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PRiEFACE TO THE SECOND EDITION.

IN preparing the Second Edition for the press such errors as
have appeared in the original text and tables have been corrected,
and while it is not to be hoped that all have yet been eliminated
the continuous use of the book for over three years has failed to
develop others. Beyond an explanation of the derivation of the
last term in the Hazen and Williams formula, the changes are con-
fined to that part of the book devoted to the flow of water over
weirs, where some new matter relating to submerged weirs is pre-
sented in the text, and where the table of discharge by Bazin’s -
formula has been extended to cover variations of head by 0.01 of
a foot from zero to 6 feet, making in all a table of thirty pages instead
of the two pages in the former edition. A table of discharge of
high weirs 10, 20, and 30 feet, under heads from 6 to 20 feet has
been added and a new title page has been written, giving a more
correct description of the scope of the book, and the table of con-
tents has been extended. These additions have all been made in
response to requests or suggestions from users of the former edition,
and it is believed they will appreciably increase the usefulness of

the volume.
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INTRODUCTION.

TaE following tables show the flow of water in pipesand other pas-
sages, as computed by the Hazen-Williams hydraulic slide-rule, based
upon the formula

v=cr06350.540, 001 —0-04,

The most commonly used formula for determining the velocity of

flow of water in pipes and channels in the Chezy formula, namely

v=cV/sr,

where v is the velocity in feet per second, s is the hydraulic slope, and
r the hydraulic radius in feet. ¢ is a factor the value of which is an
approximation to a constant, but depends upon the roughness of the
pipe and upon the hydraulic radius and slope. The variations in the
value of ¢ are considerable, and make the general use of the formula
difficult.

Kutter’s formula was devised to compute the value of ¢ in the Chezy
formula. The value of ¢ so computed depends upon an assumed coeffi-
cient of roughness, upon the slope, and upon the hydraulic radius. With
the same degree of roughness the value of ¢ increases with the hydraulic
elope and with the hydraulic radius. This is because the exponents used
for these terms in the formula are below the true values. If the expo-
nents were increased to correspond more ncarly with the facts, the varia-
tions in the value of ¢ would become less. If exponents could be selected
agreeing perfectly with the facts, the value of ¢ would depend upon the
roughness only, and for any given degree of roughness ¢ would then be
8 constant. It is not possible to reach this actually, because the values
of the exponents vary with different surfaces, and also their values may
not be exactly the same for large diameters and for small ones, nor for
steep slopes and for flat ones. Exponents can be selected, however,
representing approximately average conditions, so that the value of ¢
for a given condition of surface will vary so little as to be practically
constant. Several such “exponential”’ formulas have been suggested.
These formulas are among the most satisfactory yet devised. but their -
use has been limited by the difficulty in making computations by them.
This difficulty was eliminated by the use of a slide-rule constructed for
that purpose.

The exponents in the formula used were selected as representing
as nearly as possible average conditions, as deduced from the best avail-
able records of experiments upon the flow of water in such pipes and
channels as most frequently occur in water-works practice. The last
term, 0.001-004, js a constant, and is introduced simply to equalize the
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value of ¢ with the value in the Chezy formula, and other exponential
formulas which may be used, at aslope of 0.001 instead of at a slope of 1.¥

The slide-rules were furnished by Mr. G. G. Ledder, 9 Province
Court, Boston, Mass., the work being done in Germany. Suitable scales
were laid out and the position of each graduation was computed to 0.01
millimeter. The drawings were then engraved upon steel and reproduced
upon slide-rules of the general size and appearance of the ordinary 10-
inch Mannheim rule. The graduation is very perfectly done, and the
accuracy obtained is practically that which can be secured with the
ordinary slide-rule of this size.

All the computations of figures contained in this volume, except &
few fundamental ratios, have been made with the slide-rule, and only
such accuracy has been sought as can readily be obtained by this
method of computation.

This formula has been used by the authors for some time, and it is
hoped that the tables will be useful to those not accustomed to the use
of the slide-rule, and also to those who use the slide-rule, as a reference
showing velocities and velocity heads, and establishing beyond qucstion
the position of the decimal point, which is the most troublesome feature
in the use of the slide-rule to beginners.

These tables are not confined to a single value of the coefficient of
roughness, which is called ¢. Instead, a series of values of ¢ is given in
the various columns, and under each are placed the corresponding losses
of head. The headings also indicate in a general way the class of pipe
for which the particular coefficient should be used, but these indications
are only general, and it is the intention to leave the matter so that users
can select such values of ¢ as in their judgment represent the particular
conditions upon which they are figuring.

The gradual roughening of the interior of cast-iron pipe is one of the
most fomiliar of water-works phenomena. It is also one of the most
difficult to compute. In a general way it may be said that in a series
of years, which is not long compared with the total life of the pipe, the
roughening of the surface and the reduction of the area through rusting
and tuberculation reach such an extent that twice as much head is
~ consumed in sending a given volume of water through it as was the case -
when the pipe was new.

In a particular set of foreign tables, based on the Darcy formula,

* Because engineers generally know the value of ¢ in the Chezy formula for
ordinary slopes (about 1 in 1000) it was decided to frame the Hazen and Williams
formula so as to have these old and already known coefficients applicable. ’

The Chezy formula is v=cr0.580.5.

The Hazen and Williams formula was v=c'r0.6350.54,

For r=1 and s=1, c=c".

To make ¢/=c for r=1 and s=0.001 we have (0.001)0.5=5(0.001)0.54, whence
=0.001—0.04 and the Hazen and Williams formula becomes

v = cr0.6380.540.001 — 0.04,
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the loss of head is given for new pipe, and in the second column, desig-
nated old pipe, a figure twice as large is given. This has certain advan-
tages over a table of factors to be applied to pipes of different ages, as
has been done in several American publications, because it is less apt to
be forgotten; and while it is a crude precedure, it keeps in mind the
fact that old pipe will pass very much less water than new pipe.

In this volume effort has been made to put this subject in better
ghape. It is a difficult matter to handle adequately, for no two pieces
of iron pipe deteriorate at the same rate, and any figures given are
therefore at best only approximations to averages, which averages may
be very far from individual cases.

The system used is to put certain figures surrounded by circles over
the columns. This mark was adopted because no words could be found
sufficiently concise and at the same time accurate. Over the column
for c=140 are placed two zeros in a circle: . That indicates that this
coefficient is obtained with the very best cast-iron pipe, laid perfectly
straight, and when new. Over ¢=130 is placed one zero in a circle, @,
and this is the value that can be fairly counted on for good new cast-
iron pipe. Over the following columns are placed figures in circles.
These figures show the age in years at which, on an average, as nearly
as we know, cast-iron pipe will reach the values given in the column
underneath. It must be understood that these are necessarily very
rough approximations, based on the best data available, which are prin-
cipally for soft and clear but unfiltered river-waters. Hard waters and
lake waters will often attack the pipe less rapidly, and the figures must
then be increased. Sometimes they must be multiplied by two or more.
Other waters will corrode the pipes more rapidly than the average, and
for them the values will be reached more quickly than the figures indi-
cate.

The divergence with different castings and with different kinds of
water is greatest in the smallest pipes, and no attempt is made to extend
the figures in the circles to the sizes below four inches in diameter.

Steel pipes tuberculate and corrode in much the same manner as
cast-iron pipes. On account of the rivets and in-and-out joints the
average value of ¢ is lower than for cast-iron pipe. The data at hand
indicate a value of 110 for new pipe, decreasing in the course of about:
ten years to 100. For older pipes, as far as the present data go, steel
pipe of a given age will carry the same quantity of water as cast-iron
pipe of the same size and ten years older.

On the Value of c.—In the Engineering Record of March 28, 1903,
was published by the authors a table of the values of ¢ computed from
published experiments upon the friction of water in pipes and conduits
of various kinds, the results being selected as the most reliable available
data. This table, with some additions, is as follows:
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8 INTRODUCTION.

In a general way it may be said that for cast-iron pipe, very straight
and smooth, ¢ may be as high as 140, but for ordinary conditions 130
is a fair value for new pipe. As pipes rust and become dirty, the value
of ¢ decreases, as has been mentioned above. For new riveted steel
pipe c is about 110.

In making estimates for pipe-lines where the carrying capacity after
a series of years, rather than the value of the new pipe, is the controlling
factor, a considerably lower value of ¢ must be used, depending upon
the amount of deterioration which is contemplated. A fair value for
general computation is ¢=100 for cast-iron pipe and ¢=95 for steel
pipe, but for small iron pipes a somewhat lower value of ¢ should be
taken. In the pipe tables the column of slopes for c=100 is printed
in heavier-faced type than the rest, as these values are the ones
which will probably be most often required. Lead, brass, tin, and
glass, and other pipe presenting perfectly smooth surfaces, and per-
fectly straight, will give values of ¢ up to 140. A very little falling
off in the smoothness will reduce the value of ¢ to 130 and 120, or
even less. For smooth wooden pipe or wooden-stave pipe 120 seems a
fair value. For masonry conduits of concrete or plastered, with very
smooth surfaces, when clean, values of ¢=140 may be observed. Gen-
erally such surfaces become slime-covered, reducing the value of ¢ to
130 or less in a moderate length of time; and if the surfaces are only a
little less smooth, say in such shape as is represented by ordinary good
work, the value of ¢ is reduced to 120. A conservative value for general
use with first-class masonry structures is about 120. For brick sewers
much lower values may be used, and ¢=100 seems safe. For vitrified
pipe ¢=110 may be used. It must be understood that these values de-
pend entirely upon the smoothness and regularity of the surfaces, and
are likely to vary in individual cases.

This formula was designed primarily for computing the flow of water
in pipes. It seems reasonably well adapted for computing the flow in
open channels, and the slide-rules have been made so as to allow this
application. A table has been prepared to show the application of this
formula to the most reliable experiments upon open channels. From
the data therein presented the investigator may determine for himself
the probable accuracy to be obtained and the value of ¢ which should be
used in a given case. '
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14 INTRODUCTION.

No tables to show the application of these results, that is to say,
tables corresponding to the pipe tables, have been made for open chan-
nels. The variations in the conditions of depth, width, slope and char-
acter of bottom and sides are so enormously great that solution of each
particular problem by thc use of the slide-rule is the only practical way
of handling the subject. .

The slide-rule will also be found more closely applicable to actual
conditions in pipes than any tables, because it gives at once values for
conditions falling between the values which it is practicable to show in
the tables, and its use is therefore to be recommended in all cases where
close computations are desirable.



SMALL BRASS PIPES.
¢=130.
MAY ALSO BE USED FOR STRAIGHT LEAD, TIN, AND DRAWN-COPPER PIPES,

Diameter GDa.;litl);s Loss of Head in Feet per 1000 feet of length.
n forv=1
Inches. | "Rt per

Second. v=0.5" v=1.0" v=2.0" v=3.0" v=4.0" v=5.0"

0.03 3.2| 1170 2350 4700 7050 9400 11700
0.04 5.6| 660 1310 2620 3940 52560 6600
0.05 8.8 420 840 1680 2520 3370 4350
0.06 12.7| 290 580 1170 1750. 2340 3520
0.07 17.3| 215 430 860 1290 1930 2950
0.08 22.6| 164 330 660 990 1650 2500
0.09 28.5( 130 260 520 , 840 1440 2200
0.10 35.3| 106 210 420 750 1270 1940
0.11 42.7 87 174 350 670 1140 1730
0.12 51 73 146 293 605 1030 1560
0.14 69 . 64 108 239 - 505 860 1310
0.16 90 41 82 202 430 740 1120
0.18 114 32 65 178 375 . 640 980
0.20 141 26 62 157 333 570 860
0.22 171 21 43 141 300 510 770
0.24 203 18 36 127 270 460 700
0.26 238 15 32 116 245 418 640
0.28 277 13 30 106 225 382 580
0.30 317 12 27 98 209 354 540
0.35 432 9 23 83 175 299 450
'0.40 564 7 19 70 149 252 385
0.45 714 5 17 61 130 220 335
0.50 880 4.15 15 54 114 195 295
0.55 | 1,070 3.75 13.4 48 102 174 265
0.60 | 1,270 3.35 12.1 44 92 157 240
0.65 | 1,490 3.07 11.0 40 84 144 220
0.70 | 1,730 2.80 10.1 36 77 132 200
0.75 | 1,990 2.59 9.4 34 71 121 184
0.80 | 2,260 2.40 8.7 31 66 113 170
0.85 | 2,550 2.23 8.1 29 62 105 159
0.90 | 2,860 2.10 7.6 27 58 98 148
0.95 | 3,180 1.96 7.1 26 54 92 139
1.00 | 3,525 1.85 6.7 24 51 87 131
1.10 | 4,250 1.65 6.0 21 46 78 117
1.20 | 5,080 1.50 5.4 19 41 70 106

Note.—Figures in italics are below the critical velocity and are computed by the
formula v =475sd? ({iﬁol_o) . t (temperature) is taken as 50° F,

16



SMALL PIPE.

WROUGHT-IRON-PIPE SIZES.

Digfnn;gg.in Loss of Head in Feet per 1000 feet of length.
Nom- | Actual Velocity,
inal Diam- Feet per| Very X
oak | 1o, | B, | 2t |Seeend | Smech | PR B | 0 | e
S| =120 | c=100 c=80 | c=60
¢ |0.270| 0.2 288 1.12| 33 4 62 |, o4 158
0.4 576| 2.24| 118 158 | 220 | 335 570
0.6 | 864| 3.36| 250 | 335 | 470 | 710 1210
0.8 1,152| 4.48 | 430 570 800 | 1210 2050
1.0 | 1,440f 5.60| 650 | 860 | 1210 | 1830 | 3100
$ |o0.364| 0.5 720| 1.54 42 56 78 118 200
1.0 | 1,440 3.08) 150 | 200 | 280 | 430 730
1.5 | 2,160| 4.62| 320 | 425 | 600 | 910 | 1540
2.0 2,880 6.164 550 730 | 1030 | 1550 2600
2.5 3,600 7.70 | 830 | 1100 | 1530 | 2320 4000
§ 0494 1 1,440| 1.67| 34 46 64 97 | 165
2 2,880] 3.35| 125 | 167 | 233 | 350 600
3 4,320 5.02| 260 | 350 | 490 | 740 1260
4 5,760| 6.70 | 450 | 600 | 840 | 1260 | 2150
5 7,200 8.37 | 680 900 | 1260 | 1900 3250
$ |oe623] 1 1,440 1.05| 11 15 21 31 53
2 2,880 2.10 40 53 4 112 192
8 4,320( 3.16| 85 113 | 158 | 240 410
4 5,760| 4.21 | 145 192 | 270 | 410-| 700
5 7,200 5.26 | 220 | 200 | 410 | 620 | 1050
6 8,640 6.31 | 310 | 410 | 570 | 870 1470
7 10,080| 7.37 | 410 | 540 | 760 | 1150 | 1950
8 11,520| 8.42 | 520 | 700 | 980 | 1480 | 2500
9 12,060| 9.47| 650 | 860 | 1210 | 1830 | 3100
10 14,400| 10.52 | 790 {1050 | 1470 | 2230 | 3800
$ |os4| 2 2,880( 1.20 10 14 19 29 49
3 4,320 1.80 22 29 41 61 105
4 5,760 2.41 37 50 70 105 180
5 7,200 3.01 56 75 | 105 159 270
6 8,640| 3.61 79 | 105 | 147 224 330
8 11,520 4.81 | 135 | 180 | 250 | 380 650
10 14,400 6.02 | 205 | 271 380 | 580 980
12 17,280| 7.22| 285 | 380 | 530 | 800 | 1370 .
15 21,600 9.02 | 430 | 570 | 800 | 1220 | 2030 :
20 28,800( 12.03 | 730 970 | 1360 | 2060 3500

16



SMALL PIPE.

WROUGHT-IRON-PIPE SIZES.
pd

)

4V /C

Dis(g}ﬁ;g_in Loss of Head in Feet per 1000 feet of length.
Nom- | Actual . -

Shse, | lotor, %a%y’ S sm"ﬁh ey | o | ve
Inches. | Inches Mil:n?:;e. ll;%'ﬁ:_ : Sf-:;li(éht. gg:. Irorl{ Iron. Ro\l?h.
c=140 | ¢=120 | c=100 c=80 c=60

1 1.048 3 4,320! 1.12 6.8 9.0 12.6/ 19.0 32
4 5760 1.49 | 11.5| 15.2 21.4f 32.3| 55

5 7,200 1.86 | 17.5| 23.2 82.5 49.1] 84

6 8,640 2.23| 24.5| 32.5 45.5| 69 117

8 11,520 2.98 | 42.0| 55 78 117 200

10 14,400| 3.72 | 63 84 117 177 300

12 17,280| 4.46 | 88 117 164 250 420

14. |'20,160| 5.20J.117 155 220 330 560

16 23,040| 5.95 | 150 200 280 420 720

18 ' | 25,920| 6.69 | 185 250 850 520 890

20 .| 28,800| 7.44 | 226 301 420 640 | 1090

25 36,000{ 9.30 | 340 455 640 960 | 1640

30 43,200| 11.15 | 480 [ 640 890 | 1350 | 2300

35 . | 50,400| 13.02 | 640 850 1190 | 1800 | 3080

40 57,600| 14.88 | 820 (1090 1520 | 2300 | 3900,
1% |1.380| 4 5,760 0.86 3.0| 4.0 5.7 8.6 14.5
5 7,200| 1.07 4.5 6.0 8.4 1277 21.8

6 8,640 1.29 6.4 8.6 12.00 18.2] 31

7 10,080| 1.50 85| 11.4 15.9] 24 41

8 11,520 1.72| 11.0| 14.5 20.3| 31 53

10 14,400| 2.14| 16.5| 21.8 80.5| 46 79

12 17,280 2.57 | 23.0| 30.8 43 65 110

14 20,160 3.00 | 30.8 | 41 57 87 148

16 23,040| 3.43| 39.2 | 52 73 111 189

18 25,920 3.86 | 49 65 91 137 235

20 28,800 4.29 | 60 79 111 168 286

25 36,000| 5.36 | 89 119 166 251 430

30 43,200 6.43 | 126 169 235 358 610

35 50,400 7.51 | 168 223 812 470 800

40 57,600 8.58 | 214 285 400 610 | 1030

50 72,000| 10.72 1 325 432 600 920 | 1560

60 86,400 | 12.87 | 450 610 860 | 1290 | 2200

70 100,800 | 15.01 | 610 810 1130 | 1700 | 2900

80 [115,200] 17.16 | 780 1030 1450 | 2200 | 3700

90 |129,600( 19.30 | 960 (1280 1800 | 2700 | 4600

17



13-INCH WROUGHT-IRON PIPE.
(Actual Diameter, 1.611.)

Discharge in Gallons. Loss of Head in Feet per 1000 feet of length.
‘1'?21?23'{ Very ’
JFor | peras | Second Smoothand NGO | OFen® | fon | Roueh.
: c=140 c=120 c=100 c=80 c=60

4 5,760 0.63 1.42 1.87 2.62 4.0 6.8

5 7,200 0.79 2.13 2.83 3.98 6.0 10.3

6 8,640 0.94 2.98 3.98 5.6 8.4 14.3

7 10,080 1.10 3.97 5.3 7.4 11.2 19.2

8 11,520 1.26 5.1 6.8 9.5 14.3 24.2

9 12,960 1.42 6.3 8.4 11.8 17.9 30.6

10 14,400 1.57 7.7 10.2 14.3 21.7 36.6
12 17,280 1.89 10.8 14.3 20.1 30.4 52
14 20,160 2.20 14.3 19.1 26.8 40.5 69
16 23,040 2.52 18.3 24 .4 34.1 52 88
18 25,920 2.83 22.8 30.2 42 .4 64 109
20 28,800 3.15 27.8 37 52. 7_8 134
22 31,680 3.46 33.0 44 62 93 159
24 34,560 3.78 38.8 52 73 108 ‘185
26 37,440 4.09 45.1 60 84 127 217
28 40,320 4.41 52 69 97 146 248
30 43,200 4.72 59 78 110 166 282
35 50,400 5.51 78 103 147 220 374
40 57,600 6.30 100 133 188 281 480
45 64,800 7.08 124 166 232 350 600
50 72,000 7.87 152 202 284 428 730
55 79,200 8.66 181 240 340 510 870
60 86,400 9.44 212 281 396 600 1020
65 93,600 10.23 246 328 459 700 1180
70 100,800 | 11.02 282 376 530 800 1360
75 108,000 11.80 321 427 600 900 1540
80 115,200 12.59 361 480 680 1020 1730
85 122,400| 13.38 405 540 750 1140 1940
90 129,600 14.17 450 600 840 1260 2140
95 136,800 | 14.95 498 660 930 1400 2390
100 144,000 15.74 550 730 1020 1540 2620
110 158,400 | 17.31 650 870 1220 1840 3120
120 172,800 18.89 770 1020 1430 2170 3690
130 187,200 20.46 890 1180 1660 2500 4260
140 201,600 22.04 1020 1360 1900 2880 4890
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1357

2-INCH PIPE OR HOSE.
(Actual diameter, 2.00 ins.)

Dighagg;in Loss of Head in Feet per 1000 feet of length.
‘i,tezz‘ Vv I gYery | orai. 4
o | et o looe | oot O | ou | very | Py
Mo, | B2t |secona| Feet- 'suraighySiraishty New'| mary | yron, | Rougn| JFuber;
|mr:1::(." Tin, etc. :
=140 | c=130 | ¢=120 |c=100| c=80 | ¢=60 | c=40
i
6 8,640} 0.61 | 0.01 1.0 1.2 1.4 20 2.9 5.0 10.7
8 11,520| 0.82 | 0.01 1.8 2.0 2.4 3.3 5.0 8.6 18.2
10 | 14,400 1.02 | 0.02 2.7 3.1 3.6/ 5.0 7.6/ 12.9 27.4
12 17,280 1.23 | 0.02 3.8 4.3 5.0 7.00 10.7[ 18.1 38.5
14 20,160 1.43 | 0.03 5.0 5.8 6.7 9.4 14.2] 24.1 51
16 23,0401 1.63 | 0.04 6.4 7.4 8.6/ 12.0, 18.2| 30.9 66
18 259201 1.84 | 0.05 8.0 9.2 10.7, 14.9| 22.7| 38.6 82
20 28,800 2.04 | 0.06 9.8 11.2| 12.9| 18.2] 27.5| 46.8 99
25 | 36,000| 2.55 | 0.10 14.8) 16.9| 19.6] 27.3| 41.6] 71 150
30 43,200 3.06 | 0.15 20.7| 23.8] 27.3] 38.4/ 58 99 210
35 50,400 3.57 | 0.20 27.5| 31.5] 36.6| 51 78 132 280
40 '57,600| 4.08 | 0.26 35.1] 40.2| 46.8; 66 99 168 359
45 64,800 4.60 | 0.33 43.8| 50 58 82 123 210 446
50 72,000 5.11 | 0.40 53 -1 61 71 99 150 257 540
55 79,200( 5.62 | 0.49 64 73 84 118 179 305 640
60 86,400 6.13 | 0.58 74 86 99 139 210 359 760
65 93,600| 6.64 | 0.68 86 99 115 161 244 416 880
70 {100,800, 7.15 | 0.79 99 114 132 184 280 477 1010
75 [108,000( 7.66 | 0.91 | 113 129 | 149 209 318 540 1150
80 (115,200| 8.17 | 1.04 | 127 146 169 237 358 610 1280
90 129,600{ 9.19 | 1.31 | 158 182 210 294 447 760 1610
100 -|144000,10.21 | 1.62 | 192 220 256 358 540 920 1960
110 |158,400(11.23 | 1.96 | 230 262 306 429 650 (1110 2330
120 (172,800 (12.25 | 2.33 | 271 310 360 500 760 (1300 2760
130 (187,200(13.28 | 2.73 | 312 360 418 580 880 (1510 3190
A
140 (201,600 (14.30 | 3.17 | 360 413 479 670 |1020 (1730 3670
150 (216,000(15.32 | 3.64 407 465 540 760 (1140 |1950 4180
160 |230,400 |16.34 | 4.14 | 460 530 610 860 (1290 [2210 4690
170 1244,800(17.36 | 4.67 | 520 590 690 960 1460 |2480 5300
180 (259,200 [18.38 | 5.23 | 570 650 760 1070 [1620 (2730 5800
190 |273,600(19.40 | 5.84 | 630 720 840 (1180 {1780 (3030 6400
200 (288,000 (20.42 | 6.46 | 690 800 920 (1290 (1960 (3330 7100
220 (316,800 (22.47 | 7.82 | 830 950 (1110 1540 (2340 (3990 8400
240 (345,600(24.51 | 9.31 | 980 [1120 (1300 [1820 (2760 [4700 9900
260 (374,400]26.55 {10.90 |1130 |1290 (1510 |2110 (3190 (5400 [11500
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23-INCH PIPE OR HOSE.
(Actual diameter, 2.50 ins.)

Discharge in

Galloge. Loss of Head in Feet per 1000 feet of length
Veloc-
oot :i:zg; smoow| Ordi Smooth| Ordi Badly
y ary -
sibore, | B2 |Second | Feot: |sraighy/Siraiehe) New' | pary fron. | Rough,| Tuber:
’ Tin, ete.| Tin: ete.
c=140 [ ¢c=130 |c=120 | c=100| c=80 | c=60 | C=40
8 11,250 0.52 | 0.00 0.6, 0.7 0.8 1.1 1.7 2.9 6.1
10 14,400 0.65 | 0.01 0.9 1.0 1.2 1.7 2.6/ 4.3 9.2
12 17,280 0.78 | 0.01 1.3 1.4 1.7 2.4/ 3.6 6.1 12.9
14 20,160} 0.92 | 0.01 1.7 2.0 2.3 3.2] 4.7 8.2 17.4
16 23,040( 1.05 | 0.02 2.2) 2.5/ 2.9 4.1 6.2 10.5 22.2
18 | 25,920( 1.18 | 0.02 2.7 3.1 3.6 5.00 7.6/ 12.9| 27.3
20 | 28,800( 1.31 | 0.03 3.3] 3.8 4.3 6.1 9.2/ 15.7 33.2
25 | 36,000 1.63 | 0.04 4.9 5.7 6.6 9.2 13.9( 23.7 50
30 | 43,200| 1.96 | 0.06 6.9 8.00 9.2 12.9] 19.5 33.2| 70
35 50,400 2.29 | 0.08 9.2| 10.6] 12.3] 17.2] 26.0| 44.1 94
40 57,600( 2.61 | 0.11 11.8{ 13.5| 15.7| 22.0| 33.2| 57 120
50 72,000f 3.27 | 0.17 17.8| 20.6| 23.8| 33.2( 51 86 182
60 86,400 3.92 | 0.24 24,9 28.7| 33.2| 46.5| 70 | 120 254
70 (100,800| 4.58 | 0.33 | 33.2| 38.1] 44.2| 62 94 | 160 338
80 |115,200| 5.23 | 0.43 | 42.5| 48.8] 56 79 120 | 204 433
90 (129,600 5.88 | 0.54 53 61 70 98 149 | 254 540
100 (144,000 6.54 | 0.66 64 74 86 120 182 | 309 660
120 |172,800| 7.84 | 0.95 | 90 103 120 168 | 254 | 433 920
140 201,600} 9.15 | 1.30 | 120 138 159 223 | 339 | 580 1220
160 [230,400/10.46 { 1.70 | 156 178 | 207 | 200 | 440 | 750 1570
180 |259,200(11.76 | 2.15 | 191 219 | 254 | 357 540 | 920 1940
200 (288,000(13.07 | 2.66 | 232 267 309 | 431 | 660 (1120 | 2370
220 (316,800(14.38 | 3.22 | 277 318 1 369 520 | 780 [1330 | 2820
240 |[345,600(15.69 | 3.82 | 330 376 438 610 | 920 [1570 | 3340
260 (374,400(16.99 | 4.48 | 378 432 500 700 1070 |1810 | 3860
280 (403,200 (18.30 | 5.20 | 432 497 580 810 [1220 [2080 | 4400
300 (432,000(19.61 | 5.98 | 493 570 660 | 920 (1390 (2370 | 5000
320 |460,800{20.92 | 6.80 | 560 640 740 11030 (1570 (2670 | 5700
340 (489,600 (22.22 | 7.68 | 620 710 820 [1160 {1750 (2980 6400
360 |518,400(23.53 | 8.60 | 690 790 920 (1280 (1940 (3310 | 7100
380 [527,200(24.84 | 9.60 | 780 | 890 (1020 (1420 |2160 |3670 7800
400 |576,000(26.14 (10.62 | 840 | 960 [1120 (1560 (2370 [4020 | 8600
420 |604,800|27.45 |[11.70 | 920 [1050 |[1220 |[1710 (2590 [4400 | 9300
440 |633,600(28.76 (12.85 (1000 [1150 [1330 (1860 (2810 [4800 {10200
460 (662,400 (30.07 |14.00 |1110 (1260 (1460 (2050 [3100 |5300 [11200




|20 — K

. Y
sINCH p1pE. 125!
. (Actual diameter, 3.00 ins.)
Diéc:na;g'in Loss of Head in Feet per 1000 feet of length.
VI]"elqlg- Veloo- | yery Ordi-

‘eet LY | Smooth "
Head, nary |Smooth| Ordi- Badly
Per | Per24 |oPor .| Feet. Sc::i:ht Straight| New | nary I(l‘)(}‘ljl. RY;;gh Tuber-

Minute. | Hours. . Brass, | Brass, | Iron. | Iron. culated.
Tin, ete. Tin, etc

c=140 | ¢=130 {¢=120 |c=100 | c=80 | ¢=60 | c=40

10 14,400| 0.45 | 0.00 0.37| 0.43] 0.50 0.7 1.0 1.8 3.8

15 21,600| 0.68 | 0.01 0.79) 0.91] 1.06 1.5 2.2 3.8 8.1

20 28,800| 0.91 | 0.01 1.35 1.55] 1.80 2.5 3.8 6.5 13.8

25 36,000 1.13 | 0.02 2.04) 2.34 2.71 3.8 5.8 9.8 20.8

30 43,200 1.36 | 0.03 2.87] 3.29; 3.81 5.4 8.1 13.8 29.2

35 50,400( 1.59 | 0.04 3.81) 4.38 5.1 7.1 10.7) 18.3[ 38.9

40 57,600( 1.82 [ 0.05 4.8 5.6°| 6.5 9.1 13.8] 23.5 49.7
50 72,000 2.27 | 0.08 7.4 8.5 9.8 13.8; 20.8) 35.5 75
60 86,4001 2.72 | 0.12 | 10.3 | 11.8 | 13.7 19.2( 29.1] 49.6| 105
70 |100,800! 3.18 [ 0.16 [ 13.8 | 15.8 | 18.3 25.7 38.8 66 140
80 (115,200 3.63 [ 0.20 | 17.6 | 20.2 | 23.4 32.8 49.6/ 84 179
90 [129,600| 4.09 { 0.26 | 21.9 | 25.1 | 29.1 40.8| 62 105 223
100 [144,000( 4.54 | 0.32 2@.7 30.6 | 35.2 49.6, 75 128 271
120 [172,800( 5.45 | 0.46 | 37.2 | 42.8 | 49.7 70 106 179 380
140 (201,600 6.35 | 0.63 | 49.6 | 57 66 92 139 238 510
160 (230,400 7.26.| 0.82 | 64 73 84 118 179 306 650
180 |259,200| 8.17 | 1.04 | 79 91 106 148 223 380 810
200 |288,000| 9.08 | 1.28 | 96 110 128 178 271 461 980
220 (316,800 9.99 | 1.55 |114  |132 (153 213 323 550 1170
240 1345,600(10.89 | 1.84 |134  [154 179 251 | 380 | 650 ]1370

.16 1156|179 (208 201 ( 440 | 750 [1590
.51 1179|206  [238 334 | 510 | 860 |1830
204 233 |271 380 | 580 | 980 [2080
28 229 (263 (306 428 | 650 |1110 |2330
71 (257 294 |342 479 | 720 (1230 {2610

260 [374,400(11.80
280 }403,200(12.71
300 [432,00013.62
320 }460,800 |14.52
340 (489,600 )15.43

o 08w
&

.15 (286 (328 (380 530 | 800 (1370 |2910
.62 (317 |361 (420 590 | 890 |1520 (3210
348 |399 461 650 | 980 [1670 |3520
.64 380 (436 {510 710 1070 (1830 (3870
.20 414 475 (550 770 |1170 (1980 |4220

360 [518,400 (16.34
380 [527,200(17.25
400 |576,000 |18.16
420 604,800 (19.06 |
440 633,600 [19.97

(=3NS B BN
-
-

449 1520 (600 840 |1270 [2160 (4570
488 1560 1650 910 (1370 |2330 (4980
700 980 (1480 |2520 (5400
620 (720 (830 [1170 (1770 [3010 |6400
740 (840 (980 1370 (2070 [3520 [7400

460 662,400 [20.88
480 (691,200 [21.79
500 (720,000 [22.70
550 (792,000 124.96
600 [864,000 [27.23

HroexN
3883
g
g

[y
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4-INCH PIPE.



5-INCH PIPE.

Discharge in Gallons. Loss of Head in Feet per 1000 feet of length.
Yeloo- Veloc-
!tym it
I‘p‘::.t Hlezd, l
wES, | B2t fsedond| et ORNON2)
c=140 | ¢=130 | c=120 | c=100| ¢c=80 | ¢c=60 | c=40
30 43,2001 0.49 | 0.00 | 0.24] 0.27| 0.31] 0.44] 0.67 1.1 2.4
40 57,600 0.65 | 0.01 0.40| 0.46] 0.54] 0.75 1.14 1.9 4.1
50 72,000) 0.82 | 0.01 0.61) 0.70 0.81 1.13] 1.72 2.9 6.2
60 86,4001 0.98 | 0.02 0.86! 0.98 1.13] 1.59| 2.41 4.1 8.7
70 100,800 1.14 | 0.02 1.14] 1.31] 1.52] 2.12] 3.21 5.5 11.7
80 115,200| 1.31 [ 0.03 | 1.46/ 1.67] 1.94] 2.71 4.11 7.0, 14.8
90 129,600 1.47 | 0.03 1.82( 2.08 2.41| 8.39( 5.1 8.7 18.5
100 144,000 1.63 | 0.04 2.21] 2.53] 2.94| 4.11] 6.2 10.7] 22.5
120 172,800| 1.96 | 0.06 3.09 3.54] 4.11] 5.8 8.7 14.8] 31.5
140 201,600 2.29 | 0.08 4.11} 4.71] 5.5 7.6 11.6 19.8| 41.9
160 230,400 2.61 | 0.11 5.3 6.0 7.0 9.8 14.8 25.2] 54
180 259,200 2.94 | 0.13 6.6 7.5 8.7112.2| 18.4 31.4| 67
200 288,000 3.27 | 0.17 8.0 9.1)10.6 | 14.8 | 22.4 38.1] 81
220 | '316,800| 3.59 | 0.20 9.5(10.812.6 | 17.7 | 26.8 45.6| 96
240 345,6001 3.92 1] 0.24 | 11.2 1 12.8| 14.8 | 20.8| 31.4 54 113
260 374,400 4.25 | 0.28 | 12.9 | 14.8 | 17.2 | 24.1 | 36.7 62 132
280 403,200| 4.58 ([ 0.33 | 14.8 | 17.0 ] 19.7 | 27.7 | 41.9 72 152
300 432,000| 4.90 | 0.37 | 16.8 | 19.4 | 22.5 | 81.4 | 47.7 81 172
320 460,800 5.23 | 0.42 | 19.0 | 21.8 | 25.2 | 35.4 | 54 91 193
350 504,000 5.72 | 0.51 | 22.4 | 25.8 | 29.9 | 41.9 | 63 108 229
400 576,000| 6.54 | 0.66 | 28.8 | 32.9 | 38.1 | 54 81 138 292
450 648,000| 7.35 | 0.84 | 35.8 | 41.0 | 47.5 | 67 101 172 364
500 720,000 8.17 | 1.04 | 43.5 | 49.9 | 58 81 122 209 442
550 792,000( 8.99 | 1.26 | 52 60 .69 96 146 249 530
600 864,000| 9.80 | 1.49 | 61 70 81 113 172 202 620
650 936,000 110.62 | 1.75 | 71 81 94 132 199 339 720
700 |1,008,000(11.44 | 2.03 | 81 93 108 151 229 388 820
750 | 1,080,000 |12.26 | 2.34 | 92 106 123 172 260 442 940
800 |1,152,000(13.07 | 2.66 |104 119 138 194 292 499 |1060
850 |1,224,000(13.89 | 2.99 [117 133 154 217 328 560 |1180
900 | 1,296,000 (14.71 | 3.36 [129 148 172 240 362 620 |1320
950 |1,368,000|15.52 | 3.74 {143 163 190 267 402 690 |1450
1000 |1,440,000(16.34 | 4.15 |157 180 209 292 443 750 (1600
1100 | 1,584,000/17.97 | 5.00 187 214 249 349 530 900 (1910
1200 | 1,728,000 |19.61 | 5.96 [220 251 292 409 620 1480 (2240

a



a

6-INCH PIPE.

y
Discharge in Vlm of Head in Feet per 1000 feet of length.
Veloo- | yeloo-
Poot |Ey
B | s © | Q10| O
c=140 | c=130 | c=120 | c=100| c=80 | ¢c=60 | c=40
50,000 0.07741 0.39 {0.00| 0.13] 0.15 0.17| 0.24] 0.36] 0.61 1.3
60,000{ 0.0928| 0.47 {0.00| 0.18 0.20| 0.24| 0.33] 0.51 0.86 1.8
70,000{ 0.1083| 0.55 | 0.00| 0.24| 0.27| 0.32| 0.44| 0.67| 1.15 2.4
80,000{0.1238| 0.63 | 0.01| 0.30] 0.35 0.41f 0.57] 0.86| 1.46 3.1
90,000{0.1392( 0.71 (0.01| 0.38] 0.43] 0.51] 0.71] 1.07] 1.83| 3.9
100,000{ 0.1547| 0.79 {0.01| 0.46| 0.53| 0.61] 0.86] 1.30] 2.22| 4.7
110,000{ 0.1702| 0.87 {0.01] 0.55| 0.63] 0.73] 1.03| 1.55 2.65 5.6
120,000! 0.1857!1 0.95 [ 0.01| 0.65 0.74, 0.86] 1.21! 1.84 3.11 6.6
140,000/ 0.2166| 1.10 1 0.02| 0.87| 0.99} 1.15 1.62] 2.45 4.17 8.8
160,000/ 0.2476| 1.26 | 0.02] 1.10] 1.26] 1.46 2.06] 3.10f 5.3 11.2
180,000/ 0.2785| 1.42 {0.03]| 1.37] 1.57] 1.83| 2.56/ 3.88 6.6 14.0
200,000/ 0.3094| 1.58 |0.04| 1.67 1.91] 2.22| 8.10| 4.70| 8.0 17.0
220,000{0.3404| 1.73 |0.05) 1.99| 2.29 2.65 8.71] 5.6 9.6 20.2
240,000{ 0.3713| 1.89 |0.06| 2.33| 2.69| 3.11] 4.35 6.6 11.2} 23.9
260,000/ 0.4023| 2.05 |0.07] 2.71] 3.10{ 3.60; 5.0 7.6 13.0} 27.5
280,000/ 0.4332| 2.21 |0.08| 3.11| 3.58] 4.14/ 5.8 8.8 15.0 31.7
300,000/ 0.4642| 2.36 |0.09| 3.54| . 4.06] 4.70, 6.6 | 10.0 | 17.0 36.0
350,000/ 0.541 | 2.76 |0.12| 4.70] 5.4 6.3 8.8]13.3|22.5 48.0
400,000/ 0.619 | 3.15 |0.15] 6.0 6.9 8.0(11.3|17.0 | 29.0 62
450,000{0.696 | 3.55 {0.19| 7.5 86(10.0(14.0 | 21.2{ 36.0 76
500,000/0.774 | 3.94 |0.24] 9.1 |10.412.1 )| 16.9| 25.6 | 43.8 92
550,000, 0.851 | 4.33 {0.29] 10.8 | 12.4 | 14.4 | 20.1 | 30.5 | 52 110
600,000{ 0.928 | 4.73 10.35| 12.8 { 14.6 | 17.0 23.8 | 36.0 ; 61 130
650,000/ 1.006 | 5.12 |0.41] 14.7 [ 16.9 |1 19.6 | 27.5 | 41.6 | 71 150
700,000/ 1.083 | 5.52 [0.47] 17.0 { 19.5 | 22.6 | 31.6 | 48.0 | 82 173
800,000/ 1.238 | 6.30 {.0.62( 21.6 | 24.9 | 28.9 | 40.4 | 61 104 221
300,000/ 1.392 | 7.09(0.78]| 26.9 | 30.9 | 35.8 | 50 76 129 274
1,000,000, 1.547 | 7.88 |0.97| 32.9 | 37.8 | 43.8 61 93 158 334
1,100,000/ 1.702 | 8.67 |1.17| 39.2 | 45.1 | 52 73 111 189 400
1,200,000/ 1.857 | 9.46 |1.39| 46.0 | 53 61 86 130 220 470
1,400,000 2.166 {11.03 | 1.89| 61 70 82 114 173|295 620
1,600,000, 2.476 |12.61 |[2.46| 78 90 104 146 221 377 800
1,800,000/ 2.785 |14.18 [ 3.12| 98 112 130 182 275 470 990
2,000,000, 3.094 [15.76 | 3.85|119 137 159 222 337 570 1210
2,200,000; 3.404 [17.34 | 4.65(141 162 188 263 400 680 1440




8-INCH PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
Veloc- | Veloo-
Teet |t
Callons | gSuble, | sdbond.| Fost: ORIO;
ours. | Second.
,|€c=140 | c=130 | ¢=120 | c=110 | c=100| c=80 | ¢=60
200,000| 0.3094] 0.89 (0.01| 0.41 | 0.47 0.55| 0.64] 0.77 1.16| 1.98
220,000] 0.3404| 0.98 {0.01{ 0.49 | 0.56 0.65 0.77, 0.92| 1.38] 2.35
240,000/ 0.3713| 1.06 [0.02{ 0.58 | 0.66 0.77, 0.90| 1.07] 1.62| 2.78
260,000| 0.4023| 1.15 [0.02| 0.67 | 0.77 0.89) 1.05 1.25 1.89] 3.21
280,000 0.4332| 1.24 10.02{ 0.77 | 0.88 1.02] 1.20; 1.43( 2.16] 3.69
300,000 0.4642' 1.33 |0.03| 0.87 | 1.00 1.16| 1.36] 1.62] 2.46| 4.19
320,000 0.4951 1.42 10.03| 0.98 | 1.13 1.31] 1.54] 1.84 2.78 4.72
340,000| 0.526 | 1.51 |0.04| 1.10 | 1.26 1.46] 1.72 2.05 3.10 5.3
360,000/ 0.557 | 1.60 [0.04| 1.22 | 1.40 1.62] 1.91 2.28 3.44| 5.9
380,000 0.588 | 1.68 |{0.04| 1.35 | 1.55 1.80] 2.11] 2.51 3.80] 6.5
400,000 0.619 | 1.77 |0.05] 1.48 | 1.70 1.97] 2.32| 2.76] 4.20 7.1
450,000/ 0.696 | 1.99 [0.06| 1.85 | 2.11 2.45| 2.89 3.4_3 5.2 8.9
500,000| 0.774 | 2.22 |0.08| 2.25 | 2.58 2.99 3.50, 4.18 6.3 | 10.7
550,000 0.851 | 2.44 (0.09( 2.68 | 3.07 3.55| 4.19| 5.0 7.6 1129
600,000 0:928 | 2.66 |0.11]| 3.14 | 3.61 4.19) 4.91 5.9 89| 15.1
650,000, 1.006 | 2.88 |0.13| 3.64 | 4.18 4.84 5.7 6.8|10.3] 17.5
700,000{ 1.083 | 3.10 |0.15( 4.19 | 4.80 5.6 6.5 7.8 11.8 | 20.0
750,000{ 1.160 | 3.32 |0.17| 4.73 | 5.4 6.3 7.4 8.8 13.3| 22.8
800,000/ 1.238 | 3.55 |0.20} 5.3 6.1 7.1 8.4 9.9)|15.1|25.7
900,000| 1.392 | 3.99 |0.25| 6.7 7.6 8.9|10.4|12.4|18.8| 32.0
1,000,000 1.547 | 4.43 |0.30 8.1 9.3 10.8112.7(15.1]23.0( 39.0
1,100,000 1.702 | 4.88 |0.37| 9.6 (11.1 12.8115.1 | 18.0 | 27.2 | 46.2
1,200,000| 1.857 | 5.37 | 0.44(11.3 {13.0 15.1 | 17.7 | 21.1 | 32.0 | 54
1,300,000 2.011 | 5.76 | 0.52(13.1 (15.1 17.5120.5| 24.6 | 37.0 | 63
1,400,000| 2.166 | 6.20 10.60(15.1 [17.3 20.0{23.5|28.1(42.5| 72
1,500,000, 2.321 | 6.65 [0.69]17.0 [19.5 22.6 | 26.7 | 81.8 | 48 82
1,600,000/ 2.476 | 7.09 |0.78]19.2 |22.0 25.5|30.0 | 35.8 | 54 93
1,800,000, 2.785 | 7.98 | 0.99]23.8 |27.2 31.6 | 37.1 | 44.2 | 67 114
2,000,000, 3.094 | 8.86 |1.22|29.0 |33.3 38.7 | 45.4 | b4 82 140
2,200,000/ 3.404 | 9.75|1.47|34.9 [40.0 46.2 | 54 65 98 167
2,400,000| 3.713 |10.64 |1.76(41.0 (47 55 64 77 116 198
2,600,000, 4.023 |11.52 | 2.06(47.5 |55 63 74 89 134 229
2,800,000{ 4.332 |12.41 | 2.39(55 62 73 85 102 153 261
3,000,000| 4.642 |13.30 | 2.74 |62 71 83 97 116 175 300
3,200,000 4.951 (14.18 | 3.12|70 80 93 109 130 197 336




10-INCH PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
, Ty |Veloo-
Callon® | romr, per | Second.| Feet- @ @ @ @
ours. | Second.
c=140 | ¢=130 c-120' c=110 | c=100| c=80 | c=60
300,000; 0.464 | 0.85 {0.01( 0.29 | 0.34 | 0.39 | 0.46 0.55(« 0.83: 1.41
320,000| 0.495 | 0.91 |0.01| 0.33 | 0.38 | 0.44 | 0.52 0.62] 0.93 1.59
340,000 0.526 | 0.96 [0.01| 0.37 | 0.42 | 0.49 | 0.58 0.69 1.04 1.78
360,000 0.557 | 1.02 [0.02]| 0.41 | 0.47 | 0.55 | 0.64 0.77 1.16l 1.98
380,000] 0.588 | 1.08 |0.02| 0.45 [ 0.52 | 0.60 | 0.71 0.35 1.28 2.19
400,000 0.619 | 1.13 {0.02| 0.50 | 0.57 | 0.66 | 0.78 0.93] 1.40, 2.40
450,000{ 0.696 | 1.28 {0.03; 0.62 | 0.71 | 0.83 | 0.97 1.16] 1.75 3.00
500,000 0.774 | 1.42 {0.03| 0.76 | 0.87 ] 1.01 | 1.18 1.41 2.13' 3.63
550,000{ 0.851 | 1.56 10.04{ 0.90 | 1.03 [ 1.20 | 1.41 1.68) 2.55/ 4.34
600,000 0.928 (1.70 |0.04| 1.06 | 1.21 | 1.41 | 1.65 1.97] 3.00 5.1
650,000{ 1.006 | 1.84 {0.05| 1.23 | 1.41 | 1.64 | 1.92 2.29 3.46, 5.9
700,000} 1.083 | 1.99 {0.06| 1.41 | 1.62 | 1.88 | 2.21 2.64 4.00, 6.8
750,000 1.160 | 2.13 {0.07| 1.60 | 1.84 | 2.14 | 2.50 3.000 4.52) 7.7
800,000( 1.238 | 2.27 |0.08| 1.81 | 2.08 | 2.41 | 2.83 3.38 5.1 8.7
900,000{ 1.392 | 2.55 (0.10| 2.24 | 2.58 | 3.00 | 3.50 4.18 6.3 | 10.8
1,000,000 1.547 | 2.84 |0.121 2.73 | 3.13 | 3.63 | 4.27 5.1 7.7113.1
1,100,000| 1.702 | 3.12 |0.15] 3.25 | 3.72 | 4.32 | 5.1 6.1 9.2 |15.5
1,200,000] 1.857 | 3.40 |{0.18| 3.82 | 4.40 | 5.1 6.0 7.1]10.8 | 18.4
1,300,000, 2.011 | 3.69 |0.21]| 4.44 | 5.1 5.9 6.9 - 83)12.5(21.4
1,400,000 2.166 | 3.97 {0.24| 5.1 5.8 6.8 8.0 95| 14.4| 245
1,500,000 2.321 | 4.26 (0.28| 5.8 6.7 7.7 9.0 10.816.3 | 27.9
1,600,000, 2.476 | 4.54 1 0.32| 6.5 7.5 8.7 (10.2 12.2 | 18.5| 31.4
1,800,000 2.785 | 5.11 |{0.41| 8.1 9.3 (10.8 (12.7 151 22.9| 39.0
2,000,000| 3.094 | 5.67 |0.50| 9.9 |11.3 [13.1 [15.4 18.4 | 27.8 | 47.2
2,200,000 3.404 | 6.24 | 0.60 11.7 [13.4 (15.6 [18.3 21.8| 33.0 | 56
2,400,000 3.713 | 6.81 [0.72|13.7 (15.7 |18.3 |21.4 25.5| 38.7 ] 66
2,600,000( 4.023 | 7.38 10.84|16.0 (18.4 |21.3 25.0 299|450 | 77
2,800,000 4.332 | 7.94 [ 0.98|18.3 (21.0 24.3 |28.6 34.0( 51 88
3,000,000| 4.642 | 8.51 |1.12 20.8 |23.8 |27.6 |32.5 38.6 | 59 100
3,200,000 4.951 [ 9.08 | 1.28 23.5 |27.0 31.2 [36.8 43.8 | 66 113
8,400,000| 5.26 6.6511.4426.3 [30.2 [35.0 [41.2 49 74 127
3,600,000| 5.57 [10.21 |1.6229.2 |33.5 38.9 [45.5 54 82 140
3,800,000| 5.88 [10.78 |1.8032.5 |37.2 [43.1 |51 60 92 156
4,000,000{ 6.19 |11.35 |2.00(35.5 |40.8 47.3 |56 66 100 171
4,500,000| 6.96 [12.77 |2.5244.3 51 59 69 83 125 213




12-INCH PIPE.

27



16-INCH PIPE.



20-INCH PIPE.



24-INCH PIPE.

30



30-INCH PIPE.
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36-INCH PIPE.

40
45
50
55
60

Discharge in Loss of Head in Feet per 1000 feet of length.
Iy | Voo
. Head,
st sl 1 | @ | @
one ¢=140 | ¢=130 | c=120 | ¢=110 | ¢=100 | c=90
3.094| 0.44 | 0.00 | 0.019] 0.022{ 0.026] 0.030{ 0.036| 0.044
3.868| 0.55 | 0.00 | 0.029| 0.033] 0.039| 0.046| 0.054| 0.066
4.642| 0.66 | 0.01 | 0.041| 0.047| 0.054| 0.064{ 0.076| 0.092
5.41 |1 0.77 | 0.01 | 0.054| 0.062| 0.072| 0.085 0.102| 0.123
6.19 | 0.88 | 0.01 | 0.070| 0.080| 0.092( 0.108| 0.129| 0.157
7.7411.09 ] 0.02 | 0.105 0.121| 0.140] 0.164] 0.196| 0.238
9.2811.31 | 0.03 | 0.147| 0.168| 0.196| 0.230| 0.274| 0.333
10.83 | 1.53 | 0.04 | 0.196] 0.224| 0.260| 0.306| 0.365| 0.444
12.38 { 1.75 | 0.05 | 0.250| 0.288| 0.332| 0.391| 0.467| 0.57
13.92 1 1.97 | 0.06 | 0.311] 0.358| 0.415| 0.488| 0.58 | 0.71
15.47 | 2.19 | 0.07 | 0.379] 0.434/ 0.50 | 0.59 | 0.71 | 0.86 | 1.07
17.02 | 2.41 | 0.09 | 0.451} 0.52 | 0.60 | 0.70 | 0.84 | 1.02 | 1.28
18.57 1 2.63 | 0.11 | 0.53 ] 0.61 | 0.71 { 0.83 | 0.99|1.21 | 1.50
20.11 {2.85(0.13 | 0.62 | 0.71 | 0.82(0.96 | 1.15]|1.39|1.74
21.66 ( 3.06 | 0.15|10.71 {0.81 | 0.94 (1.11|1.32]1.60 | 1.98
23.21 [ 3.28 1 0.17|0.80 (0.92 |1.07 ({1.26 | 1.49|1.82| 2.27
24.76 [ 3.50 { 0.19 [ 0.90 { 1.03 | 1.21 {1.42 | 1.68|2.05| 2.56
26.30 { 3.72 | 0.22 |11.02|1.16 | 1.34 (1.58{1.88|2.30 | 2.86
27.85(3.94(0.24 |1.12({1.201.50[1.76 | 2.10 | 2.56 | 3.18
20.40 | 4.16 | 0.27 [ 1.24 | 1.43 | 1.66 [ 1.94 | 2.832 | 2.81 | 3.51
30.94 | 4.3810.30 | 1.37 | 1.57 | 1.82 | 2.14 | 2.55|3.10 | 3.86
34.04 | 4.82 | 0.36 | 1.63 | 1.87 | 2.17 |.2.55 | 3.04 | 3.69 | 4.60
37.13 | 5.25 | 0.43 [ 1.92|2.20 | 2.55 | 2.99 | 3.58(4.35]| 5.4
40.23 1 5.69 | 0.50 | 2.22 | 2.55 | 2.96 | 3.48 | 4.14 | 5.1 | 6.3
43.32 | 6.13 | 0.58 | 2.565 | 2.92 | 3.39 | 3.98 | 4.76 | 5.8 7.2
46.42 | 6.57 | 0.67 | 2.90 | 3.32 | 3.86 | 4.53 | .4 6.6 8.2
49.51 | 7.00 | 0.76 | 3.27 | 3.74 | 4.33 | 5.1 6.1 7.4 9.2
52.6 7.4410.86 | 3.65)|4.19 4.8 | 5.7 6.8 8.3 10.3
55.7 7.88 1 0.96 | 4.07 | 4.67 | 5.4 6.4 7.6 |9.2 |11.4
58.8 8.32(1.07|4.50] 5.2 6.0 7.0 8.4 [10.2 [12.7
61.9 8.76 | 1.19 5.7 6.6 7.8 9.2 11.2 [13.9
69.6 9.85 ] 1.50 7.1 8.2 9.6 |11.4 )13.9 |17.4
77.4 |10.95 | 1.86 8.6 [10.0 j11.7 (18.9 [17.0 |21.1
85.1 [12.04 | 2.25 10.2 |11.8 [13.9 [16.6 (20.2 |25.1
92.8 [13.13 | 2.68 12.1 |13.9 (16.4 {(19.6 [23.8 [29.7




42-INCH PIPE.

Discharge in . Loss of Head in Feet per 1000 feet of length.
‘i,tel?: Veloc-
. eet. Hlf“yd -

Million 0 - ’

Sl e ol ¥ | @ | @
ours. onc. c=140 | c=130 | ¢=120 | c=110 [ c=100 | c=90 | c=80
3 4.64| 0.48 | 0.00 | 0.019] 0.022| 0.026 0.030( 0.036| 0.044| 0.054
4 6.19/ 0.64 | 0.01 | 0.033| 0.038| 0.044| 0.052 0.061| 0.074| 0.092
5 7.74/ 0.80 [ 0.01 | 0.050| 0.057{ 0.066| 0.078| 0.092| 0.113| 0.140
6 9.28 0.96 | 0.01 | 0.070{ 0.080 0.092| 0.108| 0.129| 0.158| 0.196
7 10.83] 1.13 | 0.02 | 0.092| 0.106]| 0.123| 0.145 0.172| 0.210| 0.261
8 12.38/ 1.29 | 0.03 | 0.118] 0.136] 0.158] 0.185| 0.220; 0.268]| 0.333
9 13.92( 1.45 | 0.03 | 0.147| 0.168| 0.196] 0.230| 0.273| 0.333| 0.415
10 15.47/ 1.61 | 0.04 | 0.178| 0.207| 0.238| 0.280| 0.332| 0.406/ 0.51
11 17.02/ 1.77 | 0.05 | 0.213| 0.245| 0.284| 0.334| 0.398| 0.483| 0.60
12 18.57| 1.93 | 0.06 | 0.251| 0.288| 0.333| 0.392| 0.468| 0.57 | 0.71
14 21.66] 2.25 | 0.08 | 0.333] 0.382| 0.445| 0.52 | 0.62 | 0.76 | 0.94
16 24.76; 2.57 1 0.10 | 0.428| 0.490; 0.57 | 0.67 | 0.80 | 0.97 | 1.21
18 27.85/ 2.8910.1310.53]10.61 10.71]0.83({0.99|1.21|1.50
20 30.94/ 3.22 |0.16 | 0.64 | 0.74 | 0.86 | 1.02 [ 1.21 | 1.47 | 1.83
22 34.04/ 3.53 {0.19{0.77 1] 0.881.03 |1.21 | 1.44|1.74 | 2.18
24 37.13: 3.86 {0.23]0.90]1.04 | 1.21 | 1.42|1.68| 2.05]| 2.55
26 40.23| 4.18 {0.27 | 1.05]1.21 |1.39|1.64 | 1.96 | 2.38| 2.97
28 43.32/4.50 {0.31 | 1.21 11.38(1.61|1.88|2.25|2.74 | 3.40
30 46.42 4.8210.36 | 1.37 ] 1.57 | 1.83 | 2.14 | 2.56 | 3.10 | 3.87
32 49.51| 5.15 1 0.41 | 1.54 | 1.77 [ 2.06 | 2.41 | 2.88 | 3.50 | 4.36
34 52.6 | 5.4710.46 ] 1.7311.9812.20]2.7013.21|3.91| 4.88
36 55.715.7910.52]11.92]12.20|2.56(3.00|3.58)4.35] 5.4
38 58.816.11 10.58| 2.12(2.43 |2.8213.3113.95|4.801{6.0
40 61.9 | 6.45|0.64 ]| 2.33|2.68(3.10| 3.64|4.35|5.3 6.6
42 65.0 1 6.7510.71]2.56|12.92(3.40| 3.99|{4.76| 5.8 7.2
44 68.1|17.08]|0.78 | 2.78|3.193.70| 4.36 | 5.2 6.3 7.8
46 71.217.4010.85]| 3.02|3.48(4.02]4.71 5.6 |6.8 8.5
48 74.317.72]10.93| 3.2813.76 | 4.36 | 5.1 6.1 7.4 19.2
50 77.418.0411.01]3.52|4.05]4.70{ 5.5 6.6 | 8.0 J10.0
55 85.18.8411.21|4.21 14.82 (5.6 6.6 7.8 | 9.6 |11.8
60 92.819.65]|11.45| 4.94|5.7 6.6 7.7 9.2 j11.2 3.9
65 100.6 |10.45 | 1.70 | 5.7 6.6 7.6 9.0 (10.7 13.0 [16.2
70 108.3 |11.26 | 1.97 | 6.6 7.6 8.8 [10.3 [12.2 (14.9 |i18.6
75 116.0 |12.06 | 2.26 | 7.5 8.6 |10.0 (11.7 |13.9 [16.9 [21.1
80 123.8 |12.86 | 2.57 | 8.4 9.6 |11.2 (13.2 |156.7 [19.1 {23.8
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48-INCH PIPE.

. Loss of Head in Feet per 1000 feet of length.
Ytelt}zl- vﬁ’,‘;"'

Million : €6t | Head,

Gallgns |3 | seiona | ot O] ®
ours. ond: c=140 | c=130 | ¢=120 | ¢ =110 | c=100| ¢=900| c¢=80
4 6.19] 0.49 |0.00( 0.017] 0.020( 0.023| 0.027| 0.032] 0.039; 0.048
5 7.74]1 0.62 10.01]| 0.026{ 0.030| 0.035| 0.041| 0.048] 0.059| 0.073
6 9.28/ 0.74 |0.01| 0.036{ 0.042| 0.048| 0.057| 0.068| 0.082| 0.102
8 12.38/ 0.98 |0.01| 0.062| 0.071{ 0.082| 0.097| 0.115| 0.140| 0.174
10 15.47| 1.23 [0.02]| 0.094] 0.107{ 0.124| 0.146| 0.174] 0.212| 0.263
12 18.57| 1.48 [0.03; 0.131] 0.150| 0.174| 0.204| 0.248| 0.297 0.369
14 21.66( 1.72 10.05| 0.174] 0.199| 0.232| 0.272| 0.324| 0.395| 0.490
16 24.76{ 1.97 [0.06] 0.222| 0.256| 0.298| 0.349| 0.417| 0.51 | 0.63
18 27.85 2.22 10.08| 0.277| 0.319; 0.369| 0.433| 0.52 | 0.63 | 0.78
20 30.94| 2.46 | 0.09| 0.338] 0.387 0.449| 0.53 | 0.68 | 0.76 | 0.95
22 34.04| 2.71 |0.11] 0.401| 0.460| 0.54 | 0.63 | 0.76 | 0.91 | 1.13
24 37.13/ 2.96 (0.14] 0.472{ 0.54 | 0.63 | 0.74 | 0.88 1 1.07 | 1.33
26 40.23| 3.20 |0.16} 0.55 | 0.63 [ 0.73 | 0.86 | 1.02 | 1.24 | 1.54
28 43.32| 3.45 {0.18/ 0.63 | 0.72 (| 0.84 (| 0.98 | 1.17 | 1.43 | 1.77
30 46.42) 3.69 [0.21]0.72 1 0.82|0.95|1.1211.38| 1.62 | 2.02
32 49.511 3.94 |0.24( 0.80 | 0.92 | 1.07 .26 [ 1.50 | 1.83 | 2.27
34 52.6 1 4.19 |0.27|0.90 | 1.03 | 1.19 | 1.41 | 1.68 ] 2.03 | 2.54
36 55.7 14.4310.3111.00(1.15|1.33|1.57 |1.87}2.28 | 2.82
38 58.814.68 ({0.34|1.11 [1.27(1.48(1.73|2.07 | 2.51 | 3.12
40 61.9 14.92 10.3811.22|1.39(1.62|1.90|2.28|2.77 | 3.44
42 65.0 | 5.17 (0.4111.33 |1 1.53 |1.77 | 2.08 | 2.49 | 3.02 | 3.76
44 68.1 | 5.42 (0.45/1.45(1.67 | 1.93(2.28|2.71|3.20| 4.10
46 71.2 | 5.66 (0.50( 1.58 | 1.81 [ 2.09 | 2.47 | 2.94 | 3.58 | 4.45
48 74.3 1 5.91 [0.54(1.71|1.96 | 2.28 | 2.67 | 3.19 | 3.88 | 4.81
50 77.4 1 6.16 |0.59| 1.84 | 2.12 | 2.46 | 2.88 | 3.44 | 4.18 | 5.2
55 85.1 {6.77 |0.71( 2.19 | 2.52 | 2.92 ( 3.43 | 4.09 | 4.97 | 6.2
60 92.8 |17.39 |10.85|2.58 (2.97 |3.44|4.04 |14.80 | 5.9 7.3
65 100.6 | 8.00 {0.99{ 2.99 | 3.43 | 3.98 | 4.68 | 5.6 6.8 8.4
70 108.3 | 8.62 |1.15| 3.43 | 3.94 | 4.58 | 5.4 6.4 7.8 |9.7
75 116.0 | 9.23 {1.32| 3.90 | 4.48 | 5.2 6.1 7.3 | 8.8 |11.0
80 123.8 | 9.85 |1.51| 4.40 | 5.1 5.9 6.9 8.2 [10.0 [12.4
85 131.5 |10.48 |1.70| 4.92 | 5.6 6.6 7.7 9.2 [11.2 [13.8
920 139.2 |11.08 |1.91] 5.5 6.3 7.3 8.6 10.2 [12.4 |15.4
95 147.0 [11.69 [2.12] 6.0 7.0 8.0 9.5 (11.3 13.7 [17.1
100 154.7 (12.31 {2.35| 6.7 7.6 8.8 [10.4 [12.4 |15.1 (18.8




54-INCH PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
lyl [ Ve :

Million . €et | Head,

i e @ | 0|00
ours. onc c=140 | ¢=130 | ¢=120 [ c=110 | c=100| c=90 | c=80
6 9.28| 0.58 [0.01| 0.020| 0.023| 0.027| 0.032| 0.038| 0.046| 0.058
8 12.38| 0.78 |0.01| 0.035( 0.040| 0.046] 0.054| 0.065 0.079| 0.098
10 15.47/ 0.97 |0.01 | 0.053] 0.060| 0.070| 0.082| 0.098| 0.119| 0.148
12 18.57| 1.17 {0.02| 0.074| 0.085| 0.098| 0.115] 0.137| 0-.167| 0.208
14 21.66| 1.36 |0.03| 0.098| 0.113| 0.131] 0.153| 0.183] 0.222( 0.277
16 24.76] 1.56 {0.04| 0.126| 0.144| 0.167| 0.196| 0.235| 0.285| 0.355
18 27.85 1.75 {0.05| 0.157| 0.179| 0.208| 0.244( 0.291| 0.354| 0.440
20 30.94| 1.95 |0.06| 0.190( 0.218] 0.252| 0.297| 0.354| 0.430| 0.54
22 34.04| 2.14 10.07| 0.227| 0.260( 0.301{ 0.354 0.422| 0.52 | 0.64
24 37.13| 2.33 (0.08| 0.267| 0.306| 0.354| 0.417| 0.496| 0.60 | 0.75
26 40.23| 2.53 |0.10( 0.309| 0.354 0.4i1 0.482 0.58 | 0.70 | 0.87
28 43.32) 2.72 |{0.11| 0.353| 0.406| 0.470( 0.55 | 0.66 | 0.80 | 1.00
30 46.42| 2.92 |0.13| 0.402{ 0.461| 0.54 | 0.63 | 0.76 | 0.92 | 1.13
32 49.51{ 3.11 [0.15] 0.453{ 0.52 [ 0.60 [ 0.71 | 0.85 | 1.03 | 1.28
34 52.6 | 3.31 {0.17{0.51 [ 0.58 [ 0.68 | 0.80 | 0.95 | 1.15 | 1.43
36 55.7 | 3.50 [0.19]0.56 [ 0.65 | 0.75 | 0.88 { 1.05 | 1.28 1.59_
38 58.813.70 (0.21]0.6210.72]10.83,0.9811.17 11.42|1.76
40 61.9 | 3.89 (0.23/0.68/0.79 |0.91 |1.07|1.28|1.55]1.93
42 65.0 | 4.09 10.26| 0.75|0.86 | 1.00 [ 1.17 | 1.40 | 1.70 | 2.12
44 68.1 | 4.28 (0.28/0.8210.94 | 1.08|1.28|1.53 |1.86 | 2.31
46 71.2 | 4.47 10.31] 0.89 .02 11.18(1.3911.66|2.02]2.50
48 74.314.67 |0.34/0.96 | 1.11 [ 1.28|1.51 |1.79 | 2.19 | 2.72
50 77.4(4.86 10.37|1.04 [ 1.19 | 1.38|1.62|1.94|2.36 | 2.92
55 85.15.35|0.44|1.24 (1.42 |1.64|1.93|2.30|2.80 | 3.49
60 92.8 1 5.84 |0.563|1.46 | 1.67 | 1.93 [ 2.28 | 2.71 | 3.30 | 4.10
65 100.6 | 6.32 [0.62| 1.68 | 1.93 | 2.24 [ 2.63 | 3.14 | 3.82 | 4.76
70 108.3 | 6.81 [0.72|11.93 | 2.22 | 2.5813.02|3.61 |4.39 | 5.4
75 - |116.0 | 7.30 |0.83| 2.20 | 2.52 [ 2.92 | 3.43 {4.10 | 4.99 | 6.2
80 123.8 |1 7.78 |0.94( 2.48 | 2.84 [ 3.30 | 3.88|4.61 | 5.6 | 7.0
85 131.5 | 8.27 {1.06|2.78 | 3.18 | 3.69 | 4.32|65.2 | 6.3 | 7.8
90 139.2 [ 8.76 {1.19| 3.08 | 3.52 | 4.10 | 4.81 | 5.8 | 7.0 | 8.7
95 147.0 1 9.24 /1.33{3.41 | 3.91 ([4.53|5.4 |6.4 | 7.8 |9.6
100 154.7 | 9.73 |1.47} 3.75-| 4.30 | 4.99 | 5.9 7.0 |85 |10.7
110 170.2 |10.70 |1.78( 4.48 | 5.2 6.0 |7.0 |8.4 |10.2 |12.7
120 185.7 [11.67 [2.12] 5.3 | 6.0 7.0 (8.2 |[9.8 |11.9 (14.8

©
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60-INCH PIPE.

Discharge in . Loss of Head in Feet per 1000 feet of length.
Million . Head,
Galelh |, Cobi o2 | P © ®@
ours, [Second. c=140 | ¢=130 [ c=120 | ¢=110 | c=100 | c=90 | ¢c=80
4 6.19/ 0.32 | 0.00| 0.006| 0.007| 0.008| 0.009| 0.011]| 0.013| 0.016
6 9.28( 0.47 [0.00| 0.012| 0.014| 0.016| 0.019| 0.023| 0.028| 0.035
8 12.38( 0.63 |0.01| 0.021| 0.024| 0.028| 0.033| 0.039| 0.047 0.059
10 15.47| 0.79 |0.01| 0.032| 0.036| 0.042| 0.049} 0.059| 0.072| 0.089
12 18.57| 0.95 [0.01| 0.044| 0.051| 0.059| 0.069| 0.082 0.100| 0.124
14 21.66/ 1.10 |0.02| 0.059| 0.068] 0.078; 0.092( 0.109| 0.133| 0.166
16 24.76) 1.26 (0.02| 0.075) 0.086| 0.100| 0.117( 0.140| 0.171] 0.212
18 27.85( 1.42 |10.03| 0.094| 0.107| 0.124{ 0.146| 0.174| 0.212| 0.263
20 30.94| 1.58 |0.04| 0.113| 0.131] 0.152| 0:178| 0.212] 0.258]| 0.320
22 34.04 1.73 |0.05| 0.136| 0.156| 0.181| 0.212| 0.253 0.308| 0.381
24 37.13/ 1.89 [0.06| 0.159| 0.183| 0.212| 0.249| 0.298| 0.361| 0.449
26 40.23) 2.05 {0.07| 0.185 0.212]| 0.247) 0.289| 0.346; 0.419] 0.52
28 43.32| 2.21 {0.08| 0.212]| 0.243| 0.282| 0.331| 0.395| 0.480{ 0.60
30 46.42| 2.36 |0.09| 0.241] 0.277| 0.320] 0.377| 0.449| 0.55 | 0.68
32 49.51| 2.52 {0.10| 0.271| 0.310] 0.361| 0.425| 0.51 | 0.62 | 0.76
34 52.6 | 2.68 [0.11| 0.303| 0.349] 0.404| 0.474| 0.57 | 0.69 | 0.86
36 55.7 | 2.84 |0.12| 0.338] 0.388] 0.449( 0.53 | 0.63 | 0.76 | 0.95
38 58.8 12.99 |0.14| 0.372| 0.428] 0.496| 0.58 | 0.70 | 0.85 | 1.05
40 61.9 | 3.15 [0.15]| 0.410{ 0.470| 0.55 { 0.64 | 0.76 | 0.93 | 1.16
45 69.6. 3.55 10.19( 0.51 | 0.59 | 0.68 | 0.80 | 0.95 | 1.16 | 1.44
50 77.413.9410.24/ 0.62]0.71 |0.83(0.97 [ 1.16.{1.41 | 1.75
55 85.1|4.33 |0.29| 0.74 (| 0.85 | 0.98|1.16 | 1.38 | 1.68 | 2.09
60 92.8(4.73 |0.35| 0.87 | 1.00 |1.16 [ 1.36 | 1.62 | 1.98 | 2.46
65 100.6 | 5.12 |0.41( 1.02 | 1.16 | 1.34 | 1.58 | 1.88 | 2.29 | 2.85
70 108.3 | 5.52 (0.47| 1.16 | 1.33 [ 1.54 | 1.81 | 2.17 | 2.62 | 3.28
75 116.0 | 5.91 {0.54| 1.32 | 1.51 | 1.75 | 2.06 | 2.46 | 2.98 | 3.70
80 123.8 1 6.30 |0.62] 1.48 | 1.70 | 1.97 | 2.31 | 2.78 | 3.37 | 4.19
85 131.5 | 6.70 |0.70] 1.66 | 1.90 | 2.21 | 2.59 | 3.09 | 3.75 | 4.68
90 139.2 | 7.09 |0.78| 1.84 | 2.12 | 2.47 | 2.89 | 3.44 | 4.19 | 5.2
95 147.0 | 7.49 |0.87| 2.03 | 2.34 | 2.71 | 3.19 | 3.80 | 4.61 | 5.8
100 154.7 | 7.88 10.97| 2.24 | 2.57 | 2.98 | 3.51 | 4.19 | 5.1 6.4
110 170.2 | 8.67 |1.17| 2.68 | 3.07 | 3.57 | 4.18 | 4.98 | 6.0 7.6
120 185.719.46 {1.39]| 3.13 | 3.60 | 4.18 | 4.90 | 5.9 7.1 8.9
130 201.1 {10.24 |1.63| 3.63 | 4.18 | 4.84 | 5.7 {1 6.8 | 8.3 [10.3
140 216.6 |11.03 |1.89| 4.18 { 4.79 | 5.6 6.6 7.8 9.5 |11.8




66-INCH PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
Veloe- | yejoq- .
ityin | V¢ Steel
Million X et | ity , tre]::x:‘. Good |p;veted| Pipe 10
Callgns | Suble | per ;| oot Sraoach) gYerx, g%}g Biesl | i | Roush.
ours, |Second. Straight ducts, | New. | Brick
¢=140 | ¢=130 [ c=120 | ¢=110 | c=100| c¢=90
8 12.38| 0.52 |0.00| 0.013| 0.015| 0.017 0.021] 0.024 0.030
10 15.47| 0.65 [0.01| 0.020{ 0.023| 0.026| 0.031| 0.037| 0.045
12 18.57| 0.78 |0.01| 0.028| 0.032| 0.037| 0.043| 0.052 0.063
14 21.66] 0.91 |0.01| 0.037{ 0.042| 0.049| 0.058; 0.069; 0.084
16 24.76] 1.04 |0.02| 0.047; 0.054| 0.063| 0.074| 0.088 0.107
18 27.85( 1.17 [0.02| 0.059| 0.068| 0.078| 0.092| 0.109] 0.133
20 30.94| 1.30 {0.03} 0.071| 0.082| 0.095| 0.112{ 0.133] 0.162
22 34.04] 1.43 10.03| 0.085| 0.098] 0.113 0.133l 0.158) 0.193
24 37.13| 1.56 |0.04| 0.100| 0.115] 0.133| 0.157; 0.187| 0.228
26 40.23| 1.69 [0.04| 0.116| 0.133| 0.154, 0.182] 0.217| 0.262
28 43.32] 1.82 |{0.05| 0.133| 0.153| 0.178] 0.208| 0.248] 0.302| 0.376
30 46.42| 1.95 |0.06| 0.152| 0.173| 0.201| 0.237| 0.282| 0.343| 0.427
32 49.51| 2.08 [0.07| 0.171| 0.196| 0.227| 0.267| 0.318| 0.388| 0.480
34 52.6 | 2.21 [0.08]| 0.191| 0.219! 0.254| 0.298' 0.356( 0.432] 0.54
36 55.7 | 2.34 [0.09| 0.212] 0.243] 0.282| 0.331 0.396| 0.481| 0.60
38 58.8 | 2.47 [0.10| 0.235| 0.269| 0.312| 0.368| 0.438 0.53 | 0.66
40 61.9 | 2.60 [0.11| 0.258| 0.296; 0.344| 0.403| 0.481| 0.59 | 0.73
45 69.6 | 2.93 {0.13| 0.320; 0.368 0.427, 0.50 | 0.60 | 0.73 | 0.90
50 77.4 | 3.26 |0.16]| 0.390| 0.448/ 0.52 [ 0.61 | 0.73 | 0.88 | 1.10
55 85.1 | 3.58 [0.20| 0.466| 0.53 | 0.62 | 0.73 | 0.87 | 1.06 | 1.32
60 92.83.91|/0.24/0.55(0.63|0.73 |0.86]1.02|1.24 | 1.54
65 100.6 | 4.23 {0.28]| 0.64 | 0.73 | 0.84 (| 0.99 | 1.18 | 1.44 [ 1.79
70 108.3 | 4.56 (0.32] 0.73 |1 0.84 | 0.97 | 1.14 [ 1.36 [ 1.65 | 2.06
75 116.0 | 4.88 |0.37| 0.83 1| 0.95 ! 1.10 | 1.29 | 1.54 | 1.87 | 2.33
80 123.815.21 |]0.42(0.93 | 1.07 | 1.24 | 1.46 | 1.74 | 2.11 | 2.63
85 131.5 | 5.5310.47/1.04 | 1.19 | 1.38 (1.63 | 1.94 | 2.37 | 2.94
90 139.2 | 5.86 |0.53| 1.16 | 1.33 | 1.54 | 1.82 | 2.17 | 2.63 | 3.28
95 147.0 | 6.19 (0.59| 1.28 | 1.47 | 1.71 | 2.00 | 2.39 | 2.90 | 3.61
100 154.7 | 6.51 |0.66| 1.41 | 1.62 | 1.88 | 2.20 | 2.62 | 3.20 | 3.98
110 170.2 | 7.16 {0.80| 1.67 [ 1.92 | 2.22 | 2.61 | 3.12 | 3.80 | 4.71
120 185.7 | 7.81 (0.95| 1.97 | 2.27 | 2.62 | 3.09 ( 3.68 | 4.48 | 5.6
130 201.1 | 8.47 |1.1112.290 |1 2.62 | 3.04 | 3.59 | 4.28 | 5.2 6.4
140 216.6 | 9.12 |1.29{ 2.62 | 3.01 | 3.50 | 4.11 | 4.90 | 6.0 7.4
150 232.1 | 9.77 |1.48| 2.99 | 3.43 | 3.98 | 4.68 | 5.6 6.8 8.4
160 247.6 |10.42 {1.68| 3.37 | 3.87 | 4.49 | 5.3 6.3 7.6 9.5
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72-INCH PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
Veloc- | yelo0
ity in h Steel
- ot | ity [ Ex- Good |piveted Pipe 10
Sallons Foot per | Sevond. Foot. |Simoor Smooth sonry Yoo | O | Roush. R,
24 I'5econd. and Aque- | Noo' | Brick
ours. Straight| ducts. Sewers.
¢=140 [¢=130 | ¢=120 | c=110 | c=100 | ¢=980 | c=80
8 12.38| 0.44 | 0.00| 0.009| 0.010{ 0.011 0.013' 0.016/ 0.019| 0.024
10 15.47| 0.55 | 0.00| 0.013| 0.015| 0.017| 0.020 0.024]| 0.029| 0.037
L, 12 18.57( 0.66 [ 0.01| 0.018| 0.021| 0.024 0.028| 0.034| 0.041| 0.051
14 21.66| 0.77 | 0.01| 0.024| 0.028| 0.032| 0.038 0.045| 0.055| 0.068
16 24.76/ 0.88 | 0.01| 0.031| 0.035 0.041{ 0.048| 0.058 0.070] 0.088
18 27.85| 0.98 | 0.02| 0.038 0.044| 0.051 0.060| 0.072 0.087| 0.108
20 30.94/°1.09 {0.02| 0.047| 0.054| 0.062] 0.073, 0.087| 0.106| 0.132
22 34.04] 1.20 (0.02| 0.056] 0.064| 0.074| 0.087| 0.104 0.126{ 0.157
24 37.13/ 1.31 [ 0.03| 0.066/ 0.075 0.087| 0.103| 0.122] 0.148| 0.185
26 40.23| 1.42 | 0.03| 0.076/ 0.087| 0.102| 0.118] 0.142 0.172| 0.215
28 43.32| 1.53 | 0.04| 0.087| 0.100| 0.116| 0.136 0.i62 0.197| 0.246
30 46.42| 1.64 | 0.04| 0.099| 0.113| 0.132] 0.155| 0.185 0.225| 0.279
32 49.51| 1.75 10.05] 0.112] 0.128] 0.148| 0.174| 0.208| 0.252( 0.315
34 52.6 | 1.86 [0.05| 0.125| 0.143| 0.166| 0.195' 0.232| 0.282| 0.351
36 55.7 | 1.97 | 0.06| 0.138]| 0.159| 0.185| 0.217| 0.259| 0.315| 0.391
38 58.8 12.08 10.07| 0.153]| 0.176] 0.204 0.240‘ 0.287| 0.348| 0.432
40 61.9 | 2.19 {0.07]| 0.169] 0.193] 0.225 0.263] 0.315| 0.382] 0.476
45 69.6 | 2.46 | 0.09| 0.210| 0.241| 0.280| 0.329( 0.391| 0.477( 0.59
50 77.4 1 2.74 [ 0.12] 0.255| 0.292( 0.340{ 0.399 0.477| 0.58 | 0.72
556 81.5 | 3.01 {0.14] 0.304| 0.349| 0.405| 0.476| 0.57 | 0.69 | 0.86
60 92.8 | 3.28 [ 0.17] 0.358| 0.410{ 0.476, 0.56 | 0.67 | 0.81 | 1.02
65 100.6 | 3.56 | 0.20{ 0.414]| 0.475/ 0.55 | 0.65 [ 0.78 | 0.94 | 1.17
70 108.3 | 3.83 | 0.23| 0.476{ 0.55 | 0.64 | 0.74 | 0.88 | 1.08 | 1.34
75 |116.0 | 4.10 [0.26] 0.54 | 0.62 | 0.72 | 0.84 [ 1.01 | 1.23 | 1.53
80 123.8 | 4.38 |0.30{0.61 | 0.70 | 0.81 | 0.96 | 1.14 | 1.38 | 1.72
90 139.2 | 4.92 10.38/0.76 | 0.87 | 1.01 | 1.18 | 1.42 [ 1.72 | 2.14
100 154.7 | 5.47 [0.47]0.92 | 1.07 | 1.23 | 1.44 | 1.72 | 2.10 | 2.60
110 170.2 | 6.02 {0.56] 1.10 | 1.27 | 1.47 | 1.72 | 2.05 | 2.49 | 3.10
120 185.7 | 6.57 {0.67| 1.28 | 1.48 | 1.72 [ 2.01 | 2.40 | 2.92 | 3.64
130 201.1 | 7.11 10.79/1.50 | 1.72 | 1.99 | 2.34 | 2.79 | 3.40 | 4.21
140 216.6 | 7.66 |0.91(1.7211.97|2.29 |2.69|3.20| 3.90 | 4.84
150 232.1 | 8.21 |1.05(1.95|2.24|2.60 | 3.05[3.62] 4.41 | 5.5
160 247.6 | 8.76 11.191 2.20 | 2.52 1 2.92 | 3.43 | 4.10 | 4.99 | 6.2
170 263.0 [ 9.30 | 1.34| 2.46 | 2.82 | 3.28 | 3.85 | 4.59 | 5.6 7.0
180 278.5 1 9.85 |11.51| 2.73 | 3.13 | 3.63 | 4.29 | 5.1 6.2 7.8

©
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78-INCH PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
Cubic | Million ‘.:;O::l:: ;%l‘g: trel;::;l (if()::i Riveted P?t:ello
Foof | Callms |5 2r, | ot |Smogih) Yory | soney | Steel | Yoo | Rougn| ey,
Second.| Hours, Straight ducts. New. SBGI;:I:S.
c=140 | ¢=130 |¢=120| ¢=110 [c=100| ¢=90 | c=80
10 6.46 | 0.30 | 0.00 | 0.004| 0.004| 0.005| 0.006 | 0.007{ 0.009| 0.011
15 9.69  0.45 | 0.00 | 0.008; 0.009 0.011i 0.013 | 0.015| 0.019| 0.0Z3
20 12.93 | 0.60 | 0.01 | 0.014| 0.016 0.019| 0.022 | 0.026| 0.032{ 0.040
25 16.16 | 0.75 | 0.01 | 0.021| 0.024| 0.028, 0.033 | 0.040| 0.048| 0.0G0
30 19.39 [ 0.90 | 0.01 | 0.030] 0.034| 0.040; 0.047 | 0.056, 0.068| 0.084
35 22.62 | 1.05 [ 0.02 | 0.040| 0.046| 0.053| 0.062 | 0.074| 0.090| 0.112
40 25.85 | 1.21 | 0.02 [ 0.051} 0.058| 0.068; 0.080 | 0.095] 0.116; 0.144
45 29.08 [ 1.36 | 0.03 | 0.064| 0.073| 0.084| 0.099 | 0.118 0.144] 0.178
50 32.32 | 1.51 | 0.04 | 0.077{ 0.088( 0.102| 0.120 | 0.143| }0.174{ 0.218
55 35.55 | 1.66 '0.04 0.092{ 0.106; 0.122| 0.144 | 0.172] 0.208| 0.259
60 38.78 | 1.81 | 0.05 | 0.108| 0.124| 0.144| 0.169 | 0.201| 0.245| 0.304
65 42.01 { 1.96 { 0.06 | 0.126 0.144| 0.167, 0.196 | 0.233| 0.284| 0.354
70 45.24 | 2.11 | 0.07 | 0.143| 0.164| 0.190| 0.223 | 0.268| 0.325| 0.404
75 48.47 | 2.26 | 0.08 | 0.163| 0.186| 0.217| 0.253 | 0.303| 0.369| 0.459
80 51.7 2.41 | 0.09 | 0.184| 0.211]| 0.246] 0.288 | 0.343| 0.419] 0.52
85 54.9 2.56 | 0.10 | 0.205( 0.236] 0.272] 0.321 | 0.382] 0.467| 0.58
90 58.2 2._71 0.11 | 0.228] 0.262 0.304] 0.358 | 0.426| 0.52 | 0.64
95 61.4 2.86 | 0.13 | 0.252| 0.290| 0.337| 0.396 | 0.471| 0.57 | 0.72
100 64.6 3.01 | 0.14 | 0.278| 0.319| 0.369] 0.432 | 0.52 | 0.63 | 0.78
110 71.1 3.32 | 0.17 | 0.331| 0.379| 0.440] 0.52 0.6210.75 ] 0.94
120 77.5 3.62 | 0.20 | 0.389| 0.446| 0.52 | 0.61 0.72 1 0.88]1.09
130 84.0 3.92 { 0.24 | 0.450| 0.52 { 0.60 | 0.71 0.84|1.02]1.27
140 90.5 4.22 (0.2810.52]|0.590.69 | 0.81 0.96 | 1.17 | 1.46
150 96.9 4.52 {0.32 |1 0.59|0.68|0.78 | 0.92 1.09 [ 1.33 | 1.66
160 |103.4 4.8 10.36 | 0.66 { 0.76 | 0.88 | 1.03 1.23 [ 1.50 | 1.87
170 [109.9 5.12 (0.41 | 0.74 (0.85 | 0.99 | 1.16 1.38|1.68 | 2.09
180 |116.3 543 ({0.46 1 0.82 1 0.94 [ 1.09 | 1.28 1.54 | 1.87 | 2.32
190 |122.8 5.73 (0.51 { 0.91 [ 1.04 |1.22 | 1.43 1.70 | 2.07 | 2.58
200 |129.3 6.03 {0.56 |1.00 |1.15(1.33 | 1.57 1.87 | 2.27 | 2.82
220 (142.2 6.63 (0.6811.19 |1.3711.59 | 1.87 2.2212.70 | 3.38
240 (155.1 7.23|0.81 [1.40|1.61|1.87 | 2.20 2.62 | 3.19 | 3.97
260 (168.0 7.84 10.95(1.63|1.87|2.17 | 2.54 3.04 | 3.69 | 4.59
280 |181.0 844 | 1.11 | 1.87(2.14 | 2.49 | 2.92 3.49(4.23|5.3
300 (193.9 9.04 |1.27 |1 2.12|12.43 | 2.82 | 3.31 3.96 | 4.80 | 6.0
320 [206.8 9.64 | 1.442.39|2.75]|3.19 | 3.74 445 | 5.4 6.8




84-INCH PIPE.

Loss of Head in Feet per 1000 feet of length.

Discharge in
Veloo- Veloc-
ity in ¢ Steel
. s eet ity Ex- Good Riveted | Pipe 10
%:‘;%c gflﬁ;ﬁ? sBoha| Feot 5’§§3 Smooth gl‘g%g Bioe. | Ol | Roveh! Roudh,
Second.| Hours. Straight| ducts. | New- S]Z?vgl:s
¢c=140 | c=130 | ¢=120| ¢=110 |c=100}| c¢=90 | c=80
10 6.46 | 0.26 | 0.00 0.003 0.003| 0.004| 0.004 | 0.005| 0.006/ 0.008
15 9.69 | 0.39 | 0.00 | 0.006| 0.007| 0.008| 0.009 ) 0.011{ 0.013| 0.016
20 12.93 | 0.52 | 0.00 | 0.010{ 0.011| 0.013] 0.015 | 0.018| 0.022| 0.028
25 16.16 | 0.65 | 0.01 | 0.015 0.017| 0.020{ 0.023 | 0.028| 0.034| 0.042
30 19.39 | 0.78 | 0.01 | 0.021| 0.024| 0.028| 0.033 | 0.039| 0.047| 0.059
35 22.62 |1 0.91 | 0.01 | 0.028| 0.032| 0.037| 0.043 | 0.052( 0.063| 0.078
40 25.85 | 1.04 | 0.02 | 0.036| 0.041(.0.047| 0.056 | 0.066 0.080| 0.100
45 29.08 | 1.17 | 0.02 | 0.044| 0.051| 0.059| 0.069 | 0.082 0.100] 0.124
50 32.32 | 1.30 | 0.03 | 0.054| 0.062| 0.072| 0.084 | 0.100| 0.122| 0.152
65 35.55 | 1.43 | 0.03 | 0.064| 0.074| 0.086( 0.100 | 0.119] 0.145| 0.181
60 38.78 | 1.56 | 0.04 | 0.075| 0.086{ 0.100( 0.118 | 0.141] 0.171]| 0.212
65 42.01 { 1.69 | 0.04 | 0.087| 0.100f 0.117 0.136 | 0.163| 0.198| 0.247
70 45.24 | 1.82 | 0.05 | 0.100{ 0.114] 0.133| 0.157 | 0.187] 0.228] 0.282
80 51.7 2.08 | 0.07 | 0.128| 0.147] 0.171( 0.200 | 0.239| 0.290| 0.361
90 58.2 2.34 1 0.09 { 0.159| 0.1831 0.212| 0.249 | 0.297( 0.361] 0.450
100 64.6 2.60 | 0.11 | 0.193| 0.222| 0.257| 0.302 | 0.361] 0.439| 0.55
110 71.1 2.86 | 0.13 | 0.231| 0.265| 0.307| 0.361 | 0.430| 0.52 | 0.65
120 77.5 3.12 | 0.15 | 0.272] 0.311| 0.361| 0.424 | 0.51 | 0.62 | 0.76
130 84.0 3.38 | 0.18 | 0.314] 0.361| 0.419{ 0.492 | 0.59 | 0.71 | 0.89
140 90.5 3.64 | 0.21 | 0.361] 0.414| 0.480| 0.56 0.6810.82|1.04
150 96.9 3.90 | 0.24 | 0.410| 0.470| 0.54 | 0.64 0.77 { 0.93 | 1.16
160 (103.4 4.16 | 0.27 | 0.461| 0.53 | 0.62 | 0.72 0.86 {1.04 1.3
170 |109.9 4.42 10.30 | 0.52 |0.60 | 0.69 | 0.81 0.96 | 1.17 | 1.46
180 (116.3 4.68 |1 0.34 {0.58|0.66 { 0.76 | 0.90 1.07 {1.30 | 1.62
190 [122.8 4,94 1 0.3810.64 | 0.73 | 0.84 | 0.99 1.18 | 1.44 | 1.79
200 |129.3 5.20 10.42{0.70 1 0.80 | 0.93 | 1.09 1.30 | 1.58 | 1.97
220 [142.2 5.72 | 0.51 | 0.83 [0.96 [ 1.11 | 1.30 1.55|1.88|2.35
240 |155.1 6.24 1 0.60 | 0.98 | 1.12 | 1.30 | 1.53 1.82|2.21|2.77
260 |168.0 6.76 | 0.71 | 1.13 | 1.30 | 1.51 | 1.77 2.11 | 2,57 | 3.20
280 |181.0 7.28 10.82(1.30 11.49 [ 1.73 | 2.03 2.42 | 2.96 | 3.68
300 [193.9 7.80 | 0.94 | 1.48 | 1.70 | 1.97 | 2.32 2.77 ({ 3.37 | 4.19
320 |206.8 8.31 |1.08|1.67|1.91|2.22( 2,61 3.11 | 3.78 | 4.70
340 (219.7 8.83|1.21 | 1.87 | 2.14 | 2.48 | 2.92 3.48|4.22|5.3
360 (232.7 9.35|1.36 | 2.08 | 2.38 | 2.76 | 3.25 3.8 14.70|5.9
380 |[245.6 9.87 (11.5212.29 | 2.63 ({ 3.06 | 3.59 4.29 | 5.2 6.5




90-INCH PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
Veloc- | yelo0-
ity in H Steel
. - eet ity Ex- Geod | Riveted Pipe 10
oot | Sallgs | s Bor | oo [Smoetl Yoy | sonry | Bieel | Yot | Rouan.| g,
Second. | Hours. Straight ducts, | New. | Brick
c=140 | ¢=130 [ ¢=120 | ¢=110 |c=100| ¢=90 [ c=80
15 9.69| 0.34 | 0.00 |- 0.004; 0.005/ 0.006| 0.007 | 0.008( 0.009| 0.012
20 12.93| 0.45 | 0.00 | 0.007| 0.008| 0.009{ 0.011 | 0.013| 0.016] 0.020
25 16.16{ 0.57 | 0.00 | 0.011] 0.012( 0.014] 0.017 | 0.020| 0.024| 0.030
30 19.39/ 0.68 | 0.01 | 0.015] 0.017| 0.020| 0.023 | 0.02§| 60.034| 0.042
35 22.62/ 0.79 | 0.01 | 0.020] 0.023| 0.026/ 0.031 | 0.037| 0.045| 0.056
40 25.85| 0.91 | 0.01 [ 0.026| 0.029| 0.034| 0.040 | 0.045| 0.058| 0.072
45 29.08| 1.02 | 0.02 | 0.032! 0.036] 0.042| 0.050 | 0.059%| 0.072| 0.090
50 32.32/ 1.13 | 0.02 | 0.038| 0.044| 0.051| 0.060 | 0.072f 0.087; 0.108
60 38.78| 1.36 | 0.03 | 0.054| 0.062| 0.072| 0.084 | 0.101 0.122| 0.152
70 45.24| 1.58 | 0.04 | 0.072 0.083| 0.096| 0.113 | 0.134| 0.163| 0.202
80 51.7 | 1.81 | 0.05 | 0.092] 0.105/ 0.122 0.143 | 0.171] 0.208| 0.259
90 58.2 | 2.04 | 0.06 | 0.114] 0.131] 0.152] 0.179 | 0.213| 0.260| 0.322
100 64.6 | 2.26 | 0.08 | 0.139' 0.160| 0.186| 0.218 | 0.260| 0.316| 0.392
110 71.1 ] 2.49 | 0.10 { 0.166| 0.190| 0.221| 0.259 | 0.309] 0.376| 0.468
120 | 77.5 | 2.72 | 0.11 | 0.194] 0.222| 0.259| 0.303 | 0.361| 0.440| 0.55
130 84.0 | 2.94 | 0.13 | 0.226| 0.259| 0.301| 0.353 | 0.421| 0.51 | 0.64
140-| 90.5 | 3.17 | 0.16 | 0.259| 0.298| 0.344| 0.404 | 0.481} 0.59 | 0.73
150 96.9 | 3.40 | 0.18 | 0.294| 0.338| 0.391| 0.460 | 0.55 | 0.67 | 0.83
160 103.4 | 3.62 | 0.20 | 0.332| 0.381| 0.442| 0.52 0.62 | 0.76 | 0.94
170 109.9 | 3.85 | 0.23 | 0.371] 0.425| 0.493| 0.58 | 0.69 | 0.84 | 1.04
180 116.3 | 4.07 | 0.26 | 0.413| 0.472| 0.55 | 0.64 [ 0.77 { 0.94 | 1.17
190 122.8 | 4.30 | 0.29 | 0.457) 0.52 [ 0.61 | 0.72 | 0.85 | 1.03 | 1.29
200 120.3 | 4.53 (0.32|0.50 | 0.58 | 0.67 | 0.78 | 0.94 | 1.14 | 1.42
220 142.2 | 4.98 | 0.39 | 0.60 { 0.69 | 0.80 | 0.94 1.12 | 1.36 | 1.69
240 155.1 | 5.43 | 0.46 | 0.70 | 0.81 | 0.94 | 1.10 1.31 | 1.59 [ 1.98
260 168.0 | 5.80 | 0.54 [ 0.82 | 0.94 | 1.08 | 1.27 1.52 | 1.84 | 2.30
280 181.0 | 6.34 | 0.62 | 0.93 | 1.07 | 1.24 | 1.46 1.74 | 2.11 | 2.62
300 193.9 | 6.77 | 0.72 { 1.07 | 1.21 [ 1.41 | 1.65 1.97 | 2.40 | 2.98
320 206.8 | 7.25:0.82(1.19|1.37 [ 1.58 | 1.86 2.22 |1 2.70 | 3.38
340 219.7 | 7.70 | 0.92 | 1.33 | 1.53 | 1.78 | 2.09 2.49 | 3.02 | 3.78
360 232.7 | 8.15|1.03(1.49|1.71 |1.98 | 2.32 2.78 [ 3.39 | 4.20
380 245.6 | 8.60 | 1.15 | 1.65 | 1.89 | 2.20 | 2.58 3.08 | 3.73 | 4.65
400 258.519.051.27 |1.81|2.08|2.41 | 2.82 3.38 |14.10 | 5.1
420 271.5 1 9.51 | 1.40 | 1.98{2.28|2.63|3.10 | 3.70 { 4.50 | 5.6
440 | 284.4 | 9.96 | 1.54 | 2.17|2.48|2.80 | 3.39 |4.02 4,90 |6.1
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96-INCH PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
N — Ex- Good | piveted

Cubic | Million tremel Ma-
Feet | Gallns Smooth oot fonrY | Fipe Rough| o,
econd. ours, Straight, ducts. .

c=140 |¢=130 | ¢c=120 | c=110 c=90| c=80
15 9.69| 0. 0.003| 0.003] 0.004| 0.005 0.007{ 0.009 -
20 12.93| 0. 0.005{ 0.006{ 0.007| 0.008 0.012} 0.015
30 19.39| 0. 0.011} 0.013{ 0.015| 0.017 0.025| 0.031
40 25.85] 0. 0.019| 0.021} 0.025/ 0.029 0.042 0.053
50 32.32| 0. 0.028| 0.032| 0.037| 0.043 0.063| 0.078
60 38.78| 1. 0.039( 0.045 0.052| 0.061 0.089] 0.110
70 45.24| 1. 0.052 0.060| 0.070| 0.082 0.118] 0.147
80 51.7 | 1. 0.067{ 0.077[ 0.089| 0.104 0.152| 0.188
90 58.2 | 1. 0.083| 0.095] 0.111| 0.130 0.188) 0.234
100 64.6 | 1. 0.101] 0.116] 0.135| 0.158 0.229| 0.286
110 71.1 ] 2. 0.121) 0.138] 0.161| 0.188 0.273| 0.341
120 77.5 | 2. 0.143( 0.163; 0.190| 0.222 0.322| 0.401
130 84.0 | 2. 0.165( 0.189| 0.220| 0.259 0.374| 0.466
140 90.5 | 2. 0.189] 0.218 0.251| 0.297 0.429| 0.54
150 96.9 | 2. 0.216/ 0.248| 0.288( 0.338 0.489| 0.61
160 103.4 | 3. 0. 0.242| 0.279] 0.322| 0.380 0.55 | 0.68
170 109.9 | 3. 0. 0.271| 0.311] 0.361| 0.425 0.62 | 0.76
180 116.3 | 3. 0. 0.302| 0.348| 0.402| 0.471 0.68 | 0.86
190 122.8 | 3. 0. 0.332( 0.381| 0.442| 0.52 0.85 ] 0.94
200 1290.3 | 3. 0. 0.366] 0.420 0.488| 0.57 0.83]1.03
220 142.2 | 4. 0. 0.437/ 0.50 | 0.58 | 0.68 0.99 | 1.23
240 155.1 | 4. 0. 0.52 10.59 [ 0.68 | 0.80 1.17 | 1.45
260 168.0 | 5. 0. 0.60 | 0.68 { 0.79 | 0.93 1.34 | 1.68
280 181.0 | 5. 0. 0.68 10.78 | 0.91 | 1.07 1.55 | 1.93
300 193.9 | 5. 0. 0.78 10.89 | 1.03 | 1.22 1.76 | 2.19
320 206.8 0. 0.87 11.001.16 | 1.36 1.98 | 2.46
340 219.7 0. 0.98 |1.121.30|1.53 2.22 |1 2.76
360 232.7 0. 1.0811.25(1.44|1.70 2.47 | 3.07
380 245.6 0. 1.20 1 1.38|1.60 | 1.88 2.72 | 3.39
400 258.5 0. 1.32 {1.52]1.76 | 2.07 3.00 | 3.73
420 271.5 1. 1.4411.66 | 1.92|2.27 .69 | 3.28 | 4.08
440 284.4 1. 1.58 { 1.81 | 2.10 | 2.47 .93 | 3.58 | 4.45
460 207.3 1. 1.71 | 1.96 | 2.28 | 2.68 .19 | 3.88 | 4.82
480 310.2 1. 1.86 | 2.13 |1 2.48 | 2.90 .46 | 4.21 | 5.2
500 | 323.2 1. 2.00 | 2.29 | 2.66 | 3.12 72 4.52 | 5.6




102-INCH PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
.| Yelee | veloe-

ity in s Steel

Cubio | Million | Feo | Head, | sremel S§ied | Riveted | Pipe 10
Beot' | Gallons | 755 | Foot. |Bmooth) uidy) soney | G, | GII | Roweh R,

Second. | Hours. Straight ducts. ew. SBeg:rs.
c=140 [ c=130 | ¢=120 | c=110 |c=100| ¢=90| ¢c=80
20 12.93| 0.35 | 0.00 | 0.004| 0.004| 0.005| 0.006 { 0.007| 0.009| 0.011
30 19.39{ 0.53 | 0.00 | 0.008| 0.009| 0.011} 0.013 | 0.015| 0.018| 0.023
40 25.85| 0.70 | 0.01 | 0.014] 0.016/ 0.018| 0.022 | 0.026! 0.031| 0.039
50 32.32| 0.88 | 0.01 | 0.021| 0.024| 0.028| 0.033 | 0.039 0.047| 0.059
60 38.78| 1.06 | 0.02 | 0.029| 0.034] 0.039] 0.046 | 0.055 0.066| 0.082
70 45.24| 1.23 | 0.02 | 0.039| 0.045| 0.052 0.061 | 0.073 0.088| 0.110
80 51.7 | 1.41 [ 0.03 | 0.050; 0.057| 0.066| 0.078 | 0.093| 0.113| 0.141
20 58.2 [ 1.59 [ 0.04 | 0.062] 0.071] 0.083| 0.097 | 0.116| 0.141] 0.175
100 64.6 | 1.76 | 0.05 | 0.076| 0.086| 0.101| 0.118 | 0.141| 0.171] 0.212
110 71.1 | 1.94 { 0.06 | 0.090] 0.103| 0.119] 0.141 | 0.167] 0.204| 0.253
120 77.5 [ 2.11 | 0.07 | 0.106] 0.122{ 0.141| 0.165 | 0.197| 0.239| 0.298
130 84.0 | 2.20 | 0.08 | 0.123| 0.141] 0.163| 0.192 | 0.228 0.278| 0.345
140 90.5 [ 2.47 | 0.09 | 0.141]| 0.162| 0.187| 0.220 | 0.262| 0.319| 0.398
150 96.9 | 2.64 | 0.11 | 0.159| 0.182] 0.212| 0.249 | 0.298| 0.361| 0.450
160 | 103.4 | 2.82 | 0.12 | 0.180| 0.207| 0.239| 0.281 | 0.835 0.408| 0.51
170 | 109.9 | 3.00 | 0.14 | 0.201| 0.231] 0.268| 0.315 | 0.375| 0.456| 0.57
180 | 116.3 | 3.17 | 0.16 | 0.224]| 0.258| 0.299| 0.350 | 0.417| 0.51 | 0.63
190 | 122.8 | 3.35 | 0.17 | 0.248| 0.283} 0.330| 0.388 | 0.461| 0.56 | 0.70
200 | 129.3 | 3.52 | 0.19 | 0.272] 0.311} 0.361| 0.424 | 0.51 { 0.62 | 0.77
220 | 142.2 | 3.88 ( 0.23 | 0.323]| 0.371| 0.431| 0.51 | 0.60 | 0.74 | 0.92
240 | 155.1 | 4.23 [ 0.28 | 0.381| 0.438/ 0.51 | 0.60 | 0.71 | 0.86 | 1.07
260 | 168.0 | 4.58 | 0.33 | 0.441| 0.51 [ 0.59 | 0.69 [ 0.82 | 1.00 | 1.25
280 | 181.0 | 4.9310.38|0.51 ;0.58 [0.6810.79 [0.94 | 1.14 | 1.43
300 |193.9 | 5.20 | 0.44 | 0.58 | 0.66 | 0.77 | 0.90 | 1.08 | 1.31 | 1.63
320 |206.8|5.64 (0.49 |0.65|0.74 0.8 | 1.02 |(1.22|1.47|1.83
340 | 219.7 | 5.99/0.56 {0.73|0.84|0.97|1.13 [1.86|1.65]2.05
360 | 232.7 16.34|10.62|0.81 10.93]1.071.27 [1.51|1.83]2.28
380 |[245.6 {6.70 {0.70 | 0.89 {1.03 [ 1.18 | 1.39 |1.67 | 2.02 | 2.52
400 | 258.5|7.056|0.77 |0.98|1.13(1.31|1.53 |1.83|2.23|2.77
420 |271.5|7.40 |0.85{1.08|1.23(1.43|1.68 |2.00 | 2.44 | 3.02
440 | 284.417.75|10.93 | 1.17|1.34 1.56(1.83 |2.19|2.67 | 3.30
460 | 297.3 |8.10 |1.02 |1.27 |1.46 |1.69|1.98 |(2.88(2.89 | 3.59
480 [ 310.2 | 8.46 |1.11 |[1.38 (1.58 | 1.83(2.16 | 2.568 | 3.12 | 3.89
500 [323.2 |8.81 [1.20|1.48(1.71|11.98(2.32 |2.78| 3.38| 4.20
5650 |[355.5 |9.60 | 1.46 | 1.77 | 2.02 | 2.36 | 2.76 | 3.30 | 4.01 | 4.99




108-INCH  PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
Veloc- | yeloe-
ityin | Steel
Cubic | Million *:":r‘ Hed, |tremely Very Foor Riveted | Fipe 10 Ve
Fect | Uallon® | Second.| Feet- | Smooth) gmootn| onry Fipe, | Old, Rough.| Rough,
Becond. | Hours. Straight ducts. ew. 8123‘;1;_
¢=140 [c=130 | ¢=120 | ¢=110 |c=100| ¢=90 | ¢=80

20 12.93| 0.31 | 0.00 | 0.003] 0.004] 0.004| 0.005 | 0.006| 0.008| 0.009

30 19.39( 0.47 | 0.00 | 0.006{ 0.007| 0.008| 0.010 | 0.011} 0.014| 0.017

40 25.85/ 0.63 | 0.01 | 0.010| 0.012] 0.014| 0.016 | 0.019| 0.024| 0.029

50 32.32| 0.79 | 0.01 | 0.016] 0.018| 0.021| 0.025 | 0.029] 0.036| 0.045

60 38.768| 0.94 | 0.01 | 0.022| 0.025] 0.029| 0.035 | 0.041} 0.050| 0.062

70 45.24/ 1.10 | 0.02 | 0.029| 0.034| 0.039| 0.046 | 0.055| 0.067| 0.083

80 51.7 | 1.26 | 0.02 | 0.038] 0.043( 0.050| 0.059 | 0.070{ 0.086| 0.107
. 90 58.2 | 1.41 | 0.03 | 0.047| 0.054| 0.062| 0.073 | 0.087| 0.106| 0.132
100 64.6 | 1.57 | 0.04 | 0.057| 0.066 0.076/ 0.089 | 0.106| 0.128| 0.161
110 71.1 | 1.73 | 0.05 | 0.068| 0.078( 0.090| 0.106 | 0.126{ 0.153| 0.191
120 77.511.89 | 0.06 | 0.080; 0.092| 0.106| 0.124 | 0.148| 0.181| 0.225
130 84.0 [ 2.04 | 0.07 | 0.092, 0.106] 0.123| 0.144 | 0.172| 0.209| 0.261
140 90.5 | 2.20 | 0.08 | 0.107, 0.122| 0.141, 0.166 | 0.198| 0.240{ 0.299
150 96.9 | 2.36 | 0.09 | 0.122] 0.138| 0.161} 0.188 | 0.225| 0.273| 0.340
160 | 103.4 | 2.52 | 0.10 | 0.136 0.156] 0.181| 0.212 | 0.252| 0.309| 0.382
180 | 116.3 | 2.83 | 0.12 | 0.169] 0.194| 0.225| 0.264 | 0.314| 0.382| 0.477
200 | 129.3 | 3.14 | 0.15 | 0.206; 0.237; 0.272| 0.321 | 0.382| 0.466| 0.58
220 142.2 | 3.46 | 0.19 | 0.246] 0.281| 0.326| 0.382 | 0.457| 0.56 | 0.70
240 | 155.1 | 3.77 | 0.22 | 0.289] 0.330| 0.382| 0.450 | 0.54 | 0.65 | 0.81
260 | 168.0 | 4.09 | 0.26 | 0.335] 0.384| 0.445| 0.52 | 0.62 | 0.76 | 0.94
280 | 181.0 | 4.40 { 0.30 | 0.382] 0.440, 0.51 | 0.€0 [ 0.72 | 0.87 | 1.08
300 |193.9 | 4.72 | 0.35 | 0.436; 0.50 | 0.58 | 0.68 | 0.81 | 0.99 | 1.23
320 | 206.8 | 5.03|0.39 |0.491, 0.56 | 0.66 | 0.77 |0.92|1.121.38
340 219.7 | 5.34 | 0.44 | 0.55 | 0.63 | 0.73 | 0.86 1.03|1.24 | 1.55
360 |232.7|5.66 |0.50|0.61 {0.70 | 0.81 |0.96 |1.1411.38|1.72
380 | 245.6 | 5.97|0.55|0.68|0.780.90|1.06 (1.26 1.53 | 1.90
400 | 258.516.29 | 0.61|0.74|{0.85(0.99(1.16 | 1.38|1.68 | 2.09
420 |271.56.60 | 0.68!0.81 {0.93|1.08|1.27 |[1.51|1.84|2.29
440 | 284.416.92|0.74/0.88|1.02|1.18|1.38 |1.656|2.00|2.49
460 | 297.3 |7.23(0.81/0.96|1.11 |1.28 1.50 |1.798|2.18 | 2.71
480 (310.2 (7.55|0.88|1.04|1.19 |1.38(1.63 |1.94 2.36 | 2.93
500 [323.2|7.86|0.96]1.12|1.281.49|1.75 [2.09 | 2.54 | 3.17
550 [355.5|8.65|1.16|1.34 | 1.54|1.78(2.09 |2.50|3.03|3.79
600 | 387.8|9.43|1.38|1.57|1.81|2.09(2.47 |2.93|3.58|4.42
650 | 420.1 (10.22 [ 1.62 | 1.82 | 2.09 | 2.42 ({2.85 | 3.40 | 4.12 | 5.20




114-INCH PIPE..

Discharge in Loss of Head in Feet per 1000 feet of length.
Veloc- | yeio0-

ity in ¢ Steel

. - eet ity Ex- Goo:i Riveted | Pipe 10
oot | Sallgs |o2ory | Foel: Smooth| Ve, | somry | Steel | Youre | mougn| Yory

per r an que- | New. | Brick

Second. ours. Straight ducts. Sewers.
¢=140 | ¢c=180 | c=120| ¢=110 [ c=100| c=90 | c=80
30 19.39| 0.42 | 0.00 | 0.004| 0.005] 0.006| 0.007 | 0.009| 0.011| 0.013
40 25.85/ 0.56 | 0.00 | 0.008 0.009] 0.011| 0.013 | 0.015 0.018| 0.023
50 32.32/ 0.71 | 0.01 | 0.012]| 0.014| 0.016| 0.019 | 0.023} 0.028| 0.034
60 38.78/ 0.85 | 0.01 | 0.017( 0.019| 0.023| 0.027 | 0.032] 0.038/ 0.048
70 45.24/ 0.99 | 0.02 | 0.023]| 0.026] 0.030| 0.035 | 0.042| 0.051| 0.064
80 51.7 | 1.13 | 0.02 | 0.029| 0.033| 0.038| 0.045 | 0.054{ 0.066| 0.082
90 58.2 | 1.27 | 0.03 | 0.036 0.041| 0.048| 0.056 | 0.067| 0.082| 0.102
100 64.6 | 1.41 | 0.03 | 0.044| 0.050| 0.059| 0.068 | 0.082| 0.099| 0.123
110 71.1 | 1.55 | 0.04 | 0.052| 0.060| 0.069| 0.082 | 0.097| 0.118! 0.147
120 77.511.69 | 0.04 | 0.061| 0.070| 0.082| 0.096 | 0.114] 0.138| 0.173
130 84.0 | 1.83 | 0.05 | 0.071] 0.081 0.094| 0.112 | 0.132] 0.161| 0.200
140 90.5|1.98 [ 0.06 | 0.081| 0.094| 0.108] 0.127 | 0.152] 0.185| 0.230
150 96.9 | 2.12 | 0.07 | 0.093! 0.106] 0.123] 0.145 | 0.173| 0.210| 0.261
160 103.4 | 2.26 | 0.08 | 0.104] 0.120! 0.139| 0.163 | 0.195| 0.237| 0.294
180 116.3 | 2.54 | 0.10 | 0.130] 0.149| 0.173| 0.202 | 0.242| 0.295| 0.367
200 129.3 | 2.82 | 0.12 | 0.158| 0.181]| 0.210{ 0.248 | 0.294| 0.358| 0.446
220 142.2 1 3.10 | 0.15 ] 0.188; 0.217| 0.251| 0.294 | 0.351| 0.428| 0.53
240 155.1 | 3.38 | 0.18 | 0.221| 0.253| 0.294| 0.347 | 0.412( 0.50 | 0.62
260 168.0 | 3.67 | 0.21 | 0.257| 0.294] 0.341| 0.401 0.479) 0.58 { 0.72
280 181.0 | 3.95 | 0.24 | 0.294]| 0.338] 0.391| 0.460 | 0.55 | 0.67 | 0.83
300 193.9 | 4.23 | 0.28 | 0.333] 0.382| 0.445| 0.52 0.62|0.76 | 0.94
320 206.8 | 4.52 | 0.32 | 0.377| 0.432| 0.50 | 0.59 0.70 | 0.86 | 1.07
340 219.7 | 4.80 | 0.36 | 0.421| 0.482| 0.56 | 0.66 0.7910.96 | 1.19
360 232.7 1 5.0810.40 | 0.469) 0.54 | 0.63 | 0.73 0.88]1.07 |1.32
380 245.6 | 5.36 | 0.45 | 0.52 | 0.60 | 0.69 | 0.81 0.97 | 1.17 | 1.46
400 258.5 | 5.64 | 0.50 | 0.57 | 0.65 | 0.76 | 0.89 1.07 [{1.29 | 1.61
420 271.515.93 [ 0.55| 0.62 | 0.72 | 0.83 | 0.98 1.17 | 1.42 | 1.76
440 284.4 16.21 |0.60 | 0.68|0.78 | 0.90 | 1.07 1.27 | 1.54 | 1.92
460 207.316.49 1 0.65 ] 0.74 | 0.85 | 0.98 | 1.16 1.38 | 1.67 | 2.08
480 310.2 | 6.77 { 0.71 | 0.80 | 0.92 | 1.07 | 1.25 1.48 | 1.82 | 2.26
500 323.2|7.06 10.77 0.8 | 0.99 | 1.14 | 1.34 1.61 | 1.95 | 2.43
550 355.517.76 | 0.94 | 1.03 | 1.18 |1.37 | 1.61 1.92 | 2.3312.90
600 387.818.47(1.1111.21 |11.38|1.61 |1.88 2.25 | 2.74 | 3.40
650 420.1 1 9.17 | 1.31 | 1.40 { 1.61 | 1.87 | 2.19 2.61|3.18]3.96
700 452.4 1 9.88 [ 1.52 |1 1.61 | 1.84 | 2.14 | 2.51 2.99 | 3.64 | 4.52
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120-INCH PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
Veloc- | yo1o0.
wyin | ity | Ex- Good | g Steel
Guode | Miton | Lo | Head (womely| very | Mo | TGS Nl o | v
per or 24 |Second. an Smooth| que- g‘ep:' &3&
Second. ours. Straight| ducts. * | Sewers.
¢c=140 | c=130 | c=120 | ¢=110 |c=100| c=980
30 19.39/ 0.38 | 0.00 | 0.004| 0.004| 0.005! 0.006 | 0.007| 0.008
40 25.85/ 0.51 | 0.00 | 0.006| 0.007| 0.008| 0.010 | 0.012| 0.014
50 32.32 0.64 | 0.01 | 0.009| 0.011| 0.013| 0.015 | 0.018] 0.021
60 38.78/ 0.76 | 0.01 | 0.013| 0.015| 0.018] 0.021 | 0.025 0.030
‘70 45.24| 0.89 | 0.01 | 0.018| 0.020{ 0.023| 0.027 | 0.033| 0.040
80 51.7 | 1.02 | 0.02 | 0.022] 0.026| 0.030( 0.035 | 0.042| 0.051
90 58.2 | 1.15 | 0.02 | 0.028] 0.032| 0.037| 0.044 | 0.052| 0.064
100 64.6 | 1.27 | 0.03 | 0.034| 0.039| 0.045| 0.053 | 0.063| 0.077
110 71.17 1.40 | 0.03 | 0.041| 0.047! 0.054| 0.064 | 0.076| 0.092
120 77.5|1.53 | 0.04 | 0.048| 0.055| 0.064| 0.075 | 0.089| 0.108
140 90.5(1.78 | 0.05 | 0.064| 0.073| 0.085| 0.100 | 0.118| 0.144] 0.179
160 103.4 | 2.04 | 0.06 | 0.082]| 0.094| 0.108| 0.127 | 0.152| 0.184] 0.229
180 116.3 | 2.29 | 0.08 | 0.102| 0.11G| 0.134| 0.158 | 0.188| 0.229| 0.284
200 120.3 | 2.55 | 0.10 | 0.123] 0.141| 0.163| 0.192 | 0.229| 0.279| 0.348
220 142.2 | 2.80 | 0.12 | 0.147| 0.168( 0.195| 0.229 | 0.273| 0.332| 0.413
240 155.1 1 3.06 | 0.15 | 0.172] 0.197{ 0.229| 0.269 | 0.321| 0.390| 0.485
260 168.0 | 3.31 | 0.17 | 0.200] 0.229| 0.267] 0.312 | 0.372| 0.452| 0.56
280 181.0 | 3.56 | 0.20 | 0.228| 0.263| 0.305] 0.359 | 0.428| 0.52 | 0.65
300 193.9 1 3.82 | 0.23 | 0.260( 0.298| 0.347! 0.407 | 0.484| 0.59 | 0.74
320 206.8 | 4.07 { 0.26 | 0.293| 0.337| 0.390| 0.459 | 0.55 | 0.66 | 0.83
340 219.7 | 4.33 | 0.29 | 0.328] 0.377| 0.438| 0.51 0.61(0.74|10.92
360 232.7 | 4.58 | 0.33 | 0.364] 0.418| 0.485| 0.57 0.68{0.82|1.03
380 245.6 | 4.84 | 0.36 | 0.402| 0.462| 0.54 | 0.63 0.7510.92 | 1.14
400 258.5 | 5.09 | 0.40 | 0.442| 0.51 | 0.59 | 0.69 0.821.00]1.25
420 271.5 { 5.351 0.44 | 0.484| 0.56 | 0.64 | 0.76 0.90|1.10 |1.37
440 284.4 ( 5.60 | 0.49 | 0.53 | 0.61 | 0.70 | 0.83 0.98(1.19|1.49
460 297.3 5.8 | 0.53 [ 0.57 |1 0.66 [ 0.76 | 0.90 1.07 11.30 | 1.62
480 310.2 (6.11 ] 0.58 | 0.62 | 0.71 | 0.83 | 0.97 1.16 | 1.42 | 1.76
500 323.216.37(0.63 | 0.67 | 0.77 | 0.90 | 1.04 1.25|1.52]1.88
550 355.5|7.00 | 0.76 | 0.80 | 0.92 | 1.07 | 1.25 1.48)1.8|2.26
600 | 387.8|7.64|0.91 ([0.941.08]1.25/1.47 [(1.75(2.13|2.65
650 420.1 | 8.27 {1.06 | 1.08 | 1.25 [ 1.45]1.71 2.04 | 2.48 | 3.07
700 452.4 [ 8.9111.23 11.25]1.43 |1.67 |1.96 2.33(2.83 | 3.52
750 484.7 1 9.55|11.42 [ 1.42 | 1.63 | 1.88|2.22 2.64 | 3.22 | 4.00
800 517 10.18 | 1.61 | 1.59 [ 1.83 | 2.12 | 2.49 2.98 | 3.62 | 4.50




132-INCH PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
Veloc- | ye1o0.

ity in H Steel

Gubio | Million | E¢t | Hexd, ltremel Good | Riveted | Pipe 10
Feot' | Gallons | o250 | Feot |Smonth5f0h goory | Biow, | Gl | Boueh| rough,

Second. | Hours. Straight ducts. % | Sowors.
c¢=140 | c=130 | c=120 [ c=110 |¢=100| c=90 | c=80
30 19.39/ 0.32 | 0.00 | 0.002| 0.003{ 0.003| 0.004 | 0.004| 0.005( 0.006
40 25.85 0.42 | 0.00 | 0.004| 0.005| 0.005( 0.006 | 0.007| 0.009| 0.011
50 32.32/ 0.53 | 0.00 | 0.006| 0.007| 0.008( 0.009 | 0.011| 0.013| 0.017
60 38.78/ 0.63 | 0.01 | 0.009] 0.010| 0.011{ 0.013 | 0.016] 0.019| 0.024
80 51.7 |1 0.84 | 0.01 | 0.014| 0.016{ 0.019] 0.022 | 0.026| 0.032( 0.040
100 64.6 | 1.05 | 0.02 | 0.021| 0.025/ 0.028| 0.034 | 0.040; 0.048| 0.060
120 77.5|1.26 | 0.02 | 0.030| 0.035] 0.040] 0.047 | 0.056| 0.068| 0.085
140 90.5 | 1.47 | 0.03 | 0.040| 0.046| 0.054| 0.063 | 0.075| 0.091| 0.113
160 | 103.4 | 1.68 | 0.04 | 0.052| 0.059| 0.068| 0.080 | 0.096| 0.117| 0.145
180 | 116.3 | 1.89 [ 0.06 | 0.064| 0.073| 0.085 0.100 | 0.119( 0.144{ 0.180
200 | 129.3}2.10 | 0.07 | 0.078| 0.089| 0.103| 0.122 | 0.144] 0.176| 0.218
220 | 142.2 | 2.31 | 0.08 | 0.092| 0.107| 0.123| 0.144 | 0.172]| 0.208| 0.260
240 | 155.1 | 2.52 | 0.10 | 0.108| 0.124| 0.144| 0.169 | 0.202]| 0.246( 0.307
260 | 168.0 | 2.74 ! 0.12 | 0.126{ 0.144] 0.167| 0.196 | 0.234] 0.285| 0.354
280 | 181.0 | 2.95 | 0.13 | 0.144| 0.166| 0.192] 0.226 | 0.268| 0.327 0.407
300 | 193.9 | 3.16 | 0.15 | 0.164| 0.188| 0.219| 0.257 | 0.305{ 0.371] 0.462
320 | 206.8 | 3.37 | 0.18 | 0.184| 0.211| 0.246| 0.289 | 0.344| 0.419| 0.52
340 | 219.7 | 3.58 | 0.20 | 0.207| 0.238| 0.276| 0.322 | 0.386] 0.469| 0.58
360 |232.7|3.79 | 0.22 | 0.230] 0.262| 0.306{ 0.359 | 0.429| 0.52 | 0.65
380 | 245.6 ( 4.00 { 0.25 | 0.254| 0.291]| 0.339| 0.398 | 0.472| 0.58 | 0.72
400 | 258.5 | 4.20 | 0.27 | 0.279] 0.320| 0.372| 0.437 | 0.52 | 0.63 | 0.79
420 [271.5 | 4.42|0.30 | 0.306| 0.351]| 0.407| 0.478 | 0.57 | 0.69 | 0.86
440 | 284.4 |1 4.62 | 0.33 | 0.332| 0.382| 0.442| 0.52 | 0.62 | 0.76 | 0.94
460 | 297.3 | 4.84 | 0.36 | 0.361| 0.415{ 0.481| 0.56 | 0.68 | 0.82 | 1.02
480 | 310.2 | 5.05|0.40 | 0.391| 0.449/ 0.52 | 0.61 | 0.73 | 0.89 | 1.11
500 | 323.2(5.26 | 0.43 |1 0.421| 0.483/ 0.56 | 0.66 | 0.79 { 0.96 | 1.18
550 | 355.515.79|0.52 10.50 10.58|0.67]|0.79 [0.94|1.14 |1.42
600 | 387.816.30|0.6210.59 |0.68(0.78/0.92 |1.11|1.34 |1.67
650 |420.1 {6.8410.73|0.68(0.78{0.92(1.07 |1.28)1.56|1.93
700 | 452.417.36 |0.84(0.79 [0.90 [ 1.05|1.23 | 1.47 |1.78 | 2.22
750 | 484.7 | 7.8910.97 |0.90 | 1.03|1.18 | 1.39 | 1.67 | 2.03 | 2.52
800 517 842 )11.10 |1.01 |1.16 | 1.34 | 1.58 1.88 | 2.29 | 2.84
850 | 549 894|124 (1.13 |1.20(1.50 | 1.77 | 2.10 | 2.56 | 3.19
900 | 582 9.4711.39 | 1.26 | 1.44|1.67 | 1.96 | 2.83 | 2.84 | 3.54
950 | 614 9.99 | 1.55|1.38 |1.59|1.84 | 2.17 | 2.59 | 3.13 | 3.90




144-INCH PIPE.

Discharge in Loss of Head in Feet per 1000 feet of length.
Veloe- | veloe-
ity in H Steel
Cubio | Million | Feet Head, |tromal Very e Riveted | Fipe 10 Very
ot | Gery |Socond.| Feet | S00h gmooth SMY | Pipe, | Old, | Roush| pough,
Second. | Hours. Straight| - ducts, | New. | Brick
¢=140 [c=130  c¢=120 | ¢=110 |c=100| c=90 | ¢=80
40 | 25.85/ 0.35 | 0.00 | 0.003] 0.003] 0.003| 0.004 | 0.005| 0.00¢| 0.007
60 | 38.78{ 0.53 | 0.00 | 0.005| 0.006| 0.007| 0.009 | 0.010 0.012| 0.015
80 | 51.7 |0.71 | 0.01 | 0.009| 0.011} 0.012]| 0.014 | 0.017) 0.021| 0.026
100 | 64.6 | 0.88 | 0.01 | 0.014| 0.016| 0.019| 0.022 | 0.026/ 0.032| 0.040
120 | 77.5 | 1.06 | 0.02 | 0.020| 0.023| 0.026] 0.031 | 0.637| 0.045| 0.055
140 | 90.5 [ 1.24 | 0.02 | 0.026( 0.030| 0.035| 0.041 | 0.049; 0.059| 0.074
160 | 103.4 | 1.41 { 0.03 | 0.034| 0.039| 0.045( 0.052 | 0.062, 0.076| 0.094
180 | 116.3 | 1.59 | 0.04 | 0.042| 0.048| 0.056| 0.065 | 0.078' 0.094| 0.117
200 | 129.3 | 1.77 | 0.05 | 0.050| 0.058| 0.068| 0.079 | 0.094| 0.115| 0.143
220 | 142.2 | 1.94 | 0.06 | 0.060| 0.070; 0.080 0.094 0.113; 0.137( 0.171
240 | 155.1 [ 2.12 | 0.07 | 0.071| 0.082| 0.094] 0.111 | 0.132| 0.161| 0.200
260 | 168.0 | 2.30 | 0.08 | 0.082| 0.094| 0.109] 0.128 | 0.1563| 0.186| 0.232
280 | 181.0 | 2.48 | 0.09 | 0.094| 0.108 0.126; 0.148 | 0.176 0.213| 0.267
300 | 193.9 | 2.65 | 0.11 | 0.107| 0.123] 0.143] 0.168 | 0.200; 0.242/ 0.302
320 | 206.8 | 2.83 | 0.12 | 0.121] 0.139| 0.161| 0.188 | 0.226| 0.273] 0.341
340 ( 219.7 | 3.01 | 0.14 | 0.136] 0.156| 0.181| 0.211 | 0.252| 0.307 0.381
360 | 232.7 | 3.18 | 0.16 | 0.151] 0.173| 0.200{ 0.235 | 0.281 0.341| 0.424
380 | 245.6 | 3.36 | 0.18 | 0.167] 0.191| 0.222| 0.260 | 0.309, 0.377| 0.469
400 | 258.5 | 3.54 | 0.19 | 0.183( 0.209, 0.243| 0.287 | 0.341) 0.414| 0.52
420 | 271.5 [ 3.71 | 0.21 | 0.201| 0.230| 0.267| 0.313 | 0.873) 0.455| 0.57
440 | 284.4 | 3.89 | 0.23 | 0.218{ 0.249| 0.290| 0.341 | 0.406/ 0:494] 0.62
460 | 297.3 | 4.07 | 0.26 | 0.237| 0.272] 0.314] 0.371 | 0.441]| 0.54 | 0.67
480 | 310.2 | 4.24 | 0.28 | 0.256| 0.293| 0.341| 0.400 | 0.477| 0.58 | 0.72
500 | 323.2 | 4.42 | 0.30 | 0.277| 0.318| 0.369( 0.432 | 0.52 | 0.63 | 0.78
550 | 355.5 | 4.86 | 0.37 | 0.330| 0.379( 0.439| 0.52 | 0.62 | 0.75 | 0.93
600 | 387.8 | 5.30 | 0.44 | 0.388] 0.448/ 0.52 | 0.61 | 0.72 | 0.88 | 1.08
650 | 420.1 | 5.75 | 0.51 | 0.450| 0.52 | 0.60 | 0.70 | 0.84 | 1.02 | 1.27
700 | 452.4 | 6.19 [ 0.59 | 0.52 { 0.59 | 0.68 | 0.80 [ 0.96 | 1.17 | 1.46
750 | 484.7 | 6.63 [ 0.68 [ 0.58 | 0.67 | 0.78 | 0.92 | 1.09 | 1.33 | 1.66
800 | 517 7.07 | 0.78 (0.66 | 0.76 | 0.88 | 1.03 | 1.23 | 1.49 | 1.86
850 | 549 7.51 {0.8810.74 | 0.85(0.98 (1.16 [1.38|1.67 | 2.08
900 | 582 7.96 | 0.98 [0.82 (0.94]1.09 (1.28 |1.53|1.86 | 2.32
950 | 614 8.40 [1.09/0.91 |1.04(1.21]1.42 [1.69(2.06|2.57
1000 | 646 8.8 (1.21 /1.00|1.14 (1.33|1.56 |1.86|2.27 | 2.82
1100 | 711 9.72 11.46 {1.19 | 1.37 | 1.568 (1.8 |2.22|2.70 | 3.37




RELATIVE DISCHARGING CAPACITIES OF

AQUEDUCTS.
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Relative Elements of Conduits when

At Approximate Point of Maximum

Flowing Full. Discharge.
Wetted hi‘,f;_n . Wetted B'I‘f;f‘ .
Area. Pee{el:?- ﬂ:hu};: Velocity. | Area. Pee{el?- g::}:::: Velocity.
Circle 1000 1000 1000 1000 975 841 1160 1098
r,=1.5r 1034 1023 1011 1007 1009 864 1168 1103
r,=2.0r 1057 1040 1018 1011 1032 881 1172 1106
r,=2.5r 1071 1054 1018 1011 1046 895 1169 1104
r,=3r 1078 1063 1016 1010 1053 904 1165 1101
r=4r 1089 1076 1014 1009 1064 917 1160 1098
4 square 1136 1136 1000 1000 1111 977 1137 1083
Square 1273 | 1273 | 1000 1000 | 1273 955 1333 | 1199
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AQUEDUCTS,—8 TO 14 FEET.

¢=125. At point of maximum discharge the quantity is taken as 129, greater
than in a circular aqueduct of the same height and width running full.

: 8 9 10/ 11 12/ 18’ 14

8lo, 8lo,

in Fggt in Feet

per 1000. | per Mile.
Discharge in Million Gallons Daily.

0.030 | 0.158 34 46 60 78 98 120 146
0.035 [ 0.185 36 50 66 84 106 130 159
0.040 | 0.211 39 53 71 91 114 140 171
0.045 | 0.238 42 57 75 97 121 150 182
0.050 | 0.264 44 60 79 102 128 158 192
0.055 | 0.290 46 63 84 108 135 167 203
0.060 | 0.317 49 66 88 112. 142 175 212
0.065 | 0.343 51 69 91 118 148 . 182 221
0.070 | 0.370 53 72 95 122 154 190 231
0.080 | 0.422 57 78 102 132 166 205 248
0.090 | 0.475 61 83 109 140 176 218 265
0.10 0.528 64 88 116 148 186 230 280
0.11 0.581 68 92 122 156 196 242 295
0.12 0.634 71 97 127 164 205 254 309
0.14 0. 739 77 105 138 178 224 276 336
0.16 0.845 83 113 149 192 240 297 361
0.18 0.950 88 120 159 204 256 316 385
0.20 1.056 93 127 168 215 271 335 407
0.22 1.162 98 134 177 227 285 352 428
0.24 1.267 103 140 185 239 300 370 450
0.26 1.373 108 147 194 249 313 386 469
0.28 1.478 112 153 201 259 325 402 488
0.30 1.584 116 159 209 269 338 418 508
0.35 1.848 126 172 227 291 366 453 650
0.40 2.112 136 185 244 314 395 487 591
0.45 2.376 145 197 260 335 420 519 631
0.50 2.640 153 209 275 354 445 549 668
0.55 2.904 162 219 290 373 468 579 701
0.60 3.168 169 230 304 390 490 606 736
0.65 3.432 177 240 317 407 511 631 770
0.70 3.696 184 250 330 424 533 659 800
0.80 4.224 197 269 355 456 573 709 860
0.90 4.752 210 287 378 485 610 754 918
1.00 5.28 223 304 400 514 647 800 970
1.10 5.81 235 319 421 541 680 840 1020




AQUEDUCTS,—15 TO 21 FEET.

~ ¢=125. At point of maximum discharge the quantity is taken as 129, greater
than in a circular aqueduct of the same height and width running full.

15 16’ 17 18’ 19 20’ 21’
Slo Slope
in ﬁo:t in Me.?lt
per 1000 | per Mile. Discharge in Million Gallons Daily.

0.020 | 0.106 140 167 196 228 263 300 341
0.022 | 0.116 148 176 205 ° 239 276 316 358
0.024 | 0.127 155 184 215 250 289 330 376
0.026 | 0.137 162 192 227 261 303 346 392
0.028 | 0.148 169 200 237 274 315 360 410
0.030 | 0.158 176 208 245 285 326 374 426
0.035 | 0.185 190 226 266 310 355 406 460
0.040 | 0.211 205 243 286 330 381 437 495
0.045 } 0.238 218 258 305 352 406 465 528
0.050 | 0.264 232 274 323 372 430 493 560
0.055 | 0.290 243 288 340 395 453 518 588
0.060 | 0.317 254 300 353 410 475 542 617
0.065 | 0.343 266 315 372 433 495 569 642
0.070 | 0.370 277 328 388 450 516 591 670
0. 080 | 0.422 298 353 410 480 552 635 720
0.09 0.475 317 376 440 510 591 670 770
0.10 0.528 336 398 470 542 625 718 810
0.11 0.581 354 420 490 570 660 750 860
0.12 0.634 370 439 510 600 690 790 900

.14 0.739 404 477 562 650 750 860 980
0.16 0.845 432 512 600 700 810 920 1050
0.18 0.950 461 547 640 740 860 980 1120
0.20 1.056 488 579 680 790 910 1040 1180
0.22 1.162 513 610 710 830 960 1100 1240
0.24 1.267 540 640 750 870 1000 1150 1300
0.26 1.373 562 668 780 910 1050 1200 1360
0.28 1.478 585 694 810 940 1090 1250 1420
0.30 1.584 608 720 840 '980 1130 1300 1470
0.35 1.848 660 780 915 1060 1230 1410 1600
0.40 2.112 710 841 990 1140 1320 1520 1720
0.45 2.376 758 896 1050 1220 1410 1620 1830
0.50 2.640 800 950 1110 1290 1490 1700 1940
0.55 2.904 842 1000 1170 1360 1570 1800 2040
0.60 3.168 885 1040 1230 1420 1650 1880 2130
0.65 3.432 921 1090 1280 1480 1720 1960 2230
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SEWERS.
TABLE OF SLOPES REQUIRED TO PRODUCE GIVEN VELOCITIES.
Tile, ¢=110. Brick, ¢=100.

Cubic v=2 v=2.5 v=3 v=4 v=5 v=7 v=10
Size Feet per
J Second.
v=1 Slope in Feet per 1000
4”” Tile 0.087| 6.5 9.8 13.8 23.5 35.5 66.0 128
57 ‘¢ ) 0.136] 5.0 7.6 10.6 18.1 27.3 51.0 99
6”7 ‘¢ 0.196] 4.05 6.1 8.6 14.6 22.0 41.1 80
8”7 ¢ 0.349| 2.90 4.39 6.2 10.5 15.8 29.5 57
107 ¢ 0.545| 2.24 3.39 4.74 8.1 12.2 22.8 44
1277 ¢ 0.785 1.80 2.73 3.82 6.5 9.8 18.4 35.6
157 ¢ 1.23 | 1.39 2.10 2.95 5.0 7.6 14.2 27.5
187 ¢« 1.77 | 1.13 1.70 2.38 4.06 6.1 11.5 22.2
2177 ¢ 2.41 | 0.94 1.42 1.99 3.40 5.1 9.6 18.5
247 ¢4 3.14 | 0.80 1.22 1.71 2.90 4.39 8.2 15.9
277 ¢ 3.98 110.70 1.06 1.49 2.52 3.82 7.1 13.8
30”7 ¢ 4.91 | 0.62 0.94 1.31 2.24 3.39 6.3 12.2
30" Brick 491 (0.74 1.12 1.56 2.68 4.04 7.5 14.6
36”7 7.07 | 0.60 0.90 1.26 2.16 3.27 6.1 11.8
4277 9.62 | 0.50 0.76 1.06 1.80 2.72 5.1 9.8
48”7 ‘¢ 12.57 | 0.428 | 0.64 0.91 1.54" | 2.33 4.34 8.4
5477 ¢ 15.9 0.372 | 0.56 0.79 1.34 2.03 3.79 7.4
60”7 ¢ 19.6 0.330 | 0.50 0.70 1.19 1.80 3.35 6.5
66" ‘¢ 23.8 0.295 | 0.445 | 0.62 1.06 1.61 3.00 5.8
727 ¢ 28.3 0.267 | 0.402 | 0.56 0.96 1.45 2.71 5.3
787 ¢ 33.2 0.242 | 0.367 | 0.52 0.88 1.32 2.47 4.78
847 ¢ 38.5 0.222 | 0.336 | 0.471 | 0.80 1.21 2.26 4.39
9077 ¢ 44 .2 0.205 | 0.310 | 0.434 | 0.74 1.12 2.09 4.04
96" ‘¢ 50.3 0.190 | 0.288 | 0.403 | 0.69 1.04 1.94 3.75
108”7 ¢ 63.6 0.166 | 0.251 | 0.372 | 0.60 0.90 1.69 3.28
100 ¢ 78.5 0.147 | 0.221 | 0.311 | 0.53 0.80 1.49 2.90
117« 95.0 0.131 | 0.199 | 0.278 | 0.472 | 0.72 1.33 2.59
127 ¢ 113 0.119 | 0.179 | 0.251 | 0.428 | 0.65 1.21 2.34
137 ¢ 133 0.108 | 0.163 | 0.229 | 0.390 | 0.59 1.10 2.13
147 ¢ 154 0.099 | 0.150 | 0.210 | 0.358 | 0.54 1.01 1.95
15" ¢ 177 0.091 | 0.138 [ 0.194 | 0.330 | 0.50 0.93 1.80
167 ¢ 201 0.085 | 0.128 { 0.180 | 0.306 | 0.462 | 0.86 1.67
177« 227 0.079 { 0.119 |{ 0.167 | 0.285 | 0.430 | 0.80 1.55
187 ¢ 254 0.074 | 0.111,( 0.156 | 0.266 | 0.403 | 0.75 1.45
200 ¢ 314 0.065 | 0.099 | 0.138 | 0.236 | 0.356 | 0.66 1.29
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TILE SEWERS,—4 TO 12 INCHES.

c=110.
4" 6'[ oll 8’[ loll 12”
Slope
in Feet
per 1000.
. Discharge in Cubic Feet per Second, Running Full.
1.8 1.57
2.0 1.66
2.2 1.76
2.4 1.13 1.83
2.6 1.18 1.91
2.8 1.23 1.99
3.0 0.71 1.28 2.06
3.5 0.77 1.39 2.24
4.0 0.39 0.83 1.49 2.41
4.5 0.41 0.88 1.69 2.56
b 0.27 0.44 0.94 1.68 2.72
6 0.30 0.48 1.03 1.86 3.00
7 0.18 0.33 0.53 1.12 2.02 3.26
8 0.19 0.35 0.57 1.20 2.17 3.50
9 0.21 0.37 0.60 1.28 2.31 3.74
10 0.22 0.40 0.64 1.36 2.45 3.95
12 0.2} 0.44 0.71 1.50 2.70 4.36
14 0.26 0.47 0.77 1.63 2.94 4.75
16 0.28 0.51 0.82 1.76 3.15 5.1
18 0.30 0.54 0.88 1.87 3.36 5.4
20 0.32 0.58 0.93 1.98 3.56 5.8
22 0.34 0.60 0.98 2.09 3.75 6.1
24 0.35 0.64 1.03 2.19 3.94 6.4
26 0.37 0.66 1.07 2.28 4.10 6.6
28 0.38 0.69 1.11 2.38 4.28 6.9
30 0.40 0.72 1.15 2.46 4.43 7.2
35 0.43 0.78 1.26 2.68 4.83 7.8
40 0.46 0.84 1.35 2.88 5.2 8.4
45 0.49 0.89 1.44 3.07 5.6 8.9
50 0.52 0.94 1.52 3.25 5.8 9.4
60 0.58 1.04 1.68 3.58 6.4 10.4
70 0.63 1.13 1.83 3.90 7.0 11.3
80 0.67 1.21 1.96 4.18 7.6 12.1
90 0.72 1.30 2.10 4. 46 8.0 12.9
100 0.76 1.87 2.22 4.78 8.6 13.7

Quantities corresponding to velocities between 2 and 3 and over 10 feet per

second are in italics.
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TILE SEWERS,—15 TO 36 INCHES.

c=110.
16”7 187 217 247 277 307 86¢”
Slope
in Feet
per 1000.
Discharge in Cubic Feet per S8econd, Running Full.
0.5 .o . 14.1
0.6 o .. 15.6
0.7 7.9 10.6 16.9
0.8 6.3 8.6 11.8 18.2
0.9 . 6.7 9.1 12.0 19.4
1.0 6.0 7.1 9.6 12.7 20.6
1.2 3.7 6.6 7.8 10.6 14.0 22.6
1.4 2.5 4.0 6.0 8.6 11.6 15.2 24.6
1.6 2.6 4.3 6.4 9.1 12.4 16.4 26.5
1.8 2.8 4.6 6.8 9.7 13.2 17.4 28.2
2.0 3.0 4.8 7.2 10.3 14.0 18.4 29.8
2.2 3.1 6.1 7.6 10.8 14.7 19.4 31.4
2.4 3.3 5.3 8.0 11.4 15.4 20.4 32.9
2.6 8.4 5.5 8.3 11.8 16.1 21.2 34.4
2.8 3.6 5.8 8.7 12.3 16.8 22.1 35.7
3.0 3.7 6.0 9.0 12.8 17.4 23.0 37.1
3.5 4.0 6.5 9.8 13.9 18.9 25.0 40.3
4.0 4.3 7.0 10.5 14.9 20.4 26.9 43.4
4.5 4.6 7.5 11.2 15.9 21.6 28.6 46.2
5.0 4.9 7.9 11.9 16.8 23.0 30.3 48.9
6 5.4 8.7 13‘1 18.6 25.4 33.4 54
.7 5.9 9.5 14.2 20.2 27.5 36.4 59
8 6.3 10.2 15.3 21.7 29.6 39.0 63
9 6.7 10.9 16.3 23.1 -31.5 41.6 67
10 7.1 11.5 17.2 24.5 33.4 4.0 71
12 7.8 12.7 19.0 27.0 36.8 48.6 78
14 8.5 13.8 20.6 29.4 40.0 53 86
16 9.1 14.8 22.2 31.6 43.0 67 92
18 9.7 15.8 23.6 33.6 46.8 60 98
20 10.3 16.7 25.0 36.6 48.6 64 103
22 10.9 17.6 26.4 37.6 61 67 109
24 11.4 18.4 27.6 39.3 53 71 114
26 11.9 19.2 28.9 41.0 66 74 119
28 12.4 20.0 _ 30.0 42.7 68 77 - 124
30 12.8 20.8 31.1 44.2 60 80 128

Quantities corresponding to velocities between 2 and 3 and over 10 feet per

second are in italics.
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BRICK SEWERS,—30 TO 66 INCHES.

¢=100.
4 3¢’ 427 487 M " [ ] o
8lo -
in Feet
per 1000.
. Discharge in Cubic Feet per Second, Running Full.
0.30 AUV R 48
0.35 AU U 41 58
0.40 POV B, ss 44 56
0.45 . e | e 26 85 46 60 -
0.50 | .. .. 19.3 P74 87 49 63
0.55 2.3 29 39 52 67
0.60 14.2 21.2 30 41 54 20
0.65 14.8 222 se 43 57 73
0.70 | .... 16.4 23.1 ss 46 69 76
0.80| 10.2 16.6 2.8 85 48 63 82
0.9 10.9 17.6 26.5 38 51 68 87
1.0 11.6 18.7 28.0 40 54 71 92
1.1 12.2 19.7 20.5 42 57 75 97
1.2 12.8 20.6 30.9 44 60 79 101
1.4 18.9 22.1 33.5 48 65 86 110
1.6 14.9 24.0 36.0 51 70 92 118
1.8 15.9 25.6 38.4 55 74 98 126
2.0 16.8 27.1 40.6 58 79 104 134
2.2 17.7 28.6 429 61 83 110 141
2.4 18.5 29.9 44.9 64 87 115 147
2.6 19.3 31.2 46.8 66 91 120 154
2.8 20.1 32.5 48.8 69 94 125 160
3.0 20.9 33.8 51 72 98 130 166
3.5 22.7 36.7 55 78 107 141 181
4.0 24.4 39.5 59 84 114 151 194
4.5 26.0 42.0 63 90 122 161 207
5.0 27.5 4.5 67 9 129 170 219
5.5 29.0 47 20 100 136 180 231
6.0 30.4 49 7% 106 148 188 241
6.5 31.8 51 77 109 149 197 253
7 33.0 53 80 114 156 205 268
8 86.6 57 86 122 166 220 282
9 87.8 61 92 130 178 234 301
10 40.0 65 97 138 188 248 819
11 42.1 68 108 146 198 261 335

Quantities corresponding to velocities between 2 and 3 and over 7 feet per seo
ond are in italics.
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BRICK SEWERS,—72 TO 108 INCHES.

¢=100.

727 78" 847 90" 96" 108”

Slope '
in Feet
per 1000,
Discharge in Cubic Feet per Second, Running Full.

0.18 133
0.20 108 141
0.22 77 92 109 148
0.24 66 80 97 114 156
0.26 69 84 101 119 162
0.28 68 72 87 106 124 169
0.30 60 74 91 109 129 175
0.32 62 77 94 118 133 182
0.34 65 80 97 116 138 188
0.36 66 82 100 120 142 194
0.38 69 86 103 124 146 199
0.40 71 87 106 127 150 205
0.45 75 93 113 136 1C0 218
0.50 79 98 119 144 1C9 230
0.55 84 103 126 151 178 243
0.60 88 108 132 ‘158 187 255
0.65 92 113 138 166 196 266
0.70 95 118 143 172 203 277
0.75 99 122 149 179 211 288
0.8 102 126 154 185 218 298
0.9 109 135 164 197 233 316
1.0 116 143 173 207 246 335
1.1 122 150 182 220 259 353
1.2 128 158 192 230 272 370
1.3 133 164 200 240 284 386
1.4 139 171 208 250 295 402
1.5 144 178 216 260 306 418
1.6 149 184 224 2¢9 317 433
1.8 159 196 238 287 338 460
2.0 168 207 252 304 367 488
2.2 176 218 265 319 376 610
2.4 185 229 278 335 395 540
2.6 194 239 290 349 412 660
2.8 201 249 302 364 429 670
3.0 209 258 314 378 446 610

Quantities corresponding to velocities between 2 and 3 and over 7 feet per sec-
ond are in italics.
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BRICK SEWERS,—10 TO 15 FEET.

¢=100.
10 11 l 12 18’ 14 15
Slope ]
in Feet
per 1000. . )
Discharge in Cubic Feet per Second, Running Full.

06.09 oo 350
0.10 cese 310 372
0.11 268 326 391
0.12 228 281 341 410
0.13 238 294 356 428
0.14 N 197 248 3056 371 446
0.15 159 206 257 318 386 462
0.16 165 211 266 329 400 479
0.18 176 225 284 - 860 426 610
0.20 186 239 300 370 450 540
0.22 196 251 316 390 474 570
0.24 2056 263 331 409 496 600
0.26 214 276 346 426 520 620
0.28 222 286 360 444 540 650
0.30 231 297 374 461 560 670
0.32 240 307 387 477 580 700
0.34 247 318 400 494 600 720
0.36 255 328 412 510 620 740
0.38 262 337 425 520 640 760
0.40 270 347 436 540 650 780
0.45 288 370 465 570 700 840
0.50 305 391 492 610 740 890
0.55 321 412 520 640 780 930
0.60 336 432 540 670 810 980
0.65 351 451 570 700 850 1020
0.70 365 470 590 730 890 1060
0.75 380 488 610 760 " 920 1100
0.8 392 500 630 780 950 1140
0.9 418 540 680 830 1010 1220
1.0 443 570 720 880 1070 1290
1.1 466 600 750 930 1130 1360
1.2 488 630 790 980 1180 1420
1.3 510 660 820 1020 1240 1480
1.4 530 680 860 1060 1290 1540
1.5 650 710 890 1100 1340 1600

- Quantities corresponding to velocities between 2 and 3 and over 7 feet per sec-
ond are in italics. .
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COMPUTATION OF DECREASE IN THE VALUE OF ¢ IN
CAST-IRON PIPE, WITH AVERAGE SOFT UNFIL-
TERED RIVER WATER, THROUGH A PERIOD OF
YEARS.

1st. Assume that the original value of ¢ is 130.

2d. Assume that the increase in loss of head due to tuberculation, etc., amounts
to 39, per year.

3d. Assume that the diameter of the pipe is reduced by tuberculation at the rate
of 0.01 inch per year, and that the value of ¢ must be modified to correct for this.

Am ot gi:';lél.i‘zf Ifér ¢ 67| 8 107|127 | 167 | 207 247 | 807 | 86" | 48" | 60"
| B ameter. Value of ¢ after Making Allowance for Decrease in Diameter.

0 130 130 {130 (130 {130 130 (130 |130 130 {130 /130 |130 {130
10 113 106 |108 {109 (110 (110 |111 (111 {112 |112 (112 {112 |112
20 101 88 (92 | 94|96 |97 198999999 99 |100 100
30 92 75|80 | 8 |85 | 86|87 | 88 |8 |90]90 |9 |91
40 85 64 |71 | 74|76 | 78 |79 | 80 | 81 | 82 | 83 | 83 | 84
50 79.3 56 | 63 | 67 |69 |71 |73 |74 |75|76 76 |77|78
60 74.6 48 | 56 | 61 | 63 | 65|67 |69 |70 |71 | 71| 72|73
70 1 70.6 42 | 51 | 55 | 58 | €0 | 62 | 64 | 65 | 66 | 67 | 67 | 68
80 67_ 1 37|46 | 51 | 54 | 56 | 58 | 60 | 61 | 62 | 63 | 64 | 65
90 64.2 33|42 (47|50 | 52| 55|57 |58|59)|¢€0| 61|62

100 61.5 29 | 38 [ 43|47 | 49 | 52 | 54 | 55 | 56 | 57 | 58 | 59
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COMPARISON OF THE LOSS OF HEAD OF WATER IN

(2) by WesTon: “Friction of Water in Pipes.”
(3) by Hazen & WiLLiams: Figures used in this volume.

PIPES OF VARIOUS AGES, AS COMPUTED BY
THE METHODS USED

(1) by Corrin: “Graphical Solution of Hydraulic Problems.’

’

Velocity of

“Velocit;

of

Velocity of

1 Foot per Second. 3 Feet per Second. 5 Feet per Second.
Diam- )
et | ster of
Years. Pipe in
Inches. Hazen Hagen Hagen
Coffin. |Weston | & Wil- || Coffin. [Weston | & Wil- || Coffin. |Weston | & Wil-
New 4 1.565 (1,18 (1.32 | 11.7|10.4}10.2 | 30.0 | 29.0 | 26.0
““ 16 0.28 1 0.25 | 0.26 2.09] 2.20] 2.00{ 5.3 6.2 5.2
““ 48 0.067 0.080( 0.072| 0.51] 0.71 0.55| 1.3 2.0 1.4
10 4 1.8811.541.90 | 16.0 | 13.6 | 15.0 || 44.0 | 38.0 3_8.0
““ 16 0.34 {0.33|0.35 2.9 2.9 2.7 7.8 8.1 7.0
““ 48 0.0810.10{0.10 0.7 0.9 0.7 1.9 2.6 1.9
20 4 2,30 11.90|2.70 1 21.0{17.0|21.0 |l 61.0 | 47.0 | 53.0
““ 16 0.41 | 0.41 | 0.44 3.8 3.6 3.4|[11.0 ] 10.0 9.0
““ 48 0.10 ( 0.13 | 0.12 0.9 1.2 0.9 2.6 3.2 2.3
40 4 3.10 1 2.60 | 4.90 || 31.0 {23.0 | 38.0 || 96.0 | 65.0 | 95.0
“ 16 0.55 | 0.56 | 0.65 5.6 5.0 5.0 17.0114.0 | 13.0
“ 48 0.13 {0.18 | 0.17 1.4 1.6 1.3 4.2 4.4 3.3
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SHORT METRIC EQUIVALENT PIPE TABLE.




VENTURI METERS.

TABLE SHOWING HEAD LOST IN EXCESS OF THAT LOST IN
STRAIGHT PIPE, EXPRESSED IN TERMS OF THE VELOCITY
HEAD IN THE PIPE. :

Note.—The velocity head for any given discharge and pipe size may be found
in the pipe tables.

€1



UNDERDRAINS FOR SAND FILTERS.
(No compensating orifices used.)

Rate of filtration, mil-
hon gallons per acre

Assumed resistance of
clean sand, feet ..... 0.090 | 0.120 [ 0.150 | 0.180 | 0.240 | 0.300 | 0.450
Total allowable friction
and velocity head in ‘
underdrainage system| 0.022 | 0.030 | 0.037 { 0.045 | 0.060 | 0.075 | 0.112
Approximate ratio of
filter area to area of
maindrain......... 6,300 | 5,600 | 5,100| 4,700 | 4,200! 3,800 | 3,200
Approximate velocity in
main drain (varying | _
somewhat with size).| 0.67 | 0.80 [0.90 |1.00 |1.18 |1.34 | 1.68
Approximate velocity
in laterals (varying|°
somewhat with size).| 0.40 | 0:48 | 0.55 | 0.61 0.72 10.82 |1.04

MAXIMUM AREAS DRAINED IN SQUARE FEET.

. 2” round lateral ...... 79 70 64 59 53 48 41
3 180 160 147 137 122 111 93
4 “oa. 325 288 264 245 218 200 168
5 . . 517 460 420 390 345 316 266
6” ¢ “ooa 750 670 610 570 500 460 390
8" ‘o, 1,340 | 1,200 1,090| 1,010 900 820 690
6” split “oia 360 320 290 270 240 220 180
87 « “o, 640 570 520 490 430 400 320

107 ¢ “ Ll 1,020 900 830 770 680 630 530

127 ¢ “ ......| 1,480 1,320 1,200} 1,120 1,000 910 770

10”” round main. ...... 3,400 | 3,000 2,700 | 2,500 ; 2,200 | 2,000 | 1,700

127 ¢ “o 4,900 | 4,300 | 3,900 | 3,600 | 3,200 | 2,900 2,400

15”7« “oe, 7,700 | 6,900 { 6,200 ( 5,800 { 5,100 | 4,600 | 3,900

187 ¢ . ..| 11,200 | 10,000 | 9,000 8,300 | 7,400 | 6,700 | 5,600

21”7 ¢ o, 15,300 | 13,600 | 12,300 | 11,400 | 10,000 [ 9,100 | 7,600

247 ¢ “ .......] 20,000 17,700 | 16,100 | 14,900 | 13,200 | 12,000 | 10,000

277 ¢ o 25,400 | 22,400 | 20,300 | 18,800 | 16,600 | 15,100 | 12,600

30”7 ¢ “o. 31,500 | 27,800 | 25,300 | 23,400 | 20,700 | 18,800 | 15,700

33”7 i 38,000 | 34,000 | 31,000 | 28,000 | 25,000 | 23,000 | 19,000

36”7 ¢ o /| 45,000 | 40,000 | 37,000 | 34,000 | 30,000 | 27,000 | 22,000

Note.—For main drains, ¢ is taken as 110, and it is assumed that the space
drained is twice as long as wide. For lateral drains, ¢ is taken as 100, and it is
assumed that the space drained is four times as long as wide. Considerable change
in shape of area drained does not greatly affect the results, and the figures may
be used as approximations for all ordinary conditions.
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THE FLOW OF WATER OVER WEIRS.

SHARP-EDGED WEIRS.

THE basis of our experimental knowledge of the discharge of water
over weirs of size applicable to the cases usually encountered in prac-
tice rests primarily upon three investigations, viz.:
(@) That of Mr. Jas. B. Francis, M. Am. Soc. C. E., made at Lowell,
Mass., in 1852.
(b) That of Messrs. Alphonse Fteley and Frederic P. Stearns, Mem-
bers Am. Soc. C. E., made at Boston, Mass., in 1877, 1878,
and 1879.
(¢) That of M. Henry Bazin, Inspecteur General des Ponts et Chaus-
sees, made at Dijon, France, in 1886, 1887, and 1888.
Each of these investigations has given rise to a formula for deter-
mining the flow of water over a sharp-edged vertical weir without end
contractions, named from the observers, and these three formulas com-
prise those most commonly applied in practice.
The symbols used in these formulas and in the following tables are:
H=the total head or height from the crest of the weir to still water,
measured in feet;

h=the observed head or height of the surface of the running water
above the crest of the weir, at some convenient point, meas-
ured in feet; ’

hy,=the head to which the mean velocity of the approaching water is

2

due, measured in feet—i.c., h,,=g—g—where v=velocity in feet
per second;

L=the total length of the crest of the weir, or the mean width of the
over-falling sheet at the plane of the weir, measured in feet;

p=the height of the crest of the weir above the bottom of the channel
of approach, measured in feet;

Q=the quantity of water discharged per second over a weir, meas-
ured in cubic feet;

g=the acceleration due to gravity =32.16 feet per second.
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64 THE FLOW OF WATER OVER WEIRS,

The Francis formula, then, is:

Q=3.33LH% or Q=3.33L[(h+ho)%—h%].
The Fteley and Stearns formula is:

Q=331LH%+0.007L or Q=3.31L(h+1.5k,)%+0.007L.

The Bazin formula is:

Q=mLh\/2gh, where m=(0.405+0'0?1984>[1+0.55%)2].

The several observers used different methods of reading the head A,
and for an accurate application of the formulas the head should be read
in the same manner as in the original experiments.

Mr. Francis, in the experiments upon which his formula is based,
observed the head as communicated through a small orifice (about
} inch diameter) in the side of the channel of approach, about 1 foot
below the level of the crest and 6 feet up-stream therefrom, which
was connected through a pipe about 18 inches long to a cistern, where
the surface was read by a hook gage. The weir was of L=10 feet.

In a part of their experiments, which were made on a weir with L=5
feet, Messrs. Fteley and Stearns made use of a small orifice in the
center of a plank 10 inches long, set with its face vertical and parallel
to the axis of the channel of approach, and about 16 inches from the
side wall, so that the orifice was about 10 inches above the bottom and
6 feet up-stream from the weir, the orifice being connected by piping to
a movable cistern, in which the head was read by a hook gage. For the
rest of their experiments these observers made use of eight small ori-
fices simultaneously, which were connected in pairs, opening in opposite
directions. These orifices were in the center of steel plates about
6 inches long, located parallel to the current at about the level of the
crest of the weir, and were 6 feet up-stream therefrom, and 18 inches
and 7 feet respectively from the side walls of the channel, the weir
being of L=19 feet.

In the experiments of M. Bazin, who worked on weirs of L=6.56
feet, 3.28 feet, and 1.64 feet, the head was communicated through an
orifice 4 inches in diameter, at the bottom of the channel of approach
and 16.3 feet up-stream from the weir, connecting with a pit, wherein the
surface of water was located by a hook gage and a dial-float. ,

Experimental comparisons of these formulas, where the heads werei
observed in the manner described for each, has shown them to agree;



THE FLOW OF WATER OVER WEIRS., 65

within 2% per cent for heads from 0.5 up to 3 feet, and that the Fteley
and Stearns and the Bazin formulas agree within 2 per cent for heads
up to 4 feet. The Francis formula was only intended to apply between
heads of 0.5 and 2.0 feet, and should not be used for higher heads.
Where other methods of reading the head are used, errors of as much
as 10 per cent may be introduced. One of the most erroneous of these
is by the aid of a pipe placed in the current parallel to the weir and
perforated upon its bottom or top.

A very convenient as well as accurate means of reading the head
upon a weir, and one which introduces but a small error, is by the use
of a sharp-pointed plumb-bob suspended upon a steel tape, the latter
passing over a block on which a line is drawn at right angles to the
tape, the reading taken being that of the tape where the line intersects
it. The reading of the tape corresponding to the position of the bob
when in contact with the water surface, when the latter is at the level
of the crest of the weir, must be determined and used as the datum.
The point of observation should be far enough away from the crest of
the weir to be beyond the curve of the approaching sheet, and the ele-
vation of the water surface may be read by allowing the point of the
bob to come in contact with it, the bob being still, or by swinging the
bob and allowing it to cut the water surface. Whichever method is
adopted should be used in determining the datum reading, as the indi-
cations are somewhat different. Such readings will be found to fit the
Bazin formula more accurately than they will either of the others.

To facilitate the use of this formula, the following table giving the
discharge over weirs of various heights from 2 to 30 feet and for heads
from 0.1 to 6.0 feet is presented. - The discharges in this table can only
be used in cases where the level of the water surface on the down-stream
side of the weir is below the crest, and the space between the face of
the weir and the over-falling sheet is in free connection with the out-
side air. If a partial vacuum be formed behind the sheet, from lack
of free circulation, the discharge will be increased, under some condi-
tions as much as 5 per cent. ' If the water on the down-stream side rise
above the crest, the weir then becomes submerged or drowned and the
discharge is consequently decreased.
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COMPUTED BY BAZIN’S FORMULA.

-DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

in Feet.
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

h

in Feet.
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.
R 7]

0 405+'——0°984> [1 +0.55
Q’( ' h T e+n? ]

Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet.
Length of weir=L.

p=2Ft. p-3Ft.|p-4Ft. p=5Ft. | p=6Ft. | p=7Ft. | p=8Ft.

LhV/2gh.

h . h
imFeet | ke | cure | cuFr. | CuFr | cuFr | cuFe | culpe [P
per Sec. | per Sec. | perSec. | per Sec. | per Sec. | per Sec. per Sec. l
2.01 10.67 10.20 9.95 9.79 9.70 9.63 9.59 | 2.01
2.02 10.75 10.28 10.02 9.87 9.77 9.70 9.66 | 2.02
2.03 10.84 10.36 10.10 9.94 9.85 9.78 9.73 | 2.03
2.04 10.93 10.44 10.18 10.02 9.92 9.85 9.81 | 2.04
2.05 11.01 | 10.52 10.26 10.09 10.00 9.93 9.88 | 2.05
2.06 11.10 10.60 10.34 10.17 10.07 10.01 9.95 | 2.06
2.07 11.19 10.68 10.41 10.25 10.15 10.09 10.03 | 2.07
2.08 11.27 10.76 10.49 10.32 10.22 10.16 10.10 | 2.08
2.09 11.36 10.85 10.57 10.40 10.30 10.24 10.17
2.10 11.45 10.93 10.65 10.48 10.37 10.31 10.25
2.11 11.53 11.01 10.73 10.56 10.45 10.39 10.32
2.12 11.62 11.10 10.81 10.63 10.53 10.46 10.39
2.13 11.71 11.18 10.89 10.71 10.60 10.54 10.47
2.14 11.80 11.26 10.97 10.79 10.68 10.61 10.54
2.15 11.88 11.35 11.05 10.87 10.76 10.69 10.62
2.16 11.97 11.43 11.13 10.95 10.83 10.76 10.69
2.17 12.06 11.51 11.21 11.03 10.91 10.84 10.77
2.18 12.15 | 11.60 11.29 11.11 10.99 10.91 10.84
2.19 12.24 11.68 11.39 11.19 11.07 10.98 10.92

12.34 | 11.77 | 11.46 | 11.27 | 11.14 | 11.06 10.99
12.43 | 11.85 | 11.54 | 11.35 | 11.22 | 11.13 11.07
12.52 | 11.94 | 11.62 | 11.43 | 11.30 | 11.21 11.15
12.61 | 12.02 | 11.70 | 11.51 | 11.38 | 11.29 11.22
12.70 | 12.11 | 11.79 | 11.59 | 11.45 | 11.36 11.30
12.79 | 12.20 | 11.87 | 11.67 | 11.53 11.44 11.38
12.88 | 12.29 | 11.95 | 11.75 | 11.61 11.52 | 11.46
12.98 | 12.37 | 12.04 | 11.83 | 11.69 11.60 | 11.53
13.06 | 12.46 | 12.12 | 11.91 11.77 11.67 11.61
13.15 | 12.55 | 12.20 | 11.99 ' 11.85 11.75 | 11.69
13.24 | 12.64 | 12.29 | 12.07 | 11.93 11.83 11.77
13.33 | 12.73 | 12.37 | 12.16 | 12.01 11.90 | 11.84
13.44 | 12.81 | 12.46 | 12.24 | 12.09 | 11.99 11.92
13.53 | 12.90 | 12.54 | 12.32 | 12.17 12.07 12.00
13.63 | 12.99 | 12.63 | 12.40 | 12.26 | 12.15 | 12.08
13.72 | 13.08 | 12.71 | 12.49 | 12.34 12.23 12.16
13.82 | 13.17 | 12.80 | 12.57 | 12.42 12.31 12.24
13.91 | 13.26 | 12.89 | 12.65 | 12.50 | 12.39 12.32
14.01 | 13.35 | 12.97 | 12.74 | 12.58 12.47 12.40
14.10 | 13.44 | 13.06 | 12.82 | 12.67 12.55 | 12.48
14.20 | 13.53 | 13.16 | 12.91 | 12.756 | 12.64 | 12.56
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

Q= (0.405 +

84
) [1 +0.55

(@+h)* ]

LhV/'2gh.

Observed head=h. Height of weir=p. Discharge=Q. ¢=32.17 feet.

Length of weir=_L.

p=9 Ft. | p=10 Ft. | p=12 Ft. | p=16 Ft. | p=20 Ft. | p=25 Ft. | p=30 Ft.

h h
in Feet. cuFe. | cudFe. | CuFt. ca'Fe. | culFe. Cu.QFt culpe, [ FOt
per Sec. | per Sec. | per Sec. | per Sec. | per Sec. | per Sec. per Sec.

2.01 9.55 9.52 9.48° 9.44 9.41 9.40 9.39 | 2.01
2.02 9.62 9.59 9.55 9.51 9.48 9.47 9.46 | 2.02
2.03 9.69 9.66 9.62 9.58 9.55 9.54 9.53 | 2.03
2.04 9.77 9.73 9.69 9.65 9.62 9.61 9.60 | 2.04
2.05 9.84 9.81 9.76 9.72 9.69 9.68 9.67 | 2.05
2.06 9.91 9.88 9.84 9.79 9.76 9.75 9.74 | 2.06
2.07 9.99 9.95 9.91 9.87 9.84 9.82 9.81 2.07
2.08 10.06 10.03 9.98 9.94 9.91 9.89 . 9.88 | 2.08
2.09 10.13 10.10 10.05 10.01 9.98 9.96 9.95 | 2.09
2.10 10.21 10.17 10.13 10.08 10.05 10.03 10.02 | 2.10
2.11 10.28 10.25 10.20 10.15 10.12 10.10 10.09 | 2.11
2.12 10.36 10.32 10.27 10.23 10.20 10.17 10.16 | 2.12
2.13 10.43 10.39 10.35 10.30 10.27 10.25 10.24 | 2.13
2.14 10.50 10.47 10.42 10.37 10.34 10.32 10.31 2.14
2.15°| 10.58 10.54 10.49 10.44 10 .41 10.39 10.38 | 2.15
2.16 10.65 10.61 10.57 | 10.51 10.48 10.46 10.45 | 2.16
2.17 10.73 10.69 10.64 10.59 10.56 10.54 10.53 | 2.17
2.18 10.80 10.76 10.71 10.66 10.63 10.61 10.60 | 2.18
2.19 10.88 10.83 10.79 10.73 10.70 10.68 10.67 | 2.19
2.20 10.95 10.91 10.86 10.81 10.78 10.76 10.75 | 2.20
2.21 | 11.03 10.98 10.94 10.88 10.85 10.83 10.82 | 2.21
2.22 11.10 11.06 11.01 10.95 10.92 10.90 10.89 | 2.22
2.23 11.18 11.13 11.09 11.03 11.00 10.98 10.97 2.23
2.24 11.25 11.21 11.16 11.10 11.07 11.05 11.04 | 2.24
2.25 11.33 11.28 11.24 11.17 11.14 11.12 11.11 2.25
2.26 11.41 11.36 11.31 11.25 11.22 11.20-] 11.19 | 2.26
2.27 11.48 11.43 11.39 11.32 11.29 11.27 11.26 | 2.27
2.28 11-.56 11.51 11.46 11.39 11.37 11.34 11.33 | 2.28
2.29 11.64 11.59 11.54 11.47 11.44 11.42 11.41 2.29
2.30 11.71 11.66 11.61 11.55 11.52- 11.49 11.48 | 2.30
2.31 11.79 11.74 11.69 11.63 11.59 11.57 11.56 | 2.31
2.32 11.87 11.82 11.77 11.70 11.67 11.64 11.63 2.32
2.33 11.95 11.90 11.84 11.78 11.74 11.72 11.71 2.33
2.34 12.02 11.98 11.92 11.85 11.82 11.79 11.78 | 2.34
2.35 12.10 12.06 12.00 11.93 11.90 11.87 11.86 2.35
2.36 12.18 12.13 12.08 12.01 11.97 11.95 11.94 2.36
2.37 12.26 12.21 12.15 12.08 12.05 12.02 12.01 2.37
2.38 12.34 12.29 12.23 12.16 12.13 12.10 12.09 | 2.38
2.39 12.42 12.37 12.31 12.24 12.20 12.18 12.17 | 2.39
2.40 12.50 12.45 12.39 12.32 12.28 12.25 12.24 | 2.40
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

.00984 h? .
Q= (0.405 + ) [1 +0.55 LhV 2gh.
h (p+h)? |
Observed head =h. Height of weir=p. Discharge=Q. g=32.17 feet.
Length of weir=L.

p=2Ft. | p=3Ft. | p=4Ft. | p=5Ft. | p=6Ft. | p=7Ft. | p=8 Ft.

h
in Feet. .
ot | ool | cudre | code | cusFe | cudFe | cupe | culme. |
per Sec. | per Sec. | per Bec. | per Sec. | perSec. | perSec. | per Sec.

2.41 14.30 | 13.62 | 13.23 | 12.99 | 12.83 | 12.72 | 12.64 | 2.41
2.42 | 14.40 | 13.72 | 13.32 | 13.08 | 12.91 12.80 | 12.72 | 2.42
2.43 | 14.49 | 13.81 | 13.40 | 13.16 | 13.00 | 12.88 | 12.80 | 2.43
2.44 | 14.59 | 13.90 | 13.49 | 13.25 | 13.08 | 12.97 | 12.88 | 2.44
2.45 | 14.69 | 13.99 | 13.58 | 13.33 | 13.16 | 13.05 | 12.96 | 2.45
2.46 | 14.78 | 14.08 | 13.66 | 13.42 | 13.25 | 13.13 | 13.05
2.47 | 14.88 | 14.18 | 13.75 | 13.50 | 13.34 | 13.22 | 13.13
2.48 | 14.98 | 14.27 | 13.84 | 13.59 | 13.42 | 13.30 | 13.21
2.49 | 15.08 | 14.36 | 13.92 | 13.67 | 13.51 13.38 | 13.29

2020 1 0
EERS

550 | 15.17 | 14.45 | 14.03 | 13.76 | 13.59 | 13.47 | 13.38 | 2.50
251 | 15.27 | 14.55 | 14.11 | 13.85 | 13.68 | 13.55 | 13.46 | 2.51
252 | 15.37 | 14.64 | 14.20 | 13.93 | 13.76 | 13.63 | 13.54 | 2.52
253 | 15.47 | 14.73 | 14.29 | 14.02 | 13.85 | 13.70 | 13.62 | 2.53
254 | 15.57 | 14.82 | 14.38 | 14.11 | 13.93 | 13.80 | 13.71 | 2.54
255 | 15.67 | 14.92 | 14.47 | 14.20 | 14.02 | 13.88 | 13.79 | 2.55
256 | 15.77 | 15.01 | 14.56 | 14.28 | 14.10 | 13.96 | 13.87 | 2.56
257 | 15.86 | 15.10 | 14.65 | 14.37 | 14.19 | 14.05 | 13.95 | 2.57
258 | 1596 | 15.19 | 14.74 | 14.46 | 14.27 | 14.13 | 14.03 | 2.58
259 | 16.06 | 15.20 | 14.83 | 14.54 | 14.36 | 14.21 | 14.11 | 2.59
260 | 16.16 | 15.38 | 14.92 | 14.63 | 14.44 | 14.30 | 14.20 | 2.60
261 | 16.26 | 156.47 | 16.01 | 14.72 | 14.53 | 14.38 | 14.28 | 2.61
262 | 16.36 | 15.57 | 15.10 | 14.81 | 14.62 | 14.46 | 14.36 | 2.62
263 | 16.46 | 15.66 | 15.19 | 14.90 | 14.70 | 14.55 | 14.45 | 2.63
264 | 16.57 | 15.76 | 15.28 | 14.99 | 14.79 | 14.63 | 14.53 | 2.64
265 | 16.67 | 15.85 | 15.37 | 15.08 | 14.88 | 14.72 | 14.62 | 2.65
266 | 16.77 | 15.95 | 15.46 | 15.16 | 14.96 | 14.80 | 14.70 | 2.66
267 | 16.87 | 16.05 | 15.55 | 15.25 | 15.05 | 14.89 | 14.79 | 2.67
268 | 16.98 | 16.10 | 15.64 | 15.3¢ | 15.14 | 14.97 | 14.87 | 2.68
269 | 17.08 | 16.24 | 15.74 | 15.43 | 15.23 | 15.06 | 14.96 | 2.69
570 | 17.18 | 16.3¢ | 15.83 | 15.52 | 15.31 | 15.15 | 15.04 |2.70
571 | 17.28 | 16.43 | 15.92 | 15.61 | 15.40 | 15.23 | 15.13 | 2.71
272 | 17.30 | 16.53 | 16.02 | 15.70 | 15.49 | 15.32 | 15.22 | 2.72
273 | 17.49 | 16.63 | 16.11 | 15.79 | 15.58 | 15.41 | 15.30 | 2.73
o074 | 17.60 | 16.73 | 16.24 | 15.88 | 15.67 | 15.50 | 15.39 | 2.74
o75 | 17.70 | 16.82 | 16.30 | 15.98 | 15.76 | 15.59 | 15.48 | 2.75
276 | 17.81 | 16.92 | 16.40 | 16.07 | 15.85 | 15.68 | 15.56 | 2.76
o77 | 1791 | 17.02 | 16.50 | 16.16 | 15.94 | 15.77 | 15.65 | 2.77
278 | 18.02 | 17.12 | 16.59 | 16.25 | 16.03 | 15.86 | 15.74 | 2.78
279 | 1812 | 17.22 | 16.69 | 16.3¢ | 16.12 | 15.95 | 15.83 | 2.79
580 | 18.23 | 17.32 | 16.79 | 16.44 | 16.21 | 16.04 | 15.92 | 2.80
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.
00984 B
=(040564+——)|1+9.55 LhN/2gh.
¢ ( h )[ (p+h)’] 29

Observed head =h. Height of weir=p. Discharge=Q. g¢=32.17 feet.
Length of weir=L.

p=9 Ft. | p=10 Ft. | p=12 Ft. | p=168 Ft. | p=20 Ft. | p=25 Ft. | p=30 Ft.

h A
in Feet. in Feet.
b Cu.QFt. Cu?Ft. Cu?Ft. Cu?Ft. Cu.QFt. CuQI"t Cu.QFt. "
Per S8ec. | Per Sec. | Per Sec. | Per Sec. [ Per Sec. | Per Sec. | Per Sec.

2.41 | 12.58 | 12.53 | 12.47 | 12.40 | 12.36 | 12.33 | 12.32
2.42 | 12.66 | 12.63 | 12.55 | 12.48 | 12.44 | 12.41 | 12.39
2.43 | 12.74 | 12.70 | 12.63 | 12.56 | 12.52 | 12.48 | 12.47
2.44 | 12.82 | 12.78 | 12.70 | 12.63 | 12.60 | 12.56 | 12.55
2.45 | 12.90 | 12.86 | 12.78 | 12.72 | 12.67 | 12.63 | 12.63
2.46 | 12.98 | 12.94 | 12.86 | 12.79 | 12.75 | 12.71 | 12.71
2.47 | 13.07 | 13.02 | 12.94 | 12.87 | 12.83 | 12.79 | 12.78
2.48 | 13.15 | 13.10 | 13.02 | 12.95 | 12.90 | 12.87 | 12.86
2.49 | 13.23 | 13.18 | 13.10 | 13.02 | 12.98 | 12.95 | 12.94
2.50 | 13.31 | 13.26 | 13.18 | 13.10 | 13.06 | 13.03 | 13.01
2.51 | 13.39 | 13.34 | 13.27 | 13.18 | 13.14 | 13.11 | 13.09
2.52 | 13.47 | 13.42 | 13.35 | 13.26 | 13.22 | 13.19 | 13.17
13.56 | 13.50 | 13.43 | 13.34 | 13.30 | 13.26 | 13.25
13.64 | 13.58 | 13.51 | 13.41 | 13.38 | 13.34 | 13.33
13.72 | 13.66 | 13.59 | 13.49 | 13.45 | 13.42 | 13.41
13.80 | 13.74 | 13.67 | 13.57 | 13.53 | 13.50 | 13.49
13.88 | 13.83 | 13.75 | 13.65 | 13.61 | 13.58 | 13.56
13.97 | 13.91 | 13.83 | 13.74 | 13.69 | 13.66 | 13.64
14.05 | 13.99 | 13.91 | 13.82 | 13.77 | 13.74 | 13.72
14.13 | 14.07 | 13.99 | 13.90 | 13.85 | 13.82 | 13.80
14.21 | 14.16 | 14.08 | 13.99 | 13.93 | 13.90 | 13.88
14.29 | 14.25 | 14.15 | 14.07 | 14.01 | 13.98 | 13.96
14.37 | 14.34 | 14.24 | 14.15 | 14.09 | 14.06 | 14.04
14.45 | 14.42 | 14.32 | 14.23 | 14.17 | 14.14 | 14.12
14.54 | 14.50 | 14.40 | 14.32 | 14.25 | 14.22 | 14.20
14.63 | 14.59 | 14.49 | 14.41 | 14.33 | 14.30 | 14.28
14.71 | 14.68 | 14.57 | 14.49 | 14.41 | 14.38 | 14.36
14.79 | 14.76 | 14.65 | 14.57 | 14.49 | 14.46 | 14.44
14.88 | 14.84 | 14.73 | 14.65 | 14.57 | 14.54 | 14.52 | 2.69
2 14.96 | 14.92 | 14.82 | 14.73 | 14.65 | 14.61 | 14.60 | 2.70
2.71 | 15.05 | 15.02 | 14.90 | 14.82 | 14.73 | 14.69 | 14.68 | 2.71
2.72 | 15.13 | 15.09 | 14.99 | 14.90 | 14.84 | 14.77 | 14.76 | 2.72
2.73 | 15.21 | 15.18 | 15.08 | 14.98 | 14.89 | 14.85 | 14.85 | 2.73
2.74 | 15.29 | 15.26 | 15.16 | 15.06 | 14.98 | 14.94 | 14.92 | 2.74
2.75 | 16.38 | 15.3¢ | 15.24 | 15.14 | 15.06 | 15.02 | 15.00 | 2.756
2.76 | 15.47 | 15.43 | 15.33 | 15.22 | 15.14 | 15.10 | 15.08 | 2.76
2.77 | 156.56 | 15.51 | 15.40 | 15.30 | 15.22 | 15.18 | 15.17 | 2.77
2.78 | 15.65 | 15.59 | 15.49 | 15.38 | 15.31 | 15.27 | 15.25 | 2.78
2.79 | 15.74 | 15.68 | 15.58 | 15.46 | 15.40 | 15.36 | 15.3¢4 | 2.79
2.80 | 15.83 | 15.76 | 15.66 | 15.54 | 15.48 | 15.44 | 15.42 | 2.80
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

. -
Q-(o.4o5+'°°:84) [1+o.55 h LhV/2gh.

(p+h)* ]
Observed head =h. Height of weir=p. Discharge=Q. ¢=32.17 feet.
Length of weir=L.
. p=2Ft. | p=3Ft. | p=4Ft. | p=85Ft. | p=6Ft. | p=7Ft. | p=8Ft.
A
In Feet Cu.QFt. Cu.QFt. Cu.QFt. Cu.QFt. Cu?Ft. Cu.QFt. Cu.QFt. in Feet.
per Sec. | per Sec. | per 8ec. | per Sec. | per Sec. | per Sec. | per Sec.

2.81 18.33 17.42 16.88 16.53 16.30 16.12 16.00 81
2.82 18.44 17.52 16.98 16.62 16.39 16.21 16.08 82
2.83 18.54 17.62 17.07 16.71 16.48 16.30 16.17 .83
2.84 18.65 17.72 17.17 16.80 16.57 16.39 16.26 .84
2.85 18.75 17.82 17.27 16.89 16 .66 16.48 16.35 .85
2.86 18.86 17.92 17.37 16.99 16.75 16.57 16.43 .86
2.87 18.97 18.02 17.47 17.08 16.84 16.66 16.52 .87
2.88 19.08 18.12 17.57 17.17 16.93 16.75 16.61 .88
_2.89 19.18 18.22 17.67 17.26 17.02 16.84 16.70 .89
.90 19.29 18.32 | 17.77 17.36 17.11 16.93 16.79 90
91 19.40 18.43 17.86 17.45 17.20 17.02 16.88 91
.92 19.51 18.53 17.96 17.55 17.29 17.11 16.97 92
93 19.62 18.63 18.06 17.65 17.39 17.20 17.06 93
94 19.73 18.73 18.15 17.75 17.49 17.30 17.15 .94

95| 19.83 18.83 18.25 17.84 17.59 17.39 17.24 .95
96 19.94 18.94 18.35 17.94 17.69 17 .49 17.33 .96
97 20.05 19.04 18.45 18.04 17.78 17.58 17.42 97
98 20.16 19.15 18.54 18.14 17.87 17.67 17.51 .98
99 20.27 19.25 18.64 18.23 17.96 17.76 17.61 .99
20.39 19.36 18.74 18.33 18.06 17.86 17.71 00

20.50 | 19.46 | 18.84 | 18.43 | 18.15 | 17.95 | 17.80
20.61 | 19.57 | 18.94 | 18.52 | 18.25 | 18.04 | 17.89
20.72 | 19.67 | 19.04 | 18.62 | 18.3¢4 | 18.13 | 17.98
20.83 | 19.77 | 19.14 | 18.71 | 18.44 | 18.22 | 18.07
20.94 | 19.88 | 19.24 | 18.81 | 18.53 | 18.32 | 18.16
21.05 | 19.98 | 19.34 | 18.91 | 18.63 | 18.41 18.25
21.16 | 20.08 | 19.44 | 19.01 | 18.73 | 18.50 | 18.35
21.27 | 20.18 | 19.54 | 19.11 | 18.83 | 18.60 | 18.45
21.39 | 20.29 | 19.64 | 19.21 | 18.92 | 18.69 | 18.54

21.50 | 20.40 | 19.74 |.19.31 19.02 18.79 18.64

21.61 | 20.51 | 19.85 [ 19.41 | 19.11 | 18.89 | 18.74
21.72 | 20.62 | 19.95 | 19.51 | 19.20 | 18.98 | 18.83
21.83 | 20.73 | 20.05 | 19.60 | 19.30 | 19.08 | 18.92
21.94 | 20.83 | 20.15 | 19.70 | 19.40 | 19.17 | 19.01
22.05 | 20.94 | 20.25 | 19.80 | 19.50 | 19.27 | 19.10
22.17 | 21.05 | 20.35 | 19.90 | 19.60 | 19.37 | 19.20
22.290 | 21.16 | 20.46 | 20.00 | 19.70 | 19.46 | 19.30
22.40 | 21.27 20.10 | 19.80 | 19.56 | 19.39
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CofC0 €0 €0 00 0O 0o 00 00 OG0 G0 G0 00 0o 0O 0 W WWNNNNNNNNNIN
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B aNenrbbRc88I88R88S

20.56
22.62 | 21.37 | 20.66 | 20.20 | 19.89 | 19.65 | 19.49
22.64 | 21.48 | 20.77 | 20.31 | 19.98 | 19.76 | 19.58
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.
Q (o 405+'00984) 1+40.55 - LhV'2gh
' - vy .

Observed head =h. Height of weir=p. Discharge=Q. g¢=32.17 feet.
Length of weir=L.

p=9Ft. |p=10Ft.| p=12Ft. | p=16 Ft. | p=20 Ft. | p=25 Ft. | p=30 Ft.

h
in Feet.

caoFe. | cuoFe. | cuoFi. | cuFe. | cuFi. | cure. | cuowe |
per Sec. | per Sec. | per Sec. | per Sec. | per Sec. | per Sec. | per Sec.

5
>
2

1591 | 15.85 | 15.75 | 15.63 | 15.57 | 15.53 | 15.50 | 2.81
16.00 | 15.93 | 15.83 | 15.72 | 15.66 | 15.62 | 15.58 | 2.82
16.09 | 16.02 | 15.92 | 15.80 | 15.74 | 15.70 | 15.67 | 2.83
16.18 | 16.11 | 16.00 | 15.88 | 15.83 | 15.78 | 15.75 | 2.84
16.26 | 16.19 | 16.09 | 15.97 | 15.91 | 15.87 | 15.84 | 2.85
16.35 | 16.28 | 16.18 | 16.05 | 16.00 | 15.95 | 15.92 | 2.86
16.43 | 16.37 | 16.26 | 16.13 | 16.09 | 16.03 | 16.01 | 2.87
16.52 | 16.46 | 16.34 | 16.22 | 16.17 | 16.12 | 16.09 | 2.88
16.61 | 16.54 | 16.43 | 16.30 | 16.25 | 16.20 | 16.17 | 2.89
16.70 | 16.63 | 16.51 | 16.38 | 16.33 | 16.28 | 16.25 |2.90

16.78 | 16.72 | 16.60 | 16.47 | 16.42 | 16.37 16.34 | 2.91
16.87 | 16.80 | 16.68 | 16.56 | 16.50 | 16.45 | 16.43 | 2.92
16.96 | 16.88 | 16.76 | 16.64 | 16.58 | 16.53 | 16.50 | 2.93
17.04 | 16.97 | 16.85 | 16.72 | 16.66 | 16.61 16.58 | 2.94
"17.13 | 17.06 | 16.94 | 16.81 | 16.75 | 16.70 | 16.67 | 2.95
17.23 | 17.15 | 17.03 | 16.89 | 16.84 | 16.79 | 16.75 | 2.96
17.32 | 17.24 | 17.11 | 16.98 | 16.92 | 16.87 | 16.84 | 2.97
17.41 | 17.33 | 17.20 | 17.07 | 17.00 | 16.95 | 16.92 | 2.98
17.50 | 17.42 | 17.28 | 17.16 | 17.09 | 17.04 | 17.01 | 2.99
17.60 | 17.52 | 17.39 | 17.25 | 17.18 | 17.13 | 17.10 | 3.00
17.69 | 17.61 | 17.47 | 17.33 | 17.26 | 17.21 17.18 | 3
17.78 | 17.70 | 17.55 | 17.42 | 17.3¢ | 17.30 | 17.26 | 3
17.87 | 17.79 | 17.64 | 17.51 | 17.43 | 17.38 | 17.35 | 3
17.96 | 17.88 | 17.73 | 17.59 | 17.52 | 17.47 | 17.44 |3
18.05 | 17.97 | 17.82 | 17.68 | 17.61 | 17.56 | 17.52 |3
18.14 | 18.06 | 17.91 | 17.77 | 17.70 | 17.65 | 17.61 |3
18.23 | 18.15 | 18.00 | 17.86 | 17.78 | 17.74 | 17.70 | 3
18.33 | 18.24 | 18.09 | 17.95 | 17.87 | 17.83 | 17.79 | 3
18.42 | 18.33 | 18.18 | 18.03 | 17.95 | 17.92 | 17.88 | 3.
18.51 | 18.42 | 18.27 | 18.12 | 18.04 18.01 17.96 | 3.
3

3

3

3

3

3

3

3

18.60 | 18.50 | 18.36 | 18.21 | 18.13 | 18.09 | 18.05
18.69 | 18.59 | 18.45 | 18.29 | 18.22 | 18.18 | 18.13
18.78 | 18.68 | 18.54 | 18.38 | 18.31 | 18.27 | 18.22
18.87 | 18.77 | 18.63 | 18.47 | 18.40 | 18.35 | 18.30
18.96 | 18.87 | 18.72 | 18.56 | 18.49 | 18.44 | 18.38

19.06 | 18.96 | 18.81 | 18.65 | 18.57 | 18.53 | 18.48 16
19.15 | 19.05 | 18.90 | 18.74 | 18.66 | 18.62 | 18.56 17
19.25 | 19.14 | 18.99 | 18.83 | 18.75 | 18.70 | 18.65 18

19.35 | 19.24 | 19.09 | 18.92 | 18.84 | 18.78 | 18.74 | 3.19
19.45 | 19.34 | 19.19 | 19.02 | 18.93 | 18.87 | 18.83 | 3.20
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.
.00984 h?
= ( 0.4056 14+0.56 LhV 2gh.
© ( T )[ Otk ] %

)l
Observed head =h. Height of weir=p. Discharge=Q. g=232.17 feet.
Length of weir=L.

p=2Ft. | p=3Ft. | p=4Ft | p=5Ft. | p=6Ft. | p=7Ft. | p=8 Ft.

=
L

Q Q
Cu.QFt. Cu.QFt. Cu.oFt. Gu.QFt Cu.QFt. Cu Ft. Cu Ft.
per Sec. | perSec. | per Sec. | per Sec. | per Sec. | per Sec per Sec.

26.31 | 24.95 | 24.10 | 23.54 | 23.12 [ 22.83 | 22.58
26.43 | 25.07 | 24.21 | 23.64 | 23.22 | 22.93 | 22.69
26.55 | 25.18 | 24.32 | 23.75 | 23.33 | 23.03 | 22.79
26.66 | 25.290 | 24.43 | 23.85 | 23.44 | 23.13 | 22.90
26.78 | 25.41 | 24.54 | 23.96 | 23.55 | 23.23 | 23.00
26.90 | 25.52 | 24.65 | 24.07 | 23.65 | 23.33 | 23.10
27.02 | 25.64 | 24.76 | 24.18 | 23.75 | 23.43 | 23.20
27.15 | 25.76 | 24.87 | 24.29 | 23.85 | 23.54 | 23.30
27.28 | 25.87 | 24.98 | 24.39 | 23.96 | 23.64 | 23.41
27.41 | 25.99 | 25.09 | 24.49 | 24.06 | 23.76 | 23.52

82

in Feet

3.21 22.76 | 21.59 20.87 | 20.41 20.08 | 19.84 19.68 | 3.21
3.22 | 22.88 | 21.70 20.97 | 20.51 20.18 | 19.94 19.78 | 3.22
3.23 | 22.99 | 21.81 21.07 | 20.61 20.28 | 20.04 | 19.87 | 3.23
3.24 | 23.11 | 21.92 | 21.18 | 20.71 20.38 | 20.13 19.97 | 3.24
3.25 | 23.23 | 22.03 21.28 | 20.81 20.48 | 20.23 | 20.06 | 3.25
3.26 | 23.35 | 22.14 21.38 | 20.91 20.58 | 20.33 | 20.16 | 3.26
3.27 | 23.47 | 22.25 21.49 | 21.01 20.68 | 20.42 | 20.26 | 3.27
3.28 | 23.58 | 22.36 | 21.59 | 21.12 20.78 | 20.52 | 20.35 | 3.28
3.29 | 23.69 | 22.47 21.69 | 21.22 20.88 | 20.62 | 20.45 | 3.29
3.30 | 23.81 22.59 | 21.80 | 21.33 | 20.98 20.71 20.55 | 3.30
3.31 23.93 .70 1 21.90 | 21.43 | 21.08 | 20.81 | 20.65 | 3.31
3.32 | 24.05 | 22.81 22.01 | 21.563 | 21.18 | 20.91 20.75 | 3.32
3.33 24.17 | 22.92 | 22.12 | 21.63 21.28 | 21.01 | 20.85 | 3.33
3.34 24.28 | 23.03 | 22.23 | 21.74 21.38 | 21.11 | 20.94 | 3.34
3.35 | 24.40 | 23.14 22.34 | 21.84 21.48 | 21.21 | 21.04 | 3.35
3.36 | 24.52 | 23.26 | 22.45 | 21.94 21.58 | 21.31 21.13 | 3.36
3.37 | 24.64 | 23.37 | 22.56 | 22.04 21.68 | 21.41 | 21.23 | 3.37
3.38 24.75 | 23.48 | 22.67 | 22.15 | 21.78 | 21.51 21.32 | 3.38
3.39 24.86 | 23.59 22.78 | 22.25 | 21.88 | 21.61 21.47 | 3.39
3.40 | 24.98 | 23.70 | 22.89 | 22.36 | 21.99 | 21.72 | 21.52 | 3.40
3.41 25.10 | 23.82 [ 23.00 | 22.47 | 22.09 | 21.82 | 21.61 | 3.41
3.42 | 25.22 | 23.93 23.11 22.58 22.19 | 21.92 | 21.71 | 3.42
3.43 | 25.34 | 24.04 | 23.22 | 22.69 22.29 | 22.02 | 21.80 | 3.43
3.4 25.46 | 24.15 | 23.33 | 22.79 | 22.39 | 22.12 | 21.89 | 3.44
3.45 | 25.58 | 24.26 | 23.44 | 22.89 22.49 | 22.22 | 21.99 | 3.45
3.46 | 25.70 | 24.37 23.55 | 23.00 | 22.60 | 22.32 | 22.09 | 3.46
3.47 | 25.82 | 24.49 | 23.66 | 23.11 22.70 | 22.42 | 22.18 | 3.47
3.48 | 256.94 | 24.60 | 23.77 | 23.22 | 22.80 | 22.52 | 22.28 | 3.48
3.49 | 26.07 | 24.72 | 23.88 | 23.33 | 22.91 22.62 | 22.38 | 3.49
3.50 | 26.20 | 24.83 | 24.00 | 23.43 | 23.01 22.73 | 22.48 | 3.50
3.51 3.51
3.52 3.52
3.53 3.53
3.54 3.54
3.55 3.55
3.56 | 3.56
3.57 3.57
3.58 3.58
3.59 3.59
3.60 3.60




DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

00984 A?
Q= (0.405+ ) [1 +0.55———— | LhV'2gh.
h ®+h)* ]
Observed head =h. Height of weir=p. Discharge=Q. g=32.17 feet.
Length of weir=_L.

p=9Ft. |p=10Ft | p=12 Ft. | p=16 Ft. | p=20 Ft. | p=25 Ft. | p=30 Ft.

h
in Feet.

B
'y
ﬁa-

Q Q
Cu. Ft. Cu.QFt. Cu.QFt. Cu.QFt. Cu.QFt. Cu. Ft. Cu.QFt.
per Sec. | per Sec. | per Sec per Sec. | per Sec. | per Sec. | per Sec.

19.54 | 19.43 | 19.28 | 19.11 | 19.02 18.96 | 18.92
19.63 | 19.52 | .19.37 | 19.20 | 19.11 19.05 | 19.00
19.73 | 19.61 | 19.46 | 19.29 | 19.19 19.13 | 19.09
19.82 | 19.70 | 19.55 | 19.38 | 19.28 19.22 | 19.18
19.92 | 19.80 | 19.64 | 19.48 | 19.37 19.31 19.27
20.02 | 19.89 | 19.74 | 19.57 | 19.46 19.40 | 19.36
20.12 | 19.98 | 19.83 | 19.66 | 19.55 19.49 | 19.45
20.22 | 20.08 | 19.93 | 19.76 | 19.64 19.58 | 19.54
20.31 | 20.17 | 20.02 | 19.84 | 19.73 19.67 | 19.63
20.41 | 20.27 | 20.11 | 19.93 | 19.82 | 19.76 | 19.73
20.50 | 20.36 | 20.20 | 20.03 | 19.91 19.85 | 19.82

|é%§sga&$ssgswsgskass

20.60 | 20.45 | 20.29 | 20.12 | 20.00 | 19.93 | 19.91
20.70 | 20.55 | 20.39 | 20.21 | 20.09 | 20.02 | 20.00
20.79 | 20.64 | 20.48 | 20.30 | 20.18 | 20.12 | 20.09
20.89 | 20.74 | 20.58 | 20 39 | 20.27 | 20.21 | 20.18
20.99 | 20.85 | 20.67 | 20.48 | 20.36 | 20.31 20.27
21.09 | 20.94 | 20.77 | 20.58 | 20.46 | 20.40 | 20.36
21.18 | 21.04 | 20.86 | 20.67 | 20.56 | 20.49 | 20.45
21.27 | 21.14 | 20.96 | 20.76 | 20.65 | 20.58 | 20.54
21.36 | 21.24 | 21.06 | 20.86 | 20.75 | 20.68 | 20.63

2146 [ 21.33 | 21.15 | 20.95 | 20.85 | 20.78 | 20.72
21.56 | 21.42 | 21.24 | 21.05 | 20.94 | 20.88 | 20.81
21 66 | 21.52 | 21.34 | 21.15 | 21.03 | 20.98 | 20.90
21.76 | 21.62 | 21.43 | 21.24 12 | 21.07 | 21.00
21.86 | 21.72 | 21.52 | 21.34 .21 | 21.16 | 21.10
21.96 | 21.82 | 21.62 | 21.43 .31 | 21.26 | 21.20
22.06 | 21.92 | 21.72 | 21.53 .40 | 21.35

.50 | 21.44
.59 | 21.53

22.16 | 22.02 | 21.82 | 21.63
22.27 | 2212 | 21.91 | 21.73

wwcnoowcnwwww‘wwwwwwwwwwwwmwwwmwww
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22.38 | 22.22 | 22.00 | 21.83 21.62
22.47 | 22.31 | 2210 | 21.92 78 | 21.71
22.56 | 22.41 | 22.19 | 22.01 .87 | 21.80

.96 | 21.89 | 21.85
.05 | 21.98 | 21.94

22.66 | 22.51 | 22.28 | 22.10
22.75 | 22.60 | 22.38 | 22.19
22.85 | 22.70 | 22.48 | 22.28 .15 | 22.07 | 22.03
22.95 | 22.80 | 22.58 | 22.38 .25 | 22.16 | 22.12
23.05 | 22.91 | 22.68 | 22.48 | 22.34 | 22.26 | 22.21
23.15 | 23.01 | 22.78 | 22.57 | 22.43 | 22.35 | 22.30
2325 | 23.10 | 22.88 | 22.66 | 22.52 | 22.44 | 22.39
23.34 | 23.20 | 22.99 | 22.75 | 22.62 | 22.53 | 22.48
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DISCHARGE PER FOOT OF LE’NGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.
COMPUTED BY BAZIN’S FORMULA.

B

Q= (0 405+'00984) [1 +0.55 LhV'2gh.
-\ h T o+h? ] 20h.

Observed head=h. Height of weir=p. Discharge=Q. ¢=32.17 feet.
Length of weir=L.

p=2Ft. | p=3 Ft. | p=4 Ft. | p=5 Ft. | p=6 Ft. | p=7 Ft. | p=8 Ft.

h h
in Foet. Cu.Qn. Cu.QFt. Cu.QFt. Cu.QFt. Cu.QFt. Cu.QFt. Cu.QFt. in Feet.
per Sec. | per Sec. | per Sec. | per Sec. | per Sec. | per Sec. | per Sec.

3.61 27.53 26.11 25.20- | 24.60 24 .17 23.86 23.62 | 3.61
3.62 27.65 26.23 25.31 24.71 24 .28 23.96 23.73 | 3.62
3.63 27.77 26.35 25.42 24 .82 24.38 24 .07 23.83 | 3.63
3.64 27.89 26 .46 25.53 24 .93 24 .49 24 .17 23.93 | 3.64
3.65 28.02 26.58 25.64 25.04 24 .60 24 .27 24.03 | 3.65
3.66 28.15 26.70 25.76 25.15 24.71 24 .38 24.14 | 3.66
3.67 28.27 26 .82 25.87 25.26 24 .82 24 .48 24.25 | 3.67
3.68 28.39 26.94 25.99 25.37 24 .92 24 .59 24.35 | 3.68
3.69 28.52 27 .06 26.10 25.48 25.03 24.70 24.46 | 3.69
3.70 28.64 27.17 | 26.22 25.59 25.14 24 .80 24.56 | 3.70

3.1 28.77 27.29 26.33 25.70 25.25 24 .91 24.67 | 3.71
3.72 28.90 27 .41 26.45 25.81 25.35 25.01 24.78 | 3.72
3.73 29.03 27.58 26.57 25.92 25.46 25.11 24.88 | 3.73
3.74 29.16 27.65 26.68 26.04 25.57 25.22 24.98 | 3.74.
3.75 29.29 27.77 26.79 26.15 25.68 25.33 25.08 | 3.75
3.76 29 .42 27.90 26.90 26 .26 25.79 25.43 25.18 | 3.76
3.77 29.55 28.02 27.02 26.37 25.89 25.54 25.29 | 3.77
3.78 29.68 28.14 27.14 26.48 26.00 25.64 | 256.39 | 3.78
3.79 29.81 28.26 27 .26 26 .59 26.11 25.75 25.50 | 3.79
3.80 29.94 28.38 27 .38 26.70 | 26.22 25.87 25.60 | 3.80
3.81 30.07 28.50 27 .49 26 .82 26.33 25.97 25.71 | 3.81
3.82 30.19 28.62 27.60 26.93 26.44 26.07 25.82 | 3.82
3.83 30.32 28.74 27.72 27.04 26.55 26.17 25.92 | 3.83
3.84 30.44 28.86 27 .84 27.15 26 .67 26.27 26.02 | 3.84
3.85 30.57 28.98 27.95 27.26 26.78 26.38 26.13 | 3.85
3.86 30.70 29.11 28.07 27.38 26.89 26.49 26.23 | 3.86
3.87 30.82 29.23 28.18 27.50 27.00 26.60 26.3% 3.87
3.88 30.95 29.35 28.30 27.62 27.11 26.71 26.44 | 3.88
3.89 31.08 29.48 28.42 27.73 27.22 26.82 26.55 | 3.89
3.90 | 31.21 | 29.60 28.53 27 .84 27.33 | 26.93 26.65 | 3.90
3.91 31.34 29.73 28.65 27.95 27 .44 27.03 26.76 | 3.91
3.92 31.47 29.85 28.77 28.06 27.55 27.14 26.86 | 3.92
3.93 31.60 29.97 28.89 28.17 27.66 27.25 26.97 | 3.93
3.94 31.73 30.10 29.01 28.28 27.77 27.36 27.08 | 3.94
3.95 31.86 30.22 29.13 28.40 27.88 27 .47 27.19 | 3.95
3.96 31.99 30.34 29.25 28.51 27.99 27 .59 27.30 | 3.96
3.97 32.12 30.46 | 29.38 28.63 28.10 27.70 27.41 | 3.97
3.98 32.26 30.59 29.50 28.75 28.21 27.82 27.52 | 3.98
3.99 32.40 30.71 29.62 28 .87 28.33 27.93 27.63 | 3.99
4.00 32.54 30.84 20.74 | 28.99 | 28.45 28.05 27.74 | 4.00
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. DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

.00984 L
=10.405+——)|1+0.55 LhV 2gh.
¢ ( h ) [ (p+h)* %
Observed head =h. Height of weir=p. Discharge=Q. g=32.17 feet.
Length of weir=L.

p=9 Ft. | p=10Ft. | p=12Ft. |p=16 Ft. [p=20 Ft. | p=25 Ft. | p=30 Ft.

h
in Feet. Q Q Q Q in Feet.
Cu. Ft. Cu. Ft. Cu. Ft. Cu.Q Ft. Cu. Ft. Cu.Q Ft. Cu.Q Ft.
per Sec. | per Sec. | per Sec per Sec. per Sec. | per Sec. | per Sec.

3.61 | 23.45 | 23.30 | 23.08 | 22.85 | 22.72 | 22.63 | 22.58 | 3.61
3.62 | 23.55 | 23.40 | 23.17 | 22.95 | 22.82 | 22.72 | 22.68 | 3.62
3.63 | 23.65 | 23.50 | 23.26 | 23.05 | 22.91 | 22.81 | 22.78 | 3.63
3.64 | 23.75 | 23.60 | 23.36 | 23.15 | 23.01 | 22.91 | 22.88 | 3.64
3.65 | 23.85 | 23.70 | 23.46 | 23.24 | 23.10 | 23.01 | 22.97 | 3.65
3.66 [ 23.95 [ 23.80 | 23.56 | 23.34 | 23.20 | 23.11 | 23.06 | 3.66
3.67 | 24.05 | 23.90 | 23.65 | 23.44 | 23.30 | 23.20 | 23.15 | 3.67
3.68 | 24.15 | 24.00 | 23.75 | 23.53 | 23.40 | 23.29 | 23.24 | 3.68
3.69 | 24.25 | 24.10 | 23.85 | 23.63 | 23.49 | 23.38 | 23.34 | 3.69
3.70 | 24.35 | 24.20 .95 | 23.73 | 23.59 | 23.48 | 23.43 | 3.70
3.71 | 24.45 | 24.30 .05 | 23.83 | 23.68 | 23.58 | 23.53 | 3.71
3.72 | 24.55 | 24.40 .15 | 23.92 | 23.78 | 23.67 | 23.63 | 3.72
3.73 | 24.65 | 24.50 .25 | 24.02 | 23.87 | 23.77 | 23.72 | 3.73
3.74 | 24.75 |24

3.75 | 24.86 | 24.70 46 | 24.22 | 24.06 | 23.95 | 23.91 | 3.75
3.76 | 24.96 | 24.81 .57 | 24.32 | 24.16 | 24.05 | 24.00 | 3.76
3.77 | 25.07 | 24.92 .67 [ 24.41 | 24.26 | 24.15 | 24.09 | 3.77
3.78 | 25.17 | 25.02 78 | 24.51 | 24.36 | 24.25 | 24.19 | 3.78
3.79 | 25.28 | 25.12 | 24.88 | 24.61 | 24.46 | 24.35 | 24.29 | 3.79
3.80 | 25.39 | 25.23 | 24.99 | 24.71 | 24.56 | 24.45 | 24.39 | 3.80
3.81 | 25.49 | 25.33 | 25.09 | 24.81 | 24.65 | 24.55 | 24.48 | 3.81
3.82 | 25.59 | 25.43 | 25.19 | 24.90 | 24.75 | 24.64 | 24.57 | 3.82
3.83 | 25.69 | 25.53 | 25.29 | 25.00 | 24.85 | 24.74 | 24.66 | 3.83
3.84 | 25.79 | 25.63 | 25.39 | 25.10 | 24.95 | 24.84 | 24.76 | 3
3.85 | 25.90 | 25.73 | 25.49 | 25.20 | 25.05 | 24.93 | 24.85 | 3.85
3.86 | 26.01 | 25.84 | 25.59 | 25.30 | 25.14 | 25.03 | 24.95 | 3.86
3.87
3

23
24
24
24
.60 | 24.35 | 24.12 | 23.96 | 23.86 | 23.82 | 3.74
24
24
24
24

3.87 | 26.12 | 25.94 | 25.70 | 25.40 | 25.24 | 25.12 | 25.05
3.88 | 26.22 | 26.05 | 25.80 | 25.50 | 25.34 | 25.22 | 25.15 .
3.89 | 26.32 | 26.15 | 25.90 | 25.60 | 25.43 | 25.32 | 25.24 | 3.89
3.80 | 26.43 | 26.26 | 26.01 | 25.70 | 25.53 | 25.42 | 25.34 | 3.90 -
3.91 | 26.53 | 26.36 | 26.11 | 25.80 | 25.63 | 25.51 | 25.43 | 3.91
3.92 | 26.64 | 26.47 | 26.21 | 25.90 | 25.73 | 25.61 | 25.53 | 3.92
3.93 | 26.74 | 26.57 | 26.31 | 26.00 | 25.84 | 25.71 | 25.63 | 3.93
3.94 | 26.85 | 26.67 | 26.42 | 26.10 | 25.94 | 25.81 | 25.73 | 3.94
3.95 | 26.96 | 26.78 | 26.52 | 26.20 | 26.04 | 25.91 | 25.83 | 3.95
3.96 | 27.07 | 26.89 | 26.63 | 26.30 | 26.14 | 26.01 | 25.93 | 3.96
3.97 | 27.18 | 26.99 | 26.74 | 26.40 | 26.24 | 26.11 | 26.04 | 3.97
3.98 | 27.29 | 27.10 | 26.84 | 26.50 | 26.34 | 26.22 | 26.14 | 3.98
3.99 | 27.40 | 27.21 | 26.94 | 26.60 | 26.44 | 26.32 | 26.25 | 3.99
400 | 27.51 | 27.32 | 27.05 | 26.72 | 26.55 | 26.42 | 26.35 | 4.00
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED*
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

00984 3
Q= (o.405 + ———) [1 +0.55 Lh~/2gh.
h (p+h)*

Observed head =h. Height of weir=p. Discharge=Q. g¢g=32.17 feet.
Length of weir=_L.

p=2Ft. | p=3Ft. | p=4Ft. [ p=5Ft. | p=6Ft. | p=7Ft. | p=~8 Ft.

h .3
t. in Feet.
tnFeet | cudrt. | cuFe. | cuoFe. | cuFe. | cudr. | coFe | cudp [2F°
per Sec. | perSec. | per Sec. | perSec. | per Sec. | perS8ec. | per Sec.

36.18 | 34.30 | 33.04 | 32.19 | 31.58 | 31.08 | 30.76
36.31 | 34.43 | 33.17 | 32.31 | 31.70 | 31.20 | 30.88
36.45 | 34.56 | 33.30 | 32.43 | 31.81 | 31.31 | 30.99
36.59 | 34.68 | 33.43 | 32.55 | 31.93 | 31.42 | 31.10
36.73 | 34.81 | 33.55 | 32.67 | 32.04 | 31.54 | 31.23
36.87 | 34.95 | 33.68 | 32.79 | 32.16 | 31.65 | 31.33
37.01 | 35.08 | 33.81 | 32.91 | 32:27 | 31.77 | 31.44
37.15 | 35.22 | 33.93 | 33.03 | 32.38 | 31.89 | 31.56
37.28 | 35.35 | 34.06 | 33.15 | 32.50 | 32.01 | 31.67
37.43 | 35.49 | 34.19 | 33.28 | 32.63 | 32.13 | 31.78
37.57 | 35.62 | 34.31 | 33.40 | 32.75 | 32.25 | 31.89
37.71 | 35.75 | 34.44 | 33.53 | 32.88 | 32.37 | 32.00
37.85 | 35.88 | 34.57 | 33.65 | 33.00 | 32.49 | 32.12
37.99 | 36.01 | 34.70 | 33.78 | 33.12 | 32.62 | 32.24

ﬁhhhh#hhhh#hhﬁﬂ#hhhhh!&?ﬁhhhhhhhhhhﬁhhhhh

.01 | 32.67 | 30.97 | 29.86 | 29.11 | 28.55 | 28.16 | 27.84 | 4.01
.02 | 32.80 | 31.10 | 29.98 | 29.22 | 28.66 | 28.27 | 27.95 | 4.02
.03 | 32.93 | 31.23 | 30.10 | 29.34 | 28.78 | 28.38 | 28.06 | 4.03
.04 | 33.06 | 31.35 | 30.22 | 29.45 | 28.89 | 28.49 | 28.17 | 4.04
.05 | 33.19 | 31.48 | 30.34 | 29.57 | 29.01 | 28.60 | 28.28 | 4.05
.06 | 33.33 | 31.61 | 30.46 | 29.68 | 29.13 | 28.72 | 28.39 | 4.06
.07 | 33.46 | 31.74 | 30.58 | 29.80 | 29.24 | 28.83 | 28.50 | 4.07
.08 | 33.59 | 31.87 | 30.70 | 29.92 | 29.36 | 28.95 | 28.61 | 4.08 .
.09 | 33.72 | 31.99 | 30.83 | 30.04 | 29.48 | 29 06 | 28.72 | 4.09
10 | 33.85 |732.12 | 30.95 | 30.15 | 29.59 | 29.17 | 28.83 | 4.10 °
1 133,99 ] 32,25 [ 31.08 | 30.27 | 29.71 | 29.28 | 28.94 [ 4.11
12 | 34,13 { 32.38 | 31.20 | 30.38 | 29.83 | 29.40 | 29.05 | 4.12
13 | 34.26 | 32.50 | 31.32 | 30.50 | 29.94 | 29.51 | 29.16 | 4.13
14 | 34.39 | 32.63 | 31.45 | 30.62 | 30.05 | 29.62 | 29.28 | 4.14
.16 | 34.52 | 32.75 | 31.57 | 30.74 | 30.17 | 29.74 | 29.40 | 4.15
16 | 34.66 | 32.88 | 31.69 | 30.86 | 30.29 | 29.85 | 29.51 | 4.16
.17 | 34.80 | 33.00 | 31.82 | 30.98 | 30.40 | 29.96 | 29.62 | 4.17
18 | 34.94 | 33.13 | 31.94 | 31.10 | 30.52 | 30.06 | 29.74 | 4.18
19 | 35.08 | 33.26 | 32.06 | 31.22 | 30.63 | 30.18 | 29.85 | 4.19
.20 | 35.22 | 33.39 | 32.18 | 31.35.] 30.75 | 30.30 | 29.96 | 4

21 | 35.36 | 33.52 | 32.30 | 31.47 | 30.87 | 30.41 | 30.07 | 4.
22 | 35.49 | 33.65 | 32.43 | 31.59 | 30.99 | 30.52 | 30.18 | 4.
23 | 35.63 | 33.78 | 32.55 | 31.71 | 31.11 | 30.63 | 30.29 | 4.
24 | 35.76 | 33.91 | 32.67 | 31.83 | 31.23 | 30.74 | 30.41 | 4.
25 | 35.90 | 34.04 | 32.79 | 31.95 | 31.35 | 30.85 | 30.52 | 4

26 | 36.04 | 34.17 | 32.92 | 32.07 | 31.47 | 30.92 | 30.64 | 4.
.27 4.
.28 4.
.29 4
.30 4.
.31 4
.32 4
.33 4
.34 4

35 4

36 4.
37 4.
.38 4.
39 4.
40 4.
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"DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED

VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

4 |ssszsgsggelanxeenaakghanysnsgklzassssnaag
- K] o W W o [ e e o o o o [ W W W o o i [
& AR L R R E e L L L L R EE LR
5 |76 SR RRRANNNNESNSRNAARRRANRARARRIRARARIGIRR
.l -
& ° |4|.2122a9s89annenagsxassseesssanhrseasssasy
A 3| SESREREANNRRENNNS AR AR CARRARRRRIRRRRRI SIS SR
e 2| sf|eesszzyssslsesesnnnyrlarassRauRess IR
S Eih 3| SESSREANERRNNNSRRER KNS ARSRRARRRRARS SIS S8
W —
s «§l 2] si|angngnsngreesnnn2u8R 8338 RE8NERSRRA[
Lo 58| 1 G| RE NN SRR R RN R R AKX NRRRRRRARRASIISIISRR
~— B
f.ﬂ Py .
2|-2 &|.28|2589%srs3Rasasas5nRReRR 8 N a98ERRE 8
- R A S e NN N L e LR EEEEEE  EEEEE R
v o -
R R e L L e b L L L EEE LN R EEEEEEELS
3 3 DG SRR R R AR NSRS RRARRRARRSARS R R SRR RRRAR
(w4
3 |£|24|sunssznsshEessnnasnERagnangngREsIN8gaRAE
§ ”qﬁ_mmmwnmm%mmmmmmmmmmmmmmmwmmmmmmmmmmmmmmmm
° | J |z33333853g8Run99522RRARIRRNRRREARILEERSR
P L&LL4“4“AMLLama.a.4LLLL444444444444_44444444444

87



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

00984 R
=(0.40 1+0.55 LhV/2gh.
¢ (0 R >[ " (p+h) ] o

Observed head=h. Height of weir=p. Discharge=Q. ¢=32.17 feet.
Length of weir=L.

p=2Ft. | p=3Ft. | p=4Ft. | p=5Ft. | p=6Ft. | p=7Ft. | p=8 Ft.

h
in Feet. Q Q Q Q iin Feet .
m e Cu.QF t. Cu.QFt. Cu.QFt. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft.
per Sec. | per Sec. | per Sec. | per Sec. per Sec. per Sec. per Sec. |

4.41 38.13 | 36.15 | 34.83 | 33.90 | 33.24 | 32.73 | 32.35
4.42 | 38.27 | 36.28 | 34.96 | 34.02 | 33.36 | 32.84 | 32.46
4.43 | 38.41 | 36.41 | 35.08 | 34.14 | 33.48 | 32.96 | 32.57
4.44 | 38.55 | 36.54 | 35.21 | 34.26 | 33.60 | 33.08 | 32.68
4.45 | 38.69 | 36.68 | 35.3¢ | 34.39 | 33.72 | 33.20 | 32.80
4.46 | 38.83 | 36.81 | 35.47 | 34.52 | 33.84 | 33.32 | 32.92
4.47 | 38.98 | 36.94 | 35.60 | 34.64 | 33.96 | 33.43 | 33.04
4.48 | 39.12 | 37.08 | 35.72 | 34.76 | 34.08 | 33.54 | 33.16

_4.49 | 39.26 | 37.22 | 35.85 | 34.88 | 34.21 | 33.66 | 33.27
4.50 | 39.40 | 37.36 | 35.98 | 35.01 | 34.33 | 33.77 | 33.39
451 | 30.564 | 37.49 | 36.11 | 35.14 | 34.46 | 33.80 | 33.50
4.52 | 39.69 | 37.62 | 36.25 | 35.26 | 34.58 | 34.01 | 33.62
4.53 | 39.84 | 37.76 | 36.38 | 35.39 | 34.70 | 34.14 | 33.74
4.54 | 39.98 | 37.90 | 36.51 | 35.51 | 34.82 | 34.26 | 33.86
4.55 | 40.12 | 38.03 | 36.64 | 35.64 | 34.94 | 34.38 | 33.98
4.56 | 40.26 | 38.17 | 36.77 | 35.78 | 35.06 | 34.51 | 34.10
4.57 | 40.40 | 38.31 | 36.90 | 35.91 | 35.19 | 34.63 | 34.22
4.58 | 40.55 | 38.44 | 37.03 | 36.04 | 35.31 | 34.75 | 34.34
4.59 | 40.70 | 38.57 | 37.16 | 36.17 | 35.43 | 34.88 | 34.46
4.60 | 40.83 | 38.71 | 37.29 | 36.29 | 35.56 | 35.01 | 34.58

l
|

740.98 | 38.85 | 37.43 | 36.42 | 35.69 | 35.13 | 34.69
41.13 | 38.99 | 37.56 | 36.55 | 35.82 | 35.25 | 34.81
41.27 | 39.13 | 37.69 | 36.68 | 35.95 | 35.37 | 34.92
41.41 | 39.27 | 37.82 | 36.80 | 36.07 | 35.49 | 35.04
41.55 | 39.41 | 37.96 | 36.93 | 36.19 | 35.61 | 35.16
41.71 | 39.55 | 38.09 | 37.06 | 36.32 | 35.73 | 35.28
41.85 | 39.68 | 38.22 | 37.19 | 36.44 | 35.85 | 35.39
4.68 | 42.00 | 39.82 | 38.36 | 37.32 | 36.57 | 35.97 | 35.51
4.69 | 42.14 | 39.95 | 38.49 | 37.45 | 36.69 | 36.09 | 35.63 | 4.69

ol o N N N L LY Y S
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4.70 | 42.29 | 40.08 | 38.62 | 37.58 | 36.82 | 36.21 35.75 | 4.70
4 42,44 | 4022 [ 3876 | 37.71 36.95 | 36.34 | 35.89 [ 4.71
4.72 | 42.58 | 40.36 | 38.89 | 37.84 | 37.07 | 36.46 | 36.01 | 4.72
4.73 | 42,72 | 40.50 | 39.03 | 37.96 | 37.20 | 36.58 | 36.13 | 4.73
4.74 | 42.87 | 40.64 | 39.16 | 38.09 | 37.32 | 36.71 36.25 | 4.74
4.75 | 43.01 | 40.78 | 39.29 | 38.22 | 37.45 | 36.83 | 36.38 | 4.75
4.76 | 43.16 | 40.92 | 39.43 | 38.35 | 37.57 | 36.96 | 36.51 | 4.76
4.77 | 43.30 | 41.06 | 39.56 | 38.48 | 37.69 | 37.08 | 36.63 | 4.77
4.78 | 43.45 | 41.20 | 39.70 | 38.61 37.81 37.21 36.75 | 4
4.79 | 43.60 | 41.34 | 39.83 | 38.74 | 37.93 | 37.33 | 36.87 | 4.7
4.80 | 43.75 | 41.49 | 39.96 | 38.87 | 38.07 | 37.46 | 37.00 | 4
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" DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
- VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

00984
Q= (0.405+—h—) [

X
14+0.556———

@+h)* ]

LhV/2gh.

Observed head =h. Height of weir=p. Discharge=Q. g=352.17 teet.
Length of weir=L.

p=9 Ft. | p=10 Ft. | p=12 Ft. | p=16 Ft. | p=20 Ft. | p=25 Ft. | p=30 Ft.

h h
inFeet: | 0ulFt. | CucFr. | cuoFr. | cuFe. | cuoFe. | cuFe. | cudme | Tt
per Sec. | per Sec. | per Sec. | per Sec. per Sec. per Sec. per Sec.

4.41 32.05 31.81 31.44 31.02 30.77 30.62 30.52 | 4.41
4.42 32.17 | 31.90 | 31.55 31.13 30.87 30.72 30.63 | 4.42
4.43 32.28 | 32.03 | 31.66 31.23 30.98 30.83 30.73 | 4.43
4.44 32.39 | 32.14 | 31.77 31.34 31.09 30.93 30.84 | 4.44
4.45 32.50 32.25 | 31.88 31.44 31.19 31.04 30.94 | 4.45

_4.46 32.62 32.37 | 31.99 31.55 31.30 31.15 31.05 | 4.46
4.47 32.74 32.49 32.11 31.65 31.41 .31.26 31.15 | 4.47
4.48 32.85 | 32.60 | 32.22 | 31.76 31.52 31.37 31.25 | 4.48
4.49 32.96 | 32.71 32.33 | 31.87 31.63 31.47 31.36 | 4.49
4.50 33.08 32.83 32.44 31.98 31.74 31.58 31.47 | 4.50
4.51 33.19 32.94 32.55 32.10 31.85 31.69 31.58 | 4.51
4.52 33.31 33.05 | 32.66 32.22 31.96 31.79 31.68 | 4.52
4.53 33.42 | 33.16 | 32.77 32.33 32.07 31.89 31.79 | 4.53
4.54 33.53 | 33.27 | 32.89 | 32.44 32.18 32.00 31.89 | 4.54
4.55 33.65 | 33.38 | 33.00 | 32.55 32.29 32.10 32.00 | 4.55
4.56 33.77 33.50 | 33.12 | 32.66 32.40 32.22 32.10 | 4.56
4.57 33.89 | 33.62 | 33.24 32.77 32.51 32.33 32.21 | 4.57
4.58 34.01 33.74 33.35 32.88 32.62 32.44 32.31 | 4.58
4.59 34.13 33.86 [ 33.46 32.99 32.73 32.55 32.42 | 4.569
4.60 34.25 33.98 33.58 33.10 32.84 32.65 32.563 | 4.60
4.61 34.37 34.09 | 33.69 | 33.21 32.94 32.76 32.64 | 4.61
4.62 34.48 | 34.21 33.80 | 33.32 33.04 32.86 32.75 | 4.62
4.63 34.59 34.32 33.91 33.43 33.15 32.97 32.86 | 4.63
4.64 34.70 | 34.43 | 34.02'| 33.54 33.26 33.08 32.96 | 4.64
4.65 34.82 | 34.55 | 34.14 33.65 33.37 33.18 33.07 | 4.65
4.66 34.94 34.67 | 34.26 | 33.76 33.48 33.29 33.18 | 4.66
4.67 35.06 34.79 34.37 | 33.88 | -33.59 33.40 33.28 | 4.67
4.68 35.18 | 34.91 34.48 | 33.99 33.70 33.50 33.39 | 4.68
4.69 35.29 | 35.02 | 34.59 | 34.10 33.82 33.61 33.50 | 4.69
4.70 35.40 35.13 34.71 34.22 33.93 33.72 33.61 4.70
4.71 35.52 | 356.25 | 34.83 | 34.33 34.04 33.83 33.72 [4.11
4.72 35.64 35.36 34.94 34 .45 34.15 33.94 33.82 | 4.72
4.73 35.76 35.48 | 35.06 34.56 34.26 34.05 33.93 | 4.73
4.74 35.88 35.60 35.17 34.67 34.37 34.16 34.04 | 4.74
4.75 36.00 | 35.72 | 35.28 34.78 34.48 34.28 34.15 | 4.75
4.76 36.13 35.84 35.40 | 34.90 34.59 34.39 34.26 | 4.76
4.77 36.25 | 35.96 35.52 | 35.01 34.70 34.50 34.37 | 4.77
4.78 36.37 | 36.08 | 35.64 | 35.12 34.82 34.61 34.48 | 4.78
4.79 36.48 | 36.20 | 35.76 | 35.24 34.93 34.72 34.59 | 4.79
4.80 | 36.62 | 36.33 | 35.88 | 35.35 | 35.05 34.83 34.70 ) 4.80




DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
' VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.
00984 R 7]
Q= (0:405+ h ) [l +0.55 LhV/ 2gh.

(@+h)* |
Observed head=h. Height of weir=p. Discharge=Q. g¢g=32.17 feet.
Length of weir=L.
p=2Ft. | p=3Ft. | p=4Ft. | p=5Ft. | p=6Ft. | p=7Ft. | p=8Ft.

‘;a-

Q Q
Cu. Ft. Cu.QFt. Cu. Ft. Cu. Ft. Cu.QFt. Cu.QFt. Cu.QFt.
per Sec. | perSec. | perSec. | per Sec. | per Sec. | per Sec. | per Sec.

=
>
:
La)

46.55 | 44.16 | 42.53 | 41.35 | 40.49 | 39.83 | 39.32
46.71 | 44.31 | 42.67 | 41.49 | 40.62 | 39.96 | 39.44
46.86 | 44.46 | 42.80 | 41.62 | 40.756 | 40.08 | 39.56
47.01 | 44.60 | 42.94 | 41.75 | 40.88 | 40.20 | 39.69
47.16 | 44.75 | 43.08 | 41.88 | 41.00 | 40.33 | 39.82
47.32 | 44.89 | 43.22 | 42.02 | 41.12 | 40.45 | 39.94
47.48 | 45.03 | 43.36 | 42.15 | 41.25 | 40.58 | 40.07
47.63 | 45.18 | 43.50 | 42.29 | 41.38 | 40.72 | 40.20
47.79 | 45.33 | 43.64 | 42.43 | 41.51 | 40.85 | 40.33
47.94 | 45.48 | 43.78 | 42.57 | 41.64 | 40.98 | 40.45
48.09 | 45.63 | 43.92 | 42.70 | 41.77 | 41.11 | 40.58
48.25 | 45.77 | 44.06 | 42.84 | 41.90 | 41.24 | 40.70
48.40 | 45.92 | 44.20 | 42.98 | 42.03 | 41.37 | 40.82
48.56 | 46.07 | 44.35 | 43.12 | 42.17 | 41.50 | 40.95
46.22 | 44.49 | 43.25 | 42.31 | 41.63 | 41.07
48.86 | 46.37 | 44.63 | 43.39 | 42.45 | 41.76 | 41.20
49.02 | 46.52 | 44.77 | 43.53 | 42.59 | 41.89 | 41.33
49.18 | 46.67 | 44.92 | 43.67 | 42.73 | 42.03 | 41.46
49.34 | 46.82 | 45.06 | 43.81 | 42.87 | 42.17 | 41.60
49.49 | 46.97 | 45.20 | 43.95 | 43.01 | 42.30 | 41.74
49.65 | 47.12 | 45.35 | 44.09 | 43.15 | 42.43 | 41.88
49.81 | 47.27 | 45.50 | 44.23 | 43.29 | 42.57 | 42.02

90

4.81 | 43.90 | 41.62 | 40.10 | 39.00 | 38.20 | 37.58 | 37.12 | 4.81
4.8 | 44.05 | 41.76 | 40.23 | 39.12 | 38.32 | 37.70 | 37.24 .82
4.83 | 44.20 | 41.90 | 40.36 | 39.25 | 38.45 | 37.82 | 37.36 .83
4.84 | 44.35 | 42.04 | 40.49 | 39.38 | 38.58 | 37.94 | 37.48 .84
© 4.8 | 44.50 | 42.18 | 40.63 | 39.51 | 38.70 | 38.07 | 37.60 | 4.85
" 4.86 | 44.64 | 42.32 | 40.77 | 39.64 | 38.83 | 38.20 | 37.72 .86
' 4.87 | 44.78 | 42.46 | 40.90 | 39.77 | 38.96 | 38.32 | 37.84 .87
" 4.8 | 44.93 | 42.60 | 41.04 | 39.90 | 39.09 | 38.44 | 37.96 88
4.80 | 45.07 | 42.74 | 41.17 | 40.03 | 39.23 | 38.57 | 38.08 89
4.90 | 45.22 | 42.88 | 41.30 | 40.16 | 39.35 | 38.69 | 38.20 90
4.01 | 45.37 | 43.02 | 41.44 | 40.30 | 39.48 | 38.82 | 38.32 o1
4.92 | 45.51 | 43.16 | 41.57 | 40.43 | 39.61 | 38.94 | 38.44 92
' 4.93 | 45.65 | 43.31.| 41.70 | 40.56 | 39.74 | 39.06 | 38.56 93
4.94 | 45.80 | 43.45 | 41.84 | 40.60 | 39.87 | 39.19 | 38.68 94
495 | 45.95 | 43.50 | 41.98 | 40.82 | 39.99 | 39.32 | 38.81

4.96 | 46.10 | 43.73 | 42.12 | 40.96 | 40.12 | 39.44 | 38.93

4.97 | 46.25 | 43.87 | 42.26 | 41.09 | 40.25 | 39.57 | 39.06

4.98 | 46.40 | 44.02 | 42.39 | 41.22 | 40.39 | 39.70 | 39.19
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA,
00984 h* ]
Q= (0.405+—> [l +0.55———— | LhvV 2gh.
h (@+h)*
Observed head =h. Height of weir=p. Discharge=Q. g¢=32.17 feet.
Length of weir=L,

p=9Ft. |p=10 Ft. | p=12Ft. | p=16 Ft. | p=20 Ft. | p=25 Ft. | p=30 Ft.

A h
In Foet. Cu.QFt. Cu.QFt. CuFt. Cu.oFt. CudFt. Cu.QFt. c::?m. in Feet.
per Sec. | per Sec. | per Sec. | per Sec. | perSec. | per Sec. | per Sec.

4.81 36.73 36.44 35.99 35.46 35.15 34.94 34.80 | 4.81
4.82 36.85 36.56 36.10 35.57 35.26 35.05 34.91 | 4.82
4.83 36.97 36.67 36.22 35.68 35.37 35.16 35.02 | 4.83
4.84 37.08 36.79 36.34 35.79 35.48 35.27 35.12 | 4.84
4.85 | 37.19 36.91 36.45 356.90 35.59 35.38 35.23 | 4.85
4.86 37.31 37.02 36.57 36.02 35.70 36.49 36.34 | 4.86
4.87 37.43 37.14 36.68 36.13 35.81 35.60 35.45 | 4.87
4.88 37.55 37.26 36.79 36.24 35.93 35.71 35.56 | 4.88
4.89 37.67 37.37 36.91 36 .36 36.04 35.82 35.66 | 4.89
4.90 37.79 37.49 37.03 36.47 36.15 35.93 35.77 | 4.90
4 .91 37.91 37.61 37.16 | 36.58 36.27 36.04 35.88 | 4.91
4.92 38.03 37.73 37.27 36.70 36.38 36.15 35.99 | 4.92
4.93 38.15 37.85 37.39 36.81 36.50 36.26 36.10 | 4.93
4.94 38.28 37.97 37.51 36.92 36.61 36.37 36.21 | 4.94
4.96 38.40 38.09 37.63 37.03 36.72 36.48 36.32 | 4.95
4.96 38.53 38.22 37.75 37.15 36.84 36.59 36.43 | 4.96
4.97 38.65 38.34 |- 37.87 37.27 36.95 36.70 36.54 | 4.97
4.98 38.78 38.46 37.98 37.38 37.06 36.81 36.65 | 4.98
4.99 38.90 38.58 38.10 37.50 37.17 36.92 36.76 | 4.99
5.00 39.03 38.70 38.21 37.61 37.28 37.03 36.88 | 5.00
5.01 39.15 38.82 38.33 37.73 37.40 37.14 36.99 | 5.01
5.02 39.27 38.94 38.44 37.84 37.52 37.26 37.10 | 5.02
5.03 39.40 39.07 38.56 37.96 37.63 37.38 37.21 | 56.03
5.04 39.52 39.19 38.68 38.08 37.75 37.49 37.32 | 5.04
5.05 39.66 39.32 38.80 38.19 37.87 37.60 37.44 | 5.05
5.06 39.79 39.45 38.92 38.31 37.98 37.72 37.55 | 6.06
5.07 39.92 39.57 39.04 38.43 38.10 37.84 37.66 | 5.07
5.08 40.04 39.70 39.16 38.55 38.22 37.95 37.77 | 5.08
5.09 40.16 39.83 39.28 38.66 38.33 38.06 37.89 | 5.09
5.10 40.28 39.95 39.41 38.78 38.44 38.17 38.00 | 5.10
5.11 40.41 40.08 39.53 38.90 38.56 38.29 38.12 | 5.11
5.12 40.54 40.20 39.66 39.02 38.67 38.41 38.23 | 5.12
65.13 40.66 40.33 39.78 39.14 38.79 38.562 38.34 | 5.13
5.14 40.78 40.46 39.90 39.26 38.90 38.63 38.46 | 5.14
5.15 40.91 40.58 40.02 39.38 39.02 38.76 38.57 | 5.15
5.16 41.04 40.71 40.15 39.50 39.13 38.87 38.69 | 6.16
5.17 41.17 40.83 40.27 39.62 39.25 38.98 38.81 | 5.17
5.18 41.30 40.95 40.40 .| 39.74 39.37 39.10 38.93 | 6.18
5.19 41.43 41.08 40.52 39.86 39.49 39.22 39.05 | 6.19
§.20 41.56 41.20 40.65 39.99 39.61 39.33 39.17 | 6.20




DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.
.00984 ) LI
Q= 0.405+——) 14+0.65——— | LhVV2gh.
h (p+h)? |
Observed head=h. Height of weir=p. Discharge=Q. ¢=232.17 feet.

Length of weir=L. .

p=2Ft. | p=3Ft. | p=4 Ft. l p=5Ft. | p=6Ft. | p=T7Ft. | p=8Ft.
i
Cu.Qn. Cu.QFt. Cu.QFt. ’ Cu.QFt. Cu.QFt. Cu?Ft. Cu.QFt.
per Sec. | per Sec. | per Sec. | perSec. | per Sec. | per Sec. | per Sec.

| 44.36 | 43.42 | 42.70 | 42.10

B
&::
Z
,
H

21 | 49.96 | 47.42 | 45.64 |

22 | 50011 | 47.56 | 45.78 | 44.50 | 43.55 | 42.83 | 42.23

23 | 50.27 | 47.71 | 45.92 | 44.64 | 43.69 | 42.96 | 42.36

.24 | 50.42 | 47.86 | 46.06 | 44.78 | 43.82 | 43.09 | 42.49

.25 | 50.58.| 48.01 | 46.21 | 44.92 | 43.95 | 43.22 | 42.62

26 | 50.74 | 48.16 | 46.35 | 45.06 | 44.09 | 43.35 | 42.75
50 | 45.20 | 44.22 | 43.48 | 42.88

.90 | 48.31 | 46.49
.05 | 48.45 | 46.63 | 45.34 | 44.36 | 43.61 | 43.01
.20 | 48.60 | 46.78 | 45.48 | 44.49 | 43.74 | 43.14
51.36 | 48.75 | 46.92 | 45.62 | 44.63 | 43.88 | 43.28
52
67

48.00 | 47.07 | 45.76 | 44.77 | 44.01 | 43.41
. 40.05 | 47.22 | 45.90 | 44.90 | 44.14 | 43.54
51.82 | 49.20 | 47.37 | 46.04 | 45.03 | 44.28 | 43.67
51.98 | 49.35 | 47.51 | 46.18 | 45.17 | 44.42 | 43.80
52.15 | 49.50 | 47.67 | 46.32 | 45.31 | 44.55 | 43.93
52.30 | 49.65 | 47.82 | 46.46 | 45.44 | 44.69 | 44.06
52.46 | 49.80 | 47.97 | 46.60 | 45.58 | 44.82 | 44.19
52.62 | 49.95 | 48.11 | 46.74 | 45.72 | 44.95 | 44.33
52.78 | 50.00 | 48.24 | 46.88 | 45.86 | 45.08 | 44.46
52.04 | 50.23 | 48.38 | 47.02 | 46.00 | 45.22 | 44.60
53.10 | 50.38 | 48.53 | 47.15 | 46.13 | 45.34 | 44.73
53.25 | 50.53 | 48.68 | 47.28 | 46.26 | 45.49 | 44.86
53.42 | 50.68 | 48.83 | 47.42 | 46.39 | 45.62 | 44.99
53.57 | 50.83 | 48.98 | 47.56 | 46.53 | 45.76 | 45.12
72 | 50.98 | 49.13 | 47.71 | 46.67 | 45.89 | 45.26
53.88 | 51.13 | 49.28 | 47.86 | 46.81 | 46.03 | 45.40
54.04 | 51.28 | 49.43 | 48.00 | 46.94 | 46.17 | 45.53
54.20 | 51.43 | 49.58 | 48.14 | 47.08 | 46.31 | 45.67
54.36 | 51.59 | 49.73 | 48.28 | 47.22 | 46.44 | 45.80
54 .51 | 51.74 | 49 88 | 48.42 | 47.36 | 46.57 | 45.93
| 54.68 | 51.90 | 50.03 | 48.56 | 47.50 | 46.71 | 46.08
54.84 | 52.05 | 50.18 | 48.71 | 47.64 | 46.85 | 46.20
55.00 | 52.21 | 50.33 | 48.85 | 47.79 | 46.99 | 46.35
55.16 | 52.37 | 50.48 | 48.99 | 47.94 | 47.12 | 46.48
55.33 | 52.53 | 50.62 | 49.13 | 48.08 | 47.26 | 46.61
55.49 | 52.69 | 50.76 | 49.28 | 48.22 | 47.40 | 46.75
55.65 | 52.85 | 50.90 | 49.45 | 48.36 | 47.53 | 46.89
55.82 | 53.01 | 51.04 | 49.58 | 48.50 | 47.67 | 47.02
56.00 | 53.17 | 51.19 | 49.73 | 48.64 | 47.80 | 47.15
56.15 | 63.33 | 51.34 | 49.88 | 48.79 | 47.94 | 47.28
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

.00984 I L
Q= (0.405+ ) 14+0.55———— | Lhv/'2gk.
h (p+h)?
Observed head=h. Height of weir=p. Discharge=Q. g=232.17 feet.
Length of weir=_L.

p=9 Ft. | p=10 Ft. | p=12 Ft. ’ p=16 Ft. | p=20 Ft. | p=25 Ft. | p=30 Ft.

——

A
in Feet,

4
;.‘

Cu.QFt. Cu.QFt. Cu.QFt. Cu.QFt. Cu.QFt. Cu.QFt. Cu.QFt.
{ per Sec. | per Sec. | per Sec. | perSec. | per Sec. | per Sec. | per Sec.

5.21 | 41.68 | 41.33 | 40.77 | 40.09 | 39.72 | 39.45 | 39.28
5.22 | 41.81 | 41.45 | 40.89 | 40.21 | 39.84 | 39.56 | 39.39
5.23 | 41.93 | 41.568 | 41.01 | 40.32 | 39.95 | 39.68 | 39.51
5.24 | 42.05 | 41.70 | 41.13 | 40.44 | 40.06 | 39.80 | 39.62
'5.25 | 42.18 | 41.83 | 41.256 | 40.56 | 40.17 | 39.92 | 39.74
5.26 | 42.30 | 41.96 | 41.38 | 40.68 | 40.29 | 40.03 | 39.86
5.27 | 42.43 | 42.08 | 41.51 | 40.80 | 40.40 | 40.15 | 39.97
5.28 | 42.56 | 42.20 | 41.63 | 40.91 | 40.52 | 40.26 | 40.08
5.20 | 42.69 | 42.33 | 41.75 | 41.03 | 40.64 | 40.38 | 40.19
5.30 | 42.81 | 42.45 | 41.87 | 41.16 | 40.76 | 40.49 | 40.30
5.31 | 42.94 | 42.58 | 41.99 | 41.28 | 40.88 | 40.61 | 40.42
5.32 | 43.07 | 42.71 | 42.12 | 41.41 | 41.00 | 40.73 | 40.54
5.33 | 43.20 | 42.83 | 42.25 | 41.53 | 41.12 | 40.85 | 40.65
5.34 | 43.33 | 42.95 | 42.37 | 41.65 | 41.24 | 40.96 | 40.76
5.35 | 43.46 | 43.08 | 42.49 | 41.77 | 41.36 | 41.08 | 40.88
5.36 | 43.59 | 43.21 | 42.62 | 41.89 | 41.48 | 41.20 | 41.00
5.37 | 43.72 | 43.33 | 42.74 | 42.02 | 41.60 | 41.32 | 41.12
5.38 | 43.85 | 43.46 | 42.87 | 42.14 | 41.72 | 41.44 | 41.24
5.39 | 43.97 | 43.58 | 42.99 | 42.26 | 41.84 | 41.55 | 41.35
5.40 | 44.11 | 43.71 | 43.12 | 42.38 | 41.96 | 41.66 | 41.47
5.41 | 44.24 | 43.84 | 43.24 | 42.51 | 42.08 | 41.78 | 41.59
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5.42 | 44.37 | 43.97 | 43.36 | 42.63 | 42.19 | 41.89 | 41.70
5.43 | 44.50 | 44.10 | 43.48 | 42.75 | 42.31 | 42.00 | 41.82
5.44 | 44.63 | 44.22 | 43.61 | 42.87 | 42.42 | 42.12 | 41.93
5.46 | 44.76 | 44.35 | 43.73 | 43.00 | 42.54 | 42.24 | 42.05
546 | 44.89 | 44.48 | 43.86 | 43.12 | 42.66 | 42.36 | 42.17
5.47 | 45.02 | 44.60 | 43.98 | 43.25 | 42.78 | 42.48 | 42.28
5.48 | 45.15 | 44.73 | 44.11 | 43.37 | 42.90 | 42.61 | 42.40
5.49 | 45.28 | 44.86 | 44.24 | 43.49 | 43.02 | 42.72 | 42.52
,65.50 | 45.41 | 44.99 | 44.37 | 43.61 | 43.15 | 42.84 | 42.63
5.51 | 45.54 | 45.12 | 44.50 | 43.73 | 43.27 | 42.96 | 42.75
5.562 | 45.67 | 45.26 | 44.62 | 43.85 | 43.39 | 43.08° | 42.87
5.53 | 45.80 | 45.39 | 44.74 | 43.97 | 43.51 | 43.20 | 42.99
5.64 | 4593 | 45.52 | 44.87 | 44.10 | 43.63 | 43.32 | 43.11
5.556 | 46.07 | 45.65 | 45.00 | 44.23 | 43.75 | 43.44 | 43.23
5.56 | 46.20 | 45.78 | 45.12 | 44.35 | 43.88 | 43.56 | 43.35
5.57 | 46.33 | 45.90 | 45.25 | 44.48 | 44.01 | 43.68 | 43.47
5.68 | 46.47 | 46.04 | 45.38 | 44.60 | 44.13 | 43.80 | 43.59
5.59 | 46.60 | 46.18 | 45.52 | 44.74 | 44.25 | 43.92 | 43.71
6.60 | 46.74 | 46.31 | 45.65 | 44.84 | 44.38 | 44.04 | 43.83




DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

. -
Q-(o.405+‘ = )[1+o.55 u LhV/2gh.

(p+h)*
Obeerved head =h. Height of weir=p. Discharge=Q. g=232.17 feet.
Length of weir="L.
p=2Ft. | p=3Ft. | p=4Ft. | p=5Ft. | p=6Ft. | p=7Ft. | p=8Ft.

.3 A
in Feet. Cu.QFt.. c-;?m. Cu.QFt. Cu.QF'.. Cu.QFt.. Cu.QFt. CmQFt. in Fet.
per Sec. | per8ec. | perSec. | per Sec. | per Sec. | perSec. | per Sec.

5.61 56.32 53.48 51.48 50.02 48.92 48.06 47.42 | 5.61
5.62 56 .48 53.63 51.62 |. 60.16 49.06 48.19 47.55 | 5.62
5.63 56.64 53.78 51.76 50.30 49.20 48.32 47.69 | 5.63
5.64 56.80 53.93 51.90 50.44 49.34 48.46 47.82 | 5.64
5.65 | 56.97 | 54.08 | 52.05 | 50.58 | 49.49 | 48.60 | 47.96 | 5.65
5.66 57.13 54.23 52.20 50.72 49.64 48.74 48.10 | 5.66
5.6/ | 67.30 | 54.38 | 62.35 | 50.86 | 49.79 | 48.88 | 48.24 | 5.67
5.68 57 .46 54.54 62.50 51.01 49.94 49.02 48.37 | 5.68
5.69 57.62 54.70 52.65 51.16 50.08 49.16 48.57 | 5.69
5.70 57.78 54.85 52.80 51.29 50.22 49.30 48.64 | 5.70
5.71 57.94 55.01 52.95 51.44 50.36 49 .44 48.78 | 6.71
5.72 58.11 55.16 53.10 51.59 50.50 49 .58 48.92 | 5.72
5.73 58.27 §5.32 53.25 51.74 50.64 49.72 49.05 | 5.73
5.74 58.43 55.48 53.40 51.88 50.78 49 .86 49.18 | 5.74
5.75 58.59 55.64 53.55 52.03 50.92 50.00 49.32 | 5.76
5.76 | 58.76 | 55.80 | 53.71 | 52.18 | 61.06 | 50.14 | 49.46 | 5.76
5.77 58.92 55.97 53.86 52.33 51.20 50.28 49.59 | 5.77
5.78 59.08 56.13 54.02 52.48 51.34 50.42 49.73 | 5.78
5.7 | 59.25 | 56.290 | 54.18 | 52.63 | 51.48 | 50.56 | 49.86 | 5.79
5.80 59.42 56 .45 54 .34 52.79 51.62 50.71 49.99 | 5.80
5.81 59.58 56.61 54.50 52.94 51.76 50.85 50.13 | 5.81
582 | 59.75 | 66.76 | 54.65 | 53.08 | 51.90 | 50.99 | 50.27 | 5.82
5.83 59.91 56.91 54 .80 53.22 52.04 51.13 50.41 | 5.83
5.8 | 60.07 | 57.06 | 54.95 | 53.37 | 52.18 | 51.27 | 50.54 | 5.84
5.85 60.24 57.22 55.11 63.51 52.32 51.41 50.68 | 5.85
5.86 60.40 57.38 55.37 53.66 52.46 | 51.56 50.82 | 5.86
5.87 60.57 57.54 55.43 53.81 52.60 61.70 50.96 | 5.87
5.88 60.73 57.70 55.59 53.96 52.74 51.84 51.10 | 5.88
5.89 60.90 57.86 | 65.75 54.11 52.89 51.98 61.24 | 5.89
5.90 61.07 58.02 55.91 54.26 53.04 52.12 51.38 | 5.90
5.91 61.24 58.19 56 .06 54 .41 53.19 52.26 51.52 | 5.91
5.92 61.41 58.35 56 .22 54 .56 53.34 52.40 51.66 | 5.92
5.93 61.58 58.51 56.37 54.71 53.49 52.54 51.80 | 5.93
5.94 61.75 58.67 56.52 54 .86 53.63 52.69 51.94 | 5.94
5.95 61.92 58.83 56.68 55.01 53.78 52.83 52.08 | 5.95
5.96 62.09 58.99 56.83 55.16 53.93 52.98 52.22 | 5.96
5.97 62.26 59.15 56 .98 55.32 54 .08 53.12 52.36 | 6.97
5.98 62.43 59.32 57.13 55.47 54 .23 53.26 52.50 | 5.98
599 | 62.60 | 59.48 | 57.28 | 55.62 | 54.38 | 53.40 | 52.64 | 5.99
6.00 62.77 59.65 56 .43 55.78 54.53 53.55 52.78 | 6.00




DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

3 <
Q= (0.405+ 29?2) [l +0.55h— LhV'2gh.
b/ (p+h)* |
Observed head=h. Height of weir=p. Discharge=Q. ¢=32.17 feet.
Length of weir=L.
" p=9Ft. | p=10Ft. | p=12 Ft. | p=16 Ft. | p=20 Ft. | p=25 Ft. | p=30 F%.
h
In Feet CuF. Cu.QFt. CuFt. Cu.QFt. Cu.QFt. Cu.QFt. Cu.QFt. in Feet.
per Sec. | per Sec. | per Sec. | per Sec. | per Sec. | per Sec. | per Sec.
5.61 | 46.87 | 46.45 | 45.78 | 44.97 | 44.49 | 44.16 | 43.94 | 5.61
5.62 | 47.00 | 46.58 | 45.90 | 45.09 | 44.61 | 44.27 | 44.05 | 5.62
5.63 | 47.13 | 46.71 | 46.03 | 45.22 | 44.74 | 44.39 | 44.16 | 5.63
5.64 | 47.26 | 46.84 | 46.15 | 45.35 | 44.86 | 44.51 | 44.28 | 5.64
5.65 | 47.39 | 46.97 | 46.28 | 45.48 | 44.98 | 44.63 | 44.40 | 5.65
5.66 | 47.52 | 47.11 | 46.41 | 45.60 | 45.11 | 44.75 | 44.52 | 5.66
5.67 | 47.65 | 47.24 | 46.53 | 45.73 | 45.23 | 44.87 | 44.64 | 5.67
5.68 | 47.79 | 47.37 | 46.65 | 45.85 |*45.35 | 44.99 | 44.76 | 5.68
5.69 | 47.92 | 47.50 | 46.77 | 45.97 | 45.48 | 45.11 | 44.88 | 5.69
"5.70 | 48.05 | 47.63 | 46.90 | 46.09 | 45.60 | 45.23 | 45.00 | 5.70
5.71 | 48.19 | 47.76 | 47.02 | 46.22 | 45.73 | 45.35 | 45.12 | 5.71
5.72 | '48.32 | 47.89 | 47.16 | 46.34 | 45.85 | 45.47 | 45.24 | 5.72
5.73 | 48.45 | 48.02 | 47.29 | 46.47 | 45.97 | 45.59 | 45.36 | 5.73
5.74 | 48.58 | 48.156 | 47.42 | 46 60 | 46.09 | 45.71 | 45.48 | 5.74
5.75 | 48.71 | 48.28 | 47.66 | 46.72 | 46.21 | 45.83 | 45.60 | 6.75
5.76 | 48.85 | 48.42 | 47.69 | 46.84 | 46.33 | 45.95 | 45.72 | 6.76
5.77 | 48.99 | 48.55 | 47.82 | 46.97 | 46.46 | 46.07 | 45.84 | 5.77
5.78 | 49.13 | 48.68 | 47.95 | 47.09 | 46.58 | 46.19 | 45.96 | 5.78
5.79 | 49.27 | 48.81 | 48.08 | 47.21 | 46.70 | 46.33 | 46.09 | 5.79
5.80 | 49.41 | 48.94 | 48.22 | 47.33 | 46.83 | 46.45 | 46.22 | 5.80
5.81 | 49.54 | 49.07 | 48.35 | 47.46 | 46.95 | 46.57 | 46.34 [ 5.81
5.82 | 49.68 | 49.21 | 48.48 | 47.59 | 47.07 | 46.69 | 46.46 | 5.82
5.83 | 49.81 | 49.35 | 48.61 | 47.72 | 47.19 | 46.81 | 46.58 | 5.83
5.84 | 49.95 | 49.48 | 48.74 | 47.85 | 47.31 | 46.93 | 46.70 | 5.84
5.85 | 50.08 | 49.61 | 48.87 | 47.97 | 47.43 | 47.06 | 46.82 | 5.85
5.8 | 50.22 | 49.74 | 49.00 | 48.10 | 47.55 | 47.17 | 46.94 | 5.86
5.87 | 50.36 | 49.87 | 49.13 | 48.22 | 47.68 | 47.30 | 47.06 | 5.87
5.8 | 50.50 | 50.00 | 49.26 | 48.34 | 47.80 | 47.42 | 47.18 | 5.88
5.80 | 50.64 | 50.14 | 49.39 | 48.47 | 47.93 | 47.54 | 47.30 | 5.89
5.90 | 50.77 | 50.28 | 49.52 | .48.60 | 48.06 | 47.67 | 47.42 | 5.90
5.91 | 50.91 | 50.41 | 49.66 | 48.73 | 48.19 | 47.80 | 47.64 | 5.91
5.92 | 51.05 | 50.55 | 49.79 | 48.86 | 48.31 | 47.92 | 47.67 | 5.92
5.93 | 51.19 | 50.68 | 49.92 | 48.99 | 48.43 | 48.04 | 47.79 | 56.93
5.94 | 51.33 | 50.82 | 50.05 | 49.12 | 48.56 | 48.17 | 47.92 | 5.94
5.95 | 561.47 | 50.96 | 50.19 | 49.25 | 48.65 | 48.29 | 48.04 | 5.95
5.96 | 51.61 | 51.10 | 60.33 | 49.38 | 48.81 | 48.42 | 48.17 | 5.96
5.97 | 561.75 | 51.24 | 50.46 | 49.51 | 48.94 | 48.56 | 48.39 | 5.97
5.98 | 561.88 | 51.38 | 50.59 | 49.64 | 49.07 | 48.67 | 48.42 | 5.98
5.99 | 52.02 | 51.61 | 50.72 | 49.77 | 49.20 | 48.79 | 48.565 | 6.99
6.00 | 52.156 | 51.64 | 50.86 | 49.90 | 49.34 | 48.92 | 48.67 ] 6.00
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96 THE FLOW OF WATER OVER WEIRS.

LOW HEADS.

For heads below 0.2 foot the Bazin Formula gives discharges some-
what in excess of the experimental results of Fteley and Stearns, and
in practice accurate weir measurement at low heads becomes extremely
difficult on account of the increased relative importance of errors of
observation, and of changes in the character of the flow if the edge of
the weir has a measurable thickness. It may also be expected that
the temperature of the water will exercise considerable influence. For
these low heads the formula deduced by Fteley and Stearns for their
small weir, Q=3.33LH%+0.0065L, gives results varying from the
experiments by from 4 to 6 per cent for heads from 0.2 to 0.07 foot, the
lowest observed. The actual results were usually greater than those
given by the formula. For a head of 0.1 foot this formula gives a dis-
charge of 0.11 cu. ft. per second, as compared with 0.13 cu. ft. by Bazin.
A value of 0.115 cu. ft. seems quite nearly correct for this head.

END CONTRACTIONS.

For weirs having end contractions the formula of Mr. Francis, modi-
fied as he proposed by subtracting the quantity 0.1nH from the value
of L, making the formula @=3.33(L—0.1nH)H%, is the one generally
recognized. In this modification » is the number of end contractions,
or the proportion of a complete contraction. Recent experiments
indicate that the effect of end contractions is not to be provided for by
so simple a formula, and until more data are available such weirs should
be avoided so far as circumstances will permit.

VERY HIGH WEIRS.

When the weir is of such dimensions in proportion to the channel

of approach that the velocity of the approaching water may become

0.0(})5)84) Lk \/27-"’,

which corresponds to p=infinity, and the following table gives the value

of the several factors, and the discharge under this condition for L=1

foot. In this and the preceding table g has been taken as 32.173 feet,

that being its value for latitude 40° and an elevation above sea-level of
500 feet.

zero, the formula of Bazin reduces to Q= (0.405+



HIGH WEIRS AND HIGH HEADS.

DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN’S FORMULA.

h p=10 p=20 p=30
6 51.67 49 .36 48.69
7 66 .04 62.64 61.59
8 81.78 77.08 75.56
9 98.85 92.65 90.57
10 117.16 109.32 106.57
1 | ...... 127.06 123.54
12 | ..., 145.85 141.46
13 | ...... 165.65 160.30
14 | ...... 186.45 180.04
15 | ...... 208.23 200.68
16 | ...... | ... 222.18
b i A R 244 .55
18 | el | eeeea. 267.76
19 | ...... N I 291.81
20 P 316.66




VALUES OF FACTORS IN BAZIN’'S FORMULA AND DIS-
CHARGE OVER WEIR OF INFINITE HEIGHT.

- 0.00984 Discharge
Hoad =1 Ny A2k (0.405+ : ) Qin Cy. Ft. per Sea.

0.1 2.537 0.254 0.503 0.13
0.2 3.587 0.717 0.454 0.33
0.3 4.304 1.318 0.438 0.58
0.4 5.073 2.029 0.430 , 0.87
0.5 5.672 2.836 0.425 1.20
0.6 6.213 3.728 0.421 1.57
0.7 6.711 4.698 0.419 1.97
0.8 7.175 5.740 0.417 2.40
0.9 7.610 6.849 0.416 2.85
1.0 8.021 8.021 0.415 3.33
1.2 8.787 10.544 0.413 4.36
1.4 9.491 13.287 0.412 5.48
1.5 9.824 14.736 0.412 6.07
1.6 10.147 16.234 0.411 6.68
1.8 10.762 19.361 0.410 7.95
2.0 11.344 22.688 0.410 9.30
2.2 11.898 26.178 0.409 10.72
2.4 12.427 29.825 0.409 12.20
2.5 12.683 31.707 0.409 12.97
2.6 12.934 33.631 0.409 13.75
2.8 13.423 37.585 0.409 15.35
3.0 13.894 41.682 0.408 17.02
3.2 14.349 45.915 0.408 18.74
3.4 14.791 50.290 0.408 20.51
3.5 15.008 52.523 0.408 21.42
3.6 15.219 54.785 0.408 22.34
3.8 15.637 59.420 0.408 24.22
4.0 16.043 64.170 0.407 26.15
4.2 16.439 69.045 0.407 28.13
4.4 16.826 74.030 0.407 30.15
4.6 17.204 79.140 0.407 32.22
4.8 17.574 84.360 0.407 34.34
5.0 17.936 89.625 0.407 36.48
5.2 18.292 95.120 0.407 38.70
5.4 18.640 100.656 0.407 40.95
5.6 18.983 106.305 0.407 43.24
5.8 19.318 112.044 0.407 45.56
6.0 19.648 117.888 0.407 47.94
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THE FLOW OF WATER OVER WEIRS. 99

FLAT-CREST AND OTHER WEIRS.

The formulas for the discharge of vertical sharp-edged weirs cease to
be applicable when the crest is widened or the up-stream face inclined,
and in order to determine what modifications should be made in the
computed results, experiments have been made upon some twenty-five
models of different forms, with L=16 feet and p as great as 11.25 feet,
using heads up to and in some cases a little above 4 feet.

From these experiments the factors by which to multiply the coms
puted discharge for a sharp-edged weir of the same L and p, to give
the actual discharge over each form of crest, have been deduced for the
heads given in the following tables, wherein the first column gives the
head and the columns headed II the multipliers. To use the tables,
the discharge for the weir of given form should be first computed as
for a vertical sharp-edged weir of the same height and length, using
any of the above formulas, or the tables on pages 66, 67, and 69, and the
resulting Qs should then be multiplied by the factor in the proper
column under II, when the accuracy of the result may be expected to
correspond to that of the first computation. So long as the top of the
weir is flat and the up-stream face vertical, it appears that the factors
given should be applicable to any height of weir, but if the up-stream
face or any part of the profile up-stream, from the highest point of the
weir, is inclined, the factor will change with the height of the weir, as
is shown by the table for triangular weirs.

On all the models having vertical down-stream fac&, including
model P, air was admitted to the space underneath the sheet. On
models D and E experiments were made with the space underneath
the sheet unaerated, so that a partial vacuum existed there, which
is shown to increase the discharge about 5 per cent at the high heads.
For the weirs with inclined down-stream faces, models F to O inclusive,
no air was admitted under the sheet. A comparison of the results
upon models G and H shows the effect of rounding the up-stream
corner of this weir to be an increase in discharge of about 4 per cent
at the high heads.

SUBMERGED WEIRS.

With crests of the forms L and N, pages 102 and 104, experiment
shows that until the submergence amounts to 30 per cent of the head,
the reduction of discharge is less than 10 per cent. In fact so long as
the overfalling water plunges beneath that in the downstream channel
the discharge appears to be diminished by not more than the above
amount.
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WEIR DISCHARGE.

RECTANGULAR FLAT-TOPPED WEIRS.

II
Multipliers of Discharge over S8harp-edged Vertical Weir of Same L and p.

b= b= b= b= b= - b= b=
048 Ft.| 093 Ft.| 165Ft.| 8.7 Ft.| 584 Ft.| 8.98 Ft.| 12.24 Ft.| 16.30 Ft.
0.5] 0.902 | 0.830 | 0.819 | 0.797 | 0.785 | 0.783 | 0.783 | 0.783
1.0 | 0972 | 0.904 | 0.879 | 0.812 | 0.800 | 0.798 | 0.795 | 0.792
1.5 1.000 | 0.957 | 0.910 | 0.821 0.807 | 0.803 | 0.802 | 0.797
2.0 1.000 | 0.989 | 0.925 | 0.821 | 0.805 | 0.800 | 0.798 | 0.795
2.5 | 1.000 1.000 | 0.932 | 0.816 | 0.800 | 0.795 | 0.792 | 0.789
3.0 1.000 | 1.000 | 0.938 | 0.813 | 0.796 | 0.791 0.787 | 0.784
3.5 | 1.000 | 1.000 | 0.942 | 0.810 | 0.793 | 0.787 | 0.783 | 0.780
4.0 1.000 1.000 | 0.947 | 0.808 | 0.790 | 0.783 | 0.780 | 0.777
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- WEIR DISCHARGE.

TRAPEZOIDAL WEIRS.

II.

Multipliers of Discharge over S8harp-edged Vertical Weir of Same L and p.

TypeA. | TypeB. | TypeC. | TypeD. | P with | Type E. v"ic';';':f.'.’..
0.5 | 0.968 1.060 1.043 1.069 1.088 1.069 1.069
1.0 1.071 1.079 1.040 1.079 1.106 1.079 1.079
1.5 1.077 1.091 1.037 1.084 1.117 1.088 1.092
2.0 1.081 1.096 1.027 1.057 1.092 1.063 1.083
2.5 | 1.077 1.093 1.015 1.041 1.079 1.049 1.081
3.0 1.074 1.090 1.005 1.028 1.068 1.039 1.080
3.5 1.071 1.087 | 0.996 1.018 1.059 1.029 1.079
4.0 1.069 1.085 | 0.989 1.009 1.051 1.021 1.078
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WEIR DISCHARGE.

TRIANGULAR WEIRS, *
y —
Mulitpliers.
h{m.

b=reas . |° " Sias F.

0.5 1.060 1.060

1.0 1.079 1.079

1.5 1.091 1.002

2.0 1.086 1.007

2.5 1.076 1.096

3.0 1.067 1.095

3.5 1.060 1.094

4.0 1.054 1.093

COMPOUND WEIRS.

Bee opposite page.

I. II.
Multipliers.
Head
h Fm’

Al TypeP. | TypeG. | TypeH. | Typel | Typed. | Type K. | Type L.
05 | 0964 | 0932 | 093¢ | 0.968 | 0.971 | 0.971 | 0.911
1.0 | 1.026 | 0.982 | 1.000 | 1.008 | 1.040 | 1.040 | 0.983
1.5 | 1.064 | 10156 | 1.00 | 1.032 | 1.083 | 1.002 | 1.022
20 | 1.066 | 1.031 | 1.061 | 1.041 | 1.105 | 1.126 | 1.040
25 | 1.025 | 1.038 | 1.073 | 1.043 | 1.118 | 1.146 | 1.057
30 | 0992 | 1.044 | 1.082 | 1.044 | 1.128 | 1.163 | 1.072
35 | 0966 | 1.049 | 1.000 | 1.045 | 1.136 | 1.177 | 1.085
40 | 0944 | 1.053 | 1.007 | 1.046 | 1.144 | 1.190 | 1.097

102



WEIR DISCHARGE.

COMPOUND WEIRS.

Hpsae
¥

0.

Type J




WEIR DISCHARGE.

COMPLEX WEIRS,

’

< " -
- .54 75—}

i

—_— H
A\
Y

I II.
Multipliers.
Head
in Feet,

A | TypeM. | TypeN. | TypeO. | TopeP.
0.5 | 0.964 0.897 1.095 | 0.920
1.0 | 0.965 0.946 1.088 0.915
1.5 | 0.963 0.999 1.084 0.914
2.0 | 0.949 1.025 1.060 | 0.935
2.5 | 0.933 1.039 1.051 0.950
3.0 | 0.92 1.052 1.035 0.962
3.5 | o0.911 1.063 1.024 0.972
4.0 | o0.903 1.072 1.014 0.982
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