexity of the

hangers and greatly improved the streamlining of the

assembly. The second feature was that of a sliding

hanger used in connection with wading rods. It

enabled the meter to be positioned conveniently at the

desired depth below the surface when it was used for

making wading measurements. Such sliding hang-

ers made it possible, for the first time, for the same

Small Price current meter to be used for making wad-
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Figure 27.

—

Cross-sectional vif.w of a model 621 Small Price current meler with its penta-contact chamber.
(From Engineering .\'ews, July 2, 1908.)

ing measurements in shallow streams as well as for

making cable-suspension measurements in deep

streams. The need for hydrographers to carry two

current meters into the field was finally eliminated.

The original model of the meter having the new
penta-contact chamber (and a new yoke) has been

preserved in the Smithsonian Institution (fig. 26).

Its penta-contact facility may not have been the first

to have been installed in a Price current meter, since

Michael C. Hinderlider of the Geological Survey's

Denver office is known to have previously installed a

number of them in Large Price meters, but this is the

first Small Price current meter to have been so

furnished. And it was from this model that the idea

has been carried into the present.

The method used to produce single-point and penta

contacts can be explained best by referring to figures

22 and 27. The cross-sectional drawing marked AA in

the first of those two figures shows the construction of a

single-point contact chamber. The upper end of the

hub of the impeller has been shaped into an eccentric

which touches the contact wire every time the impeller

makes one complete revolution, producing a click in

the hydrographer's headphones. A penta-contact

chamber is shown on the meter illustrated in figure 27,

where the upper end of the hub of the impeller

terminates in a worm-gear arrangement, the larger

gear of which resolves only once while the meter's

impeller makes 20 revolutions. Four pins, spaced 90

degrees (or five revolutions) apart, protrude from one

side of that large gear. These pins touch the contact

wire as they go past it, thereby making an electrical

contact (and a corresponding click in the headphones)

for every fifth or penta revolution of the impeller. The

hydrographer chooses whichever of those two facilities

is best for the conditions with which he is faced. If

the water is flowing rapidly, he would select the penta

facility for greater ease in counting the clicks. If it is

flowing slowly, he would select the single-point facilitv

because less time is wasted while waiting for the first

click of each observation to occur.

For W. & L. E. Gurley to manufacture a current

meter containing all of those new ideas involved their

changing the pattern for casting the yoke and making

a completely new set of drilling fixtures and jigs.

Nevertheless, in response to the persuasive enthusiasm

of J. C. Hoyt, that firm undertook the manufacture of

the new model. It was assigned their catalog no. 621

and was generally identified by that number. In a

circular letter that Hoyt sent to field offices of the

Survey, he reported that as of May 1 , 1 908, the first

two experimental models were in use and that two

additional experimental models were then being

manufactured.

Despite the statement in Hoyt's letter to Steward

that the meter "was designed so as to use either a

singlepoint contact chamber or the penta contact

chamber," the idea of providing such interchange-

ability was not conceived of as early as he seems to

ha\'e thought. In fact, several documents written by

him during the period in question contain strong im-

plications that he had considered the penta head as

being suitable for measuring both high and low

\elocities, and there was no intention of pro\iding any

single-contact facility with any of the 621 -type

meters (see figs. 27 and 28).

At the time of their introduction, therefore, each

of the 621 -type Small Price current meters was

equipped with only a penta-contact chamber,

but, because the time lost while waiting for that first
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Figure 28.

—

Model 621 Small Price current meter.

Only one contact chamber of the penta type was

furnished with these meters when orders specified

the 621 model. (Smitlisonian photo 44537-E.)

click to occur annoyed the men who used them on

field work, the meters soon were provided with two

interchangeable contact chambers, the extra one

providing an electrical contact at each revolution.

At first, these extra contact chambers vfcre con-

structed like those on the early 618 models, with two

binding posts, one for the insulated wire and tlie other

for the ground (see figures 24 and 29). On later

models, however, the single-point chamber was made

to correspond with the penta chamber in its outward

appearance. In Gurley's catalog, the number 624

was assigned to meters that had been fiunishcd with

the two contact chambers.

All model 624 meters used by the Survey were

rated twice—a low-velocity rating for use with the

contact chamber that produced one electrical contact

per revolution and a high-velocity rating for use with

the penta-contact chamber. For field purposes, both

ratings usually were combined in a single rating table.

To introduce the 621 model, J. C. Hoyt prepared

an article for the Engineering News entitled "Recent

Changes of Methods and Equipment in the Water

Resources Work of the U.S. Geological Survey,"

which was published on July 2, 1908. In that

article Hoyt wrote that it was:

... a meter that can be readily carried in the field and

manipulated by one man under all conditions of velocity,

depth, and width of a stream and with the various facilities

for making measurements, which can be either a bridge,

a boat, a cable and car, or by wading.

A further description of the meter was contained

in a paper entitled "The Use and Care of the Current

Meter as Practiced by the U.S. Geological Survey"

that Hoyt presented before the American Society

of Civil Engineers on September 15, 1909.'- Illustra-

'2 See the Transactions, vol. 66.

Figure 29.

—

Model 624 Sm.all Price current meter

showing the earliest type of single-point contact

chambers. On later models both the single- and

penta-contact chambers had the same outward

appearance as is seen in figures 28 and 30. (.Smith-

sonian photo 44537-C.)

tions accompanying that article—considered a classic

on the subject—show that an additional, although

soon discarded, feature was being explored in con-

nection with the 621 models. It consisted of an

acoustic head which could be used interchangeably

with the other two contact chambers, thus enabling

the same instrument to be operated either as an

acoustic meter producing a click at ev'ery tenth revolu-

tion of the impeller, a penta electric Small Price

current meter producing a click at every fifth revolu-

tion, or a single-point meter producing a click for each

revolution. Of these three facilities, only the second

and third continued in use for some time.

The next variation in the design of Small Price

meters resulted from a suggestion offered by Clermont

Calvert Covert, tlic Geological Survey's district

engineer in New York State. A boss was added to

the upper limb of the yoke of the meter and was

tapped to accommodate the lower section of a wading

rod. Through its use, the meter could be suspended

from a rod without resorting to the sliding hanger

previously mentioned. This yoke became known

as the Covert yoke. Meters on which it was fur-

nished were identified by no. 623 in Gurley's 46th

(May 1912) manual and in subsequent manuals. All

623 meters, like the 624 models, were furnished with

both single- and penta-contact chambers. Represent-

ative models of the 621 and 624 meters are shown

in figures 28 and 29; a 623 meter, with a Covert

yoke, is shown in figure 30.

Because of a desire to have each improvement made
applicable to previous models, most of the important

dimensions on the Small Price meters have remained

the same since the first model 617 was designed.

All of the impellers, called bucket wheels, beginning,

for example, with those placed on the earliest Acoustic

62 BULLETIN 252: CONTRIBUTIONS FROM THE MUSEUM OF HISTORY AND TECHNOLOGY



Figure 30.

—

Model 623 Small Price

current meter showing the Covert

yoke. E.xcept for the yoke, the 623

and 624 models are identical. Each

was provided with both single and

penta interchangeable contact cham-

bers. (USNM cat. no. 323836;

Smithsonian photo 44537-D.)

«^:%

ciinent meters, are interchangeable with the modern

models. Except for a short time when the tailpiece was

screwed into the early 617 yokes, any tailpiece will

fit any yoke. Covert yokes can be substituted for

any 621 or 624 yokes. So, whenever it became

necessary to replace a part on a meter, it usually was

replaced by its most modern counterpart. As a

consequence, meters which had begun their existence

as 617 models frequently became either partly or

completely converted to 623 or 624 models. This

practice has continued, enabling the U.S. Geological

Survey to keep its thousands of meters up to modern

standards and in good repair at minimum cost.

With the introduction of the Covert yoke, both the

Geological Survey, as represented by J. C. Hoyt,

and the firm of VV. & L. E. Gurley seemed satisfied

with the meter's design, and no further changes were

made for several years.

W. G. Price's Final Design

In the summer of 1920, \V. G. Price, then in Yakima,

Washington, examined the changes that had been

made in his current meters and was displeased.

The change that most irritated him was that which

had been made in the upper bearing of the Small

Price meter. In every talk or article he had pre-

sented on the subject, he had emphasized the im-

portance of both bearings operating in air pockets

which would exclude water, silt, and grit. Despite

his admonitions, the design adopted for the upper

bearings on all the Small Price meters thus far manu-

factured was identical to that which he had con-

demned on the Ellis meters as far back as 1882.

His first step toward combating that condition w-as

to apply on August 19, 1920, for a new patent which

had for its objective "the effective protection of the bear-

ings from contact with water, dirt, or other foreign

substances." Patent 1,413,355 was granted him on

April 18, 1922. During the almost two years while

he w^as waiting for the application to be processed,

another idea occurred to him. This was to use the

same contact chamber to house both the single- and

penta-contact facilities. That contact chamber was

to be provided with two binding posts, one pointing

forward, the other pointing rearward. The one point-

ing forward was for use in measuring low velocities

(the single-point contact) ; the one pointing toward

the rear was for use when high velocities were to be

measured (the penta contact). Price filed an applica-

tion for a patent covering those features on November

21, 1922, but patent 1,571,433 was not granted to him

until February 2, 1926. A reproduction of the patent

drawing is shown in figure 31.

While Price was waiting for his patent to be

awarded, W. & L. E. Gurley and the Geological

Survey were collaborating on the dev-elopment of still

another new model, probably without any knowledge

of the renewed interest Price had taken in the subject.

On this occasion it was Carl H. Au, the Survey's in-

strument specialist, who provided the major ideas for

their new design.

"Improved" Small Price Current Meters

Carl Au (1876-1958), after having taught mechani-

cal-engineering subjects for eight years at Worcester

Polytechnic Institute, established an instrument shop

in Washington, D.C. On one occasion his services

were employed by the Geological Survey in connec-

tion with the design and construction of the Survey's

stage-discharge integrator, an instrument used to

convert graphical records of the stages in rivers into

figures representing their average daily discharges.

Officials were so impressed with his work on that

instrument that in 1916 they invited him to become a

senior engineer in charge of the Sun-ey's stream-

gaging equipment -an invitation which he promptly

accepted. During the earlier period of Au's employ-

ment, he devoted most of his time and energy to
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W. C PRICE

CUhFENT METER

fiua VoT SI. IMI

1,571.433 March 5, 1929.

INVENTOR
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Figure 31.

—

Price's p.atent no. 1,571,433, showing

both the single- and penta-contact facihties provided

within one contact chamber. Note the upper bear-

ing at the extreme top of the chainber.

improving water-stage recorders. Five patents were

awarded to him for such improvements.

In 1925, Au turned his attention toward improving

current meters, and hy October of that year he had

apphed for a patent on a design which satisfied him.

Two patents were eventually awarded: patent

1,644,005 dated October 4, 1927, and patent 1,704,162

dated March 5, 1 929. It was during the same year in

which Au had applied for these patents that he and

J. C. Hoyt appealed to the W. & L. E. Gurley firm

to revise the design of the Small Price meters to cor-

respond with Au's latest ideas. As usual, Gurley

C. H AU

CURRENT METER

Original Filed Oct 17. 1925

1,704,162

Figure 32.—.Au's dr.wving lor patent 1,704,162

showing the single- and penta-contact facilities

both within the same chamber. Price's patent

(fig. 31) appears to have covered this identical

feature.

agreed. They assigned catalog no. 622 to the new
model and manufactured a small lot for field trial.

The new models were referred to in Hoyt's writings

as the "Small Price 'Improved' Current Meter."

One of All's patent drawings of this meter is shown

in figure 32. It reveals that his design still contained

the feature that Price had objected to so strongly,

namely that the upper bearing was located below x-a.\\\tx

than above a substantial air pocket. Moreover, Au's

new design for the lower bearing eliminated practi-

cally all of the beneficial air pocket in that area. In

fact, the improvements which Price had so diligently

worked for in current meter design were seemingly

ignored in Au's design. Apparently neither Au, nor

Hoyt, nor Gurley's design engineers were aware of

that circumstance.

The first lot of experimental models built in accord-

ance with .Au's design was completed in March 1926

and distributed for trial purposes among selected field

offices of the Survey. \V. & L. E. Gurley also sent

one to W. G. Price in Yakima with a suggestion that

he exhibit it among those of his friends who were em-

ployed on neighboring irrigation projects. Price was

then away from home for a long period, but about a

year later he exhibited the model as requested. His

report to Gurley (with a copy to the U.,S. Geological

vSurvey) dated March 29, 1927, was both frank and

discouraging, as shown by the following extracts:
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I have been away from Yakima, except for an occasional

day, for a year, and arrived here two weeks ago. Last

Saturday, March 26th, I exhibited your new type meter

at a meeting of Engineers here, most of whom are engaged

in Reclamation work. They were much interested, but

criticised the meter severely ....
I cannot comprehend how an engineer, who must have

known the conditions under which a meter has to operate,

could have designed such a device.

The upper bearing in my first meters was not worn or

cut by grit; the lower pintle bearing was not cut or worn;

and the hardened steel pintle and its hardened steel

bearing did not rust .... The water with the grit it

contained was kept out by the air which was compressed

in the inverted cups.

The upper bearing of thii meter has no air trap to keep

out water and grit, and the lower bearing is nearly as

inefficient. The upper bearing housing is. I believe, four

times larger than necessary. The large housing produces

eddy currents, which may cause some inaccuracy in

measurements.

If I can go East next simimer, I would like to have you

build a meter for me, at my expense, that I would not be

ashamed to bear my name.

I will express your meter to you today.

That letter might have created considerable con-

sternation, especially in the Geological Survey where

the new design had been sponsored, had it not been

that prior to May 18, 1926—several months before

the letter arrived—someone had already conceived

of the idea of moving the upper bearing from the

stem of the contact chamber to a much higher

position within the chamber. The air trap in that

area was thereby provided for the first time on Small

Price current meters. That change first appeared in

Gurley's drawing no. 8250BS, dated May 18, 1926.

The first production lot of the 622 meters was manu-

factured on the basis of that drawing so that only the

small experimental lot contained the fault Price

criticized most severely. The fault of having no air

pocket for the lower bearing still remained, however.

A cross-sectional view of the 622 model is shown in

figure 33.

Figure 33.

—

Cross-section.'\l view of 622-type Small

Price meter. (From VV. & L. E. Gurley, Bulletin

no. 700, April 1928.)

it. Their first stopover was at the Sanitarium in

Battle Creek, Michigan, where Price underwent a

physical examination to see what, if anything, could be

done for his heart condition. Their next stop was to

have been at Schenevus, New York, where some of

Price's relatives still lived and where he planned to

revisit the scenes of his childhood. As their train was

drawing near Detroit, however, he suffered a severe

heart attack. He was taken to the Fort Shelby Hotel

in Detroit, where he died on July 6, 1928, on his

75th birthday, in the city where the world's first

cup-type current meter—Daniel Farrand Henry's cup-

type "Telegraphic" current meter, the forerunner of

all four of Price's current-meter inventions—was

built. No doubt, if he could have made the visit to

Gurley's, the results might well have produced a

change in the subsequent history of current meters.

Price was buried among the scenic hills of his

childhood at Schenevus, New York. The inscription

on his tombstone reads:

WILLI.'MH GUNN PRICE

1853-1928

scientist engineer

AND INXfENTOR

ADORED HUSBAND OF

MARY KELLEY PRICE

The penultimate paragraph of Price's letter of

March 29, 1927, tells of his plan to visit the W. & L. E.

Gurley plant in Troy, N.Y., the following year to get

them to build, at his own expense, a special current

meter that would fulfill all of his desires. That visit

never took place, altiiough Price and his wife left

Yakima in June 1928 with every intention of making

The model 622 "Improved" Small Price current

meters enjoyed the status of being tire Geological

Survey's standard meter for about three years after

Price's death. Toward the end of that period, die

supervision of the repair and improvement of current

PAPER 70: WILLL\M GUNN PRICE AND THE PRICE CURRENT METERS 65



5V S ,

Figure 34.

—

Cross-sectional draw-

ing of type-A Small Price current

meter. (From "Water Measure-

ment Manual," Bureau of Reclama-

tion, 1953.)

meters was shifted from Au to the Survey's section

of field equipment, the chief of which was Rha L.

Atkinson.

Although Price was no longer present to criticize

the design of the lower bearings on 622-type current

meters, his earlier criticism was still valid and was

recognized as such by many Survey officials. Atkin-

son accordingly took steps toward correcting the

fault by redesigning the lower end of the hub assembly.

In his modification, the lower bearing was set within

a fairly deep cavity that was drilled into the lower

end of the axle, thus reestablishing the type of air

m'

TYPE

Figure 35.

—

Hub .assemblies for the three types of Small

Price current meters, showing their differences. (Photo

taken by author.)

pocket that Price had prescribed. At the same time

Atkinson improved upon and standardized the hard-

ness of the metal used for the pivot and lower bearing.

The following is an extract from an announcement

about these alterations which was sent to field offices

of the Survey on September 10, 1931

:

We now have seven meters with redesigned shaft assembly

and pivot in the field. It is hoped that the field tests will

have sufficiently progressed so that the results may be

presented at the [forthcoming] conference.

The field tests reported at the 1932 Water Re-

sources Branch Conference were generally favorable,

and Atkinson's design was accordingly approved.

It was identified by the Survey as the Type-A Small

Price Current Meter and later by Gurley as their

catalog no. 622-A. A drawing showing the details

Figure 36.

—

Small Price current meter

with sounding weight such as used with

cable suspension. Type-.^.A, Type-A, and

622 type all have the same outward

appearance as the meter shown here.

(Photo taken by author.)
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Figure 37.

—

Cross-sectional view of the Pygmy
current meter. (From Ji'aler Measurement Manual,

Bureau of Reclamation, 1953 ed., fig. 68.)

of its construction is shown in figure 34. This design

prevailed for about six years. In September 1937

Atkinson made another change in the lower bearing

by reducing its diameter and moving it into a still

deeper cavity within the hub assembly. This change

further increased the volume and depth of the air

pocket. Price's major objectives in that respect

were thereby fully reinstated. Meters containing

that latest change by Atkinson have been identified

in the Survey as Type-AA Small Price Current

Meters and by Gurley as their catalog no. 622-A.\.

Except for a subsequent change by the author in

the materials used for the pivot and lower bearing

—

stainless steel for the pivot and tungsten carbide for

the lower bearing—the AA design has continued in

effect up to the present (1965). A photograph show-

ing the shaft details in the 622, the A, and the AA
models is shown in figure 35. The external appear-

ances (fig. 36) of all three of these models are practically

identical. The Survey's policy of making each new
design change apply as much as possible to the

preceding models has been followed. Few, if any of

the 622 and Type-A models remain in the Survey's

possession, all of them having been converted to the

latest Type-AA models.

As might have been surmised from the foregoing,

W. & L. E. Gurley was the only firm that manu-

factured Price meters as long as their rights to Price's

patents remained in effect. Not long after those rights

expired, however, several other instrument makers

started manufacturing Price meters. Among them

were the Lallie Manufacturing Company of Denver,

Colorado; the A. Lietz Company of San Francisco,

^r_jrt^

Figure 38.—Type-AA curre.nt meter with a Pygmy
meter on a carrying bracket in the foreground.

(Photo taken by author.)

California; and Hilger and Watts, Ltd., of London,

England. It was copied even in Russia. Evidence

of such construction and use of a Russian Price meter

in Central Asia is contained in the following excerpt

from Professor Steponas Kolupaila's Bibliography oj

Hydrometry (1961):

V. I. Vladychanskii, "O vertushkakh Praisa" [On Price

current meters]. Izvestiia Nauchno-hsledovalerskogo huti-

tuta Gidrotekmki, 8 (1932), pp. 161-164, Leningrad.

[An imitation of the Price meter made in Russia is

described and evaluated.]

Prior to June 1930, the Geological Survey cus-

tomarily purchased its current meters completely

assembled from \V. & L. E. Gurley. After that it

became necessary to fill its reeds through contracts

negotiated annually by the Government's Genei'al

Services Administration. R. L. Atkinson accordingly

prepared the complete written specifications required

for obtaining bids. As subsequent improvements

developed, these specifications were modified ap-

propriately by Atkinson's successors in the Survey.

As a means for assuring that all parts purchased under

such contracts would be interchangeable on all

Survey meters of the corresponding type, Atkinson

made use of a set of gages for checking each critical

dimension—a practice that has been followed to

the present by the Survey. Contracts for individual

parts or complete meters have since been awarded

to the following manufacturers: Arline Precision

Instruments, Inc. and the W. L. Lawrence Company,

both in Baltimore, Maryland ; David White Company,

Loma Corporation, Modern Screw Products Inc.,

and the Scientific Instruments of Wisconsin, Inc., all

in Milwaukee, Wisconsin. Beginning in 1958, cur-

rent meters were dropped from the Federal Supply

Schedule. Since then, Federal agencies have ob-

tained them through their individual purchasing
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Figure 39.

—

The WES Midget Velocity meter de-

signed for use on model studies by the Corps of

Engineers, U.S. Army. {Photo courtesy oj the Mississippi

Rivi'T Commission.)

facilities. Meanwhile, \V. & L. E. Gurley has con-

tinued to manufacture them in accordance with the

Survey's latest specifications.

Pygmy Small Price Current Meters

Just as the Large Price current meters were found

to be too large for use in shallow streams, so the

Small Price current meters were found to be too large

for use in still shallower streams. Even normally

large rivers can become so shallow during periods of

drought that the Small Price meters will not produce

accurate results. To attempt to measure them by

building weirs is usually a highly expensive and time-

consuming procedure. A Pygmy Small Price cutrent

meter, the advantages of which are described in the

Geological Survey's Water-Supply Paper 868, accord-

ingly was designed by the author in 1936. Several

variations in its design were tried experimentally

during the succeeding two or three years, but the

final design as it emerged in February 1939 is that

shown in figures 37 and 38. The impellers on such

Pygmy meters are two inches in overall diameter

(two-fifths the size of those used on the Small Price

meters) . The meter is designed to fit onto the wading-

rod facilities used with all Small Price meters. Be-

cause it is intended only for use with rod suspension, it

has not been pro\ided with a tailpiece. Pygmy meters

enable a hydrographer to make fast and accurate

measurements of streams that are too shallow for the

Small Price meters to be used, yet too large for the

use of weirs or volumetric methods.

In 1944, a still smaller cup-type current meter was

designed, constructed, and used by the Coips of

Engineers at the U.S. Waterways Experiment Sta-

tion at Vicksburg, Mississippi, for measuring the

currents in scale models of river channels. It still

serves that purpose. The impeller of the so-called

WES Midget \'elocity meter is about Fib inches in

diameter—only a little over one-half the diameter of

the impeller on the Pygmy meter. Thus, the Corps of

Engineers, the organization that sponsored the design

of the earliest and largest of the Price meters, also

sponsored the design of the latest and smallest of the

cup-type meters. A photograph of that Midget

meter is shown in figure 39.

Conclusion

The cup-type current meter, conceived in America

in 1867 by Daniel Farrand Henry and improved

upon by Ellis and Price in 1874 and 1882, respectively,

rapidly became one of the most frequently used

current meters in the world. Among all of the

changes that have been made in its design, the

principle of the cup-type impeller, borrowed from

the Robinson anemometer, has been steadfastly

adhered to, but the principle introduced by Price of

excluding silty water from its bearings through the

use of trapped air has undergone numerous changes.

At one time, as has been shown, that principle was

threatened with extinction, largely because the

history of its conception and its purpose seemed

temporarily to have been forgotten. The Smith-

sonian's fine collection—the largest in the world

—

and such papers as this explaining the important

design details concerning these meters will ensure

that their importance is not overlooked.
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Sir William Congreve

and his

Compound-Plate Printing

The chronic problem of counterfeit bank notes in England in

the early 19th century led the Bank of England to sponsor a

public competition for a printing process that would deter forgers

.

Among those answering the appeal was Sir William Congreve, a

colorful and controversial figure, who was a governor of the Bank

and an engineer by profession. During his temporary excursion

into the printing trade he developed a process which he felt could

not be imitated. This became known as "compound-plate

printing." The process tvas never accepted by the Bank, but it

ivas used with success for many years by one of London s private

printing firms and by Somerset House, a government office.

The illustrations used in this paper are reproducedfrom photo-

graphs in the collection of the University of heading, and were

kindly made available by Dr. Michael Tivy?nan of the Depart-

ment of Tine Arts.

The Author: Elizabeth M. Harris received her doctorate at

the University of Reading, England, and is consultant to the

division of graphic arts in the Smithsonian Institution s Museum

of History and Technology.

Sir William Clongreve (1772-1828) was a soldier. mechanics, .\niong his contemporaries Congreve was

engineer and inventor. Most of his in\entions had to notorious as a tireless inventor of perpetual-motion

do with ships and fighting machines, and he is chieflx machines. Journals were apt to treat his public

remembered now for a military rocket which he in- activities with amused forbearance and his inxentions

vented in 1808 and used successfully in several battles with caution, for some seemed no more than rc-

of the Napoleonic Wars. He was interested in arrangements ofthe work ofother in\entors. Congreve

mechanical problems of all kinds, and his fertile filed eighteen British patents between 1808 and 1827.

imagination occasionalh' went bevond the laws of Congreve's connection with the printing trade was
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a temporary excursion from his main fields of interest.

An appeal for inventions to defeat forgery—a chronic

problem in England at the time—kindled his imagina-

tion. In 1818 a public competition was opened, with

the winning entry to be put into operation by the

Bank of England. Although Congreve was appointed

one of the judges, this did not deter him from sub-

mitting his own entries. One of these was the process

he called "compound plate printing."

The following five years were eventful for Congreve.

He developed the idea of compound-plate printing

and took out a series of three patents connected with

it. He saw the process established with a private firm

of printers, Branston and Whiting, and Somerset

House, a government office. He wrote pamphlets

and letters in defense of the method, published speci-

mens, and was involved in several quarrels with other

inventors. Then in about 1824, when the new trade

was flourishing, Congreve turned over the patent

rights to Branston and Whiting and returned to his

other interests. He had nothing more to do with the

process. Compound printing survived until late in

the century at W'hiting's firm and until 1920 or later

at Somerset House. But its history after 1824 formed

a second chapter of steady application, quite different

in character from the first colorful years of its inven-

tion and establishment under Congreve's manage-

ment.

Compound-plate printing was a method of making

relief prints in several colors, the colors all being

printed at once with a single pull of the press. By the

ordinary method of color-relief printing, diff"erent

blocks were used for the different colors and they were

printed in succession. It was always difficult to

print the colors so that they coincided exactly.

Congreve's compound plates, on the other hand,

were composed of several interlocking parts like the

pieces of a jigsaw puzzle. To print a plate the parts

were separated, inked in their different colors, fitted

together again and printed as a single plate. In the

resulting print the colors registered with a precision

that could not be achieved by any other method.

At the same time it was impossible, from the nature

of the plates, to print one color over another to

product a third color. This precise registration

between adjacent simple colors gave the print a

peculiar character and made it quite easy to tell a

true compound print from a copy, however carefulh-

made, by some other method. This, and the fact

that the equipment needed to set up a compound-
printing shop was cumbersome and expensive, made

the process a potentially useful protection against

forgery.

The endemic problem of forgery was intensified

with the coming of the Industrial Revolution. The
\olume of bank notes increased to meet the demands
of an expanding commercial activity for which the

specie circulation was inadequate. Moreover, the

growing labor force needed notes in smaller de-

nominations. The notes were issued by many
independent banks of which the Bank of England

was the most important. The Bank soon became the

chief target of forgers, whose efforts would easily pass

among a new group in society unused to the currency

and incapable of recognizing forgeries.

In 1 797 the Bank of England invited suggestions

from the public for improvements that would safe-

guard its notes. In 1802 a "Committee to examine

plans for the improvement of bank notes" was set up

by the Bank to consider these suggestions, but it found

none worth recommending. Over the next fifteen

years more suggestions were made, but many were

worthless and others repeated ideas that the Bank

had already rejected. Meanwhile the recognized

forged notes increased from about 3,000 in the year

1803 to 31,000 in 1817.' During the Napoleonic

Wars the problem had been shelved. With Europe

at peace again it was no longer to be ignored.

At this time forgery or the passing of forged notes

was a crime which brought the death penalty or

life transportation, but the forgers themselves were

rarely caught. Most of the executed criminals were

the passers, often ignorant and illiterate men and

women who did not understand their crime. Public

sympathy was more with the convicted criminals

than with the law. Juries were unwilling to conxict

and private banks would not prosecute if they could

avoid it. Public feeling was strong. Pamphleteers

and journalists demanded some action to improve the

situation. As a result three separate committees

were established in 1817 and 1818 to investigate the

matter: the Bank's "Committee to examine plans for

the improv-ement of bank notes" was revived; a

Royal Commission was set up by the government;

and the Society of Arts held its own inquiry. Sir

William Congreve, who was a governor of the Bank,

was one of the se\Tn Ro\al Commissioners.

' .\. D. M.'\CKENZiE, The Bank of England note (Cambridge:

Cambridjje University Press, 1953), pp. 5.'j, 58.
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The three committees were told of ideas concerning

all aspects of the Bank's activity and the production of

its notes, but they were principally looking for a new
technique by which currency could be produced in

very large quantities, with each piece virtually

identical and inimitable. In particular they con-

sidered printing, papermaking and ink-making

techniques.

From these inquiries several facts emerged to explain

why Bank of England notes were forged more often

than those of private bankers. Private banks

promised to redeem forgeries of their own notes which

were accordingly handed in promptly and were thus

easier to trace to their source. The Bank of England,

on the other hand, refused to redeem forged notes, so

people who suspected that they held forgeries would

try to pass them on rather than hand them in to the

Bank. The Bank of England was handicapped, too,

by the size of its circulation for there were technical

difficulties in the production of such a large number

of notes, and consequently there was some variation

even between genuine notes.

The Bank's notes were printed from copper plates.

Engraved copper will provide only a limited number

of prints before it becomes worn and the quality of

the prints deteriorates. The number may range from

a few hundred to several thousand, depending on

the kind of engraving, the kind of copper, and the

way the plate is handled in printing. There was no

known way of duplicating plates mechanically. A
team of engravers was employed continuously at the

Bank to engrave new plates which were put into

service as soon as they were ready, but the plates

deviated more and more from the prototypes. The
Bank had various devices, but none satisfactory, for

increasing the number of impressions from each plate.

It was customary for engravers to touch up worn

plates by deepening and sharpening the lines, though

this was not considered among engravers to be a

reputable practice as prints from retouched plates

were never as fine as the originals. Bank of England

plates were retouched several times over, to increase

the life-span of a plate two- or three-fold. Another

trick was that of taking two prints from a plate with

only a single inking. The inked plate was printed the

first time with light pressure so only half the ink was

taken from the lines. This print was removed, a

second paper put in its place and the plate printed

again, this time with extra pressure to take the re-

maining ink fiom the lines. Thus two imperfect

prints were taken for the price of a single good one.

and the plate was saved from the wear of the extra

inking operation.

-

The quality of Bank of England notes was so low
that there was said to be more variety among its

genuine notes than among forgeries. The genuine-

ness of any note, however bad, could be discerned

from secret marks on the print, such as apparently

accidental scratches or faults in the engraving. These
marks, however, known onl\- to Bank officials, gave
no protection to the public. The effect was that the

Bank of England offered both the greatest temptation

and the harshest penalty to the forger.

Sir William Congreve submitted three suggestions

to the Bank committee. They were a metal coin, a

paper, and the compound-printing process. All three

had in common the idea of compound construction.

He patented only the coin and the printing process.

The coin ' was to be composed of two elaborate

separable metal parts. The inner piece or "token"

was made of a hard metal like steel, and the outer piece

or "gauge" was made of a more fusible metal which
was cast around the first. This "gauge" was of no

value except in testing the genuineness of any "token"

by the exactness of the fit. Congi-eve maintained

that the token was inimitable without the original die

with which it was stamped, since no forged copy could

be made to fit perfectly into the gauge. He suggested,

too, that a compound gold ingot could be made in

the same way from interlocking pieces of gold and
another metal. The words "Bank of England" and
"Ingot" were to be stamped on the sides, crossing the

different metals. The ingot would be tested bv the

precision of the fit and the coincidence of the stamped

letters on the diff'erent parts.

The compound coin and ingot were rejected b\ the

Bank Committee and Congreve made his second sug-

gestion, a method of making bank-note paper. The
paper, which he called "triple-paper," was to be made
of three thin layers couched together so that

they fused. The outer two were white and plain

and the center layer colored and strongly water-

marked so the watermark showed very clear and

bright. This, too, was turned down by the Com-
mittee.

Congreve next adapted the idea of the compound

- R,-port oj the Society of Arts relating to forgery (London 1818).

This report contains a full and interesting account of the

state of engraving in England at the time, particularly at the

Bank of England.

' British patent 4404 (November 1HI9).
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coin to make a printing plate. This was his final

"compound plate printing," later sometimes known

as "C'.ongreve's" or "Whiting's process." The process

was patented in 1820.' By this time, however, the

Bank Committee had already chosen Applegath and

Cowper's plan.

Congreve's compound plate was made by first

cutting or stamping a design through a plate of fairly

strong metal, such as brass or copper, to make a

stencil. The stencil was then put on a flat surface

and another more fusible metal was melted and

poured over it. This formed a second detachable

plate covering the back and filling the holes of the

first. Xe.xt the face of the entire plate was engraved

with lettering and mechanical patterns in a con-

tinuous design over both metals. Commonly the

stamped holes were in wormlike shapes as in Bran-

ston's specimen bank note (figures 1 and 2) or roughly

circular (figures 3 and 4). The linear engraving on

the surface was not governed by the pattern of the

stencil: in both of these examples the engraving

formed a more or less independent design laid over

the two colors. For printing, the two interlocked

plates were separated, inked in different colors, fitted

together again and printed at one pull. A special

machine was built to ink and print the plates.'' In

his patent specification Congreve claimed that other

materials such as wood or ivory could be used as well

as metal, and that three, four or more colors could

be combined and printed i)y the same machine with

a slight adjustment.

In 1819 Congreve introduced his compound coin

to the public in a pamphlet. Principles upon which it

appears that a more perject system of currency may bejormed.

The pamphlet had three pages of illustrations. Two
of these consisted of ordinary hand-colored engravings

showing coins. The third illustrated the gold ingot,

with two compound prints in blue and yellow. These

two prints are particularly interesting as they predate

Congreve's patent for compound printing. They
must have been his first published compound prints

though they were not mentioned as such in the text of

the pamphlet. Congreve himself still hardly recog-

nized the promise that the process held: he argued

in the pamphlet that no printed money could be

quite as satisfactory or as inimitable as hard coin.

He had claimed in the 1819 patent for the coin, how-

ever, that his method of casting one metal within

another might be useful for ornamenting furniture,

and for printing. In the case of printing it would

"tend to throw great difficulty in the way of forgery

of bank-notes and other documents which it is

desirable to protect." '

In these two first compound prints the colors, blue

and yellow, were divided very simply into rectangular

forms, unlike Congreve's later more complex plates.

The words "Bank of England" and "Ingot" were

engraved with the letters crossing both parts. It is

obvious, by applying the same procedure recom-

mended by Congreve for testing his patent ingots,

that these prints were made from compound plates

and the colors printed simultaneously: the broken

edges of the letters coincide exactly and the colors

meet but do not overlap.

Other renowned people besides Congreve made
suggestions to the various committees. Among them

was Rudolf Ackermann, an influential London pub-

lisher who, with Charles Hullmandel, was largely

responsible for the successful introduction of litho-

graphy into England. Ackermann recommended the

new lithography for bank-note printing, but the Bank

Committee regarded it as a "discovery as applied to

the subject of forgery infinitely more to be dreaded

than encouraged." ' Other suggestions were made

b\- John Landseer, the first of a famous family of

painters; Alexander Tilloch, a Scottish printer and

pioneer of stereotyping; and Anthony Bessemer,

father of the engineer Sir Henry Bessemer. Thomas
Hansard proposed a note printed entirely from t)pe

in minute sizes. Hansard was the founder of the

publication Hansard's Parliamentary Dehates which

continues to this day. Thomas Bewick, the famous

wood engraver, submitted some of his engravings.

Jacob Perkins, an outstanding American engineer,

came over to London with his "siderography," a

process for mechanically duplicating engraved steel

plates. The London firm of printing engineers,

Applegath and Cowper, was responsible for several

important innovations in presses and color printing.

They proposed a method of printing in several colors

< British patent 4,')21 (December 1820).

5 .\ccording to Timperley the credit for this machine went to

an engineer, Wilks, of the firm of Donkin and Company.
C. H. Timperley, Dictionary of printers and printing (London.

1839) p. 885.

8 British patent 4404 (November 1819).

' Quoted in A. D. Mackenzie's The Bank of England note

(Cambridge University Press, 1953), p. 61.
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compound plates, about 1820. Reduced from 4' 4 x 8,'4 inches. (Original

in St. Bride Library, London.)

Figure 2.

—

Detail i-rom figure i. Enlarged from l!j .\ 2'j inches.
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with a reverse impression on the back of each note in

exact register with the one on the front, and this was

the plan that was finally chosen by the Bank Com-

mittee. Printed specimens were sent on to the Royal

Commission and approved. Applegath and Cowper

were installed in the Bank where they carried out

their work in strict secrecy.

The new bank note was relief printed from stereo-

typed plates. The method of making the plates was

a guarded secret. It apparently involved some

casting system similar to Congreve's, though the

colors were printed at separate impressions. The

note was described in the "Bill for protection against

forgery" of the 10th of July 1820;

The ground work will be black or coloured, or black or

coloured line work, and the words, Bank of England,

will be placed at the top of each bank-note, in white

letters, upon a black, sable or dark ground, such ground

containing white lines intersecting each other.'

For two years the Bank's chief engraver, William

Bawtree, tested the security of the new note by making

copies, using the ordinary means a forger would have

at hand. The design of the note was made more and

more complicated to defeat Bawtree's efforts, until in

1821 Bawtree finally succeeded in imitating a five-color

version. After failing on the basis of Bawtree's test,

the Applegath and Cowper note was abandoned by

the Bank. The old method of copper engraving was

readopted.

In 1819 a pamphlet had been issued by another

competitor, John Holt Ibbetson. This was A prac-

tical view of an invention for better protecting bank-notes.

Ibbetson described his own process, "dissected plate

printing," through its stages of evolution and he

pointed out that it had much in common with

Congreve's compound-plate printing. He hinted

that Congreve's process might be derived from his,

for Congreve, as commissioner, had "had the op-

portunity of perusing the various plans which were

submitted to his board." ' Ibbetson's submissions

had been made between November 1818 and January

1819, ten months before Congreve's first patent was

taken out. His ideas, as they were described in the

Practical view, were broad and vague. Originally

Ibbetson simply took relief prints from wood blocks

engraved by his improved model of the rose-engine

engraving machine. Later he thought of cutting up

the engraved blocks and separating the parts with

type. Finally he inked the several parts in different

colors, clamped them together and printed them as

one block. Specimens of the process in this final

form were shown to the Bank Commission in January

1819. It was these specimens that Ibbetson suggested

were the basis of Congreve's compound process.

Some illustrations in the Practical view demonstrated

Ibbetson's two-color printing (figures 5 and 6). The
designs were bold and attractive, with the blocks

divided into relatively simple geometrical shapes

for the two colors. But this very simplicity worked

against the process as an acceptable means of pre-

venting forgery. Ibbetson's method of cutting the

blocks, which he kept secret, was evidently not

capable of producing the complicated filigree of

Congreve's plates.

Congreve was probably referring to Ibbetson's

prints in a note in his ne.xt pamphlet, Analysis of the

true principles of security against forgery published in

1820:

We have seen such printing [as the compound prints]

produced from blocks; but the form in which the colour

was introduced was extremely simple, not at all like the

work here described.'"

But Congreve made no public reply to Ibbetson's

pamphlet. The Bank competition had led to a

number of similar charges, chiefly suggesting that the

Conunission had shown unfair favor to Applegath

and Cowper, whose method was said to be the same as

other suggestions made and rejected over the prc\ious

fifteen years.

While Ibbetson was making his barely concealed

accusations, Congreve himself was involved in a

quarrel with the American contestant, Jacob Perkins.

Perkins had been as persistent as Congreve in sub-

mitting his "siderographic'' notes to the Bank
(figure 17). Siderography was a mechanical method

of making faithful copies of engraved steel plates

in almost unlimited numbers. A single steel en-

graving could provide as many duplicate plates as

were needed. The plates were printed by the intaglio

rather than the relief process, that is, the ink-holding

lines were grooves sunk below the surface of the steel.

The original engraving, usually measuring only one

or two inches square, was made on a plate of mild

steel, and the surface of the steel was then hardened

* Quoted in J. H. Ibbetson's A practical view of an invention for

better protecting bank-notes (London, 1820), p. 67.

9 Ibid., p. 62.

'" Sir W. Congreve, Analysis of the true principles of security

againstforgery (London, 1820), p. 10.
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Figure 3.

—

Ticket to the Coronation of George IV printed from Congreve's

compound plates, 1821. The border was embossed by Dobbs. Reduced

from 5*4 X 8 inches. (Original in Constance Meade Collection, Oxford

University Press.)

Figure 4.—Detail From Figure 3. Enlarged from 1 x W- inches.
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Figure 5.

—

Compound print from Ibbetson's dissected

plates, 1820. Enlarged from 2/8 inches diameter.

(Ibbetson, .-1 Practical View, 1820. St. Bride

Library, London, copy.)

Figure 6.

—

Compound print from Ibbetson's dissected

plates, 1820. Enlarged from 2' 2 inches diameter.

(Ibbetson, A Practical p'tew, 1820.)

Figure 7.

—

Ticket to the Coronation of George IV, at left, produced

by Whiting and Branston by conventional means with two impressions.

Reduced from 8'- .\ 6*4 inches, 1820. See the corresponding compound-
plate printed ticket, figure 3. (Original in Constance Meade Collection,

Oxford L'niversity Press.)

Figure 8.

—

Detail, Below, From Figure 7. Actual size.

The border was embossed by Dobbs.
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Figure 9.

—

Embossed Prtnt made by \Vhiting using

Congreve's print-embossing process. Reduced from

7x6 inches. (Original in Constance Meade

Collection, Oxford University Press.)
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Figure 10.

—

Needle Cases printed by a process

similar to Congreve's printing-embossing process.

The contrasting color on three of the labels was

printed separately. Unsigned, undated. Actual

size. (Originals in Constance Meade Collection.

Oxford University Press.)

Figure 1 1
.

—

Label Printed from Congreve's com-

pound plates and signed "Whiting Patentee."'

Undated. Reduced from 4x5 inches. (Original

in Constance Meade Collection, Oxford University

Press.)
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Figure 12.

—

Government Duty Seal for medicine,

printed from Congreve's compound plates. Late

19th century. Enlarged from 2'; x 4 inches.

(Original in Constance Meade Collection, Oxford

University Press.)
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100. London Wall

Figure 13.

—

Compound-Printed blacking label. Figure 14.

—

Bl.aoking Labi-.i. in the style of a com-

pound print, but made with two impressions.
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Figure 15.

—

Poster for Stephens' Inks, printed from

Congreve's compound plates. Three separate

labels are pasted down onto a brown printed

ground. Reduced from 11x7 inches. (Original

in Constance Meade Collection, Oxford University

Press.)

Figure 16.

—

Modern Bottle of Stephens' Ink with

a label printed in imitation of the old compound

prints. Height 7' 4 inches.
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Figure 17.

—

Siderography specimen piati:. 1819. Reduced

from 8x6 inches. (Original in Constance Meade Collection,

Oxford University Pi'ess.)

by the old case-hardening method. Next a small

cylinder of mild steel was rolled and pressed re-

peatedly over the engraving, by means of a special

machine, forcing the softer metal into the engraving

until the image was transferred in raised lines to the

cylinder surface. The cylinder was then hardened

and used in its turn to impress the image into any

number of mild steel plates, this time once again in

sunken lines. These plates were then hardened for

printing. Thus a single engi-aving, however complex,

could be copied exactly on to any number of plates.

or the engraving could be repeated several times on

the same plate. The blacks and whites of an image

could be reversed by a change in the order of trans-

ferring: if an extra cylinder was introduced, or if

the initial engraving was made on a cylinder rather

than on the flat plate then the final printing plate

would hold the image in raised rather than sunken

lines, and the printed result would be a white line

design on a black ground.

The siderography process had enormous advantages

for bank-note printing. Since the plates were copied
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mechanically, not by hand, there was no variation

between them. The questionable devices for stretch-

ing the output of each worn plate were avoided,

for there was an endless supply of fresh plates. It

was feasible once more to employ only the most

skilled of engravers to make the original engraving.

By repeating high-class engraving several times on

the plate, combining this with complex machine-

engraved patterns, and reversing the blacks and

whites in parts of the design, a composite plate could

be built up which was well beyond the copying skill

of the ordinary engraver.

Perkins" siderography was already well tried before

he submitted it to the Bank Committee in 1818.

He had worked it out in America over the previous

twenty years, from a much simpler idea. By 1804

the developing process already involved the transfer

by pressure to mild steel and subsequent hardening

of the steel. It was adopted at its different stages by a

considerable number of American banks. In 1810 the

process was patented in England" and demonstrated,

unsuccessfully, to the Bank of England on Perkins"

behalf by his agent, J. C. Dyer.'- The process in its

perfected form of 1818 was undoubtedly the most

important suggestion that was made to the Bank, and

it was short-listed with the Applegath and Cowper

process for the final choice. William Ctongreve,

however, was determined to oppose the American

plan and to further his own at the same time. Perkins

and his friends believed that Congreve's hostility

had caused their failure. In December 1819 Perkins

wrote to a friend:

We were told yesterday from the best authority that one

o( Sir Willm. Congreave's workman had said, that Sir

Willm. had been as cross as a bear, ever since our

specimens were exhibited to the commissioners, that he

had .said that he expected the American plan would be

adopted, altho it was not any better than /lis cl^(n.''

According to an Irish banker, Thomas Joplin, Cton-

greve behaved as though:

the competition lay between Messrs. Perkins and Heath

and himself; and he wrote a pamphlet to prove that his

plan was a good plan, and theirs good for nothing.'''

n
J. C. Dyer, British patent 3385 (1810).

ri A. D. Mackenzie, op. cit. (footnote 1), p. 56.

'3 From a letter quoted in G. & D. Bathe's Jacob Perkins

(Philadelphia: Historical Society of Pennsylvania, 1943), p. 81.

" T. JoPLiN, An essay on the general principles and present

practice of hankinii in England and Scotland, Gthcd. (London, 1827),

p. 118.

The full title of this pamphlet of Cbngreve's explains

his thesis:

An analysis of the true principles of security against

forgery; exemplified by an enquiry into the sufficiency

of the American plan for a new bank note: with imita-

tions of the most difficult specimens of those bank notes

made b>' ordinary means, by which it is proved that there

is no adequate security to be achieved in one colour, in

the present state of the arts, and that the true basis of

security is in the due application of relief engraving, and

printing in two or more colovns.

A copy of this rare pamphlet is in the Patent Office

Libiary in London. Ten of its twelve pages of

illustrations are imitations of Perkins" siderographic

notes or parts of them. One shows a cltunsily cn-

gra\cd and printed compound plate and one is a

very beautiful specimen of Congrcve's "triple paper.""

The siderograph\ imitations were the work of

Congrevc's friend Robert Rranston, and Branston's

son. Robert Branston was one of the greatest English

wood engravers of the time and a leader of the

London school of engra\ers, the rival to Thomas
Bewick's pioneer school in Newcastle.

The Perkins claim for siderography rested on the

fact that it was virtually impossible to make by hand a

number of identical engravings like the repeated de-

signs on his notes. A forgery would give itself away
immediately by the slightest variation between the

designs. Branston got around this difficulty in a \cry

simple way. He engraved only one cop\ of each

design and printed this onto the paper as many
times as necessary. Thus a note which, in the

original, was composed of five designs appearing

nineteen times altogether was copied by making five

engravings and putting the paper through the press

as many as nineteen times. Branston engraved on

wood and on metal, and used both intaglio and relief

methods of printing. A trained eye could spot that

his copies were printed part relief and part intaglio,

but the man in the street would notice only that the

repeated designs were the same, line for line. Bran-

ston's method was ingenious and his results were

remarkable, but there were serious weaknesses to his

case. i\o ordinary paper could take the punishment

of so many impressions. Branston pointed out that

the relief blocks could be duplicated and united into

one block by stereotyping, to reduce the number of

impressions. But the task of making and printing the

blocks was so great that it would have been easier

and more profitable for the forger to earn a living as

an honest engraver. Perkins and his company re-
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garded Branston's copies as the best possible adver-

tisement for their siderography and they offered

to furnish every purchaser of Sir William Congreve's

work with the original note, free of charge, and are

desirous of giving the greatest possible publicity to Sir

William's published imitations.''

Congreve was known as a troublemaker and in his

dispute with Perkins public sympathy was on the side

of the American. But tiie skirmish had no practical

effect as the Bank competition had already been

judged and closed by 1820, and both Perkins and

Congreve soon found other applications for their

processes.

The single compound print in Congreve's Analysis

consisted of a short chain of interlocking rings in a

red and black pattern with delicate white line engrav-

ing through the two colors. The engraving was so

fine that it became almost scratchy, and the relati\-ely

large gap between the two metals disturbed the course

of the engraving tool. The result was less satisfactory

than later coarser engravings. In the final "Notice"

at the end of the book Congreve apologized for this

bad example of his process and promised better ones

to follow:

A variety of Specimens of the work of the Compound
Plate illustrative of the foregoing principles, and formed

on the test of inimitability except by original means,

are in preparation, and will be published, with due

explanations, as a sequel to this volume, containing

both partial and complete Designs for Bank Notes,

and all other public documents, the security of which

against Forgery is important. The Specimens hitherto

produced are to be considered merely as progressive

Experiments.

So far as I know, the promised sample prints never

appeared.

Congreve had a compound-printing press already

established in the government offices at Somerset

House, London, by the time he took out his patent

of 1820. The patent specification refers to the use

of this press for printing government stamps on the

backs of private bankers' notes as an e.xtra precaution

against counterfeit."' In 1822 Congreve issued a

IS Lom/on Journal (London, 18201, p. 209.

i« In his Memoir, Thomas Bewick, the wood engraver, claimed

that the idea of printing stamps on the backs of country bank

notes was his, and that the credit had been unjustly taken by

Congreve. Bewick wrote a letter to the Monthly Magazine to

this effect and made the same accusations as Ibbetson against

Congreve as Bank Commissioner. Congreve gave no public

reply, though he sent a "very impudently written" reply by

hand. Memoir of Thomas Bewick (London, 1862), p. 171.

notice to draw the attention of private bankers to

these government stamps, and to the fact that his

"triple paper" was obtainable from his office, "The
New Bank Paper Office for the Prevention of Forgery"

at Somerset House.'' The bank-note stamps con-

tinued in use for some years, often on the backs of

notes printed from Perkins' siderographic plates.

They must have been the earliest important applica-

tion of Congreve's process. But bank notes were not

often dated, and it is difficult to know which of those

that survive were the earliest. The first dated com-
pound prints that I have seen (apart from those in

the Principles of 1819 and the Analysis of 1820) were

tickets to the coronation of George IV in 1821. From
about this time compound prints became quite com-
mon on tickets, labels, bank bills, and posters. Most

of the blocks were engraved by Robert Branston, the

wood engraver, and they were printed either by the

Somerset House press or by James Whiting. Whiting

had been associated with Congreve as early as 1804

when they were involved in a libel action together '"

and had printed most of Congreve's numerous

pamphlets since then.

The coronation tickets of 1821 were the joint pro-

duction of Branston and Whiting along with Charles

Dobbs, one of the great 19th-century masters of em-

bossing. In the ticket illustrated in figure 3 there

is a red and black compound pattern of roses and

circles surrounding a blue centerpiece which was

apparently printed at the same time. The blue

ticket numbers in the top corners were printed sepa-

rately. The print is surrounded by a border richly

embossed by Dobbs. The enlarged detail from this

ticket in figure 4 shows how the red printing plate

fitted into the black, and how the combined surface

was cut away in some places and engraved in others.

Branston and Whiting made at least two other designs

of tickets for the same event. Their "Procession Pass

Ticket" (figure 7) was produced by conventional

means with two engraved plates printed separately

to give a moire eflect in the o\-erprinting. The

genera! design echoes the st\le of the compound

1"
.A. D. Mackenzie, op. cit. (footnote 1 1, p. 73.

18 The action was brought by the Hon. G. C. Berkeley

against William Congreve, John Parsons, and James Whiting

who were the proprietor, publisher, and printer of the news-

paper, Royal Standard, in which .Admiral B:-rkelcy was accused

of cowardice in battle. Congreve asked that the fine of £ 1000

be imposed entirely on him, as the others wore young men

who would be ruined by it. Trial of Whiting, Parsons and

Congreve (Buckingham, 1804).
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1850. (From the Constance Meade Collection,

Oxford University Press.)

printed tickets, and the borders were again embossed

by Dobbs.

Other compound prints dating from the 1820s are

to be found on the ream labels that sealed bales of

paper on leaving the makers. These were probably

the work of the Somerset House press. Branston and
Whiting printed compound-plate lottery tickets and

bills for various betting hou.ses until private lotteries

were made illegal in 1827. From about 1830 the

process was used on labels of manufactured goods,

paper wrappers for series of books, government duty

seals for patent medicines (figure 1 2) and the decora-

i^)^
.1. O. n-prc!^ r.'i •^ny. ctTtttin <Visr<-;iUt!i'ii

epiirioug article. Ix'sirin^' lUc mii.-9peileii name
of ihB raltiiice ami fH>!« MiSnufacniror. ihiis,

"GILOrr,-or"i..ll ! or c. „. ,,, r.i..,, ,.,«
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il

(.H.I.Ori";" iui.i ..vv,v r;i .K< I i'Mr. a ;i-
sitnilo of i,\-* .si;rnatuir. lliu,-*

figure |y.—Co.MPoUND PRi.NT from a pen nib bo.\.

Mid- 1 9th century. (From the Constance Meade
Collection, O.xford University Press.)

ti\'e borders of official documents. The process

probably survived longest at Somerset House where

it was still being used for government medicine seals

in 1920,"

In about 1824 Whiting and Branston acquired the

patent rights for compound printing from Congreve.-"

Congreve returned to his other interests and from this

time he played no active part in connection with the

process, though he continued to have Whiting print

his pamphlets. Tiie association between Whiting and

Branston continued until Branston 's death in 1827.^'

Branston "s son broke with Whiting to go into partner-

ship with Henry Vizetelly, another wood engraver.

For a time the new firm, Branston and Vizetelly, used

the separate elements of compound plates for page

ornaments, but they never made true compound
prints. Congreve died in 1828 and his widow mar-

ried James Whiting ^^ who moved to Beaufort House,

in the Strand in London. There James, and later

" .Sir E. D. Bacon, The line engraved postage stamps printed

by Perkins, Bacon and Company (London: C. Nissen, 1920), p. 5.

-0 R. M. BuRCH, Colour printing and colour printers (London:

.Sir Isaac Pitman & Sons, Ltd., 1910), p. 122. The dates

Burch gives for these transactions are inaccurate.

-' A unique album, probably the firm's record, was preserved

until recently in London. It consisted of hand-painted designs,

progressive proofs showing engravings at different stages,

prints from blocks separated and united, and test pieces of

machine engraving and lettering, all pasted into a guard book.

The original is lost, but a photostatic copy survives in the

Constance Meade Collection in Oxford.

" Sir E. D. Bacon, loc. cit. (footnote 19).
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Figure 20.

—

Manufacturer's label oI the late 19th

centui-y, printed lithographically. (From the Con-

stance Meade Collection, Oxford University Press.)

1 lyllir .; I
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from compound plates. (From the Constance Meade
Collection, Oxford University Press.)

his son Charles W'iiiting, continued in business \vith

the process until well into the second iialf of the

century.

In addition to compound-plate printing, Whiting

practiced another process patented by Sir William

Congreve in 1824.'^ His idea was a simple method

for making a printed and embossed impression. A
single embossing die, in which the image was sunk,

served as a printing plate: the flat surface surround-

ing the intaglio image was inked with a roller and

then printed with great pressure to produce a white

embossed (or raised) design against a colored ground

(figures 9 and 1 0) . The process was sometimes known

by the French name gaufrage. It was not as original

as compound printing, nor was the equipment as un-

usual, and consequently it was practiced by other

London printers, notably Charles Dobbs and Thomas

De La Rue, as well as Whiting. Nevertheless, Whiting

lettered his gaufrage prints, like his compound prints,

"Whiting Patentee" until long after the patent rights

had expired.

In 1839 a competitive prize of £200 was offered by

the British Treasury' for suggestions for new postage

stamps. Whiting entered both his processes. His

suggested adhesive stamps were printed from com-

pound plates, and the embossing process was to be

used for stamping paper sent in by the public.^* None

of the competitors" entries was judged good enough

to be adopted, but nevertheless the prize was in-

creased to £400 and divided equally between four

outstanding competitors. Charles Whiting was one

of these four, and the specimens of another, Henry

Cole, were also said to have been made by Whiting.^^

The contract for producing the first penny postage

stamps was eventually given to Perkins' company

—

Perkins. Bacon and Petch—which had not taken

part in the competition. The stamps w-ere printed

from Perkins' siderographic plates.

A famous example of color work from the in-

cunabula of printing which provides a unique paral-

lel to Congreve's work is the Psalter printed by Fust

and Schoeffer at Mainz in 1457. The initial letters

in this Psalter are remarkable for the precision of the

23 British patent 4898 (February 1824).
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in the Art Union (London, 1848), p. 194.

25 Sir E. D. Bacon, op, cit. (footnote 19), p. 4.
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Figure 22.

—

Trade card printed l5>' a pruK s\ similar lo Cion-

greve's printing-embossing process. Unsigned, about 1825.

Reduced from 4 x 7'j inches. (Original in Constance Meade
Collection, O.xford University Press.)

registration between tiicir two colors, red and blue.

Engraved ornament, printed in one color, conipleteh-

surrounds the initial itself in the contrasting color.

There ina>- be a millimeter or less separating the

two, but the colors never overlap. For some 19th-

century printers the Psalter was a symbol of

superb achievement and a challenge to their own
ingenuity. Senefelder, in his Complete course of

lithography (London, 1819) and \Villiam Savage, in

Practical hints for decorative printing (London, 1818-23),

chose to demonstrate tln'ir own prowess in color

printing with reproductions of the initial "B" from

the first page of the Psalter. T. C. Hansard followed

suit in his Typographia (London, 1825). Savage

made a careful study of the original initials and
decided that they were produced b>- exceptionally

good registration of two impressions. It is now-

thought that a compound system similar to Congreve's

was used, and the two colors printed at a single

pull.-" Surprisingly, Congreve himself never

attempted to make a facsimile, and there is no

26 See the IPEX catalogue for the British Museum Exhibition,

Printing and the mind of man (London: F. W. Bridges & Sons
Ltd., and The Association of British Manufacturers of Printers'

Machinery [Proprietary] Ltd., 195;-!), Part 1, p. 32.

thoroughh' reliable e\-idence to show that he e\-en

knew oi the initials or their bearing on his own process.

There is only the weight of probability. It is not

likely that he was unaware of the work of his con-

temporaries. Branston, at that time Congrex'e's

chief assistant, was concerned with the production of

Savage's Practical hints. A disparaging note in

Congreve's Analysis seems to refer to Savage's color

work

:

.\ ver\- elaborate work has lately been published on this

subject [color printing], which proves the impossibility

of imiting two colours with any degree of accurac)', by

the ordinary processes, where the forms of its adaptation

are at all complicated.-"

.Some years later a French scholar-printer, J. H. H.

Hammann, stated plainly that Congreve was well

aware of the Mainz Psalter initials and their sig-

nifixance. Hammann, however, was writing thirty

years after Congreve's death, and he did not declare

the source he was quoting:

Le celebre iinprimeur, M. Bensley, montrait un jour a

M. Congreve coinme un phenomene typographicjue la

.grande lettre B, qui est la premiere du Psautier, et dont

Sir W. Congreve, Ioc. cit. (footnote 10)
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les ornements en bleu et en rouge rentrent si parfaitemcnt

les uns dans les autres; Texamen attentif qu'en fit

M. Congreve lui fit decouvrir qu'une pareille regularite

ne pouvait etre obtenue par des impressions successives,

et que le tout avait du etre imprime d'un seul coup de

presse au moyen de deux parties gravees separement et

s'adaptant Tune dans Tautre apres avoir ete couvertes

separement. Tune de Tencre bleu, I'autre de I'encre

rouge. C'est aussi de cette maniere qu'on precede

maintenant dans I'impression a la maniere Congreve.-'*

Compound printing was a cheap process to work

provided that a long run of prints was wanted, for

the blocks were tough and hard wearing and could be

kept in endless supply by casting from the originals.

Apart from cheapness, there were two particular

advantages for the ticket- and label-printing trades.

Any part of the design which might have to be

changed, such as the title, the date, the number of

lottery prizes, or the grade of ticket, could be engraved

on a separate piece of metal and taken out and

changed as necessary without altering the rest of the

block. This principle was already famihar in a

simpler form in the "pierced block" which had been

part of the job-printer's stock-in-trade since the 18th

century. For this, an engraved wood block had

2* Translated, this reads: "The famous printer, Mr. Bensley,

once showed to Mr. Congreve as a rare phenomenon of

printing the Psalter's first large B, with the blue and red

ornaments fitting so perfectly into one another. Mr. Congreve

examined it carefully and was convinced that such precision

could not have been produced by successive impressions. It

must all have been printed at a single pull of the press, using

two parts which were fitted into each other after being engraved

and inked separately, one in blue and one in red ink. This

is the same as the method used today in the Congreve process."

J. H. H. H.'^MM.'KNN, Dei arts graphiques (Paris and Geneva, 1857),

p. 112.

holes cut through where names or numbers were to

appear, and these names were engraved on separate

fitting blocks and inserted into the holes.

As a second acKantage to Congreve's process, it was

extremely difficult to make a good forgery of a

compound print without the equipment for casting,

which ordinary forgers were unlikely to have. Some
of the ream labels were very roughly printed, but

it was still immediately obvious that they were

genuine from the exact registration of the engraving

through the different colors. Besides these two

practical ad\-antages, the prints looked attractixe

whether they were gay for the lottery bills, formal for

the official seals, or rich and splendid for the corona-

tion tickets.

In the 19th century Congreve's prints were com-

monplace. They were found in everyday use on

posters, tickets, book wrappers, labels, and bank

notes. The process came to be so well accepted in its

role of protector against forgery that sometimes the

typical compound design, rather than the peculiar

details of printing, was taken as a sign of authenticity.

Then, when the process was superseded by a more

modern one, the old design was carried over to the

new process although, of course, it no longer repre-

sented any actual security. Figures 20 and 21 show a

late 19th-century paper-manufacturer's label, printed

lithographically, and the official paper seal of the

1820s that served as model. In the same way the

recent "Stephens' Ink" label (figure 16) is a close

copy of the 19th-century one (figure 15). Compound

prints themselves had no more collectors' value in

their own time than bus tickets or match folders have

today. As a result, they are now extremely hard to

find. But it is not unusual to see modern designs,

like those illustrated, which are derived from

compound-printed prototypes.
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John N. Hoffman

ANTHRACITE
In the Lehigh Valley

of Pennsylvania 1820-45

This monograph presents the historical and technological de-

velopments of the anthracite industry in the Lehigh region of

Pennsylvania from 1820 to 1845. The first constructive effort to

develop this region began in 1818 with the enactment of a laiv^ by

the Legislature of Pennsylvania granting -'unlimited powers" to

three itidividuals to improve the navigation of the Lehigh River.

Regular shipments of anthracite from the Lehigh region began in

1820.

The development of the industry during this period was

achieved through the combined efforts of the Lehigh Coal and

Navigation Company and its former companies, who operated the

only navigation facility from the region and engaged in mining

operations. During the first 25 years of the industry, 17 additional

companies were chartered by the Pennsylvania Legislature to take

advantage of the navigational improvements constructed on the

Lehigh River. These companies were authorized to engage m

mining and railroad operations, but none was given "unlimited

powers."

Large amounts of capital were required to develop the coal-

bearing properties and to bring the coal to market, with most oj

the money being invested in the construction of transportation

facilities. Approximately $12.2 million was invested by the various

companies to develop this industry during the period 1820 to 1845.

The Author: fohn N. Hoffman is associate curator, division

of manufactures and heavy industries, in the Smithsonian Insti-

tution's Museum of History and Technology.
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Introduction

THE ANTHRACITE DEPOSITS of Northern Pennsyl-

vania are found in the counties of: Carbon, Co-

kimbia, Dauphin, Lackawanna, Lebanon, Luzerne,

Northumberland, Schuylkill, Sullivan, Susquehanna,

and Wayne. The coal-bearing formations cover a sur-

face area of approximately 484 square miles and are

divided into four fields: northern (176 square miles) ;

eastern middle (33 square miles) ; western middle (94

square miles) ; and southern (181 square miles).

In anthracite trade circles, the four fields are

regarded as three producing areas: The Schuylkill (the

western middle field and the southern field west of

Tamaqua) ; The Lehigh (the eastern middle field and

the southern field east of Tamaqua) ; and The Wyo-

ming (the northern field)

.

The topography of the area in the pioneer days of

the Commonwealth excluded the use of turnpikes and

the construction of new roads for the transportation of

bulky commodities from the hinterland to the highly

populated east-coast areas. The entire anthracite area

was drained by three large streams, but none was

navigable with safety in its natural state.

The Lehigh River was early recognized as being a

natural route for the transportation of materials to

market. The Pennsylvania Legislature passed a Lehigh

River improvement act in 1771, and other programs

followed in 1791, 1794, 1798, 1810, 1814, and 1816.^

Several of the acts included the appointment of com-

missioners to supervise the river improvements and

moderate appropriations to help finance the work. In

every case the money was undoubtedly spent, but the

construction efforts, if any, did not materially improve

the navigation of the river.

Discovery of Coal in the Lehigh Region

The discoveiy of coal in the Lehigh area is credited

to Philip Ginder - who, m 1791, found coal on Mauch

' Erskine Hazard, "History of the Introduction of An-

thracite Coal into Philadelphia" {Historical Society of Penn-

sylvania Memoirs, vol. 2, pt. 1 ; Philadelphia: Carey, Lea, and

Carey, 1827), p. 157.

Thomas C. James, "A Brief Account of the Discovery of

Anthracite Coal on the Lehigh" {Historical Society of Pennsyl-

vania Memoirs, vol. 1, pt. 2; Philadelphia: Carey, Lea, and

Carey, 1826), p. 318. Dr. Tames used the family name as

Ginler, but the monument e-ccted at Summit Hill, Pa., com-

memorating the 150th anniversary (1941) of the discovery

of anthracite was inscribed "Ginder."

Chunk (Sharp) Mountain where the town of Summit
Hill is now located, about nine miles west of the town

of Mauch Chunk.'' Ginder gave some specimens of his

find to Col. Jacob Weiss at Fort Allen (Weissport).

The Colonel sent the specimens to Philadelphia for ex-

amination. Sometime later Colonel Weiss was in-

fonned that the specimens were found to be "Stone

Coal."

On February 13, 1792, Colonel Weiss and several

friends from Philadelphia formed the unincorporated

Lehigh Coal Mine Company.^ This organization ob-

tained from Colonel \\'eiss the land upon which the

discovery was made (Weiss had obtained the land pre-

viously from Ginder) and, therefore, obtained addi-

tional wanants. The total land holdings in this area

subsequently totaled approximately 8,000 acres.

The organization commenced mining operations and

produced several tons, having little difficultv in digging

tlie coal from the a;round. Tliey were then confronted

with the problem of what to do with the coal. Mining

operations \\ere suspended for the time being and their

efforts were concentrated on proving anthracite's value

by arousing public interest in their product. The public,

however, was reluctant to accept this new fuel. An-

other problem faced the owners; that of transporting

their mined coal out of the primitive forests to the

landings along the Lehigh River. Six wooden arks

were constructed on the river above Mauch Chunk,

loaded with coal, and made ready for high water

(freshets) to float them down to Philadelphia, via the

Lehigh and Delaware Rivers. Each ark held approxi-

mately ten tons of coal and had a crew of six men.

After a perilous trip down the rivers in the spring of

1803, two of the six arks finally reached Philadelphia.

No ready buyer could be found but, after much effort

by the owners, the coal was sold to the city for use as a

fuel for a steam engine at the city's waterworks. This

experiment was a failure as the fireman was not suc-

cessful in getting the coal to burn.'' The organization's

hope of prosperity was lost.

In December 1807, the owners granted a lease to

Rowland and Butland to remove coal from one of the

\eins exposed on the mining property. The ]3artnership

was disbanded and the lease forfeited during the next

' Mauch Chunk and East Mauch Chunk became Jim

Thorpe by referendum in 1954.

' James, op. cit., p. 319.

= Ibid.
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Figure 2.

—

Lejl: Josiah White. Right: Erskine Hazard. Both lithographs were by A. Newsam, ca. 1840. (M. S. Henry. History

ojthe Lehtgh Valley, 1860.)

year as they failed to mine any coal from the property."

In December 1813, the owners, still desirous of

developing their holdings, granted a lease for 10 years

to Charles Miner, Jacob Cist, and John VV. Robinson.'

As an additional incenti\c, the owners gave this new

group the right to cut timber on their property and use

the timber for constructing riverboats for moving the

coal down the river. In leturn for the lease, the lessees

agreed to market a minimum of 10,000 bushels of coal

annually. Revenues from the sale of the coal went to

the new organization.

The owners received nothing from the lease, but

hoped that by the time the lease expired, and with a

public more accustomed to burning anthracite, the

mines would be a valuable asset.

'History of the Lehigh Coal and Navigation Company

(Philadelphia: W. S. Young, 1840), p. 3. Hereafter referred

to as Lehigh History.

' Hazard, op. cit., p. 158.

This new group in the spring of 1814, managed to

load and send five arks of coal from the landing at

Mauch Chunk. Two arks finally reached Philadelphia,

but three arks were wrecked in passage down the Le-

high River. Most of the coal that survived the trip

was purchased by Josiah White and Erskine Hazard

for $21 a ton for use in their wire manufacturing plant

located at the Falls of the Schuylkill.' This price did not

compensate the new partnership for the mining costs,

the transportation costs from mine to the river, and

the losses incurred in transporting the coal down the

river. Cost of the operation as given by Charles Miner

in his testimony before the Packer Commission's study

of the coal trade in 1834, showed that $330.77 was

expended for each ark containing 24 tons of

anthracite.'-'

" Lehigh History, op. cit., p. 4.

" S. J. Packer, "Senate Committee Report on the Coal

Trade" {Senate Journal, vol. 2, 1833-34: Harrisburg: H.

Welsh, 1834), p. 540. Hereaftei referred to as Packer Report.
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Mining coal @ $1 per ton $24. 00

Transportation 9 miles @ $4 per ton 96. 00

Loading ark 5.00

Ark construction 130.00

Crew's wages 28. 27

Pilot wages 47.50

Total $330. 77

This expenditure was required whether or not the

ark arrived safely in Philadelphia. As a result of this

one venture, this group, like its predecessors, was com-

pelled to abandon the operation and forfeit the lease.

During November 1817, Josiah White and Erskine

Hazard, being in need of coal for their wire plant,

turned their attentions to the coal lands located along

the Lehigh River. Josiah White \vas one of the com-

missioners named in the act of incorporation of the

Schuylkill Navigation Company in 1815. At the elec-

tion of managers by the stockholders. White was not

elected due to his ownership of the \vire manufacturing

plant at the Falls of the Schuylkill and his possible

conflict of interest." White's unpleasant associations

with the managers of the Schuylkill Navigation Com-
pany also contributed to his searching for a new source

of fuel.

Mr. White and George F. Hauto visited the mining

operations on Mauch Chunk (Sharp) Mountain and
the Lehigh River soutlnvard from Mauch Chunk
during December 1817." Josiah White's report on his

trip to the region was quite fa\orable as he \sas con-

\inced that coal could be obtained cheaper from this

area. His in\estigation also revealed that the lease of

the coal lands by the third partnership had been for-

feited and the most recent law which had been ]3assed

by the legislature to improve the navigation of the

Lehigh River had not been carried out to completion.

Messrs. White, Hauto. and Hazard, upon applica-

tion to the original ONvners, were granted a 20-year

lease on the mine holdings. Their lease allowed 3 years

for preparation of the property and required that they

deliver at least 40,000 bushels of coal annually to Phila-

delphia. Annual rent for the property was one ear of

corn payable on demand. ^-

Lehigh Navigation

After White, Hauto, and Hazard had obtained the

lease for the coal lands, they turned to the Pennsylvania

Legislature for an act to authorize them to improve

the navigation of the Lehigh River. Their plans were

presented to the legislature and strong opposition was

encountered : the navigation plan for the Lehigh River

was considered impractical because of the failure of

previous plans to accomplish the same purpose. On
March 20, 1818, the legislature gave this new group,

as individuals, "the privilege of ruining themselves"

l.-\ppendi-x I).'' Major provisions of the act were:

(1 I the di\ision of the Lehigh River into two sections;

(2) the locks to be at least 18 feet wide and 80 feet

long; (3) downward navigation to be accomplished at

least once e\ery 3 days (except during the winter)
;

and (4) the retention by the legislature of the right to

purchase the navigation and all improvements at any-

time after the expiration of 36 years."

The Lehigh Navigation Company came into exist-

ence on August 10, 1818, when the money subscribed

by stockholders had been obtained. Subscriptions

amounted to $50,000 with 25 percent of the profits

from the operations reserved for the stockholders. The
balance was to go to the three original founders who,

in addition, had the exclusive control of the company.

Work commenced immediately on the project.

Another organization, the Lehigh Coal Company,
was being formed by the owners of the Navigation

Company to mine the coal, to build a road from the

mines to the river, and to bring the coal to market by

the river navigation. On October 21. 1818, this orga-

nization was completed with a subscription of

$55,000.^^ Subscription was similar to the Navigation

Company with the percentage of profits retained for

the stockholders being 20 percent instead of 25 percent.

The mine wagon road was laid out in 1818, and

completed in 1819. It was a descending road designed

" Lehigh History, op. cit., p. 5.

"Charles V. Hagner, Early History of the Falls of the "See Appendix I; Pennsylvania Legislative Acts, 1818
Schuylkill (Philadelphia: Ch.xlon, Remsen, and Haffelfinger, (Harrisburg: C. Gleim, 1818), p. 205.

1869), p. 45. "Pennsylvania claimed ownership of the Lehigh River on
"Richard Richardson, M-moir of Josiah White (Phila- July 19, 1965.

delphia: J. B. Lippincott and Cu,^:pany, 1873)
, p. 40.

'"' Lehigh History, op. cit., p. 9.
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Figure 3.

—

Plan of the Bear Trap Locks. To fill the locks: close wickets at B; open wickets at .-1; Avater passes thirough

sluices E and .-1 into water chamber, then through sluice C underneath gates; gates elevated; water collects back of gates

and forms pool upstream. To empty the locks: close wickets at A; open wickets at B; water passes from water chamber and

under gates through sluices B and D; gates lowered; water passes over lowered gates carrying the boat downstream.

Chute length-gate to downstream end: 68 feet. Chute length-gate to upstream end: 38 feet. Chute width: 17 feet. Gates

length: 27 feet. Water chamber length: 33 feet. Water chamber width: 10 feet. (Richard Richardson, Msmo/V o/ Jo.f(a/i

White, 1873. pp. 128-129.)

to accommodate a railroad; the rails could be placed

when business would warrant this additional expense.

This wagon road was the first in the Commonwealth

ever laid out using surveying instruments and em-

ployed the principle of spreading out the difference

in elevation from the beginning to the end over the

entire distance as evenly as the topography would

permit.

A drou,ght occurred late in 1818 and the water level

of the Lehigh River fell 12 inches below what, up to

that time, had been considered the lowest water level.

This required the storage of make-up water by con-

structing additional dams near Mauch Chunk. Josiah

White introduced a lock and dam with sluice gates to

provide an adequate water level for the passage of the

canalboats as required. The workmen on the naviga-

tion called the locks the "Bear Trap," to elude the curi-

osity of persons who were inquiring about the purpose

of their construction efforts. Twelve of these locks and

dams were installed during 1818 and all proved to be

workable. Josiah White obtained a patent for the de-

sign of the locks on October 19, 1819.^" This new con-

struction delayed the opening of the waterway as ad-

ditional capital proved difficult to obtain.

On March 7, 1820, Hazard and White bought out

G. Hauto's interests after some disagreement among

them as to the conduct of the operations. The claims of

Hauto against the company were not settled until 1830.

The Lehigh Navigation and Coal Company was

'" Richardson, op. cit., p. 58. Richardson cites December,

but the U.S. Patent Office records indicate October.
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formed on April 21, 1820, by the merger of the Lehigh

Coal Company and the Lehigh Navigation Company
(Appendix II). White and Hazard subscribed to ap-

proximately three-fifths of the additional amount of

capital required to effect this reorganization. With this

additional capital the navigation was placed in opera-

tion after repairing some dams that had been destroyed

during the winter of 1819. Three hundred and si.xty-

five tons of coal were sent to Philadelphia in 1820, and

so began the first regular shipment of coal from the

Lehigh region via the navigation.'"

The organization was completely reorganized by the

directors on May 1, 1821, with an accompanying in-

crease in stock. The name of the new amalgamation

was "The Lehigh Coal and Navigation Company." All

the operations became more closely aligned and Josiah

White and Erskine Hazard ga\e up their special rights

and became ordinary stockholders. The management

became the responsibility of five managers, with two

(White and Hazard) located in Mauch Chunk and

three in Philadelphia.'-

Financial problems still confronted this new organi-

zation \v'ith investors being reluctant to purchase more

stock and the stockholders being concerned about their

personal liability as the organization was not incorpo-

rated. To overcome these difficulties, an application

was submitted to the legislature, which, on February

13, 1822, approved an act of incorporation. This act

also enabled the company to increase its capital stock

with new subscriptions amounting to $83,950.'^ Later

in the same year, the descending route of the Lehigh

Navigation was inspected by commissioners appointed

by the Governor for this purpose. The commissioners'

report was favorable and on Januai-y 17, 1823, the

Governor granted the company a license to take tolls,

but no toll was charged until 1827.-"

The boats, or arks, on the navigation were designed

as flat bottomed shallow boxes, from 16 to 18 feet wide

and from 20 to 25 feet long. Two of these boats were

connected by "hinges" to allow them flexibility when
passing through the dams. As the boatmen became ex-

perienced in handling the arks in pairs, the number of

sections in one ark was increased until overall lengths

of 180 feet were obtained. These arks were steered with

long oars, similar to those used on rafts. The arks were

SD GENERAL NEWS. it-^r,

" Lehigh History, op. cit., p. 11.

"Ibid., p. 12.

"Ibid., p. 13.

=°Ibid., p. 15.

SWI.\(;LE tow.—Tworenlsa poiiiul vmH !.< pi.id lur good
clean Swingl ' Tow al Mauch Chunk. J. W lill K, A. HI.

fj^HE bo.alRI) of ivrss.\(7Eutrof^rL.;i^;Tnrf7.r,r7,ii'i
M. Navigation Company iiave resolved llml lor the vcar It-oO,

the Toll on S^LATE be 1 j cents per Ion six tect lift or tall.

Oh Coal 1 j cents per ton per six feel or I'lilt (t;c(iial to 104 rents-

a ton from Mauch Chunk to the Delaware, being a lockage of ^tjO

feet,)

Tftr Toll on ill tithcT arliclfs the xamr fig taul year Vii :

Three fourths of a com per ton tor evit^- six fei 1 lift or ^11, on
ttmestone, (iypsiim,.Manure, Clay, Iro;i Ore, Stone, Firewood,
Sand, Earth, and Hvdraiiiic I^ime.

Ij cents per ton lor every six feet lift or fall on Bricks, Lime
Marble, liark, Vegetables, liuy. Straw Salt, and Lumber m
BoaLi.

li of a cent per ton for every six feet lift or Hill, on Cm in and
Seeds of all sons, Flour, Cider, Fruit, Oy.sters, Beer, Porter mid
Pig-iron.

^ cents per Ion for every six feet litl or fall, on Beef, Pork, Fisli,

Lard, Butter and Whiskey.
On Lumber in rafus, and aM articles not cnitmcratcd, Eg cents per

ton forevery six feet fall orlili.

On Boais and vessels made and used for the transportation of
passengcis— 10 cents for every six feel lifl or f;ii!.

On boats or vessels passing: up, except boats lor passengers,—

G

cents for every six feet lift or fall

List of quantities which arc to he deemed and csttmaled as a
ton in collerfing the lolls, viz:

FLOUR.— ICi barteks : W hiskcy-8 barrel-, or 2 hocsheads:

Wheat, Kye, Indian f-orn, and Flaxseed—40 bushels: Oats— Sfl

bushels: Barley, 50 buslie's- Stone, four fifths of one perch:

—

Salt Fish, -^ barrels, or 14 halfbarrels: I-uniber, IOl.t'fe»t board
measure, 20UO 3 feel shingles, 300O -2 feet do- SOfHJ 1 loot C inch
do. 1000 banel staves and heading, 700 hugshead do. lliO rails or

posts, 10110 lIoop-[Kiics ; Cordwood, half a cord : Bricks, 500 :

Sidl, Liverpool fine, 46 bushels ; all other description?, 3i; liushels:

far, 7 barrels : Kosiii, 8 barrels ; Oysters, 400O : Lime, 28 bush-

els: \V!iidovvGlass,2;<00feel.

The Oflices of collection are at Mauch Chunk, Lehigh Gap,
Alientowri, Bethlehem, and South-eastcu. atv\liicli places on a re-

ceipt of the toll, [icrmits will be grantc<l ("dh a reduction of Ci per

cent) lothe placcof desliiiatioii. The tollis a'.uays lobe paidhc-
forcthe boat or craft passes the LOCK.
The price of COAL, alMnuch Chunky by the cxitfioto descend

the canal subject to Ihe above toll, two dollarsand 26 cents |ier ton.

The prices of coal al other places on the Lehijjh Ihe iame as

last year JO.SI.\H W HriE,
Mauch rftiiiil-, 1st, mo, 26,1 630, t f. AcJuifr Manai'cr.

'l\fUTlCE.—llie aiihscriber hereby gives notice, that he wdl

Figure 4.

—

Lehigh Navication rates of toll, January 28,

1830. (Mauch Chunk Courier.)

built by hand and five men could fabricate one section

in 45 minutes.-' These arks made only one downward

trip, and upon reaching Philadelphia were broken up

and the lumber sold. The hardware was returned by

the boatmen to Mauch Chunk and reused in the con-

struction of new arks. This type of boat was in use on

the navigation until 1833, when the Delaware Division

of the Pennsylvania Canal was opened and ]3ermitted

up-and-down river passage.

The wooden arks were constructed mainly of pine

lumber obtained from nearby forests. The boards were

placed in cross courses and fastened together with nails.

To ensure tight fitting joints, a joiner's plane was

drawn along the edge (lengthwise) of the board to

produce a continuous even surface. In the boat yards

at Laurel Run (18 miles above Mauch Chunk), the

plane was drixen by waterpower and at Mauch Chunk

Ibid..
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Figure 6.

—

The ca:. : system of the Lehigh Coal and Navigation Company, ca. 1867. (L.C.N.C.j



by crank and manpower. Caulking was done with

white pine strips, half an inch square, placed into

grooves made for this purpose in the plank. Rushes

were also used at times for caulking operations.-- The
consumption of large quantities of lumber in the con-

struction of these temporary boats soon became appar-

ent and additional timber resources were of utmost

importance. In 1823, navigation was extended up the

Lehigh River approximately 16 miles to procure addi-

tional supplies of lumber.-^

Public acceptance of anthracite seemed to emerge

during the 1824-25 season. In the previous 3 years, the

supply exceeded the demand and a quantity of coal

remained on hand at the end of each winter. However,

the entire stock of anthracite in 1825 was sold by the

31st of December.-* Shipments of anthracite down the

Lehigh River tripled between 1824 and 1825.

During 1825, the company circulated a pamphlet

containing facts illustrative of the character of Lehigh

coal (Appendix III). Signed statements from black-

smiths, foundries, rolling mills, distilleries, and home
and industrial users were included to indicate the

various and efficient uses of Lehigh coal.-''

The variety of industries presented is an indication

of the extensive efforts by the company to prove the

value of their product. Grates and furnaces for burning

anthracite were also being manufactured by this time.

Jacob F. Walter, a grate manufacturer in Philadelphia,

was instrumental in this promotional effort.-'' Walter

received a patent on his grate design on June 8, 1827.

By 1826, the wagon road from the mines to the river

landing at Mauch Chunk was in need of improvements

to handle the increased demand for coal. As this road

"-Hazard's Register of Pennsylvania (vol. 6, no. 18, Octo-

ber 30, 1830; Philadelphia: W. F. Geddes, 1830), p. 275.

'' Lehigh History, op. cit., p. 14.

-' Anthracite shipments from the Schuylkill field began with

the completion of the Schuylkill Navigation in 1825.

~' Lyman and Ralston, Facts Illustrative of the Character

of the Anthracite (Boston: T. R. Marvin, 1825), p. 9. "We
have used the Lehigh coal several years past to heat bar iron

for our rolling mill at Bridgetown, Cumberland county. New
Jersey; prior to the introduction of this, we used the Richmond

coal for the same purpose, and from experience thus obtained,

we are satisfied that for this purpose, one bushel of the former

is worth at least two of the latter." "Philadelphia, May 19,

1824, Benjamin and David Reeves."
™ Richardson, op. cit., p. 66. Throughout the literature,

this surname is given both as "Walter" and "Walters"; the

former predominates.

had always presented a constant maintenance problem,

the managers decided to construct the railroad.

The railroad from Mauch Chunk to the mines at

Summit Hill was started in January 1827, and was in

operation by May.-" Total length was 9 miles with

gravity descent from the mines to the river. This rail-

road was the first in the country constructed for the

movement of coal.-' Some characteristics of the Mauch
Chimk railroad were

:

1. The cross ties were laid 4 feet apart on a stone

foundation. The rails, from England, were rolled

iron bars, three eighths of an inch thick, one and one-

half inches wide and mounted on wooden timbers.

2. The cars carried one and one-half tons of coal and

descended the road usually in groups of fourteen.

Each group was attended by two men who regu-

lated the rate of descent. The empty cars weighed

1,600 pounds.

3. The descending trip took 30 minutes and the

ascending trip took 3 hours.

4. Cost of the road amounted to $38,726 or about

$3,050 per mile.=='

During 1827. the managers had the Lehigh Naviga-

tion surveyed by Canvas \Vhite ^" to estimate the cost

of enlargement and the conversion of the present sys-

tem to canal and slackwater navigation between

Mauch Chunk and Easton. As a result, the dimensions

of the navigation were fixed at 60 feet wide on the

surface and 5 feet deep; the locks were to be 100 feet

long and 22 feet wide adapted to handle boats with

a capacity of 120 tons.

The Pennsylvania Canal Commissioners met in the

fall of 1827 for the purpose of proceeding with the

construction of the Delaware Division of the Pennsyl-

vania Canal. The managers of the Lehigh Navigation

tried to convince the commissioners to follow the

Lehigh's design, but the commissioners were convinced

"The Lehigh Coal and Navigation Company, Atuiual

Report for 1827 (Philadelphia: S. W. Conrad. 1828), p. 4.

Hereafter referred to as L.C.N.C.
-" One earlier road, 3 miles in length, was in use by the

Quincy Railroad in Massachusetts for hauling granite from

their quarry to loading docks on the Neponset River. David

Stevenson, Sketch of the Civil Engineering of North America

(London: John Weale, 1838), p. 238.

™L.C.N.C., Annual Report for 1827 ^ Philadelphia: S. W.

Conrad, 1828), p. 7.

" .\ prominent engineer prcviouslv employed in the con-

struction of the Erie Canal.
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Figure 7.

—

Lehigh Navigation above Mauch Chunk and the railroad from White Haven to the Susquehanna River, 1840.

{History of the Lehigh Coal and Navigation Company. 1840.)
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that European experience, in using 25-ton boats, was

more applicable and decided to make the locks half

the width but the same length as those of the Lehigh

Navigation.^'

The Lehigh slackwater navigation between Mauch
Chunk and Easton was opened for use in June 1829.^-

The Delaware Division improvements, started 4

months after the Lehigh, were not completed until

1832. To ensure the Delaware's completion, Josiah

White was impressed as a consultant to design and

construct a useful navigational system.^' The delay in

the construction of the Delaware Division caused the

Lehigh managers to pass eight semiannual dividend

payments. The company was required to use temporary

arks which were the only kind of boats that could be

used in the downward na\igation on the Delaware.

The Lehigh Company expended all of its authorized

capital while engaged in improving and enlarging their

facilities and, in 1828, applied to the legislature for an

increase of capital.''^ The attitude of the public toward

this venture changed as the managers had proven that

the Lehigh was navigable, but now there %\ere many
objections to the concessions granted under the original

charter. The increase in capital was denied as the

Lehigh managers refused to relincjuish their valuable

concessions. With the denial by the legislature for an

increase in capital, the company's first private loan

was negotiated during 1828 (details remain unknown)

.

During the next 6 years, the coal traffic continued

to grow despite the necessity of continual improve-

ments to keep the navigation operational. The capaci-

ties of the boats were gradually increased and the

Mauch Chunk Courier announced, near the end of the

1833 season, the use of a 100-ton boat on the naviga-

tion.^^ Shipments of coal decreased in 1834, as the

result of slack business conditions throughout the

country, but an increase in the coal trade was noted

in the following year.

In 1835, with public attention being directed to the

Beaver Meadows coal region and the deadline ap-

proaching for the completion of the navigation on the

"^ Lehigh History, op. cit., p. 20.

"^L.C.N.C, Anjiual Report for 1829 (Philadelphia: T. .\.

Conrad, 1830), p. 12.

" Josiah White resigned his office of Acting Manager at

Mauch Chunk during 1831 and moved to Philadelphia.

Hazard's Register of Pennsylvania, op. cit. (vol. 8 no. 8,

August 20, 1831), p. 128.

" Lehigh History, op. cit., p. 22.

" Mauch Chunk Courier, November 9, 1833.

upper section, the Lehigh managers decided to extend

the navigation up to Stoddartsville. This work was

begun in 1835 and completed on September 26, 1837.^''

The prejudices against the company had subsided

by then and on March 13, 1837, the legislature au-

thorized the company to build the Lehigh and Susque-

hanna Railroad, 19 miles long, to connect the northern

anthracite field with the Lehigh Navigation (Wilkes-

Barre to White Haven) .^' Under the same authority,

the company was permitted to increase its capital to

$1.6 million from the previous limit of .$1 million.

The Governor's commission inspected the Stod-

dartsville section of the navigation and recommended

the issuance of a warrant to collect tolls beginning

November 2, 1837 (Appendix IV).^** The managers

reported to the Governor that the railroad was com-

pleted on March 19, 1838, and on June 19, 1838,

received a warrant to charge tolls on that property.^"

With the completion of the railroad, a shorter line of

communication was obtained to the west by use of

the Pennsylvania canal system which was completed

in 1835. Total construction costs of the Lehigh and

Susquehanna Railroad amounted to $1,326,700.

As early as 1834, the company offered to any iron

manufacturer who successfully used Lehigh anthracite

in his furnace special privileges—coal at a reduced

rate, grants of waterpower, and reduced canal rates

for shipments to market.^"

No offers were received until July 1839, when the

owners of the Lehigh Crane Iron Company accepted

the company's longstanding offer.*' The Company, in-

corporated on May 20. 1839, for the manufacture of

iron from coke or mineral fuel, was formed through the

efforts of three of the managers of the Lehigh Coal

and Navigation Company. ''"

As superintendent of their operations. David

Thomas, an ironmaster from Wales, was employed.

Thomas was an associate of George Crane, who had

""L.C.N.C, Annual Report for 1838 (Philadelphia: James

Kay, 1839), p. 37.

"" Pennsylvania Legislative Acts, 1836-37 (Harrisburg:

T. Fenn, 1837), pp. 52-57.

"L.C.N.C., Annual Report for 1838 (Philadelphia: James

Kay, 1839), p. 45.

"° Ibid., p. 53.

'" RiCH,\RDsoN, op. cit., p. 100.

"L.C.N.C, Annual Report for 1839 (Philadelphia: W. S.

Young, 1840), p. 27.

*^ Josiah White, Erskine Hazard, and Thomas Earp.
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Figure 8.

—

David Thomas. Lithograph by A. Newsam.

(M. S. Henry. Hislory of the Lehigh Valley, 1860.)

invented and patented a process of iron making using

anthracite in Wales in 1837." In 1838, Crane pur-

chased the American rights for a similar process from

the executors of Dr. F. W. Geissenhainer, who had

received a patent on December 19, 1833, after suc-

cessfully using anthracite at Valley Furnace (Potts-

ville) . Crane was later granted an American patent

for smelting iron with anthracite."

A blast furnace was built at Craneville (Catasau-

cjua) and on July 4, 1840, the first .successful blast using

I-.ehigh coal was made.'*''

Anthracite furnaces were built throughout the East

as a result of this (and later) experiments conducted

by Thomas.

" Walter R. Johnson, Notes on the Use of Anthracite in

the Manufacture of Iron (Boston: C. C. Little and J. Brown,

1841). p. 12.

" Richardson, op. cit., p. 102.

'' Maiich Chunk Courier, July 25, 1840. Previously, an

experimental water-powered furnace built in Mauch Chunk
used Lehigh coal during 18"8-39. Mechanical problems

forced the furnace to close down.

Stack height

Bosh diameter

Number of tuyeres

Water wheel diameter

Temperature

Hearth area

Lehigh Crane Iron Furnace

Furnace Design

40 feet

12 feet

3

12 feet

600° F.

3^2 feet square

Capacity {week)

104 tons of iron ore

69^3 tons of anthracite

52 tons of limestone

50 tons of pig metal produced

Business conditions were satisfactory for several years

until a flood occurred on January 10, 1841.'"' As a

result, coal could not be sent to market, and all the

resources of the company had to be called up to restore

the damage to the canal. A mortgage was negotiated

on the coal lands in the vicinity of Mauch Chunk to

obtain the funds required for reconstruction. The

navigation was again opened to traffic on July 10,

1841."

The managers acted with great speed during this

reconstruction period and made a request to the legis-

lature for an increase in capital funds. The managers

presented their case on the premise that a few years of

prosperity would bring the company out of debt. An

amending act which was passd on March 13, 1841,

stated "that it shall be lawful for the Lehigh Coal and

Navigation Company to increase their capital stock

by the sale of shares or otherwise to an amount which

shall not exceed the actual cost of the navigation and

railroad . . . provided the capital stock . . . shall

not exceed six million dollars." ^^

The period from the reconstruction of the flood

damage, 1842 to 1845, again showed an increase in

coal traffic. The navigation was adequate in size, con-

sistent with the demand, and the company possessed a

monopoly on the trade from the region. The coal traffic

increased both from the company's mines and trom

"L.C.N.C, Annual Report for 1840 (Philadelphia: W. S.

Young, 1841), p. 17.

" 'L.CN.C, Annual Report for 1841 (Philadelphia: Brown,

Bicking and Guilbert, 1842), p. 7.

'^Pennsylvania Legislative Acts, 1841 (Harrisburg: Pea-

cock and M'Kinley, 1841), pp. 36-37.
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Figure 9.

—

Early anthracite iron-furnace at Catasauqua. {Pop. Sci. Monthly, 1891, vol. 38, no. 4, p. 451,)

other mines under development, by Beaver Meadows,

Hazleton, Sugar Loaf, and Buck Mountain Coal Com-
panies. (See description of companies, pp. 110-114.)

The coal trade was the main source of revenue for the

company. Competition from the railroad did not begin

until 1855."

Also showing an increase in this period were two

classes of traffic; lumber and materials involved in the

manufacture of iron. Iron ore and limestone was car-

ried up the canal to the blast furnaces and later came

back down in the form of pig iron. Lumber shipments

continued to grow until 1850 and then began to

decrease.

The general trade classification, including flour,

whiskey, grain, bricks, etc., never became a major

source of revenue. When railroad connections became

available, this traffic disappeared more rapidly from

the navigation than did the heavier class of traffic.

" The Delaware, Lehigh, Schuylkill and Susquehanna Rail-

road (changed to the Lehigh Valley Railroad in January

1853) was incorporated on .April 23, 1846.

PAPER 72 : ANTHRACITE IN THE LEHIGH VALLEY

Lehigh Company Coal Properties

The coal lands belonging to the company totaled

approximately 8,000 acres and comprised the entire

eastern end of the southern anthracite field. These

lands begin on the east, on the top of Broad Mountain

(Mount Pisgah) a half mile from the Lehigh Ri\er

near Mauch Chunk, and extend 14 miles to Tamaqua

on the Little Schuylkill River. On the northern side

of this coal basin, nine coal beds ranging from 5 to 28

feet in thickness are found, and in some places extend

up to 1 1 1 feet. On the southern side of the basin four

major seams of coal are found measuring 9, 15, 20, and

50 feet, for a total thickness of 94 feet.=°

At the great mine at Mauch Chunk (Sharp) Moun-

tain the seams were located near the surface, and

mining operations were greatly simplified during the

early days. The working force primarily consisted of

hand laborers, and open-pit quarry-type operations

' Lehigh History, op. cit., p. 23.
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Figure 10.

—

Coal mine at Summit Hill. 1821. (Richard Richardson, Memoir of Josiah White. 1873, p. 48.)

were used.-'^ The overburden was relatively light and

varied from 3 to 15 feet. The exposed area was

entered in many locations by roads cut around and

through the coal seams.

The e.xposed coal was remo\ed by using hand picks

in the natural joints and by driving wedges in the

seams running parallel with the host strata. A few
blows by these tools were usually required to free the

coal. For ease in handling, sledges were sometimes used

to break the larger pieces before loading into wagons.

In some cases, when the coal was interrupted by

slate and rock, it was necessaiy to drill holes by hand
and separate the strata by blasting. Large pieces of

material resulting from the blast were reduced in .size

by sledging. Refuse material from the quarry was
hauled away and dumped over an adjacent hill where
it would not interfere with mining operations.

" Laborers were furnished with daily rations of whiskey, at

a reduced pay scale, if so desired. Hazard's Register of Penn-
sylvania (vol. 1, no. 20; Phii.itielphia: W. F. Geddes, 1828),
p. 312.

The company, with high hopes of discovering addi-

tional coal deposits nearer the navigation, began on

March 1, 1824, to excavate a tunnel about two and

one-half miles west of Mauch Chunk. This "Hackle-

bernie" tunnel was the first large mining tunnel driven

in the United States. It measured 16 feet wide and

8 feet high and was extended some 790 feet before

the operations were temporarily suspended on June 9,

1827.

Coal was found in the tunnel but, at the time the

company suspended operations, it was decided that the

continuance of the operation was not essential for cur-

rent production recjuircments. The company antici-

pated the need in later years for a drainage tunnel in

mining the coalbeds above, and this tunnel could then

be continued to sei-ve that purpose. -

During the 3 years of tunnel operations, the com-

pany expended $26,812 to remove approximately 3,745

"'Work on the tunnel was resumed in 1846 and driven for

a total length of 2,200 feet.
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.

—

The Mauch Chunk coal region. The "Hacklebeinie" tunnel is shown in the upper right. (Benjamin SilHman,

The American Journal nf Science and Arts. 1831. vol. 19, no. 1, pi. 1.)

cubic yards of hard conglomerate at a unit cost of

$7.16 per cubic yard. The following costs were charged

to the operation :

-^

Labor—23,1 293/i days $18,697.09

Tools and materials 3. 785. 86

Powder—521 kegs 1.831.00

Candles and oil for lights 812. 71

Lumber, including pipes for air 508. 54

One horse blowing wind for 268 days__ 196. 80

Superintendence 980.00

Total $26, 812. 00

^ I. Daniel Rupp, History of Northampton, Lehigh, Mon-

roe, Carbon, and Schuylkill Counties (Harrisburg: Hickock

and Cantine, 1845), pp. 202-203.

The working day at the mines began at sunrise and

ended at 4: 30 p.m. According to a news item that was

given \vide circulation by the press, the a\-erage num-

ber of tons of coal quarried each woking day totaled

268. This quantity of coal was loaded at the mines,

transported on the railroad, unloaded from the wagons

at the chute, and loaded into boats. The news item

ended "we not only load the vessels, but create the

freight, and also build the vessels to cany it all on the

same day" !

^^

During 1830, a deposit of coal was discovered on the

north side of Mount Pisgah near Rhumc (Room) Run,

(Nesquehoning) only 4 miles from the Lehigh River.

°' Hazard's Register of Pennsylvania (vol. 5, no. 24, June

12, 1830), p. 384.
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Afmn-h (/lunl.: 3 month. 12, 1831.

PROPOSAlvS.
"IT/'ILL be received ai the office of the Lehigh
" ' Coal and Navigation (^otnpany, (at this place)

on or before the 25lh inst. for performing the follow-

ing work, viz.

Fof quarryina- coal at Ihe orcat mine.
Do havlivrr do to summit.
Do Iniildin^ box boats.

Do rifrffincrdo do complete.

Do inakinn' scoops, oar pins, cabivs, i^-c.

Do haxdivrr oil! rafts of lumber a.i d piVins-

Do supplying railroad viaffons for coal.

Do do do do 'for dirt.

Do transporting coal fro7n Aiaxich Chunk to

South EustoncfC. in the Cvmpanifsbu.r boats.

i None need apply but tliose who can satisfy the
i.Vrting Manager that they are able and willing to ful-

jfil their contracts themselves, and not bysub-contrac-
lors.

All partirular.= will be made Jinown relating to the
works, by applying to the (Jiimp;iny's Aneni at the
mines, or to the Actij,g Manageriit Mauch Chunlc.

JOS',AH WHITE, Actinn- Manag-er.
March 15, l?;.^!. it.

N. B. Printed blanks for proposals will be furn-
ished at t>.p Company's offic-

Figure 12.

—

.Advertisement requesting bids, March 28,

1831. (Mauch Chunk Courier.)

Figure 13.

—

Descending coal and mule wagons. The

artist has added two mules to the usual complement of

four per wagon. (T. L. Mumford, The Switzerland of

.America. 1883, p. 15.)

Benjamin Silliman, reporting on the quality and quan-

tity of the coal at this new deposit, stated that "the coal

appears to be of the finest quality, and some of it, in the

high lustre and perfection of its fracture, exceeds any-

thing I have elsewhere seen." He estimated that "when

all the beds are perforated there can be no doubt that

the entire thickness will exceed two hundred feet, which

is about three times that of the great mine at Mauch
Chunk." ^=

The managers immediately started plans to locate a

railroad from this new deposit to the landing at Mauch
Chunk. The road, completed in 1833, included three

inclined planes and the entire road from the mine \vas

descending.'" The design of the self-acting planes was

such that the descending loaded wagons returned the

empty ones to the top of the plane.

During 1831, the company began to negotiate con-

tracts for the mining and transporting of coal to the

^Benjamin Sillim.w, "Notes on a Journey from New
Haven, Connecticut to Mauch Chunk, Pennsylvania" {Ameri-

can Journal of Science and .irts, vol. 19, no. 1 : New Haven:
H. Howe, 1830), p. 18.

"L.C.N.C, Annual Repori .r 1833 (Philadelphia: James
Kay, 1834), p. 9.

landing at Mauch Chunk. Advertisements appeared

requesting that proposals be submitted to the company

to perform other needed services, such as sorting the

coal before loading, loading into wagons, and loading

the boats at Mauch Chunk.
'^'

The location of coal deposits near the surface per-

mitted the mine operators to hold down labor costs.

Quarry operations permitted the use of common
laborers at a wage rate lower than that paid to the

underground miners required in the Schuylkill field.

The wage differential during this period ranged from

a low of approximately 18 cents per day in 1831. to

a high of 33 cents per day in 1845. Calculations using

this labor differential on a per ton basis revealed that

a reduction of from 10 to 25 cents per ton could be

effected by employing common labor.

.\n inventory, conducted by the acting manager, of

equipment at the company mines in 1831 contained

the following items: ^*

Total Company

9 Oxen 33 Horses

30 Canalboats 1 1 5 Mules

"'Mauch Chunk Courier, March 15, 1831.

^L.C.N.C, Annual Report for 1831 (Philadelphia: W. F.

C;cddes, 1832), p. 9.
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Figure 14.

—

Loading boats on the Lehigh Canal; from an old woodcut. (L.C.N.C.)

Great Mine

21 Mule wagons

44 Dirt wagons

308 Coal wagons

9 Miscellaneous wagons

Room Run

21 Coal wagons

13 Dirt wagons

An unusual method of railroad operation required

the listing of mule wagons in the inventory. The rail-

road was a gravity road and the loaded coal wagons

plus mule wagons (each holding four mules) rode

down the track (fig. 13). After being unloaded, the

empty coal wagons were retinned by mule power to

the summit mines along with the empty mule wagons.

The speed of the loaded wagons down the track was

between 5 and 7 miles per hour.^°

The coal wagons were square boxes widened at the

top and mounted on cast iron wheels of 18 to 24 inches

in diameter. The axle holding the wheels turned as

the wheels turned. The wheels were constructed with

a 4-inch flange and an inner lip to keep them positioned

on the rails.

A lever was fixed to each wagon near the left front

wheel and extended above the side of the wagon. By

pulling this lever back, every wheel was clasped by

two semicircular pieces of wood. The friction thus

applied retarded or instantly stopped the wagon. In

a trainload of wagons, these levers were tied together

with a rope so that the trip operator could control the

speed of the entire load. .Average trainloads consisted

of 14 wagons, each with a capacity of one and a half

tons of coal.""

The problem of getting coal from wagon to ark was

=° L.C.N.C, Annual Report for 1828 (Philadelphia: S. W.
Conrad, 1829), p. 7.

"Hazard's Register of Pennsylvania (vol. 2, no 31, Au-

gust 2, 1838).
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Figure 15.— 1845 Plan of the mining: and transportation facilities. (L.C.N.C.)

solved by constructing an inclined loading chute at

Mauch Chunk that extended downward from Mount
Pisgah to a coal-loading house along the Lehigh River.

The coal house projected over the river's edge to fa-

cilitate loading the boats. The inclined chute was

double tracked for the steepest descent and single

tracked thereafter. The length of the chute was 700

feet and the difference in elevation was 215 feet.

Individual wagons were unloaded at the bottom of

the incline by a projecting bar which contacted the

lower end of the wagon and knocked it open, thus

releasing the coal into the loading pocket.

A large wooden drum was installed at the top of

the chute around which a rope or small cable \\ound.

The turning of this drum on a horizontal a.xis released

the rope and controlled the descent of the loaded

wagon. At the same time, the other end of the rope,

which was fastened to the empty wagon, wound up

and returned the empty wagon to the top. A metal

band was fitted around this drum to prevent it from

revolving at too great a speed and was tightened or

loosened by a lever attached to the band. The capacity

of the loading chute was 200 wagons a day.°^

During 1838, the company installed, on the 1200-

foot plane on the Room Run road, an iron band (one-

twelfth of an inch thick by three inches wide) as a

substitute for the rope or small cable that was used

previously to hoist the coal wagons up and do\\n the

incline. The experiment proved successful and similar

^ SiLLIMAN, op. cit., p. 9.
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iron bands were installed on the other two inclined

planes. Maintenance costs were reduced and replace-

ments were seldom required. ''-

In 1839, the company leased the entire Room Run
operations for a 3-year period. The contractors were

to mine 30,000 tons of coal the first year and thereafter

to increase their output by 5,000 tons per year. The

company received a royalty payment for each ton of

coal mined. Similar leasing arrangements were planned

for the old mine property at Summit Hill whenever

a second or return track could be built between the

mines and the loading chute at Mauch Chunk. "^

A separate return track was eventually constructed

during 1844 and opened for use with the 1845 season."*

The empty coal wagons from the loading chutes at

Mauch Chunk were returned to the mines via thisTfew

road, thereby increasing the capacity of the original

road by eliminating the delay caused by waiting for

the loaded train to pass at turnouts. At about the same

time, stationary engines were installed at the inclined

planes leading into the mines, replacing animal power

and thereby increasing the road's haulage capabilities.

A plan of the facilities, as they existed at the begin-

ning of the 1845 season is shown in figure 15.

"'L.C.N.C. Annual Report for 1838 (Philadelphia: James

Kay, 1839), p. 31.

"Ibid., p. 20.

"L.C.N.C, Annual Report for 1845 (Philadelphia: James

Kay, 1846), p. 6.
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Incorporation of Additional Companies

The Lehigh Coal and Navigation Company con-

ducted the first successful mining operations in the

Lehigh region, and during the first 25 years ( 1820-45)

was joined by 1 7 other corporations ( Table 1 ) . The
companies, chartered by the Legislature of Pennsyl-

vania, were granted similar privileges, powers, and

limitations, but none received the unlimited conces-

sions granted previously to the Lehigh Coal and Navi-

gation Company.

These charters contained authorization to acquire

coal lands (maximum 2,000 acres) and to construct

a railroad, if needed, to connect their operations with

existing transportation facilities.

Table 1
.

—

Companies incorporated utilizing the facilities oj the

Lehigh Navigation
'

Company



Table 2.

—

Anthracite shippedfrom Lehigh region by source, via navigation, from 1820 to 1845, in short tons '

Tear



Figure 17.— 1837 "Hercules," Garrett & Eastvvick's first 8-\vheel locomotive. The "Hercules" quickly replaced the

"Samuel D. Ingham," also built by Garrett & Eastvvick. (Joseph Harrison, Jr.. The Locomotive Engine, 1872, p. 49.)

burning type, but after experimentation and redesign

were burning anthracite exclusively (except for the

first-built fire)

.

The railroad extended from the company's mines

to Parryville, 6 miles below Mauch Chunk, for a total

distance of 20 miles. The completed road differed from

the original layout due to opposition by the Lehigh

Coal and Navigation Company to the e.xact location

of the road and apparent infringements of the Lehigh

Company's prior concessions.'^''

By June 1839, the Beaver Meadows had five loco-

motives in use and was shipping 38,595 tons of anthra-

cite to the Lehigh Navigation. During 1840, the com-
pany leased the mining operations to Vancleve and
Company. The transportation of the coal was accom-
plished by using the cars and locomotives owned by

the Beaver Meadows and under contract to the same
company.'"

""Pennsylvania Legislative Acts, 1837-38 (Harrisbure;: T.

Fenn, I838),p. 393.

"Beaver Meadows Railroad and Coal Companv, An-
nual Report for 1842 (Philad. Iphia: Elliott's Printing Office.

1843), p. 7.

The Beaver Meadows Railroad was subject to dis-

ruptions in traffic due to the flooding of the Quakake

Creek and Lehigh Ri\cr. .\fter the flood of 1841, the

company was forced to abatidon the tracks extending

from Mauch Chunk to Parry\'ille. To replace this

section, a new loading facility was built in East Mauch
Chunk for loading the boats for the downriver trip.

The Hazleton Coal Company, incorporated on

March 18, 1836, was authorized to hold coal lands

within Sugar Loaf Township iit Luzeme County and

Lausanne Township in Northampton County.''

Another section of the act authorized the construc-

tion of a railroad, consisting of one or two tracks, from

any point on their lands to an intersection with the

Beaver Meadows Railroad.

The company started mining operations on their

property and the construction of the railroad during

1836. The first shipment of coal over the completed

road was made on May 14, 1837. Shipments to the

' Lausanne Township became part of Carbon County

in 1843.
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Proposals for Mining Coal.

THE "Beaver Meadow Railroad and
Coal Company" wiU receive proposals for
Milling and ileliverino fr,im SO.UDOU) 60,000 '

lonsofltieirC..a!, free from Slale an.i oth-
er inipnrilie?, into Ihi-ir Cars at the Mines,
during the coming boating Season—and al-

so for iraii'sporling the same to tluir land-
ing at Parryvillc. The Company lo furn-
ish the Cars and motive engines and nigi-
neers. The contractors to keep the Cars
and engines in g.;<Hi rnni.iiig repair, lupplv
I'nel, oil.>&c. &C-. &c.

Sealed proposals will he received for eith-

er Jhe old or new mines or hoth. 'I'hey

musibese-|il to tiieir Office in PniUdclphia
by the '25th of Marcli, ins-ynt.

fersoiis de.-irous lo Contract will receive
fiiriher infoimalioii at the Company's office

lieavr Meadow or at i'!iilad(-l|)hia.

Philadelphia .March 9ih, 1840.

Figure 18.

—

Beaver Meadow Railroad and Coal Com-
pany March 14, 1840, request for bids. Vancleve and

Company were the successful bidders. (Mauch Chunk

Courier.)

navigation during the first year of operation were

14,221 tons.'-

The railroad, 10 miles in length, extended from their

mines at Hazleton to an intersection with the Beaver

Meadows Railroad at Weatherly. The coal then moved

over the Beaver Meadows Railroad for 5 miles to Penn

Haven, located 8 miles above Mauch Chunk. At Penn

Haven, the coal was loaded into boats for movement

down the Lehigh River.

Anthracite was the fuel for the steam locomotives

used on the road. Two locomotives were in operation

during the first year and additional locomotives were

planned to be purchased in the future as the demand

for coal increased.

In 1840, Ario Pardee, Robert Miner, and William

Hunt, formed a company and contracted with the

Hazleton Coal Company for the purposes of mining

coal, transporting the coal to Penn Haven, and loading

the boats at the river docks." This contract was in force

for several seasons and, in 1842, was extended to in-

clude the marketing of a portion of the annual tonnage.

The Hazleton Coal Company retained part of the

tonnage which they marketed, but paid Pardee and

Company a fee for this privilege. Pardee and Company

"L.C.N.C, Annual Report for 1837 (Philadelphia: James

Kay, 1838), p. 11.

•'H. C. Bradsby, History of Luzerne County (Chicago:

S. B. Nelson and Company, 1 893 ) , p. 29 1

.
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Buck Mountain Coal Co.

PROPOSALS
WILL be received at the office of the

Buck Mountain Coal Company in Philadel-

phia, for the mining and delivering of coal

in boats, at their landing at Lockport on
the Lehigh, until the I5th day of August
next. Their mines will be put in working
order by the operation of syphons—the

vein to be worked is about ten feet thick,

free from slates and the dip about one foot

in five. The distance by their rail load lo

the, canal is about four miles. The mine
must be worked in twenty feet breast, leav-

ing pillars of the same size.

The company are making arrangements,
which, af>er this year, will enable them lo

mine coal to the extent of from thirty to

fifty thousand tons per annum, and it will

therefore be an object to any one fully com-
petent to make application, with satisfacto-

ry references.

iSuch as may wish to contract, will no
doubt examine the mines previously. Ad-
dress SAM'L L. S/fOBER,

President of the Buck Mountain Coal

Company, Philad'a.

July 1, 1840.

Figure 19.

—

Buck Mountain Coal Company July 11,

1840, request for bids. (Mauch Chunk Courier.)

negotiated a new contract in 1844 in which a royalty

was paid to the Hazleton Coal Company for each ton

of coal mined and marketed.

The Buck Mountain Coal Company, incorpo-

rated on June 16, 1836, was authorized to accjuire coal

lands in Sugar Loaf and Hanover Townships in

Luzerne County. The company was also subjected to

the same powers, restrictions, and immunities that were

granted previously to the Hazleton Coal Company

including the construction of a railroad, if market

conditions justified such a means of transportation.

Supplemental legislation permitted the company to

hold coal lands in Northampton County.'""

Construction of the railroad started in 1839, and

was completed in 1840 (figure 19) . The railroad was

4 miles in length and extended from their mines at

Spring Mountain to the company's coal breaker at

Rockport, 15 miles above Mauch Chunk. During 1840,

''Pennsylvania Legislative Acts, 1838-39 (Harrisburg:

Packer, Barrett and Parke, 1839), pp. 145-146. These lands

became a part of Carbon Countv in 1843.

113



the company mined and sent to the navigation 54

tons.""' The flood on the Lehigh River during the

winter of 1841 delayed further coal shipments for 2

years.

The Laurel Hill Coal Company, incorporated on

June 16, 1836, was authorized to hold coal lands in

Sugar Loaf Township in Luzerne County and in

Lausanne Township in Northampton County. Their

mining operations were located adjacent to the Hazle-

ton Coal Company property.

The company was also authorized to construct a

railroad consisting of one or two tracks. The railroad

could extend from any location on their lands to any

convenient connection with the projsosed railroad to

be constructed by the Hazleton Coal Company.

A later amendment authorized the construction of

the railroad from their lands to a connection with

either the Hazleton Railroad or the Lehigh River and

granted them the same powers and immunities given

previously to the Beaver Meadows Company.""

Laurel Hill Coal Company disposed of their real

estate holdings near Hazleton to the Hazleton Coal

Company during 1839, and discontinued their mining

operations.

The Sugar Loaf Coal Company was incorporated

on April 16, 1838. The act was submitted to the Gov-

ernor on April 2, 1838, but he failed to sign the measure

within the 10-day limit, and it automatically became

law under the Commonwealth's constitution. The

company was permitted to hold, either by lease or by

purchase, coal lands in Sugar Loaf Township in

Luzerne County.

In addition to the mining privilege, the company was

authorized to construct a railroad. This railroad could

consist of one or two tracks, and extend from any point

on their lands for a connection with the Hazleton Com-
pany's railroad, or any other railroad required to trans-

port their products to market.

A single-track railroad, 2 miles in length, was con-

structed during 1839. Two locomotives were in use on

the railroad during 1839 and transported 7,510 tons to

the navigation." Mining operations were conducted

between 1839 and 1844, after which time their prop-

erties were consolidated with the Hazleton Coal

Company.

The Tammanend Mining Company, incorporated

on April 16, 1838, was authorized to hold coal lands

in Union and Rush townships in Schuylkill County.

The construction of a railroad \vas authorized,

extending from any point on their lands and inter-

secting at such places that were deemed convenient,

with the Lehigh Branch of the Little Schuylkill and

Susquehanna Railroad.

The Little Schuylkill and Suscjuehanna Railroad

was authorized on March 26, 1838, to construct the

Lehigh branch. This branch connected with the com-

pany's main line at Linder's Gap and extended for 12

miles to an intersection with the Beaver Meadows
Railroad near the mouth of Black Creek. Construction

began during 1838, and the road was opened for traffic

in 1840. One locomotive hauled 27 tons of coal from

the Tammanend mines to the Lehigh Navigation in

1840."

Delaware Division of the Pennsylvania Canal

As the cjuantity of anthracite mined and transported

from the Lehigh region was dependent upon a con-

nection with the Delaware Division of the Pennsylvania

Canal at Easton, Pa., a summary of the construction

efforts on this canal is included here.

The original purpose of this State-owned canal was

to supplement the improvements already underway on

the Lehigh River. The Lehigh Company applied to the

1824 legislature for permission to undertake the im-

provement of the Delaware River, but their proposal

was rejected." As mentioned previously, the canal

commissioners in 1827 limited the size of this canal,

but in their report for 1830 showed a complete reversal

in their attitude by stating, "the Delaware Division

may be fairly considered to be an extension of the

Lehigh Coal and Navigation Company Canal." '^"

Coal was to be the main commodity handled and

the main source of income was to be from tolls. The

"L.C.N.C, Annual Report for 1840 (Philadelphia: W. S.

Young, 1841), p. 6.

''Pennsylvania Legislative Acts, 1837-38 (Harrisburg:

T. Fenn, 1838), pp. 151-152.
" L.C.N.C, Annual Report for ! 839 (Philadelphia: W. S.

Young, 1840), p. 6.

''L.C.N.C, Annual Report for 1840 (Philadelphia: W. S.

Young, 1841), p. 6.

'" Richardson, op. cit., p. 81.

"' Pennsylvania Canal Commissioners, Annual Report

to the Senate of Pennsylvania (December 23, 1830; Harris-

burg: H. Welsh, 1831), p. 35.
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canal was also to develop the trade upstate from the

city of Philadelphia and this would, in effect, help

industrialize the entire northeastern section of the

State.

Construction of the canal was begun in October

1827, starting at Bristol and working northward. The
Bristol to Philadelphia section was deemed less im-

portant and its construction was deferred until last.

Water was admitted into the canal in 1830, but its

insufficiency left some sections unnavigable. The poor

construction in many of the first-built sections and the

porous character of the earth through which part of

the canal was constructed aggravated this condition.*^

From the very beginning of the State's construction

program, the management of the canal was hampered

by both interstate and sectional disputes. The canal

size, including the entire system of locks and control

of water level, was inadequate. This size limitation

prevented the canal from becoming an effective outlet

for trade moving from the Lehigh region. The original

plan to supply the canal with water from the Lehigh

River likewise proved to be unworkable. Negotiations

with the State of New Jersey to provide an adequate

water supply for the canal failed to materialize, mainly

because Pennsylvania was jealous of New Jersey's

threat of receiving benefits from such agreements. (A

compromise with New Jersey was made in 1846, and

the construction of an outlet lock was authorized at

Well's Falls.s=)

Two years later, October 1832, the canal

was navigable after being thoroughly repaired by using

better construction materials and by sealing the bot-

tom with hydraulic lime.**^ The waterway was built

25 feet wide at the top and the size of the locks was

limited to 11 by 90 feet. Total cost exceeded $1.2

million as against the original estimate of about $.7

million.'^* The commissioners realized their mistake in

limiting the size of the canal and, by continuous recon-

struction efforts, raised the tonnage capabilities of

boats moving on the Delaware Canal to 60 tons by

1841. «^

"Ibid., December 6, 1832, p. 18.

"'Pennsylvania Legislative Acts, 1846 (Harrisburg:

J. M. C. Lesure, 1846), p. 409.
'^ Josiah White had used this same material in the con-

struction of the Lehigh Navigation.

" Pennsylvanm Canal Commissioner.s, op. cit., Decem-

ber 9, 1836, p. 16.

" Ibid., January 15, 1841, p. 8.

Two problems faced the canal's operation and were

constantly mentioned in the annual canal commis-

sioners" report starting in 1833.^° In the dry season it

was almost impossible to maintain the water level at

5 feet and the canal was subject to damage by freshets.

In the report of 1835, the commissioners stated that

dredging had started at the lower end of the canal

and would proceed in a northward direction.^" No
constructive improvement program was initiated until

1852, when the Pennsylvania Legislature authorized

the start of improvements to make the locks equal in

size to those on the Lehigh.^^

From the statistics reported by the canal commis-

sioners, the chief source of income for the canal was

from coal movements. By the year 1837, after 6 years

of operation, the earning capacity of the canal had

grown sufficiently to pay the interest on the cost of

construction. The coal rate had risen to nearly 6 mills

per ton per mile and income remained steady.-'

Besides the coal traffic, general trade shipments on

the canal during 1834 showed that, upward from Bris-

tol, the major items were wheat, fish, butter, cheese, to-

bacco, and leather. From Easton southward went flour,

rye, corn, butter, and cheese. °°

From the commissioners' report of 1845, it is noted

that the character of the general trade had changed

and that agricultural and dairy products decreased in

importance. Up from Bristol, we find the following:

glassware, bacon, chinaware, hides, and coffee. South-

ward from Easton came the following items: iron ore,

lumber, lime, and whiskey. The State had expended

over $1.7 million on the canal's development up to

1845.°!

Capital Requirements

Significant financial aid for the business ventures

undertaken in the Lehigh region was required to con-

struct both mining and transportation facilities. Most

of the capital was cx]3ended in providing carriers be-

cause the locations of the mines were remote from the

markets. Costs of the transportation facilities con-

structed during the period 1820 to 1845, are listed in

Table 3.

*° Ibid., December 2, 1833, p. 12.

^' Ibid., December 3, 1835, p. 16.

*' Ibid., November 30, 1852, p. 11.

™Ibid., December 27, 1838, p. 12.

'" Ibid., December 2, 1834, p. 21.

"Ibid., November 30, 1845, p. ..',
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Table 3.

—

Construction costsfor railroad and navigation companies

in the Lehigh region, 1820-41 i

Railroad

1827



Figure 20.

—

"Switch-back rail-road" at Mauch Chunk, ca. 1850. Currier lithograpli. (M. S. Henry, History of the

Lehigh Valley, 1860.)

area of 42,000 acres, the value of coal lands under

control of the incorporated companies was estimated

at $8.4 million. If 25 percent of the acreage of land

authorized under the charter provisions of the various

companies was purchased, the investment required

was $2.1 million. In most cases, the newly chartered

companies would have been unable to purchase their

entire authorization of land at this average price, con-

struct the transportation and mining facilities required,

and still be within the capital limitations under their

respective charters. These limitations placed many
acres of coal lands under leasing arrangements rather

than outright purchases.

No fixed amount of capital was needed for the

day-to-day operations of the individual mining prop-

erties, but it was necessary for the company to have

some working capital to pay for the essential services

that were incurred in the period between the mining

of the coal and the receipt of monies from the sale of

their product. Daily mining costs were low initially

because of coal's close proximity to the surface, but as

mining depths increased the amount of capital re-

quired to perform these operations also increased.

Development costs, including capital needed for

day-to-day operations, was estimated to be 10 percent

of the authorized capital or approximately $1.25 mil-

lion. Several companies were authorized to increase

their capitalization by subsequent acts of legislature,

while others were required to consummate business

loans or consolidate their operations with others to

keep their mining operations in an active status.

The total of these three major investments—land,

mining operations, and transportation facilities

—

amounted to almost $10.5 million. This total invest-

ment is considered a conservative estimate since in-

complete details of commercial loans negotiated by

some companies precluded their inclusion in the de-

termination of this estimate. By adding the cost of the

Delaware Division of the Pennsylvania Canal, as it

properly should be, the total investment costs were

increased to $12.2 million. These millions of dollars

of investments during the first 25 years of mining op-

erations can truly be considered an outstanding ac-

complishment by the State's business community for

the future economic development of the anthracite

industry in the Lehigh region.

Summary

The quantity of anthracite transported on the Le-

higii Navigation during the period 1820 to 1845, was

slightly more than 3.2 million tons. The Lehigh Coal

and Navigation Company exercised exclusive control

on the movement of coal pp luccd in this region, as
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Figure 21.

—

Watercolor of Mauch Chunk, ca. 1845, by an unknown artist. (L.C.N.C.)

they provided the only carrier between Stoddartsville

and Easton.

The Lehigh Coal and Navigation Company began

regular shipments of anthracite from the region in

1820, after some navigational improvements were made
on the Lehigh River. Seventeen years later, in 1837,

the Beaver Meadows Railroad and Coal Company be-

came the next anthracite producer in the region.. By

January 1845, 18 companies with a total capitalization

of $12.65 million were formed and chartered to conduct

mining operations.

Eight of these companies chartered during this

period (including the two that ceased operations) were

actively engaged in the mining and transportation of

anthracite to market and had invested approximately

$10.5 million. The remaining 10 companies were de-

veloping their properties, but made no shipments of

coal to maiket prior to Januaiy 1845.

The first steam locomotives in the Lehigh region ap-

peared during 1836 on the railroad operations of the

Beaver Meadows Railroa<l and Coal Company. The
success of these locomotive- experiments were imme-

diately recognized by the operators. As market require-

ments increased, so did the use of locomotives. Coal

movements were more easily facilitated by using

steam power and the navigation company was soon

challenged to provide more efficient transportation

facilities.

^-9 ^l2mm^tS)!l?.1^4!!
pROPOS.\LS will bf rereived ai ihe office oft)
"• The Lefaigh Coal & Navigaiion Company

j(

cilher in Mauch irhuiik or P!iiK!i)eiphra until Ihejj

7ih of n.?x' m'liuh, for tniiiit>i> and detmering intolj

boais rruni ilie fiinimii liiil i!iinfs20U,000'i'or.«of'|

Coal, d'lrine nexi. seasun. The Company pro-
pose to iltvide ll»e niine? tiit.i t*o or rjiure parts,

and 10 be worked by as many cnrnpaniea of coti-

traciors. Sptrilicsiions & (node ot woi'liing the

:

mine? can b«s*=tti .ind blink proposals byi' fi( eith-

er of the above itffice?. For fuither inlormation

apply to the pupenntentieni or mine agent at

E. A. DOUGLAS,
Mauch Cliititk, ? Supt. & Eng.

No». 19di. 1844. S
- 3fl'l

Figure 22.

—

Lehigh Coal and Navigation Company
November 21, 1844, request for bids from subsidiary

companies. (Mauch Chunk Courier.)
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Figure 23.

—

Weighing the canalboats in the weigh lock on the Lehigh Canal. (L.C.N.C.)

From 1820, anthracite shipments from this region

generally showed an annual increase with an exception-

ally large increase for 1825, 1832, and 183,3. The in-

crease was the result of greater use of anthracite in the

home by the introduction of grates and furnaces de-

signed to burn anthracite and the completion of the

Delaware Division of the PennsyK-ania Canal which

permitted the use of permanent shipping facilities.

Up to the fall of 1831, a surplus of coal occasionally

occurred at the close of each shipping season, but after

that time and until the late 1830's the demand usually

exceeded the supply.

Factors which caused fluctuations in annual produc-

tion were: (1) the inability of the producer to antici-

pate supply and demand requirements; (2) consumer

reluctance to accept anthracite as a reliable source of

heat and energy; (3) occasional flooding of the Lehigh

River; (4) operational difficulties between the admin-

istrative procedures of the two navigational facilities:

and (5) general business conditions.

The companies incorporated in this region received

similar powers, privileges, and immunities, and were

authorized to engage in mining and railroad opera-

tions. None, however, was granted the "unlimited

powers" which had previously been given to the Lehigh

Coal and Navigation Company. The Pennsylvania

Legislature was criticized many times for granting such

unlimited concessions. Adequate justification is found,

however, in the primitive conditions of the State and

the basic need for the development of such works.

With the introduction of Schuylkill anthracite to the

market, two types of anthracite became available to

consumers. These tyj^es were identified by the color of

the ash, as being either white or red ash coals. The

Lehigh region was a white-ash producer, \v'hile the

Schuylkill region (which produced both types) was, in

these early years of the industr. , considered a red-ash

producer.
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Table 4.

—

Number of boat trips and tonnage oj anthracite transported on the Lehigh

and Schuylkill Canals, 1 820-45 '



The active companies in the Lehigh region soon dis-

covered that to conduct operations in all phases of the

industry was not in their best interests for continued

growth. Leasing arrangements were negotiated for the

individual services—mining, transportation, and mar-

keting. This procedure proved to be practicable and

eventually contracts were negotiated (to individuals

and organizations) whereby a royalty was received for

the privilege of managing the mining and shipping

operations.

The companies attempted to retain ownership of

their equipment and properties, but consolidations and

mergers of companies occurred in several instances to

achieve more efficient mining operations. The leasing

procedures separated corporate activities from mining

operations and resulted in more efficient utilization

of the industry's facilities.

The markets for anthracite w-ere expanding quite

rapidly during the early 1840s and did not present a

major problem for the industry. The promotional ef-

forts of The Lehigh Coal and Navigation Company

were aided by the introduction of improved grate and

stove design for burning anthracite, the use of anthra-

cite as a fuel in blast-furnace operations and the use

of anthracite for heating public buildings. The demand

for Lehigh coal continued to grow as the various utili-

zation means proved efficient.

The development of the Lehigh region during the

first 25 years required an investment of approximately

$12.2 million. The amount of capital obtained during

the early years represented an outstanding accomplish-

ment by the promoters of the industry. Credit should

be given them for their strong convictions as to the

future economic value of this natural resource.
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Appendixes

I

CHAPTER CII.

^A^ ACT

To improve the navigation of the river Lehigh.

Persons authorised to improve the

Lehigh.

Power to enter thereon, &c.

and to use timber, rocks, &c.

and make dams, dams, locks, &c, of a

certain description.

Proviso.

2d proviso.

Remedy of persons injured by dams
or swelling the water.

Sect. 1. BE it enacted by the Senate and House of Representatives

of the Commonwealth of Pennsylvania in General Assembly met, and

it is hereby enacted by the authority of the same, That it shall and may

be lawful to and for Josiah White, George F. A. Hauto and Erskine

Hazard, of the county of Philadelphia, their heirs and assigns, or in

case any or either of them should die, for the survivor or survivors, his

or their heirs and assigns, their surveyors, engineers, superintendents,

artists and workmen, to enter upon the said river Lehigh, to open,

enlarge or deepen the same in any part or place thereof, between the

Great Falls and the mouth of the said river Lehigh, in the manner

which shall appear to them most convenient for opening, enlarging,

changing, making anew or improving the channel ; and also to cut,

break, remove and take away all trees, rocks, stones, earth, gravel, sand

or other material, or any impediments whatsoever within the said river;

and to use all such timber, rocks, stones, gravel earth or other material

in the construction of their necessary works, and to form, make, erect,

set up any dams, locks or any other device whatsoever, which they shall

think most fit and convenient to make a good navigation downward at

least once in every three days, e.xcept during winter, with a channel not

less than twenty feet wide and eighteen inches deep, for arks and rafts,

and of sufficient depth of water to float down boats of the burthen of

one hundred barrels, or ten tons; Provided, That during the said three

days there shall be no interruption to the said navigation for or by rea-

son of any neglect or default of the said Josiah White, George F. A.

Hauto and Erskine Hazard, their heirs and assigns: Provided also, That

no toll shall be demanded for any boat, vessel or craft in going up said

river, unless the same is converted into a complete slack water

navigation, as provided by this act.

Sect. 2. And be it further enacted by the authority aforesaid, That

if any person or persons shall be injured by means of any dam or dams

being erected, or the land of any person inundated by swelling the water

by means of any dam or dams, or any mill or other water works injured

by swelling the water into the tail-race of any mill or other water works
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Power to enter on land and dig, &c.

Remedy for damage done thereby.

Proviso.

2d proviso.

Power to enter on lands contiguous, &

take stone, timber, &c.

which may have been erected in said river; and if the said Josiah White,

George F. A. Hauto and Erskine Hazard, their heirs and assigns, can-

not agree with the owner or owners tliereof on the compensation to be

paid for such injury, the same proceedings shall be had as is provided

in the third section of this act, the persons valuing the damages, being

first sworn or affirmed, or the jiuy as the case may be, shall take into

consideration the advantages which may be derived by such owner or

owners by the navigation aforesaid.

Sect. 3. A7id be it further enacted by the authority aforesaid, That

the said Josiah White, George F. A. Hauto and Erskine Hazard, their

heirs and assigns, shall have authority and power by themselves or their

superintendents, engineers, artists and workmen, to enter in and upon

and occupy for the purpose, all land which shall be necessary and suit-

able for erecting of a lock, sluice, canal, tow-path or other device, doing

as little damage as possible, and there to dig, construct, make and erect

such lock, sluice, canal, tow-path or other device, satisfying the owner

or owners thereof; but if the parties cannot agree upon the compensa-

tion to be made to such owner or owners, it shall and may be lawful

for the parties to appoint six suitable and judicious persons, who shall

be under oath or affinnation, and who shall reside within the proper

county where the land lies; or if they cannot agree on such persons, then

either of the parties may apply to the court of common pleas of the

proper county where the land lies, and said court shall award a venire

directed to the sheriff, to summon a jury of disinterested men, in order

to ascertain and report to said court what damages, if any, have been

sustained by the owner or owners of said ground, by reason of such

lock, canal, sluice, tow-path or other device passing through his, her

or their land, which reports being confirmed by the court, judgment

shall be entered and execution may issue, in case of non-pa\Tnent, for

the sum awarded, with reasonable cost to be assessed by the court. And

it shall be the duty of the jury or the six appraisers as the case may be,

in valuing any land, to take into consideration the advantage derived to

the owner or owners of the premises from the said navigation ;
Prodded,

That either party may appeal to the court, within thirty days after such

report may have been filed in the prothonotan's office of the proper

county, in the same manner as appeals allowed in other cases: And pro-

vided also, That if any person owning land or any other property which

shall be affected by this act, be femme coverte, under age, non compos

mentis, or out of the state, then and in either of those cases the said

Josiah White, George F. A. Hauto and Erskine Hazard, their heirs and

assigns, shall within one year thereafter, represent the same to a neigh-

boring justice of the peace, or to the court of common pleas of the

county as the case may be, who shall proceed thereon in the same manner

and to the same effect as is directed by this act in similar cases.

Sect. 4. And be it further enacted by the authority aforesaid, That

the said Josiah White, George F. A. Hauto and Erskine Hazard, their

heirs and assigns, by and with their superintendents, engineers, artists,

workmen and laborers, with their tools, instruments, carts, waggons and

odier carriages and beasts of draft and burthen, may enter upon lands
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Conditions thereof.

Remedy for damages.

To erect fords or bridges when directed

by a jury.

Provis

Commissioners to be appointed by the

Governor to examine the improvements

when completed, and report the same.

Report to be laid before the Legisla-

ture.

Privilege thereupon granted.

contiguous and near to the said river, giving notice to the owners or

occupiers thereof, and from thence take and cany away any stone,

timber, gravel, sand, earth or other material, doing as little damage

thereto as possible, and repairing any breaches they make in the en-

closures thereof, and making amends for any damages that may be done

thereon, and paying for the materials to be taken away, the amount

whereof, if the parties do not agree, shall be assessed and valued by any

three disinterested freeholders residing in the neighborhood, under oath

or affirmation, to be appointed by consent of the parties, or if they

cannot agree, by any disinterested justice of the peace of the proper

county, allowing an appeal to the court of coinmon pleas as in the third

section of this act.

Sect. 5. And be it further enacted by the authority aforesaid, That

whenever any sluice or canal shall cross any public or private laid out

road or highway, or shall divide the grounds of any person or persons

into two parts, so as to require a ford or bridge to cross the same, the

jury who shall enquire of the damages to be sustained, in manner di-

rected by the third section of this act, shall find and ascertain whether

a passage across the same shall be admitted or maintained by a ford or

bridge to cross the same, and on such finding, the said Josiah White,

George F. A. Hauto and Erskine Hazard, their heirs and assigns, shall

cause a ford to be rendered practicable, or a bridge fit for the passage

of carts and waggons to be built, and forever thereafter maintained and

kept in repair, at all and every places so ascertained by the said jury, at

the costs and charges of the said Josiah White, George F. A. Hauto and

Erskine Hazard, their heirs and assigns, but nothing herein contained

shall prevent any person from erecting and keeping in repair any foot

or other bridge across any sluice or canal at his own expense, when

the same shall pass through his ground : Provided, That such foot or

other bridges so to be erected by the owners of such land, shall not

interfere with any sluice or lock or other works of said Josiah White,

George F. A. Hauto and Erskine Hazard, their heirs or assigns.

Sect. 6. And be it further enacted by the authority aforesaid. That

as soon as the said Josiah White, George F. A. Hauto and Erskine

Hazard, their heirs and assigns, shall have completed the improvements

in the navigation of either of the grand sections hereinafter mentioned,

in the manner prescribed in the first section of this act. they shall give

notice thereof to the Governor, who shall, as soon as conveniently may
be, appoint five persons of skill and practical knowledge of river navi-

gation, three of whom shall not reside in the neighbourhood of said

river; and the said commissioners shall proceed to examine the said

improvements, and make a detailed and specific report thereof to the

Governor, accompanied with such obsenations as may serve to explain

the same; and the said report shall be laid before the next succeeding

legislature, and if the legislature shall approve of the said improvements

in the navigation, then and in that case the said Josiah White, George

F. A. Hauto and Erskine Hazard, their heirs and assigns, shall have

the privilege and be entitled to use all the water from the said river,

sluices, canals or other devices, to propel such machinery as they may
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Proviso.

How the size of rafts or arks and ton-

nage of boats shall be ascertained.

Proceeding in case the owner, &c. de-

clines choosing a person.

Penalty for impeding the navigation or

injuring the dams, locks, &c.

Proceeding in case of not keeping the

locks, &c, in repair, or not removing

obstructions, &c.

think proper, to erect on the land which they may previously have pur-

chased from the owner or owners, or to sell in fee simple, lease or rent

for one or more years, the said water to any person or persons, to be

used in such manner and on such terms as they may think proper:

Provided, It be so done that it shall not at any time impede or interrupt

the navigation.

Sect. 7. And be it further enacted by the authority aforesaid, That

in order to ascertain the size of arks and rafts, and the tonnage of boats

using and passing the said navigation, and to prevent disputes bet\veen

the supercargoes and collectors of tolls concerning the same, upon the

request of the owner, skipper or supercargo of such boat, raft or ark, or

of the collector of said tolls, it shall and may be lawful for each of them

to choose one skilful person to measure and ascertain the size of said

raft or ark, and the tonnage the said boat is capable of earning, and

to mark the said tonnage so ascertained in figures upon the head and

stern of said boat, in colours mixed with oil or other durable matter,

and that the said boat or vessel so measured and marked, shall be

permitted to pass on the said navigation for the price to wliich the num-

ber of tons so marked on her shall amount, agreeably to the rates per

ton hereinafter established. And if the owner, skipper or supercargo

of any raft, ark or boat, shall decline choosing a person resident within

two miles of the place where the said toll is payable, to ascertain the ton-

nage thereof, then the amount of such tonnage shall be fixed and ascer-

tained by the person appointed for that purpose by the said Josiah

White, George F. A. Hauto and Erskine Hazard, their heirs and assigns,

or chosen by the said collector of tolls, and the tolls shall be paid accord-

ing to such measurement, before any such boat, raft or ark shall be

permitted to pass the place where such toll is made payable.

Sect. 8. And be it further enacted by the authority aforesaid, That

if any person or persons shall wilfully and knowingly do any act or thing

whereby the navigation shall be impeded, or any dam, lock, gate, canal,

engine, machine, property or device whatsoever thereunto belonging,

shall be injured or damaged, he, she or they so offending shall forfeit

and pay to the said Josiah White, George F. A. Hauto and Erskine

Hazard, their heirs and assigns, four times the amount of the damages

by them sustained, together with costs, to be recovered by action of

debt before a justice of the peace, or in any court of competent

jurisdiction.

.Sect. 9. And be it further enacted by the authority aforesaid, That

if the said Josiah White, George F. A. Hauto and Erskine Hazard, their

heirs and assigns, shall neglect or refuse to keep in good order or

repair, any dam, lock or sluice of their own construction, or shall neglect

to remove any obstacle which may occur, so that boats, arks, rafts or

other vessels may safely navigate the said river at the times and in the

manner fixed in the first section of this act, on the complaint of any

person or persons to the judges of the court of conmion pleas in the

county where such default occurs, it shall and may be lawful for the

said judges (due notice thereof in writing being previously given by
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Commissioners to be appointed to view

and report.

Effect thereof.

Penalty on conviction.

Service of process when good.

River divided into two grand sections.

Proceeding on completion of the first

grand section.

Governor to appoint three viewers.

Report to be made to the governor.

License to fix places to collect tolls.

Collectors of tolls to be appoinud.

such complainant to the said Josiah White, George F. A. Hauto and

Erskine Hazard, their heirs and assigns, or to any or either of them) , to

appoint three commissioners to view the said breach or obstacle and

report to them at their next sessions the state thereof, and whether it

is conformable to the provisions of this act; which report on oath or

affirmation, if it contain an ofTence against this act, shall be sufficient

ground for the court to direct a bill of indictment to be sent to the grand

jury against the said Josiah White, George F. A. Hauto and Erskine

Hazard, their heirs and assigns; and upon conviction for every such

oflFence they shall be liable to pay all damages resulting therefrom, to

be recovered before a court of competent jurisdiction, and a fine not

exceeding two hundred dollars at the discretion of the court, for the

use of the poor of the said county or township; and the service of any

civil process upon the toll gathered in the proper coimty, and next

to the place where the offence shall have been committed, shall be held

as good and available in law as if served on the said Josiah White,

George F. A. Hauto and Erskine Hazard, their heirs and assigns.

Sect. 10. And be it further enacted by the authority aforesaid. That

the river Lehigh for the purpose of said improvements shall be divided

into two grand sections, the first grand section to begin at the mouth of

said river and to end at the mouth of Nescohoning creek, the second

grand section to begin at the said Nescohoning creek and to end at the

foot of the great falls: the second grand section to be subdivided into

sections of ten miles each.

Sect. 11. And be it further enacted by the authority aforesaid. That

as soon as the said Josiah White, George F. A. Hauto and Erskine

Hazard, and their heirs and assigns, shall have improved the said first

grand section of said river ending at said Nescohonino creek, they shall

give notice thereof to the Governor of the commonwealth, who shall

thereupon forthwith appoint three skilful, judicious and disinterested

persons to view and examine the said grand section, and report to him

in writing whether that part of the navigation is completed in the man-

ner aforementioned according to the true intent and meaning of this

act : and if the report of them or a majority of them shall be in the

affirmative, then the Governor shall by license luider his hand and the

lesser seal of the commonwealth, permit and suffer the said Josiah

White, George F. A. Hauto and Erskine Hazard, their heirs and assigns,

to fix upon and appoint so many places at or between the places before

mentioned as will be necessary and sufficient to collect the tolls and

duties hereinafter granted to the said Josiah White, George F. A. Hauto

and Erskine Hazard, their heirs and assigns; and the same process shall

be had upon the completion of each succeeding ten miles in the second

grand section.

•Sect. 12. And be it further enacted by the authority aforesaid. That

it shall and may be lawful for the said Josiah White, George F. A.

Hauto and Erskine Hazard, their heirs and assigns, as soon as they have

obtained the Governor's permission as aforesaid for fixing upon and

appointing proper places for collecting tolls and duties as aforesaid, to

appoint so many collectors of tolls as they shall think proper, and that
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Rates of tolls.

Proviso.

2d proviso.

3d proviso.

Penalty for attempting to defraud out

of toll.

How recovered.

Tenancy of the property.

it may and shall be lawful for such toll collectors and their deputies to

demand and receive of and from the persons having the charge of all

boats, vessels, crafts and rafts passing down the said river such tolls and

rates for every ton weight of the ascertained burthen of the said boat or

craft, and for every one thousand feet board measure of boards, timber,

planks or scantling, and for every ton weight of shingles or other mate-

rial in rafts as the said Josiah White, George F. A. Hauto and Erskine

Hazard, their heirs and assigns, shall think proper at any place for

receiving of toll as ascertained: Provided, That the amount of the said

toll shall not in the whole exceed the rate of three cents per mile for

every ton of the ascertained burthen of such boat, vessel or craft
:
and for

every one thousand feet board measure of boards, timber, planks or

scanding, and for every ton weight of shingles or other material in rafts

from the great falls to the mouth of Nescohoning creek, and from thence

to the mouth of the said river Lehigh, one cent per mile for every ton of

the ascertained burthen of such boat, vessel or craft, and for every one

thousand feet board measure of boards, timber, plank or scantling, and

every ton weight of shingles or other materials in rafts: Provided also,

That the said Josiah White, George F. A. Hauto and Erskine Hazard,

their heirs and assigns, shall be obliged to commence the improvement of

the aforesaid first grand section ending at the mouth of the said

Nescohoning creek within the period of two years from the passage of

this act, and finish the same in six years: And provided also, That the

said Josiah White, George F. A. Hauto and Erskine Hazard, their

heirs and assigns, shall commence the said second grand section ending

at the great falls within the period of seven years from the passage of

this act, and finish the same within twenty years; in failure Nvhereof

the said Josiah White, George F. A. Hauto and Erskine Hazard, their

heirs and assigns, shall forfeit all the rights, liberties and franchises

hereby granted to the said Josiah White, George F. A. Hauto and

Erskine Hazard, their heirs and assigns.

Sect. 13. And be it further enacted by the authority aforesaid, That

if any owner, skipper or supercargo of any boat, ark, craft or raft shall

pass by any place appointed for receiving tolls without making pa)TOent

thereof, with intent to defraud the said Josiah White, George F. A.

Hauto and Erskine Hazard, their heirs and assigns, out of such toll,

he, she or thev shall forfeit and pay for every time they shall so pass

by'each appointed place to the said Josiah White, George F. A. Hauto

and Erskine Hazard, their heirs and assigns, the sum of twenty dollars

to be sued for and recovered before any justice of the peace, in like

manner and subject to the same rules and regulations as debts under

one hundred dollars may be sued for and recovered, together with

reasonable costs of prosecution.

Sect. 14. And be it futher enacted by the authority aforesaid. That

the said navigation with the rights and privileges appertaining thereto,

shall be held by the said Josiah White, George F. A. Hauto and Erskme

Hazard, their heire and assigns, as tenants in common and not as joint

tenants, and in case of the decease of either or all of them before the

same shall be completed, it shall and may be lawful for the sut^ivor
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Survivors may complete the work.

Duty in case the legislature deem the

navigation insufficient.

Tolls in case of a complete slack water

navigation.

Proviso.

Duty in case of the legislature directing

a slack water navigation.

Privileges allowed in such case of using

the water to propel machinery.

or survivors or the heirs or assigns of either or all of them to complete

the same, and to exercise all the rights and privileges hereby granted for

the use and benefit of the survi\-or or survivors and the heirs of the

deceased, in the same proportion as if all had lived till the work liad

been completed.

Sect. 15. And be it further enacted by the authority ajoresame, That

at any time after the expiration of the periods herein fixed for the com-

pletion of each grand section in the manner aforesaid, shoidd tire legis-

lature deem the navigation contemplated by the preceding sections of

this act insufficient, the said Josiah White, George F. A. Hauto and

Erskine Hazard, their heirs and assigns, due notice in writing being given

them thereof, shall convert the said navigation into a complete slack

water navigation, and shall erect and complete at least one lock or other

device overcoming at least six feet falls in each and every year, in such

part of said respective grand sections as they may think proper, and so

on until the whole shall be completed; and in such case after each and

every^ such lock or other device has been inspected, and the Governor's

license for each of them has been obtained in the manner prescribed

herein, it shall be lawful for the said Josiah White, George F. A. Hauto

and Erskine Hazard, their heirs and assigns, to charge and receive

for the passage up and down through each and ever)' such lock or other

device, as soon as it shall have been completed and the license for it

obtained as aforesaid, for their own proper use and benefit, a toll not

exceeding eight cents per ton per lock or other device of six feet fall or

lift, and so in proportion for any greater or less fall or lift, and the

same for every thousand feet board measure of boards, timber, plank

or scantling in rafts: Provided, That the said Josiah White, George

F. A. Hauto and Erskine Hazard, their heirs and assigns, shall not re-

ceive for the distance thus made slack water, the toll granted them by

the eleventh section of this act.

Sect. 16. Aiid be it further enacted by the authority aforesaid, That

if the legislature after due notice given as aforesaid shall direct the said

navigation to be converted into a slack water navigation, the said

Josiah White, Georege F. A. Hauto and Erskine Hazard, their heirs

and assigns, shall proceed to carry on the same under all the provisions,

immunities, privileges, restrictions, jjenalties, rules and regulations con-

tained in the first, second, third, fourth, seventh, eighth, ninth, eleventh,

twelfth and fourteenth sections of this act.

Sect. 17. And be it further enacted by the authority aforesaid, That

as soon as the said Josiah White, George F. A. Hauto and Erskine

Hazard, their heirs and assigns, shall have completed the said slack

water navigation in either or both of the grand sections aforesaid, and

the same shall have been approved by commissioners appointed as here-

inbefore directed, the said Josiah White, George F. A. Hauto and

Erskine Hazard, their heirs and assigns, shall for such grand section or

sections so finished as aforesaid, have the privileges and be entitled to

use all the water from the said river, sluices, canals or other devices to

propel such machinery as tliey may think proper to erect on the land

which they may previously have purchased from the owner or owners.
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Size of the locks.
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or sell in fee simple, lease or rent for one or more years the said water

to any person or p>ersons to be used in such manner and on such terms

as they may think proper: Provided, It be so done that it shall not at

any time impede or interrupt the navigation.

Sect. 18. And be it further enacted by the authority aforesaid, That

the locks shall be in the clear at least eighteen feet wide and eighty feet

long, and it shall be the duty of the master or commander of any boat,

ark or other vessel navigating the said river when they shall arrive within

one-fourth of a mile from any lock so erected, upon the penalty of two

dollars, to blow a trumpet or horn whereupon the keeper of such lock

shall attend for the purpose of opening the gate or sluice to let the

said boat, ark or other vessel pass without unnecessary delay and in

safety; and if any boat, ark or other vessel shall be prevented from

passing up or down any of said locks or sluices by reason of the lock

not being raised for more than thirty minutes, the said Josiah White,

George F. A. Hauto and Erskine Hazard, their heirs and assigns, shall

on conviction thereof before any justice of the peace of the proper

county, forfeit and pay to the person so hindered the sum of one dollar

for every thirty minutes beyond the said time that he shall be so

prevented, and in the same proportion for any longer or shorter time:

and the service of any civil process upon the toll gatherer in the proper

county and next to the place where the offence shall have been com-

mitted, shall be held as good and available in law as if served upon the

said Josiah White, George F. A. Hauto and Erskine Hazard, their heirs

and assigns.

Sect. 19. And be it further enacted by the authority aforesaid, That

at any time after the expiration of thirty-six years from the date of this

act, the legislature shall have the privilege of purchasing every right

and title to the navigation: and the said Josiah White, George F. A.

Hauto and Erskine Hazard, their heirs and assigns, shall after the

expiration of thirty years keep a regular account of all monies received

by them for toll, and shall annually before the first day of Januaiy.

under oath or affirmation make report thereof to the legislature, in

failure whereof it shall be lawful for the legislature to resume the

privileges hereby granted: and in such case in order to ascertain the

purchase money, the one sixth of the nett amount of toll received in

the six years next preceding such purchase shall be considered as equal

to the interest of said purchase money at six per cent, per annum; and

in case of such purchase or resumption by reason of forfeiture, the

legislature shall be bound to fulfil all and every obligation enjoined by

this act on the said Josiah White, George F. A. Hauto and Erskine

Hazard, their heirs and assigns.

Sect. 20. And be it further enacted by the authority aforesaid, That

if the slack water navigation aforesaid shall not be begun by the said

Josiah White, George F. A. Hauto and Erskine Hazard, their heirs and

assigns, within one year after notice given as aforesaid, and shall not

within twenty years thereafter be completed, or if they shall at any

time hereafter misuse or abuse any of the privileges granted by this

act, then or in either of these cases the legislature may resume all and
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Repeal.

singular the rights, liberties and provileges hereby granted.

Sect. 21. And be it further enacted by the authority aforesaid, That

the twenty-eighth section of the act, entitled "An act making appro-

priations for certain internal improvements," passed the twenty-fourth

day of March one thousand eight hundred and seventeen, be and the

same is hereby repealed.

WILLIAM DAVIDSON, Speaker

of the House of Representatives.

ISAAC WEAVER,
Speaker of the Senate.

Approved—the twentieth day of March, one thousand eight hundred

and eighteen.

WILLIAM FINDLAY.

II

TERMS OF SUBSCRIPTION

Lehigh Navigation and Coal Mine Company.

The Capital Stock of the Company shall consist of

Two Hundred Thousand Dollars, divided into Two
Hundred Shares.

Josiah White, George F. A. Hauto, and Erskine

Hazard, each reserve fifty shares, for which they assign

to the Company, all their interest in the law granted

them at the last Session of the Legislature, for improv-

ing the navigation of the river Lehigh, and the lease

for twenty years, which th 'v hold on the "Lehigh Coal

Mine Company's" lands.

The amount of the remaining fifty shares shall be

invested in the said navigation, in working the coal

mines, and in business connected therewith exclusively.

J. White, G. F. A. Hauto, and E. Hazard, will spe-

cifically pledge their shares to the subscribers, as

security that the whole nett profits of the Company,

shall be exclusively appropriated to them until they

receive an interest of eighteen per cent, per annum,

on the amount of their subscriptions.

When the nett profits exceed nine thousand dollars
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per annum, the surplus shall be divided equally on the

shares retained by J. White, G. F. A. Hauto, and
E. Hazard, until they receive eighteen per cent, interest

per annum.

When the profits amount to, or exceed, thirty-six

thousand dollars, they shall be divided equally among
all the shares.

J. White, G. F. A. Hauto, and E. Hazard, shall

manage and personally superintend the business until

the navigation be completed, and the coal business

reduced to system ; for which service they shall each

be entitled to receive One Thousand Dollars annually.

The subscribers shall be entitled, if they deem it neces-

sary, at any time to appoint a person to be associated

with J. White, G. F. A. Hauto, and E. Hazard, or the

survivors, or survivor, of them, in the management,

which person shall have the same authority, devote the

same personal attention, and receive the same com-

pensation as each of the other managers. A majority

of the managers shall govern the affairs of the

Company.

Fifteen per cent, of the amount subscribed, shall

be paid within ten days after the whole fifty shares

shall have been subscribed. The remainder to be called

for in instalments, as required by the work, of which

twenty days notice shall be given.

Any subscriber neglecting or refusing to pay the

instalments, within ten days after the time appointed

for their payment, shall forfeit what he has already

paid, for the benefit of the Company, and shall cease

to be a stockholder.

The stock shall be transferable upon giving notice

to the managers for the time being, who are authorized

to give certificates as evidence of stock.

Should fifty thousand dollars be found an insuffi-

cient capital for all the purposes of the Company,

additional shares shall be created, which shall be sub-

ject to the same regulations as the fifty shares now

subscribed for, which new shares shall be added to the

original two hundred, and the dividends shall be made
on the whole number of shares.

J. White, G. F. A. Hauto, E. Hazard, and the sub-

scribers, shall all be at liberty to subscribe to the

additional stock, in the proportion of the original shares

they may hold.

If any, or all the subscribers, decline advancing their

proportion to the new stock. J. White, G. F. A. Hauto,

and E. Hazard, engage to make up the deficiency.

It shall be the duty of the managers for the time

being, to keep a fair book of account, of all expendi-

tures made by them in the prosecution of the business

intended, and of all monies receiv-ed by them, or their

agents, on the Company's account, .so as to exhibit a

clear, correct, and just state of the concern, which book

shall be open to the inspection of the stockholders, or

any of them who shall choose to examine the same.

Meetings of the stockholders shall take place on the

first Monday in January in each year, at which by-laws

for the regulation of the Company shall be made, and

each share shall be entitled to one vote.

Dividends of the nett profits, reserving a contingent

fund to meet the exigencies of the Company, shall be

made semi-annually.

We, the subscribers, promise to pay to Josiah White.

George F. A. Hauto, and Erskine Hazard, or to the

order of any two of them, One Thousand Dollars for

each share of stock set opposite to our respective names,

in the manner, and subject to the terms above written,

provided that they shall have first executed and re-

corded a mortgage to us of the whole of their shares,

as security for the performance of their part of the

above terms ; which mortgage shall cease to be binding

as soon as the nett profits of the Company shall amount

to eighteen per cent., or the amount of our subscrip-

tions shall have been received by us in dividends.
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Ill

LEHIGH COAL.

The importance and value of this coal in various

manufactures, as well as for domestic use, are now be-

ginning to be more generally known. Its use is in conse-

quence rapidly extending, it having been found, for

most of the purposes to which it has been applied,

greatly superior to all other descriptions of fuel.

For melting metals, for nailing, for rolling and slit-

ting of iron, for malting, distilling, burning lime, baking

and evaporating salts, it is entitled to a decided prefer-

ence; and for various other uses in the arts it is confi-

dently believed that, on trial, its advantages will be

found to be equally great. Of all known species of fuel,

it makes the most durable fire, creating an intense but

regular and steady heat, without smoke or unpleasant

smell, and producing no soot. The pipe or chimney

therefore can never take fire, neither will the misery of

a sniokcy chimney ever be felt where this coal is used.

For blacksmiths it is superior to the bituminous coals

for all general purposes. But some alteration is neces-

sary in the tue-iron. The gudgeons of the bellows ought

to be placed 4 or 5 inches above the level of the nose

of the pipe. The back of the fire place should be

brought up slanting backwards, so that part of the fire

may rest on it. The hearth should be filled up nearly

level with the bottom of the tue-iron, which should be

I'/s to l'/4 inches diameter, and a little art, which is

soon acquired, is necessai-y to keep the fire open.

Furnaces for burning this coal should be so con-

structed as to free themselves from ashes. For this pur-

pose the bars of the grate should be made smaller at

the bottom than at the top where the coal rests, and

should be placed not less than seven eighths of an inch

apart, giving the grate or stove a strong draught of air.

The following certificates, selected from a great num-

ber which might be given, will confirm the statement

above made of the great value of this fuel.

The following certificate was given to the then pro-
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prietors of the great Lehigh Coal mine, by Messrs.

White and Hazard, when owners of an extensive wire

factory, and rolling and slitting mill, at the falls of

Schuylkill, five miles above Philadelphia

—

"We have used the Lehigh coal, and in the heating

of bar iron for rolling, we find it to contrast with

Virginia as follows:—
With Lehigh coal, three men will roll teji civt. of iron

for \vire, and burn five bushels of coal per day of 12

hours.

The wages are 4 00

Five bushels of coal at 90 cents is . . . 4 50

$8 50

With Virginia coal it takes ten bushels to heat five

cwt. of bars, which is all the three men can do with

this coal in one day.

The wages as above is four dollars per day, but

rolling but five cwt. a day, it will take two days to roll

ten cwt. making the wages for that quantity . . 8 00

Suppose the coal to cost only 2]/2 cts. per

bushel, 20 bushels would be 50

$8 50

It follows that to us Lehigh coal at ninety cents is

equally cheap as Virginia coal at two and a half cents

per bushel."

WHITE & HAZARD.
Whiteslown, November, 1814.

"We the undersigned do certify that we are now

using the stone coal for heating hoops for cut nails,

and find it to exceed any other coal or wood fire for

this purpose.

Our practice is, in the morning when we leave the

shop for breakfast, to throw a tiuantity of coal on the
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fires which will be fit for working on our return, and

will last until we leave it at 9 in the evening, when we

again put on a quantity which lasts until the next

morning at breakfast time. We find a very great ad-

vantage in thus having the fire ready to work at an

early hour in the morning.

Such a fire requires about half a bushel of coal in

twelve hours. We find also that the hoops beat in half

the time that they do with any other fire.

Upon the whole we think that the Lehigh coal is

much the best for nailing and not attended with one

fourth the trouble of any other fire, and that the nails

are, in our opinion, superior to others on account of the

quickness of the heat, which does not cause the iron to

scale so much.

We also can cut one fourth more nails with this fire,

than a wood fire."

GEORGE SMITH.
JOHN MORGAN.
DANIEL CLOCKGLASER.

December I2th, 1814.

"I have used in my business for years past, occasion-

ally, charcoal, sometimes Virginia coal, and at others

Lehigh, and from use and careful examination of their

relative value, I am perfectly satisfied that one bushel

of Lehigh coa! is equal in durability and value to nearly

three of Virginia, and from ten to twelve of Charcoal;

and further I find it is the only coal I can depend on for

welding of gun barrels, as with it I am always sure of a

true and unifomi result. I ha\e now used them twenty

years, and would not be willing to be without it even if

it costs me two dollars per bushel.

I own three tilt hammers, and have ^vorked for the

United States and the state of Pennsylvania for the last

eight years.

It requires about a peck of the Lehigh coal per day,

with a small proportion of Charcoal, for one fire; with

this I manufacture 8 gun barrels, or 20 pistol barrels,

or 1 quart of coal to a musket barrel."

DAVID HESS,
.Smith and gun barrel maker, Northampton, Pa.

Dec. 3d, 1814.

"I have used this kind of coal (the Lehigh) for the

last two years, both foi" the malt kiln, as well as under

the brewing copper, an ' also for distilling, for which

purpose I find it to be sup -ior to wood, cheaper, safer,

and attended with much lesi abour.

In distilling, with 30 bushels of this coal and half a

cord of wood, (to raise occasionally the heat) I distil

100 bushels of grain in a still, containing 125 gallons,

upon the common old construction, in ten days—when

I formerly used 5 cords of \vood for the same quantity,

taking longer time and requiring much more labour.

In order to dampen the fire whilst occasionally wash-

ing or drawing off the still, I have only to throw on

some of the fi7iest of the coal, and when again I want

to raise the heat, I put on a stick or two of wood. The

length of the bars of my grate is 22 inches, of inch

square iron; they are set in loose, the ends widened,

so that the bars may be about seven eights* of an inch

apart, and placed thus side by side, they make a grate

of 15 inches wide. The stills are set bare to the fire,

about 16 inches above the grate, with single flues

passing round each still, with doors to the furnace.

For malting, the advantages are, that producing no

smoke and containing no sulphur, there is no danger of

its smoking or otherwise injuring the malt, whilst the

regularity of the heat is such, that the fires require little

or no attention at night, and there is also no danger,

with common attention, of burning the malt.

For brewing, or under the boiler, I prefer it for the

reasons which induce me to use it in distilling."

WILLIAM BOWN,
Brewer and Distiller.

December 20th, 1814.

Extract from a memorandum furnished by Mr. Jo-

seph Smith of Bucks county, Plough manufacturer.

"From the whole of my observations, (and I have

been particularly attentive to the subject for a month

past) I am fixed in the opinion that one bushel of the

Lehigh coal is worth two of the Richmond, and ten or

twelve of the best charcoal ; and it is found to Avork

steel better than any other kind of coal; not burning

either that or iron as other coal does.

One of my journeymen, who was the most averse, is

now using the Lehigh coal at Soyertown, Berks county,

at $75 per hundred bushels, in a neighbourhood where

charcoal can be purchased for one tenth of the sum."

JOSEPH SMITH.
Tinicum, Bucks county, Pa.

-ithMo. 2d, 1814.

*Triangular bars with a flat side uppermost, placed

H.ALF AN INCH apart, have been found to answer better.
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"We the subscribers, residents of the county of Bucks,

do certify, that on the recommendation of Joseph

Smith, we were induced to make trial of the Lehigh

coal in our smith-shops. We have used it about four

months; and believe, at the price we gave, ($24 per

ton) they are the most economical coals we could use.

We find that the weight on the fire, the only objection

to them, is more than compensated by the intensity of

heat and freedom from that corrosive quality and cin-

der, to which all other kinds of coal are subject."

Given under our hands, February 2^th, 1815.

JACOB B. SMITH, of New Hope.

EDMUND KINSEY, of Milton.

"I have for two months past made use of Lehigh

coal in my distillery, and am much pleased with it.

I have ascertained that three bushels of coal (with a

little di7 wood to kindle) is sufficient to run my singling

still six times, my doubling still once, and boil all the

water for mashing, &c. I find in using this coal a great

saving of labour, and the copper is not so liable to be

injured as by wood, because there is not so much danger

of burning the still, or running foul at the worm.

My mode of setting stills for this kind of coal is as

follows: I draw a circle sufficiently large to give room

for a circular flue round the body of the still, of about

four inches, leavdng an opening of twelve inches wide

and two feet deep for an ash hole ; I then raise the ash

hole twelve inches high and put on my grate, which is

made of inch square bars, placed about three quarters*

of an inch apart, and a sufficient number to cover the

ash hole. I prefer to have the square bars rivetted (in-

stead of putting them in loose as some do) into a cross

bar at each end, to keep the bars stationary. I have put

up a cast iron door frame in front, of 15 inches wide

and 1 2 high, with a cast iron door to it ; then raise the

side wall and back of the furnace, a little flaring, to

the height of the cast iron door frame, levelling the

top; then put down four bricks for bearers, on which

I set my still, then drawing a flue of about four inches

round the sides of the still, inclose it at the top rise of

the breast.

This mode I find to answer a very good purpose for

stone coal. It is not necessary to have a slider or damper

in the chimney, because by closing the front of the ash

hole and opening the door of the furnace, it will suf-

*See note to W. Bovvn's certificate respecting the bars.
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ficiently check the operation of the fire when required."

GEORGE HAINES.
March lOth, 1815.

"We have used the Lehigh coal in our cupola, and

after an experience of two years, we find that by using

one bushel of Lehigh coal to five bushels of charcoal,

we can melt double the quantity of iron in the same

time—for instance, where we formerly melted twenty-

five hundred of iron in our cupola, starting at 10

o'clock, A. M. and ending at 6, P. M. we, by using

Lehigh coal mixed with charcoal as aforesaid, now

melt fifty hundred weight. By using charcoal exclusively

we formerly considered castings over ten hundred

precarious to lam by cupola, we now by using Lehigh

coal can run castings over twenty hundred without

danger. We discover Lehigh coal does not harden the

iron, but it comes out grey."

CAD. & O. EVANS.

City Foundry, Philadelphia, May 26th, 1824.

"I have used Lehigh coal for melting copper and

brass, for the last two years, and give it the preference

to any other fuel.

I consider common pine coal a nuisance in a brass

founder's shop for melting metal."

CHARLES GREEN,
Brass Founder. No. 54, New street.

Philada. May l-ith, 1824.

"We, James and Joseph Whitaker, proprietors of

the Delaware rolling mills, have used Lehigh coal for

rolling our iron for nearly three years, and find it so

much superior to all other species of fuel which we

have ever used, that we would, now that our workmen

are accustomed to and prefer it, rather pay 30 cents

per bushel for it, than get Richmond or Liverpool coal

for nothing."

J. & J.
WHITAKER.

Philada. May 24th, 1824.

"I have used Lehigh coal in a rolling and slitting

mill for the last three years and consider it superior to

any other fuel that I have employed. In 1812, I gave

$14 per ton for it, or 50 cents per bushel, and even at

that price considered that I saved, and preferred it to

any other coal that I could get. -\t present the Lehigh

and Virginia cost me the sa .c price per bushel de-
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livered at my mill. But with from 7 1-2 to 8 bushels of

Lehigh coal I roll as much iron as would require 13

bushels of Virginia, and the work is done in from two

to three hours less time ; so that my profit by using the

Lehigh is 4 dollars 55 cents per ton, or 1 dollar 75 cents

per day. This however is not all the advantage—my
foreman will \vork with Lehigh coal for lower wages

than with Virginia, the trouble is so much less; for in-

stance on Monday morning the fire is made with a little

wood or half a bushel or more of Virginia coal to start

it, and it can be got ready for a heat in about one and a

half or two hours; when once in order you have nothing

to do but add coal, heat after heat—no cinder or other

trash to take out until the day's work is done—then

rake up the fire by pushing to the back all the coal that

remains in the oven, shut down the damper, and in the

morning you have fine live coals, the quantity very

little diminished during the night; from Monday to

Monday, no wood or other fuel wanted, and your

oven always warm in the morning. Any one acquainted

with the business can compare this with the trouble

of Virginia coal, and after all, you cannot make so

regular a heat as with Lehigh, but are apt, without a

great deal of care, to burn the iron in one place and

not have it hot in another. My furnace was constructed

to burn Virginia coal: I made no alteration in it, ex-

cept taking some of the bars out of the grate, so as to

make the spaces between the bars wider.

This statement, which may appear partial, is given

only for information. I have no interest in the Lehigh

company, other than that of getting a regular supply

for my business of this excellent fuel."'

AMOS A. JONES.
Verreville, May \5th, 1824.

"We have used the Lehigh coal several years past to

heat bar iron for our rolling mill at Bridgetown, Cum-
berland county. New-Jersey; prior to the introduction

of this, we used the Richmond coal for the same pur-

pose, and from experience thus obtained, we are satis-

fied that for this purpose, one bushel of the former is

worth at least two of the latter."

BENJAMIN & DAVID REEVES.
Philada. May \9th. 1824.

"The quantity of LcSiish coal in Philadelphia here-

tofore, not being equal li *lie demand, I have not been

able to obtain sufficient foi my use, and have burned it

but seldom in the rolling mi)., but constantly for several

years in the nail factory. I shall use it in preference to

any other fuel when I can be supplied, being \vell con-

vinced of its superiority. I have had heated, for rolling

into hoops, 1 1 tons of bai iron, with 33 1-2 bushels of

your coal, when it would require nearly double that

quantity of Virginia coal, or about six bushels to the

ton. In the nail factoiy we consume about one bushel

and three pecks of Lehigh coal to heat a ton of nail

plates. As it requires no charring, is very durable, and

the heat intense, much lime is saved in the use of it. A
fire made in the morning lasts till noon, then replen-

ished, endures the rest of the day."

HENRY MOORE.
Old Sable Works, May \9th, 1824.

"We are of opinion that Lehigh coal is much to be

preferred to wood, as fuel for drying malt, being more

economical, requiring less room for storage, and less at-

tention whilst burning, from its steady heat and great

durability. The danger of accidents from fire is so much

diminished by the use of this coal, that it alone would

be sufficient to give it a decided preference."

DAWSON & MORRISON.
"From considerable experience I have found the

Anthracite from Lehigh much superior either to the

Rhode-Island or Kilkenny, (Ireland)."

WILLIAM MORRISON.
Philada. 5th Mo. 8th, 182-i.

"For melting brass the Lehigh coal is preferable to

any other; for one ton of Lehigh will do as much work

as 200 bushels of charcoal for melting, beside is not half

the labour in attending the furnace; and likewise for

soldering our work. One person can do more than

double the work with the Lehigh than they could with

charcoal on the forge, and I find a great advantage in

using it at the rolling mill, for heating the oven in which

we neal the brass for rolling, for two fires will serve for

the whole day.

I therefore think it is the cheapest by one half."

J.
BARNHURST.

May 8th, 1824.

"Having a mill for rolling and slitting of iron, we

have for many years been in the habit of using the Vir-

ginia coal for heating the iron, until about six months

ago we were induced to try the Lehigh coal, and find it

so much superior to any other, that we now use it ex-

clusively, and we believe there is a saving in the ex-
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pense of about fifty per cent in favour of the Lehigh at

the present prices of each, as we can perform the same

business with two tons of the latter that we could with

85 bushels of Virginia.

Our workmen also prefer the Lehigh as they have

much less trouble in keeping their fire with it than any

other that we have used."

JAMES & MAXWELL ROWLAND.
Philada. 5th Mo. 22d, 1824.

"This is to certify, that I have used at one of my
blacksmith forges, for some time past, the Lehigh coal,

and (about adopting it in all of them) find that one

bushel of it will last longer than two of Virginia or

Liverpool, it being much cleaner, and the smith likes

it better, and can safely say that I have had the largest

day's work done with that coal that I have had with

any other for ten years."

JONAS GLEASON.

"N. B. I find you must alter your bellows tue-iron

by making it about twice as large as is common, and

begin your fire with a little charcoal or wood at the

bottom, and not let any dead coal get to the tue-iron

and you have no difficulty, and when you leave your

fire, put in a small piece of wood or charcoal, to keep

it while at dinner, &c.—A little instruction is necessai7

to a new beginner or he is apt to get too soon

prejudiced." J. G.

Philada. May 7th, 1824.

"I Thomas Barnhurst, brass founder &c. of Phila-

delphia, certify, that I have been in the use of the

Lehigh coal for several years, for brazing and melting

brass and copper; and my experience authorises me to

say, that in brazing or soldering, my hands can do in

a given time with one half the expense, three times as

much work as they can with any other kind of coal that

I have ever used. And for melting any kind of metal,

one fire will answer the place of eight fires of charcoal,

at not greater expense than each fire of charcoal;

—

that taking into view the great saving of expense of

fuel, and the very great additional quantity of work my

hands can do with Lehigh coal more than any other

kind, I think it invaluable either for melting or

brazing."

THOS. BARNHURST.
Philada. May lOth, 1824.

"I Samuel Heston, of Bucks county, have followed
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the business of a blacksmith for thirty years, and until

the year 1819 was in the habit of using charcoal and

Richmond coal. During the war I obtained a parcel

of Lehigh coal for trial, but could do nothing with it

and considered it a worthless article. In the year 1819,

1

made a visit to Mauch Chunk and there had an op-

ptortunity of seeing this coal properly used. I brought

some of it back with me in my waggon, and have been

in the use of it ever since, hauling it from Philadelphia

a distance of 28 miles, rather than purchase charcoal

in my neighbourhood. I can do more work with one

bushel of the coal than any man can do with three

bushels of Richmond coal or six bushels of charcoal.

In short I consider the discoveiy of Lehigh coal one

of the most important ever made in this country, and

should hardly be tempted now to use any other if it

were given to me for nothing. When I went up to

Mauch Chunk for curiosity, I had sold out all my
stock, intending to move to the state of Ohio, and

nothing but the prospect of being able to carry on my
business to great advantage by using this coal, induced

me to alter my mind and remain. Fifty people in my
neighbourhood know that I should have gone but for

this accidental circumstance.

SAMUEL HESTON.
May 20th, 1824.

"I have found from experiment that 10 bushels Le-

high coal may be considered equal to 50 bushels char-

coal, or to one cord of good hickory wood, when used

for di7ing malt for brewer's consumption. The princi-

pal advantages the Lehigh coal possesses, compared

with other fuel, consists in the steadiness, regularity

and safety of the heat emitted, and the little attendance

it requires, it also dries malt paler than other fuel.

ADAM SECKEL.

Philadelphia, June Mh, 1824.

Letter from Williatn Young, Esq. proprietor of the

Rockland Factories on the Brandywine, to one of the

Managers.

"I have your letter of 9th instant requesting infor-

mation respecting the manner of using the Lehigh coal,

its cheapness, safety, and other ad\antages.

I will with pleasure note such circumstances as have

been found to answer all these purposes at the ware-

house, No. 10, South Third street, and at the Rockland

cotton and woolen factories on Brandywine. The first
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I had of the Lehigh coal was in 1798, when Mr.

Charles Cist sent a basket of that coal, which was put

into a carron coal grate, and the fire place inclosed to

make the current pass through the fire; the heat pro-

duced was intense.

As soon as a supply could be had, it was introduced

at the warehouse, and sent to the factories on Brandy-

wine. The manner of using is simple, safe and effica-

cious. It has been used in furnaces (at the factories)

built on the ground floor. These furnaces are made of

fire brick enclosed in cylinders of sheet iron ; around

this, and leaving a space of about four inches for an

air chambei-, a circular brick wall is built, and the air

chamber covered above the top of the furnace. The
air from without the building is introduced as low un-

der the air chamber and grate of the furnace as prac-

ticable, in order to give the greater pressure from the

external column of air, to promote the combustion

in the furnace, and to increase the current of warm
air from the air chambers through the tubes to carry to

the points required in the factor)'.

The conduits for the cold air are large, and also the

smoke pipes and air tubes, from 7 to 14 inches diam-

eter. The larger the conduits, and the colder the air

introduced, the effects are so much the more immedi-

ate and satisfactory, and it is presumed, that in cases

\vhere the coal has not been so advantageously used,

it has arisen from a want of attention to these very

important circumstances. The smoke pipe, which is

about 14 inches diameter, contains a tube of warm
air of about 7 inches diameter; these are carried

through each floor in copper reservoirs, filled with

water, which while they remove all risk from fire, the

evaporation produces a refreshing air in the factory.

The woollen factory, a building of about 34 by 85

feet, four stories high, has been rendered comfortable

with one furnace, except where a stove is required at

the gig mill. The cotton factory, about 40 by 70 feet,

three stories high, has never required more than the

use of one furnace, to render it so warm as required

in the coldest season. Thus in the one case, supposing

the building 81 feet long, 31 feet wide and 35 feet

high, all in the clear within the walls and floors gives

87.885 cubic feet of air, and the other building 67 feet

long, 36 1-2 wide and 32 feet high, the stories being

so much higher within the walls, gives 78.240 cubic

feet of air rendered coi. fortable by one furnace and air

tubes. The expenses I ca; i .< )t exactly ascertain, because

until 1822 we could not o ^ain a supply of your coal

for both factories, and the si ith shop. For the winter

season of 1822, 16 tons were used for the factories, and

the smith shop, and the same quantity in 1823. The

wood used for kindling, an occasional supply being

taken from the other stores for weaving shop, dye

house, &c. &c. cannot be ascertained, nor can we

exactly state the expenses compared with other fuel,

but our estimate has been, that 10 to 12 bushels of

Lehigh coal, of 801b. weight each, will yield the same

quantity of caloric or heat as one cord of oak wood of

128 cubic feet; and one bushel of Lehigh coal will

perform for us about the same service as one and a

half bushels of such Liverpool as we have had.

It might also be stated that a neighbouring factoiy

where they used oak wood, the building 4 stories high,

and not much larger than these already mentioned,

required about 200 dollars for wood for the season.

The circumstances already stated will show that the

Lehigh coal used is by far the safest fuel. There is but

one fire, and that shut up on the pavement floor ; there

are no sparks, and it is understood that the deposit in

the pipes and chimnies are incombustible: this however

may not be the case when the fires are kindled with

wood, or where wood is used occasionally to continue

the temperature till the time of shutting up in the eve-

ning; but in general three fires hold out to serve for

each day.

The insurance offices have been so well satisfied

about its additional safety, that the premiums are

reduced where it has been in use in the manner stated,

and which has been introduced from season to season

into the most extensive factories near the Delaware,

with some variation according to taste and circum-

stances. The convenience is also great; instead of

carrying fuel into the diff"erent stories where dust,

smoke, &c. are disagreeable and often injurious, the

caloric is carried wherever required without risk, dust,

smoke or labour. Coal has been used for six years at

No. 10, S. Third street. The Rhode Island, which is

more difficult to manage, was used until a supply of

Lehigh could be obtained. The air is introduced from

the outside of the room and as much below the grate

as practicable, by which the combustion is carried

powerfully on without any consumption of the warm

air ; and by means of the tubes the heated air is carried

to any point required, within or without the ware-

house, at a small expense, and without injury from

smoke or dust: the temperature is regulated by valves

or registers in the smoke pipes."

WILLIAM YOUNG.
Philada. May I9th, 1824.
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"We the subscribers having made use of the Lehigh

Coal in our parlours during the past season, are so well

satisfied with it that we prefer it to any other fuel

—

being cheaper, safer, and more durable, after being

once ignited, and therefore less troublesome to con-

tinue the fire than with wood or other Coal.

JOSEPH BALCH.
ISAAC WATERS.
C. BLANCHARD.
A. H. GIBBS.

I. P. DAVIS.
Boston, June 15, 1825."

Note.—It has been ascertained by calculation that

by the substitution of Lehigh Coal for wood, the

expenses of the Pennsylvania Hospital have been

diminished about one thousand dollars ]3er year, or

say one third.—This is a well authenticated fact.

ent proportions of Coal and Iron on the different days

to tiy the strength of the Coal, and the result is, that

the Schuylkill Coal, in its natifc state, without any
trouble or the expense of coking, and with a much
smaller quantity of coal, makes better iron than any
coke we ever used. It renders the metal 77iucli softer

and fitter for our purpose than coke. I have no doubt

that this coal, as soon as introduced here, will entirely

do away the use of coke, and produce great saving

in our works."

(Signed) WILLIAM HOOD.
William Hood acts in the capacity of foreman for us,

and we believe what he has stated to be correct.

(Signed. ( ROBERT M'QUEEN & Co.

[From the New York Mercantile Advertiser.]

IMPORTANT TO AGRICULTURE,
COMMERCE, AND MANUFACTURES.

LEHIGH COAL,

APPLIED TO ROLLING IRON.

It appears from actual experiment made on the

Coals dug out of the mines of our country, such as the

Schuylkill, Lackawaxen and the Lehigh, being all of

the same family, that they possess a degre of heat in

the ratio of 5 bushels to 18 bushels of the Liverpool

Coal after it had been cok'd ; it is confidently believed

these Coals are the pure carbon, and that there is no

such Coal to be found in Europe, and from the experi-

ment made by Messrs. Robert M'Queen & Co. in this

city, we have reason to say that the grand desideratum

so long sought after in the manufactures of Europe to

acquire a degree of heat beyond that which the Coke

Coal will produce, will be found in the Coal above

mentioned.

Herewith subjoined is a certificate from the prac-

tical hands of Mr. Hood, the foreman of Messrs. R.

M'Queen & Co. who carry on in this city one of the

most extensive Iron Foundries in the LTnited States.

Here is no theory, it is the result of actual experiment

passed through the ordeal of the large crucible tech-

nically called a Cupola from which there is no appeal.

The following certificate is from Mr. Hood, Foreman

of Messrs. Robert M'Queen & Co.

"I do hereby declare that I have, in the Cupalo

Furnace of Robert M'Queen, Esq. made four different

blasts with the Schuylkill Coal of Mr. Snowden, and

find it fully to answer all our purposes. We used differ-

The furnaces should be 12 or 15 inches longer than

the bars intended to be heated, with a grating under the

whole, and a flat roof about 12 or 13 inches above the

grating, and the draft taken through 2 or 3 openings in

the roof connected with the stack—each of the openings

should be provided with a damper, to regulate the draft

at pleasure. With such a furnace you need never wait

for the coal to burn up, after making the first fire. At

the same time that you put on the iron, throw a few-

lumps of coal at the back end of the furnace which will

be ignited by the time the iron is rolled off, then stir up

the fire so as to free it from ashes, bring forward the

fresh coal, and immediately put on the change of iron

and renew the coal at the back of the furnace. With

two furnaces woiked on this plan, the rollers may be

kept constantly at work, as the iron will heat in one as

fast as it can be rolled out of the other. This will be

found to require water to be always running upon the

rolls to keep them cool. Five bushels of coal will be

sufficient for 1 1-2 tons of iron. Supposing the Lehigh

and Liverpool coal to be at the same price, the use of

the Lehigh will be found to save the whole cost of the

coal and hands—as the same hands can do double the

work, with half the coal, in the same time that they can

with Liverpool or Virginia coal. Soap Stone, with the

end of the grain next to the fire, is the best material

for the furnace and will stand -ome years without repair.
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TO BURN LIME. TO BREWING AND MALTING.

The furnace, or kiln, may be constructed of almost

any shape : that of an egg answers very well. The

lower part is contracted to a square of 18 or 20 inches

having the bottom on an inclined plane, so that the

burned lime may be drawn out below with a shovel

while the coal and stone are thrown in above. The

stone should be broken moderately small and the coal

made very fine. To commence operations, put a suffi-

cient quantity of wood in the kiln to ignite the coal;

then a stratum of coal; then fill up the kiln with alter-

nate strata of stone and coal, in the proportion of six

bushels of the stone, to one of coal, and set fire to it;

as it settles, fill it up. After the wood and lower coal

are burnt out, the lime will show itself at the bottom

and may be drawTi out as it cools. Thus by drawing out

the lime and keeping the kiln filled with stone and coal,

the operation may be continued at pleasure. In some

kilns it is necessary to keep all the crevices on the top

filled with fine coal, to prevent the stone from melting

with the strong draft. The proportions of stone to coal

will be found to \'ary from 5 to 8 for one—the quantity

depending upon the quality of the stone and the size to

which it is broken. If the coal be left too coarse, the

mass will be melted by the intense heat. This will be

found the most economical and pleasant way of burning

lime—as the kiln is cool both at bottom and top, and
requires no further attention than drawing out the lime

morning and evening, and filling it up with stone and
coal.

TO DISTILLING.

A furnace and grate is made under the stills, with a

door to close up the front, that no air may get into the

furnace but what passes through the grate and coal. A
damper should likewise be put in the chimney, to regu-

late the draft. When the liquor is run ofT, and you wish

to change the stills, throw some fresh coal on the fire

and close the damper and ash hole, by which means
the heat is almost instantly checked, and the still can

then be run off and recharged by the time the fresh

coal is ignited and furnishes the heat necessary to

continue the process; so that no time is lost in making
up the fire. One ton of coal has been found sufficient to

run off 630 gallons of liquor from the low wines, besides

heating all the water for mashing 210 bushels of grain,

and washing the casks, &c.

In malting, the whole product of the combustion of

the coal, passes through the malt, which partially

bleaches it, and makes it much preferable to other

malt for making pale ale. By making a uniform con-

stant heat, the fire requires little or no alteration. The

same fixtures and management are used with the

brewing kettle as in distillery.

TO BURNING BRICK.

The bricks should be piled with spaces of about three

quarters of an inch between them, and fine coal should

be thrown loosely into those spaces. The lower part of

the kiln must then be ignited with wood and the heat

will gradually work through to the top, burning the

bricks in its progress. The hardness of the bricks is

regulated by quantity and fineness of coal.

TO MELTING IRON.

In a cupola furnace, one ton of coal will melt two

tons of pig or scrap iron. The coal should be broken to

about the size of eggs. It requires more blaze than

charcoal.

TO BAKING.

The Lehigh coal is peculiarly adapted to perpetual

ovens—as the heat may be kept regular for any length

of time. The ovens are made of sheet iron, and built in

brick or stone work, so that the heat may pass all

around it. The grate should be placed about 20 inches

below the oven, and have separate doors to the ash hole

and furnace, that either, or both, may be opened to

regulate the heat. One bushel of coal is sufficient for an

oven capable of baking 100 lbs. of bread per hour for

a dav of 1 2 hours.

The subscribers, agents of the Lehigh Co.\l Com-

pany, are prepared to execute orders for Coal in any

quantities, and will also give the necessary information

for the construction of Grates and Stoves, to those

disposed to make trial of it.

LYMAN & RALSTON,

71 Broad Street,

BOSTON.
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IV

Pennsylvania, ss.

In the name and by the authority of the Commonwealth

of Pennsylvania.

SEAL OF THE JOSEPH RITNER,
STATE OF GOVERNOR OF THE SAID COMMONWEALTH

PENNSYLVANIA

To all to whom these presents shall come, sends greeting:

Whereas, pursuant to the eleventh and fifteenth sections of

an act of the General Assembly, passed the 20th day of

March 1818, entitled, "An Act to improve the navigation

of the river Lehigh," Commissioners were appointed by me,

on the 8th day of September 1837, to view and examine the

descending navigation, by artificial freshets, on the river

Lehigh, between Stoddartsville and the mouth of Wright's

Creek, and also a number of Locks as part of the slack water

navigation in the said river, between Mauch Chunk and

the mouth's of Wright's Creek, upon the notification of the

President and Managers of the Company for making the

same, that the said descending navigation and locks, as

aforesaid, are made and perfected agreeably to certain acts

of assembly referred to in the first section of an act passed

the 13th day of March, A.D. 1837, entided, "An Act

authorizing the construction of a Railroad to connect the

North Branch Division of the Pennsylvania Canal, at or

within the borough of Wilkesbarre, with the slack water

navigation of the Lehigh," which authorize the making the

same; and whereas, the said Commissioners, Samuel Breck,

Nathan Beach and Owen Rice, Esquires, have reported to

me in writing, under their respective hands and seals, and

under their oaths and affirmations, that they have viewed

and examined the said descending navigation, and the locks

specified in their report, and that they are made and per-

fected in a complete and workmanlike manner, agreeably to

the true intent and meaning of the acts of assembly on the

subject: Now know ye. That in pursuance of the directions

and authority in the said acts of the general assembly con-

tained, L the said Joseph Ritner, governor of the said

commonwealth, do hereby permit, license, and suffer the

said President Managers and Company to fix and appoint

so many places on the aforesaid descending navigation and

the locks, as aforesaid, forming part of the slack water navi-

gation before referred to, as will be necessary and sufficient

to collect the tolls and duties granted by Law to the said

Company, from all persons having charge of all boats, arks,

vessels, crafts and jafts, passing up and down the same.

Given under my hand and the great seal of the state at

Harrisburg, this 2nd day of November, in the year of our

Lord 1837, and of the Commonwealth the sixty-second.

Bv THE Governor.

J. WALLACE, Deputy Secretary

us GOVERNMENT PRINTING OFFICE : 1968 — 278-632

For sale by ihe .Superintendent of Documents, U.S. Government Priming Office

Washington, D.C. 20402 - Price 70 rents
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