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_SPECIALTIES. -

Water Companies

ORGANIZED AND PROMOTED.

ENTERED ACCORDING TO ACT OF CONGRESS,

1§ THE YEAR 1887,
BY }
A, H. HOWLAND AND GEO. A. ELLIS,
iN THE OFFICE QF TEE
AT WASHINGTON, D. C.

Water Works

BUILT, MAINTAINED AND OFP.
- ERATED.

LIBRARIAN OF CONGRESS,




A\ AJE BAVE BEEN CONNECTED, EITHER AS
ENGINEERS, CONTRACTORS OR OWN-

ERS, WITH THE FOLLOWING WATER

CWORKS:

PRIVATE COMPANIES:

C bicopee, Mass.
"”_"_owcthz, N. C.
Eufaunla, Alabama.
- Framingbam, Mass.
Marblebead Water Co., Mass.,
sebine Nabant and Swampsmﬁ.
Menominee, Mich.
Monigomery, Ala.
Quincy, Mass.
Racine, Wis.
Sharon, Mass.
Sterling, llis.

WORKS OWNED BY THE CITY OR TOWN:

Springfield, Mass.
- Wallingford, Conn.
Weymouth, Mass.
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WATER COMPANIES

That are Organized, Built and Uperated on

-'i?-;_Honest‘, Scientific and Business

PrincipLES

::'Hiwe always Proved Remunerative to
: thetr Projectors.

HERE is no record of any Water
" Company that has defaulted interest
1t$_f;]5‘0nded debt, or not paid dividends
fs_-_':s'f'dckhoiders, except in cases where

norarce, or dishonesty, or both, were

sp_l_ayéd_in some detail.

c/ﬁ(ll :.of the Water Companies named
__e'f;pmm'ms page bave been successful
1d paid their obligations in ful.




COMPARATIVE STATISTICS

Waz‘er Works Ow%ers/zzp

oF

IN THE

UNITED STATES AND CANADA.

“HE public are cordially invited to visit our
office, and make free use thereof. We have on
- filé'a large number of

Water Works Reports,

DATE, OWNED BY
TOTAL.
Jawusme x| Crrvon Tows, | o ‘
180.0 8 a 2
1880 397 17 568
1883 430 373 803
x885 459 549 1008
1887 621 780 1401

HESE figures show that the number of works
owned by private corporations have increased

456 per cent. in the last seven years, while those.
owned by cities or towns have only increased 56

per cent.

If private ownershlp were not advantageous,
these figures would be different.

RATES, STATISTICS AND
GENERAL INFORMATION
" To all interested in the general subject of

PUBLIC WATER SUPPLY.

_AZZ nguiries promptly amwered to the
best of our ability.




FINANCI_HL RESOURCES. =

WORKS IN ANY PLACE, WE ARE

CONNECTED WITH SEVERAL

STRONG SYNDICATES, WHO
WILL READILY FURNISH ALL THE
MONEY NECESSARY TO COMPLETE
ANY ENTERPRISE WE MAY UNDER-
TAKE.

IN DEVELOPING AND BUILDING

Some of these syndicates desive 1o confine
their operations to one section of the country,
others to different sections, and, among them
all, we are able to handle any work, in any
_ part of the United States and Canada.

Parties desiring to become interested. in
'cmy particular place or section, may be able
to find useful information at our office.

INVESTED,
$975,000.00 CASH IN 1886

;.}.;QEGAL EXPERIENCE.

Seven Different States,

AND HAVING LOOKED UP THE MATTER

IN MANY OTHERS, WE ARE FAMILIAR
WITH NEARLY ALL THE DIFFERENT
_CO]EPO[(AT]ON LAWS IN THE COUNTRY,
HAVE MANY FORMS FOR PAFPERS, ETC.,
ND CAN GREATLY FACILITATE I7HE
ORGANIZATION OF PRIVATE COMPANIES,

ORGANIZED

ve Qompanjes and Drew their Corporation
‘Papers, and Thirty-Seven Different
. Contracts and Agreements,

in 1886.




Engineering

Executive Corps.

BER OF ABLE AND WELL ENOWN

HYDRAULIC ENGINEERS, AS
WELL AS A LARGE NUMBER OF OTHER
ASSISTANTS, DRAUGHTSMEN, FOREMEN,
CAULKERS AND EXPERTS IN THE VA-
RIOUS BRANCHES CONNECTED WITH
WATER WORKS CONSTRUCTION.

WE HAVE IN OUR EMPLOY A NUM-

In 1886 we Burlt

Four Different Systems
Of Water Works, |

Using 84 Miles of FPripe,
Weighing 10,000 Lons,
17 Pumps,

s Boz'le?'s‘, .

4 Water Wheels,

3 Standpipes,

8§ Reservoirs, €ic.

INVESTMENT. i *
¢ - We do not offer to Sell and Deliver
Mortgage Bonds

On'."éﬁfy_inrks, until they have been Com.
pleted, Tested and

" FOUND TO BE SATISFACTORY. .

O MORTGAGE IS PLACED
. UPON ANY WORKS WHERE
THE REVENUES WILL NOT
PAY THE INTEREST ON THE
SAME. :

UR!FORM OF MORTGAGE
J'HAS BEEN APPROVED BY
ON.: B..F. BROOKS OF BOS-
N, MESSRS. TURNER, LEE &
¢CLURE OF NEW YORK AND
"HER - LEADING LAWYERS

URFORMOF BOND IS NEW

AND COMBINES CONVEN-
IENCE OF EXAMINATION AND
REMOVAL OF COUPONS AND
SAFETY AGAINST COUNTER-
FEITING. ~

FFER NO BONDS FOR
/Y SALE ON ANY ' WORKS
HAT HAVE NOT BEEN BUILT
NDER 0UR PERSONAL SU-
PERVISION, OR THAT WE DO
OT. 'KNOW- TO BE, IN ALL

Bonds Sold to Date, $1,125,000.00.
Tnterest on Same Defanlted, NONE.




JPERINTENDENTS

v ENGINEERS.

14

o Plans.

™ .
FULL sETS OF BOOKS are kept af
the local office of each Company in
which we are interested, and at oul office,
and are open 1o the inspection of stock and

bond owners at any time.

All Books are Kept on the Same System, 80
that Comparisons can be

readily made. i
] . .all times educating others, so that

experi
- perienced men to put in charge

The superintendents of all works make regular
periodical reports, on blanks furnished, s0 that the
exact condition of the property is always known.

-

FULL PLANS OF ALL WORKS *
" ARE ON FILE IN OUR OFFI_CE.

Valuable Data.
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T# SECURITY OF WATER
- CoMPANY BONDS- : -CJ{QV:'WELL BE SUPPLIED

be Fact PRIVATE COMPANIES..

| Is Assured bV !

. st Cost is usually Less than when
HAT: '

J/”I//’/ ' u_ilt’by the Public.
uE PUBLIG S
RANTEED »Y 7 o

T 18 GUA =
1NTERES AL, - STEMATIC PRIVATE COR-.

- J
HypraNT REX ORATION CAN BE MORE
NT ONOMICATLY MALNTAIN.
s MOST PERMANES D THAN A MUNICIPALITY.
s oF T i ; : :

HE PROPERTY o
5 EIND. . S UTHE WORKS ARE ENTIRELY
AND RFLIAB ; | FREE FROM ANY FOLITICAL
T "BALL OF PAR-

EN CARE V5 “UTY RIVALRY. |

HE PROPERTY, quTTABLY TAR .
T T i . e W 0rks e 1he Servants of the Public,
-~ IﬁcRmSEs, WHILE ¢ vhe Seruans
¢STANTLY g
INCOME CoNsT e, o

I v 8 L
n NEARL FIXED AMOUNT

THE
EXPENSES REMAL
e —

— S
—— TER RATE
- ARE NO BAD DEBTS, WATHE
I AD & "
BERE PAVABLE, [NVARIABLY, TN
BEING
RS ; HAT e ) -
" ' pears 1 A CoMpOPIT T M ST NEERENT RENTAL,
V : o s £ - u il
(T COMTAN THAT gvERY ONE 1 THAT ARE DE%ARRED, BY
: NECESSITY, AND . NSIDERATIONS: USTATUTORY LIMITATION, FROM
IS A AL OTHER GO © - CREATING A DEBT TO RUILD

1{AV-E, INDEPE;‘:DENT OF |
A L IS ONSERQ ATY E AD .
C ¥ ND
ON E()ﬂ CAL n LN
F EE FRON ALL
R A

TAWORKS.

e




Direct Benefits

Derived by Cities and Touns supplied by
Private Water Companies, and for which the

Annual Hydrant Rental is but a trivial remu-

neration.

Increased Healthfulness ,

Always follows the mtroductmn of an abund—
ant supply of pure water.

Lower Insurance Rates.

Increased Value
Of old and availability of new real estate,
thus increasing tax receipts.

Attraction

Ofiered for the location of manufactories and
consequent ncrease of population.

Safety and Comfort

~Afforded by the knowledc‘e that there is am-
ple protection against hre and that the lux-
uries, as well as the necessities, of life are
within easy reach.

- I9

TFURKISH,

PRIVATE COMPANIES 4~

FOR ANNUAL HYDRANT RENTAL
IDLE CAPITAL.

o Do budld works of sufficient capaczty to sup-
Ply the maximum amount of waler required

‘i case of ﬁm, e a minimum of fime, costs

~about three times the suwm necessary to build
“works jfor domestic and manufacturing uses .
alone.

CONSTANT WATCHFULNESS.

_ The entire plant has to be kept in readiness
for instant use, and skilled men musé be con-.
tanily on the alert, awailing the alarm of fire.

BURDEN AND RESPONSIBILITY.

 Private companies must maintain and op-

rate these works, whether at a proft or loss ;
hiey have no tax list to fall back wpon, bul
#st putt their hands in their pockels, in case
of @ deficit, or when Junds are needed foa‘
additions and zmprowmem‘s
For all this the annual hydrant rental paid

by oSt Places is but a small part of the actnal

f’z‘/z of the same to if/zc city or town.




TATISTICS show that, on an average,

every city or town inthe country is vis-

ited with a serious conflagration once in twen-
ty years.

Many have escaped longer than this, but

how soon they will be burned no one can tell.

The safest and cheapest preventive is a sys-

. tem of water works, and no place that can

obtain one at an annual expenditure of $1,50
per capita. per annum, in the form of hydrant
rental to a private company, can afford to de-
lay doing so.

A/ E invite the acquaintance of all per-
sons desiring information concern-

“ing Water Works.

All Town and City officials desiring to

_make arrangements for a public water
< supply for their place.

All persons desiring to become inter

“ested in the organization and development
~of any water company. '
. All parties desiring to purchase, for in-

vestment, safe and well paying water com-
pany securities,
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REFERENCES.

LL BANKERS AND PRINCIPAL BUSINESS MEN IN

BUILT WORKS. %

MATERIALS AND MACHINERY TUSED IN WATER
WORKSE, WITH WHOM WE HAVE BUSINESS RELA-
" TIONS.

! LL MANUFACTURERS OF THE VARIOUS KINDS OF

LL INSTITUTIONS, TRUSTEES AND PRIVATE INVEST-

ORS WHO HAVE TAKEN AN INTEREST IN ANY OF

THE WATER COMPANIES WE HAVE DEVELOPED,

OR TO WHOM WE HAVE EVER SOLD ANY SECURITIES
WHATEVER.

Not a dollar has ever been lost by investors connedt-
ed with us, but many bave '
been made.

EACH OF THE MANY PLACES WHERE WE HAVE .

W
(9%

Statistics

WATER W ORKS
Built by ws,

S/zowz'ng: Dyfferent Systems.
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. Mexominer, MicHIGAN,
" MENOMINEE COUNTY,

-ZL'occzir’gci’ on Green Bay, at the Mowth of the
; j - N
: Menominee Fiver.

POPULATION, 1880, 3,288

13

1886, 7,500
Sawing, Manufacturing and Shipping
Tumber.
LroaDs:  Chicago & Northwestern,

Milwaukee & Michigan.
WATER WORKS BUILT 7N 1885.
= OWNED AND OPERATED BY THE
MexoMmiNEE WATER CoMPANY.

.:P'rcfia’mf, WILLIAM A, LYNCH, . . CanroN, O,
T asurer, A. H. HOWLANI, . . BosTton. Mass.
Secretary, B, F. BROWN, . . . MexoMmings, MICH

ginegr, H. B, DUNITAM, . . . CLEVELAND, O.

CAPITAL STOCK, $100,c00.00.
BONDED DEBT, $1c0,000.00.
INTEREST ON BONDS, 6 per cent.
MATURITY OF BONDS, 1gos.

Last sale of Bonds, 106 and Inf.

4 TRUSTEE :

B

BOSTON SAFE ijPOSlT AND TRUST CO,
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Gross Annual Revenue, Nov. 1, 18806, $13,008.90
Maintenance Expenses, year ending

Nov. 1, 1336, $4.673.00
Interest, 5,000.00 )
" Gross Annual Expenses, ) o 10,235.54

Credit to Stockholders, . $3,235§4

Supply.—GrEEN Bav, Crib 1500 feet from shore.

System.—D1irect PUMPING.
Power.—Two 80 H. P. BotLERs.

Pumps—ONE Durrex H1GH PRESSURE.
One Dvrrex ComrPounp CONDENSING,
each having a maximum capacity of
"2;000,000 gallous in 24 hours.
" Distribution—TEN anD ONE-QUARTER MILES OF
 Cast Irox Prpe, 16 to 4 inches in

diameter.
116 5TCP {(GATES.
103 HYDRANTS.
" 433 Taps.

| Hydrant Remtal—$75.00 AND $60.00 PER HYDRANT
PER YEAR.

Lressure.—DOMESTIC, 43 Ibs.; FIRE, 83 lbs.
Meters —NOKE.

NOVEMBER I, 1386.

i

il
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BOILER ROOM, MENOMINEE WATER CO., MENOMINEE, MICIT.

CHOTH IENINONTIN SO0 i
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M oONTGOMERY,
MONTGOMERY COUNTY.
Capital of the State of Alabama,

Licated in Centre of the Stale, af head of navigation on
' the Alabama River.

POPULATION, 1880, 16,713
“ 188G, 26,800

Busivess.—Compressing and shipping Cotton, Iron
and General Manufacturing and a
large Wholesale Trade of all kinds.

‘RaiLroaps.—Louisville & Nashville.

' Western of Alabama.

Montgomery & Eufaula.

Montgomery & Mobile.

Montgomery Southern.

Montgomery & Selma.

WATER WORKS BUILT IN 1872, REORCGANIZED
AN REBUILT IV 1886,

NOW OWNED AND CPERATED BY

THE CAPITAL CITY WATER CO.

- Presidenst, W, F. ELLIS, . . . AsHLAND, Mass.

Treasurer, A. H. HOWLAND, . . Bosroxn, Mass,

" Seeretary, F. B. BIGELOW, . . MoNTGOMERY, ALa.

 Engineer, A, H. HOWLAND, . . BostonN, Mass.

CAPITAL STOCK, $300,000.00.

BONDED DEEBT, $250,000.00.

INTEREST ON BEONDS, 6 per cent.

MATURITY OF BONDS, 1906.

Last sale of Bonds, 103 and Iuterest.
g TRUSTEE :
CBOSTON SA¥E DEPOSIT AND TRUST CO.V
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Gross Annual Revenues, Dec, 1, 1886, $33,702.04
Maintenance Expenses, based on-six months
ending Nov. 1, 1836, including interest, 27,474.75

Credit to Stockholders, §3,2—27§G

Supply.——ARTESIAN WELLS.
System.—PUMP TO STAND-PIPE AND RESERVOIR.
Power—S1X 8o H. P. BOILERS.

Prmps—ONE DUPLEX HicH PRrRESSURE.
O~Ee DuPLEX CoMpPOUND CONDENSING.
each having a maximum capacity of

g,000,000 gallons in 24 hours.

o Distribution.— ForTy-Oxe  MILES OF CasTt IrON

P1rE, 24 to 2 inches in diameter.

P 340 STOP GATES.

298 HYDRANTS.

to71 TaFs.

- ' Hydrant Rentel—$55.00 PER HYDRANT PER Y EAR.

PUMP HOUSE Tr |
UMP HOUSE, THE CAPITAL CITY WATER ¢
e MONTGOMERY, ALA. co

Pressure—HX1oansT, 110 1bs.; LOWEST, 48 1bs.

Meters—539.

DDECEMBER 1, 1386
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STERLING, [LLINOIS,
WHITESIDE COUNTY,

* Sttnated on Rock River, from which i Derives Large
and Valuable Water Power,

POPULATION, 1880, 5,087

“ 1886, 7,500,

. Busmvzss: Manufacturing of Farming Implements,
Furniture, etc. Flour and Paper
Mills. Thirty-three different manu-
factories at present.

RaiLroaps: Chicago & Northwestern,
Chicago, Burlington & Quincy.

_ WATER WQORRKS BUILT IN 1886,
SUPPLYING STERLING AND ROCK FALLS.

OWNED AND CPERATED BY THE

I
0|

STErLING WaTeEr (ComMpany,

President, A, H. HOWLAND,
Tyeqsnrer, H. BUTLER, . . . . ForTLAND, ME.

BostoN, Mass.

o Secretary, H. C. WARTD, . I STERLING, ILL.
Engineer, . F. DUNHAM, . . . CLEVELasD, O.

CAPITAL STOCK, $150,000.00.
BONDED DEBT, $125,000.00.
INTEREST ON BONDS, 6 per cent.
MATURITY OF BONDS, 1906.

WATER TOWER.
DIAMETER, 26 ¥T.; HFEIGHT, 103 FI.
CAPACITY, 417,000 GALLOKS.
THE CAPITAL CITY WATER CO., MONTGCOMERY, ALA

] TRUSTEE :
BOSTON SAFE DEPOSIT AND TRUST CO.

Price of Bonds, Fz'rs,t' Sale, Par and nferest:
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Annual Revenue Lased on average of last 6 months,  $12,520

“ © 9250

Annual Expenses  ©

Credit to Stockholders, £3,270

i |

Supply—ARTESIAN WELL § inches diameter, 1003

feet deep, and Rock River for emergency.

Systesm—Pumr TO STAND PIPE.

HSAOH dWNd

Power—THREE 8o H. P. BOoiLERS.

Lumps—OxE DUPLEX HIGH PRESSURE,
- Oxg DurLEx CoMpoUND CONDENSING,
each having a maximum capacity of

2,000,000 gallons in 24 hours.

Distribution— FourTEEN MiLes orF Cast Irow,
Pirg, 12 inches to 4 inches in diameter.

‘00 WHALVM ONITITLS

122 STOP (FATES.

138 HYDRANTS.

Hydrant Rental—$45.00 PER HYDRANT PER VEAR.

TTL “ONITITLS

Rock Farrs: 12z HYDRANTS, $670.00 PER YEAR,

EACH ADDITIONAL, $50,00 PER YEAR,

Pressure—DomEstic, 65 1bs.; FIrE, 8o lbs. per sq

inch.
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BOILER ROOM, STERLING WATER CO., STERLING, ILI.
"TIT ‘EJNI‘I}_{E[LS “OD WILLVA DNITIILS ‘WOOYT ANIDNT
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STAND PIPE,
DisMETER, 20 Fr.; HEIGHT, 100 ¥T.
CAPACITY, 235,010 GALLONS.
STERLING WATER CO., STERLING, I1L.

43

Quincy, MassacHUSETTS,
NORFOLK COUNTY,
Located on Massachuseits Bay.

POPULATION, 1880, 10,570
£ 1886, 13,160
Granite, Boots and Shoes.’

Old Colony.
WATER WORKS BUILT TN 1884,

CWNED AND OPERATED BY THE

Quincy WaTER Company.

Presidessi CHAS. A, PORTER,
Treasurer, W. L. FAXON,
Contractor, W. C. McCLALLAN,
Eungineer, A. H, IOWLAND,

CAPITAL STOCK, $125,000.00.
BONDED DEBT, $125,000.00.
INTEREST ON BONDS, 6 per cent.
MATURITY OF BONDS, 1889 and 1gog.

Business :

Ratirosps:

QuiNcy, Mass.
QuiNcy, Mass.
DBosToNn, Mass,
BosTton, Mass.

TRUSTEE :
AMERICAN LOAN AND TRUST CO, BOSTON, MASS.

Price of Bonds, last sale, 106 and Interest,

Supply—DUc WELLS,
Spster.—PUMP TO STanD PIpp.
Mackinery—Four 8o H. P. BOILERS.
Two 2,000,000 GarioN DUPLEX ENGINES.
Distrebution—TwWENTY-THREE AND One-HALF MILEs oF
WROUGHT IROK, KarLaviey, ASPHATT CoOATED
PIPE, 20 to 4 inches diameter.
go HYDRANTS; 700 Taps.
Hydrant Rental —$3 5.00 EACH PER YEAR.
Pressure—DOMESTIC AND FirE, S5 Lps. METERS, 23.
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STAND PIPE, QUINCY WATER cao,
QUINCY, MASS.
DiaMeTER, 35 FT.; HruloHT, 60 FT.

CAPACITY, 431,707 GGALLONS.




Rarmroaps.—Boston & Albany,

36 47

Frammvgroam, Mass.
MIDDLESEX COUNTY,
©Sttuated on Sudbury River.

POPULATION, 1880, 6,235 |
“ 1886, 8,760 :

BUSINEss.—l\-fahufactun'ng Straw Goods, Boots and
Shoes and Rubber Goods.

Old Colony System.

Water Works to Supply the South Village,
Built in 1885.

NOW OWNED AXD OPERATED BY THE

Framincuam Warer COMPANY.

Presiderst, WILLIS M, RANNEY, . . FRAMINGHAM.
Treasurer, GEO. E. CUTLER, . , . FrRAMINGHAM.
Contractor, W. C. McCLALLAN, . . Bosron, MAass.
Fugineer, A. H. HOWLAND, . . . Bosrtow, Mass,

CAPITAL STOCK, $100,000.00.
BONDFED DEBT, $rco,000.00.
INTEREST ON BONDS, 6 per cent.
MATURITY OF BONDS, 1gos.
Price of Bonds, last sale, 105 and Inferest.
TRUSTEE:

BOSTON SAKE DEPOSIT AND TRUST CO.

Suppiy —SUDBURY RIVER AND FARM PoOND,
System.—IDNRECT PUMPING.
Mackhinery—Two go H. P, BOILERS,

Two 1,500,000 GarLoN DUPLEX ENGINES.
Distribution—TEN Mi1.Es Cast IroN PIPE.

75 Hy¥DpraNTS; 309 TAPS
Hydraut Renfal~—$35.00 FEACH PER Y EAR.
Pressure —DOMESTIC, S0 1LBs.; FIRE, 100 LBS.

SSVH ‘]’A‘[VH_{)NIWVHH ‘08 "0 MULVM WYHONINVAIL “ISNOH JIWnd

METERS, 34.
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ENGINE ROOM
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. Racing, Wisconsiy,
Sttuated on Lake Michigan, at the Mouth of
Fool River. ' :

POPULATION, 1880, 16,031
«* .1886, 20,000
Manufacturing of Agricultural Machin-
ery, Furniture, Wagons, etc.
Chicago & Northwestern,
Chicago, Milwaukee & St. Paul.

WATER WORKS RUILT IN 188¢.

O\\"NED AND OPERATED BY

Tur Racing WATEr Company.

Boston, Mass.
BosTton, Mass.
RaciNg, Wis.
Boston, MAss.

Busingss:

RAtLrOADS:

FPresident, HENRY E. COBB, .
Treasurer, ALBION B. TURNER,
Secretary, ]. E. DODGE,
Enginger, GEQ. A, ELLIS, . i
Company Organized and Works Built frow Plans and Specifi-
cations Prepared by )
A. H. Howranp, Bostow, Mass,

GAPITAL STOCK, $400,000.00.

BONDED DEBT, $350,000.00. .
INTEREST ON BONDS, 6 per cent.

MATURITY OF BONDS, rgof.

' Price of Bonds, last sale, 106 and Int. _
TRUSTEE: BOSTON SAFE DEPOSIT AND TRUST CO.

Seepply—LAKE MICHIGAN.
Systems —PUMP TO STAND PIPE.
“Maikinery.—FoUR 100 H. P. BoILERS.
Two 3000000 GALLON DUPLEX ENGINES.
Distribution—THIRTY-ONE MILES CAsT IrRON PIPE.
. 30 HYDRANTs, 335 SToP GATES.
Hydrant Rental —$45.00 EACH PER VEAR.

Pronounced by experts to be the finest private works in the
country. ’




SOV HLAGWARM 08 'STNOM MALVM HLNOWATM “ISNOI cTIf\IHcI

STAND PIPE, RACINE WA’i‘ER CO., RACINE, WIS.
IroN WORK, 2§ FT. DIAMETEER, 90 FI. Hicu, SToNE WORK
Brroy, 53 ¥r. HIGH. CAPACITY, 330,430 (GALLONS-




H WATER WORKS, SCUTH WEYMOUTII, MASS.

~1n

LEXGINLE ROOM, WEVMOU

e e
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General Information
AND TABLES =
RELATING TO

Water Works.




SUPPLY.

N abundant supply of pure water is necessary
for all places.

It may be obtained from the following sources:

i Rivers, rapid flowing and without contaminating
calities on their banks,

‘Natural lakes or ponds, fed by springs or water-
hed that is free from objectionable features.

Ground water; drawn from dug or driven wells,
intercepting galleries, from a water-holding
rata, near the surface.

Artesian -wells; flowing to the surface from
ths and strata that will insure purity and quan-

Deep wells ; the same as artesian wells, but not
wing, from which the water has to be pumped.

Artificial reservoirs; so located as fo catch and
re-the rain fall of any suitable water-shed.

Of these sources the best, when obtainable, are
i wells, affording the purest water and that
ffected by surface contamination or drought.

?URIFICATION OF SUPPLY.

eminent engineer once said, “*The only sure way fo
ater is not to put any deleterious matter into it

t when pure water cannot be obtained, one of
lowing methods of purification may be used:

Infiltration—by intercepting underground
entsithrough natural formations of beds or
of water courses.
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2. Filtration—mechanically, by artificial beds of
.sand, gravel, etc.; chemically, by charcoal, iron, etc,

3. Subsidence—clarification by deposition ; stor-

age reservoirs,

4. Aeraticn—spontaneous purification by oxida-
tion.

5. Covered reservoirs—to prevent atmospheric
influences. '

6. Precipitation of carbonates—Clark’s System.

For further information as to the various methods
of purification, etc., see paper read before the Amer-
ican Water Works Association at Buffalo, N. Y.,
1383, by J. J. R. Croes, C. E.

TESTS FOR PURE WATER.

Simple tests of the purlty of drinking water issued
by the New Jersey State Board of Health.

Color:  Fill a clean long bottle of colorless glass
with the water ; look through it at same black ob-
ject. It should look colorless and free from sus-
pended matter. A muddy or turbid appearance in-
dicates soluble organic matter or solid matter in
. suspension. ’ .

Odor: Fill the bottle half full, cork it and leav 7

it in a warm place for a few hours. If when un-
corked it has a smell, the least repulsive, it should
be rejected for domestic use.

Taste: If water at any time, even after hea,ting,
has a repulsive or disagreeable taste, it should be
rejected. '

A simple, semi-chemical test is known as the
“ Heisch test.” .

Fill 2 clear pint bottle three fourths full of the
‘water; add a half teaspoonful of clean granulated
or crushed loaf sugar; stop the bottle with glass ora
clean cork and let it stand in the light, in a moder-
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atély warm room, for forty-eight hours. If the
water becomes cloudy, or milky, it is unfit for do-
mestic use.

CHEMICAL "ANALYSIS.

When possible, all water should he subjected to a

ccafeful chemical analysis before accepting it for

domestic use.
For the purpose of comparison. it is desirable

that all chemists use the same quantities and make

heir reports of matter found in “parts in 100,000.”



AMOUNT OF SUPPLY.

ATER is distributed on the surface of the
earth by the alternation of evaporation-and
- precipitation, aided by the air currents.

The annual amount of precipitation in the United
States varies from 18 inches to g5r inches, with an
average of about 435 inches.

Of this it is possible to store, on the surface, and
utilize about 40 per cent. or 460,000 gals. per acre
per year.

The amount of water used in different cities va-
ries from zo gallons per capita, per diem, to 176
gallons.  But it has been proved, by the experience
of many places, that an average of 35 gallons is am-
ple for all domestic, sanitary, manufacturing and fire
Purposes. _

The use of any more is wasteful, and necessitates
expensive works to supply the unnecessary excess.

“The various uses are as follows . —

Domestic, . . gals. per capita. per diem, ‘20.
Manufacturing, .  “ “ & @ e g
Sanitar .. .o “ €@ [ “ .
Fire, ¥ . 4 i “ « @ é?
Total, e, 35.0

To supply this amount will require about 28 acres
of water-shed for each rooo inhabitants.

To prevent waste, from carelessness or the use of
imperfect fixtures, various expedients have been re-
sorted to, but the cheapest and best method has
been found to be the universal use of meters, with a
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tariff establishing a minimum rate. (See Water
Rates))

No warks can afford to allow the free and indis-
cniminate use of water, no matter if the supply is

. abundant and is utilized by gravity ; wasteful use
7. means large expenditures for increased size of mains
- and depreciation of available head for use in case
" of fires,

In pumping works it means a cost, in addition to

~ the above, of about five cents for every thousand
- gallons wasted.

The city of Atlanta., Ga., changed from “ fixture

-to “meter” rates and thus reduced the amount of

water pumped one half, increased their fire pressure,
and avoided the necessity of putting in larger en-

" gines, new mains, ete.

Other cities have, and are doing, the same.




SYSTEMS.

THE methods of making a water sapply available
are:

1. GRAVITY.
2.  PUMPING TO DISTRIBUTING RESERVOIR.
A, by water power,
. B, by steam power.
3- Pumping To STAND PIPE. R WATER TOWER.
4. PUMPING DIRECT yNt0o TWE Marvs,

Which. one of these methods is best adapted to
any particular place can only be determined by a
careful study of all the conditions.

At the same first cost the preference should be
given to the various methods in the order named.

1st, GraviTy: When the supply is at a sufficient
elevation to flow by gravity to the distribution sys-
tem, and deliver itself with sufficient pressure for
all wants, and, if not at such a distance from the
centre of consumption as to be prohibitory by Tea-
son of large interest on the cost of the main pipe,
this should be selected. i

zd, Pumrping TO DISTRIBI'ITING REsERVOIR:
When the supply is not at sufficient elevation to de-
liver itself by gravity, the best plan is to raise it, by
the use of pumping machinery, to a dlstr{butmg
reservoir at some suitable elevation and location,

A. Water power pumping machinery involves
the least cost for maintenance, and wher the power
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can be obtained at a reasonable cost, it is to be pre-
ferred, :

B. Steam power pumping machinery ha% a wider
range of usefulness than water Power machinery,
as it can be located at almost any point that may be
preferable.

It is usually more expensive to maintain and
operate than water power machinery, but may be
the cheapest, under certain circumstances, when the
interest on the first cost of the two systems is taken
inte account.

3d, PuMPING TO STAND PIPE OR WaATER TowER :
When suitable elevation for distributing reservoirs
cannot be obtained, wrought iron stand pipes, or
water towers, are used. They may be of almost
any diameter or height, but when the diameter ex-
ceeds the height they are, more properly, tanks, or
metallic reservoirs.

Standpipes 2r0 feet in height have beeu built, and
those of 100 to 150 feet in height are quite com-
mon.

4th.  DrEcT PUumMPING: When there is neither

" elevation for a distributing reservolr, nor suitable

location for a stand pipe, it is permissible to pump
directly into the pipe distribution Systém, varying
the speed of the pumping machinery according to

. the consumption.

Whenever the consumption is large and nearly
uniform, from day to day, this method may be safely
employed. Tt has many objections and is the most

- expensive of maintenance of the methods men-
- tioned in most cases.

Its advantages are that it can be used sometimes

* when none other can, except at heavy first cost, and
that the pressure may be varied at wiil.




DISTRIBUTION.

THE distribution system is composed of pipes,
special castings, gates, hydrants, blow-offs and
air valves,

Pipes: Water pipes are made of cast and wrought
iron; riveted wrought iron shelis lined with cement;
wood, asphaltum and lead.

Cast iron pipes are most generally used. They
are usually made in lengths of 12 feet each, of va-
rious thicknesses, according to size and uses to
which they are to be put, and coated with a mixture
of asphaltum, deodorized coal tar and linseed oil, to
prevent oxidization. -

When properly coated they will resist the action
of most soils and waters for an indefinite period.

The cbjections to them are their great bulk and
unwieldiness, brittleness and liability to imperfec-
tion, caused by fault of manufacture.

Wrought iron pipes have been used for long pe-
rieds and with good results. They combine great
strength and pliability with lightness.

Many methods of treating the surfaces to prevent
oxidization have been tried; that giving the best
results being to kalamein them, and then coat with
asphalt. -

F. E. Hall, Esq., Superintendent of the Quincy,
Mass., Water Co., reports that he had occasion to
lower a long line of rz-inch pipe of this kind, that
had been in use two and a half years, and he found
it as clean and fresh as when first laid.

It appears to be preferable to cast irom, at the

same cost-per foot.
Cement-lined pipes have been used in a large
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‘number of places, but a series of systematic in-
“quiries .has demonstrated that, when the shells
‘are coated and lined with a mixture of cement
and sand, the average life of the pipe is but eight
years. When pure cement is used, with no sand,
their life is indefinite, depending entirely on the
“care displayed in making and laying.

- No other kinds of pipes have any extended use
~or have proved themseives worthy of much atten-
~tion.

SIZES OF PIPES.

The sizes of pipes are dependent upon the proba-
~ble maximum consumption they will be called on to
: furnish, the head or pressure required, and the cost
—of power.
©. With steam pumping machinery, coal costing
“$5.00 per ton, and pipe costing 1 1-z cent per pound,
;it is cheaper to use main pipe with a maximum
wovelocity of 4 feet per second than to increase the
- 'size of the pipe, and so decrease the velocity.
With different costs of power and pipe the veloc-
ity allowable by economy will vary considerably,
and should be figured out for each case.

SPECIAL CASTINGS

:.Should be selected of such patterns as will offer the
least resistance to the flow of water.

A sudden enlargement is sometimes as objec:
tionable as a contraction. Water is a solid and
must be treated as such. It can be led where it
“cannot be driven, :

Too little attention is often paid to the location
~and form of specials.

GATES.

Gates should be more freely used than they are in
many works. ‘They are a very good form of insur-
ance, and while many may never be used, the want
of .one, at some time, may be worth more than the
ost of all in the works.
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Their use should be governed by good judgment
and the use of the laws of probabilities.

All gates should open by turning to the left.

There are several good makes of gates in the

market; those that are the simplest made of good .

material and of good workmanship are usually the
best.

HYDRANTS.

A gate hydrant {s preferable to one with a globe
seat, as it admits and shuts off the water more grad-
ually, and is less liable, therefore, to cause water
hammer,

" A hydrant under forty pounds pressure, with a
full, clear, four-inch opening, will supply all the
water necessary for four large fire streams, or enough
for two second-class steam fire engines.

All hydrants connected with a main supply pipe
should have independent gates, or gates between
them and the main.

All new works should be supplied with hydrants
having nozzles with standard hose threads, and open
by turning to the left. '

Blow-offs should be placed at low points of long
lines and on the ends of single lines.

Air valves should be placed on the summits of
main lines, to prevent the collection of air and con-
sequent reduction of the capacity.

LOCATION,

Due regard should be had to lines and curves

and as much attention given to vertical as to hori-
zontal alignment,

WEIGHTS OF CAST IRON PIPES.

: THERE are wide differences in the weights of

cast iroh water pipe used in different works.
This has been the subject of discussion and ex-
periment among engineers for a long time, and the
general verdict seems to be that we should apply
the same fair, common sense principles to this ques-
tion as any other, and not use a 6-inch pipe weigh-
ing 40 Ibs. to the foot, because somebody else does,

~ when one weighing 28 Ibs. will answer the same pur-

pose with equal safety, ) _

After a careful study of all the conditions under
which cast iron pipes are used, it would appear that
a factor of safety of 5 is ample to cover all the rea-
sonable faults of manufacture, danger of Eandling
and shock while under use.

The following tables show the safe pressures to
use pipes, of various thicknesses, under, with afac-
tor of safety of 5:
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0601 85.09 | ¢3.02 | n1z7 |0 633 | 274 || 713 308 792 | 343
0.614 87.49 | g5.50 1,146 644 I 1314 8oz 349
o6z 3 85.98 | g7.17 1,706 || 635 1 319 8x8 355
063 o048 1 o375 | 1,183 |i oby | 324 831 360
0.64 | g1.08 | 1av.42 | 1,205 |i 676 329 845 366
.65 | 93.48 [ 102.08 | 1,325 |! 636 (334 858 [ 371
0.66 | 94.98 | 103.67 | 1,244 {i 607 i 340 871 | a7z
0.67 | gb.40 | 105.33 | r,262 )l 7oy 1345 11 884 | 333
.65 | 98.co | 107.00 1,284 1 718 350 Bg7 389
o.69 | gg.50 | 10d.57 | 1,303 728 i 355 gIL | 355
. T0L.0Q | TIO.2§ 1,323 (| 739 H 360 124 400
102,53 | 1192 | I,343 750 1363 91 937 | 4o
104.04 | 113.57 | 1,368 760 ‘370 | 950 | 4xx
r05.56 | 113.25 | 1,383 771 1376 11 963 | 417
.74 | 107,08 | 11b.gz | 1403 || 781 a8t It ooy | 423
N 108.60 | 118.57 | I,423 792 386 1 990 | 429
X 110,12 ! 120.25 | T,443 8oz 301 1,003 | 435
.77 | 11565 | 121,92 1,463 813 5 |396 1,016 440
a.78 | 113.17 | 123.57 1,483 1! 823 356 g26 | 401 1,029 446
0.7 | 124,70 | 12525 | 1503 1 834 | 361 938 | 400 || 1,043 | 451
o.80 | 116.23 | 126.92 © 1,523 H 845 266 550 |41z || 1,056 457




72 THICEANESS AND WEIGHTS OF CAST IRON PIPES.

SIXTEEN INCHES INTERNAL DIAMETER.

S| gyl

| Eg §;§ Eci% SAFE HEADS, IN FEET AND POUNDS, WITH
= e 3 ri:;:;f IRON HAVING A TENSILE STRENGTH OF
g g5 | 25 En®
28| 2% |8 | =8 i
'%j—{;‘ Ty | aEeid E-O-‘.‘?—f 16,000 Ibs. to 1t 18,000 Ibs. toi! 20,000 Ihs. to
Ef:-_;-', ;&3 é’,sj’, 3“ 2z || the sq, inch, : the sq- inch. [} the sg. inch.

: |
Feet.| Lbs. ‘l Feet. ! Lbs. ‘ Feet. Lbs.

o.50 ;| Bo.gg | 83.42 | 1,061 461 200 519 225 .‘ 577 230
.51 ; 82.66 | go.zg | 1,083 471 204 |i 530 229 ‘ 539 255
0.52 | 84.33 | gz.08 | 1,108 480 208 w‘ 540 234 | oo 260
0.53 | 86.00. 93.92 | 1,127 |l 490 | 212 | 53¢ | 236 0 b1z | 263
0.54 | By.68 . gs5.75 ! 1,149 499 216 | 361 | 243 Ga3 270
0.55 | 89.35. g97.50 [ rago ! 508 | 220 . 57T | 248 834 | =275
©.56 | 91.03 ! 9933 | ¥,I92 517 224 |  giz 252 ' 646 | 280
0,57 ' 92.71 | 1onzg | 1,213 526 228 ‘ 5g2 256 ‘; G638 285
.58 i 94.40 | 103.08 | 1,237 535 232 | boz 2561 || 669 . 290
©.5¢ | 96.09 | 104.092 | 1,250 545 236 | 613 266 | 68t . 295
o.bo | 97,78 106.75 . 1,281 534 240 | Bz3 270 69z | 300
a.br | 99.40 | 108.58 | 1,303 ;| 503 244 634 275 704 305
o0.62 | to1.16 | 110,42 | 1,323 572 248 ‘ Byt ‘ 279 . 716 | 310
0.63 102,85 | 1122 1,347 532 232 |1 65 284 |‘ 728 3K5
0.64 | J04.55 " Ir4.17 | 1,370 501 236 \ 665 288 il 239 320
0.65 | 106.24 | 116.00 | 1,302 6oo zbo 675 293 750 325
0.66 | 107.94 | 118.83 | 1,414 | GTo 264 . 686 297 762 | 330
0.67 | 109.64 | 119.67 | 1,436 b1g 268 1 66 302 |+ 773 | 335
0.68 CITIA3F I2N.57 | I,4589 628 272 7a6 308 |1 785 340
0.69 : 113.05 . 123.42 1,481 G37 276 i 717 310 797 345
o.70 | 114.76 | I25.25 | 1,503 Gy 280 727 315 Bl ! 35o
a1 | 1ib.47 | 127.27 | 1,526 656 284 '| 738 320 | 820 ' 333
.72 | 118.18 | 129.00 | 1,548 665 285 748 324 83r ;- 360
0.75 ; 119.89 " 130.92 | I,57I G4 202 758 | 328 84z 365
74 12061 132,75 | 1,503 ;| 684 | =206 769 | 233 854 | 3o
0.75 . 12332 . 134.b7 | 1,016 :| 693 | oo . 779 | 337 865 | 375
.70 ! 125.04 ' 136,50 | 1,638 70z 304 - 790 342 877 380
©.7¢ | 12676 138,42 | 1,661 FIT 308 ‘ %o 346 | 88y 385
.78 1 128.48 14025 | 1,683 720 312 . S0 330 [, goo 390
©.79 | 13021 - 142.17 | 1,700 730 316 |, S8a2r 336 || gz | 305
o.80 " 13n04 ;14400 | 1,728 739 320 || 8zr 360 g23 | 4on
2.80 1 133.67  145.92 | 1,751 || 748 | 324 || Bar | 365 934 i 403
0.82 . 135.40 " a47.75 | 1,773 |1 757 | 328 852 ¢ 359 947 410
©.83 ! 13713 | 149.67 | 1,706 || 766 | 332 || 8Bz . 373 958 415
0.84 1 138.86 | 150,58 | 1,819 ! 776 336 873 378 970 420
0.85 | 140.60 | 153.50 785 140 1 883 | 383 81 42§ -

1,542

FHICKNESS AND WEIGHTS OF CAST IRON PIPES, 73

EIGHTEEN INCHES INTERNAL DIAMETER.

HE | Y |E24 :
vL | 54 Wrai7 || SAFE HEADS, IN FEET AND POUNDS, WITH
ET 8% zAg
g TE e = Ho IRON HAVING A TENSILE STRENGTH OF
” gE B 8LE
W = e =T
sl zely 122 |
25wy [ EgE | mE .5"9 16,000 Ibs. to|[18,000 1bs. to |! 20,000 Ibs. to
273 TaE | Ged . . ;
ﬁ_: ;,‘g EE ERFEE the sg. inch, i thesg.inch, |, thesg.inch.
| | q -
! ; Feet, | Lbs.| Feet. ; Lbs. ‘ Feet.| Lbs.
0.52 | 94.54 ! 102.25 | 1,227 : 4z7 | 183 480 | 208 [* 334 231
o584 | 9828 105,33 | 1,276 443 | 192 499 216 554 240
0.58 | 102,03 | 110.33 | 1,32 460 | 199 517 224 575 249
0.58 § 108,79 | 114.42 | 1,373 476 | 205 535 | 232 {| .595 | =238
a.bo | 109.56 | 118.50 | T,422 493 | 213 554 240 616 267
o.6z2 | 113.33 | 122.58 | I,47¢ 509 | 220 573 248 €36 256
.64 | 117,51 | 126.67 | 1,520 326 | z28 || 591 256 |' 657 285
a.66 { 120.90 | 130-75 | I,309 542|235 ! 610 i 264 477 204
0.68 | 124,70 | 124-83 | 1,618 538 |23z || 628 | 272 GoR 302
o.70 | 12850 | 139.00 | 1,668 575 ] 249 647 . 280 |- 718 311
0.71 | 130.41 | 141.08 | 1,693 583 253 656 284 11 729 316
o0.72 | 132.3: | 143.08 | 1,77 591 | 236 663 238 {| 739 320
9.73 | x34.22 | 145,12 | 1,742 593 | 260 674 | 292 || 749 324
.74 | 136.13 | 148.83 | 71,7066 603 | 203 684 | 296 760 326G
0.75 | 138.05 | 149-33 | T,792 || 616 |267 || 693 |00 || 7o | 333
.76 | 139,96 | 15142 | 1,817 624 | 270 7oz | 304 750 338
o.77 | 141.881 153,50 | 1,842, 632 | 274 711 108 790 342
0.78 i 143.80| 155.88 | 1,867 [{ 641 |27y i F2r | 312 Sor 347
0.79 | 145.72 | 157.58 | 1,8g1 |} 649 |28 1 730 - 316 || 8ax | 35T
0.80 | 147.64 | 159-67 | 1,916 b57 | 284 & 739 320 Bax 356
0.81 | 149.57 | 16£.75 | 1,941 665 | 288 5 748 ;324 (| 831 360
0.8z | 151.50 | 163.83 . 1,960 673 lz2g2 4 757 1 328 1| 842 306
083 | 353.43 | 16592 | 5,931 68z 295 | 767 | 332! 852 369
0.84 | 155.36 | 68.00 | 2,016 630|290 || 776 | 336 ] 862 373
0.85 | :5r2g | 170,17 | 2,042 693 | 302 i| 733 340 ;| By 377
0.86 | 159.22 | 172.25 | 2,067 706 | 306 :‘| 704 344 883 382
0.87 | 101.16; 174.33 | 2,092 714 | 309 11 Bog | 348 || So3 386
0.83 | 163.10 . 17d.42 | 2,117 723 313 Y 813 '3e2 1| gog 391
0.89 | 165.04 .173.50 | 2,142 231 316 [, 822 356 1| gr3 305
o.go | 160.08 . r80.58 | 2,167 739 320 i 8371 360 o924 400
! i i




74 THICKNESS AND WEIGHTS OF CAST [RON PIPES. THICKENESS AND WEIGHTS OF CAST IRON PIPES. 75

TWENTY INCHES INTERNAL DIAMETER. TWENTV-FOUR  INCHES INTERNAL DIAMETER.
2o o eg| . o e .;;g__| —
g8 ég B2 || SAFE HEADS, IN TEET AKD POUNDS, WITH 22 | 8E ‘E:k,aé | SAFE HEADS, IN FEET AND POUNDS, WITH
- ié g IS TRON HAVING A TENSILE STRENGTH OF & =E e %dﬁ {|  1ROX HAVING A TENSILE STRENGTH OF
g | B85 | A8 | Ea% _ g | 45 |25 |g4e
d¢| 2w iz L |EL3 | 24| 282 .s ooE ; "
ﬁ-ﬁj Ty | S "EAJ.S-‘E“ 16,000 1bs, to|l18,000 'ibs.]to ‘ zcl),oco Ibs. hto '5-5 Eﬂg ,@%% o .? 16,000 ]bs.l;to IS};OOD lbs.};co ‘zt%,occ lbs.lto
BE| & 23 | Tof i .inch. || .inch. !| the sq.inch. 2 VE |B=25 |Hol .inch. || thesq. inch. || the sq.inch,
LJH;;_: B‘E B,nj,ﬂ B«,”thesq inch, ‘thesql ; ! 55 B r% E2E the sq. in¢ ¢, ing | € 50
— i ! o o -
i Feet. | Lbs.|] Feet. | Lbs.|| Feet. | Lbs. : Feet. | Lbs. ‘ Feet. | Lbs. ‘ Feet. |Lbs.
©.55 | 17%.05 | 119.58 | 1,435 406 | 176 || 457 | 168 308 | 220 0,60 | 144.89 | 156.50 | 1,878 i| 370 ° 160 | 416 | 180 ‘ 462 | 200
©.6o | 121.34 | 130.83 | 1,570 || 443 9z 499 | 216 554 | 240 0.62 | 149.85 | 161.83 ) 1,042 382 | 165 || . 429 186 || "477 (207
a.65 | s2r77| 142,08 | 1,705 i 480 | 208 || z4o | 234 Goo | 260 0.64 | 13457 | 167,18 | 2,000 354 . I7L 443 19z ! 492 | 213
o.70 | 142.25| 753.42 | 1,841 517 | 224 |0 582 | agz | 646 [ 280 : 0.60 | 159.77 | 172.53 | 2,071 406 | 176 457 198 [ z08 | 220
0.78 | 152.77 | 16475 | 1,977 554 | 240 623 | aze 652 | 300 .. 068 | 164,75 | 177.75 | =135 418 1 B | 471 204 523 | 227
o.80 16335 | 176,17 | 2,114 501 | 236 | 665 | 238 735 | 320 o0 | 169,74 | 183.33 | 2,200 431 187 | 485 210 510 233
o 8r :165.47 ! 178,52 | 2,141 508 | 259 673 291 748 | 324 : 0.72 | 17472 | 188.67 | 2,264 444 1 19z || 499 216 | 554 | zdo
odz | 167.60, 18o.75 | 2,169 Go6 | z62 682 | 205 758 ¢ 328 o074 | 179.72 | 19408 | 2,329 456 | 197 513 222 570 | 247
0.83 | tbo.y2 | 183.00 | 2,166 813 | 266 690 | 209 7607 | 332 o.76 | 184.72 | T99.30 | 2,394 468 | 203 537 228 585 | 253
0.84 | t70.85| 195.33 | 2,224 620 : 269 698 | jo2 776 | 336 - 6.7% | 18g.74 | 204.02 | 2,430 480 208 540 234 [l 600 260
.85 | 173.98 | 187.58 | =z,251 628 | zyz2 707 | 306 785 340 © 080 | 194.77 | 210.33 | 2,524 492 | 214 534 240 |; G15 | 267
©.86  176.11 | 189.83 | 2,278 636 | 273 715 | 310 794 | 344 o8z | 199.79 | 215.75 | 2,589 504 219 5367 246 ‘ 636 | =273
0.87 ;178.24 | 19213 | 2,306 643 l279 1| 723 |313-] 303 | 348 0.8 | 20083 | 22118 | 2,854 [j 516 | 221 || 581 | 25 646 | 279
0.88 . 180.38 ;| I94.50 | 2,334 650 i 282 73t 317 8rz | 332 0.86 | 209,88 | 226,67 | 2,720 520 229 595 258 |, 60T | 286
o.8g | 182.52 | 196,83 | 2,362 ;| 658 285 740 321 822 356 U088 | 2r4.03| 232038 | 2,786 541 . 234 fo9 264 677 | 293
0.0 | 184.65 | 198.18 | 2,3%g E65 | 288 ;| 748 | 324 || Bar : 3b0 0.00 | 220.00 | 237.42 | 2,851 534 | 240 623 TS 692 | 300
o.gr i 186.79 | 201.58 | 2,417 67z | 291 750 | 327 840 | 364 L. 991 | 222,53 | 240.33 | 2,884 560 | 243 630 273 760 | 303
0.9z ; 188.94 203.75 | z,445 || GBo | 293 785 | 331 850 | 368 _ 9.9z | 225.07 | 243.08 | 2,17 566 | 243 637 276 |1 708 | 306
0.93 | 191.08 | 206.08 | 2,473 || 687 j 298 773 1 333 |1 839 72 0.3 | 227.60 | 245.08 | 2,950 72 245 644 | 279 716 | 310
o.94 | 193,23 | 208.33 | 2,500 '| H94 | zo1 781 | 338 || BBS | 370 0,04 230,14 | 24857 2,083 579 | 251 651 282 | 723 | 313
095 | 195.35 | 21067 | 2,528 ‘ 7oz | 304 0 7o | 342 878 | 38 0.08 | 232.68 | 251,33 | 3,016 585 ‘ 253 658 | =83 731 1317
H : i Y096 | 235.23 | 254.08 | 3,049 501 | 256 665 1 288 739 | 320
0.97 | 237.78 { 256.83 | 3,082 307 259 672 291 1 747 | 323
1 0.98 ;240032.] 28G.577| 3,115 bog | 202 [ G7g | 2o4 754 | 327
0.99 [ 242.86 | 202.33 | 3,148 S10 264 || 6% 297 762 | 330
. - L.oo | 245.42 | 2065.08 | 1,181 616 | 267 ‘ Gg3 300 770 | 334




76 THICKNESS AND WEIGHIS OF CAST IRON PIPES

THIRTY INCHES INTERNAL DIAMETER.

= . Jawm. 12 | ] . o ‘

‘ E,E 8;§é’ : "én-aé’ SAFE HEADS, I¥ FEET AND POUNES, WITH
] :é :%'2 -~”,::g IRON HAVING & TENSILE STREXGTH OF
% 8% | h&w £.5 ‘
g o Hioo08 '
22 'éce i "E:rc’.:‘f] S8 16,000 Ibs. to |[18,000 1bs. to i|20,000 Ths. to
28| 8 |SEE | B3l thesq.inch. |l the sq. inch. | he sq, inh,
BRI BT BT BT I ‘
— a | ‘

‘ ‘ Faet. ‘ Lbs, || Feet. | Lbs, :‘ Teet. iLbs.

i !
©.70 |210.97 ‘ 227.00 . 2,774 345 Igg 32? ‘ igg |‘ ig; ;ig
0.75 | 226.40  243.57 | 2,923 |, 370 160 4 o | 52 |2
0.80 ‘ z41.80 | 260-25 | 3,125 || 394 :gx ‘ 442 : 234 ‘ pil
0.85  257.42 - 275.23 332, | 410 181 47 i A
0.90 | 273.00 | 293-67 | 3,524 444 | Igz o 499 2r 554 2
0042 ‘ 3,605 453 w6 || 310 221 j| 567 | 245

P o R e 688 || 46 201 ‘ 521 226 | 5§79 | 25K
0.04 23551 30717 3, ‘ 41 20 2ol Tk
0.0 ‘291.77 gz | 3767 || 43 205 s | el g ‘ 236
0.98 ‘295_05 g20.67 | 3,848 452 219 E s | B 2
oo ' 30432 32742 | 3,920 [, 497 | 213 Aol ol el
0T 130740 330,75 3,969 457 ol s o o |3
.02 | 31067 | 334.I17 ' 4,010 502 ; 2-I’o 3 i 248 e |
1.03 | 373-75 | 337-50 | H050 1| 507 2-2 27;6 o e |
104 310,90 | 340,92 | 4097 1) §xz 2 AR 37 2
nog | 55005 34433 | I |1 517 | 224 e | Sl ol
nob | 323.20 347.75 4173 522 i 293 e |
r.o7 | 326.36 | 351.08 ¢ 4,213 527 we o | e 2%
r.o8 ' 320.57 | 354.33 | 4:254 || 3532 | 230 | 28| 2 ‘ s |2
x10 |33z.gs 327.92 i’zgg | giz ; 421 ‘| 6og =64 ‘ Gy | 293
T.10 | 335.83 | 36%-33 1 433 s 2 v e ok 2ot
.11 | 338.95 | 364.67 ‘ 4376 347 ‘ 237 ‘ g;z ;69 ‘ . 693; zgg
niz aab 3808 4,41575 ‘ gg; iig az6 271 | 66 | 3or
133 | 34353 | 37T50 445 ‘ ! - o
14 ‘343-50 37492 | 41499 562 i 243 || 23?- ‘ 2;@ H ;gg gog
.13 |351-66 37833 4,540 | 245 37

“ 567

THICKNESS AND WEIGHTS OF CAST IRON PIPES, 7

THIRTY-SIX INCHES INTERNAL DIAMETER.

— N T
g =¥ EE .
E,g -1 I Eﬂ?‘:o SAFE HEADS, IN FEET AXD POUNDS, WITH
i TE L E AgA {| TRON HAVING A TENSILE STRENGTH OF
s | 87 &R s%w!
[T B | P hRes
Eo| 29 1B L iExal
5| By ! BgZ BTS2 16,000 lbs. to || 18,000 lbs. tol|20,000 lbs, to
ZE| P8 PEAPze ! the sq. inch. || the sq. inch. || the sq, inch.
b = : 3 1 .
| N |
Faet. | Lbs. | Feet. | Lbs.|| Feet. | Lbs.
I |
o.80 | 28g.04 | 310.75 | 3,729 329 143 1 370 160 417 | 178
0.90 | 320,02 | 350.50 | 4,200 370 o i 416 180 46z | 200
1.00 | 363.22 | 390.50 | 4,686 4TI 178 || 462 200 513 | =223
1.10 | 400.82 ) 430,67 | 5,168 452 166 | 308 220 564 245
1.20 | 438.23 | 4yr.o8 | 5,633 493 214 0| 534 | 240 |1 D15 | 267
.22 1445.76 | 479.18 | 3750 1| oo | 217 563 ¢ 244 |, 626 271
1.24 | 453.32 | 484.00 | 5,848 || 508 | 220 | 572 | 248 | 636 | 273
1.20 | 400.38 ! 487.08 | 5,045 gzb 224 531 233 B40 279
.28 | 468.44 ! 503.58 | 6,043 524 z27 550 256 656 234
. 476.02 ‘ 51175 | 6,141 532 231 1| Goo 260 667 289
476.81 1 51575 | 6,189 || 537 | 233 || bog | 262 1 672 291
483.59 | 519.83 | 6,238 || 541 | =234 |- Gog | 264 ;| &7 293
487.39 | 523.02 | 6,287 546 236 b14 266 682 295
49118 | 32B.00 | 6,336 530 238 618 | 268 687 297
T 494.99 | 532.08 | 6,385 || 554 | 240 i 623 ‘ 270 || 592 ! 3oo
o




78 THICKA ESS AND WEIGHTS OF CAST IRON PIFES.

FORTY INCHES INTERNAL DIAMETER.

th:
us

B | LY %5 .
g5 | 2.8 SrH || SAFE HEADS, IN FEET AND FOUNDE, WiTH
feig=1 E—1 o
= =g 2 e IRGN HAVING A TENSILE STRENGTH OF
o A T ey
" i | a3 5.0
B Ay, | R & E
£f] 2% 12 .; |E0E ! -
R T = | 16,000 bs. to |i 18,000 lbs, to |l20,000 lbs. to
EE BeE ‘ BEE gg £ || thesq inch. || thesq.inch. ” the sq, inch,
& B e \

H | [ ‘

i -Feet. | Lbs. | Feet. Lbs.H Feet. | Lbs.

0-85 | 340.87 | 369.25 | 4437 314 136 353 153 393 | 9@
0.g0 | 361,36 | 391.30 1 4698 333 144 374 162 416 ! 180
0.95 |331.8p | 413.92 4,967 351 152 303 17i | 439 ) 190
1.00 | 402.4g | 43600 | 5,232 369 160 416 80 462 200
1oz | 410741 H5.00 | 5,340 377 | 163 424 ¢ 184 || 47T | 204

164 : 479.00 | 453.75 | 5:447 384 7 160 432 | 187 || 430 | 208
1.06 |427.20 [ 402.83 : 5,534 392 70 |1 441 gL |1 490 | 212
.08 | 435.54 1 47183 | 5,662 399 173 449 | 194 || 499 | 216
110 | 443.82 : 480.85 | 8,770 407 76 437 198 508 220
1.1z | 452,21 | 489.75 5.877 414 | ¥79 460 202 17 | 224
114 | 400.40 | 498.75 5,585 421 182 474 205 327 '7228
1.16 | 468.91 | so7-75 | 6,093 429 %6 | 482 209 536|232
118 |477.02  516.67 6,201 37 436 139 491 2I2 545 234
rzo | 485.34 1 525,75 | €399 443 192 109 | =16 || 554 | 240
.22 | 493.67 | 53483 1 6,413 451 195 507 | 220 || 564 244
1.24 | 502.01 543.83 | 6,526 458 198 515 223 573 248
r.2b | 510.35 | 552.92 | 5,035 466 202 524 | 227 532 252
11
2
1
1
X
T
T

§27.06 | 571.00 | 6,852 480 208 540 234 Goo | 260
32z £35.42 | 53000 0 G000 483 z11 | 349 238 é10 264
4 | 543.80 | 58g.08 | 7,000 1 495 214 537 | 241 || Grg | 263
36 | 35219 398.58 | 7378 || 503 218 565 245 628 | 272
-38 560.59‘607-33 7,288 §o | 221 574 | 249 1| 637 ;276

5.70° 361,z | 0,743 || 473 205 E32 230 5gI 256
515.7¢ . 5009 ‘ |

| 568.99 7:397 T17 | zz4 |- 382 | 252 || 647 | 280

brg | 268 488 | 208
624 ‘270 693 ‘300

1.49 | 606.88 | 652.42 | 7,880 B3I 238
611.70 | 662.00 . 7,944 554 ‘ 240 I

4 | 8
1.41 | §73-19 620‘92‘ 7,451 §21 226 586 254 651 | 282
.42 | 577.39 | 625.50 | 7,508 ‘ 525 227 ‘ 590 1 250 6z 284
1.43 | 59160 | 630.08 1 7,561 11 528 z2g (| 594 257 661 286
1.44 | 595.80; 634.58 | 7,015 532 | 230 599 | 239 |} 663 | 288
145 | 590.01 | 639.18 | 7,670 536 232 6oy | ,201 670 390
46 | 5G4.22 ‘ 643.75 | 7,725 §39 | 234 to7 | 263 G74 . 292
347 | 598.44 | 64833 | po7do 543 | 235 611 . | =63 j| 679 | 294
1.48 | 60266 | 651.25 | 7,835 547 237 ’ 34 266 684 | 266

1.50

FORTY-TWO INCHES INTERNAL DIAMETER.

EE |25 27 || SAFE MEADS, IN FEET AND FOUNDS, WITH
= TR | wE TyEL IRON HAVING A TENSILE STRENGTH OF
w ik | BB -
[ [t R -
- e = £ =] . -
5] 8% |2 . 2B .
i-s s | el Nz-.g,fi%ﬁ‘ 16,000 bs. to ||28,000 lbs. tof|20,000 lbs, to
ZETBE ;“;,_“1_3 D o ¢ || the sq. inch. || the sq. inch. || the sq. inch.
3] J 3 = . B | .

) Feet. | Lbs. || Feet. ' Lbs.|| Feet.  Lbs.
L 1

0.90 | 379.03 § 4K0.57 | 4,927 ' 317 137 356 1 154 396 | 172

|
0.05 | 400-35 | 433.02 | 5,207 ;| 334 | I45 376 1 163 || 418 © 18y
oo | 42202 ) 45733 | 5488 - 352 152 390 } 172 40 . 19
7.05 | 443.72 . 490.67 | 5,768 370 160 416 | 130 462 1 200
1.10 | 465.4'| 504.17 | D030 387 168 || 435 | 189 484 z10
132 | 47450 ] 513.57 | 6,163 304 171 443 L 192 493 213
1.14 | 432.7g: 523.00 | 6,276 401 174 451 ‘ 195 501 217
1 332.42 | 6,380 408 177 459 | 199 510 223
6,502 415 180 467 [ 202 519 225
.20 | 5o8.g0 ' 351.33 | 422 183 475 | 206 525 . 228
.22 | 317.62 | sbo.75 | 6,729 . 429 186 433 209 537 212
r.24 | 326.36 | s570.25 | 0,843 430 189 491 | 212 545 236
.26 | 335101 579.67 | 6,036 1 443 192 499 | 210 | 534 240
w28 | 543.84 1 58g.x7 | 7,070 450 195 |+ so7 | 219 | 563 244
1.30 | 552.59 | 598.57 | 7,383 457 193 515 | 223 1] 57z . 248
1,32 | 30534 | 60808 | 7,297 463 zor |i. 523 227 |1 31 . 252

26 | 49149
.18 | 5e0.19 ! 54192

=
=
=

a E

134 1 370.11 | 017,50 | 7,4¥1 | 472 204 i 531 z30 |1 589 256
.36 | 578.90 | 628,83 | 7,520 479 it 233 i‘ 593 259
038 | 487.68 | 636.67 ! 7,040 | 486 2107 ] 340 237 |+ 6oy 203
E.40 3595-47 846.17 1 7,754 493 214 || ‘354 240 || 616 . 267
t.41 1En:oo.&!;r bso.gn 1 7,811 .| 4gb 215 |; 558. | 242 bzo  © 26g
1.4z | 6og.271 635,75 | 7,869 500 217 |0 56z | 244 625 o271
1.43 | 6og.by | 660,50 | 7,926 303 218 |1 566 | 245 629 | 273

1.44 | 614031 665.25 | 7,083 | 307 320 570 | 247 Go3 | 273
1.45 | 618,40 ! 670.00 | B,040 . Sro | 221 574 249 638 276
1,46 | 622.89 | 674.83 | 8,008 . 514 223 578 . 250 byz 278
1.47 | 627,30 | 679.58 | 8,155 . 517 224 58z 25z 647 2%a
1,48 | 631,71 | 684.33 | 8,212 521 226 586 254 651 - | 233
1.49 | 636.13 | 689.37 | B270 524 | 227 sgo 1255 || 655 | 284
1.50 | 640.54 | 603.02 | 8,327 328 | 22 594 257 {| Gbo

1.57 | 644.97 | 698.75 | 8,383 53T 230 1| 398 | 259§ 604 | =288
b
1

.52 | 64g.48 | 703.58 | 8,443 535 232 1| 6oz 261 ;| G6g | zg0
.53 | 653 82 | 708.33 | 8,500 538 233 i| 6ob 262 i 073 zg1

1.60 | 684.83 | 741.08 | 8,003 363 1 z44

1.54 | 658.23 | 713.08 | 8,357 542 233 i| 6o 264 1| & 253

1,35 | 662.66 | 717.92 | 8,615 545 - 238 i f1g | 266 ![ 6%5 235

1.56 | 667.08 | 722.67 | 8,672 544 238 §| 18 268 |1 686 zG7

1.57 | 67152 | 727.50 | 8,730 553 1 239 i 622 269| 691 | 209

158 | 675.96 | 732.25 | 8,787 556 1 241 i 620 271 il 693 3or

1.50 | 680.40 | 737.08 | 8845 560 1 242 : 629 272 h Bgg 303
|| ©33 | 2741 704 | 205
i H .




8o THICKNESS AND WEIGHTS OF CadS5T IRON PIPES.

————— —
FORTY-EIGHT INCHES INTERNAL DIAMETER.
_— .
‘ﬁ;|ga° |‘agv:H
58 2E SE || SAFE HEADS, IN FEET anp POUNDS, WITH
B ':__5 5%‘ b‘f:f | ‘IRON HAVING A TENSILE STRENGTH OF
z a5 ! &2 Sy O
Pl P Do I :
22 B2 |Eac“;-_“9 EEEL 116,000 Jbs. to “:8 oo bs, to’l 20,006 lbs. to
EE |58 |8EF | TR 1Y inch. || the sq. inch. | the sq. inch
aE | SE X Sz he sq. inch. [ € sq. ineh, & sq. inch,
‘ | ! I| Peet. | L. | Feet. J Lo || Feet, | Tos,
N | i 1
.00 | 48102 52108 6,253 |! o7 133 | 346 I 150 H 385 157
LT | 530.21 ‘ 57442 | 6,803 ‘ 339 | 47 | 3871 163 || 423 | 183
V.20 350.59  G27.92 7:535 || 370 160 | 416 8o I 462 | 200
139 | b20.16 | BRL.58 | 8179 400 173 450 | 195 M 500 217
.40 | 678.95  7335.50 8,826 | 431 197 | 485 210 539 233
1.41 | 683,92 | 740.92 8,801 434 | 185 |1 488 | 2ux || 542 | 235
L4z | 68891 74633 | 8,956 [l 437 " ago || 492 | aig 546 | 237
T.43 693.91i 75T-75 9,021 '+ 440 19T | 495 14 350 238
144 ‘695490 787-17 9,036|| 443 192 || 495 1216 | 554 | 2y
£-45 703.80. 762,58+ g,151 ' 44h | o3 soz | 21y || 559 | 24z
1.46 | 708.8g | 76g.00 9,216 H 449 S104 305 I 219 301 243
T4z L 73.89 77342 | 281 | 452 \ 156 500 ) 220 || 56y | 245
£.43 ‘ 7188 | 7§8.S3 3,346 |! 455 | 197 || 512 23 1 3bg 245
149 | 72300 78417 Q! 4g 199 1 516 |z |l gr3 | oy
r.5¢ |723-89‘ 789.67 | olaz6 || 46T | =00 il 51y [ 228 | 55y | 249
1,51 733.90| 795.08 ¢54T | 464 200 ) 522 220 || 580 251
1.52 | 738.02 | goo.jo 9,206 - 467 | 203 | 526 ’ 228 | 5?48. 253
1.53 | 743.93 Zos.g2 ; g, 7T 470 304 52g 229 o 3 255
T-54 | 748.95 ' 811.33 | 97,36 1| 473 | 203 333 | 231 592 | 257
I.5g | 75§.95 | 316.75 g,ggz \‘ 4§6 zog 536 ’ 232 ‘ ggé :’.gS
£56 1 ysSgy | B2z25 | 9867 | 480 ¢ 20 340 | 234 00 | =60
57 ‘ 793.90 S27.67 | 9,032 | 483 | 209 =| 543 | 235 ‘ Go3 | 261
1.58 7‘39-02\333-05| 9997 | 486 | ap1 | g4y 237 || Go7 | 203
T.59 | 77400 838.58 | 10,063 ‘ 43¢ 212 |- 350 238 b1r | 265
160 | 770.07 | 844.60 | 10,128 |} 492 213 | 534 | 240 Gr; | oapy
1.61 I 78400 | 84g.42 10,103 | 495 . 214 | 557 241 615 ‘ =65
r.62 i 780,12 | 854,92 | 10,289 |. 498 | 216 560§ 243 baz | aqg
1.63 |704-15 860,33 | 10,324 | sor 2ty | 553 ’244 i 626§ 271
.64 1 709.19 ; 86575 10,380 504 218 387 | 246 630 | 273
£.65 | So4.21 | 87125 | 10,455 || 307 220 570 247 634
166 | Bog.ay | Bré.67 10,520 || 5ro 221 | 574 249 615
.67 | $1d.2g | §82,17 | 10,586 11 g1z | 222 | 577 250 41
1.68 | 8ro.33 . 887,58 | 10,651 H 516 224 1 531 | 2g2 | 645 |
1.69 Sz4.38| 893.(38 ‘ 10,717 | 319 ‘ 225 534 233 | 640
T.70 1 825.43 1 808.58 | 10,783 [| 522 220 | 588 | 253 ‘ 653
.71 | 83446 | go4.00 | 19,848 525 | 228 | 361 ¥ 2356 57
1.7z | B30.51; © 10,914 H 529 229 | 595 | 258 | 6B
1.73 | 844.57 10.979 || 532 230 |1 595 | asg | 665 |
.74 [ S49.62 11,045 || 535 |, =232 | Goz 261 Gog
1.75 | 853.68 925-92 | 11,011 538 | 2133 || Bos | 262 673 ‘

\
| ; . | il !

STANDARD WEIGHTS

QF

CAST TRON PrrEs

HE following table shows the thicknesses,
weights and strength of such pipes as have
been adopted for standard use, in ordinary
cases. The pipes are heavier than are, theoretically,
necessary for most places, but in adopting a stand-

- ard, one was taken that would be,sufficient for the

majority of places met with in Practice.
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=] 5, & & a2 ERCE £
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3, =~ = . 1wy, FE &
i 9 o T 38 s el
A & °.E ] e P =)
e i1 = N £ a5 % 2 | BE&
g 4 53 BEE Siw | £ 8] 2F
o 3] aiy=] g 2 en 52 =&
g = | B | g ed | Bl 08
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Joud
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E
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Inches  [nches. | Lbs. Lbs. Lbs
4 . 040 I7.27 18.75 | 225 3600 720
6 | og4z 26.46 | 28.92 347 | 2515 | 303
8 i 0.43 37.33 40.50 486 | 2025 4o5

o | asgo 5I.54 56.17 | §73 1800 360
12 .53 67.76 | 7375 685 1850 | 330
14 ‘ 0.58 | 83.02 90.67 1088 T400 | 298
16 o.60 97.78 106.75 1281 | 1350 270
18| 0.6y 1700 0 12667 | 1520 1280 | 2z
20 070 14225 ¢ 15343 . 1841 1260 zg2
2 o.8a 194.77 210.33 | 2524 I 1200 | 240
3 | ogo 273.00 | 285.33 | 3324 | 1080 216
36 I.00 36322 | 390-50 46586 ‘ 1000 200
40 L.I1o 443.82 480.83 5770 900 198
2 L6 | 49lgg | 53247 | dg8g ‘ 995, | 199
48 | T30 629.16 631.58 | 8179 [
L

975 1953




PRESSURE OF WATER.

Pressure of water, in Pouads per square inch, for every foot in Leight, to
300 feet; and then, by intervals, to 1000 feet head,

CAPACITIES OF PIPES.

Lo N S N v . 8. CALLONS.
TR T e T i — — = 4BLE OF CONTENTS IN CURIC FEET, AND If u fs1e::hLof g
; | g 2 N : : i s ; -
33 | 25 [|99| B4 Iy ! 82 11 | E o | EE 31 cub. ins, (or 7.4505 gallons to & cub. £1); and for one foot o e e
R ‘ 2z 183! a5 (8% 24 ‘ | =3l & 8 - i 5 Forthe contents for a greater diam. than any in the table, take the quﬁ_ fg
=g | & 5 Hh; | &2 H-‘L«m CEf iEm £ il ‘ i Josite one-feedf said dam. 3 and multiply it by 4. Thus, the number of e 11]c P
B k- LAE | - | PE R me ft. lengili of a pipe 8o inches In diam. is equal to 8.728 X 4 = 34.qe2 cub. ft.
R z'ﬁﬂg_ss.ss | T93 | 83.60 T 257 hroge also with gallons, and areas. . -
z 28.58 | | iz0 | 3b.3: 194 84.03 238 | 117,76 : T T R . - | -
3 ! [ R9.02 1 I3T | 5674 H 195 84,47 259 | Ti2.19 . For 1 ft.in C E?Tuxogl- n N Fofe;ﬂf_:]':"
4 | zg,gg 132 57.é8 o 54.90 | 220 | Uz.ﬁg & length, : P8 ength. . 5‘0; =
5 2983 1133 | 5r.br ) 1oy | 8533 || 261 | 1130 kR & I 2F |— Y- N
6 | 32.32 || 134 38.04 H 198 ! 85,76 262 11349 22| g - f gcr 2 R g 0g | BN I Eg =z
7 30.75 | 135 | 58.48 |1 199 | Sbzo | 263 | 11302 LE =T w5 EE 5L | = P T N = = | B
5 §1.é8 H 136 és.gl | 200 26.63 fgf_t 34.36 %'—5 "5 -:3;. ; EE g% | AR TE,E 5 € o g-_'—j
g 3Lbe 1137 5934 zor  Brog || as 4-79 feloa| 528 ed | £E | 23 & Ee EE|AZ
1o 32,05 | 138 ‘ 5077 H zo2 | 87.50 266 | 115.22 el ol —15) 5 EZ @i Ee 2E L e | R
| 32.48 ‘ 130 6ozt 2603 87.53 267 | 113.66 25| 48 E = o =R CE-N = I £ g [ S
1z 3292 11 140 | Go.64 H 204 | 88.36 268 | 1109 3% | & i Po® & \IU o
3 33-35 141 ° Gr.oy 2035 38.%0 268 11632 : . !
iy 33.78 ;| 142 &1.31 | 206 85.23 | 270 | 116.96G I |
15 | 34.2r || 143 ‘ 61.04 ‘ 207 |, 8g.66 271 ‘ 117.35 0208 ¢ o003 | o026 3| .sbes | 2485 185yl 0. lT g§3 1.909 :4"13
1 P3483 'l rag G2.37 . 208 . 90.10 27z 11782 .a26a | .ooog 7 5833 | 2673 | 1959 ¥ 1.tag 2074 1 155
7 . -33.08 |7 145 | G2.81 H 209 | go.33 | 273 | 118,26 % | oBosz! 2865 2,544] 120, | 1666 | 2.182 | 16.32
8 7-79 H S2 | 3532 || 246 ! 63.24 || 210 90.9 74 118.69 | .B2so  .3068 2,295 % | 1708 | 2.202 ;17,15
i | 822 83 | 35.95 | 147  G3.Gy || 211 51,39 275 | 1¥o.1z | 6438 3273 2.430| |21, | 1780 | 2.403 | 17.99
26 866 || 8y 3219 H 438 | 6310 H 215 | or.B3 276 | 17536 , 6667 | 3400 | 2.671 % |rgg2 . 2321|2886
B 21 | g.og 85 | 26.82 149 6454 7 213 ga.26 277 | 110.99 | 6873, .3713 2.777: 22, 1.833 | 2.640| 19.75
Q- . e 933 11 8 | 3725 H 150 | 64.97 [ 213 | 92.69 | 278 | 12642 | 708z .apd0. 2.g48 3| 1.875 | 2.6 | 20.65
: 23 | g.06 87 | 3763 IS 6540 | 2r3 0 9313 70 120.85 3 opagz| aips| 3oazs||an | 017 | 2.385 | 2I.53
H 2 s || st 381z || 132 | 62 84 | 218 | 53,55 | 280 | rz2r.zg 7500 | 4418 | 3303 ¥ | 1958 | 3otz 22,58
' 25 | 10.52 || 89 ! 18.55 123 GB.27 7 | 217 | 93.59 281 rar.gz Ho7poB | 4068 3,492 24, | 2.000; 3.142 | 23.50
i I o6 . r1.26 | 9o | 38.08 || 1oy | 6670 || 268 gq.43 | 282 | 122.13 ¥ | 79170 .4923: 3.6820 25 ' 2083 : 3,409 | 25.50
i 5 27 | rr60i or | 3gas || 15e | 6734 || 219 | 048 283 122,59 #| Bizsi s185| 3,879| |26 | 2.166 | 3.687 | a7.58
" i ' 25 1202 | | g2 I 39,85 H 150 Gr.57 220 284 | 123.02 10.. 83331 -5455 | 4.081 || 27. 2.250 | 3.976 | 29.74
4 [ 29 } 12,55 93 | 40.28 || 157 | 68,00 H 221 285 | r23.45 Y| 8542 | 5730 | 4286 |28, | 2.333 | 2.276 | 31.59
. D 30 12.99 | 94 4072 0l as8 6843 222" 286 | 123.89 i | 8730 | .Go13| 4.408|2q. 2,410 | 4.887 1 34.31
oo 30| ;e o8 | aris || rio | 68,87 || 2a G.60 1 287 | 1o3i3z 3, 48938 | 6305 471430, 2300 | 4.909] 36.72
! 3 o K "N
! 32 - 13.86| 96 4158 ' iBo  6ggr 224 7,03 | 288 | 124,75 IT. o grhy | 8000 4.937 735 | 2.383 ' 3247 3528
33 14.29 | gg 42.01 H 1?1 | Gg.7a H zzg | 5740 28y 123(1)8 115/4 .9355‘ -6g03 SJ()g 2.
34 1472 [ 42.48 Cxfz osog7 o2z 97.G0 200 | 125.02 2| 938930 7213 | 5.39 33+
35 156l gy | 42.58 H 163 | 7061 H 227 | of.23 | 291 | 126.05 | o792 7330 | 5.633 || 34.
36 " 155000 100 4331 16y 7rlo4 || 228 g8.76 | 292 | 126.48 2. i Fto| 7854 | 5876 | a5
3§ | 12.02 I 1ox 43.7§' | 058 | 71.47 H 229 | gg.zo || ag3 126.92 34 | 1.042 -3522 g-%?S 36.
; 3 10.45 a0z 408 | a6 7L.9I 230 99.63 204 T27.35 13. 1.083 flela 805 | 37-
! 39 : 16.89 || 103 | 4461 || 167 | 52,94 231 | Too.0b | 295 | 127.78 i | 125 9940 [ 7.435 | | 38.
! 40132 [l aeg | ucog || 168 72.77 | 232 Too4g | 256 | 1z8.zz 7370| | 144 1.16;: | 1.069 7??5 39
0| 1775 ) 103 4548 1 16g | 7320 233 | ooy 2g7 | 128.65 i 8263 T 1208 ifnagqy o857 iido.
2 1819 H 106 | 45.91 H 170 | 73.64 H 234  lori6 | 208 | 120.08 9205 | | 15, 1,250 r.227 | 9.1‘80 141
43 - 1862 L oaog 4Bz | azr Zilon D235 | Jorgg 1! aog ! rags: Tozo ¥ |r29z 1310 ¢ gBor!iga
44 | 19.05 | Wl | 46.78 || 172 ‘ T4.50 | 236 Ioz.ay | 390 | T29.95 1,024 16, 1.333 | 1-390 |10-44 || a3.
43 949 1 109 | yg.ar || 17y 7404 |1 237"| Yoz.46 310 13428 1,234 ¥ | 1375 | 1483 |rnar 4
: i 46 ] Tg.92 H TIO 47,64 “ 174 | 75.37 il 238 Tog.og H 320 | 138.62 T340 | I7. | L1y | 1376 |cngg || 45
i c 47 2035 || rox | gho8 || 47 7550 || 239 | To3.53 330 142.95 1,460 340 1.458 | 1.670 |12.50 | | 46,
i : ! 48 | 2079 | Tiz 4851 00 a76 | ghoag | 240 Toz.g6 H 340 | 147,28 0,594 118, jrgoo | 1.767 |13.22 |47,
: 49 21 22 ‘ 113 | 48,95 | z;ré | 76,67 241 io.ggg | 350 | I3L.6T ;.724‘| | 1542 '1.867 |13.97 ||48. |
50 2nbs ) arg 4938 L 1gh | 7o || 242 togdy || 3 155-94 i : : :
Ke! . Te Tos. 7 3
A ||‘ SR ” & s | bop el ol 4 TABLE OF GALLONS.
52 22,95 Iy | 50.68 Br 78,40 245 | lo6.13 300 168.04 ; [—— | .
L 2339 1S iy | g8y || 245 b6 | o0 | az3.2y | Cubicinches W osftof & gal | mopon gy o | Weight of o
= 35 23.82 H 119 | §1.5q | 183 79.27 247 | Tof.gg | goo  216.58 : 1 i lomin pounds | cubic foot. culic foot of
| 50 2426 120 | Srog | 184 | 79,70 ‘ | 248 Top.y3 goo | 259.90 i a galon. | Avoirdupois. i | water, Eng-
PR 57 | 2489 || 1zx [ 5241 1] 18y Boty ! gy | To7.86 | 700 303.3z2 — lish standard,
] 58 2502 ! 122 5734 1) 186 | So.57 | ‘ 250 Ia§,2g Soo | 346.34 231 S.33101 7.48031g " Ba.3210256
39 | z3.35 | 123 | 53.28 H 187 Sr.oo 257 | Tof.73 H 900 " 380.86 I e 81915 8.00 7.9012835 Ibs. Avoirdu-
Go  asgg 1l aay | gzae 188 Srq3 | 252 | Yog.18 || 1600 433.78 . ‘_'2?4 ' re.oo G.232103 pois.
Or 26.42 H 125 | 54.T5 H 189 8187 H 253 Tog.gg | ; ] 77 )
62 12685 || 128 | 548 ‘ 190 | 82.30 234 | Tic.og H - —
63 [ 27.2¢0 H 127 | §5.0L | 1591 82,73 H 255 116,46 I
S 27.7e 1 a8 | S5astage Bsiny | asd | niardg | :




FLOW OF WATER

IN CLEAN CAST IRON BITUMINIZED WATER PIPES, UNDER THE
AVERAGE CONDITIONS OF PRACTICAL WORK.

GEOQ. A. ELLIS AXD A. H. HOWLAND.

HE following tables are intended to be suffi-
ciently accurate for ordinary use. The curve

of resistance adopted is greater than that of M.
Darcy, and less than that of Eytelwein. The fig-

ures are given to the nearest decimal, and ave prob«

ably nearer than the conditions under which they
might be used would ever twice agree.

Their application is threefold. First: To ascer-
tain the frictional resistance or loss of head or pres-
sure within any size pipe while discharging given
quantities of water. Second: Conversely, to find
out the quantity of water flowing in any size pipe,
from the reduction » pressure. Third: To ascer
tain the maximum volume which any size water pipe
will discharge under a given head.

The frictional resistance is found when the quantity
is known by multiplying the figures under that head-
ing by the distance in 1000 feet, using the columns
of “Feet” or “Pounds,’” as circumstances may re-
quire. In most cases that of pounds will be more
practical.

Suppose, for instance, a fire cccurs; four fire
streams are used, aggregating yoo gallons per min-
ute, water supplied through g,5o00 fzet of 16-inch,
and 1,500 feet of 6-inch pipe. In the tables we find
the frictional loss against 7oo gallons per minute in
the 16-inch pipe to be .r71 pounds, which for 9,500
feet would be 1.62 pounds, and in the 6-inch pipe

83

19.083 pounds, Or for 1,500 feet 28.62 pounds; com-
bining both pipes we have 2 loss in excess of 3o
pounds. These figures are on the basis of no other

oy, draught of water from the pipes. If, however, the
: “ordinary flow was 1,000 gallons a minute in the 16-

inch, and 200 gallons in a minute in the 6-inch, then
the loss should be calculated from the figures in the
tables for 1,700 and goo gallons 2 minute in the re-
spective sizes. And the actual loss of pressure for -
fire protection would amount to 56 pounds.

The volume of water flowing is found by ascertain-
ing the loss of pressure for each thousand feet of
pipe, and opposite to the nearest corresponding
number in the column of frictional head in - the
proper table will be found the volume. For in-
stance, in a 6-inch pipe two gauges a thousand feet
apart show a difference or loss of pressure of one
pound; the nearest figures show the flow to be 150
gallons a minute; if the loss should be 1c pounds
we should in the same way find a flow of 500 gal-
tons = minute. With a 16-dnch pipe 12,c00 feet
long and an observed loss of pressure of 3 pounds,
the loss per 1,000 feet would be o.zf pounds, and
the number of gallons per minute rather more than
8ro.

Slt is necessary to observe that to make such use
of the tables, the gauges used must evacfly agree
with each other at all points, or if only one is used
that it be absolutely correct, and the static pressure
at the level of the gauge accurately known. When
two gauges are used, their difference of level must
be allowed for. .

The maximum quantity which any size pipe will
discharge is found by dividing the total head at the
point of discharge, either pounds or feet, by the
length (if the entire pipe is below the hydraulic grade
line), and finding thus the hydraulic grade per 1,000
feet, Tun down the column of frictional head to the
nearest figure, ahd opposite we have the volume.

This is not strictly correct, as the total head 1s
composed of the frictional, velocity and entrance




36 FLOW OF WATKER.

heads and the two latter should be subtracted be-

L FOUR-INCH PIP
fore dividing.

: . - . | - we Ve .
The velocity head is given in the first column of Bes | 232 | us | rRICTIR R Tosted
the tables, and the entrance head is practically one- e s 253 dlf;‘ﬁlai{;d : per
half as much as the velocity head (unless the en- SELE 3% per : | . twenty-four
i : = AP i . OUNDS, urs.
trance 1s bell-mouthed, when no allowance is neces- S22 | PEA | Minute.. | FegT. |
sary). An inspection of the table shows at once 3 — o st ‘ 55 26,000
whether any correction is necessary for sufficient 2 o3 o 38 0 2.010 B7x 72000
E . . . : A : o . 108,000
accuracy. To illustrate: Head, 215 feet; distance, | 08 e B e A T340
. . IO -5 " i
z miles; wanted, 2,000,000 gallons in 24 hours. ; 6 310 125 1288 gg%g 18ys000
. - k 1 5 1.0 i O 3
‘This gives fall per 1,000 feet 20,359 feet, or nearest JE 23 a8 o bt 9379 252,000
below in an 8-inch pipe, 950 gallons per minute, or L 5.1 200 zi‘s"é‘; : ig;ii : ;ii:ggg
1,368,000 in 24 hours. Same in a 1odnch pipe, S A R dazn | iS&r o Shooo
- - - ] e . : 22,70, . 3905,
5,675 gallons per minute, or 2,412,000 in 24 hours. ¥ e s Bl semn . e .
In neither of these cases would the velocity and en- M - o0 fa2g : 325 gz.Séz : gé.;gz ! :}gf,ggg
5 64 . 504,
) trance heads together amount to 1 foot, or an aver- 2 23; N g‘é,ssi arB2z | 4o,000
. age reduction of not over o.1 foot per 1,000, which | L6z ro.zt 40 iogggi e g;‘f)ggg
. 2 23. 53-3 . et gl
: would not change the figures found. g ] 150 r3f43r 59.657 | 048,000
F higl loci ] roTk 1 111 d - 12.13 475 154-063 ob.y27 634,000
or mgh velocity or close work it will not do to . 2.2 B A S e i S 20,060
omit the correction. - o5 Taa 25 187,824 Segbs 756000
3.06 1404 550 205.973 | 8g.2ar At
3-35 14.68 575 2Agf8 | 974l HaS000
63 15.32 oo 244.760 | 1oborg - 4,000
5 26540 114.963 900,000
3.66 15.96 G2y 5407
1.28 16.60 650 286.890 124.270 ; 936,000
62 . 172 675 i 309.209 133-039 972,900
:_ é [;,Sf- 700 332.304 T43 979 1,008,000
it 5.51 728 356.355 134-363 1,044,000
) g;é 19,15 | 750 38L.181 65127 | 1,080,000




. - ' l RLOW OF WATER.
FLOW OF WATER.

.

SIX-INCH PIPE—CONTINUED.

. | T.5. Gal-
g SEE | s cal Bog 23¢ | us ‘ FRICTION HEAD. |, -5 020,
£ @ de oy zece Seeprag: FRICTION HEAD. |, v- o Sa- meP s | s ‘ Gallons e

. hv—ui B pEE Gallons ) HHons ;e;v gt 5*5 F52 |discharged twenty-four
E g"-g TES d1schz]1:ged tvenour o _(53 E| 85 “E;Ete . ‘ — enty-fo
5% =25 ! - ) N .
'% g‘ém ;é‘g Mi?mte. Feer. Pounps. Hours, E 2E I S 1 | l | .
- | i 1,908,000
: 1,325 157234 68.10{ 1,344 QOO
23 25 107 046 36,000 R . 1,3’0 i g £ot000
s o -322 139 72,000 . E vase e EA ’gxﬁ’ooo
.57 52 616 260 108,000 ) ,320 btasr oo 2 6,000
.0F Bl 75 : 1081 468 144,000 . . 1,42 ko 3682 z’ogs’mo
3 i s | e A Aanoee o 2 188,029 31,443 2,01 000
03 I.42 25 2.281 988 216,600 5 . . 1,459 o] e Z’Iéd”om
E 3 s | o ik e ' 1,7423 201,113 87,121 2,160,
o gl o i 3.921 1.608 288,000 . 155 .
o e nor : igoé 2.125 , 324,000 [ U U B
s o B i fuooz 2.600 L 3bo,000 — ;
.13 2.84 250 ; i o 3o
R o RER Rgz2 | 380z | 432,000
g 3~g§ SSD 9.;18 4-300 468,000
24 i 353 AL B 44975 504,000
ot pite 3 13.129 " 5600 540,000
= i i 14.3%3 G446 [ 576,000
% 454 o 16,757 7268 612,000
3 N 435 18.727 ‘ S.111 645,000
- o e i 2&:.31;‘5’ g.01§ 684,000
45 539 475 | 20 oo 84020
5 = b 25,313 10.966 756,000
& i ot I ;7.73i 12.071 : 792,000
o 6.%4 = 30.258 13.107 ;. 828,000
ES g§? égg 32.804 | 1449 | 864,000
g . 640 ior8.43 QUO,000
2 7.03 ggg §§.4;7 1(5).673 936,000
38 7%6 673 41.464 17,960 972,000
o r Zg 44.540 19.083 1,008,000
e i 72‘ 47727 20.674 1,044,000

o i pis “;.024 22,101 1,080,000

g 5o 75? 24.431 23-577 1,116,000

e 18 gh 27.948 25.10T 1,152,000

e 2o 80? 61.575 20,67z 1,188,000

w 93? : 823 65312 28.2q1 1,224,000

B o 85 6g.160 29.960 1,260,000

R oa gg FILIT 370671 1,296,000

nee rorag :; ; .182 33.430 1,332,000

AR 4 gi 362 35.237 1,368,000

w s 93? 85:650 37.102 1,404,000

oo e o 0047 35.988 X,440,000

s 3 11028 ; -5“5 40,9588 | T,476,000

S e i 94.1;3 425000 ‘ 1,512,000

var | 1soe I:OEO 12?901 ‘ 45.000 1,548,000

2,31 12,20 1,075 1. i 450 D opsghon

e g s 113.2'87 40.247 1,620,000

zég i;gg i’:g 118:745 51,438 ‘ 1,636,000

. . ; 3,913 - 1,69z,000

i I B i B v I

e N I’M;m 1;4 530 | ER.agr i 1,764,000

ER = I,f_5 140-078 60,674 1,800,000

FCI 3;2 :’:;‘; 145:687 63.108 1,830,000

. . )2 3

gig T 14.75 1,300 151.400 | B5.570 1,872,000




g0 FLOW OF WATER. ' kN FLOW QF WATER. ot

EIGHT-INCH PIPE—1,000 FEET LONG. b EIGHTINCH PLPE—CONTINGED,
825 a3 | vs ! FRICTION HEAD. | U- 8 Gal- $2d | a%e | Us o I
';‘w:: £ 25 é Gatlons 7 fons delivered qﬂ_‘:':p B T g Callons PRICTION HEAD. lons deljvered
FE3T| BaZ |dwcharged| | oper o0 a5gE | Z75 | el i
o' Eg gy 20P er | twenty-four | —32E E X r
E5e | AL M_p t FEET. PouNDs. Hours. bl TR pex . | twenty-four
E =R o8- ol ] inute. I . s & E AR Minuate. ‘ FeeT. Pounps. Hours.
s .30 Lo1b 36,000 3 T .
FE-C .Ii %g .036 2042 72,000 8,62 L35 | 19.217 16,988 | 20445000
3£ 3 i 7 8.78 373 0.661 17.0 )
= 8 7 182 078 108,000 7 a3 A 7,613 rofs.000
P g' 2 15153 1294 .127 144,000 8.94 1,400 2,132 18.251 P 2,016,000
.01 :Si 12§ 433 188 130,000 9.10 1,425 43.629 13.89y 2,052,000
ot -4 150 557 -259 218,000 9.23 1,450 45132 19.559 2,088,000
o2 ©o1.z 175 788 341 252,000 241 . L,475 46701 20,230 2,124,000
03 . 1.23 200 1.005 435 288,000 - a.57 3 ]!?2? 48.;7() fo‘géz 2,162,000
.03 I-44 225 1248 .g41 3@4;000 9@3 ?2__3 49.877 .;1. p f;g ! o
el I N B A B R v 2| i s nwe ) e
-06 1.91 300 2.133 -923 a2 o 1600 553 25754 2,304,
.07 2.07 325 2.481 1.074 468,000 IOASF :’6-8 38'244 :4_193 ~:.:i:g,000
! K1 2.23 350 2,854 1.236 504,000 10'(533 . 1’55, g 75 “(5_4.3, f’3~' ooo
’ .05 2.39 375 3.254 1410 400 ) 1673 Gooas 26,002 =l4:2lo00
.10 2,55 400 3,680 1,594 g? , 000 u‘og 1,72_ o7.818 :‘_?60 "4-% o0
.11 2.71 425 4.132 1.790 61;,000 1x.00 ’7‘; 63. : ;‘é" - 244,000
2 287 450 4610 ;1597 deiooe 116 573 65464 28357 21570,000
J4 3.03 i 475 5.714 2,215 4,000 u_3 1’5;5 67'3'Z ~9'IS;-I- 3?25",000
.1h 3.19 500 5.644 2,445 722,ouo . .n_g;. : 1’3 : 9.215 - 29'3 M ; ~:g§§:oﬂﬂ
.17 3.358 525 6,201 2,656 752,000 : _.”.Sg ! 1’323 Z’";if 30_615 2’65 00
.19 3.51 550 6,783 f'938 728.ooo = n~ . 1’85 1?'0"3 3;_ g" z, 4000
sl oz | | ows cEglme | mw | o | e
.2 - 00 .0z . | , . - ; - 2736,
-2-; g.gg bz5 8.687 3 723 902,000 E iiz(') 1. i,gfg g?_gsé 34_}33 .2,572,000
27 4.15 650 9374 40061 93’,000 I;g_;, ! 1’%- 3 'I(e)p 3(5" :6 Z,SO o
-29 4-31 675 10,088 4.370 972,000 Sz : e,ggg 83_%1 0z ; 2,8?,000
237 4-47 700 10,827 +.650 1,008,000 SR | 85203 955 | 2B8a000
.33 462 725 11592 021 1,044,000 . :
435 478 730 12,384 5.364 2,080,000
.38 493 | 775 13.200 | g.yiS 1,116,000
40 5.00 Soo 14.045 6,083 1,152,000
.43 5.2 825 14.915 6.460 1,188,000
46 543 850 15.811 6.849 1,224,000
.48 5.39 375 16.733 7.240 1,260,000
5L 5.74 9ao 17.681 7.604 1,296,000
.54 3.90 925 185,656 8 081 1,332,000
.57 6,00 950 19,656 8.314 1,368,000
b 6.22 975 20,683 8.959 1,404,000
.63 6,38 1,000 21.735 9414 1,440,000
66 C 0,54 1,025 22,814 g.882 1,476,000,
Jo 6.70 1,050 25.919 10.361 1,512,000
.73 6.85 1,075 25050 10.8351 1,548,000
76 7.01 I,100 26.208 IT.352 1,584,000
8o 7.17 1,125 27.39% 11,565 1,620,000
.33 7433 1,050 285,600 12,389 1,656,000
A7 7.50 1,175 2q9.836 12.924 1,692,000
.91 7.66 I,200 31,008 13.470 1,728,000
93 7.82 1,225 32,336 14.029 1,754,000
99 7.98 1,250 33-609 14,548 1,860,000
1.03 8,14 1,278 35.040 15.178 1,836,000
Y07 8.30 1,300 36.406 15.770 1,872,500
. I.IK 8.46 :  I,3=3 57.79% 16,373 1,908,000




FLOW OF WATER. 93

02 FLOW OF WATER.
o J
A TEN-INCH PfPE FEET LONG. TEN-INCH PIPE—CONTINUED.
Gross AT B —I,000 4 D8 )
) o w \ ) : U. §. Gal-
Maintens fod ‘ r ‘ ‘ FRICTION HEAD. | U. 5. Gal 3-~$’ i E‘E"E nglgﬁs FRICTION HEAD. 1ons delivered
o8 Asg | al- Je=p | g : er
'“"‘—:;: sl o-FE Gallons lons delivered ER 0 & | £ 2 $ | discharged | ————— meu?p,r.four
en Eiof EBET |discharged | . per i R e per ‘ Holrs.
TEES | Sa¥ per ] : twenty-four § 5E DBy | Minnte. FeET. POUNDS-
Cy LR =2 | Minufe. FeET, Poun.is. Hours, HAE ] |
H o= a o> = ‘ ‘ l | . |
: - i u B . 1,508,000
. - 1 . | B | 1,528 12.591 5-454 ‘ !
! 541 | L3 6 I:044,000
g | .Io 25 o016 007 306,000 .51 | 1,336 } IS.C_'SE 2 ggi I’ggoiooo
= .20 ‘ 50 040 oty 72,000 5.51 1,375 353> B.o74 | 2,016,000
S 7 E *g‘ S3I 75 Lo72 031 108,000 ) ‘ 1,400 I—‘r.o;_ I aokd 2,052,000
?ﬁ‘ﬁp ‘Y. = .0 4T ' 100 .113 049 144,000 5.8z 1,425 L4517 6 co 2,088,000
g .5T ‘ 125 162 ‘ OO | 180,000 392 1,450 15.015 6'522 2’134,000
A ‘ .61 | 150 .zgg 095 : 216,000 & | 1,473 l - jgg_vs,; ‘ 6';53 | 21160’000
.71 H 175 .2 .I24 252,000 g fele] - v i
SJJJ,!‘(,’?;&'. .or B2 zgo 361 | .156 ‘ 288,000 . 613 :§7— 16.379 7-181 1 2,796-000
| & 6.23 ‘ 25023 z 7.414 2,232,060
.or .oz 225 444 ‘ Jrgz | 324,000 6.33 1,550 I'Léé; . Téso 2,268,000
i o o | 250 [ -ggé 232 362,000 6.43 | 1,573 ié:zl() ‘ 7801 2,304,000
Lewwer, : iz 73 637 27 396,000 6.53 1,000 2 8134 2,140,000
E I B B B ch | x| s b | nEe
. : . .33 - . .37 aoo . 1,650 - . | 2
: ) .03 143 | 350 900 -429 | " so4000 2,72 1’,6?5 } 19.931 | gggg ‘ i,jjg‘é‘;ﬁ
; Lueanfs o4 1.53 375 rizg 487 540,000 6.94 | L,7o0 i 20515 b 2,484,000
. : 04 .53 400 1.268 -549 576,000 7.04 1,725 el I B o
i .03 | 1-73 I 428 ‘ I.420 .b15 | 6iz000 ;14 i 1,750 21.722 | gg?g | :;5;6:000
i : - ~ b7 2
NI R S B R R o
. < 193 ‘ 475 75 ¥e k 4,000 735 | 1,300 23000 16.218 ‘ 2,528,000
: . ) 204 500 1.927 | 835 ‘ 720,000 7.45 ) 1,325 23- i 10,406 | 2,664,000
.07 | 214 525 2.114 .g1b : 756,000 Cigss | 1,850 24-§3g ‘ Yo.77F 2,700,500
_og 2.2 7| 530 33,08 z-ogo | gog,ooo 7.65 873 ‘;’4-555 i | 2,736,000
gq ‘ ;i? ﬁog | ;;212 ??7; i 8g4J§§2 7%2 | 1,920 ﬂg.’or | 31.345 2,772,009
B 45 3 . + R 1,925 T E:
1 ) ) .10 2.55 ‘ 623 ‘ 2.944 1.27% ‘ goo,000 ;96 b I:g:‘,g | 20.875 1?541 ‘ Z:giiﬁg
i : L -IT ‘ 263 | b5 3.173 | 1374 936,000 8.06 | | 1975 27.557 ‘ 1,222 | 2,380,000
! IDHstri 12 278 675 3.410 1.477 | 972,000 §.17 L 2,000 z&z4g e | 000
‘ . ) .13 ;?2 | 702 3.656 | r.gb4 P 1,00¥,000 8,27 I 2028 L 222§7 | I;gii? | 2,052,000
.14 206 72 3.911 1.6G4 1,044,000 - X " 2,050 - ; : ‘ 5
T3 3.06 | ;50 ‘ 4.174 | 1.808 J 1:080:000 gi; ! 21035 ‘ 30.374 ‘ ’3'152 ;’giiﬁgg
B 3.10 775 4446 [ =) | 1,116,000 .55 Cz00 L 3L 399 ! ig,;ég | '31060,000
.17 3.27 ‘ Soo 4.726 ‘ 2.947 I,152,000 3.68 2,125 ‘ 3L 3% i 14'_112 3,090,000
a8 3.37 | Bag 5.015 272 1,188,000 878 ¢ agse | 3257 | 1443 3,132,000
19 3-47 850 5.313 2.301 1,224,000 2.58 2,175 333;@ 14765 3,168,000
20 3.37 ‘ 875 5.619 2.434 1,200,000 8.98 2,200 4.0 ‘ . '093 i 3,204,000
21 3.68 oo 5.933 ‘ 2.570 | 1,296,000 0.00 - Z,225 : 34.855 [2‘434 | 3,240,000
.2z 3.78 | 235 [ 6.25(? 2.710 1 I,332,000 §.19 ‘ 2,250 ‘ 3(5;6%1 i 15:775 3,270,002
24 3~8§ g5o 258; | 2.854 [ i,sés,ooo 9.29 2,275 37'LZ 16118 ‘ 3,312,000
: 20 ves | ‘ a7 e | oo 259 e o 15,467 i 3,348,000
-2 408 | noee | 7277 3-152 | 1,440,000 G.49 2,323 | S 16808 3,354,900
.27 4.18 | 1,023 | 7.633 3.307 | 1,476,000 .59 2,350 3 .(;4 7173 3,420,000
.28 4,28 1,050 8.000 3.465 ‘ 1,312,000 0.69 | 2,375 ‘ 30- ‘14 | r.sgl L oo
Hyedr .30 4.38 ‘ 1,075 ‘ 8.375 3628 | 1,548,000 a.80 | T 40 472 17304 P
§ i .31 4-49 1,100 8.755 3.704 | 1,584,000 2.90 . 2,425 j 47309 ‘ & e 3,528,000
33 | 430 113 9150 \ 3.964 1,620,000 10.00 2,450 ‘ deisd L 15,620 | 5,504,000
.34 4.69 1,150 9.550 4,737 ‘ 1,656,000 o | o=z475 | 43.00 | 19003 3,600,000
Press .36 479w 9958 | 4318 | xbgzoo0 10,21 a0 | b7 o |
res 37 4.0 ‘ 1,200 10376 | 4495 | Lya8000 ‘ ; | . S S E—
.39 ‘ 5.00 1,225 | 10,802 ‘ 4679 | 1,764,000 e~
4o 310 1 1,250 113306 4.8367 1,800,000 :
.42 5.20 | 1,275 11,676 ‘ 5.058 1,836,000
Mete. 44 ’ 5.31 1,300 IRGREE 5.254 1,872,000
- I !
DE




Gross At
" Mainten
e

1

-36
-37
-39
40

T W’ELVE-IN

g2 | -on..
SIE | EEY
AEEEE | 558
228 g8 o
TEEe | 2o
55T EEy
frat a ]‘ -4
—1_
£ o
- ‘ 14
5 ! 21
d L
g -35
Eox
g .EO
g 57
] .04
73
.Or 78
o1 85
o1 ‘os
.02 o
] .06
.02 rg
.02 I.20
I -]
o3 i35
-83 I 14z
03 gy
041 1R
=04 I.63
ot yay
05 nyr
.0
og | 1.234
T 1 ~)[
08 .08
G2
.07 ‘ ZvIS
°7 | 220
.03 227
Kats) | 234
99 | z.qy
io I 2.48
10 255
WIT | 3‘63
N
Iz " 2‘760
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[ S
.14 | sy
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FLEOW OF g TER.

CH prp PIP]:_.I 006 FLE.T

U s,
Gallong
dlSCharged
per
Minute.

25
50
75
Ico
iag
150
175
200
225
250
E
300

323 1

350 |-

375 |
400

25 ]
450 |
475
500

523 |

FErT,

323
48

.Gro
~740
.8rg
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FLOW OF WATER,
LONG TWELVE-INCH PIPE—CONTINUED:
T ’ \ N .S, Gal-
FRICTION HEaD, | U. S, Gal 453 | WS | FRICTION HEaD. || U S Gal
" 1lens deln ereq; = Gallons . -
[ per 5 = ‘fg E .j% discharged - fw-four
t""Sm_\r'-fou1 .8 =8 per POvKDS, Hours.
Pouxps. | Holrs, g ;b: § | Minute. FEET. Povxb:
I i -
- 204 496 | 1,325 | 3161 3.33g ;,r)oi,ggz
-00g 383 | 1350 ¢ 5.351 2.3T I,ggo,wo
ol 350 | U 1,375 © 5545 242 11980,300
023 3.97 400 | 5742 2487 2,016,000
82 4o Ldzs 1 5.04z 2.574 2,052,000
"243 4TI | 1,450 i 6.146 2,602 ‘z,, 55,000
050 4,18 Lizs | 6asq z.752 2,124
070 4.2 1,500 6,565 2.844 z,; g,oz
o8 432 L3251 6779 2.036 2,196,000
.102 4.39 .55 . 6.997 3.031 32'93’ oo
-1z2a 4.46 1,575 : 7.218 3.127 2,208,0 °
140 4-54 1,600 F.44z 1 3224 2.304,000
161 461 | xb25 7.671 3.323 2;342:220
-84 468 | 1,650 7002 2.423 2,372,000
2 475 1,675 5,737 3-525 2,412,000
3 ! 7 B.37% 3.628 H 2,448,000
234 4.82 | Lo 375 {000
261 489 1 1,725 8.617 3.732 o 2,454,
-290 4.96 1,750 3,862 3.830 ; .;,..g 1000
g 503 | 1778 g1z 3.047 2,556,000
-332 Sz 1 180 43063 4.056 ngl)é,oﬂo
-38r 5.18 1,325 g.brg . t.107 2'62 000
420 5.25 1,850 9.875 4279 2,6 4,000
450 5.32 1,875 16.140 £.392 z,ifg,ooo
i 5.39 1,000 15,400 4.308 2,736,000
+533 5.46 1,025 10.676 4.625 z,éyé,ooo
374 5.53 Lo 10.94% 4742 2 8a8 000
5.60 2,575 11.225 4.862 3,5;8;4,000
5.67 2,000 IT.504 4,668 2, ?,ooo
5.74 2,025 11.787 5. 100 2,918,000
581 2,050 12.074 5.230 z,ggz‘,noo
5.88 2.075 12,364 5.356 2,988,000
596 2,100 12,658 5.483 3,0;4,(:90
6.03 | 2,725 12.954 5.011 2,0 g,oco
6.10 2,150 13.255 5.742 3,096,000
6.17 2,175 13.558 3.873 3,132,000
G.24 2,200 13.866 G.006 3,165,000
6.31 2,225 . 14.176 G140 3,304,000
6.38 T 2,250 14,490 6,276 3,242,000
6.45 2,275 14.808 6413 3,276,000
£.53 2,300 15.129 6.553 3,312,000
6.6 2,325 15.453 6.603 3,348,000
b.67 2,358 . 15.78r 6.835 3,354,000
b7 2,375 16,112 6.579 3,420,000
G.81 2,400 10,447 7.124 3,456,000 -
6.88 2,423 16,783 F.27T 3,492,000
605 2,450 . If.127 7-419 3,528,000
7.02 2,478 17.472 7.368 3,504,000
7.00 2,500 17.820 771G 3,600,000
7.16 z,525 Toi8ig2 7871 3,636,000
7.23 2,550 18.528 S.o26 3,672,000
7.30 v2,575 18,886 | 8180 3,708,000
737 2,600 i 19.249 8.338 3,744,000




FLOW OF WATER. g7

; Frow OF WATEE:

/{{_—:_f_———“_f——{—;— i -
e =D FOURTEEN-INCH PIPE—:,000 FEET LONG,
TNUED- -
=== paNoE PIPE—CONT - Tes 5 :
TWELY ' 58t 5 8 U. 8 ; U. 8. Gal
- . _ ; oy, 8. Gal- [t B = 50 FRICTION HEAD, {. -- 3, bak
+ _j{_frfffrf ' TON HEAD. I\lons Jelivered =T w 222 Gallens lons delivered
£ s | .8 | uw.s 1 FRICT 1 per SE59 | BAR  discharged per
= B | £ E Gallons | ! rwontyfour FEE8 | BT per ! twenty-four
o R o) % Aischarged ‘IJ—————H____f ~ Hours. i’ LA g - Minute Fesr. | Pounps. Hours.
3 z5 u% '%_3,"";!1 or ] PoUNDS, i |
i o %% 2 BBy hiipnute. | FesT. \ );;)Lf_,__——r . : |
I H g % = A, | ; 1 S0,000 c .o 5o .oz .0pg 2,000
mEE L A e | Sast \I S s a1 a0 020 013 144,900
_ i U a8 ‘ 10 5 ] B.656 | 0B GO0 5% 3T 150 033 .623 216,000
36 |‘ 7.44 g 19.9 % \ 3_31‘7 ! 373%8?,000 =0 .42 200 o3 . 036 258,000
FE A 2,675 zc.3532 | ot 337924:000 7 g2, e 1 gzl sboosy
S | 7%@ o - 20.‘;111 | 9.144 | 0000 3 63 ! 300 e 070 432,000
ot | 7 a2 | zi.494 | 3.310 \, 3’996,000 .73 3350 .2TT L0g1 T 504,000
93 | 7.18?: Cz7se | ZI'SSI | 9.47% 1 4’032;000 -0t 53 400 287 AT 576,000
LR 2775 | Giae | 9501 Gedseo er . m 450 329 - +343 648,000
@ |7t 7 280 | z;.éﬁ_‘ | 5.817 ! o000 oz 1.04 500 , .397 iz 720,000
R T B I G e R T - R 20 Jgo00
oo ) b.og \ PEse . 23 P 10202 | T 176,000 .03 1.25 Goo .553 .240 8641000
not | 8.0 2,875 1 ia'%m | 10337 \ 4,212,000 -93 T.35 50 bgo 277 933,000
1.03 ‘ %:g \ 2,00 | _21-271 ‘ ’ .03 .46 700 LT34 318 1,008;000
Ton .-0 2023 \I AGSI ‘I . od 1.6 ; 730 Baq 362 : 1,080,000
Lot \ 2.3( \ 2050 | ZJ:.OQS ‘ ot 1.67 Boo -941 408 1,152,000
ven | 837 e 23008 | .03 1.77 850 1.053 457 1,224,800
‘ it | 3,‘}4 25-5 .obh . 1.88 o0 1.173 508 1,296,000
114 ﬁ 8.31I 06 1.98 g5 T.zg8 - 561 1,368,000
2.08 000 . 1.430 619 1,440:000
2,18 1,050 1.568 678 1,512,000
2.29 1,100 X713 742 , 1584000
2.3¢ 1,150 1.864 8oy ¢ X,056,000
2,30 i Izo0 2.022 876 1,725,000
2.0 | 230 2185 049 1,800,000
2,71 13300 2.356 1.02Y 1,872,000
2,81 11350 2,532 1.097 1,544,000
2.1 1,400 2.715 i 1,176 2,016,000
3.02 1:450 z2.god 1.258 2,088,000
s . 303 1500 3j.100 7,343 2, 160,000
3.23  ,| L350 3.302 1.430 2,232,000
2.33 1,600 3.510 I.520 2,3043000
3.44 16350 3.72 1014 2,376,000
: 3.34 1,700 3.046 L70g ;2,448,000
: ; 3 3.0% 1,750 40173 T.808 2,320,000
: 3.75 1-300 4.407 1.909 2,392,000
: 3.86 1,850 4.647 2,013 2,664,000
: 3.90 1900 4.894 2118 2,730,000
. 4.06 1,050 5. 147 2.22 2,803:000
; 417 . 2,000 5.406 2342 . 2,880,000
4.27 | 2,050 5.672 2.457 2,052;000
4.38 ‘ 2,100 : 5.0944 2.375 3,024,000
: . 4.48 2,150 G.2az 2.695 3,096,000
i 430 0 2,200° 6,507 2.813 3,168,000
4.69 2250 £.793 2.045 »240,000
B 4.8 2,300 : 7.005 3.073 i 2,312:000
B 4.0 2,350 7.399 3.203 3,354,000
. 5.00 2,400 7.799 3.330 3,450,000
3 5.1 2,450 3,026 3.477 3,528 000
g - 4 2,500 S.349 3.617 3,600,000
4 i o532 2,350 8.678 3.750 3,072,000
: _: . ? 5.42 2,600 Q.oX4 3.905 i 3,744,000
. il N
-4 §




FLOW OF WATER.

SIXTEEN-INCH PIPE—1,000 FEET LONG.

I_B:(;H ]_)IPE'CO'NCL DED — ;-c & o | , ) - .
— . 222 | 85% | ws | pricrion mEap. | o8- 5, Cat
. T BAD , . S'rGar—ed =Bag £.Z d_Gczlllllonsd ions deliverad
‘ 7 BEAD. s gelive =Eo8E, FES ischarge er
f { 8 U.5 | FRICTIC)}‘ =S tons er =SEE ‘ ._& PR per - ) twen]gr—f r
D o 557 | P @ o == R I y-lou
gas | HEE Gallons | | iyenty-fonr L o Minute. |  Frer, ‘ Porxps. otirs.
Be il B22 | gischarged | —— Hours- mTE ~ | ‘
Z28s) 9E3 P e Pounss- - I | T
SE2S ] SR Minute. | S —— ] ‘ ‘ 5
g~ 2uy | o Z .08 50 o8 003 2,000
[T == o | 0 =l &6 g 508
=R, . R ; 1 3 F16,00 - . E 100 .01 .00 144,000
s oo | gass 40221 | 3’,383,002 2 24 150 -o31 .o13 216,000
s 2,63 ¥ a0d | 4.204 | 3,560,00 € .32 2a0 - 048 021 ‘ 288, 000
.47 55'63 | 2,75"; | 10.059 I‘ 13;‘314 | 032,000 S 230 | 008+ .02 306,000
49 : 2,750 | 4 -3I4 104,000 = . 390 .agr .a39 432,000
5T 5@1 | 2800 | ic,;'_i}gg |‘ 4.1;3;7; ‘I 1176,000 ; 350 Ep ,051 | 504,000
53 55'_94 \I 2,830:; l‘ TnLIbt | 'A-"_gzg I 4,243703‘; k] 400 ‘ . réy ‘ .oﬁg : g76,noo
.55 Boos ‘ 2,9 11,542 | 5 o 1,320,0 450 .180 ! .07 ‘ 48,000
57 Py L 4. S 527 4 392,000 5 216 .044 720,000
i -5 oo | . | 5.337 64,000 L2506 | JAIx 2,000
39 G2y L3 | rz.32r | To ] 4B s . 792,
£ Ggh | 30 pz.728 S'Eég | 4:530,009 +299 [ r130 | 364,000
.63 o 16 ‘I e | N6 ! E'S(D | 4,508,000 -345 149 935,000
.65 6‘ | 3159 | 12338 | 5.804 | 4,680,000 354 LI71 ‘ 1,008,000
67 87 Gpoo | M .ok | 27,000 ;o 1 030,
: 6.57 e 5 SI39ET L gaag | IR M7 -lod 1,090,000
.59 677 ‘I 3,-2(3 14355 |‘ 6‘416 - 4,832,020 -502 ‘ 217 | 1,152,000
;{4 ced3% | BED L aaBg L T 4,590,000 »gfi 244 | 1,224,000
- G.of y 1£.230 ° o | 498 bz .272 1,206,000
7 Tag 1 30 ek | 7'23} | Emmen 8 528 |- x40,000
-&o : | 3,390 6,601 e 184,00 831 -360 ' 1,312,000
.83 729 3,550 ™ b l‘ 7392 | ?’255,@0 .gob .3g2 T ;84,coo
o 740 | foo | 37004 7504 R 3 ‘ 2584,
a3 pio 1 MO0 s | TER 5,325,99 -985 427 -1 1,056,000
.87 G o R ) | ,'é o 5,400,000 1.067 462 1,728,000
e ";.71 o B7ee ’ 13.401 | 3.222 5,472,000 152 499 1,800,000
- ER I TS B I - | 53t 1230 537 1872.000
G35 Tor ) 38 watr |5 | sl 1,332 577 ‘ 1,944,000
.98 o2 | 38 19.975 | Saye | 538,000 1427 | B8 L 2,010,000
oo iy Ig | 300 o \I 3.3: * | gbo000 Y525 ) K3y | 2,088,000
1.93 g.23 | 395 ’ 20997 | PO o 1.627 795 | 2,160,000
. s34 | A9 - 1-;33 ‘ 759 2,232.000
1.840 797 ‘ 2,304,000
I-ﬂ)éé . | -545 2,373,000
2.0 | .Sg5 2,448,000
N 2.184 ; 946 | 2,530:000
2.305 ‘ 959 2,592,000
2.429 Losg ‘ 2,66;,;}00
2.557 Lo 2,736,000
2,688 | 1.16% z:SoS,oco
2.82z ! 1.222 | 2,880,000
2.960 ‘ 1.28%2 ! z,532,000
3.100 1.343 ‘ 3:024,000
3234 | 1-425 I 3,02{;&00
- 3.392 1.469 3,768,000
o 3.;)4? h I.g34 | 3,240,000
o 3.600 1.601 Y 3,312,000
) 3.953 ‘ 1.066g 3:384,000
; 4013 | 1738 | 3456000
F 4,177 | I.gqq ' 3,218,000
. 4.344 1.882 3,600,000
4554 ‘ 1.005 ‘ 3,672,000
y 4.087 2.030 i 3,744,000




FLOW OF WATER. rox
! FLOW OF WATER.
; 100 -
i = EIGHTEEN-INCH PIPE—ic00 FEET LONG,
B ———— B . _.CONCLUDED. : L
: SIXTEEN-INCH PIFPE co R : P = —
‘ - I o el o 8.0 Ei L. 5. | ¥RICTION HEAD. |, U.§. Gal
: - i 2 | . 1 CTION HEAD. | L; %él'ﬁﬁzred L:v—z: R g Gallons ious delivered
: Ted | 8 S U. S, FRI  loms ¢ HEE2E | B.EY | discharged per
[ R ‘ Gallons | R _l perf EECER 2"’: per twenty-four
: v eal 2 2 | d1s.chafged‘ — i Twenty-Tour Bt 255 Minute, FgEer, PoUKDS. Hours.
: 5528 200 per | Pousps. | Tlours. mea L3 |
i TEET | FAE | Minue | Tumo ) FOUPR ‘ ‘
: , 8] E e — : : !
H | 7:4_L—~—~‘—*( | | o : o6 i . 30 005 : 002, 72,000
— I | S16,000 : ?
- b . | 864 | 2,107 [ < = 13 100 a1z 005 144,000
28 ‘ 4.23 ‘ 2,650 4'044 | 2.185 | 3,585,000 = 19 150 .0z0 ; .09 - 216,000
- L N S 5‘q27 | 2264 3:9?”*0‘:’0 = 25 200 " 030 a7} 285,000
..;,o I - §'Z[« | =345 | 4’%2=';‘;?) 5 31 230 oz o1§ 360,000
G Doaa | omEe | el 2.427 40000 c 38 300 os55 ! 02 432,000
3= | 4.3 | 2,850 | 5 796 2.5TL ‘ "n:f%! o =S 44 3350 oF1 031 504,000
O P S T S B 2596 | h2an = 50 | 400 ¢ o8y 1038 " 576,000
' “;5 | 4Tt I 2,950 ‘ ?1919‘; ‘ 2082 | 4,370,000 P 57 430 - 107 046 a48,000
: 3, 4p Lowoe 2.770 4192,900 4 B3 500 128 -ass 720,000
i 37 487 | oapse | 6601 ‘ 2,859 -4 ‘élooc = .50 55u 15T 005 762,000
3% D aes | 3,100 5,810 [ 209 4!333’ 76 Goo .175 070 813,000
"39 I g0y | 30| meas  |ozoaz | 4,00 'DOZ o1 82 G50 203 088 930,000
: 4t 1osIo | 3200 | fApbn 3.135 4:(’?0’020 o1 88 700 230 .100 1,008,000
- a2 1 519 | 3,25 7837 3.230 4:732,0 01 o4 750 L2060 .15 1,080,000
i . ) 74357 324,000 . 4 .
43 | 527 3,3 AP 3.327 4:8 PN -0z LOT San 291 126 1,152,000
! i4 5.35 ‘ 3,359 ‘ ;:905 3.424 & gS’DOO 02 1.07 8z0 .323 : -I41 © 1,224,000
0 S R - S B raa ‘ 3.523 B .oz 1.13 . goa 360 156 1,296,000
e 351 3,459 | 3:3%7 3.028 3:043’200 .0z rag | 9350 398 | 172 1,308,000
S 5.59 3,500 | 8.602 | 3.720 | 5:1;*’000 o3 1.26 i 1,000 437 . 139 1,440,000
. 50 507 | 3%52 i 4841 | 3.5930 i 5:;\2 o o3 1.32 1,050 47T .04 1,512,000
.51 g.70 | %:6(: RJVOSS | 3.03 E}’,Eb,ooo 03 1.39 1,100 L5200 .223 1,554,000
i 585wt | ag2s, | ao0dr | 5335090 o3 1.45 1,050 -564 244 1,630,000
: : ot 391 3;700 | 9_3576 1481 54RO o4 1.57 1,200 Bt .266 1,728,000
: ‘ 36 Fogs om0 o.528 \ 4257 | DATRO0 o4 158 250 659 283 1,300,000
; a7 Go7 | 3,{;0?} [ 4.308 | 5’%‘:3‘0@ 64 £.64 1,300 700 .307 1,872,000
i 59 | .15 | 3,95 | rozdr 4.4%0 | 555000 o5 1.70 1,350 i .760 .32 1,944,000
; Bo 623 | 3997 | 10,603 4.593 5 000 ag 1.77 1,400 A4 353 2,016,000
G loesro o BeE e B LA iayens <3 183 3,450 859 376 2,088,000
ey | 638 \ 4,000 R 1 48 [ 32'000 of 1,850 1,500 920 401 2,160,000
i 65 | 640 4039 gor | o494 | J*"‘jg’oo,, of 1.95 1,550 985 427 2,232,000
i 67 N B +4 | 5ee S o6 2.0z 1,600 1.046 .453 2,304,000
; 68 6bz | 4’:50 | aigho 1 5180 i ?’oio’ooo 07 2.08 1,650 1,103 480 2,376,000
N ; 7o 670 | 4200 (2,247 } 5.303 ;’i - 00 S0F b 2.4 1,700 1173 : fod I 2,448,000
72 678 | 4250 | z.cas | 5420 | éﬂ—.g-’ono .08 oA 1,750 1.239 W37 . 2,520,000
7 6.86 ‘ 4:%?{'; | 12 5.350 | o 2-‘000 a8 2.27 1,800 1.307 5606 2,392,000
73 Lok | 433 13,104 5.070 Gsﬂgs’mo .o 2.33 1,850 1377 596 2,064,000
7 7.02 4,400 | 13.398 5.804 148 oo .0g 2.40 1,500 1,448 : Sozg i 2,730,000
H i i e | 4450 £3.695 3.932 | (’H_fv‘;oo ag 2.46 1,950 1.522 | G607 2,508,000
! S0 718 4;:‘22 | 131996 6.003 | g’gil,ooo 10 2.52 2.000 1.597 il 2,380,000
i 8z \ 7. | 4:;3(3)0 L 14,300 6.19:4 | (]le“{:‘«:oo -10 2.58 2,050 1.674 723 2,052,000
i 84 7.34 4:6 o | 14607 6.32 & 28’000 1T 2.65 2,100 1.733 FEG 3,024,600
; i 86 742 | RO 8 b0z | 11 251 2,156 T8¢ . 794 3,096,000
il 87 ‘ 750 BT 15332 6508 | . 500 12 2.78 2,200 .16 830 3,168,000
; o [ T - 1;_549 6.735 | ((‘:Qéz’[,oa 23 =8 2250 2.000 866 1 3,240,000
| 9t 7.66 | 4:‘%0‘; | 15.369 i 6,87 | 509 ‘éﬂcm 23 0 290 2,300 2,087 904 3:312,000
; a3 F0 SO I T St 7.01% [ P T ‘ 2,350 2.175 -942 3,384,000
i .05 7.82 4,9 | 16.320 7.156 | 7’1;,0:00:: 14 3.03 i 2,400 2,564 681 3,450,000
a7 7.99 4,959 16.850 7.298 ‘ 74200, 135 2.09 2,450 2.356 i T.o21 3,528,000
99 7-9% 5900 | e 13 3.13 2,500 2.449 1,061 3,600,000
___f_),__ﬁ_‘_ﬁ_e————— .10 3.21 2,530 2,544 1.102 3,672,000
;—(({__—}r—gr— V.44 ) 3,744,000




FLOW OF WATER.
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EIGHTEEK-INCH PIPE— CONTINUED.

FLOW OF WATER.

el =32 | vs | rmoriow mEap. | U500
e ;k‘ g | Gallons lons c]l;:C 11.\ e
Ek 95 ig-EL?) chschzu:gcrl S e our
it ‘ B L TRET | PounDs | Hours.
U | e B8 ‘ Minute. FEET. NDS.
T i £ | L o o 7|‘7 L
h l | 1 3,010,
3 z 2,740 1.757 3,816,000
ik ‘ E ‘ :,252 z.gir ‘ 0231 3,588,000
.lb ‘240 ;’”50 2.04% 1.278§ ‘ 1,900,000
e )fz | zjéoo i 3.047 | 1320 I 4,032,000
e ‘ HEER "5850 3154 1.3066 #4,TE, 000
it égg ‘ Zgno ‘ 3201 | T.413 | 4,170,000
s Sz ;:?50 3378 ! 1,460 4y248,000
o \ JZE i 3,3)00 | 3.453 | 1.800 ‘ 4,320,000
2 3‘%‘ | .3’050 3,396 ! 1.558 413G2,000
: I 3:100 ‘ 371 | r.Goy | 44464000
o gl ‘ 150 3.828 ‘ 1.655 47 530,000
e S Rt 2.947 7o § 4boS000
3 e 2’:5;: | 1.067 1.70z 4,680,000
o 4'1?) | ’“oc 4,18¢ 1.815 44752,000
i iz ?230 4314 1,874 41‘::%,%0
3 s ; 1.92 T 4,8¢6,000
ER- R e
e bt Bgoo | 4B97 2.034 5,040,000
= 44; i ,“o 4.828 2.091 5,112,000
i ‘ 4% ‘ S’Egc 4.96z2 2,748 | 5,184,000
2 4.34 g’ﬁ‘o 5.047 2.208 5,256,000
o | 4.61 . . go 5234 2.267 5,328,000
3 el 3?;50 5.372 \ 2327 3 5r400,000
2o Még ‘ :2"800 i 5313 ! 2.383 52472,000
* ‘ 4vt‘»G L 3850 ‘ 5.055 | 2.450 59844,000
: ¥ 2 ¥ ?zo 5.790 2,512 | 5,016,000
S | 3w 30948 2.575 3,638,000
i | P | 34’25)0 ‘ 6.003 2.63g \ 5,760,000
- T ‘ 4’050 -b242 2.704 5,832,000
- A ,100 6.394 2.770 5,504,000
s ‘ o | i’xso 6.547 2.836 5,976,000
S H ! jenes G.y02 zgoy 1 Oyo4%000
o O 4’:‘ 6.850 2.971 6,120,000
ot 5.3? ‘ 4:—2‘; 7..9'2;.' 2.040 ‘ 0,152,000
o 5 1,350 7178 ‘ 3.100 v B,264,000
! FRa 4’100 7.340 3.179 0,550,000
i §E)D | ’450 7.'504 3-251 Gy.408,000
oo JI(JI ‘ :,'om 7070 3.322 6,430,000
= P aso 7.83 3395 0,552,000
kA | 5.23 43%20 8.007 3.408 6,62 4,000
= §ég : ?650 8178 | 3.343 4,696,000
= e - o0 8358 3.017 6,768,000
3 e 1,2‘0 8.520 3.60% 6,8.40,000
& '(;)'97 4’5130 S.7e3 | 3.770 6,912,000
i 6.(1% | 4’8-50 5.88r ! 3-847 6,084,000
» ‘ 6.16 4,990 g.062 3.02 7,050,000
oo 6.2 | 4’ 30 G.244 4.004 7,128,000
o ‘ 6:.“ "23)0 g.428 4.084 7;200,000
'6-2- 1 6'32 ‘;,050 ‘ ¢.613 ‘ 4:164 7,272,000
64 6'3* 300 g.8a1 4-245 73344,000
g:‘* | 5“‘»?) 5:150 I 9992 | 4327 T;J-éfshmc
- ‘ 6:.55 5,200 10.152 4411 7:488,000

103
EIGHTEEN-INCH FIPE—-CONCLUDED.
.
] 3 = ! )
s | 232 | vis | imrenron |
TRs | 255 | Gaitons | FRICTION HEAD. | O 5 Cak
oE g‘g ! g £ ‘ discharged ; . per
5 gg_. ‘ T’E‘—,';; | M_pcr | | twenty-four
ERE | S g inute, FrET, ‘ Pounbs, ‘ Hours.
1
. . |
. :
I P B { o,
.62 1250 T0.375 1 4.403 T 756
g 668 5,300 10,570 | 4.5?8 . ‘ ;:ég?sgz
.75 ‘ ?74 | 5,350 | .66 | 4.863 7,7041000
72 gvbg 53400 10.968 ‘ 4749 | 7776000
;; | G,Si ‘ 5,?50 Trab3 5 4.836 7,848,000
s 93 . 5,300 11.367 | 4.923 ‘ 73920,060
.7S ) z.og | :;,555 tr.gyr | 5.0Iz 7,992,000
.7 ‘ 7.0 35,600 | 117577 ‘ 3.101 | 8,064,000
gg .73 ‘ 5,650 | 11984 5.190 8,136,000
-5 | 719 3,700 ‘ 12,143 5281 ‘ 8,208,000
AS- ‘ 7.2 | 54750, 12,405 5.372 8,280,000
.83 | 7,3§ 5800 0 TRBIS 1 5466 | 8,352,000
.85 7.3 ; 5,850 | 12,832 ‘ 5.555 1 8,4z4,000
k] | 1424y
5 | 745 |  so00 13.049 5052 8,496,000
. 7.51 3,950 13,207 3747 1 B5h&
.8g | 7.57 [ B,000 3,488 o 000
! X | 13. 4 ; 5-842 | 84640,000




FLOW QF WATER. 105
3 o4 FLOW OF WATER.
e = T LONG TWENTY-INCH PIPE—CONTINUED.
—_— OF— FLE -
TWENTY-INCH PIZE— 1,000 — ‘
Fat | 5%¢ U.5 : I U Gal
—— i U, 5. Gal. f2e ] EEE | &S| FricTioN mEaD, || TS G
Tod I 257 | 1. 8. ‘ FRICTION HEAD. |, =0 3 qfvered 2385 _‘TZ § dggﬁﬁnim ; lcns Sg?\ercd
Pty ‘ e ‘ Gallons per o BEY 2-a & fyven tv-four
SHE Ha% | discharged |_k_7——— ent-Four TEES I per . wenty-fow
EREgG| EEa | o Twenty SEE LB Minute, FeET. Potxps. ours,
28! 80 er | ps Hours. ; i AP
1 % §8° | & 2%} | Mioute. ‘ FEBT. | PounDds. i
= ~ |
,m—f—l.%—*_lf{"‘——-—T— ‘ 000 : LI 2.71 2,650 1.645 713 3,816,000
| B | o 004 ! LoD | 11"’000 p .12 2.76 2,700 1.708 139 3,888,000
| o3 o ons | 003 4? 1z 281 2,750 1.766 763 3,560,000
| 1o | I?G o | ool | 216,000 .13 2.86 2,800 1.828 7z 4,032,000
= ‘ 15 | i;o ‘ 020 -009 | ZES’DZ(; 13 2,91 2,850 1.8q1 ‘ 819 4,104,000
g 20 e | ey | 012 3060 14 2.96 2,00 1.955 | 847 4,176,000
B | 25| 25 ogb | R 432,000 - 14 3.01 2,950 2,021 875 4,248,000
3 | AL §0g | RYER 020 59‘(*’000 S .15 3.06 3,000 2.087 ! o4 45,320,000
s O S S L S A ot BT 3,030 2.154 033 4,392,000
ER 4| 4?2 ‘ OB | .oz ‘ (’45’0002 e 16 3.16 3,100 2.223 563 434644000
= ‘ .46 | ‘égo e | 035 | 7227200 : 16 3.21 3,150 2-293 993 4, 530,000
% -5% O “095 041 gg‘-‘mo 3 a7 3.26 3,200 2363 | ro24 4,008,000
2 | -3¢ ?50 | 150 ‘ .04 ‘ g’ s I7 3.31 3,250 2.435 1 T.055 4,680,000
R T O T 1126 o e A .18 337 3,300 2.508 2086 | 752,000
‘ 66 5¢ | 143 | .obz I x,008,000 30 N 3.42 3,350 ¢ =581 ‘ 118 © 4,824,000
| g | Z?g ‘ 163 | 070 ‘ 1,0%0,00‘3 b .19 3.47 3,400 2.656 1750 4,550,000
77 | = %o 078 }:I;vzlggo - .19 3.52 3,450 2732 | oragg 4,968,000
o1 | .52 820 | zor | 037 | "2’?” o J 20 3.57 3,500 2.80g r.217 5,040,000
o1 87 | o . ' oyh I,zgs,cm .20 3.62 3,550 2.857 1.251 | 5,112,000
e | 92 900 | ags | 106 ‘ 536 ‘O':; 21 3-67 3,600 2.967 1.285 5,184,000
.0z ‘ AT ggo 268 116 | 1’4“12”300 22 3.72 3,050 3.047 . n3zo 5,256,000
0z 102 | 1’050 ! e | 127 i’ggﬂuoo 22 3.77 3,700 3.128 1.357 | 5328000
o2 | 1.07 e | 318 138 | :g_g’ooo .23 3.82 3,750 3.211 1.39T | 3,400,000
-0z L2 Ui R T - B IS4 .23 .87 3,800 3.204 .42y 51472,000
e sove | 373 oz N 3.93 3,850 3.378 1.463 5,544,000
oz | tzzo | hEee dor | a74 | 178 B 23 3.08 3,500 3. 464 1.301 5,616,000
03 1.27 e | e afy mEpee .23 493 | 3030 3-551 1538 - 5,698,000
oy | omay o bowaee Ao Li544:000 o Yok | dess 1 TES I i
.03 | 1.38 §’3g0 | 493 | 214 | Zﬂoés’ oo .27 $.13 4,050 3.727 1614, 5.832,000
.03 143 - SO = ’ 229 3:06 ’ooo 27 418 4,102 g.817 1.653 5+004,000
oz | 148 1’4(5)0 | (562 | 245 | o2 0’000 .28 423 4,150 3.008 1.693 5,976,000
i L5 1500 | I 2:232,000 .28 4.28 4,200 4000 1o3 8,043,000
o .58 i’ggo 3 275 2’35‘}’ o 29 4.34 41250 4.003 1773 5,120,000
o4 ‘ .63 e | 72 | 29| 2’31%’200 .30 439 4,300 4187 1.814 By 102 000
ot 1.68 fgoc | e | 30k 2ebeo 31 444 4350 4283 1835 6,264,000
05 74 LN 750 -323 2,520,000 AT 4.49 4400 4379 1.893 6,335,000
o | o i O g e 32 4.54 43450 4.476 1939 1 6,408,000
o5 154 v B TR RS v it .33 4.59 4,500 4575 9%+ 6,480,000
o | i' G 875 ‘ 379 3’538’200 e 4.65 4,550 46574 2.025 6,552,000
06 ‘ 1.94 9 " 919 | 2398 | Z’Sg o .34 470, 4,600 4.77% 2068 6,024,000
b .99 ;’ggu | LG4 417 2 .U’mo .35 4.7 4,650 4.876 2.112 6,696,000
b | 2.04 i Lo10 ‘ -437 ‘ 2’952’000 .36 4.50 4,700 4.979 2.5y 6,708,000
a7 2.09 2 o0 ‘ 1.057 455 é’czg“ooo .37 4.83 4,750 | g.083 2,201 6,840,000
o7 ‘ 214 it 1.103 i 479 | 3’028’ o .38 4.91 4,800 | 5.158 2.247 6,012,000
o7 2.19 e | Tast | 500 300900 .38 496 4,350 5-204 2.253 6,084,000
o5 | mzs 22200 e S o B B 4 39 301 4,500 5401 2.339 7,056,000
o8 ‘ 2.30 st [ 256 544 3:§§2’DDO .40 5.06 4,050 5. 509 2386 7,128,000
09 2.35 ‘ ;’350 1.308 | 566 303 ‘2'000 41 5o 5,000 5618 i 2434 7,200,000
oy | 2.40 ) -’?100 | 1362 ! -590 | ‘”J'Esruoo 4T 5.16 5,050 5.728 4581 7,272,000
@9 2.45 l 450 1416 15 i P 4z 521 i 5,100 5.839 529 723444000
ae | z;c_' oo | 1am ‘ gg? | 33"672,,000 43 526 5,150 | g.g52 578 7,416,000
no| ke 2,550 L3290 e 3e744,00 o e 5200 .08 b2 77488,000
2.
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FLOW OF WATER. 7

TWENTY-FOUR-INCH PIPE— 1,000 FEET LONG.

FWENTY-INCH PIPE— CONCLTLDED.

- o | .q%d | .5 N | 7.8 Ga-
. . 8. Gal- Se= U HSE . FRICTION HEAD. 3 Ll
o i 28% | U.5. FRICTIGN HEAD. ) B eved TEas | 2FE | Gallons | lons delivered
a=F | D2 g Gallons . per =253 B.E5 | discharged _7_‘ per
='§ 82 Hg& | discharged )—"@——‘-J twenty-four EEER | TRy | per | ] | I twenty-four
.';'5*53-‘ % o par T R — Hours. E 2E :}E 2 Minute. Feer, | Pounps. | Houars.
ETE | = Minuate. . | : - = ; 7__\_ ] | i R | o
il ~ _—I—-——f— | |
—— = 60,000 .03 : 30 Nala-) L0061 7 72,000
18 2.677 75580, t ' i s .
. 5.36 | 5250 | EI . 2.727 705,000 e e es o i i
45 T | 51300 L2035 £ 7,794,080 o 150 Neleld .003 21000
) .40 2146 o 53E0 6.412 iégg 7:775,000 .14 0 .o10 Qo4 288,000
46 P 5,400 g.agg | 2'550 I 7,848,000 N3 | 230 oLd | 006 ‘ 360,000
-47 5,450 204 - 20,300 : .21 200 o8 ! co8 432,000
48 5-57 o0 | 6768 2932 7 P H 24 250 | .02z oo [ 504,000
-49 | 3'22 | 22550 6.83g 2.984 g’z%?omo 3 2§ ioo ‘ .oz7 ‘ L.z | 376,000
.50 272 5,600 7.011 | 3037 | Si136,000 3 .31 450 | 032 I 014 i 548,000
51 pie ‘ I650 | 7134 3.0 | 81 208,000 3 .35 | 500 038 orf | 720,000
.52 E <, 700 7-235 3-144 8,380,000 - -39 550 024 [ Lorg 792,000
.55 | S'Sg 5’750 | 7.383 3.398 e oco ] .43 boo .50 022 864,000
B4 5 T koo 7.510 3-253 8’32"’ a0 = 46 650 .o37 ; o285 936,000
.55 5-93S ;’850 637 3308 3’4'2’200 2 .50 | 760 ! 064 I .028 | 1,608 000
.56 g‘g3 55900 7.795 §-354 ‘ é’égsjcoo 3 53 750 072 [ ¢ 1,080,000
37 503 e 7.895 3480 3,640 i 57 ‘ Bon | 080 ‘ 035 | raszo00
=57 ‘ £ i Bo00 8.025 [ 3470 S"IZ,OQO ‘ 6o Sso o8y 039 1,224,006
.53 by I-’é 6,050 | 8157 3.533 8,284’000 6y goo | o8 | 042 | 1,290,000
39 | o g0 | 3.290 3.30% P | .67 | 930 -103 | agy 1,363,000
6o 62;% 6130 8.423 3649 | g gs,ooo 71 oao | 118 ‘ o051 ‘ 1,440,000
61 Y 5200 8.55% | © 3707 ’gw’ooo 74 I o50 128 035 1,572,000
62 '3% G250 | B.694 3.706 | B .78 Lo | 139 | oo | 1,584,000
.63 I 6.3 6'300 8.R3x | 3.825 9,212,000 L .01 8 | 1,150 L1350 I g 1,656,000
64 644 6 350 8.969 ‘ 3.883 ‘ 9,1146’000 or | R 1,300 | . 1h2 70 | 1,728,000
.65 6-49 6400 | oo 3.045 92100 ] or | 8% 1,280 | 174 o7y 1,800,000
e G.54 6450 g.248 | 4,006 i 9’2‘25’@00 ':f o1 g2 Ijgéo H 136 081 P ,Syzjooo
08 gg() ‘ 6:500 9.399 . 4.068 | 93 2’-322 = o1 .95 "on3ze 199 | .86 | 1?944:5100
g -04 I gEse g.532 4130 1 9-"}3 . o2 | R | 1,400 | 212 ; .0g2 | 2,010,000
.70 6.69 5!600 | g.675 4.191 9’-’,_2’%0 .02 1.02 1,450 226 i 098 2,088,000
71X 6.74 6630 g.820 | 254 9’2; < oo .oz ‘ .06 1,500 241 ‘ -104 2,160,000
72 6.79 61700 ‘ 9.965 4.317 N o0 .0z 1,00 ‘ 1,550 | 235 .I10 2,233,000
.73 ;B85 6,750 i 10.7IZ | 4.380 9’2"2’200 . oz | 1.13 i 1,600 . 270 . | 117 ! 2,304,000
74 I 6.90 e | 10.259 4444 g’ég;’om : . o2 vab | iege | 286 T34 2,376,000
.75 6-92 | 62850 10.408 ‘ 4.500 o 9,936’000 i . .02 1.20 'orgoo 302 | o3 ‘ 2,448,000
.76 7.0 6,900 10.558 4'324 xg,OOSjGOO s ' .03 1.24 1,750 | 318 : -138 | 2,520,000
77 Z'DS 6950 10,709 4.639 Io:GSO oo .03 T.28 I 1,800 -335 | 43 ! 2,592,000
8 7.10 e | 10861 4.705 | . : o3 | v | 1,850 | ‘352 -152 2,664,000
-79 7 | ’ — 03 1»38 T,900 |‘ -B'é'g ~Igg J 2,730,000
e 03 2.3 1,950 .3 I 2,808,000
— . 03 T.42 ‘ 2,000 4ofs | 170
R . 2, : . LI | 2,880,000
.03 1.43 2,050 425 ; a8y 3:952,000
o3 | taa | oames | -445 -193 3,024,000
.04 ‘ 152 ‘ 2,150 | «dahz | .20l 3,006,000
.04 1.56 2,200 : 485 210 3,168,000
.04 | 1.59 | 2,250 | 506 .219 3,240,000
of | 16 I 2,300 27 228 3+312,000
.04 ‘ i.67 I 2,350 | .548 | .237 3,384,000
. o5 T.70 ‘ 2,400 ! 570 247 . 3.:456,000
.05 1.73 =450 553 257 3,528,000
.OE 1.77 | 2,300 ‘ 615 \ .207 3,600,000
.og .50 I 250 639 | 278 3,672,000
.05 .83

2,600 i 662 287 ‘ 3,744,000
‘ i




o8 FLOW OF WATER. FLOW OF WATER. 109
TWENTY-FOURINCH PIPE—CONTINUED. TWENTY-FOUR-INCH PIPE —CONTINUED.
- = |
B ! o . ‘ ‘ U, 8. Gal- g aBg - J— ‘
g8 H28% ; WS | FR N HEAD. e 23w | A U. s “TION HT. T. S. Gal-
‘:Ei | =& g Gallons FRICTIO : lons dzélvered [;"15) - g Gallons FRICTION HEAD. lons delivered
AELs BED discharged | : per. =2 3G .55 discharged | per
TESE | Bu® per twenty-fow 55ES | Sug per twenty-four
E gg ‘ i ;:EUQ ‘ Minate. ‘ FEET. PoUNDS. Hours. E EE = 3 Minute. FEET, Pouxps. Hours.
3 -3 i !
| | . L | ! i
a 37 . 2,650 .68 23 3,816,000 e 22 | 372 5,250 - 2.533 10 60,000
?E ‘ igz | 2’,730 A71;r' ‘ .308 | 3,588,000 - 22 3.70 55500 2.580 1.12% ‘ ;,’gsz;ooo
.06 1.94 2,750 .736 -319 3,960,000 22 370 5:350 2.028 1138 ‘ 7.704,000
ob .08 2,800 761 ‘ .330 ‘ 4,032,000 o .23 2.83 5,400 2.675 1.189 7,776,000
ob 2.02 ‘ 2,850 -787 -341 | 4104000 B 23 3.6 51450 2.724 T 1180 ¢ 7,848,000
o 2.08 2,900 B Co..353 . 4,170,000 i 24 ¢ 3o 5,500 - 2,773 ! (.201 ! 7,520,000
'OZ ‘ 2109 | 3’95.3 S40 ‘ -364 | ;248,000 N .2 3.93 5530 2821 | 7,552,060
_oé- I a3 3.600 .867 3700 1 4,320,000 \25 3.97 3,000 2.871 244 | §,064000
.07 2.16 | 34080 393 388 43392,000 25 4.00 . 50630 z.921 1.263 4,136,000
it 220 ‘ 3,100 923 | 460 ‘ 4,404,000 25 4.04 5,700 2.571 1.287 £,208,000
ol 223 3150 031 412 | 4,536,000 126 4.08 51750 3.022 1.300 8,280,000
.08 2.27 3,200 .98a 424 4,608,000 26 4.12 5,500 3.073 {0 a3z 8,352,000
of 2.50 ‘ 1,250 1.00Y 437 4,680,000 .27 4.T5 3,850 3.1235 I.354 8,424,000
e 2.34 37300 1039 450 #757,000 -27 410 5:500 3177 1.376 8,495,000
g 237 3,350 1,06y ' 463 4,324,000 = =28 4.22 5,950 3.220 1.399 8,568,000
o 241 :7,,400 1.100 475 4,890,000 foE .28 426 b,000 3.282 PR 8,640,000
'og 2:“ 3:450 1131 450 4,968,000 H i g 42 6,050 3.336 ‘ I.444 | 8,712,000
10 2.48 3,500 [ (i-] 503 3,040,000 L -2 4-33 6,160 3389 1.467 ' 8,784,000
‘1o 2.51 3:550 ¥.104 ! <517 5,112,000 i 30 430 6,150 3444 | Te4o2 ‘ 8,356,000
L10 2.85 3,000 1.227 ' <53 5,184,000 30 4.40 6,206 3.493 1515 8,928,000
.10 2,58 3,650 | 1,259 ‘ 545 5,250,000 3t 4-43 6,250 O ‘ 9,000,000
I 2.62 | 3,700 | 1262 .560 1 5,328,000 31 447 6300 1 3609 1.563 , GyG7 2,000
Bt 265 ' 3,7%0 v.320 B R -3z L 450 6,350 3.6065 1,555 0,144,500
L1 2.69 3:500 1.360 i .539 T 547000 32 454 5400 3721 161z . 9216000
.12 z.72 ‘ 3,850 1304 | WMoy 5,544,000 -33 457 B,450 3778 1636 ga8%,000
Iz 2.6 | 3,00 L4290 b1y ‘ 5,016,000 +33 .61 6,500 3-835 1.661 ‘ 9s360,000
i T B B -34 454 6,550 3-893 1.686 93432,000
13 | 2,84 2,000 | 3.500 .Ggo 5,760,000 34 408 6,600 3-951 L7z 9,504,000
.13 2.87 | 4050 | 1536 ‘ 663 5,932,000 35 47 6,650 4010 737 9,576,000
g3 =20t 4,100 rgzy ) b | 5,904,000 33 475 6,790 4068 . 1962 9,648,000
.T3 ‘ 2.094 4,150 1.6ro ! -bg7 . 5970000 -36 478 6,750 4.128 1.786 9,720,000
14 2.9% ‘ Lzon 1645 714 6,048,000 .36 4.3z 6,800 4.188 1.813 G 752,000
14 3.01 4,250 1.686 -730 ‘ 6,120,000 -37 4.83 6,850 4243 1.840 : 9,864,000
14 | 33 | 400 1.724 74T 6,192,000 -37 4.89 Gigoo [ 4309 1.867 9,936,000
.15 | 3.08 4,350 ‘ 1.763 -704 6,204,000 -38 492 6,950 4-370 1863 ! 10,008,000
e ©oir2 4’)4()0 1.802 L7381 6,336,000 38 4.96 7,000 4.431 1.919 © 10,080,000
13 3.13 4,430 1.841 .78 - 6,408,000 -39 £.59 74030 4493 ] 1.040 10,152,000
16 3.19 4500 | L1881 i 335, 6,480,000 -39 5.03 75100 4-556 1.974 10,224,000
6 323 4’550 ‘ 1.g22 833 5,552,000 g0 gaab 7,150 1.618 2. 000 10,206,000
1 ; 27 4,660 ! 1.903 350 6,024,000 4o 5.10 7,200 4.682 2.028 10,363,000
) 1; 3.0 4650 2.004 868 6,696,000 41 313 7s250 4.745 2.036 16,440,000
e 3:.‘4 4'700 2.040 i 887 5,758,000 4z " o517 7,300 4.800 2.084 10,512,000
38 337 4,750 2.088 925 6,840,000 42 520 7,350 4874 2.112 10,584,000
e 341 4,800 2.731 523 6,912,000 43 5.24 7.400 4.935  ©  =z.140 16,635,000
18 3.44 4,850 2,174 ~942 6,984,000 43 327 7450 5.004 2,168 i 10,728,000
a9 3.48 4.000 2207 ~0ba 7,°5§=°°° -44 531 7>300 5.070 2.197 10,800,000
19 3.5t 4’950 2261 979 7,128,000 -4 5-34 74530 - 5.136 2.225 10,872,000
i '20 3.83 s’goc ‘ 2,305 feldle] 7,200,000 45 T o538 7,600 5.203 i 2.254 L0y 44,000
: o .58 5050 2.350 ro1d 7,272,000 .46 542 7.650 . 5.27 [ 11,076,000
i o1 3.0z 5 100 2.305 1.038 7,344,000 .46 .40 7,700 3.338. 2511 11,088,000
i 21 3.65 5150 i 2.44L 1.037 7,416 000 .47 5:49 7y750 5.400 2.34T i 11,160,000
21 3.69 5,200 | 2.487 ‘ 1.e77 7,458,000 48 5.53 75800 5-474 2.371 11,232,000




1o FLOW OF WATER,
TWENTVY-FOUR-INCH PIPE—CONCLUDED.

Bag % 5. Gal
L5 23 . 5. . U. 5. Gal-.
Ll Aoy =R Gallons FRICTION HEAD. lons delivered
e o LD Ha0 .

RggE 7.2 o discharged . per
TEGE ZgW twenty-four
g TES T Ao T 5 enty-!

EU £E =Eg Minute. FrET. Pounps, Hours.
L
.48 556 7,850 3343 2.401 11,304,000
.49 5.60 ' 7000 5.012 2.431 . 11,376,000
4G 5.63 7,950 5.682 2,461 P11,448,000
50 507 i 3,000 5.752 2,402 | 11,520,000
51 4 570 | Y050 £.823 2.323 11,552,000
51 5.74 8,100 5394 2.554 11,664,000
.53 5.77 8,150 5.965 2.584 11,730,000
.53 5.81 §,200 6.037 2.613 11,508,000
.53 5.84 3,250 6,100 2.040 11,830,000
.54 5.88 8,300 6.182 . 2678 11,452,000
.54 391 ¢ &350 6.253 2.711 12,024,000
€5 5.95 | 8,400 6.329 o 2745 12,000,000
.56 5,95 \ 3,450 6.403 2.774 12,168,000
56 G0z ‘ 8,500 G477 2.506 12,240,000
.57 606 | 8,350 6.552 2.839 12,312,000
.58 610 -+ 8boc 6.627 1 2872 12,384,000
w53 6,13 3,650 6.703 2.00% 12,456,000
.59 G.1y 8,700 6.770 2,033 12,528,000 -
.60 b.20 8,750 6-8506 2.971 . 12,500,000
K3 G.24 5,800 6.933 3.004 12,672,000
WG %34 3,850 7.0I0 3.037 12,744,000
.62 b.31 8,000 7088 3.070 12,816,000
03 6.34 8,030 72166 3.103 12,888,000
b3 6.38 3,000 . 74245 3.137 12,560,000
By 6.41 0,030 7.32 3-171 13,032,000
.63 0.43 Q100 7-404 2.z206 | 13,104,060
.G G.49 i1z0 7:4584 3.241 13,170,000
RiH 6,83 9,200 7.564 3.276 13,248,000
b7 6.56 9,250 7-043 3.311 13,320,000
63 G.bo 9y300 7-727 3:346 13.342,000
.68 6.63 9,356 | 7,88 3.3%2 13,464,000
6o 667 900 | 780 3-4138 13,536,000
7o 6.70 9,450 7573 3454 13,608,000
FI 6.74 g,50¢ 8.056 3-490 13,680,000
Froi Brg 9y550 8.140 3.520 13,752,000
.72 6.8r g,000 822 3.562 13,524,000

fie

! FLOW OF WATER. 111
@ THIRTY -INCH PIPE— 1,000 FEET LONG,
! EECR) v FRICTION HEAD. | U.S. Gal-
] TEu S B8 Gallons ", | lons delivered
Aked | BED | discharged : per
°EHS S per i twenty-four
£g 2 ;,.D-ZT‘E Minnte. FEET. Porxps Hours
s R Aa JLHDS -
.04 ‘ 100 1 002 144,000
.og 200 | 005 288,000
R 300 008 432,000
o 18 400 nII 570,000
é .23 500 o135 720,000
. .27 fon 020 864,000
=) 32 700 L0258 1,508,000
¢ .36 Joo .03T T,T152,000
g 4 gozr 038 1,296,000
= .45 1,000 044 1,440,000
P .50 1,100 o352 1,584,000
ﬁ .54 1,200 .oho H 1,728,000
-59 1,300 -0y 1,372,000
.63 1400 ! o738 2,010,000
68 1 1500 038 2,160,000
.73 1,000 ‘ g8 2,304,000
77 13700 .10g 2,448,000
.01 .82 1,800 L1200 2,502,000
.01 .86 1,900 .13z 2,736,000
oL Q1 2,000 145 2,8%0,000
ka4 <95 2,100 L1583 3,024,000
Loz I.00 2,200 ! LIF2 3,168,000
.oz I.04 2,300 LIS6 3,312,000
.02 1.0Y 2,400 20T 3,450,000
.02 113 2,500 216 3,000,000
o2 1,58 2,600 232 G 3:744,000
02 1.22 2,700 244 i L1608 2,358,000
.03 1.27 2,800 .206 115 4,032,000
.03 1.32 2,000 .283 v 123 4,176,000
.01 1.36 3,000 .30z L1331 4,320,000
.03 141 35100 320 139 4,464,000
.03 1.45 3,200 340 L1477 4,608,000
.04 1.50 3y300 -366 156 4,752,000
.04 1.54 3,400 380 L1fg 4,8g6,000
04 I.59 3,500 401 I74 £;340,000
.04’ 1,63 3,000 423 REF 5,184,000
.04, 1.68 3,700 443 .193 5,328,000
.65 172 3,800 408 203 5,472,000
.0 1.77 3,500 491 .z 5,616,000
.5 .52 4,000 -515 2 5,760,000
.05 1.86 4,100 339 234 3,904,000
06 191 4,200 .564 244 5,045,000
.ab 1.95 4,300 550 .2 3,192,000
.0b 2.00 4,460 616 .266 6,336,000
Foli] 2.04 4,500 SGg2 278 6,480,000
o7 EXE 4,600 .67o i 260 6,624,700
2.13 4,700 .6gy7 302 6,768,000
2,17 4,300 726 314 6,512,000
2.2z 4,500 V755 -327 7,056,000
2.27 55000 784 340 7,200,000
2.33 5,100 -814 -353 7,344,000
2.36 5,200 845 .36 7,488,000




FLOW OF WATER.

THIRTYV-INCH PIPE—CONTINUED.

in feet
d to
produce Ve-

require
locity.

Head

!

Add U. 5. . TU. S. Gal-
== E | Gallons FRICTION HEAD. lons delivered
BEZD | discharged per
- g o por twenty-four
il d i Minute. FesT. Pouxps, Hours,
|
H
io2.40 3300 -B76 -379 7y632,000
P25 5,400 -5o8 -393 7,776,000
P o250 5,500 o940 .407 7,020,000
2.54 5,600 973 421 8,084,000
2.55 3,700 1.000 436 &,208,000
2.63 5,800 1.040 -351 ‘8,352,000
2.07 5,900 1075 466 3,496,000
2,72 6,000 T.110 481 * 8,040,000
z.76 6,100 I.145 -49G 8,784,000
=81 6,200 1.182 512 8,928,000
2.35 4,300 1219 .528 4,072,000
2.0 4,400 1.256 .B44 §,215,000
z.95 6,500 T.204 .gbr 9,360,000
2.99 6,600 1.332 -577 5,504,300
3.04 6,700 t.372 <504 9,648,000
3.08 6,800 I.411% b1 4,752,000
3.13 6,000 T.451 629 9,938,000
3.18 i 7,000 T.452 646 10,080,000
322 . 00 1.534 LGbyg 10,224,000
3.27 73200 ! 1.575 632 10,368,000
3-37 7,300 i r.6018 7oL 10,572,000
5.36 7,400 i 1.661 gt} 10,655,000
3.40 7,500 : 1.704 738 10,300,000
3443 7.600 1 1.749 -758 10,044,000
3.49 73700 1.793 Rivd 11,088,000
3-52 73800 1839 797 11,232,000
3.58 71900 1.884 816 11,376,000
3.63 8,500 1.3 830 11,520,000
367 8,100 1.078 857 11,664,000
3.72 8,200 2.025 877 11,808,000
3.76 8,300 2.073 808 11,952,000
3.81 8,400 2,122 919 12,006,000
3.86 §,500 2.171 041 12,240,000
2.0 8,600 2.221 .gb2 12,384,000
3-03 . 8,700 2.271 084 12,528,000
3.99 < 8,800 2.322 1,006 12,672,000
4-03 8,500 24374 1,028 12,316,000
4.08 ge00 | 2,426 1:05T 12,550,000
£.12 9,100 2.478 1.073 13,104,000
4.17 9,200 2.531 1.000 13,248,000
421 9,300 2,388 1.120 13,392,000
4.26 0,400 2.039 I.143 13,536,000
4.30 G500 2.6g4 1.167 13,680,000
4.35 5,500 2.750 1.39% 13,524,000
449 Gy 700 2.806 216 13,568,000
4.44 9,800 2.80z 1.240 14,112,000
4.49 9,900 2.919 1.264 14,256,000
4.54 13,000 2.977 T.289 14,400,000
4.88 10,100 3.033 1.314 14,544,000
4.03 10,200 3.994 1340 14,688,000
4.67 10,300 3.153 1.366 14,832,000
4072 10,400 3.213 1.392 14,976,000

FLOW OF WATER. 113
THIRTY-INCH PIPE— CONCLUDED,
o =83 =
S8 | BEE FRICTION HEAD, |, U.S. Gal
2Sen| E5E lons delivered
Aagg ) BHY per
T ;%,3 . g‘g twenty-four
E 5E | B8, FrET. FPounDs. ours.
. |
: 3.274 15,120,000
3335 15,264,000
3:368 15,408,000
3459 75,552,000
3.521 13,506,000
3.385 15,840,000
3.048 15,584,000
3-713 16,128,000
3775 16,272,000
3-843 16,416,000
3.900 16,560,000
3.970 16,704,000
$.043 16,348,000
4.1IL 16,592,000
4.180 17,136,000
5-44 4249 17,280,000
548 4.313 17,424,000
5-53 4.388 17,568,000
3-57 4459 17,712,000
3.62 4.530 17,356,000
5.60 4.60z 18,000,000
5.7I 4674 13,144,000
5-75 4347 18,238,000
5.80 4,820 18,432,000
5.35 4.8g4 13,576,000
5.00 4,060 18,720,000
5-04 5.044 18,364,000
. 3.120 19,008,000
5.796 19,152,000
.273 19,296,000
5350 19,440,000
5.428 19,534,000
5.307 19,728,000
5-536 19,872,000
5.665 20,018,000
5.740 20,100,000
5.826 20,304,300
5-908 20,448,000
5-0990 2Q,592,000
o7z 20,736,000
6.15% 20,380,000
6.230 2T,0244900
6.323 21,168,000
0,408 21,312,000
G.493 21,455,000
6.574 21,600,000




14 FLOW QF WATER. FLOW OF WATER, 115
THIRTY-SIX-INCH PIPE-—r,000 FEET LONG. THIRTY-SIX-INCH PIPE—CONTINUED.
i i ..
.‘E gb SE'U. u.s FRICTION HEAD U. 8. Gal 1‘ 'Egg ! E‘?ﬂ"\j‘ .5 FRICTIOV HEAD ! T. 5. Gal
&8 =X . 5. S AT, . 5. Gal- : Lpomeg b Les o N AD. ! -5
fg i B = £ Gallons lons delivered ‘t S _’?ﬁ 8 Gallons lons delivered
ELegg | GAE |discharged | per 4 SE5T gA2  discharged per
S 2 p& per twenty-four g F YL per twenty-four
i’ £rn ;>§a Minute. FEET. Pouxps. | . Hours. o s g Minute. Hours.
il ‘ . ‘
032 100 001 000 : 144,000 z.671 - 3,300 +367 160 7,632,000
of3 200 - 503 OO L : 288,000 T.70% 0 5,400 350 165 75,776,000
: 095 300 TLong 002 ; 432,000 L734 | 5,500 393 170 7,920,000
K L1268 400 .oob 003 576,000 1.7635 5,000 -4o7y. 176 8,064,000
; BT 500 ool 004 20,000 1797 3700 421 <182 8,208,000
.18¢g foo | oo - oog 864,000 1.828 3,800 433 .183 8,352,000
! .z21 FO0 i e} &3 D05 1,008,000 1-§6 2:900 —4g9 . .ig.d, g,ggG,ooo
8 -252 Soc K354 : Natals) 1,152,000 Log L, 000 »403 2201 »640,000
2 284 goo 018 008 1,206,000 1.92 6,100 478 207, 8,784,000
“: .315 T,000 .o21 i .o0g 1,440,000 I.g3 6,200 -493 24 8,928,000
g -343 1,100 ‘“Zg . 010 I,Ssg;oou ;vgf gigg ‘228 zf; . g:gzg,ggg
37 1,200 .02 : 012 1,728,000 . : 3 .52 33 3 K
E 400 1,300 L0351 ! 013 1,87;,000 2-0§ g:gc‘) -538 -233 9:1::60:000
= 440 T:400 035 k .0Ig 2,010,000 20 & o0 -.554 -240 _9:.%0«5,003
7 472 I,goo 1040 : .OL7 2,160,000 iii 6g$ ggg ¢ 2:1‘7; 3,73.21220
2 ! + 5O 1,000 .0. «OT 2,304,000 - B 25 y B
= ; gsz 1,700 .013 .02? z:iqg,,ooo 217 5:900 -bog .26T 2,936,000
568 1,300 .054 .02 ' 2,592,000 2.21 7,000 .61y .260g 10,680,000
i 507 1,900 05g .Gz[:u : 2,730,000 2.24 7,00 '236 -276 IO,22§,°00
! i 030 . 2,000 ob4 028 . 2,880,000 2.27 7,200 653 .283 10,368,000
! i ilisd 2,160 o7e 030 | 3,024,000 2.30 7a300 671 291 10;512,000
[ ] 2,200 075 032 1 3,168,000 234 7,400 688 268 10,556,000
724 T 2,300 .08r 035 i 3,312,000 2.37 7,500 -yt -300 10,800,000
‘ 756 1 2,400 038 038 T 3,456,000 2.40 74600 724 313 10,944,000
787 } 2,300 G4 .041 ¢ 3,000,000 2.43 72700 742 "321 1,085,000
o1 -{%19 | 2,600 -101 044 3,744,000 2.46 7,300 -721 1329 Ii,zgg,ooo
o1 Bgo | 2,700 108 047 . 3,888,000 2:49 g,qoo 7 ; -337 11,376,000
or 882 1 2,800 WJIL5 ~050 4,032,000 2.52 . S,GOD -598 346 - II,géO,UGO
CH 913 ! 2,900 a2z 053 4,170,000 z-eg S,roo .SI .365'4 II,S g,ooc
01 945 3,000 130 056 L 45320,000 2.g 8,200 .837 .30% 11,808,000
w02 977 . 100 138 .oba . 4:464,000 Z-GE 8,300 ) .557 .351 11,95?),900
0z | X909 ;3,200 146 063 i 4,008,000 2.6§ 8y4°° -877 -380 12,000,000
el et [ v nés RS sor | Siee peid o7 12384000
-02 : T.072 3400 LI03 Relriid . 4,506,000 g , B =397 5 2
D2 . 1.103 3,500 WIFL .07 ; 5:0.10:000 2.74 g,gcﬂ .93?;5' .40? Iz,gzg,cuo
o2 1.135 3,000 1180 w078 55184,000 2y $800 95 415 13,672,000
.02 L1367 3,700 . &5 o8z 5,328,000 2-80 1900 974 .42 12, é , 000
02 £.198 ! 3,800 -199 .o86 5,472,000 2-34 9,000 I1.000 433 12,060,000
.02 1.234 3,000 .208 0G0 5,616,000 :‘!, Vi 9,100 1.022 343 I3,Iog,uoo
.03 ! 1.36o 4,000 218 004 5,760,000 2.G0 9,200 I I.ogg ! .4gz 13,24'1,000
-3 1.297 45100 228 009 5.504,000 _2)915 2,300 I-OSS 40T 13,3961000
.03 .323 4,200 -23G .104\. 6,048,000 ~-9(,; | 9,.!.00 1037 ) .4gl I3,gg Nelah]
.03 1.355 4,300 249 .108 6,192,000 3.0 g,goo L.Iro 481 13,8 o000
.03 .1.386 4,400 260 113 6,330,000 3—0?8 9,600 T.132 -490 13, ;g,ooo
exs 1.418 4,500 ; 271 .I17 6,450,000 3-0 g,éoﬂ I-I_)g -390 13,968,000
.03 1.449 4,600 282 122 6,()21,000 3-99 g,800 I-’E’] .31 14,‘1‘];,000
.03 1.481 - 4,guo ' 264 .27 2,765,090 2;; Ig,ggg | i...:; g, gz ij,;go,ggg
04 1.312 4,800 i .305 132 012,000 . : y .2 57 ,400,
PR S B oS 54 e oSl Ta | feme | Ea 55 i
<O . I.57 5,200 -329 .143 7,200,000 . B 272 .3 5 ,
a3 L nbod sjroo .342 ,14.3 7,34:42000 3'2g 10,300 1.296 .56 14,332,000
.04 1.630 5,200 354 154 7,488,000 3.2 18,400 i.321 -57 14,976,000
! : i




116 FLOW OF WATER.
THIRTY-SIX-INCH PIPE—CONTINUED.
Tod g% 7S U.S. Gal
L =N - . 3 oA -
'I"Ei EN § Gallons FRICTION HEAD "ons delivered
-E,E: Eh] ‘S.Ed‘% discharged i per
TEES | G per twenty-four
Preae I3 ' - .
ﬁg gx =T A, Minute. | FEeT. Pounps. Hours.
i 3.31 10,500 1.343 33 15,120,000
1Y 3.34 10,600 370 .39 15,264,000
.18 3.37 10,700 1-39% 6o 15,408,000
.18 3.40 10,800 1.420 Gz 15,352,000
.18 3.43 10,900 1.440 .63 15,606,000
19 3.46 11,000 Le472 04 135,840,000
.13 3.5 11,100 1.408 .65 - 15,984,000
.19 3.53 11,200 1.524 .6h 16,128,000
.20 3.56 11,300 I.350 by 16,272,000
.20 3-60 11,400 1.597 .68 16,416,000
.20 3.63 11,500 1.604 .bg 16, 560,000
.21 3.66 11,600 1,631 7T 16,704,000
2X 3.69 11,700 1.638 .72 16,848,000
22 372 11,800 1.686 .73 ! 16,092,000
22 3.75 11,900 3773 74 17,136,000
.22 3-78 12,000 ! 1,741 -75 17,280,000
.23 3.81 12,100 1.76g 77 X7,424,000
.23 3.84 12,200 17938 78 17,568,000
2 3.87 | 13,300 1.827 =79 17,712,000
24 3.0 | 1z4o0 | 1835 8 17,856,000
24 3.04 12,500 1.885 Sz 18,000,006
.25 3.97 12,600 1913 83 18,144,000
2 4.00 12,700 I.043 84 18 288,000
25 403 12,800 1.973 85 18,432,000
.26 4.06 12,000 2,003 Sy 18,576,000
.26 4.00 13,000 2.033 .83 18,720,000
.27 413 13,700 2,664 .8g 18,864,000
27 416 | 13,200 2.095 .91 ! 19,008,000
.27 419 I3,300 2.126 .02 19,152,000
2§ ¢ 4.23 1 13,400 2,157 .04 19,296,000
.28 1-26 13,500 2. 188 .95 19,440,000
29 4.29 13,600 2.220 .90 19,584,000
.29 432 13,700 2,252 g7 19,728,000
.29 435 13,800 2,284 .59 19,872,000
30 4.38 13,000 2.316 L.oo 20,016,000
.30 4,41 14,000 2,348 1.02 20,160,000
3T 4edd T4,100 & 2.38r 1.03 20,304,000
.31 4.47 14,200 ¢ 2.404 1.04 26,448,000
32 4,50 14,300 2.447 1.06 20,592,000
.32 4.54 14,400 2.481 Loy 20,736,000
.32 4.57 14,500 2.574 1.09 20,880,000
-33 4,60 14,600 2.54 110 21,024,000
.33 4.63 14,700 2.582 I.1z 21,178,000
.34 - 466 14,800 . 2.617 I.13 21,312,000
.34 4.69 14,900 2,681 L5 271,455,000
.38 4473 15,000 2.686 L.I7 21,600,000
.35 456 15,100 2721 108 21,744,000
- 2,730 21,888,000
2.792 22,032,000
z.827 22,176,000

2,863
2.859

22,320,000
22,404,000

FLOW OF WATER, 117
THIRTV-SIX-INCH PIPE—CONCLUDED.
EER: B U. 8. Gal
@ 8,2 E5E . 8. T I B . 3. Gal-
&:Ei B g g Gallons FRICTION HEAD. lons delivered
HEed | TAas | discharged per
TEES| S 0¥ per twenty-foar
;EJ ) g . :>p3_“a 5 Minute. ! FrET. Pounbs. Hours.
i
.38 4.6 15,700 2,036 : 1,27 22,608,000
.30 4.99 15,500 2.972 i 1.2¢ 22,752,000
+39 5.02 15,000 3.00g : .30 22,800,000
.40 5.03 16,000 3.0456 I.32 23,040,000
40 508 16,100 3.084 I.34 23,154,000
43X 5.1 16,200 3.121 L35 23,328,000
-4X 5.14 16,300 3.159 .37 23,472,000
4z 3.13 16,400 3.197 1.38 23,616,000
2 .21 16,500 3.235 I.40 23,700,000
43 324 16,600 3.273 .42 23,004,000
.43 527 1 1600 ' 3312 1.44 24,048,000
44 5.30 6,800 | 3.35L 145 24,192,000
-4 5-33 6,500 | 3.390 1.47 24,336,000
.45 5.36 17,000 | 3.429 1.49 24,480,000
.45 5.39 17,100 | 3.46g .51 24,624,000
.46 542 17,200 ' 3.508 I.52 24,768,000
.46 5-45 17,300 } 3.548 1.54 24,012,000
.47 5:49 17,400 | 3.58g .56 25,056,000
47 5-52 17500 | 3.02g .57 25,200,000
48 5.535 17600 | 3670 1.59 25,344,000
.48 5.58 17,700 ! 3.71x 161 25,488,000
49 5,61 17,800 L 3.752 1.63 25,632,000
45 5.04 17,900 | 3.793 1.64 25,776,000
.50 5.68 18,000 3.835 1.66 25,020,000
W5 5.7I 18,100 3.877 1.68 26,004,000
5T 574 18,200 3.91¢ 1.70 26,208,000
52 5.77 18,300 3,951 1.72 26,352,000
.53 5.81 18,400 4.003 1.73 26,496,000
.53 5.84 8,300 4.046 1.75 26,640,000
.84 5.87 18,600 4.08g .77 i 26,784,000
.54 5 GO 18,700 4.1%2 1.9 | 26,028,000
.35 3.93 18,800 4.176 .81 [ 27,072,000
.55 3.96 18,500 4.219 1.83 | 27,216,000
.50 5.99 19,000 4263 1.8g i 27,360,000
.56 6.02 19,100 4.307 .87 i 27,504,000
.57 6.05 19,260 4351 1.8 27,648,000
.57 6.08 19,300 ' 4.396 1.9T 27,792,000
.58 [N ] 19,400 4.44T gz 27,936,000
.59 f.15 19,500 4.486 1.94 28,080,000
.59 6.18 19,500 4.531 1.90 28,224,000
Lo 621 ¥ 14,700 4.576 1.95 28,368,000
LOx Gu2g 19,300 462z 2,00 . 28,512,000
b1 b.27 19,900 4.668 2.02 28,656,000
62 .30 20,000 4714 2.04 28,800,000




PLUNGER DISPLACEMENT
. . OF -
V- Duplex  Pumping  FEngines,

FOR

Fack Revolution .of the Engine,

AN U. S, GALLONS.

N THESE TABLES THE THREE PER CENT. SLIP ALLOW-
ANCE WILL USUALLY BE SUFFICIENT TO COVER THE
DISPLACEMENT OF THE PLUNGER RODS.
FOR ACCURATE WORK, EACH ENGINE SHOULD BE FIG-
TURED SEPARATELY, »

Oviginal—dA, ., TOWLAND,




120 PLUNGER DISPLACEMENT. PLUNGER DISPLACEMENT. =
DIAMETER OF PLUNGERS. DIAMETER OF PLUNGERS.
4 INCHES. 434 INCHES. 3 INCHES. 9 INCHES. ! 10 INCHES, i ¥ IRCHES.
; G ] PP oo o P w i 8 ] T oo P
CO R TR | DR | L R g BEl4s el A2 =2
T = = r = = P . = g = I = o = = I =
0L | R sl E T ER|E |78 1% % FEIR-EY IR TR A A L
a = e £ [ = 5 = o e e o~ T E_ L 8s T4 g G o
G, 54 | S5 w5 540 24 2 5 a =g = o . & wd S84 2.5 3 g g8 | u@
28| 5= | 2ul| BE| 8% | E5| ER| BS B¢ | PE g ‘s 5 | = |Eg| 5| PR | 22 | BB
85 | E8 | =5 | 8| 2% | =25 2R &% g5 | =8 2.4 SEl a2 A% (T8 22 A | F% | <3
R IR N IR R - (dE <4g AT =82 L AT =8 |94
n ‘ i ]
4. 8704  0.0261|0.8443 ‘ IIOI7 0-033[!!.0686 1,360 | 0.041 ! 1319 6412 717 ] ad74: 0.206 | 9.373
4.5 0792 | 0.02040.9493|; 1.2395 |0.0372 1.2023 || 1.530 © 0046 | 1.484 6.046 | 3 577 | £0.697 ; 0.321 | 10.370
5+ 10880 | 0.0326.1.0554| I1.3772 |0.04131.3350 || 1.700 | o.o51 i 1.04¢ 7-481 9-237 |¥1.520 | 0.346 | 1r.174
5.5 1 11068 | 0.0359;T.160p]" 1.5149 |o.0454/1.4005 || 1.870 | w056 | 1.814 S.018 g.897 | 12.343 | 0.370 | 11473
B. 1 1.3080 | 0.0302|1.20664, 1.6520 0.0496|1.6030 || 2.040 | 0.001 | T.979 3540 10.550 . 13.105 | 0.395 | 12.77F
6.5 | 1.4144 | 0.0424|1.3720] 1,705 ©.0537|1.7306 || 2.216 | 0066 | 2,144 g.083 11216 I 13.988 | o.420 | 13.569
7. r.§232 | 0.0457|1.4775 | 1.9280 ©.0578|1.8702 ;| 2.38 o071 | 2.309 9 618 11876 | 14811 | 0.444 | 14367
7+5 | 1.0320 | 0.0400[1.5830|| 2.0858 (c.0020|2.0038 1| 2.550 ooy ! o2.473 To.152 12,535 || 15.634 | 0.459 | 13165
8. 1.7408 : 0.0522|1.6386|| 2.2035 |0.0061,2.7374 || 2.720 | c-0d2 | 2.033 10,086 13.195 || 16.437 . ©.494 | 13963
8.8 | 1.8496 | 0.0535:0.704Y | 2.34I2 0.o702|2.2710 || 2.8g0 | o.087 | 2.803 11,220 13.855 || 17.280 0-518_ 6761
9. 15584 [ 0.0588|1.80906 ! 2.4785 100744 (2. 4045 -| 3.060 | o.op2 | z.968 I1.754 14,515 1| 18,102 | 0.543" ¢ 17-550
9.5 | 2.0672 [ 0.0920/2,0052 | 2.6:66 0.078512.5281 || 3.230 | .07 | 3.133 32,280 ! 15.044 15.175 | 18.925 | 0.568 | 18.357
10. 2.1760 | o.06353 2. 1107| 2.7543 |o.0826 2.6717 || 3.400 | %102 | 3.298 32,823 . 16.324 | 0-490| 15,834 | 39.745 | 0:393 | 19-135
I0.5 |2.284S 0.068gj2.2163; 2.8521 0.0868|2.8033 '] 3.570 | o107 | 3.463 13.358 ¢ 17.004 | 0.310| 16,494 | 20.577 | @.617 | 19.954
I1. 2.3926 | n.o718|2.3218|| 3.0298 |0.0009.2.938g || 3.740 | o112 | 3.628 13.892  17.634 | 0,531 | 17154 '| 2T.394 o.f42 | 20.752
E1.5 | 2.5024 | 0.075T(2.4273|| 3.1675 |0.0030 3.0725 ‘ 3.0T0 Font7 | 3.793 14.4261, 13.365 | o.5511 17.814 | z2.217 | 0.667 | £1.350
IZ. 2,611z | 0.0783 2.5320|, 3.3052 |0-0992(3.2060 || 4,080 | o122 | 3.088 14.560|; 19.043 | 0577 13-474| 23.039: 0.601 | 22,348
| 1 i ‘ 15.495 |1 19.723 | 0,592 | 19-133 |! 23.862 | 0.716 | 23.146
e 16.029 || 20.403 | 0612 19.793 || 24.085 © 0.741 ; 23.044
6 INCHES 7 INCHES. § INCHES. 16.5641| 2r.085  0.6331 20.453 |} 25.508 | @.765 | 24.743
- - - 17.068 | 21.765 | 0.633 ) 21,102 1) 20,331 | 0,706 | 25.541
' i | . X 17,632} 22.446 | 0.673 | 21.772 *| 27.154 | 0.815 | 26.339
4. 1955 | 9039 ' 1900, 2.665 | 0.080, 2.585|| 3.481|0.104 . 3.377 17. | 18.728| 0 56z | £3.166| 23-126 | 0.6q4 | 22,4352 | 27-070 | 0.83g | 27.157
4.3 | 2.204 | 0066 2.1381|°2.999 | 0w0go| 2.909(l 3.917|o0.117 | 3.799 17.5 | 10.279| 0,578 : 18.701 | 23.806 | 0.714 | 23.002 | 28.790 | 0.864 | 27.035
3 2.448 | 0.073 . 2.375 || 3.332 | 0.To0| 3.232|] 4.352 | .13 | 4221 18 | 19.830 o.505 | 10.235 | 24.456 | 0,735| 23.751 | 29.622 | 0.88¢ - 28.733
55 |2693 | 0081 2,612 3,065 |orto| 38551 4757 | o144 | 4643 ; | | ] i P
o, 2.938 | 0.083 ; 2.850 i 3.99% | 0.1za| 3.878° s5.222 | o157 | S.005 = —
6.5 |3.183 10.095 3.088:| 4.330 |0.730| duzor,; 5.657 o.tyo | 5.487
7. 3.42% ' 0,103 0 3.325 i| 4.664 | 0.240| 4.524| G.002| 0.083.] 5.909
7.5 |3.b73 o110 5.363 | 4998 | o.xgo| 4.843)0 6.528 | o.1g9h | G331
8, 3.917 ' owu17  3.800 || 5331 |exbo| s.a71|| 6.963 | @209 | 6.754
8.5 | 4162 | j 4037 || 560 lo.a7o| 5.494|| 7.395 | @222 | 776
9 |4~407 ‘0-132 4-275 . 3.997 j o130’ 5817 7.833 0235 | 7.508
9.5 | 4652 |o140 | 4502 || 6330 | oo1goi Gor4o) 508 | 0.248 | B.ozo
10 4807 0.147 4.750 | 6.663 | o.zo0| 6,463 S.7b3i02b1 | B.442
0.5 | 5.0142 | ©-I54 ‘ 4.688 || B.gg7 o210l O.737 | §.139 o.274 | B.803
IT, 5.386 | 9.762 | 5-324 || 7.330 | 2220 7.1I0|] 0574 287 | .287
1I1.5 3631 | 0.16g | 5.402 ‘ 7.603 | 0.230] 7.433! 1o.009|o.300| g.703
12, 5.876 o010 5700 || 7.006 Co.240| 7.780:| 10,444 | 0.313 ¢ x0.13T
12,5 Dur2y [ 0.183 | 5037 | 34320 j o250 Boyg|| 1e.870.0 0.326 | 10.533
I3. 6.366 | 0.191 | 6,175 (| §.662 | o260, S.402|| 11.314| 0.339 | 10.973
13.5 | B.br1x ‘ c.108 " B.413 || 8.996 | o.270| S.726| 11750 | 0353 | 11.397
14. 6.8535 ! o0.206 | 6.649 || 9.329 0.280| ¢.045:) 12.185 | 0.380 | 11.819
14.5 7,100 | ©.213 | 6.387 || 9.602 .zgo| o.g7z|| 12.620 | 0.379 | 12.241
135 7.345 ‘ o.2zo ' 7123 | 9.995 | ©.300] 0.605|| 13.055: 0.302 | 12.663
15,8 | 7.590 ' 0.228 | 7.30z ||10.328 ' 0.310, r0.018|] 13.490 | o.405 | 13.08;
6. | 7.835 | .235 | 7.600 | 10601 : 0,320 10.341] 13.925 | 0418 | 13.507
16.5 8080 | o.242 | 7.838 ||10.095 | 0.330| 10.665. 14,361 | 0431 | 13.029
7. 8.324 | 0-250 | 8.074 ‘|1r.328 | 0.340| 10,988 14.796 | ©.444 : 14,352
17.5 | 8.569 |o.257 © 8.312 |[10.661 | ©.350" TL3IT|| 15,231 | 0.457 | 14.774
. 8.814 | 0.264  8.550 ||1T.0994 | 0-300 11.634|| 15.606 |0.470 | 15.196
| '




NT. 123
122 PLUNGER DISPLACEMENT. PLUNGER DISPLACEME!
- D
DIAMETER OF PLUNGERS, DIAMETER OF PLUNGERS.
; - - . i ES.
i 12 TNCHES. “ 14 INCHES. ‘ 16 TNCHES, | 18 INCHES. ! 20 INCHES. |‘ 2|1 mci{ i _
—_—— — - - - —— ; i — : Ted | rz PR
] g = o =L | k=3 ==} T L [ = - — o - =
5 oAy B | 2SR | B TG £ e [E S R R s
& S| EB || § I TANE EC N ‘ £ ‘5 Lg2| 2202 g2l 23 & g Fuo
2 Zal od |l 54 |8 oe B, 8a fs B, Bs B8 wE il Ba 58| F | Be 28| 8E
5 4 g5 B3| BEEF BE | Sf) 2L | 3k g8 |25 59| PR | 2f g7 E2 ) AB[ET . dE
ES Esj BB |82 | Ba 5B || 52| 22| B8 Bs a2 1By 58 || 3R | 2¢ E:a‘ ig 25| 8%
5E SE| B 2= el g S| £¢ 72 | AE -':a|5m, Ak gE] ZE || A 8| <8
- < 3 = i A < =4 | = <& ; A o , A N - |__ E]
! I | - I | . i ‘ & 5. 65.85 | 1.98 | 63.85
g i | 1(5).269 o.470 Ig.lgg ‘ :x.gzg o.ggu. ;0.683 | 37.8§ ;).24 - . B ;;ﬁ | ; 731 25‘7& Go.13 | 207 57_05—-
3 I0.049 0499 10145, 22,058 0.6507 21.075 " 20,55 . 0.8g 2081 n.80 | sRos|] p2.42 ] 2.37 . g0.25
9 17:.6:8 0.529) 17.099 | 23.99I 0.720 23,271 3L.32 | ©.04 | B2 | 1.88 | D08 || 7571 | 227 ‘ 7444
.8 ¢ 1&.507-0.558“ 13.049! 25.39_,4 0.760 3‘_*-5?4 ‘ §3.§6‘ c.9g ! 63.35 | .96 | 63.32 || 79.00 | 2.37 | 76.03
10, 1.587 ©.588 13.999 || 26.637 o.300. 23.8_?7 1 34.80 104 oo | 204 | 65.96| B2eol| 247 79.82
10,3 | 20.566 0.017 19.049° 27.990, 0.840‘:'.7.):,0‘ 32.54 .10 oz 2.2 | GRbo | Sged | 257 83.01
I, 21.543 ‘oA646 20.80p | zg.322| 0,850 23.4431 38.25 . 1.j5 ‘ 734 220 | 7124 || 5838 | 287 86.21
L5 22.325 c.?ff{a zr.g'o.;();‘ ;}o.t’;ég oAg(zjo 29.7§§ 40.02 1.20 | 7036 | 205 | 72.881| oza7| 2.77 | Bo.40
12 | 23.504 0705 22,759 || 31.588 0,960, Tzl igngb s 78.38 | 237 | 76131 | d5.48| 2.86 i g2.60
2.5 21}.4 3, 0734 23.749 :33521‘ T.000 32%“1: 4%50‘ 1.32 ! §1%0 . 2.45 | 79.15| o735 2.96 95_73
13. 25.463 ic;.7,'64i 24.699” 3._1.654 1.0‘8;0 33614 4_,.2§ 736 ¢ Saza 263 | Br7g |10zt | 306 ‘ 35-9
135 | 26.442 0.793) 25.649 || 3;r987| 1080, .wg-t)cz'1 4;-{ 1.4(1) ‘ S7.04 | 2.01 | B4.43 | T05.33 | 3.56 | o217
T4 27.421 ‘0.623' 28.509 37-319] 1.120' 36,399 'f 7é| 1.4 ‘ 876 | 2.60 | 87.07 || 108.63 | 3.26 ' 105.37
14.5 - 28,401 |0 852 17.549“ 38.652 1160 37.492° 30.4 L5t 92.48 ' 2.77 | 8g.7r | 111021 236 | 108,56
15 2ade olrlatag 3‘3'985‘ pzen 38‘7.‘?3 P IEZ g5.20 2,96 2.34 || 135,21 | 3.46 | 1IL.75
15.5 | 30-350 O.01I 20.445 41-3f51 l-zgo 40.07 .ESgg . 1-6- | 97.92 | 2.94 | 94.98'| 118.50 | 3.36 | 114.94
16, | 31.339 |0.940 30308 | 42,651 1.280 41377 3568 1 167 16064 | 302 | gr.62 || 121,79 | 305 | wrfrs
16,5 32.318 o.976 3[.348} 43.084 1.320 4:.6?4 B7dz 72 | 105.36 | 3.10 | 10026 i 125,08 | 3.75 | 121.33
17, 33.2g7 0.999] 32298 145,310 1.359 43.957 39-16 I-g? : 106,08 | 3.18 | roz.90 1l 12838 | 3.85 | 124,52
S | gy o st | S0l 00 assey Gogo . 1y | onss |36 | togaa| ety | ok | sy
18 | 35285 | 1,958| 34.19 [| 47-952 . 5439 40.5437 O2.64 ¢ 1.88 . 11752 | 3.35 | 108.17 || 134.96 | 405 | 130.91
185 zb.235 T.0By 35.148 || 49,315 1,479 47.835 6438 1oz 11624 | 343 | 110.81 || 135.25 | 413 13410
9.4 37215 IR0 36.098 | 5 643, 1.510, 40.129 |66.i2 LGS 116.-96 351 | 113.45 | 14154 | 425 | 137.30
19.5 | 38194 1.:4? 3Z.o4s -3 gb” 1,550 :,o.i:zi 27'.‘3'2; 2.04 | 110,68 | 3.35 | 116.00 || 14483 | 435 | 140.43
20-_ 39'173!1'I7J 3/'998| 5‘3-?13‘ I-g?g SL7T4; 9-_’ [ 122.40 | 367 | 13873 || 14803 | 442 143.6g
20-5  40.I53 ' 1.205| 35.948 || 54.546 1039 53.007 71-.13 2.14 125102 | 2.75 | 121.37 || 156042 | 4.54 | 140.8
2. | 3TI32 123430808 | 55079 1675 sij00 7508 zag 12784 | 381 | tado0 | 1aqgs | abd | 150.07
213 ‘42'1“ 5203 40343 257,312 n.p1gl 503, 7382 204 ‘ 130.56 | 3.92 | 126.64 || (5800 | 474 | 153.26
22, 43-0G1 | 1.293| 41,795, 5'645.- il 56.8&6‘ 76.56 | 2.30 $33.98 | 100 | 12928 |} sbr.zg | 4.84 | 130,45
225 44.070 '1.522|42.748 || 56.978; 799 58179 78300 2:35 ibioo | 4.0% L 13502 || 164 58 | 4.94 | 159.64
o3[ 45 Tag 43'692 ba310 "229 ég‘fg’ I;O'E'é 20 138.72 | 4.16 | 134.56 1| 167.88 | 5.04 | 202.84
235 46.029|1-3BI 44.648 ‘62-0f3‘ 1879 Go.764; br7b 2.5 | 1444 | 424 | 137.20 || 1717 | 5e14 | 266.03
24, ° g47.008 | r.410 45.59b|| 63.976: 1.919 [::Ans,:_l‘i_q;.sz | 251 14456 | 432 | 130-34 || 174.46 | 5-23 | T69.23
! : : 146,85 | 4.41 | 142.47 117775 1 5-33 172-32
- 117.54 |[ 149.00 : 4.49 | 14311 1| 18104 5-43 173-81
£32.32 | 4.57 | T47.75 || 184.33 | 5.53 | 173.80
155.64 | 405 | 130,39 || r¥7.63 §-63 Igz~°°
123.96 || 157.76 | 4.73 | 153.08 ||.2g0.92 | 573 ) xBg19
126.70 || 160,48 | 4.81 © X55.67 | rg4z1; 583 | 1883
128.23 || 165.20 | 4.90 lsﬂ-soi 197.50 | 563 | 19T-57
\




124 PLUNGER DISPLACEMENT.
DIAMETER OF PLUNGERS. 7
_ 24 INCHES. H 206 INCHES. | 30 INCHES.
; 58| 24 pi| 42 | 5 | 22
EOE  TRlEn||§ 178885 B 9%
- ™ = b o - = Q. - -
B | Ea B8 o || BalBs| W5 By B8 0y
TE 58 |E0| FE || 28 | gV #2 | =5 | £% | 2%
BB 15T |E2| BE )l BT |E£| g Bg | Bs | BB
%3 |--nc SE| 52 A% |55 B £ 25 | B
= [=) <3| 43 |l A 8| <F R R &
i T I
16, T25.33 ;| 3.50 1 121,87 || 147.09 | 4.4x | 142.68 || 195.84 | £5.88
16.5 | 129:25 0 3.88 | 125,37 || 15160 | 4,851 147.14 zor.g6 | G.06
i7. I33T7 | 4-00 | 120,17 || 15620 | 4.69 | 13T.60 || 208.08 | 6.24
17-8 | 137.08 | 4.11 | rg2.97 || 180.88 | 4.8 | r36.06 214.20 | 6.43
8. f41.00| 4,23 | 136.77 |{ 165.48 | 4.96 | 160.52 || 220.52 ] B.6T
18.5 [ 1d44.92 | 435 | T40.537 |j 17008 | 5.70 | 104.97 1| 226.44 b.9g STAND PIPES_
0. 143.83 | 4.47 | 144,37 || 174.67 | B.24 169.43 i[ 232.56| 6.98
19.5 | 152.75 | 4.58 | 148.17 || 179.27 | 5.38 173‘.89 238,68 | 7.16 .
20. 1%6.65 4.§o 151.97 zgg.Sg 5.32 1 Ié&.g5 244.80 | 7.34 b tat db
20.5 | I00.33 | 4,82 1 a55.77 1| 188,46 | 5,05 | 182.81 |7 250.02z | 7.53 : een state e-
21, | 104,30 | 4.94 | 159.57 || 193,06 | 5.79 | 187.27 /| 257.04| 7.71 TAND pipes are used,_as has d kes
ans | 188.42( 5.08 | 18336 || 197.66 | .53 | 19T.73 || 285,16 | 7.89 fore. where the formation of the ground ma
232. I72.33 | 5,17 | 167.16 | 202.25 | 6.07 | 196.7g | 265.28 | B8.08 R 2 natural I‘ESCI'VOir oY even
22.5 1§6.z3 5..219 : ch.gg 206,85 2.21 200.65 | 255.@ 2.26 1t 1mp0$51b16 to secure Elﬁ ot el i {I‘he best
23 120.I7 | 5.4Y | 174.7! 211.45 .34 | 205,11 | 281.82 .45 . theient elevation,
23.5. [ 284.08 | 5.52 | 175.56 || 216,04 | G.48 | 200.57 || 287.64| S.63 to build = tank at_ Su. £ erfect cylinder,
24. 188.00 5.6g xgz.gg - 220.64 2.6: 2L§.o;§ 293%‘2 3.81 form for a stand plpe is that of a P 1; d o1
24.5 | 191.92 | 5.76 | 186,16 ;| 223.24 : 6.75 | 218,45 | 209, q.00 . s1r efal, and 1s
25, |105.35) 538 | 18p.06 22585 | 6,55 | 222,04 || 306,00 9.18 as it best utilizes tl}e strength of the m1 ’e o
zg.s IQQ.gS g-ggalgs.f-g 234-43 | 7-03 227.z§g 31;.12 9.30 bhest to resist both internal and externa Ppress d-.
20. 203.07 | 6.11 ) 197.56 || 239005 | 7.17 | 231 ji8.2¢4 | g.55 . . H 1
26.5 | z07.58 6.23 301.56 243.6; 731 236,3; §z4.3g 973 As the object to b(—i: atiiamedt in us%llge Ir;ﬁgusrf?%f
27. 2IL.50 | 6.35 [ 205.1 I1248.22 | 7.45 | 240.7 330. 4 [ X33 . : he larces Q851
27.5 1315.42 | 6.46 | 208.95 | 282821 7.58 | 245.24 | 336,60 10.10 pipes 13 to secure t . g ﬁ make it available
zg. | 210.33 ’(?.58 21(2.75 227.41 7§z 249.69 34§.§2 10.28 water at such an elevation as wil 1 £ bt lj_t’
2za.5 | 223.25 | 6.70 1210.53 || 262,01 7. 254.15 || 348,84 | X0-47 M r ally o 1 -
2G. | 227.17 | 682§ 220.35 || 266.62 | S.00 | 258.61 || 354.96 | 10.65 the lower parts of stand Plpes are :LISll b trv it has
2G.5 | 231,03 | 6.93 | 224.15 27[.§o g.m 223.07 ‘321.08 10.83 tle 1se, and in some sections of the coun l’)fl 1 tod
30, |235.00 7.05 | 227.95 || 275.80 | 8.27 |267.57 ! 367.20 11.02 evate
3o 2389 77 23575 L2%0.g0 B41 27050 37552 120 been found cheaperbtp L5)1§Lce a tani{oc;rcll anO?qe gty
3r. 24283 | 7.29 |235.55 || 2800 | B.55|276.44 | 37944 | 11.3 ne, brick, iron or v
31.5 [ 246.75 | 7.40 239,35H289.59 8.6g | 280.90 || 385.56 | x1.57 StIUCture of sto ’, ." I moin the entfraving
32. 250.6; 7.g2 24%-‘5. zgg.:g gSg zgs.éé 391.38 I1.75 form of construction 18 show | lust at'on of
32,5 | 254.58 | 7.64 | 246.95 | 298.7 -96 | 289.82 | 397.80 | 11.93 1 e ulusiratl
33. | 238.50 ;.76 250.75 || 30338 | g.10 rogBBA 403.92 | 12.12 on the next_pager a'nd_a’llothe_r n th '
33.5 222442 787 25456 307.08 924 208.73 41004 1230 the stand pipe at Racine, Wis., on page 5o. .
34. | 266.33 | 7.99 | 258.34 i 312.57 | 9.28 | 303.19 |} £36.16 | 2.4 : : 1 e
34.5 |270.25 8.1x | 262.14 | 317.17 | 9.52 307.65 1| 422,28 | 12.67 ¢ The exact helght at which it 1s best to Stof,j d
35 te7e17| 823 | 265,00 || 32157 ) 963 suz.in | 428.40 | 32.85 supporting structure and commence the tank de-
35-5 | 275.08 | 8.34 : 260.74 || 326.36 | 5.79 | 318.57 || 43452 | 13,00 PP : f the particular form of
32. 2?2.00 245 273.54 {330.92 §.93 | 321.03 442.6% 13.22 pends entlrely on the cost o ne p N b found
36,5 | 285.92 | 8.38 | 277.34 | 335.56 | 10.07 | 328,49 || 448. ¥3.40 . . : cen
37. | 350.80 1 8.70 | 281,24 || 34015 | 102m | smas || e b g structure in the location @esued. It %S peen foune
37-5 129375 | 01 | 234.94 || 344.75 1 10.34 : 334.41 | 459.00 | 13.77 to be cheaper, in some instances, to bul a r
3 [29767 | s 3874 || 4935 10'45[338'8“ #0512 | 1395 cylinder from the oround, and in others to substi-
K = »

tute some supporting structure.
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ELEVATED TANK.
In northern latitudes the trestle may be enclosed.
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The thickness of material used in the sides of
stand pipes varies with the proportions of the pipe
and the quality of material to be obtained, and can
always be determined by the following formula:

SYXP XF.=T.
in which
= radius in inches.
— height reduced fo pounds pressure.
= thickness.
— theoretical tensile strength of matetial.
— per cent. of strength of whole sheet in riveted joint.
F = factor of safety. -

]
R
H
T
S
P

The last three members are dependent on the
first two and the material available.

It is now possible to obtain material—iron is
best, as being most uniform,—having a tensile
strength of 5o,000 pounds per square inch of sec-
tion. _

By recent experiments made by the United States

. Government, it has been determined that properly

proportioned, double riveted seams possess 75 Per
cent. of the strength of the solid sheet, and single .
riveted ones 66 per cent. These figures can be
taken as the values of P in these two cases.

The factor of safety to be used depends upon
proportions and situation.

A pipe of large diameter and exposed position
should have a larger factor than one of small diam-
eter in a protected location,

It is never safe to use a iess factor than three,
and 4 has been adopted by us as a standard. i

TUnder these conditions, according to the formula,
a stand pipe 25 feet in diameter and roo feet high
should have a thickness of 0.6g3 inch at the bottom
and gradually decrease towards the top.

To follow out the formula literally for stand pipes
of small height, the theoretical thickness would be
reduced below practical limits; the following tables

" have therefore been prepared, in which the first

column gives the diameter in feet, the second the
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capacity in United States gallons per foot in depth,
the third the minimum thickness for the top of the
stand pipe, the fourth the distance from fop it is
safe to single rivet the vertical seams, the fifth the
distance from the top it is safe to carry the mini-
mum thickness, and sixth the thickness to add to
the minimum for each additional five feet below the
point given in column five.

It is feasable to obtain sheets that will “huild”
five feet each, and it has been so assumed in these
tables. ’

The decimals of an inch can be transposed into
the nearest wvulgar fractions, or wire gauge, by the
use of the table given. Many mills arc now rolling
sheets by decimals, rather than any other way.

There have been 2 few failures of stand pipes in the last year, but the

reasons for such failures are easily traceable, and have been found to be
either in poor material, or workmansbip, or both, or in faulty design.

()

STAND PIPES. . 123

STAND PIPES.

Tensile strength of material, 50,000 pounds per
square inch. ' )

Horizontal seams single riveted. ‘

Vertical seams hoth single and double riveted.

Double riveted 'seams 75 per cent. as strong as
the whole sheet. _

Single riveted seams 66 per cent. as strong.

Factor of safety, 4.

Fach sheet to build 5 feet.

|

~ " N =1} E5x23
ﬁ BB 2R geiss
: g =4 g 2§ ‘ e
e < E5 g2 EES | gFang
= ] wE oRE HE g £ge e
2 Bl H -0 ‘Tl =S
g = . Eax 8rs §EL | EEves
3 2.4 £g SES | 28 | £.g:8
g 5 x5 faf | BEoZ | EEE5E
£ e =R /E% | 588 i gRIEW
A 6] = ] 1 A |

0.1455 63 ‘ 105 0069

L oo.a40% | 5B 90 0083

0.1455 5o 75 -00G7

0_1554 45 70 .OII{
0.1500 40 6o 0r235 -

0.1325 35 55 0139

0.1670 3 i 50 -orb7

0.1040 30 50 0104

o.2080 30 50 | o208

0.198g 25 | 45 -0221

0.2192 | 25§ 40 6249

o.2218 25 40 Q277

0.2440 25 . 40 -9305

0.2425 20 . 35 10347

0.2681 20 3% 0383

0.2496 zo | 30 0418

0.2754 20 | 30 -0459

0.2917° I 1 30 0436

0.3332 Ig 30 0555

0.3127 Io 25 0625

0.3465 10 23 -0693
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From the foregoing table the details of any stand
pipe can be readily determined, and tabulated, as
follows:

DETAILS OF STAND FIPE.

25 FErr 1N DIAMETER. 100 FEET IN HEIGHT.

N

g2 ! g8
- Tl g T s
d 282 5.5
g =3 @ g
J: 3 E ; g, _3"; g
842 53 gt
2 2zl E7 5355
Feet. Inches, Gallons,
L 5 0.2425% 18360
2 E 10 . 0.2425 36720
3 15 0.2425 55080
4 20 0.2423% 73440
5, 25 0.2425 01800
6 g 10 0.2425 ; 110160
7 & 3 0.2425 :
3 f L 40 0.2772 :
9 45 | ©.3119
o g 50 . ©.3466
g 55 0.3813
-3 %] ©.4100
134 65 ©.4507
14 g 70 C.4854
A 75 ©.5201
16 8 8o 0.5548
17 £ 85 03805
18 3 go 0.6242 i
15 95 0.6389
20 100 0.6936
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When the foundation or supporting structure
gives a pertect and uniform suppert to all parts of
the bottom, the latter will be subjected to a com-
pression strain only, and need not, therefore, be
very thick, but should have sufficient body to resist
caulking. This should be done on both sides be-
fore the bottom is lowered, and on the upper side
again after it is in place,

In such cases, with diameter of ten feet or less, the
bottom need not he over one-eighth inch thick, and
gradually increase with the diameter to one-fourth
mch thick, for fifty feet in diameter. When not
thoroughly supported it should be thicker.

In lowering the bottom into place, care should be
taken not to strain it, and a plastic bed of cement
or asphaltum should be provided.

. The foundation should be solid and of sufficient
bottom area to distribute the load according to the
nature of the ground.

The bottom and lower side sheet are best fas-
tened together with an external angle iron of suita-
ble size. This gives additional rigidity to the
whole, and leaves the caulking seams where they
can be readily seen.

Around the top it is usual to place a small angle
iren, to give it strength to resist external wind pres-
sure when empty, Sometimes two, or even more,
of these irons are placed at different elevations,

The weight or stability of a stand pipe should be
enough to resist, when empty, a wind having a ve-
locity of fifty miles an hour. When it will not do
this, it should be secured by guys, or anchor irons,
or both.

The following table gives the pounds pressure

~ per square foot of wind having different velocities.

In calculating the total pressure against a stand
pipe, estimate the full pressure per square foot due
to velocity, as acting on nine-sixteenths of the ver-
tical central section of the stand pipe.
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TABLE OF WIND VELOCITIES AND PRESSURES.

Velocity in miles per Yelocity in feet i}er Pressure in pounds per
hour. second. square foot.
1 1.467 ©- 00§
2 © 2,933 020
3 4.400 045
4 5867 .080
5 733 -z
10 14.67 500
12 18.33 781
15 22.00 : 1.1 25
20 i 20.33 < 2.000
2 36.67 3125
30 44.00 1.50
40 8.67 | 8.00
%0 73.33 | 12,50
Go 88.00 : 13.00
8o - : 117.30 ; 32.00
100 146.50 50.00 -

Weights of stand pipes can be obtaired as follows :

Figure the superficial area of the stand pipe of
given diameter for five feet in height; multiply this
by the weight of a square foot of metal of the thick-
ness of each -ing; add them all together and to that
the weight of the bottom, and then add ten per cent.
for laps and rivets, this being an average amount
for this class of work. o

The result will be the weight of the whole, and
the cost can be approximated by multiplying this
weight by six cents, as an average price per pound
for such work at the present time.

To obtain the weight of a square fcot of wrought
iron, multiply the thickness in Jaches and decimals

by 40.42.

PROPORTIONS OF RIVETED, LAPPED JOINTS,
FOR STAND PIPES AND BOILERS.

.%‘O-“é 5‘?3,5 g Prren Froar CeN-| B2 4
- g WipTH' oF Lap —| IEE TO CENTREOF| 38 4
i eSE 2 I RivETs 1¥  EACH ;;C"';;:
= 852 KCHES. Row— INCHES. e EZ
o = —_ [ i)
85, | g8 i i 257 |
3 2B g . Double ; ! Double | 8 .3
= .08 == D - - =1 hE)
Bgera v Sigle ot eding Single - piierin SEgE
Chao O =il Riveting. | o +% | Riveting. : 5% el =228
Eatwg | &7 =" Zigrag d-‘i S Zigagd| B3S o
| S [ b - 0 -
1 ‘ ;
Factor, 1.00| 1.67 ' ©5.67 G.0o | 4.50 7.00 1.33
[
o.10 ' 0.16% 0.567 Q.90 ©.45 . o.70 2.333
.15 0,230 o.850 1.35 | 0.67% 1.05

.20 ©.333 L1334 1.80 0.goc 1.40
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WIRE GAUGES, NOS. AND SIZES. 135
iTumber Birmingham orl Brown & ‘ Washburn & | Trenton Tron
- © | Stub’s Gauge. ‘ Sharpe's Gauge.] Moen’s Gauge, | Co.'s Gauge,
Inches. | Inches. ! Inches. ‘, Inches. | Inches.
=0 450
3 6o ‘ 460
i 56 ' | 430 -450
; &0 ‘ 454 | .4600C ‘ -393 460
N 30 425 1 40084 . 302 -360
o zo | .3% ‘ .36480 | .331 ‘ 330 .
ECIMAL EQUIVALENTS OF THE DIVISIONS B | Mo s B/ R
_OF AN INCH.—{¢ravES:) z .384 ‘ .257%3 .263 .265
. ' 3 v2gg L z2042 244 243
o ! F ; ; : T 4 o238 20431 .225 .225
1_3; 3'2;5,‘6}5 ;; & 5-64 1-2356‘ 2 & 164 5756 -4 & 164 | 7656 i g 220 18104 207 .20%
e 93121, 932 (-2812°|17-32 (5312 |25 I i .20 16202 19z IGO0
i & “64‘:332?: ‘;jg & 1-04 ;22? z%éz & my.?éég 2533 & 164 f}géé ! 7 .ISg 14428 .1?7 .I?S
1:12 & w64.0781 | 516 & 1y | 383 3—16 & 164 E;éi ‘ i;;g & 164 §;§f If- 3 165 L 12849 162 160
ER N e | B 3437|1932 3037 12732 Sar i 9 -143 11443 148 145
33 4 1235) i & 1—64-?;?3 1g-32 & 164 .?003 32 & 1-64] .8503 i 10 134 Jga018g 135 130
L8 & rhg 14o6) A8 & 1be | oot hE & ety | eose [ 8750 I IzZo Q9074 a1z0 . II7§
5“33& ‘ -1562‘\13-3: .42(,2!21.52 T :gégg ;ig 164 .8282 12 IS {alo] . .0B081 - 105 L1050
R 41708 0332 & g g8 ansz & 146708 | 20n & r6a| Gars 13 095 1 o7Igh |- 092 €925
e 16 ; 75| 7-10 . .43751|13-10 1.6875 | 15-16 9375 14 : oB2 _06408 oRo oRa0
i 4‘-;;%; z;?;&_ 164 4530 (o6 & 16y 7031|1516 & 1-64| L0531 15 i 072 05707 o7z 0700
) 3 i o ity : 072 . 072 .
Z:iz & 1—64‘.2§43 1532 & 164048432552 & 1G4l ;;;z §;.§§ & 164 ggﬁg 16 .0by | .o5wBz 063 0010
2500| Iz 5000} |34 7500 j1 1.0000 17 058 i 04526 054 . 0325
: — S 8 -049 .04030 .047 0450
H o Tt 19 042 033G 041 0400
X o . 20 . 03 033 035
. At the fﬁﬁeejnth Annual Convention of the Mas- ! e |o%s f;;é‘jrg .ggg _2;;3
I—elr Mechanics” Association, held at International . 22 028 02335 028 0280
otel, Niagara Falls, Tune 20 to 24, 1882, Mr. R. 23 023 02257 ozg L0250
H. Briggs, Master Mechanic of the M. & O. Rail- 24 02z 02009 073 0223
~ 4 2 02 WOI7 .02 02
g)ad: reported for the Committee on Standard Wire zg .§I§ 21;82 ‘ ,213 _21323
=auge, that it was thelr opinion that all fixed gauges 27 016 01419 or7 01730
and numbers should é¢ abandoned, and the Microm- 28 014 01261 16 - 01650
eter bhf‘-‘et Metal Gauge substituted as the Master 2 013 01126 0I5 01550
Mechanics’ Standard Wire Guage 3 o1z oroes 14 01450
By the use of this gauge ' : 3t 010 -00853 0135 01375
1} _ 15 gauge thousandths of an inch 32 000 00753 013 .01300
or less can be accurately measured; they are sim- 33 003 ool ! 011 01200
ple, durable and easily used. ] 34 007 .ooﬁgo : 010 01100
e zeport was mmanimausly adopted, and hore- 5| oms | omdn e | o
ESLIter the Master Mechanics will order all Wire, 37 00443 ooBzs
flef!t Metlals_, etc., by known thicknesses of fractions 3 200396 - I 00775
of an inch, instead of the old n " W 39 -00353 i.o0725
» umbers of “Wire 3 i 00314 | e0673

Gauges,” -
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JOINTS, .LEAD, ETC. 1

: JOINTS on cast iron pipes are made by first

packing the bottom of the bell, after the spigot

“is properly placed i it, with hernp, or other suitable

fibrous material, well rammed down, and filling the 1§

space to the back of the joint groove. The remain. '
der of the space is then filled with soft lead, poured
hot, whick should be evenly and thoroughly caulked

or hammered to piace. ‘
The amount of lead required varles in different
patterns of pipes, but usually one and one-half
pounds for each inch of diameter of the pipe will be
sufficient for a joint, without any further allowance .

for dross or waste, | )

Recent careful records of the amount of lead

used in laying fifteen miles of pipe of the foliowing
sizes give these results: —

; —

.

1
lLead per joint, allow- | L
‘ ing r¥ lbs. perinch |
i of diameter. |

Size oF Pree.

cad per jolnt actually ’
used,

4 inches. 6 pounds. | 6.5 pounds.
6 13 | 9 13 9.3 40
8 w i 12 i 11.8 “

10 I 1 1% e 13.9 T

1z & | & o« ‘ 15z«

Pipes that lay 12 feet each make 440 joints per
mile. Usually about 5. per cent. should he added
for extra joints made by gates, special castings and
hydrants, _

The weight of gaskets is about one-tenth of the
weight of the lead. B

The following illustration shows a pattern of lead
furnace, kettle and ladle, that in use has been.
found most convenient,

FURNACE, KETTLE AND LADLE.

HOWLAND’S LEAD




SERVICE PIPES.

SERVICE pipes, supplying the customers from
the main pipes, are made of lead, brass or
iron, in the latter case used either plain, galvanized,
kalamiened, tarred, oxidized, rubber-coated, cement
or glass-lined.

It has been decided by both the American and
New England Water Works Associations that lead
pipes are the most reliable and, in the end, the
cheapest. No authenticated case of lead poisoning
from the use of lead service pipes has ever been re.
corded. -

There are very few waters or soils that are inju-
rious to lead. In most cases a film is soon formed
in the inside of the lead pipes that both prevents
corrosion and the taking up by the water of any
lead in solution. : :

The same diameter of lead pipe will deliver more
water under a given head than any other. It is
casier handled and fitted into crooked places; is
not hurt in bandling, and is in all ways a most sat-
isfactory pipe, -

Next to lead pipes in value for services are seam-
less drawn brass or copper tubes. They are more
expensive than lead, but otherwise are unobjection-
able for this purpose.

Of the iron pipes, the kalamien-coated have given
the hest results. Any of the other coatings are lia-

SERVICE PIPES. 39

ble to abrasion, and thus leave the iren unprotected. .
Glass-lined iron pipes are dangerous to use, as

' minute flakes are liable to become detached, and

their way into the food or tumbler. '
ﬁnglils ironyhas been knov}rn to last, in some lo%alzl-
ties, for a long time, but it 1s not to be depven e
upon for over three to five years, and in many cases
€ss. ) .
muTCi};-lH;ed lead pipe, when the lining has suﬂimenl‘_c
substance to give a perfect surface, s a most exci-
lent pipe, and is free from all objection; 1]:}u'cd‘c e
pipe made and sold commercially as tin-lined 1s
ordinarily no better than plain lead pipe. -
The capacities of different sizes of service pipe,
as near as they have been ascertained, are given 1n

the following tables:




CAPACITY OF SERVICE PIPES. |

O\%mo#w of Water Service Pipes, one hundred feet in length, in gallons per minute, with’

| indi ., NELSON TUBBS.
4 diameters and heads as indicated. ]
_ .. . N . ft. 8o ft. o £t 100 it
{t. 5o bt Go ft. 7o : oo it
| L A et Sk e ITead Head, Ilead Head, 2ad, cad.
: Head, | Head, Head, Head. ead. " _
e T e e 1 e
; ; by b I T, 2 g,
g A g i g , e Z .y | 2 E g B g B g By
£ 4 al z & © £ 2 g £ | g E 42 gz - £z
7 =4 =1 “ = 5 = = = M) — = e
7m.m.hc mm mm 5 .8 .mm 25 | 24 H_OMJ g 5 2 &
Al =8 = A == = A = A ' 3 = Pﬂm 8 G &
| A g " 3 4 ] 8 L8 i &
1
- . J _ ) —
B 2,20 2.44 H 2.7 2.9
. .39 1.84 2.06 J21 7 9%
! 34 MMW . Mwm wAw‘w 3.78 4.23 4.03 m.oo m, w..uw 558
-2 <B4 4.68 572 By 7.39 S.0g 74 Lo rodd
“ 5 a9 .mw 4.03 T0.42 11.65 2,77 13.79 : ot . o
_ m\m mmw Hm“m& P13.27 T5.32 17.13 1897 wm.mw e 2423
_ [ Hm. 0 19,13 i 18,53 21.40 23.92 26.20 um_w_o = e
. 1 .qo No;.u 24.87 28.72 32,11 35.18 38, T ¢ B3
11-8 ~m.mm 26.43 32.29 37.37 4L.70 45.77 NM»M s ]
“_um S“ﬁ 33.54 41.08 47.43 %.8 mwmw ; qmumc . I o e
lem 20.48 4T.05 5I.00 58.96 . 6592 72, i : P )
e i i i er in the table by!
i i 1 hose given in the table, multiply the number in t Y
H sty is required for any other length, diameter and rom% 9.».: = : . : A
_ AHM&HM.M ._Mﬂ_umw_wﬁwmnmwmwﬁwwe Mm— m“M required _omﬁm— and the result will give the nmber of gallons per minute, )
10, A 3 3 z

ger s
Eryr P
i i 00T
i 1ge oz
og6 | zve i
G918 6°%1 . ; os
59 ob6 [ e : su
o6t eteg R o0
DRSS ] - Biie | e s
Peaan Toz | LUr . . . . el ﬂ
a1 frox o i
frzr Fro . o
S1°6 . ; o
ST
oT .
Sx .
| or.
| S

Alg2| w4l m| o= m] o Iy Tea : 73 ,
BEIEL ) SE | RE | gE B8 | 5E R | 5 |RE | wF | S| 5P 2 S 53 RE E
=2 =) A=} 7] LR [} L=y & i & 5 & = —_
Y= . & <3 2 ng Iy
5| vt | FE i w® | WE | n® | DE | 0 Vs | 8 | B2 | 8 g 5 | gE a B g
|[£2 | 38|57 | 25 23 Eo | £a &a  BE g | 28 | o] gg | Fo 28| ¥ LB
H S. | B 2 E g- |4 g Fl 2= | 5 a2 | g 3= & [ :
ECEdl et | BB B0 B Z 2 g 2 3 2 g =3 ]
Po BBy | A Bp ] RF gl 2| b g RLlER| &0 gElaC | 2] 5y
_ 0 Lo} I b 4 [yl 7 g L1 P L g -8 g = 0
4 R @ & & 3 Fi _ 4 & & & - ] 3 % @ Ea-
— . . . . . . ot o % ]
_I n. ‘_. _ :wﬂ e youg 2 by BT oug Hr _ yoaug 1 out B Uy 3¢ g
i STTIA V9 ‘Puesdg dad 3997 up ‘ady ur mog 10 f07A ospy enumiy dad uwum 0 5L b
3 I 1 T4 L . 1 1 3uenb |
::P:w Butdreyasip sadig toa] wesp a7 uslagp ut aAust 0 jeay oos yoed oy ik olonoyr

famssarg spuneg ur SSO[-UORIL] Il




142 THEORETICAL DISCHARGE OF CIRCULAR

ORIFICES OR NOZZLES, DIAMETER IN [NCHES. 143

QOF TUNITED STATES GAL~

Irlﬁ‘ ” ‘fﬁ‘ﬁ

IR
HEAD. : 2% | NUMBER
Papg
- L ;
LBS.| FEET. | 2§ | 116 | 34
_ phiw |
o 23411 38.58 .37 | 1.48
11 23.42 40,46 0.3¢ 1.55
Tz 27.73 42.26 0.40 1.6z
13 30.04 43.98 o4z | .68
4 32.35 4364 | 043 | 175
x5 34.66 47.25 0.45 .51
16 36.97 45.80 .46 | 1.87
17 | 39.28 30.29 .48 1 I.g2
1 430 3175 | 649 - 1.08
19 43.90 5317 .51 . 2.03
20 46.21 54.5% o.52 2,09
2r 48,52 55.90 0.53  2.14
22 go.83 §7.21 0.53 2.19
23 ! 5314 £8.50 .56 © 2.2
24 | 53.45 59-76 ' 0.57 : 2.29
25 87.76 b0.99 o588 233
26 6o.08 Ba2.z20 a.5g | 2.35
27 62.39 63.38 0.60 ; 2.43
28 64.70 64,58 0.6z i 2.47
zg 67.01 65.6g .63 | 2.51
10 69.32 66.8z 064 | 256
31 71,63 67.92 a.6s5 2.60
32 7304 60 0o 0.66 | 2,64
33 7025 ¢ go.07 0.67 2.68
34 78.56 7013 ab3 | oz.92
33 8o.47 72.16 0.6y | 2,76
36 83.18 7319 o.70 | 2.50
37 | 8549 7420 | o1 | 2.84
38 7.50 75.14 0.72 z,88
30 9o.11 76.18 ©.73 | 2.91
40 | G4z 77.14 | °.74 | 2.95
411 9473 73.1% 0.74 | 2.99
42 ' 9703 i 79006 | o735 | 3.03
43 99,36 | 79.99 | ©.76 | 3.00
44 ;10167 So.9r ©.77 | 3.10
45 ¢ 103,68 81.83 o7 | 313
46 ' 1ob.2 82.73 o1 | 3.17
47 i 108,60 53.63 .80 | 320
43 Io.gI 84.52 o.81 | 3.24
4G I¥3.2m 85.39 c.81 | 3.27
50 | T15.83 86,26 ° 0.82 | 3.30
[$3 117.54 87,11 a.85 ' 3.34
2 120,15 87.97 081  3.37
53 | 122.46 85.81 0.35 =~ 3.40
54 | 12477 89.04 | 0.85 i 3.43
53 | 127.08 g0, 46 .86 | 3.46
56 | 120.39 gr.28 0.87 | z.50
57 | 13:.70 qz.10 0.83 | 3.53
58 134.01 92.90 o.8g 3.56
59 | 130.33 93.70 | o.89 | 3.59
6o 138,04 9449 o.ga 3.62
6r | 140.95 95-28 .91 3-65
6z | 143.26 gh.og .9z | 3.68
b3 145.57 66,82 .92 3.71
64 | 147.88 97.59 | @93 | 3.74
6z | 150.19 98.35 | o.94 | 3.77
66 | 152.50 95.10 .95 | 3.79
67§ 134.81 59.85 0.05 | 3.82
63 | 15712 100,59 .96 | 3.8
b | rs0.43 © 10133 1 o7 . 3.88
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LONS OF 23f CUBIC INCHES DISCHARGED PER MINUTE.

| H |

3 ) % v | 1% | Y% | 34| 13 |1 | 2 |2 | 2% ‘ Pounps.

2| 72.2 | 944 11| 148 | 178 | =12 | 289 | 378§ 478 500 10
?;.8 ;3.7 ?)9.0 125 | 155 ‘ 187 | 223 ¢ 303 - 396 | soOf 619‘; T
53.3| 79.1 (103 131 | xbz | 103 | 233 | 317 | 414 | 524 | 647 12
Go.7} 82,3 jxo8 | 136 | 168 | 203 ; 242 | 330 | 437 545 673 13
63.01 85.4 | 112 ‘ 741 | ¥75 ] 211 | 281 ; 342 , 447 | 306 Gg8 14
6z.1| 88.4 1116 | 146 | 181 | 218 | 360 | 354 463 | 586 | 723 12
67.2| 91.3 ‘xzo i 15T ‘ 187 | 226 | =69 | 366 | 475 @ bos| 747 T
69.3° g4.T 123 | 156 ) 1oz | 232 | 277 | 377 493 623 I 769 Ig
71.3| 96.5 127 160 | 198 | 239 | 285 | 383 | soy 642 792 T
73-3| 99-5 | 130 ‘ 165 | 203 | 246 | 203 | 390 | 521, B55| BI3 19
753,102 T34 169 1 =og | 252 | 300 | 409 334 | 670 835 20
771104 [137 j 173 | 214 258 | 308 | 429 | 547 | 693 855 21
78.9|107 | 140 ‘ oy | 219 | 264 | 315 | 420 | 560 | 00| 873 22
So.7-10g . T43 81| 224 ! syo | 32z | 438 F 373 | 723| Be8 23
Bz.4|112 £sh 0 28g | 229 | 276 | 329 | 448 | 335 | 74T 914 24
84.x|114 | 149 185 | 233 | 282 . 336 | 457 [ 507 | 756 | 933 25
85.8 116 ‘ig2 193 | 238 | 288 | 543 ; 406 Gog | 771 952 | 2§
Sr.aj1rg 155 . 190 | 243 : 293 | 330 | 475 |6z2i | 780 o7ri 27
8g.of1z1 | 1538 200 | 247 | 208 355 | 484 | 632 | Boo 938 28
go.6l123 161 204 0 251 | 304 | 302 | 402 043 8i4 | £oob zg
Qz.2|T25 104 207 | 2536 30y | 368 | 5ot Ggq | 828 ] rozz | 30
q3.7|12 166 210 | 200 | 314 . 374 | Bog | 663 | 8427039 3L
95.2l12g | 16g 2741 264 | 310 380 | 517 | 670 | 856 | 1056 32
67131 171 217 i 268 | 324 | 386 | 528 686 | 86g | 1072 33
o8.2|133 174 . 220 | 272 329 | 392 | 533 Sg7 | 882 | 1038 34
99.6/135 177 223 | 276 | 334 397 | 541 | 7oy | Bgg 1104 32
01 137|179 226 2830 | 3358 | 403 | 548 | 717 ook ‘ 1120 3
oz 139 182 230 | 284 | 343 | 4oy | 556 720 | 920 | X135 37
104 |T4I 184 233 | 288 | 245 | 414 ‘ 563 | 736 | g3z TIgO 33
105 |143 |86 236 | 291 | 332 419 | 577 | 746 | 044 1385 39
106 1144 139 2391 255 | 357 | 425 1 578 ! 755 | 980 ‘ 1130 4o
108 [146 l1gr 242 | =g | 301 | 430 | 385 703 | 908 1108 41
xog [543 ‘193 245 | 303 ; 365 435 | 592 | 774 %o 1210, 4":
110 (130 W06 248 | 300 | 370 | 440 559 7831 991 | 1224 43
11z |151 193 281 | 310 | 374 | 445 | 506 | 792 11003 1238 44
113 |I53 ‘zou 253 | 313 - 378! 430 | 613 Ser to14 1232 43
114 155 1203 ath 317 | 382 | 455 | 620 | Bro  Toag | 1260 46
115 |r36 203 259 | 320 | 387 | 460 | 620 | 819 |1oz7 | 1280 47
xr7 [158 |zo7 362 | 324 | 301 | 485 | 633 | B28 |1o47 | 1204 48
18 [160  |z209 264 | 327 ] 395 | 470 | G4o | 836 |1038 | 1307 49
119 161 21T ab7 330 | 309 | 475 - 040 | 843 11069 | x320 30
g0 |263 213 270 . 334 | 403 | 480 | 653 | 853 [1180 | 1333 (33
120|168 |25 | =72 | 337 407! 485 | 659 | 861 1197 1346 52
1z3 (166|217, 275 | 340 411 | 489 | 666 | 370 |rroT | 1350 33
124 168 {219 2771 343 | 414 | 494 ; 67z | B78 jx1ry | 1372 54
125 169 @RI 280 346 | 418 | 498 | 678 886 [r122 | 1385 55
b [r71 |223 ¢ 283 | 350 | 422! so3 | (B4 | Sog 1132, 1398 56
127 (172 |22 285 | 353 | 425 307 | Ogo | goz (1142 | T410 57
128 (174|227 288 | 336 430 | 512 0 660 | goy iTr52 | 1422 g?
129 (175|229 | 2001 350 433 | 516 | 7oz g1y |TIbI| 1434
3o lrzz =231 203 7 352 | 437 s20 | 708 | 9235|117t 1440 6o
131 ‘178 233 .| zos | 365 | 440 3235 | 734 | 933 181 1458 81
133 180 235 297 | 368 © 444 | 520 | 720 ' 94I i1IQI | 1470 &2
134 181 =37 o0 | 371 ‘ 445 533 | 725 . 948 [1200 | 1432 63
135 (183 |z39 z02 } 374! 451 | 338 | 731 | 936 |1210 . T494 64

542 737 (903 12rg|T5e0 ) B5

136 |84 |241 305 | 377 | 453
742 | g7t 1228 | 1517

137 186|243 307 | 379 438 346

38 187|245 309 | 382 | 462 | 550 ! 748 | 978 [x238 ; 1323 tr
135 188 (246 517 | 385 | 465 | 554 | 754 | 983 ;1247|1339 ; 638
140 lzgo (248 | 334 | 38% | 468 | 553 | 759 [ 092 li236 | 1530 69




ORIFICES OR NOEZZLES, DIAMETER IN INCHES,

145

44 THEORET]CAL_D[SCHARGE OF CIRCULAR
5xE | - e
-HEAD. ‘ g E : 8 NUMEBER OF UNITED STATES GAIL-
| Sniaz ) |
LBS.| FEET | P 6 b | I
it R R s RN R
70 | 10174 10206 | . . 8, 6 ' 3
| 97 | 3.9t 73 | 15 LES 6z .
7T 104.05 | 102.79 ‘ 005 | 3.93 | 879 | 15.7 | 35-2 D623 ggg
72 | 166.36 o IOAT o ouhg | o396 | 235 | 158 1 334 63.3 | 98.7
73| #6867 | 10423 1 099 | 3.95 | S.97 : 130 - 357 | B3 99-4
74| 170938 104.94 ‘ I.oo | 4.0z 8.97 | 180 359 | 64.2 | 100
751 173.29 10565 1.0, 4.04 | g3 | 16.2 | 36.1 | 4.6 . 101
76| 175.61 . 10f.33 1.0t | 407 | oog | 16,3 36.4 | 651 | 101
77| 17792 107.05 102 | 4.0 g.15 | 16.4 30.6 | B5.5 | 102
78| 18023 107,74 1.03 | 4.12 g.21 | 16.3 36.9 | 03.9 | 153
gg 182,354 108,43 1.03 | 415 : 9.27 | 16.6 ‘ 37-1 | 664 |03
So| 184.83 IO0.1T o4 | 418 | 933 | 167 373 | 66.% 0%
81| 187.18 109.79 103 4.20 9.39 ; 163 37.6 | 67.2 | o5
Sz | 185.47 110.46 .05 | 4.23 945 | 16.9 | 37.8 1 67.6 | 10§
83! 19173 TIL I3 .06 | 4.25 9.30 | 17.0 | 38.0 | 62.0 | 106
8.4 194.09 - 111.80 1.07 | 4.28 9.56 | 17.1 | 38.2 63.4 ! 107
85| 156,40 11246 rar 431 : 962 | 172 33.3 | 68.8 | 107
86 | 198.71 I13.72 1.a8 | 4.33 .68 | 173 38.7 | 6oz | 108
87 b 201,02 £13.78 | ro8 | 430 | 973 17.4 38.9 | Go.6 | 108
551 203.33 ' Tr443 | rog | 4.38 9—79| 7.3 ‘ 39-1 | 700 | 109
89| 205.64 113.08 | 130 | gar | 681 | 175 39.4 | 70.4 110
90 | 207.93 115.72 110 | 4.43 289 ( 17.7 306§ 70.8 | 110
9r | zio.26 116,36 LT | 4.45 9.95 | 17.8 35.8 | 71z |1It
921 272.58 I17.00 T.12 4.48 | 10.0 17.9 | 40.0 71.6 | rrz
93| 214.8¢ 117.63 T.IZ | 4,80 - IO.¥ 3.0 40.2 | 72.0 | 1i2
94| 2i7.20 © 118,26 | .13 4.53 | 10,1 8. r 40.5 | 72.4 | 113
95 | 2x9.57 118,89 | 123 435 |10z 18.2 ‘ 40.7 [ 72.8 | 113
96 | 221,82 I19.5T | I.14 | 437 | 10.2 183 | 0.9 | 73.2 | i14
97 | z24.13 120,73 .15 | 4bo 10,3 P 184 4nx | 93,8 faxs
98 | 226,44 120.75 .15 | 4,62 ' 10,3 18,5 41.3 | 73.9 | 11§
945 | 228,78 237 LI0 | 464 ! 10.4 8.6 | 413 ¢ 749 | 116
Q0 | z31.06 12098 | T38| 4.6y i 104 18.7 41.7 | 74.6 | 116
01| 233,37 ' 122.30 17 | 4.69 | 10.5 18.7 41,9 | 75.0 | 127
1oz | 235.68 123.20 | 18 | 472 | 103 188 | 421 | 754 | 118
103 | 237.09 12380 18 | 4.74 |10.6 8.9 ' 42,4 | 75.8 ‘118
104 | 240,30 T24.40 L19 | 4.76 | ro.6 ] 19.0 42,0 | 7é.1 | 119
105 | 242.61 | 128.00 .19 | 4.7% |10.7 9.7 7 42.8 5 765 | 1ig
108 | 24402 | Tai.gg | Lzo | 4.81 |10.7 9.2 43.0 | 76.9 | 120
107 | 247.23 12618 1 120 | 483 108 19.3 43.2 | 772.2 | 1200
108 | 240.54 126,77 21 | 4.85 108 19.4 43.4 | 77.6 | 121
109 ! 251.86 127.36 r2r | 438 109 19.5 | 43.0 | 77.9 | =1
I10 234.17 127.64 .22 : 4.90 10.9 9.0 43.8 | 73.3 | 122
11T 256,48 128,52 .23 | 4.92 110 9.7 | 440 | 78.7 | 123
112 | 258,99 125.10 | .33 | 4.04 | 11.0 19.7 | 44.2 | 79.0 | 123
13| 261.10 129.68 L.24 4.96 | 1r.1 9.8 44.4 7.4 | 124
114 | 263.41 130.25 T.24 4+99 | 1,1 16.0 44.0 79-7 | 124
I15 | 265.72 130.82 125 | 3.0r |11z 6.0 44,8 | 8Bo.1 |1z
116 | 268.03 I31.39 1.25 | 5.03 |11.2 20.T | 44.9 | So.4 ; 123
117 | 270.34 131.95 ' 120 | 5o i1 20.2 | 45.1 | 80.8 | 1206
118 | 272,65 I32.51 - 1.26 | 507 |I1.3 20.3 45.3 811 | 126
119 [ 274.96 13307 | .27 | 5.00 | 11.4 20,4 ; 45.3 | 81.4 |72
120 | 297.27 133.63 .27 | Bz | 114 20.4 45.7 | 81.8 | 127
12T | 2570.38 134-18 28 | 5,74 | 11,5 20.3 45-9 | Sz.xr 128
122 | 281.89 13473 ' L.2g | 5.16 1.5 20.6 46.1 | 82,5 1 12
123 | 284.20 135.28 .29 | 5.i8 | 11.6 20.7 | 463 | 82.8 | 129
rz4 | 286.51 13583 | 1.307| s.z20 | 106 208 | 46.5 | 83.1 | 130
125 288 82 136.38 ‘ 1.30 | 322 | 1L.7 20.9 457 | 83.5 | 130
120 | 2g1.74 130,52 .31 5.24 | IL7J 20.9 46.8 | 83.8 | 131
127 | 293.48 137.46 1.31 526 5 11.8 21,0 47.0 | 84.1 | 1371
128 | 295.76 r38.00 .32 | 5.28 |11.8 21,1 47.2 84.5 | 132
1z | 2g98.07 138.54 | .32 | 530 | 1.8 212 474 | 848 122
130 300.38 1309.08 | 1.33 5.3z | 11.g 1 213 47-6 | 8o a3y

LONS OF 231 CUBIC INCHES DISCHARGED PER MINUTE.
R [ R
%‘/BE : JI% 1%|1;@ 6% | 2 f=3 2%|‘PDUND5.
| i i
4T | I9r ¢ 250 | 3310 | 391 (472 | 562 | 765 | 9991263 1561 7o
142 | 192 | =52 | 348 | 393 | 473 | 566 | 770 1006 |1274| 1572 7T
43 | 194 1 253 | 320 | 396 | 475 | 570 | 776 .y1o14|1283] 1583 2
144 | 195 1 235 | 323 | 399 | 432 | 574 | 781 lrozrlrzgz; v5oq 73
145 | 196 | 257 | 325 | g0z | 485 | 578 | 786 1oediszor; xbog ! 74
146 | 198 | 250 | 327 | 404 | 488 | 582 | 792 i71034'1309| 1610 75
147 | 199 | 260 | 329, 407 | 492 | 380 | 7o7 |1o41'1313| xéay 76
148 | 200 § 2062 | 331 ; 470 | 495 | 500 | Soz |1048 1327 1638 77
145 | 20z | 264 41z 1498 | 503 | Boy |1053 (1335 | 1649 73
150 | 203 | 265 415 £ol | 507 ' 833 |T0b2 1344 1689 79
150 | 204 | 267 418 | 504 | Go1 | B18 |1068 |1352| 166g B0
I51 | 206 [ 269 420 | 508 | 6og | 823 |1o75|r36r! 167 | 81
152 | 207 | 270 423 | sax ! 6o8 | 828 103z (1369 1690 82
153 | 208 | 272 425 | 514 ° biz | 833 1088 1377 1700 ¢ 83
I34 | 209 | 274 423 | 537 | 616 | 338 'ro9g:1386| 1710 ! 84
155 | zi0 | 278 431 | 520 | 620 | B4z l1101.1304| 7720 85
136 | 212! 277 : 433 | 523 | 624 | 848 |1x07 [1402| 1730 36,
157 | 213 | 279 H 526 | 627 | 853 |1T14 |1410| 1740 &7
158 | 214 - 280c | 354 1 438 | z29 | 630 | 858 |1120|141| 1750 88
159 | 213 © 282 | 336 | 447 ¢ 532 | 633 1 862 |1127|1427| 1760 89
8o | 217 | 283 | 358 | 443 | 535 | 637 ¢ 867 |ri33 (1434 1770 90
161 | 218 | 285 | 350 | 445 | 538 | 64x © 872 |1739|1442| 1780 91
10n | 2xg | 280 | 362 | 448 0 341 | Bad | By7 1148 |1450| 1790 92
162 1220 | 288 | 364 | 450 ! 344 | 648 | 881 |1r32 (1458 | 1800 93
163 D 2ax | 28g | 366 | 453 | 347 651 | 836 |1158 (1466 1310 | 54
w04 | 223 | 291 | 368 | 485 | 350 | 658 | Sor |7164|1474] 1820 : 55
105 | 224 | 293 | 370 | 457 | 552 | 638 | 8oy |1ryo|r4Bx) 1830 | 56
166 | 229 | 204 | 372 | 480 | 355 | 60z | goo 1176 1489, 1339 | a7
10y | 226 ‘ 296 | 374 i 462 | 558 | 665 | go4 -‘1132 1497 | 1848 5%
163 | 227 | 297 | 370 | 464 | 561 | 669 | gog 1188 1504 1357 %9
168 | 228 ) 299 | 378 | 467 | 564 | 672 | 914 TIu4|51z) 1866 | 10
160 2291 300 | 380 | 469 | 567 i 675 | 919 1200|1519 1875 | 101
170 4 231 302 | 381 | 472 | 560 | 670 | 923 |1zob|rszz 188% Toz
170 | 232 | 303 | 383 | 474 1 572 | 68z | g8 |r2rz|1534: 1803 103
172 | 233 ‘ 304 | 385 | 476 ¢ 575 | 685 1 032 |1218|1542 1903 104
172 | 234 | 306 | 387 | 478 | 578 | 688 ! 937 |1224|1549; 1912 Tos
173 | 233 ; 307 | 389 | 487 | 581 | 692 i oq1 |1230|1530] 1921 06
174 | 236 | 300 | 39T | 482 | 583 | 603 | 946 [1236|1564! 1930 07
175 | 237 | 310 | 392 ; 485 | 386 [ 693 | ggo 1241|1571 | 1939 108
76 | 238 | 312 | 304 | 488 | 580 | 7or | 954 |n247°1870| 1048 109
77 1239 373 | 390 | 490 | 59% | yos | gig ‘1253 °T386| 1037 1Ko
177 1 24% | 275 | 398 | 492 | 504 | 703 | 63 ‘12581303 | 1966 pe 'y
178 | 24z | 316 | 400 | 494 | 207 : 7rr | By (1264 100 | 1075 112
I79 | 243 | 317 | 401 | 495 | 599 | 714 | g7z jr270 1607|1934 113
180 | 244 | 319 | 403 | 499 | Goz | 717 g76 |1275 1614 | 1093 T4
181 | 245 | 320 | 405 | 301 | 605 | 720 | 9Ro 12811621 2002 175
18r | 246 | 222 | 407 | Sog | Go7 | 724 | 084 |1286 1628|2011 116
18z | 247 | 323 | 400 | go3 | 610 | 727 98g [12g92:1635| 2020 1y
183 | 248 | 323 | 410 507 | 613 | 730 | go3 12971642 2028 118
184 | 249 | 326 | 412 | 5og | 615 | 733 | 997 ‘1303 ‘1649 | Zo3b 119
134 | 250 | 327 | 414 | 512 | 618 736 [1o0r ‘13081636 2044 120
w85 | 251 | 228 | 415 514 | 620 | 730 |Ioo3 13141663 | 2053 I2E
186 | 252 | azo | 417 | 516 | 623 | 742 |1010 131911670 | 2001 | 122
187 | 253 | a3r | 439 | 518 | 625 | 745 [7ors 1325 1077 2obg ¢ 123
187 | 254 | 333 | 421 520 | 628 | 748 |1018 1330 1684 2077 | 124
188 | 253 | 334 | 422 | 52z | 650 | 751 |vozz 163351661 | 2086 | 125
189 | 256 | 333 | 424 524 | 633 | 754 |T026 ‘1341:16g97 | 2004 126
9o | 257 | 337 | 426 | 526 | 635 | 757 1030 11340 1704 | 2102 127
9o | 258 | 338 | 427 | 528 | 635 | 760 1034 ixg;rf;xy[l 211 128
T9r | 259 | 339 | 420 | 530 | 640 | 763 (1038 ‘rzg7irzr7|a1g 129
19z | 260 | 341 1 431 | 532 | 643 | 700 |Toqz 1362 1724 2125 130




146 SERVICE PIFES.

Ali services should be composed as follows:

f. A brass “corporation” or tee-headed stopeock
at the main pipe.

2. If iron service pipe is used, about eighteen
inches of lead pipe, with a brass union at each
end, to make a flexible joint.

3. A length of suitable pipe to the curb line.

4. At the curb line a_brass stop cock, protecied
by an adjustable box with a locked cover.

5. A length of suitable pipe leading to the inside
of the premises to be supplied.

6. A brass stop and waste cock, just inside the
cellar or building.

All service pipe work in the streets should be put
in by, and remain under the control of, the water
department. In no other way can works be intelli-
gently and safely managed.

Where all plumbers are allowed to tap the main
and lay service pipes in the streets, confusion and
irresponsibility are sure to arise.

The average cost of services is, in places where
the streets are not paved, $12.00 each, or, on an
average, about $1.00 per capita. This includes the
“corporation” cock, pipe from the main to the
curh, the curb box and cock, and the labor of tap-
ping and putting in the same.

With iron pipe, easy digging and narrow streets,
this may be reduced. B

PROPER SIZE OF MAIN PIPES.

[N determining the sizes of pipes necessary for

any place provision must be made for fire ser-
vice, and i order to give reliable information as to
the quantity of water and pressure needed for any
given fire stream, the following tables, taken from.
the work of A. P. Leisure and Geo. A. Ellis of
Springfield, entitled “Work done by, and Power
required for, Fire Streams,” will be found valuable.

This work has justly become a standard for en-.
gineers throughout the country.




WORK DONE BY AND POWER REQUIRED FOR FIRE $TREAMS, USING RUBBER HOSE AND
’ A r-INCH RING NOZZLE.

3 s . : Pressure in pounds required at Hydrant or Steamer to maintain given effective | 4, .
Effective .mqm.:n.:w uwucu,_so.:m_ .42.—:“& _ uwmmmgm_a at .Zauuwmwémnr different lengths of hose. Hb.nmnﬂ.:n
ressure at| discharged |dis. u.m.uor& dis., am"..ninn_. o _ T i i ) o . HUH.HM%.:—% at
Nozzle. |perminute.| Dy jet. by jet. oo ft, | 200 It # 300 ft. | 400 ft. | 00 ft, | 6oo ft. ] 700 §t. | 8oo ft. | goo ft. | rooo ft. ozzle.

10 6o 49 22 12 13 15 | 17 18 20 23 23 z5 27 16
15 74 59 32 17 19 2z | 24 | 26 28 31 13 35 | .37 15
20 86 X Gg 42 23 26 z8 3T . 34 37 40 42 45 48 20
25 95 ' 78 52 28 32 35 15 42 45 48 52 55 58 23
30 105 38 [ B 34 23 | a2 46 50 34 58 H2 50 70 30
35 113 T gb 79 40 4 49 |- 53 58 62 oy 71 76 81 35
40 21 105 73 45 50 36 61 ab 71 70 Bz 87 gz 4o
43 12§ 110 83 48 54 50 | . 638 70 76 82 87 o3 93 43
16 130 1333 37 52 |. 58 G4 50 76 32 88 a3 99 o5 46
44 134 119 gt 55 bz 68 74 8x 87 o3 59 106 T12 49
52 38 24 94 50 65 72 79 85 92 99 105 riz 139 52
55 4T 128 97 62 65 76 83 9o 97 104 1rT 118 125 55
58 45 133 10T 63 73 . 8o 88 95 T2 TI0 Tty | 125 132 58
61 149 137 105 6y 77 " LX 9z 100 108 110 123 131 139 61
g 753 T4T iog 1 y2 8o 84 g7 104 113 121 130 138 146 Gy
Gy 187 145 112 ;g0 8s 93 102 110 I 127 136 145 153 %3
70 6o 449 115 74 88 o7 tof | 175 124 133 142 IgI 160 70
72 162 351 117 81 9o 00 g | T8 127 136 146 155 1684 72
74 ’ 104 153 119 83 93 102 rI2 * 121 137 140 | 150 159 156G 74
70, 167 156 120 86 96 105 fr5 o 128 13§ 44 154 164 174 76

' 78 16y 158 122 88 98 108 118 128 138 148 158 168 178
Ro 17T 1ho H 124 g0 a0y 1L F21 m 13T 142 152 162 172 183
8z 173 16z 120 33 103 Ii4 124 135 I45 156 166 177 187
85 . 1gh 104 128 gt 107 8 129 ﬁ 140 150 | 16T 172 183 194
88 79 166 131 99 TL 122 13% T4 156 167 178 189 201
g1 1852 168 132 o3 114 126 338 b 140 16T 73 184 166 207
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WORK DONE BY AND POWER REQUIRED FOR FIRE STREAMS, USING RUBBER HOSE AND
I-INCH RING NOZZLE.

Effective Gallons | Horlzental | Vertical Pressure in pounds required at Hydrant or Steamer to maintain given effective | v iive

pressure at | discharged |dis. reached|dis. reached, | |_pressure .@.ouuwm :_|:~ mmm‘n,oﬁw:‘% of hose. . | pressure at
Nogale. |perminute.| by jet. _.uu. Jet. 100 £t | zoo ft. | 300 ft. | qo0 ft. | 500 ft. | Gooft. | 700 It. | Boo ft. | goo It | roooft. Nozle.
10 76 49 22 12 15 17 19 22 24 26 29 3T - 33 10
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20 o3 70 43 24 23 33 37 41 43 49 54 58 62 20
25 121 79 52 3 33 41 46 51 36 61 67 72 77 25
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WORK DONE BY AND POWER REQUIRED FOR FIRE $STREAMS, USING RUBBER HOSE AND
14- INCII RING NOZZLE,
. [ . i Pressure In pounds required at Hydrant or Stcamer to maintain given effective -
Effective | Gallons | Horizontal | Vertieal | pounds req yerant on = n gt Effective
pressute at| discharged |dis. reached|dis. reached: pressure at Nozzle with different lengths of hose, _._| pressure at.
Nazzle. |por rinufe by jet. by jet, i 100 ft. | 200 [t | 300 ft. | 400 ft. | oo ft, | 6oc ft. | 7uo ft. | Soo ft. goo ft. | 1000 ft. Nozzle.
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WORK DONE BY AND POWER REQUIRED FOR FIRE STREAMS,

1$-INCH RING NOZZLE.

USING RUBBER HOSE AND

DATIIOJS USALS UTEIUTELI O) X3LEIIG IO JUBY A ﬂ._ oIt wuk spunod ug 2aussas,
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Effective | Callons Vertical wnnmv::w in voEEm required at Hydrant or n;ﬁﬁ:ﬂ. to maintain given effective | .
pressure at | discharged is, reached pressute at Nozule with different lengths of hose. Bffective
Nozzle, | per minute. by jet. K P
oo ft. | zoo ft. | 300 ft. | 400 ft. | 500 ft. 7oo ft. | Boo ft. | goo ft. | 1000 ft. Nozzle.
10 114 22 15 19 z 2
s o S P w8
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WATER RATES.

ERY little uniformity exists in relation to water
rates. In some places they are based upon the
valuation of the buildings, or the valuation of both
building and real estate; sometimes upon the size
of the building, front width, stories in height, size
of lot, etc.; in other places upon the number of
rooms; in others npon the number of occupants,
and in others upon the number and kind of fixtures.
The introduction into a community of an abun-
dant supply of pure water should not be attended
with restrictions that render it unavailable for the
masses, and for this reason it would seem best to
have a low annual rate for one faucet in a house of,
say, five rooms, thus placing it within the easy reach
of the poor man. As the number of rooms, and
consequently the oppartunity for occupants and use,
increases, a small additional charge should be made,
and when the fixtures are increased, bath tubs, clos-
ets, sprinklers, etc., etc., added, a meter should be
put on, and all the water used paid for.

A system like this ought not to be objectionable,
as the poor man gets all the water he needs at a low
“cost, while the rich, economical man only pays for
what he uses, while the careless man has to pay for
what he wastes besides.

In cases where more than one faucet is used, and
meters put in, an annual minimum rate should be
charged to pay for the interest and repairs on the
meter, and for this minimum charge the customer

WATER RATES. 157

should be allowed to use a certain amount of water,
and any excess to be paid for at the established
meter rates. : )

In different localities these priceswill be different,
as there are not many places, probably, situated ex-
actly the same, or that can afford to deliver water
at the same prices. '

The prices charged consumers represents as near
as may be, the commercial value of the water used,
while the introduction of water in any place has

othex values, and a revenue should be derived from
them. .

First—For fire protection.

Secopdﬁ-For increased valuation arising from san-
itary and other causes.

Fire Protection.— An abundant supply of water,
under pressure, is of great valie to any place. It
reduces insurance rates and renders possible a dif-
ferent and more valuable class of buildings. For
this all property should be taxed and the amount so
raised paid to the water department or to the private
company, if the supply is furnished by one.

For sanitary and other general reasans a place is
greatly benefited by the introduction of water, and
all property should be taxed an equitable amount
for this.

In places owning their own works, there should
be three separate sources of revenue to the water
department: .

First—Water customer’s rentals.
Second—Hydrant rentals.
Third—A general water tax.

The first should be as low as possible, and be
reduced as consumption increases. The second
should be determined by thé number of hydrants
and be about the same from year to year, except as
the works are extended and more hydrants put in.
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The third should be smailer ‘than either of the
others, and enough to cover any deficit that there
may be.

Where private corporations supply the water they
are entitled to revenue from the same SoUrces; and,
as they assume the responsibility, and the amount
they receive from the last two, in the shape of hy-
drant rental, is usually a fixed sum, it should be
larger than when the municipality owns the works,
as the private corporation can not levy a tax to
make up any deficit. )

As an example of what might be a fair gschedule
of rates and hydrant rental in a place supplied by a
private comipany, let the following conditions be
supposed:

Population. — 10,000,

Supply. — River near the city. o )

System.— Pump, by steam, to a distributing reservoir.

Distribution.— 14 miles of pipe, 4 to 16 inches 1n
diameter.

Hydranls.— 140.

Cost gf works, — $250,000.

Hydrant rental paid by city.—$80 each; total, 171,200,

Cost of jfuel. — $5.00 per ton of coal.

Domestic rate.— One faucet in house of five rooms
per annum, $£6; each additional room, $1.
Annual minimum meter-rates.— $12.00, allowing 10,-
ooo gallons each quarter to be used; all in
excess of this to be paid for at a uniform rate
per 1,000 galions of z3 cents. Suitable dis-

counts to large consumers.

MENSURATION.

MENSURATION OF SURFACES.

Area of any parellelogram
Area of any tifangle .
Area of any circle . B
Area of sector of circle .
Area of segment of circle

Area of parabola
Aves of ellipse

Avea of cycloid . P
Area of any regular polygon

Surface of cylinder .
Surface of cone .

Surface of sphere . .
Surface of frustrum

Surface of cylindiical ring

Surface of segment . .

[

base X perpendicular height.

Dase ¥ 14 perpendicular height.

diameter X .7834.

arc X Y4 radius.

area of sector of equal radius, less area of
triangle. :

base X % height. ’

longest diameter X shortest diameter
X 7854 . .

area of generating circle X 3.

sum of Its sides X perpendicular from its
centre to one of its sides + =.

= area of both ends, - length X circamfer-

-ence.

= area of base | circumference of base X 3
slant height.

diameter? x 3.1415.

sum of givt at both ends X 14 slant height
- area of both ends,

= thickness of ring added to the Inper diam-
eter X by the thickness X ¢.86g8.

height of segment ¥ whole circumference
of sphere of which itis a part.

POLYGONS.

(W

[l

1. To find the area of any regular polygon. Square one of its sides, and
multiply said square by number in first column of the following table.
2. Having a side of a regular polygon, to find the radius of a circnm-

scribing circle.
second column.

Multiply the side by the corresponding number in the

3. _Haying the radius of 2 crcumscribing circle, to find the side of the
inscribed regular polygon. Multiply the radius by the corresponding num-

ber in third column.
Nuinber

o Name of Polygon,
Sides. e
Equilateral triangle
Square,

Pentagon,
Hexagon,
Heptagen,
Octagom,
Nonagon,
Trecagon,
Undecagon,
Deodecagon,

"
B 0D AN O b o

o

In the heads of the columns in 2bove table, S = Side, R

I 2 3 Angle con-
Area _ Radius  Side tained between

=82 x =8x =KX twosides
433 SB774 1732 6o”
I 707 1.4142 go®
1.7205 8307 L1750 108°
2.5891 1, I. 120°

3.0339 E.1524 5678 r28.57%
4.8284 1.3066 7654 1357
6.1818 T.4019 684 140%
76042 1.618 618 1447

93056 1.7747 .5635 147.27%
11,1662 1.9319 BI70 150%
Radius.




USEFUL NUMBERS FOR RAPID APPROXIMATION

(FAMILTON).
Feet . . X .oo01g = miles.
Yards . . % o006 = miles.
Links . . W23 = yards.
Links . . x .66 = feet,
Feet . . . . ® LG = links.
Square inches . . X 007 = square feet.
Circular inches . B X .ook46 == square feet.
Square feet . . X .1rx == square yards.
Acres . .X 4840 = square yards.
Sguare yards . . X .0oo2006 = Acres.
Width in chaius . . X8 — acres per mile, -
Cube feet . . X .04 = cube yards.
Cube inches . . . X .oco58 = cube feet.
1. 5. bushels . . . . ¥ .0o4g5 = cube yards.
T. S. bushels . . - . ¥ 1.2446 = cube feet.
. 5. bushels . . X zigo.4z = cubs Inches.
Cube feet . % .8a36 = U. 8. bushels.
Cube inches . . % .oocgt = U. S. bushels,
. &. gallons . % .13307 = cube feet.
U, 5. gallons . x 231 = cube inches.
Cube feet . . . X 7-45 = U. &, gzallons.
Cylindrical fect . . X 5.874 =L, 8. g‘aHODS:
Cube inches . . . K .co43zg = U, 5. gallons;
Cylindrical inches. s X -co34 = U. S. gallons,
Pounds . . X 009 = gwi.
Pounds . X .oco4f = tons.
Cubic foot of w ater X 62.3 = lbs. avoirdupois.
Cubic inch of water s % .o3bry == Ibs. avoirdupois.
Cylindrical fodt of water X 49,1 = lbs. avoirdupois.
Cylindrical inch of water ¥ 02842 == Ibs. avoirdupois,
U. S. gallons of water X 13.44 == I CWt.
C. S. gallons of water » 268.8 = 1 fon.
Cubic feet of water ¥ 1.5 = 1 cwt.
Cubic feet of water * 35.58 = 1 ton.
Cylindrical foot of water . X 6 = T. 5. gallons.
Column of water 12 in, high. 1 in. . dfameter . . - = .341 Ibs
183.346 circular inches . = 1 square foot.
zz00 cylindrical inches . = z cubic foot.’
French metres .  3.28¢ = feet.
Kilogrammes 2,203 = avoirdupois Ibs.
Grammes . X .oo2205 = avoirdupeis Ibs,
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WEIGHTS OF LEAD SERVICE PIPES.

HERE is but little definite knowledge concern-

ing the safe weights of lead pipes to use for

service, “there being a greater difference in practice
in this matter than almost any other,

We are engaged at the present time in a series of
exhaustive tests with lead pipes of different internal
diameters and thicknesses, and hope to be able to
furnish reliable data concerning the same in a short
time.

Our tests are being made as follows:

First, Tests of capacity of different sizes and lengths

under varying pressures, and with different
_alignments.

Second, Tests of uitimate bursting strength, pres-
sure applied (&) gradually and () suddenly.

Third, Tests of ultimate strength without stretch-

ing, pressure applied () gradually and () sud-
denly.

We have used the following weights on works
supplied by direct pumping, where the domestic
pressure is 8o pounds, fire pressure 1zo pounds,
and recorded water hammer has been 1go pounds,
and no pipes have burst,

Size Internal Diameter.

Weight per Foot. Thickness of Metal.

4 inch. 3 pounds 0.26 inches.
g " 4 [ ! 0-28 1
g o« 4 “ 8oz o.28 ¢
F 6 i 0.29 “
13 “ 9 “ 0.36 «

Whether these pipes are heavier than they need
to be or not, or whether they are correctly propor-

tioned for the different sizes, we cannot say, until

our experiments are completed.

-




Page 26:

ERRATA.

The Crib is 1,200 feet from shore in-

_stead of 1,500 feet, as printed,

Page 31:

Page 49:

Page 147:

The officers have been changed, so that
now J. W. Dimmick of Montgomery, Ala.,
is President, and Fred Crosby of Mont-
gomery, Ala,, is Secretary,

The number of Hydrants is 310 instead
of 30, as printed.

Mr. A. P. Leshure’s name is spelled
wrong. :
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