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"Soho is 1rnmecl aft.er the works of Bolton & v.Vatt, in England. 
and is situated about three-quarters of a mile northwest of the 
Passaic, on a small stream called Second River. 

"The works consist of, }L smith-shop 90x40 feet, with six fire� and 
two air furnaces; next to this is a room 30x20, in which is tl1e fire, 
for heavy work; four wooden bellows play into a regulator 15-i..15 
feet, with pipes to the forge, ancl four fnrnaces for melting and re
fining copper. Then there is a stone building 20.x:24, two stori� 
high, with six stampers for preparing loam for the furnaces; ne.xt 
to this is a fitting shop with large lathe an<l drilling machine, and a 
water-wheel 20 feet diameter, to bore cannon; next to tl1is is a shop 
with a water-wheel 30 feet diameter for boring large cylinde1ys; thi 
is now boring a small cyli1Hler for a ::;team boat, which belongs to 
Roosevelt, Chaneellor Livingston, and others. 

" Higher up the strram is the furnaces, li0x50 feet, with two rrn 
furnaces capable of melting 40 cwt. of ruet,d each, two blast furna
ces for melting and refining copper, with a coal house and pattern 
shop. with two foot lathes ; all are stone buildings; the strC'am 
affords a head and fall of 1G to 18 feet. 

"The large cylinder fo1· the engine to he used on the banks of the 
Schuylkill at the water works was ca:;t in two pieces, and united 
by copper, the joint being secured externally by a strong band oi 
ca;;t-i.rou, eighteen inches broad, weighing l,'.200 pounds. St>ven 
thousand five hundred weight of metal was u:-;ed fol' the cylinder; it 
is six and one-half feet loug, and about thirt.r-eight and one-L1niuter 
inches in the bore; ,1.bout :�-inches throughout was at first to he cut 
away; one-half inch has been accomplished ; two men are re1uire,l, 
one almrn,t lives in the cylirnler, with a hammer in hand to keep 
t.hings in order, and attend to the stcelings (cutters), the other at· 
tends the frame ou whieh the eylinder re.-;ts, which is moved by 
:rnitable machinery; tlwse lrnn<ls are relieYerl, and the work goP.S on 
rhy n.ud night; one man is nlso employed to grind the steelingi
the work is stopped at dinner time, but thi:; is thought no disadvan
tage, as to bore constantly the cyliHL1er would become too much 
heated; the work also stand:,; whilst the steeliugs are being changed, 
which reqnired about ten minntes time, and in ten minutes more 
work they were dull again ; I examineq some of them and found 
them worn an eighth of a� �nch in that ti1qe. Three of these steel-
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ings (01; cuLlers), al>0rit t11ree and one-i1alf inches on the etlge, afe 
fixed in the head piece at one time. The head piece is a little les� 
than the diameter of the cylinder, and six inche.5 thick, secured upon 
a rod of iron eight inche5 ·in diameter, which forms the f<haft of a 
water wheel. 

"The workmen :o:tate thn.t the boring was commenced on the nfoth 
,if April, and had been going on ever since, three months, and a.bout 
�ix weeks more will be required to finish it. 

"The wronaht iron for the flue of the boiler over the fire will be 
imported fron� England, and is in :;,beets 38 by �2 inehes. That yet 
made in this country is clumsy :;;tnff of ditierent sizes, the large.-.t. 
being 36 by 18 inches, with rough edges which Ii.we to be cut. 
,mooth by the J>mchn;;l"r. 

Signed (THOS. P. COPE,) 

July 4, 1800.'' 
The engine for which the above dC'scrihed cylinder was being 

made was that put up at the water works on the Schuylkill, at the 
foot of Chestnut Street. 

The cv linder was 38 ! inches diameter and six-feet stroke, an<l 
<lrove a ·double acting p11mp lH inches in diameter and six. feet 
�troke. 

The engine at Centre Squa.re, built about the same time, and at 
the same place, had a steam cylinder 32 inches diameter and six 
feet stroke, and worked a donble acting pnmp of 18 inches diameter 
and six feet stroke, rn.ising the water into tanks about 51 feet high. 

In both these en"ines the lever beams, the arms and shafts "' 
of the fly wheels, the hearings upon which the fly wheels were sup-
ported, the hot wells, the hot and cold water pumps, t1e cold water 
c·isteru, and even the steam boilers were all made of wood. These 
latter were rectangular che.i>ts, made of white pine planks five inches 
thick; they were nine feet square inside at the en<ls, and fourteen 
feet long in the clear, braced upon the s ides, top, and bottom with 
011k scantling ten inches square, the wlwle securely bolterl together 
by one and a quarter inch rods passing through the planks. Inside 
of this chest was placed a fire box twelve feet six inche.� long, Rix 
feet wide, and one foot ten inches deep, with vertical flues, six of 
fifteen inches diameter and two of twelve inches diameter; through 
these the water circulated, the fire aeting around them and passiug 



4 

tip 1nto an oval flue situated just above the fire box, carried from 
the back of the boiler to near the front, and returned again to the 
back where it entered the chimney. This fire box and flues appear:
to have been at fhst made entirely of cast-iron; then a wrought-iron 
fire box was made, the fines still beiug of cast iron, this not being 
satisfactory on account of the unequal contraction and expansion of 
the two metals causing leakage, eventually wrought-iron flues were 
also put in. 

Geat advantage was at the time supposed to be gained by the non
conducting powers of the wood, and also hy the vertical flues in the 
fire box. 

By experiments made with the engines when the above described 
wooden boiler was in use, it was recorded that the engine at Cbestnut 
Street, on the Schuylkill; whilst lifting the water to the height of 
thirty-nine feet, and running at a speed of sixteen revolutions ·prr 
minute raised 1 474 500 ale gallons of 232 cubic inches each, in ' ' , 

twenty-four hours, with a consumption of seventy bushels of Vir-
ginia coal. And the engine at Centre Square, raising the water fifty· 
one feet, pumped 962,520 ale gallons in twenty-four hours, with a 
consumption of fifty-five bushels of the same kind of coal ; the 
pressure of steam, in both cases, being two and one-half pounds to 
the square inch. 

As might be expected, great difficulty was experienced in keeping 
these boilers steam tight; a'�cordingly, on December 1, 1804, a boiler 
with cast-iron shell, as well as flues, was put up, and another oue, als0 
of cast-iron, but of different form, was put in use March 10, 1806. 
The second of these, which was erected at the works on the Schuyl
kill, had semi-circular ends, was seventeen feet long and eight feet 
wide at the bottom, and nineteen feet long and ten feet wide near 
the top ; the flame passed under the bottom and around the back 
into oval flues which passed through the boiler, returned and passeJ 
around the sides outside the shell. 

The first had a semi-cfrcular top, the ends bc�ing flat, and was erected 
at Centre Square. The fire passed under the boiler around heaters 
of peculiar construction and through one flue of serpentine plan to 
the front of the boiler; this boiler bad two sheets of wrought-iron 
upon the bottom, just over the fire, all the rest being cast-iron. 

These boilers remained in use until the steam works at Fairmount 
were started September 7, 1815. 
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At this last named works tlie boiler used \,;-as of cast-iron, the 
plan of boiler being the same as that of the wooden boiler just used 
at Centre Square, except that it had a ,;hell with a semi-circular top, 
made of cast-iron ; this was in use; from September 7, 1815, to 
January 14, 1822, when the use of steam at Fairmount was discon
tinued and water power works substituted. 

The engine at ·the Schuylkill was started December 22, 1800, and 
that at Centre Square, January 27, 1801. The contract for them 
both was made March 21, 1779, the col'!t to be $30,000. The con. 
tractor claimed that they cosi him $77,192. 

The expense .of keeping the engines running in 1809 is reported : 

and 

$6,254.36 for Lhe Schuylkill engine. 
7,552.87 for the Cent.re Square engine. 

$13,807.23 together. 

In October, 1807, a new wooden fly wheel shaft was put into the 
Schuylkill engine, and a.lso that at Centre Sqnare ; the latter engine 
al the same time had a new wooden lever beam made, the old ones being 
found rotten. This latter engine had a fly wheel of 20 feet diameter 
substituted for the wheel of 16 feet diameter, first used. Neither of 
the pumps were originally provided with air chambers; such a.n ap
pliance was put to the Centre Square engine June, 1810. 

The engine and pump first put in at Fairmount, which was started 
to supply the City September 7, 1815, was almost si.mi.lar to those 
at Schuylkill and Centre Square Works, except that tl1e lever beam 
and fly wheel arms and shafts were made of cast-iron. They were 
�n on the Bolton and Watt sty le of that period, with poppet valves 
worked by band gear and tappets. 

. , . . The dimensions of this engine were: steam cylmder 43� mch ch
ameter, and six feet stroke; lever beam, cast in two leaves, was 23 
feet 9 inches long, between centres; the pump was double acting, 20 
inches diameter and 6 feet stroke; the water was raised 102 feet 
above low tide; the boiler, as before stated, was cast-iron. 

The castings for the engine were made by Samuel Richards, at 
Weymouth Furnace, and a.t a foundry then situated withi� a fourth
of a mile of Fairmount. The price paid was for the cylrnder cast
ings $160 per ton; for lever beam $120; for fly wheel and shaft 



6 

$100, and for the cast-iron boiler plates $90 per ton ; the weight of 
the latter was 16 tons 12 huu<lredweight and 39 pounrl,-. 

The founder reported that the castings of the cylinder ( which had 
to be cast with the nozzles for the side pipes separate) took all the 
metal that the" Eagle Works" would hold, viz., t11irty-five hundred
weight. 

This engine, ,,ith steam at 2� pounds above the atri10sphere, raise1l 
2,116,382 Uuited States gallons, with the consnmption of seven 
eords of oak wood; the run was for twenty-four hours, but after the 
first eight hours it was found difficult to keep the steam up to 2� 
pounds pressure, n.nd the engine finally stopped for want of steam ; 
the chimney flue was afterward enlarged, and then steitm wa:, 
carried up to 4 pounds to the square inch; the engine cost $54,341 . 

At thi;; works Oliver Evans erected thefir;;t large high pres1<ure engine 
made by him. It had a steam cylinder 20 inches diameter and fiye 
feet stroke, with a rotating steam valve, worked by bevel gear 
wheels, driven from the main shaft ; it had a double acting pump 20 
inches diameter and 5 feet stroke ; the beam was made of wood, and 
was suspended at one end upon vibrating stanchrds, the piston rod 
being attached to the other eud of the beam. 

The boilers were wrought-iron, 27 feet long, 27 inches diameter, 
and four in number, upon which steam was at times raised to 210 
pounds to the square inch; they were twice burst, three men being 
killed by the explosion, first time J nne 20, 1818, and again October 
12, 1821. 

On the 15th of .May, 1817, this engine was submitted to cont.ract 
test; she run twenty-three and a-half hours; filled the reservoir 9 
feet 5 inches deep, being equal to 3,666,021 U uited States gallons, 
maintained steam from 194 to 200 pounds to the square inch, and 
burned 13 cord;; of oak wook, running at. a speed of 22 revolution;, 
per minute. 

The use of both theae engines was discontinued Jan@ry 14, 1822; 
they remained standin� in the building until }Vfo.y 10, 1832, wheu 
they were sold and soen after removed. 

The distributing pipes u;;ed with the Centre Square Works, a11<l 
for several years after the use of steam was abandoned there, were 
made of spruce pine logs, and varied in diameter from 3 to 6 iuche.,, 
inside. 
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.. As Philadelp�ia. was the first works iu tl10 country to adopt cast'.ron as a material for water-pipe, a plate, which will explain itself
IS appended hereto. , , '" " '

It sh_ows the �tandard ;:izes adopted at that timc(�te:tabli�hedb,,Fredenck GI'aft, Sr., then Chief Engineer of the \titer "\Vorks anda.bo �h�ws the old stops used with the woo<leu logs, which it w'm beseen is m general arrangement precisely like the " "'lobe valves" ofth� presei:t day, ,'.or which �iumerous patents have been granted. �\,nd al,,o the me-plug:; and ,;top-cocks clesio·ned b)' l\"r· G ff· 180" l . ' . ::. 1. • ra m 
0 anc 18.22; no fire-plug or stop has been invented since (to myknowledge). that does u?t contain the general principle, and almostth� ,mechamc�l form, of tl1ese early hydraulic appliances. 

. l he first. of. the large water mains were cast at the charcoal blastturnaces of .M_r. Samuel Richards; one of the very earliest of themi� to be seen_ 111 the section of the American Society of Civil Engmeer;;, at the Cent�1111ial Exhibition, and not unly seems to showth: �dva�ice made m i;uch castings at the time, but also the durabihtr of water-pipes in the soil of our City, and with the watersupplied from the River Schuylkill. 
Philadelph-ia., Junt I:), lt,76. FRED. GRAFF. 




