




































i, 

19 

present century. Ordinarily, a population of 500,000, using 60 gallons 
per head per day, would consume 30,000,000 gallons daily, and a popula­
tion of 250,000, 15,000,000 gallons daily. A present arrangement, for the 
daily supply of 30,000,000 ga11ons, would, therefore, seem to be sufficient 
for many years; if proper provision should be made for increasing the 
power, when needed, by simply adding more engines and additional force 
mains, at some fuLure period. 

For convenience of reference, I will introduce, in this place, some calcula­
tions of the probable cost to the city of Pittsburgh, upon five different 
scheme , made out in view of the peculiar circumstances just described; 
which may afford a better understanding of the case. 

They are all based on the lowest cost of steam power water-works, 
selected from the records of a number of different cities. 

FiJ:st. A proposed by l\1essrs. Chesbrough and Lane; pumping to 
Brilliant Hill reservoir, and thence to Hiland avenue reservoir. 

Second. As proposed by l\Ir. Lowry ; all the water to be pumped into 
IIiland avenue reservoir, Brilliant Ilill reservoir to be abandoned. 

Third. Abandoning one pair Lowry engines ; pumping with remaining 
pair into Brilliant Hill reservoir, and putting up an engine at Brilliant 
Hill to pump into Hiland avenue reservoir, assuming that $50,000 can be 
saved in foundations and engine-house by abandoning one pair of engines. 

Fourth. Abandoning one pair Lowry engines ; abandoning Brilliant 
Hill re ervoir, and pumping all the water into Hiland avenue re ervoir. 

Fifth. Completing both Lowry engines, and both reservoirs, and 
pumping 16,000,000 gallons daily into Brilliant IIill reservoir, and 4,000,-
000 gallons daily into Hiland avenue reservoir direct. 

JY.r:EJY.r:ORAN""DA 

OP 

Estimated Cost of Supplying the City of Pittsburgh with Water, 

BY FIVE DIFFERENT SCHEMES. 

The cost of pumping has been assumed at six cents per million gallo
.
ns,

raised one foot, ( which is about the lowest cost on record), for pumpmg

from the river· and seven cents per million gallons, raised one foot, when
' 

. 

pumping from Brilliant Hill to Hiland avenue reservoir.

One-fifth of the total supply to be required on the upper and middle

levels, say 4,000,000 out of the 20,000,000 gallons.

2 
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SCHEME I. 

AS PROPOSED BY MESSRS. CHESBROUGH AND LANE.

ASSUMED COST OF WORKS. 

Engine-house and pump-well at river········· ·····:
··

: 
....................... $ 

Two pumping engines, capacity twenty-four m1Ihons ................ .

Two 36-inch force mains ........ 1 ........................ • ••••• • •  ••••• ••• ••••••••• 

Engine-house at Brilliant Hill ....... ··· ... ····.·· ........................ •··· 
Engines at Brilliant Hill ......... , ................ ···· ................ , .......... . 
Twenty-four-inch force main ...... ............................. H••• ••••• •••• 

Brilliant Hill reservoir ..................... t •• • •• • ••• • • •••• ••• • • •• ••• • • ••••••••• 

Hiland avenue reservoir...... . . . . . . . . . . . . . . . . . . . . . . . . . . ................. · .... · 

150,000 00 
300,000 00 
120,000 00 
35,000 00 
70,000 00 
14,000 00 

230,000 00 
320,000 00 

$1,239,000 00 

Annual Cost of Supplying twenty million gallons daily, of which 

four millions being raised to Hiland A venue Reservoir: 

Interest on cost of engine foundations, force mains, &c., at 7 per 
cent .......................... .................................................... , ..... $ 22,330 00 

Interest and depreciation on cost of engines, at 10 per cent............ 37,000 00 

Cost of pumping twenty million gallons daily 228 feet, 6c. per million 
gallons, one foot.................. ... . ... . . . . . . . . . .. . •. . ... . .. . . . . . . . .•••. .. . . ... .. 99,864 00 

Cost of pumping four million gallons daily 128 feet, 7c. per million 
gallons, one foot............. .................. ......... ........................... 13,082 00 

Annual cost of pumping twenty millions daily .............................. $172,276 00

Interest on cost of reservoirs, at 7 per cent................................. 3 ,500 00 

Annual cost of supplying twenty million gallons daily .............. .... $210, 776 00

Cost per day, $577.47; cost per million gallons, $28. 6. Annual cost
�f supplying thirty million gallons daily includino· interest and deprecia-

• ' t) tion on cost of additional engines and force mains, ($150,000, at 10 per cent.,
$15,0�0 ; a?d $1_00,000, at 7 per cent., $7,000.) Annual cost of
supplying thirty million gallons daily, $289,189. Cost per day, $792.47.Cost per million gallons, $26.41.
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SCHEME II. 

AS PROPOSED BY MR. LOWRY. 

All the Water to be Pumped into Hiland Avenue Reservoir. 

Brilliant Hill Reservoir to be abandon ed. 

ASSUMED COST OF WORKS. 

Engine-house and foundations, &c., say •....•...........•.......•••••.....• $ 250 000 00
Two double engines, capacity eighty-two millions..................... 800

,
000 oo

Two sets boilers . . . . . .. . . . . . . . . . • . . . . . . . . .. ... . .. . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . .. . . . 50: 000 00
One force main, fifty inches................................................... 200,000 00
Hiland avenue reservoir... ...................... . ...... .................. ...... 320,000 00
Loss by abandoning Brilliant Hill reservoir. t ....... ........ ...... ...... 100,000 00 

$1,720,000 00
t This item uncertain.

Annual Cost of Supplying twenty million gallons daily, all being 

Pumped to Hiland Avenue Reservoir: 

Interest on cost of engine foundations, force mains, &c., at 7 per
cent.. . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................................... $ 31, 600 00 

Interest and depreciation on cost of engines and boilers, at 10 per
cent ........ ,........................... .. ... . .. . . . .. .. ..... ....... .. .... ... .. . . . .. . .. 85,000 00 

Cost of pumping twenty million gallons daily 356 feet, 6c. per million
gallons, one foot........................ .......................................... 155,928 00

Annual cost of pumping twenty million gallons daily ......... $272,428 00
Interest on cost of Hiland avenue reservoir, at 7 per cent............. 22,400 00

" " loss on Brilliant Hill " " " t. ....... ...... 7,000 00

Annual cost of supplying twenty million gallons daily ......... $301,828 00

t This item uncertain.

Cost per day, $826.92 ; cost per million gallons, $41.34. Annual cost 
of supplying thirty million gallons daily, $379,792.00. Cost per day, 
$1,040.52. Cost per million gallons, $34.68. 
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SCHEME III. 

Abandoning one pair Lowry En�ines, Pump.ing with rema.ining
pair into Brilliant Hill Reserv�ir, and putting up an �ng1ne at 
Brilliant Hill to Pump into Hiland Avenue Reservoir, assum­ing $50,000 can be saved on Foundations and Engine-house, by 
abandoning one pair of Engines. 

ASSUMED COST OF WORKS. 

Engine-house and foundations at river, say ........ ....................... $ 200,000 00 One pair Lowry engines ................. ......................... ............. ,. 423,550 00 
One set boilers...... .. . . .. . . . . . . .. . . . . .. . . ... . . . .... . .. . . . . . . . . . ... . . . . . . .. . . .. .... .. 25,000 00 Loss by abandoning one pair of enginest ....•. ...... ...•.•. ...... ...... ... 100,000 00 Force main to Brilliant Hill reservoir ....... .. ,... ............................ 120,000 00 Engine-house at Brilliant Hill............ .... ........ ........................ 36,000 00 
Engine at " " . . . . .  . .. .... .................. ... • .. . .. . .. .••••. ... 70,000 00 
Force main, 24-inch, to Hiland avenue reservoir................ ..... ... 14,000 00 
Brilliant Hill reservoir ............................... , . . . .. . . . • 230,000 00 . . ... '" ..... . . .  . Hiland avenue reservoir...... ............ ........................................ 320,000 00 

$1,637,650 00 
t This item uncertain.

Annual Cost of Supplying twenty million gallons daily-four 
million at Hiland Avenue: 

lnter�st on cost of engine-house, force n1ain, loss on second pnir of 

I engines , at 7 per cent ........................ ..... ............................. $ 31,860 00 
:terestandd:preciation on cost of engines and boilers, at lOper cent. 611866 00 C 8� �f pumping twenty million gallons daily 228 feet, at 6c. per m1lhon gallons , one foot ............... 4 00 

c . t f 
. · · · · · · · · · · ·.... . . . . . . . . . . . . . . . . . . . . . . 99, 86 0� 0 pumping four million gallons daily 128 feet , at 7c. per mil­hon gallons , one foot ······ ······ ·····• ······ ······ ······ ····· ...... ...... ...... 13, 081 00

�o:t of rumping twenty million gallons daily to appropriate height .. $196, 660 00n eres on cost of reservoirs, at 7 per cont..................... ...... ...... 38,600 00
Annual cost of supplying twenty million gallons daily .................. $235,150 00

f Cost per day, $646.93. Cost per million o·allons $3?. 34 Annual costo sup l in h' . . b , ,;j, • 

$BOO 0� y g t irty �il�ion gallons daily, $292,122.00. Cost per day,. . Cost per million gallons, $26.67. 

.. 

... 
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SCHEME IV. 

Aba
.
ndoning one Pair Lowry Engines ; abandoning Brilliant 

Hill Reservoir, and Pumping all the Water into Hiland Ave­
nue Reservoir. 

ASSUMED COST OF WORKS. 

En�dne-house and foundations............................. . $"-' . .. ..... ........... . 

One pair Lowry engines ..................................... , ... ._ .............. . 
One set boilers .. ...... ............................................................... . 
Loss on abandoned enginet .........................................•.......... 
One force main (fifty inches) to Hiland avenue reservoir ... ...•••••• 
Hiland avenue reservoir....................... . ............................... tt•• ••

Loss on Brilliant Hill reservoir .................. ............................ . 

200,000 00 

423,550 00 

25,000 00 

100,000 00 

200,000 00 

320,000 00 

100,000 00 

$1,368,550 00 

t This item uncertain.

Annual Cost of Supplying twenty million gallons daily, Pumped 

to Hiland Avenue Reservoir : 

Interest on cost of engine-house, force main and abandoned 
engine, at 7 per cent..... . ...••...........•....••••• .......••...••. •.•.•.•••. $ 

Int�rest and depreciation on engine and boilers, at 10 per cent ..... . 
35,000 00 

44,855 00 

Annual cost of pumping twenty million gallons daily 356 feet, at 
6c. per million gallons, one foot ...... ...... ............................ . 155,928 00

Annual cost of pumping twenty million gallons daily ....•.•••••••••.. $ 285,783 00

Interest. on cost of Hiland avenue reservoir, at 7 per cent............ 22,400 00

Loss on Brilliant Hill reservoir, at 7 per centt .....• ... ..• . ..•.. .••••. .. 7,000 00 
----

Annual cost of supplying twenty million gallons daily ............ $ 265,188 00

t This item uncertain.

Cost per day, $726.53. Cost per million gallons, $36.32.

cost of supplying thirty million gallons daily, $343,147 . Cost

$940.13. Cost per million gallons, $31.33.

Annual 
per day, 
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SCHEME V.

Completing both Engines and bot� �eserv�irs, and P�mping 
16 ooo ooo gallons daily into Brilhant Hill Reservoir, and 
4,000,000 gallons daily into Hiland A venue Reservoir direct. 

ASSUMED COST OF WORKS. 

Engines and foundations at river ........... ...... ·······- •••••••••..••••••• $ 
Two pairs Lowry engines, capacity eighty-two millions ............. . 
Two sets boilers......... .............................................. ..... . ...... .

Force main to Hiland avenue reservoir ........................... ........ . 
Force main to Brilliant Hill reservoir .............. ..... ...... ........... . 
Cost of Brilliant Hill reservoir ................ ............... ............... . 
Cost of Hiland avenue reservoir ............................................. . 

250,000 00 
800,000 00 

50,000 00 
200,000 00 
120,000 00 
230,000 00 
820,000 00 

$1,970,000 00 

Annual cost of Supplying twenty million gallons daily; four 
millions being raised to Hiland Avenue Reservoir direct ft,om 
river: 

Interest on cost of engine-house, force main, &c., at 7 per cent... $ 39,900 00 
Interest and depreciation on cost of engines and boilers, at 10 per cent . ........ ..... .... .. ... . ..... . .. . . 85 000 00 

..... . '..... . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . , Cost of pumping sixteen million gallons dai ly 228 feet at Ge. per million gallons, one foot ................................ ...... :.... .......... 79
1 

91 00 
Cost. o: pumping four million gallons daily 356 feet, nt Ge. perm1ll1on gallons, one foot...................................................... 3l,l 5 00

----

$235,!176 00 
Interest on cost of reservoirs, at 7 per cent................................. 3 ,500 00 
Annual cost of supplying twenty million gallons daily................ $274,476 00

Cost per day, $751.99. Cost per 111illion o·allons S37 .60. Annual
cost of suppl · th' ·ir· 

n ' 
9 

ying irt! 1111 1011 gallons daily, c..330,01-!. Cost per day,
$ 04.15. Cost per million gallons, S30.1�1.
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SUMMARY OF RESULTS. 

Cost of supplying twenty million gallons per day, at appropriate levels: 
Number of Scheme............. I. II. III. IV. v. 

Cost per day...................... $577 47 $826 92 $646 93 $726 53 $751 99 
Cost per million gallons... ... 28 86 41 34 32 34 36 32 37 60 

Cost of supplying t.hi1·ty million gallons per day, at appropriate levels: 
Number of Scheme ...•.. �····· I. II. III. IV. v.

Cost per day......... .............. $792 4 7 $1,040 52 $800 03 $940 13 $904 15 
Cost per million gallons....... 26 41 34 68 26 67 31 33 30 14 

Scheme I, as originally proposed by Messrs. Chesbrough and Lane, is 
the cheapest in first cost, and in working, so long as the needed quantity 
is under 30,000,000 gallons daily. When 30,000,000 gallons are needed, 
then the cost by Scheme III is nearly the same as by Scheme I. Scheme 
III is ''abandoning one pair of Lowry engines, pumping with remaining 
pair· into Brilliant Hill reservoir, and putting up an engine at Brilliant 
Hill reservoir, to pump into Hiland avenue reservoir." 

The quantities of water required at first, in the three different levels of 
the city, as originally planned by Messrs. Chesbrough and Lane, were ap­
proximately estimated as follows : 

DAILY SUPPLY. 

High level, from Herron's Hill .................................................. . 
Middle level, from Hiland avenue reservoir ........•....•.................. 
Lower level, from Brilliant Hill reservoir ........ ........................ . 

Aggregate ........ o ••• • ••••• •••••••••••••••••• ••• ••• ••• • • • ••• •••••••• 

(At present about 15,000,000 gallons in all are supplied.) 

Gallons. 

500,000 
3,500,000 

16,000,000 

20,000,000 

If it be arranged to pump all the water directly from the river to the Ili­
land avenue reservoir, it is obvious that about four-fifths of the total sup­
ply would be pumped 128 feet higher than necessary; and that it would 
make an extraordinary pressure in the pipes upon a very large portion of 
the city service, which the pipes certainly cannot stand, unless, as indicated 
by Mr. Lowry, special arrangements be made, with peculiar val�es, �o cut
off the extra pressure. The pressure now comes from a reservoir 16� feet 
above the river, at the old Water-works; whereas, if admitted from the Hiland 
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avenue reservoir, which is 356 feet above the river, opposite N egley's run , the

pressure would be from a bead about 36G feet higher than the river at the

old vVater-works, or 204 feet greater head than that now on the pipes; t

beirig 126 per cent. more pressure. 
If, however, it be arranged by means of a side pipe from the 50-inch force

main, already described, to supply the Brilliant Hill reservoir, and to draw

the 16,000,000 gallons of water therefrom, the above difficulty of the extra

pressure upon the low-service pipes would be avoided; but in that case, it

may be asked, what need of a 50-inch main, where a 36-inch main, at much

less cost, would be ample? And what need of such large engines, when

much smaller, and much cheaper, engines would answer? 

Again, if it be concluded to dispense with the Brilliant Hill reservoir,

and to force all the water to the Hiland avenue reservoir, and then, by means

of the peculiar special valves mentioned, to relieve the lower portion of the

city service pipes from the extra pressure, what need of such large engines,

with 50-inch mains, when smaller engines, with 36-inch mains, would de­
liver the required supply at less cost? 

Not that the smaller engines, with two 36-inch mains, would deliver as 
much as the larger engines, with two 50-inch mains, but that much smaller 
and cheaper engines would deliver all that is likely to be required for 
many years. 

Allowing that the four large engines, now under contract, will each throw 
20,000,000 gallons, or 80,000,000 gallons for the two, daily, to the height 
of 356 feet, it is certain that no such quantity as 80 000 000 or 40 000,· 

' ' , ) 

000, or even 30,000,000 is needed at present. 
The city should not, of course, confi�e its views wholly to the present 

needs of Pittsburgh; in a comprehensive study of the subject, it is but 
reasonable to consider the possible entire consumption of the city proper, 
Allegheny, Manchester, South PittsburO'h Birmin()'ham &c as it may be 

b ' o > ., 

ten or fifteen years hence. Putting it for the present supply for all these, 
at 24,000,000 gallons per day, ample present provision would eem to have 
been made by adopting engines of sufficient ca,pacity to throw each 
12,�00,000 gallons, with room in the building for the erection of a third 
engine; the combined service of the three being 36 000 000 o·allons daily·

It h b · ' ' 0 

. as een e�tnnat:d that, on the completion of :the larger engines, the
�ntire co�sumption might, possibly, amount to 20,000,000 gallons per day
�he city of Pittsburgh. This would require one pair of the large 

tThe city of Pittsburgh no h 
reservoir 162 fi t h' h h 

w as a very good system; the whole supply is pumped to the lower
' ee ig , w ence the bulk of th 't , l · Hons

are pumped 236 feet hi her 
e c1 ! s supp y is drnwn; while about 3,000,000 ga 

, 
and belo 8 fi N

g ' to the second reservoir, for the supply of parts of the city above 162 f�et

to this h�gh3e9r 
eet. . ow, suppose it should be proposed to pump the whole I• ooo ooo gallons d:iily,reservoir and disp · h h 

.,, ' y 
the principle invol d '. h 

ensc wit t e lower reservoir, who would advocate the chauge? et 

ve is t e same as the case under consideration.

,:r1 
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engines contracted for, to pump twelve out f t t r h 
half the time M . 0 wen y-iour ours, or Just. r. Lowry, the Mechanical Engineer in charge, has inti-mated that only one of the large 50-inch force mains should b 1 'd 
O ·, f h . e a1 now. ne pa:I O • t e large engines would, of course, remain idle all the time
( excepting 1n case of acci�cnt to the running engines, when that pair
could be set to work); but 1t should be noted that · f ·a . . , 1n case o an acc1 ent
to the proposed single 50-inch force main the e t ·. z ,I' h 

· 
. • . . 

, n 1./1 e supp y oJ t e city 
reserv<Yl/J s would be cut off till it could be renafred Th. · t' I d 

. . . . 

r , IS 1s a prac 1ca an ,
I think, a vital obJect1on to any plan depending wholl.,u · l .r. 

. 
J upon a singe J orce

main for the supply of such a city as Pittsburgh. 
Mr. Lowry's estimate f of the daily cost of running one of th I · · b 

e arge
engines, 1s a out as follows ( which is, I apprehend, too low):
First cost of buildings n.nd engines, &c., with one force main ...... $1,175,000 00

$225 00 

188 46 

Interest per day, at 7 per cent ......... .................... . ·········
Working expense per day ................... ................ , .•.••••

$413 46

This � exclusive of the cost of repairs, and wear and tear, and ulti­
mate renewal of engines, which, if allowed, would add to the cost.

The cost calculated in the usual manner, as shown in Scheme II, is
$826.92 per day. 

If the work to be done:amounts to but 20,000,000 gallons per day,
this would represent the cost of 1,000,000 gallons, raised 356 feet, at
$41.34, or for 1,000,000 gallons raised one foot high, 11/o cents.

This is about the average cost of raising water, per foot of height, at
most of the water-works in the United States, excepting in the cities of
Pittsburgh, Allegheny and Wheeling, where it is only about six cents.

Mr. Lowry, however, makes his calculations refer to 40,000,000 gal­
lons per day, which would, of course, greatly reduce the cost per million
gallons thrown to the reservoirs ; but it would still be not materially less
than six cents per 1,000,000 gallons raised one foot high. 

His estimate is, also, that it would cost about one-fourth less for fuel, if
four-fifths of the 40,000,000, or only 32,000,000 gallons be raised to the
Brilliant Hill reservoir, and the other 8,000,000 to the Hiland avenue
reservoir; but these quantities!will not be required for many years, even
for over half a million persons. 

These calculations tend to confirm the impression that, in view of all
the circumstances the engines contracted for are planned unnecessarily
large for the dut; they will be called upon to perform ; and, since it must
be presumed that their weight and cost are proportioned to the duty de­
manded in the contract, they roust be unnecessarily costly, both in first
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cost, and in the future daily expenses of running. That is, smaller and

cheaper engines would do tho work needed, at loss _cost. 

It may be granted that, with a very early requirement of 40,000,000

gallons per day, and, within a reasonable fut�re therea:ter, of 80,000,000
gallons per day, engines of this large cla s might possibly have been ad­

visable in the first instance; but these do not appear to h�ve been the re.
quirements that were to be considered. 

When a community is callod upon to invest $800,000, or more, in the
building of two pairs of steam engines, to do the present work that ex­
perienced engineers had shown could be done by two engines costing 
$300,000 and two costing $70,000, in all $370,000, or le s than half, 
there should be a sufficient reason assigned for the change. 

The difference in first cost is, counting everything, over a half million 
of dollars; the annual interest of $500,000, at 7 per cent., is $35,000; 
while it is very clear that the large, heavy, powerful engine cannot be 
run and perform the comparatively moderate duty of 20,000,000 or 24,-
000,000 gallons per day, as economically a the lighter and cheaper en­
gines properly proportioned to that duty. True, at some distant future 
period, when such large engines might be called upon to work up to or 
near t,heir capacity, they might po ibly do the work then more economi­
cally than it could be done by additional lighter engine ; but, meanwhile, 
how stands the investment of the money of the citizens ? 

Suppose that the city had put up the $370,000 engine , and made a 
sinking fund of $500,000 to be put at 7 per cent. compound interc t, and 
only to be used hereafter when needed in the con truction of large en­
gines. Suppose it po sible that, fifteen year hence, the city hould need 
such largelengines, how would their fund tand '? The sum compounded 
in hand would be over $1,300,000 ; ufficient to put up two pairs of uch . · 
large engines, and still leaving the original fund of $500,000 in hand; 
but two pairs could not possibly be needed so oon; for one pair would 
add 40,000,000 gallons per day capacity to the works, according to its 
calculated performance. 

�lt�ough it seems to be too late for the cit.y to avail itself of a clear 
choice in the matter of engines, it is only by ollle uch presentation that
the case can be fairly understood. 

The city is committed to the contract for the two pair" of large (}nginc
the work upon them · · . d . 1s going on, an possibly the real problem may now 
be how can this wo ·k b . d · 1 h . ' • 1 e ma e most ava1 able, so as to pcrfonu sue ser-
vice a the city really requires, in the 1uost economical nrnnncr. 

��all the works be arranged with, or without, the Brilliant Ilill re er­
Ton · Shall they be arranged with one 50-inch force main, or with two
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36-inch force mains, or with two 50-inch force mains? Shall both pairs
of the large engines, or only one pair of these large engines, be set up ? ,
It is uncertain whether it is a part of my present duty to attempt, at this
time, a complete answer to these questions. The foregoing statement of
facts, with the views which have naturally accompanied them, may possi­
bly be all that the Committee would expect from me, at this time, on this
branch of my investigations; especially as it is unknown what arrange­
ment could be made with contractors, in case any should be desired.

It may be regarded as exceedingly unfortunate for the city, that two 
distinct systems, or parts of a system, which do not match each other, 
should be in progress at the same time. This, certainly, should be soon 
remedied; the decision respecting the particular manner in which it is to 
be remedied, constitutes, in my judgment, by far the most important point 
in connection with the new Water-works. 

In the concludingjpart of this report, this may be referred to, with such 
recommendations as may seem, under all the circumstances, to be reasonable. 
There has been no intention in any of these remarks to pass an opinion 
adverse to the merits of the plan of engines designed by Jlfr. Lowry.

That is a matter by itself. If properly proportioned, in all their parts, to 
the work required of them, I think they should do good service; but I 
cannot recommend the adoption of a system of pumping all the water to 
the height of 356 feet, when there is no necessity for it, and when the 
objections to it are so manifest. 

RESPECTING THE MODE OF ARRANGING THE PUMPING 
WORKS, FORCE MAINS, &c. 

\ 

Until the general plan upon which the system of the pumping works 
and the reservoirs is to be constructed shall be finally settled, it would 
seem unnecessary to devote much time to the study of such details as may

or may not be dispensed with, obviously depending largely upon such

decision. How far present plans may be regarded as unalterably deter­

mined or how far such as admit of modification may be modified by

future action of the proper authorities, are a� present unknown to me.

There are however some principal features regarding the e matters, to' ' . . fwhich it may be proper to refer. In my original prehnum:ry rc�ort o 

186 , based on partial surveys and examinations of �he .question of wat�r

supply, I stated my impression, that, from the exam1�at1ons then mad�, it

appeared that a system of two lifts, with two reservoll's, one at
. 
the height

of about 250 feet, and the other about 500 feet above the nver, would
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probably meet the wants of the city, look�ng also to the supply of Alleghe­
ny, }Ianchester, Birmingham, South Pittsburgh, &c.; �though I then 
distinctly pointed out the necessity of much more extensive and careful 
surveys before determining that important point. 

The later and much more elaborate surveys and examinations, made by 
Messrs. Chesbrough and Lane, show more clearly how the city is arranged 
by nature, and by the improvements, more or less adapted to the natural

capabilities of the ground, into several different levels, in connection with 
water supply; and the lowest or Brilliant Ilill reservoir, 22 feet high, as 
proposed by them, is quite high enough to command all the old portions 
of the city, including the manufactories, the reservoirs in Allegheny and 
Birmingham, and the old lower reservoir in the city. It would have been 
disadvantageous to have established the lowest reservoir materially higher, 
since there was to be another, at a greater elevation, to supply the middle 
level, and another, still higher, for the most elevated portion . Even now, 
the Brilliant Hill reservoir is about 6G feet higher than the old city reser­
voir, but in view of the additional length of mains through which the 
water must flow, this presents no material objection. The old city re er­
voir can be kept in service, fed from the Brilliant Hill reservoir, for aiding 
in supplying all such parts of the eld city as can be most conveniently 
supplied therefrom, the main connections can be so arranged that, where 
desired, the supply can also be direct from Brilliant Hill re ervoir. 

The Hiland avenue reservoir was establi hed at the elevation of 356 
feet, as best adapted for the supply of a large area of the city de ignated 
as the middle level, requiring at present, and for many year to come, only 
a small proportion of the total quantity to be forced up. This commands 
East Liberty, and a total area of 8fo square mile . It was as umed that, 
for the present, about one-fifth only of the supply would be required on 
the middle and high levels. 

The Herron Hill reservoir was established at the elevation of 550 feet, 
or 194 feet �igher than the Hiland avenue reservoir, to supply the mo t
el�vated port10ns of the city, at present very spar ely settled, and which
will not be densely populated for many years. It would have been a wa tc­
ful plan to have discarded the IIiland avenue reservoir, and pumped all 
the water for the middle level to the height of the highc t reservoir, when 
not m�re than about one-eighth of the quantity thrown into the middle
reservoir would be needed in the highest reservoir. 

The present system of the three reservoirs at the three different eleva­
tions, therefore, seems well adapted to the cir�um tanccs of the city, both
n.ow, and in the future. The upper old city reservoir, if it be deemed de­
sirable, can also be connected with the Ilerron Ilill reservoir, and made
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available to aid, hereafter, in supplying such portions of the city as it al­
ready supplies. The difference of head between these two reservoirs is) about 150 feet. Such an arrangement may prove advantageous for those
streets which are too high for the Hiland avenue reservoir, and not high
enough to require the full head from the highest reservoir.

In the arrangement of the elevations of the three new reservoirs, the
entire city will have a good system. In regard to their respective capaci­
ties for storing water, they were, in each case, made as large as the topogra­
phy of the ground permitted at those elevations, and, in emergencies, the
water stored in the higher reservoirs can be made available throuo-h the

0 

lower reservoirs also. Of course, had the topography of the ground allow-
ed, the engineers would have planned the larger reservoir for the level re­
quiring the larger supply; but reservoirs must necessarily be adapted to
the topography. t 

Assuming that the reservoirs may be retained where they are now loca­
ted, (in whatever particular shape they may be finished,) the same general 
arrangement of the pumping machinery at the river will be required. 

Owing to the deep, flat valley of N egley 1s run, between the present loca­
tion of the pumping works and the reservoirs, together with the position of 
the Allegheny Valley Railroad and the Brilliant Oil Works, the situation is 
not favorable for the location and laying of the force mains up the hill. 
Negley's run must be crossed underneath, or by an embankment over a cul­
vert, or on a bridge, on the property of the Brilliant Oil Works ; and then 
the pipes must be laid on the sloping side hill, rising from the mouth of 
the run about 200 feet vertical, in a distance of about 1,500 feet. 

It has been suggested that the force mains might be carried down the 
Allegheny Valley Railroad, (or along the shore below it,) to a small ravine 
which enters the river eight hundred feet below Negley's run, and directly 
up that n1n to the reservoirs. It would still involve the crossing of Neg­
ley's run, with the force mains at or very near its mouth. 

Unfortunately for this plan, it adds about 950 feet in length to the mains, 
and adds it upon that portion of the route having the heaviest pressure, 

t MEMORANDUMS OF PHILADELPHIA RESER \'OIRS.

There are seven reservoirs in Philadelphia, of capacity varying from 2,083,875 gallons, the smallest,
to 40,000,000 gallons, the largest. The aggregate capacity of the seven reservoirs is 153,000,000 gal­
lons; while the capacity of the Brilliant Hill and Hiland avenue reservoirs is 174,000 ,000 gallons, or
21,000,000 gallons more than the seven Philadelphia reservoirs. . . . 

lncluding Herron Hill reservoir, the aggregate capacity of the three Pittsburgh reservoirs 1., 31 ,000,-

000 gallons more than that of the seven in Philadelphia. . . . . . . The quantity of water pumped per day into the seven reservoirs 10 Ph1ladclph1a, m 1872 was 37,·
1\ G rr h Ch" f E · , of 800 ooo · an ''Vc:ra�c of

583,594 gallons for a population, as stated by l,1r. rau, l e 1c ngmecr, , , • • 
47 gallons per head. 

As the height of pumping in Philadelphia is less than in Pittsburgh, this shows that �nc P •1r of t�c
· h d 11th p mping for more than 1s no\ used 111 proposed large engines would have enoug power to o a e u 

Philadelphia. 
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where the pipe must be more than double the thickness required at the top.
This ravine would, however, be much more advantageous for laying and
securing the force mains, and for permanent security, than along the side
hill of N egley's run valley. 

It has also been suggested, in view of the situation, that the pumping
works might be put at or near this small ravine, instead of where they are; 
thus materially shortening the costly force-pump mains. Such change of 
location would require the construction of a brick conduit to convey the 
pure water of the river from some point above N egley's run to the pump­
ing works, in order to escape contamination by the drainage from N egley's 
run. The Water-works building could probably be founded on rock at 
this point, but there is very little room beyond what might artificially be 
made in the river outside of the Allegheny Valley Railroad, for the 
necessary buildings, for the engines and boilers, and for the storage of 
coal. Such change, from the present site, would probably cause a delay of 
three months, to place the work in an equal state of forwardness with that 
at the present site. 

The saving in the cost of force mains that might be effected by such 
change of site, will depend greatly on the size of mains that may be 
adopted, and the pressure that is to be upon them; whether 50-inch, or 
36-inch; whether single, or double; or whether for 356 feet, or for 228 
feet head of water . 

If a double line of 50-inch mains were to be called for, the saving 
might amount to nearly $200,000 ; and half of that for a single main. 
If a double line of 36-inch mains were to be called for, the saving might 
amount to nearly $100,000, and half of that for a single main. That is, 
compared with carrying the pipes down to said ravine ; but the saving 
would not be quite so great compared with carrying them directly up the 
valley of N egley's run, as j ust described, on account of the N eo-ley's run 
route being 950 feet shorter. I have, however, understood that the route 
from the present location of the works down to said ravine ( at Callahan's
house), and up the ravine, has been regarded with most favor. 

REFERRING TO THE LARGE PUMPING ENGINES.

The engines as designed, and now being built, are so fa.T advanced that
no rad�cql change of the general plan could be made without great ex­pense, if such were desirable; concerning the advisability of which I may
not be called upon to decide. Some changes might be made, if they
should be deemed advisable. 

d 
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Alth�ugh the engines are calculated to be, and may be, strong enough
to sustain the unusual pressure, and with safety to force the water to the 
elevation of 356 feet, to the Hiland avenue reservoir, it appears to be an 
undesirable arrangement; since it involves the necessity of very much 
more costly force.mains, to resist the pressure and the shocks of so large a 
bo�y of water of that great height, and extraordinarily heavy and costly 
fittings of the gates and valves; upon all of which the liability to derange­
ment and accident will be greatly more than it would be if the head were 
only 228 feet, which itself is above the usual height for engines of such 
great capacity as these. 

There are some practical difficulties attending the working of very 
heavy-coupled engines, designed to work singly at times, having but one 
heavy fly-wheel. If the fly-wheel is properly proportioned for the two 
engines, when coupled, it will be too heavy for the engine working singly; 
and it does not follow that if the two engines coupled do the work hand­
somely and smoothly, forcing the water through a 50-inch main 356 feet 
high, that one engine working alone, with the same fly-wheel, will also do 
the work as smoothly and well, through the same 50-inch main. 

( A single engine, of the first pair, according to the calculations of the 
designer, will pump 20,000,000 gallons per 24 hours, which is consider­
ably more than the present daily consumption, even in summer.) 

With only one fly-wheel for two engines, if the wheel, or the crank, or 
the crank-axle should give out, both engines would be disabled and thrown 
out of service. If the engines could now be arranged so that they 
would work separately, with separate fly-wheels, with 36-inch force mains, 
instead of 50-inch force mains, one pair of engin�s would be more than 
enough to do all the pumping required during the next twenty years, if 
they can pump 40,000,000 gallons to the Brilliant Hill reservoir, 228 feet 
high ; and as they have been calculated to throw that quantity to the 
height of 356 feet, there should be no doubt of their sufficiency for the 
lower elevation. 

It is unnecessary here to enter into a critical investigation of all the de­
tails of these large engines. Whatever defects there may be, if any, in 
the arrangement of the parts, there is no doubt that they are immense, 
powerful machines, and, so far as I can judge from a cursory examination 
of the plans, and of many of the most important portions already manu­
factured, they possess great strength. The castings, wrought-iron work, 
and brasses, so far as constructed in Mr. Hartupee's shop, appear to be ad­
mirably executed. 

Thinking most favorably of the workmanship, I confi.ne my study, for
the present, chiefly to the manner of utilizing the engines, so that the 
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work to be done, and the machines for doing it, may be, as m�ch as possible,

in harmony. The second pair of double engines are obviously not now

needed i nor would they be needed till the demand for water should greatly

exceed 40,000,000 gallons per day, which quantity, at 60 gallons per

inhabitant, gives a population of 666,000, or about three times the present

population of Pittsburgh, Allegheny, Birmingham, &c., embracing all the

reO'ion that can be supplied by the new Water-works, at some future day.

It
0

may be proper to mention here, that the city of Allegheny is at this

time putting up a very powerful engine, planned by l\f r. Lowry, capable

of throwing 15,000,000 gallons daily, into the Allegheny reservoir,

through a 36-inch force main, to the height of 203 feet. Two engines,

each of about that capacity, would have been sufficient to throw 30,000)000 

gallons daily, into the Brilliant Hill reservoir, which would have answered 
for ten to fifteen years. The erection of these new works in Allegheny, 
on such an extensive scale, does not favor the plan referred to a few years 
ago, of supplying Allegheny from the Pittsburgh reservoir, by means of a 
pipe laid across the river. This is an additional reason for not expending 
too large a sum in the beginning, in the construction of the pumping 
works at Negley' s run. 

In stating the difficulties that may be encountered in devising the im­
portant details required to meet and resist the strains to which they would 
be subjected from the head of 356 feet, through a force main of 50 inches 
diameter, it is not necessary to refer to them merely on the ground of their 
novelty or rarity in hydraulic operations; they may be considered wholly 
on the ground that there is no necessity for such costly arrangement; that, 
on the contrary, the arrangement of two lifts, one of 228 feet and one of 
128 feet, in view of the circumstances of the case, is far superior, safer, 
and more economical in first cost: and in the daily running. 

RESERVOIRS AT BRILLIANT HILL, HILAND A VENUE AND 

HERRON'S HILL. 

I found contractors at work upon all of these reservoirs, and a large
a�ount of w�rk already done. The Chief Engineer, Mr. lCennedy, fur­
ni�h

.
ed me w ith copies of the contracts and specifications, and with the

?nginal maps and levels made by Mr. Lane, Consulting Engineer, contain­
ing the data upon which the proposals and contracts were based.

Mr. ICennedy and his assistants, at the reservoirs and in his office, gave
me all such information in their possession as would enable me to under­
stand the past operations and present condition of the reservoirs. The 1·e-

d 
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�easure
.
ment� and calculations were made by my own assistants, under my

1nstruct10ns, independently of the engineers in charge. The general situa· 
tion of the work is as follows : 

BRILLIANT HILL RESERVOIR. 

In the Brilliant Hill 1·eservoir no masonry is yet laid, although a large 
quantity of stone has been deli vcred on and near the ground. The ex­
cavation is about half done. The total amount of work estimated for this 
reservoir is about four-tenths done. The topography was quite irregular, 
portions being in heavy cutting and portions in deep filling. 

HILAND A VENUE RESERVOIR. 

In the Hiland avenue reservoir the masonry and pipes of the influent 
chamber are about completed. A small amount of the slope wall has been 
laid on the face of the embankment, and a considerable quantity of stone 
has been delivered at and near the reservoir. The excavation is about two­
thirds done. The total amount of work proposed for this reservoir is about 
one-third done. 

IIERRON HILL RESERVOIR. 

In the Herron Hill reservoir the masonry of the chambers has been 
laid. The excavation is about three-fourths done. This excavation is 
largely rock, which, unfortunately for all parties, is troublesome to remove, 
but of no value for building purposes ; so that most of it has to be wasted. 
It consists of argillaceous material, and, when exposed to the atmosphere, it 
soon crumbles into a slaty clay. 

RESERVOIRS-MEASUREMENTS. 

The measurements of the three reservoirs were made very carefully, and

the calculations have been fully checked. Much more care was used than

is usual or necessary in making current monthly estimates on public work,

because the occasion seemed to require it. It could not, of course, be

expected that they should exactly correspond .
. 

Indeed, they could not do

so, for the work was in daily progress all the time. It would be out of 
.
the 

question for engineers in charge of work
. 

in progress to devote the time 

needed for my measurements. For convenient reference and proper expla­

nation of the figures, the quantities resulting from my measurements are

3 
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set opposite the quantities estimated by the engineers in charge of the

respective reservoirs and returned, to the close of 1873 ; to which time,

say January 1st, 1874, my measurements conform as nearly as the

circumstances would pemit. 

BRILLIANT HILL RESERVOIR. 

In charge of Robert McClelland, Resident Engineer . 

.

Engineer's Esti- Re-measure- Difference. 
Kind of Material. mates Return' d. ments. Cubic Yards. 

Cubic Yards. Cubic Yards. 

Earth Excavation .................. 1 129,770 127,141 2,629 

Solid Rock .............................. 2 957 1,200 243 

Soiling ................................... 3 6,480 5,780 1,152 

Broken Stone ......... ................. 4 9,025 9,025 None. 
Stone Paving ............ ............ ,. 5 3,168 3,168 None. 
Rubble Masonry ..................... 6 4,926 2,807 2,119 

Some of these differences are only apparent. 
It may be said that, practically, the current monthly estimates made by 

the engineers on this reservoir approached as nearly to our measurements 
as could be expected; but some explanatory remarks are deemed neces­
sary. 

First. In regard to these measurements of excavation: The area 

covered is so large that a difference of three inches in assumed depth 
would amount to about twenty-five hundred cubic yards, and whatever 
difference of this kind there might be in taking current monthly estimates 
would be corrected in the final measurements .* 

Second. My measurements of rock show rather more rook taken out. 
It could not all be accurately ascertained ; but sufficiently so to show that 
it had been somewhat underestimated to the contractors.

Three. SOILING. According to the lotter of the contract the item of 
soiling would appear to have been considerably overestimated; but, on in� 
quiry, I learned that the Board of Water Commissioners, on the 26th of
August, 1873, had instructed the "engineer to allow the contractor on
the reservoirs soiling and puddling stipulated in their respective proposals,
without making any deductions on account of excavating ; " and also that
the Chief Engineer had directed that the soilino· taken from the reservoirs

b 

should be put upon the outside of the banks to the depth of eighteen 

;1�e engi1;1eers claim that the contractors are entitled to pay for 2,200 cubic yards of mater.ial forpu ding, which has been put upon the banks at excavation price This is not included 111 my
measurement. ' · 
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(18) 
9
insto�d of six (6) in

.ch:s. My �alculations still show a difference of1,15..i cub�c yards on this item, which appears to be an over-estimate oncurrent estimates. 
ITEM Four, Five and Six. BROKEN STONE, PAVING AND RUBBLEMA ONRY. There is no rubble masonry yet laid· the stone for brok · d 

, enstone, paving an rubble is delivered chiefly in Haight's run, and it lies insuch a mass over the ground that accurate measurement of it is impracticable.We were obliged to approximate to it as nearly as the circumstances willpermit, making in all about 15,000 cubic yards. The current monthly esti­mates of the engineers aggregate 17,119 cubic yards. The difference is
2,119 cubic yards. The estimating engineer did not put the full contract
prices-putting the broken stone item $1.50, when the contract price is
$2.00, the stone paving at $5.00 when the contract price, when completed,
is $9.00, and the rubble masonry at $4.00 when the contract price, when
completed, is $7 .00. 

The original estimate of the quantity of rubble masonry required, was 
1,587 cubic yards, and I therefore cannot sec the propriety of putting 
down so large a quantity in the current estimates as 4,926 cubic yards to 
that item. It appears to me that there should have been less to that item, 
and correspondingly more to the two other items of broken stone and pav­
ing. It is, however, certain that the final estimate would correct it; and 
I am not able to say, positively, whether a change in it now would add to 
or reduce the contractor's current estimate. If it were changed to the 
broken stone item, it would decrease it. If it were changed to the pav­
ing item, it would increase it. As a whole, in these three items, the 
estimate shows $44,569 on 17,119 cubic yards, at $2.60 per cubic

yard, average. Since the stone was quarried, some distance up the Alle­
gheny Valley Railroad, and brought down in cars, the total price, com­
pared with the contract prices, on an average, does not appear out of the 
way. 

I do not think the case is one that would warrant me in saying that it 
has been over estimated.

The following is the aggregate of all the current monthly estimates, up 
to January 1, 187 4. 

BRILLIANT HILL RESERVOIR. 

129, 770 cubic yards of earth, @ $ 
957 '' " rock, " 

6,430 " " soiling, " 

9,025 " " broken stone, " 
. 

" 

3,168 " " stone paving, 
4,926 " " rubble masonry, '' 

33 ...•.....••..•......•. 

60 ............ · · · ..... · · · 
60 ...•.• ......••.••.. · .. . 

1,50 ...................... .

5.00 ...... ...... ..... · .... . 

4.00 ............ .......... . 

$42,824 10 
478 50 

3,�n5 oo 

13,537 50 
15,840 00 
19,704 00 

$95,599 10 
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" d .......... , ••.•.••.. , ............ $95,699 10Brought .1or war , .••••..•. ········· . 
. 1. 1 e and fixtures engine and house, loco-

R ·1 ad track 1nc 1ne-p an ai r� d 
' 

1 understand that these were ordered by themotive an cars. h" h h . . b t done by the contractors, and for w ic t e en-Comm1ss1oners, u 15 000 00• 11 d ·n current estimates..................................... , gmeer has a owe , 1 

1 f k timated to January 1 1874 ................ ........ •····· . . . $110, 699 10Tota o 
h

wo
h
r es

h been pa1·d ' • • . . . .. .••••..•.... ·····. ... . . . . .. 99,539 19Of whic t ere as ............... - · 

Ten per cent. reserved to January 1, 1874 .......•...•••. •···· ......... � ..... S 11,059 91

The amount reserved by the contract is 20 per cent., but by o
.
rder of the 

C mmissioners in consideration of the limited profit on the portion of work
O ' 

8 h . . being done, it was reduced to 10 per cent., as above shown. uc act10n lS

not unusual under similar circumstances. 

HILAND AVENUE RESERVOIR.

In Charge of Henry F. Green, Resident Engineer. ' 

Kind of Material. 
Engineer's Estimates Re-measure- Difference. 

R�turned. �1ents. Cubic Yards. 

-,-

Earth Excavation ........................ 1
Solid Rock ............................. 2
Soiling ... ................................ 3 

Puddle .................................. 4 

Broken Stone ......................... 5 
Concrete ...... ............. ............ 

6
Stone Paving ........................... 7
Rubble Masonry .................... . .. 8
Cut Stone ................................ 9

Cubic Yards. Cubic Yards 

185,906 174,062
14,544 12,51 9 

14,000 9,940
5,043 4,955
1,279 1,429

78 78
1,709 1,528

592 592 

115,20 115.20
-·-

11, 44 

2,025

4,060
88

150

None. 
181

one.
None.

-- -

The Brilliant Hill and Hiland avenue reservoirs arc in the hands of the
same contractors, so that, although the large quantity of stone delivered in
Haight's run is now returned in the Brilliant Hill estimate , any portion
of it can be made applicable, if desired, in the Ililand avenue reservoir.
This should be borne in mind, in case any material change should be
made in the arrangement of these two reservoirs.

There are only three items in the Eiland avenue reservoir to which it
is deemed proper to call attention; the differences in tl10 other six items
being trjfling� and only such as mjght ea. ily occur between the current
monthly estimates, if made by two different persons. 'l'hc total difference
between my measurements and the cngineer 1s estimate of excavation, is
13,8

.
69 c:ubic yards, or about seven per cent. of the quantity estimated.
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First. EARTH ExcA VATION. My measurements show 11 844 cubicyards less than the ag�re.gate of the monthly returns of the e�gineers toJanuary 1, 187 4. This 1s about six per cent. less than his monthly esti­mates. .r have carefully examined all the detail notes of the assistant from which the monthly estimates were made up, from October, 1872, �De�ember, 1873. The engineers in charge claim that the contractors areentitled to pay for 7,900 cubic yards of material for puddling, which they state has been put upon the banks, at excavation price. This is not includ­
ed in my measurements. 

I� July and August, 1873, there are memorandums showing 4,000
cubic yards, .c�e� rock, to be classed as soiling in the end. The price of 
rock and so1hng 1s the same; each fifty cents per cubic yard. This may 
have led to duplication of that number of cubic yards, which should be cor­
rected by a final estimate, if not before, in a current estimate. This would 
leave 7,844 cubic yards of earth excavation to be accounted for · a dif-' 

ference of four inches in depth on this reservoir, would amount to that 
much. 

Second. THE SOLID RocK. My measurements show 2,025 cubic 
yards less than is estimated of solid rock excavation. The contractor's 
rock price is but fifty cents per cubic yard, while his earth price is thirty 
cents, the difference being twenty cents; so that the difference in value 
would only amount to $405. It is proper to state that this item of rock 
taken out, cannot now be accurately measured. We could only make an 
approximation. I cannot assert that the engineer's estimate was too much, 
and I do not think it w�rth while to pursue the investigation of the differ -
ence any farther. The contractors, in the end, would be entitled to be paid

for it, at not less than thirty cents per cubic yard, in any event. 
Third. SOILING. My measurement of this item, in the naturi of the 

case, consists chiefly of an examination of the memorandums of the en­
gineers who had the work executed . 
. Taking the strict letter of the contract, and allowing only six inches on 

the slopes, there would be only one-third of the quantity I have stated ; 
but I have no reason to doubt that the contractors, by direction of the en­
gineer, put on the larger quantity. The difference of 4,060 cubic yards

I have no means of accounting for, except from notes of the Assistant En -
gineer, showing that he calculated the total soiling removed from the entire 
reservoir, at 21,000 cubic yards, and considered 7,000 cubic yards reserv .. 
ed, as his notes show, which would leave 14,000 cubic yards, the amount he 
has estimated. The soil removed could not well be accurately measured at 
any time; but my impression, from all that can be gathered, is tha� th�re is 
an over-estimate of the soiling of about 4,000 cubic yards, and I thmk 1t oc-

•
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d · th October estimate of 1873, when 12,000 cubic yards were
curre 1n e ' 

· h 
added to the previous estimate of 2,000 cubic yards, making t e

. 
amount

000 b
. ·ds when it should, probably, have been 10,000 cubic yards,14, cu 1c yar , . . . . . . 

f ·i· · · 
Th · th' ks he was J. ustified 1n est1mat1ng th1s item o soi ing as 1te engineer 1n . , . . 
appears in the monthly estimates, by authority from the Commissioners.

HERRON 1S HILL RESERVOIR. 

In charge of Gorham P. Low, Jr., Resi'dent Engineer. 

Engineer's Estimate Re-measurements. Difference. 
Kind of Material. Returned. Cubic Yards. Cubic Yards. 

Cubic Yards. 

Earth Excavation .............. 1 11,116 .....••••.. ..•.•.... . ................• 
Loose Rock ....................... 2 33,562 . . . . . . . . . . . . . . . . . . . . .... • • • • • • • C • .. 

Total Exca vatic;m ............... 3 44,678 44,193 485 
Puddle ....................... . . . . . 4 396 396 . .... .... ......... 

Concrete .................... ...... 5 14.3 14.3 . ................. 

Rubble Masonry ................ 6 295.4 295.4 . .................. 

Cut Stone ....... . . . . . . . . . . . . . .. 7 8.28 8.28 . . . . . . . . . . . . . .... 
--

This reservoir is very much smaller than the others, covering only two 
acres of water surface. The result of my re-measurements show that the 
current monthly estimates have been carefully and correctly made. The 
difference in the total excavation, of 44,678 cubic yards, being but 4 5 
cubic yards, or a trifle over one per cent. For the cla sification of the 
material taken out, I could only judge from that which remains to be 
excavated, and the general appearance. It is obvious that but a small
proportion of the whole was earth excavation. About one-fourth ha been
called earth, the residue "loose rock." 

The price for earth is 41 cents, and for loose rock 60 cents per cubic
yard. There is considerable troublesome harder rock that is worth 1nuch

' 

more than 60 cents per cubic yard to ren1ove.*
I understand that the old coal-mine under this re ervoir i nbout 175' ' 

feet below sub-grade. From the shape of this hill, and the character of
the material encountered in the excavation, I do not anticipate danger to
the reservoir from any caving in of the mine.

Owing to the scarcity of good material in the inunediatc vicinity, it
will require care to ensure a water-ti()'ht reservoir but I an1 sati fled that
. b ' 

it can be rendered perfectly safe, by thorough puddling with good ma-
terial. 
-

6 
* I have un?erstood that recently the Water Committee raised the price for this hard materi11 to,p2.lo per cubic yard. 

•
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RESERVOIRS-TOTAL QUANTITIES, &o. 

Approximate Estimate, Showing total Quantities of Work on 
Reservoirs, total Estimated Cost, Amounts Paid to January 1, 

1874, and the Amount Required to Complete them, as Planned, 

including Contingencies, Engineering, &c. 

BRILLIANT HILL RESERVOIR.

Kind of Work. Price. 
Quantities of Work Estimated Cost, at 

in Cubic Yards. Contract Prices. 

---- ----

Earth Excavation.......................... $
Solid Rock ............... ................. . 

33
50 

50 20
50 

Soiling .............................. ........ .Sodding, square yards ....... ........... .
Puddle 4 ••••• ••••••••• •••••• •••••• ...... ..•••• 

Broken Stone ......... ········�······ ······ 
Concrete ........................... ... ........ . 

Stone Paving ................................ . 
Rubble Masonry ..................... ..... .
Cut tone Masonry ........ ........ ..... .
Coping...... . .. : •... · ···:· • •· ... · · · · · · · · · · · ·Lineal feet 36-inch pipe ................ .

,, '' 12-inch '' ............... . 
0 . h ,,'' '' 5 -inc •• ·· ·· ·· ... · · · • • ·

2 00 

G 00
9 007 00

15 00

20 00
2 00
1 00
2 50

-----

195,374
26,200 4,859
26.362
24.:063
5,040
8,896
8,260 
1,587403

120
935
695
190

----

$ 64,473 00
13,100 002,430 00
5,272 00

12,032 00
10,080 00
23,376 00
74,340 00
11,109 00

6,045 00
2,400 00 
1,870 00

695 00
475 00

Add 5 per cent. for contingencies, including Engineering and $ 2�tii� ggSupe1·intendencc ...... ···"····· ............... ······················· ··· ······ -------

T t 1 ....................... .o a . . . . . . . . . . .......................... . Deduct amount paid to January 1, 1874 ..••..••• ···•·•••· ...... ••••··••·
· d 1 t .. · · · · · · · .. ·Amount require to comp e e ......... . ............ ····· ..... . 

$239,081 00
99,539 00

$139,542 00
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HILAND AVENUE RESERVOIR . 

Kind of Work. 

-------------

Earth Excavation .......................... . 
So lid Rock .................... .............. . 
Soiling., .................. ......... • .. · ....... . 
Sodding, square yards ........ ........... . 
Puddle ............... , ........ .............. . 
Broke11 Stone ....... ,, ... .................... . 
Concrete .............................. : ,. ...... . 
Stone Paving ............................. . 
Rubble Masonry ......................... . 
Cut Stone Masonry .......•..•........•.••. 
Coping .............................. , ....... , 
Bricks in culvert, No .. ..... ........... . 
Lineal feet 30-inch pipe ...•••••.•....... 
Lineal feet 24-inch pipe ................ . 
Lineal feet 12-inch pipe ............... .. 

Quantities of Work Price.
in Cubic Yards.

·------

240,570
38,704

5,278
28,633
45,555 
7,119

10,837 
11,765

1,092
140
163 

10,000
320
160
130

·----

$ 30 
50 
50 
20 
50 

2 00 
6 00 
9 00 
7 00 

15 00
20 00
15 00

2 00
1 50 
1 00 

Add 5 p_er cent. for contingencies, including Engineering and 
Superintendence ......... ...... ......... ...... .............................. , 

Total .................................................... ........ . 
Deduct amount paid to January 1, 1874 ............................... .. 

Amount required to complete ............................................. . 

HERRON'S HILL RESERVOIR. 

Kind of Work. 

Earth Excavation 
., .......................... .

Loose Rock ............ .. . . . . .. ........... . 
Soiling........................ . 
s d .. 

. ............ . 
o ding, square yards .................. . 

Puddle ....... . ....... ....... . 
B 

............... . 
roken Stone ..................... . 

Concrete 
··· ..... . 

. . . . . . . .. . . . . . . . . ... . ... \,......... . ... . 
Paving......... ......... , 
R 

. . . . ...........•.... 

c���\�!a;!�;·,:···· .................. . 
I) 

y- ••••••••••••••••• no,, 

�essed Coping ........................... . 
Lmeal feet 12-inch pipe ................ . 

Quantities of Work 
Price. in Cubic Yards. 

1�,000 $ 41 
46,500 60 

1,900 75 

11,275 35 
7,946 75 

1,431 2 00 
806 7 00 

2,335 9 00 
300 8 00 

10 15 00 
41 20 00 

720 1 50 

Estimated Cost at 
Contract Prices. 

$ 72,171 00 
19,352 00 

2,639 00
5,726 00 

22,777 00 
14,238 00 
65,022 00 

105,885 00 
7,644 00 
2,100 00 
3,260 00 

160 00
640 00
240 00
130 00

$321,974 00 
16,098 00 

$338,072 00 
81,866 00 

---·--

$256,206 00 

Estimated Cost, at 
Contract Prices. 

$ 4,920 00 
27,900 00 
1,425 00
3,946 00
5,960 00
2, 62 00
5,642 00 

21,015 00 
2,400 00 

150 00
820 00

1,080 00

�d 5 _Per c;nt. for contingencies, includino- Eno-ineerino- and - $78 120 00 
uper1nten ence ......... ······ ..................... � ...... �. ········ .�....... s:906 00 

D 
Total ........... ........ . 

educt amount paid to J anuar '1"is' ......................... ·········
Y , 74 ...........................• , •.•... 

$82,026 00 
81,190 00 

Amount required to complete .............................................. --$-50-,88G 00

d 
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RECAPITULATION-RESERVOIRS-COST. 

Name of Reservoir. 

-------

Total Estimated Cost A mount Paid to 
at Contractors' Prices. January I, 1874. 

Amount Required to 
Complete. 

Brilliant Hill ........ ....... .. 
Hiland A venue .. . 
llerron's Ilill.. ... :::::::::::: 

$239,081 00 
338,072 00 

82
)
026 00 

$ 99,539 00 
81,866 00 
31,190 00 

__________ $_6_59,17900 $212,595 00

$139,542 00 
256,206 00 
*50,836 00

-----

*This sum of $50,836, estimated amount required t 1 H , 
include any allowance already made or that may he 

O cftm\ete rron s Hill reservoir, does not
prices. All the reservoir estimates a(e made out with��: 

/ri e ma e over and above the contract 

such allowances heretofore made or that may hereafter b/ :ircdce �f
t 

such allowances, so that any 

cost accordingly. 
' • a e, wi augment the total estimated

Should
1
it, however , be deemed advisable, some changes can be made that would d th tal 

cost, as e sewhcre referred to. 
re uce e to 

LOCATION OF THE RESERVOIRS, &c. 

The three reservoirs were located by Messrs. Chesbrough and Lane, en­
gineers, with the approval of the Board of Examiners, in 1871. The gen­
eral plan of construction, as devised and recommended by them, has been 
carried out thus far in the prosecution of the work at the reservoirs, except­
ing some minor changes of dimensions and shape, and in the thickness of 
the slope walls and concrete, which changes, as I understand, have been 
approved by Mr. Lane, Consulting Engineer. 

The change in the diameter of the influent pipe, as now laid, in the m·a­

sonry of the Hiland avenue reservoir, from 36 inches to 50 inches diame­

ter, was made, as I learn, at the instance of Mr. Lowry, Mechanical En­

gineer of the new Water-works, although the work was executed under the

direction of i:rr. Kennedy. 
Proper care seems to have been exercised in pfeparing the ground under

all the reservoir embankments, in order to insure them against leakage, by

excavating puddle ditches, and by benches, when necessary, to prevent the

tendency of the banks to slide. Care has also been taken to select the best

material for the inner slopes and middle of the embankments, putting the

inferior material on the back of the banks. 
The work, in general, at the reservoirs, appears to have been systematic.

ally conducted. I have examined it all carefully, so far as it now admits of

examination, and there is nothing to show that it has been slighted by the

contractors in any part; on the contrary, it has every appearance of being

thoroughly executed. 
The details of the work inside of the reservoirs could have been arranged

somewhat more economically; not that the reservoirs would thereby have
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been any better, when :finished, but_ to save cost. Thu�, instead_ of t�e
heavy paving on the inner slopes, wit� large st?nes, 15 inches thick, laid
in cement, there might have been a thinner paving, or slope wall, of small

stones, laid without cement, designed merely to prevent the wash of the
face of the banks. 

It is, however, true, that if the paving laid in cement remains intact, and
is not dislocated by any settlement of the embankments, it will prevent the
water in the reservoir from leaking through into the banks, but the two
feet thickness of puddling, which is also used, should answer that purpose.
The heavy stone paving costs $9 per cubic yard, or $3.75 per superficial 
square yard. Gravel placed back of the paving would be better than 
broken stone, if it could be obtained. There is no good gravel convenient. 

The estimated cost of the paving of the slopes of the three reservoirs, 
when the contracts were made, was $190,350. The cost in round num­
bers will be, say $200,000. A large quantity of stone for the paving has 
been quarried, brought down the Allegheny Valley Railroad, and delivered 
at or near the works ; but only 417 cubic yards have yet beijn laid in the 
Hiland avenue reservoir. 

The material excavated at the Brilliant Hill and Hiland avenue reser­
voirs, is a good clayey soil , well adapted to holding water ; such portions as 
were not of good quality for this purpose, have been either put into the back 
part of the banks, or wasted. At the Ilerron Hil l reservoir, the material 
is of a different character, being mostly rocky, with occasional seams; not 
good for making water-tight banks. With C"areful puddling, however, the 
bottom and banks can be made water-tight. 

DEPTH OF WATER IN RESERVOIRS. (Propos�d.) 

In regard to the propos�d depth of water in these reservoirs, namely, 2-1: 
feet at the Brilliant Hill reservoir, and 20 feet in each of the others, I
would. su_ggest that they could be arranged at first for a less depth, which,
when it is hereafter required, could be increased gradually. It is a safer
pl�n, and a more economical expenditure of means, than to complete every
th1�g about them immediately for such full depth. Of course, at half the
designed depth, they will contain rather less than half of their full capacity,
o�ing to the sides having slopes of 1 J· to 1; but with good pumping en­
gi�es, working perfectly, the reservoirs would rarely be drawn down ma­
terially, and for a few years would work well partinJly filled.

d 
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SHALL THERE BE THREE OR ONLY TWO RESERVOIRS? 

. That�' shall the Brilliant Hill reservoir be dispensed with? or shall
it be finished and made useful, as originally designed by the engineers 
who located the three reservoirs? 

The most advantageous time for settling this important question was 
when the plan and the power of the pumping engines were fixed upon and 
adopted. 

!he plan and n u�ber of the reservoirs, and their systems of force
m_a:ms and s�pply m�1ns, should, of course, have been arranged in harmony
with the engines which were to supply them witti water. 

Such appears to have been the design of Messrs. Chesbrough and Lane, 
the engineers who recommended the three reservoirs. If they had thought 
it best to recommend a system with only two reservoirs, those reservoirs 
might have been differently located; they might have located the lower 
reservoir at some other point better adapted to such other elevation, and 
they would certainly not have chosen so high a level as 356 feet above the 
river jo'l' thei'l· lower reservoir;·; because the requirements of the different 
portions of the city, lying at different elevations, call for four-fifths of the 
whole supply to be pumped to a height less than 228 feet, which is 128 
feet lower than the ::Hiland avenue reservoir. 

It would seem to be sound engineering to perform as little unnecessary 
labor, in raising water, as possible. It costs money to lift water, and it
costs in proportion to the lift, for the leading items; which are: first, the 
wear and tear of the machine and interest on first cost; and, second, the 
fuel, manual labor, and repairs. For a small lift, lighter and cheaper 
engines, with less daily labor, and less fuel. For a high lift, heavier and 
more costly engines, with more daily labor, and more fuel. l{nowing the 
work required, it is not difficult to adapt engines to that work. 

If an engine is properly adapted to throw water into the Hiland avenue 
reservoir, 356 feet above the river, it is certainly unnecessarily strong and 
expensive, both in first cost and in its workings, if afterward required to 
throw the same quantity only 228 feet high, into the Brilliant Hill reser­
voir. And if it is properly adapted, and only strong enough to throw 
water 228 feet high, it is not competent to throw the same quantity 356 
feet high. There must be waste in the one case, and inadequacy in the 
other. 

Now, as matters are presented for consideration, either of the two pairs 
of double engines under contract is considered powerful enough to throw 
40,000,000 gallons per twenty-four hours to the highest or Hiland avenue 
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reservoir· and yet the present requirements of all that part of the city to
be suppli�d from the Hiland avenue reservoir, is under 4,000,000 gallons
per twenty-four hours, or only one-tenth of the capacity assigned to one
pair of the large engines. And since that middle level is above the range 
at which the bulk of the manufactories can be advantageously located, a 
great many years must elapse before there would be even 10,000,000 gal­
lons required to be supplied from Hiland avenue reservoir; and still, that 
is but one-fourth of the assigned capacity of one pair of these large engines. 
This is, of course, upon the assumption that the Brilliant Hill reservoir, 
or some reservoir of about that elevation, is to be used. to supply all that 
part of the city lying below it, including nearly all the manufactories, and 

it 

including all of the city at present supplied from the old lower reservoir. 
It is, however, only a liberal and proper policy for the present genera­

tion, while erecting costly Water-works, to look forward and provide in a 
reasonable manner for the future increasing demand for water, arising from 
future increase of population ; but, since it is easily susceptible of calcu­
lation, based on ample experience in numerous cities, the provision for the 
future should be arranged, accordingly, with reference to probable needs.

Selecting a few important cities, the following shows the daily supply of 
water: 

Name of City. Year. 
Daily A veragc. Population. 

Gallons per 
Gallons. Head. 

St. Louis . . . . . ... . . . . . . . ........... ' .... 1872 15,000,000 310,000 48 

Cincinnati ............................. 1869 11,559,000 216,000 53 
Chicago ................................. 1868 16,414,000 290,000 67 
Louisville................... . .......... 1872 2,950,000 110,000 27 
Brooklyn .......... , .................. .. 1872 26,020,000 450,000 58 
Boston ................................... 1861 21,000,000 200,000 105 

" 

1871 16,500,000 260,000 63 ............................... ' '. 

The quantities given for St Louis Cincinnati Ohica()'o Brooklyn and • 
' ' 0 ' 

Boston, are the daily average for the highest months. In my preliminary 
report of 1868, I assumed for the future Pittsburgh, when it should have 
a population of five hundred thousand 30 000 000 gallons as the daily 

' ' ' 

average, or sixty gallons per day per head. Boston is the only one of the 
above cities which has exceeded that quantity per head; and in Boston 
they have been economizing the previous waste, and reducing the daily 
�verage from 103 gallons per day, in 1861, to sixty-three gallons per day, 
1n 1871. 

Brooklyn, with a population of 450,000, shows an average of fifty-eight 
g.allons per head. For a future population of 300,000 in Pittsburgh, at
sixty gallons per head, the supply would be 18,000,000 gallons daily.

C 
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Messrs. Chesbrough and Lane recomme d d . . 
· n e engines in the first nsta 

of sufficient power to throw one-third more than this 2 
nee 

gallons per day. 
, or 4,000,000

Studying these and similar statistics there seems to be h ·dl 
for adopting, at this time engines ;ith s ffi. . t _a1 y warrant 

' u cien capacity to throw 
80,000,000 gallons 356 feet hio-h or even 40 000 000 11 h 1 · · b · b ' , , ga ons ; t e atter 
quantity emg 270 per cent. more than the quantit 
Pittsburgh. 

Y now used in 

The annexed table shows the cost at a number of pl f , aces, o pumping 
1,000 ,000 of gallons one foot hio-h all of them by steam · 

• . • b , power, e:Kcept1ng 
one, at Fairmount, Ph1ladelph1a, where water power is employed. 

COST OF PUMPING WATER. 

Name of Place. Year. '
Cost per r,000,000 Gallons 

Pumped 1 Foot High. Lift, Feet. 

Fairmount, Phila ...... 1869 2 cents. 94 Water Power. 
Schuylkill, Phila ....... 1866 13 " 115 Steam Power. 
Charlestown, Mass .... 1868 13 " 147 '' ,, 

Cambridge .............. 1869 15 " 110 " " 

Salem ..................... 1868 12 ,, 114 " cc 

Louisville ................ 1869 10 " 144 " " 

Wheeling ................ 1869 6 " 200 ,, " 

Allegheny ................ 1869 7 " 203 " " 

Brooklyn .................. 1871 13 " 161 " ,, 

Chicago .. ............... ... 1865 12 '' 125 ,, " 

Cincinnati .............. 1866 18 " 165 ,, " 

Detroit ..................... 1867 18 " 75 " " 

Cleveland ................. 1865 18 " 158 '' " 

Hartford ................. 1866 16 " 120 ,, " 

Pittsburgh 1867 6.8 " 162 " " 
..... � ........

From this it will be observed that, with the exception of the Fairmount 
works, at Philadelphia (water power), Wheeling shows the lowest cost

per million gallons, raised one foot high ; Pittsburgh and Allegheny be­
ing the next lowest, and within one cent, or less, per million, of Wheel­
ing; and that, leaving out these three places, the cost ranged from 10

cents to 18 cents for the same amount of work in the other cities. To the 
cheapness of the fuel in the three cities named, may be ascribed, in a large 
degree, the comparatively low cost of the work accomplished. 

PRESENT CITY WATER WORKS. 

Something on this point of cost bas been gathered from the reports of 
Mr. James M. Atkinson, Superintendent of the Pittsburgh W a.ter-works, 
and the Assessor, Mr. Chauncey B. Bostwick, for the year 1872: 
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The quantity of water furnished daily from the lo�er ( old) wm�ks,

raised 162 feet high, was 12,751,204 gallons. Consumption of coal, daily,

1108 bushels. 
c�st of running (current expenses for the year) was ................... $48,423 46
Cost of repairs, boilers, extraordinary .........•............... ····•···•... 18,948 85
Current expenses per day, say ••.•..••. ............ ,........................ .. 133 00
To raise 12,751,204 gallons 162 feet high................................. 133 00
To raise 1,000,000 gallons 162 feet high ...... ............... .  ··· ...• . . ... 10 43
To raise 1,000,000 gallons one foot high ........................... ····•··· 6r4'�

Exclusive, however, of any proportion of extraordinary repairs, or 

salary of Superintendent, or interest on cost of works, or any fund for re­

newal of works. 
The quantity raised daily from the lower ( old) reservoir to the upper 

(old) reservoir, say 236 feet, was 2,912,310 gallons. Consumption of 
coal, 270 bushels, daily. 

Cost of running, ( current expenses for the year) was ......... . ......... $14,368 83
Cost of repairs, extraordinary........ . ......... , • . . • • . . . .. •. . ...... ... .. . . •• . • 7,070 24
Current expenses per day.................................... ............ ...... 39 37
To raise 2,912,310 gallons 236 feet high .................................... .

,, 1,000,000 ,, ,, '' ······ ...... ....... ..... ........... .

,, " " one foot high .................... .............. . 

39 37
13 52

f>r7-,l� 

The actual current cost at the works in Pittsburgh, at the present time, 
may be set down at a trifle over six cents per million gallons raised one 
foot high. 

At the same rate, (six cents) the current cost of raising 40,000,000
gallons one foot high, would be ......................... ........................ $ 2 40

And 40,000,000 gallons 356 feet high ............................. ....... ....... :...... ........... 854 40

Supposing the engines to be similarly proportioned to the duty.

At the same rate, the cost of raising 20,000,000 gallons 356 feet high, to 
Hiland avenue reservoir, would be .................. ......... ................... $427 20

Th� cost of raising 20,000,000 gallons 228 feet high, to Bril-
liant Hill reservoir, would be ......................................... $273 60

Add the cost of raising 4,000,000 gallons 128 feet, from Bril-liant Hill to Hiland avenue reservoir................................ 30 72

$304 32

.The current daily difference of cost between pumping all the water to
Hiland avenue reservoir 356 feet high and pumpinO' all first to the Bril-
l' 

. ' ' b iant Hill reservoir, 228 feet high, and thence pumping one-fifth, or 4,000,-

d 
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000 gallons, to the Hiland avenue re 
· t th . . . servoir, a e same rate is $122 88Add1t1onal cost per day, $122.88. 

' · · 

Difference for one year $44 851 20 Th' . . d d ' , · · is is in epen ently of interest on the first cost, repairs, and wear and tear of the engines .
If we take the cost of pumping by steam with h 

. . 
. . eavy engines in most of 

the large c1t1es, where the engines are proportioned nearly to th k 
th h t £ · . e wor 

ey . ave o per orm, 1t is seen that the cost per million feet raised one
foot, 1s generally double or more of the cost of the P"tt b h 

· 
. . . . . i s urg pumping;
1n some cases, as 1n C1nc1nnati, Detroit and Cleveland i·t i·s th t · . . . . , . , ree ,imes j
probably ow1�g, 1n part, to the higher pnce of fuel in those cities. Al-
�hough the P1�tsbu�·gh pumping works have been economically conducted,
1t may be poss1b.le, 1n new works, in the arrangement of the boilers, and in
the mode of using the steam, to effect a further reduction of the cost of 
fuel compared with work accomplished . It is fairly presumable. 

The greatest elev�tion to which water is pumped in any of the cities just 
quoted, away from Pittsburgh, Allegheny and Wheeling, is 165 feet at Cin­
cinnati, and 285 feet at Burlington, Vermont, (small works pumping only 
247,000 gallons per day;) the fuel at Burlington consisting of shavings, 
costing only $1. 60 per day. Yet the cost, there, of raising a million gallons

one foot high, is eight cents. 

PIPES. 

I have examined the method of manufacturing, inspecting, and testing 
the pipes made by contract, at Mr . William Smith's foundry, in Pitts­
burgh. So far as I can judge, the pipes appear to have been manufactured 
of good iron, and with proper care, and the city has had its own inspector
to examine and test each pipe. The test is a severe one, being a water pres­
sure of 300 pounds per square inch . A number of pipes, which exhibited
no sig-n of rupture at 280 pounds pressure, burst before the indicator
showed a pressure of 300 pounds . 

The pipes are all classed and numbered, and the class and number, and

date of the year, with the manufacturer's initials, cast on the pipe. 

Each pipe is weighed, and a record kept of its class, number and weight,

and the weight painted on it. No pipes are received the weight of which

is over 3 per cent. below the specified weight for the �2-inch. and upward,

or more than 4 per cent . below for the 6, 8, and 10-inch pipes ; and no

excess of weight above the average, beyond the said �crcenta�e, is pai� �or.

The straight pipes are cast in dry sand moulds, 1n a vertical position.

After passing a hammer inspection, they are cl_eaned, and. then thoroughly

coated inside and outside with coal pitch varnish, according to Dr. Angus
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· h' ss . each casting being previously heated to a temperature of
Smit s procc , 

300 degrees Fahrenheit. . . 
The contract for the manufacture and delivery of the �1pes 1s very care-

fully drawn, so thnt all contingencies appear to be provided for to ensure

perfect castings. 

The contract is dated December 31, 1872, the delivery to commence

March 1, 1873, to be completed June 1, 1874. The contract is for the fol-

lowing pipes 

Tons. 

264 
1,248 
6,134 

445 
436 
319 
130 
873 
689 
520 
300 

Size. Class. 

36 inch A 

36 " B 
36 " C 

30 " A 
30 " B 
30 '' C 
20 " B 
20 " C 

Spee I i:stings ... 
\ 
........ � �.;. � ..... . 

Prices per ton. 

$ 83 00 
83 00 
83 00 
83 00 
83 25 
83 26 
83 50 
83 50 
83 60 
83 50 

110 00 

In all 11,058 tons of regular, and 300 tons of special castings. 
The prices are per ton of 2,000 pounds. 
At the above prices and quantities the contract would amount to 

$952,108.75. 
Payments to be made monthly, on the certificate of the engineer, ten 

per cent. to be reserved till the fulfillment of the contract. In the contract 
and specifications, in the inspection and te ting, in the recording of the 

· pipes manufactured, in the record of their delivery on the streets where
they were to be laid, and in the record of their laying, all proper and in­
telligent care seems to have been exercised to protect the interests of the
city, and to guard against current over-payments to the contractor at any
stage of the work.

The work of excavating trenches and laying the pipes is separate; it
has been done under the supervision of the same engineer, under the
management of foremen, by day's work.

I passed over all the principal streets where these pipes have been laid,
in company with Mr. Harlow, the engineer in the immediate charge of the
laying of the pipes, and I have received from him straightforward and
intelligent explanations of this part of the work. It wa intimated to mo,
by several persons, that I could only know that pipes of certain size and
quality had been laid at any particular place, by digging down to them and
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examining them. It was obvious th t h. 
way respecting the quality of the 

. a not 
d
ing could be learned in that

. pipes, an I have eve 
satisfied that an examination of th d 

ry reason to feel
. e recor s of the Inspect t th 

factory, and 1n the Engineer's offi f th . . or a e manu-
ce, o e pipes 1n the· d' .a 

of manufacture testin d 1· , . ir Iu.erent stages
. ' g, e ivery, and laying con ffi . . 

information to enable m t · d 
' vey su cient reliable

0 ·0 JU ge whether there has b 
. 

error in the estimates, either inadvertent! 
. . een any material

. 1 
Y or intentionally . The 1 

roatena error, or omission that has com d . · . on Y

d b 
' e un er my notice 1s one d' 

oovere y the engineer himself It was 1 · 1 
' IS-

f 7 29 . . · a c erica error, by the omission
o 4 . tons of pipes, In the current monthly t' t b . 
h . es ima es, ut it was against

t e contractor and not 1n his favor. The amo t $4 050 
f h . un was ' .40. It was

o sue a nature that it must surely have been rectified before a final
settlement. 

The contractor, of course, had a right to complain of such an error.
Had I been called upon to make a final estimate of the amount and value
of work done by Mr. Smith, I might ha-we devoted much more time to th· 
branch of the investigations; but no such duty was called for, and I ha::
?nly made such examinations as seemed proper to afford a complete insight
mto the system; from which I could judge reasonably well, whether a fair
or unfair method was used ; whether there was system or want of system,
and whether the city was justly dealt with. 

It is due to all the parties interested to say, that under this contract the
system of manufacture, inspection, testing, delivery, and estimating current

monthly estimates, is good; and there appears to be no reason to think

that it has not been fairly maintained for the rights and interests of both

parties to the contract. When a final estimate of the manufacture and

delivery of the pipes shall be called for, it will not be difficult to ensure a

correct return of the total amount, within a very small fraction of po�sible

discrepancy, and quite possibly with exactness; so that the city need

su:ff er no loss in this branch of her operations. The question haB been

mooted as to the advisability of entering into such a large contract in the

start, when iron was at a very high figure. Perhaps the city might have

saved something by making a smaller contract; but it seems to have been

contemplated to push all the work through to completion at the earliest

possible date. The contractor, certainly, has a price which warrants him in 

furnishing :first.class work. I have seen a large number of the pipes, and 

so far as appearance goes, I have never seen better looking pipes in any

city; and I think that Mr. Smith has employed his best appliances to turn

out superior work, and his appliances are admirable. 

The laying of the pipe is separate from the contract for their manufacture,

and it has been done, as already mentioned, by day's work. The cost thus

4 
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far, as shown to me by the engineers, seems to compare favorably with the 
cost, at contract prices, in other cities, more so than I would have assumed. 

General experience, everywhere, would lead to the avoidance of day's work 
in cities as much as possible, although some work can be better done in that 
way. I understand that all the pay rolls for the work of excavating the 
trenches and laying the pipes, are sworn to by the foreman in the immedi­
ate charge of each particular street, and that the engineer of this branch of 
the work, Mr. Harlow, who has previously had special experience in this 
duty, keeps such personal supervision of the laying as to guard against any 
gross fraud, in case any should be attempted. The objection to carrying 
on public operations by day's work, need not rest wholly upon apprehen­
sions of fraud; but chiefly upon the well known fact that laborers, as a rule, 
do not work so hard for a city, as they do for contractors. 

Statement of pipes made under the contract with Wm. Smith, quantity 
laid, amount of value of estimates, amount paid, and the amount of per cent­
age reserved, to January 1, 1874. 

Pipes made. Pipes laid. 

6,863.7 tons of various sizes. 4,133 tons of various sizes. 
187 .1 " special pipes. 116.5 " special pjpes. 

Total value, estimated to January 1, 1874 ........• ••.....••......•.•.•..•• $584,142 34 
Total amount paid to " " .•••... .•...••• • .•.. .....•. ••. .. • 525,728 11 

Amount reserved ............. ...... ,......................... ..... $68,414 23 

I examined a number of pipes laid aside in Mr. Smith's pipe yard, on 
account of being too light, accordino- to the strict letter of the specifica-
. � 

tion, although they stood all the tests, including the pressure of 300
P.ounds per square inch, and are in all respects perfect pipes. No discre­
tion to vary from the specification has been given to Mr. Dickson, the In­
speetor, which is proper; so that, although these pipes are as good as the
best, they are a few pounds below the prescribed weight.

I would. recommend that, at the closing of the pipe contract, authority
b� vested in some proper, intelligent person, to examine and accept such
pipes as have stood all the tests, paying for them at their actual weight,'
where they are lighter than the specification demands.

I �ould not advise any change in the specification, or the system of in­
spection. 

.. 

........ 
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COST OF LAYING PIPES IN 1873. 
I have obtained at the offi f th · . ' . ce o e engineer in charge t.he following 

data relating to the sizes of the pipes and th t t d ' f . . . . . , e ex en an cost o excavat-
ing t1enches and laying pipes during the year 1873:

or, Exca-
d Laying. 

Size of Pipe. Len�h in Cost of Lab 
Feet. vation an 

3, 4 & 6-inch. 
8 ,, 

12 ,, 
15 ,, 
20 ,, 
30 ,, 
36 ,, 
50 ,, 

19,956 
13,589 

316 
8,379 
2,828 
7,705 
4,024 

56 

56,853 
____ _.:...._ 

$ 5,2 
5,3 

51 65 
72 99 
52 62 

8,4 
3,3 

41 62 
87 59 

12,4 
7,3 

19 87 
04 67 
34 16 

$42,2 65 17 

Cost of Material. 

$2,256 08 
1,954 99 

79 43 
2,364 84 

981 95 
5,049 82 
3,849 97 

99 39 

$16,636 47 

Whole Cost of 
Laying. 

$ 7,507 73 
7,327 98 

132 05 
10,806 46 
4,369 54 

17,469 69 
11,154 64 

133 55 

$58,901 64 

Cost per F' t
Lineal. 

$ 8 
5 
4 

8 
4 
2 
9 
4 

1 2 

1 5 
2 2 

2 7 
2 3 

7 
9 

On the few 50-inch pipes (total length, 56 feet) the cost shows only the

material, and running and caulking the joints. 
In the excavation of the trenches, there were 7,788 cubic yards of rock, 

which occurred chiefly on Hiland avenue , where the 30-inch pipe was laid. 
The total length of the above laying of pipes, of all sizes, is 10.77 miles ; 

showing an average cost of $5,469 per mile ; which is an average of 
$1.03! per foot, lineal. 

There were 4/-lo miles of pipes, from 15 inches diameter up to 36

inches diameter; the residue, 6-fJ1, m
iles, being chiefly 6-inch and 8-inch

pipes. 
Where a city is engaged in laying pipe of various sizes, at irregular in-

tervals, in son1e places before streets are graded, and the work.men may be

required to move frequently from one point to another, it is more difficult

to conduct it satisfactorily by con.tract, though it admits of an arrange­

ment which, on the whole, might be more satisfactory than the system of

day's work. In the :fittings of the pipes together, running the lead, and

caulking the joints, it is, however, essential that experienced experts

should be en1ployed, in order to prevent the risk of having leaky junc-

tions. 
Taking the average of the several cities of St. Louis, Milwaukee and

Lowell, and comparing the cost of laying pipes of different sizes with the

cost thus far in Pittsburgh we have the results in the annexed tabular
' ' ' 

statement: 
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COMPARATIVE COST OF LAYING PIPE. 

Size of Pipe. 

t 6 inch.

8 ,, 

15 " 
20 " 
30 " 

36 " 

Average of the three Cities, 
Per foot. 

$ 51 
66 

1 23 

1 46 

2 89 

3 32 

Cost in Pittsburgh, 
Per foot. 

$ 38 
54 

l 41 

1 54 

2 27 

2 77 

t In Pittsburgh a small portion consisted of 4-inch and_a very small portion of 3-inch. The bulk 
of the smaller size being 6-inch pipe. 

From this it may be judged that the laying of the new pipes in the city 
of Pittsburgh has, on the whole, cost less per foot than in the cities just 
named, for similar work. The average cost per foot lineal of the whole 
lOM- miles laid in Pittsburgh, in 1873, was about $1.03 per foot, or 
$5,469 per mile. 

As a whole, the system of pipe manufacture, inspection, delivery and 
laying, so far as I can judge, has been judiciously planned and executed, 
with careful regard to the interests of the city. 

This report has extended to a much greater length, and has occupied 
more time than was anticipated; yet the nature of the circumstances has 
demanded it. My object has been to convey to the Committee the same 
impressions made upon myself by the facts elicited. The following sug­
gestions are respectfully presented for the consideration of Councils, or of 

the Committee having the Water-works�matters in their charge. 

SUGGESTIONS. 

First. That the foundations of the Water-works buildings be secured 
in such a manner as to remove all just cause for apprehension. 

Second. One pair of the large engines may be advantageously utilized, 
especially if the engines be arranged so that they can be readily changed 
from double to single working, or single to double ; planned to pump the 
water to the Brilliant Hill reservoir. Then, if an arrangement can be 

made, satisfactory to the city, the work on the second pair of engines could 

be stopped (being but little over one-fourth done,) under some amicable 
agreement with the contractor. The parts could be sold, or retained for 
future sale, (or use), as might seem best for the city. 
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Third . o· The 
.�

ngine-�ousc can be built so as to accommodate one pairo� the laroe engines; with _room for another pair of smaller engines; butwithout at present contracting for the smaller engines.
Fourth. Two force mains to be laid, each 36 inches in diameter, ar­

ranged so that eac� one of the pair of large engines can pump throughboth, or through e1ther one, as circumstances or accident might render
advisable. 

Fifth. The 36-inch distributing main, which is being laid along Butler
strce;t, can be c?ntinued, as desi�e�, from below the Sharpsburg bridge,
(about half a mile below), where it 1s now laid, to the Brilliant Hill reser­
voii·, about one and a half miles above said bridge, in time to meet the
completion and use o� the works at Negley's run. There is only one plaoe,
a few hundred feet 1n length, about half a mile above the Sharpsburg
bridge, where tho surface of the hill-slope is slipping ; and even there, the
rock below, as shown by the cutting of the Allegheny Valley Railroad, is
in place, and undisturbed. 

All the residue of the route is underlaid with rock, in place, which, as 
the cuttings of the railroad show, is not inclined to slip. I examined this 
myself carefully. At the crossing of Haight's run, in case the street should 
not be first graded at that point, a short culvert and embankment can be 
put in, at moderate cost, over which the pipe can be carried. 

Sixth. All work that admits of being done by contract, can be done at 
less cost to the city than when done by day's work, if it be let at fair 
prices; especially such work as quarrying, dressing, cutting, and laying 
stone masonry of foundations and walls. 

Seventh. A pair of small engines could be put up at Brilliant Hill reser­
voir to pump the required quantity of water thence into the Hiland ave­
nue reservoir. There is ample time. 

Eighth . It does not seem to be necessary to finish any of the new reser. 
voirs to their full height, or to an·ange them at once for the full depth of 
water proposed. The city can be well served for many years with the

reservoirs, if used to half the proposed depth, namely, with 12 feet in 
Brilliant I-Iill and 10 feet in each of the others, or some other depth that 

' 

may be deemed most advantageous. In the case of the Hiland avenue 
reservoir, it may be advisable to complete, at present, only the eastern 
compartment, which is already excavated nearly to grade. 

It will readily occur to the Committee, that there are numerous d:tails 
which must be entered into when the general plans are finally determined, 
which cannot be considered in advance. 

It is safe to assume that half a million of dollars can be saved in the 
present expenditure, in connection with the foundations, buildings, en· 
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gines, boilers, force mains and reservoirs, and still secure ample provision 
for a full supply of water. 

It is due to the citizens of Pittsburgh, as well as to the engineers in 
charge of the works, to state that I have seen no evidence of an intention 
to defraud the city. It is equally imperative to state the fact, that the 
want of harmony, and lack of unity of design in the plans, between the 
two principal departments of the new Water-works, have placed the affairs 
in an awkward position. 

No harmonious or economical system can be inaugurated until this 
peculiar condition of things shall be remedied by the proper authority: 

Respectfully submitted, 

Pittsburgh, Feb. 19, 1874. 
W. MILNOR ROBERTS,

Consulting Engineer. 

•
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