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RECORDS OF HEAVY RAINS SYDNEY WEATHER BUREAU . • 
DMa. 

Total NJ 
UICl Dun.tIoD ot storm. 

Dur· !We 
Tot&I 

roor l"1li1. .. Uon. 

-- ---
lnella ......... Incbea. 

May ZI .. 1.28 n.o 0 . 15 
Noy. 18 .. ' .11 14 . 0 0.18 .. 10 .. 1.10 •. U 0.18 

UOI. 

Jan. 1 .. 1 . 10 0 . 42 1. 66 .. I .. 1.20 0 . 60 1.44 .. It " 2 . 80 I . U 1.48 
April II .. a . S7 4.0 I 0.92 

1802. 
Oct. 12 " • .• 67 21.0 0.30 

lt04. , 
July 8 .. 4 .773 24.0 I 0.20 

" • .. 2.715 24 . 0 I 0 . 11 
UOIi. 

March I .. 2 .026 

I 
24.0 0.0' .. U .. 2 . 406 8 .0 0 . 40 

April Z " a . SH 9.0 0.40 
1808. , 

Aug. 11 .. a . U5 18 . 0 o . ZO 
1807. I 

, 
March 18 .. a . uI I 22.0 , 0.11 

1808. 
July II .. 1i . 715 24 . 0 0 . 24 

UI0. 

I July 18 .. 2 . '17 9 . 0 I 0 . 31 .. 11 .. %. 072 7.0 o.ao 
Dec. 1 .. 0 . 921 1.10 

I 
0 . 8% 

UU. 
Jan. 12 .. 7 . 077 Z4 . 0 0 . 10 
April 17 .. 1 . 117 U.IO 0 . 77 
Dec. 1 .. 2 . 171 20.10 O. lZ 

UlZ. 
Feb. Z5 .. 2 . 'U 14 . 0 0 . 21 .. It .. 4 . 401 8 . 0 0 . 65 
March It .. 0 . 780 0.40 1.17 
April 11 .. 1 . 111 17 . 0 0 . 0' 

M II .. I . n.! 14.0 0 . 14 
Kay 14 .. LUI 24 . 0 O. It 

UII. 
.'ar. 8 to • ' .no 17 . 0 0 . 11 

April 7 .. 1 . 114 24.0 1.51 
May 7 • . 01' ' . 0 

I 0 . 22 .. I .. U .. I.U7 14.0 0 . 01 
~ 15 .. 1 . llt 24 . 0 0 . 11 

June n " I.Ul 
I 14 . 0 0 . 10 

July 1 .. 1 . 411 11 . 0 0 . 11 
1tlf 

Mar. 10·21 1 . 171 14 . 0 0.14 

U_"- PaR ot Storm. U_n_ 8bower. 

-~ Fall. alJoa. 

Inchee. .... nlS. 

1.44 I 0 . 46 
0 . 96 

1.0 I 0 . 40 0 . 13 

0.20 I o.~ 0 . 80 0 . 15 
1 . SO I o. Z5 
2 . 40 2.0 , 
1 . 2S i 0 . 30 I 
0.62 I 1. 0 I 
0.41 1.0 

0.66 1 
I 

o .ao I 
0 .80 

1.0 I 
1 . 26 I o . ao 

0.15 1.0 

0.42 1.0 

! 0 . 81 1.0 

, 0 . " 1.0 
0 . 11 1.0 
0 . 85 0 . 30 

I 1.47 1.0 
1. ZO 1.15 

" 0.65 %. 0 i 
1 . U O. SO I 

I 
1.17 0 . 10 
0 . 7' 0 . 40 
o.n 1.0 I 
0 . 70 0 . 40 
0.70 1.1 

1 •. 16 1.0 
l1.U 0.14 I 
0 . 7' 0 . 41 
0.17 0.20 
o.ao 0.11 I 
O. iZ 1.47 

II ~::: I 
0." 
O. U I 

l 1.u ) 0.10 ' 

Rac.e Total Dur· 
~~. rail. r.Uoa 

-- ---
IDCh-. lDch ... m. .. 

1.91 0 .20 S.45 
0.15 O.OS 2.9 
2 . 00 0.20 &.0 

2 .S0 0 . 40 7.30 
2.40 0 .20 4 . 17 
4.11 0.20 I. 61 
1. 20 0 .20 I S 30 

II 2.46 0.49 1.0 

0.G2 0.20 6.27 
0.47 0 .20 '.34 

1.10 0.20 3.46 
0 . 80 0.20 a . 20 
2 . 6% 0 .20 2.4 

0 .96 0 . 20 6 . 0 

0 . 42 0 . 18 7.44 

0 . " 0 . 18 7.10 

II UI 
0.36 2 . 44 
O. i9 0 . 16 1 . 12 
1. 70 ' 0 . " I 2 . 11 

1. 4. 
11 0 . 11 1.28 

0 . " ; 0 . 21 6 . 0 
0 .13 

10 . 10 1.10 

2." 5 . 0 " 0 . 18 
1 . 14 0 . 60 ' . 0 
1.17 O. %/1 , 2 .10 
0 . 1it 0 . 11 1 . 0 
1.05 0 .28 4 2/7 
0 . 15 0 . 15 4 . 0 

2 . 15} I 
4.U' O.SO • . 20 

1.14 0 . 21 I 1 . 0 
2 . 01 10 . 40 7 . 0 
0.51 0 .07 

I 
1.0 

0 . 41) 0 . 06 1.0 
0.11 ,1 0 . 11 

, 1 . 10 
0 . 11 0 .07 1 1.40 

,1 0.60 
mIn.. 

1 . 04 2117 

Itat.e 

.1::,. 
--
lneb .. 

I 

I 
I 

I 

S. I o 
4 
o 

Z.! 
2.4 

a.2 o 
o 
o 
I 

2.8 
8 . 4 
1 . 4 

4.2 o 

2.2 o 
o 1.4 

1 . 2 o 
o 
o 

a . , 
6.8 

2 . 4 o 

1.2 

1.2 • 
2.1 I 

1 
7 

2 . 7 
4 .2 

'.6 
2 . 5 
4 . 0 

4 . 6 
1 . 0 
4.' 
1 . 4 

I .' 
2 . 2 

' . 0 

6 . 1 
1 . 4 
4 . 2 
' .0 
2 . 2 
2 . 6 

10 .5 

I 
2 
o 

• o 
o 
o 
2 
5 

o 
o 
7 
o 
• • 
I 

o 
I'or recwcII for .... !*InN. BriIIIue. hnb ud Hobart., _ pp. ICIt. 110, Ill. 



;n4e 
liD 

30 
~ 
50 

60 
70 
80 

90 
100 
110 
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1JO 
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VELOCITY AND DI CHARGE OF CIRCULAR MONIER PIPE'B RUNNING FULL 

V-Veloolty in "Nt per Second 

. 
1ft. 6 in. Ht. 9in. 2ft.Oin. ZCt. 6in. 3ft. o in. 3ft. 6 in.. .. ft. 0 in. 4ft. 6in. I SCt.Oin . 5ft.6in 6ft.Oin. 

I 
, 

~~ V 0 V 0 V D ;do V I T> V D V J) V 0 V T> V D 
I-- 1-

20 ... 1 11 ..... 24 

------
14'61 ZS'82 16'29 39'18 17'88 56'17 20'84 ' 102.29 
12'65 22'36 14'11 33'93 15'48 48'65 18'05 88'S9 
11'32 20'00 12'62 30'35 13'85 43'51 16'14 79'23 1825 129'01 20'23 194'64 

10'33 18'26 11'52 27'70 12'64 39'72 14'13 72'23 16'66 117'51 18'''7 177'69 20'16 2SJ'31 
9'56 16'90 10'67 %5'65 11'70 36'77 13'65 66'97 15'43 109'03 17'10 164'SO 18'66 234'48 20'14 320'35 
''95 15'81 9'98 23'99 10'95 34'40 12'76 6Z.:.64 14· ... ' 102'00 15'99 l53'88 17:46 219'38 18'84 299'66 20'17 396'13 

"44 14'91 9'41 22'62 10'32 32'43 12'03 S9'06 13'60 96'16 15'09 145'08 16'46 206'83 17'76 282'52 19'02 373'44 20'21 480'12 
''00 14'14 8'92 21'46 9'79 30'76 11'41 56'03 U'91 91'22 14'31 137'63 15'61 19621 16115 -268'03 18'04 354'31 19'18 455'48 20'27 573'05 
7'63 13'48 8'51 20'46 9'34 29'33 10'88 53'42 12'31 86'98 13'64 130'93 1"'89 1871)8 1607 2SS'55 17'24 337'82 18'28 434'29 19'32 546'39 

7'31 12"91 "15 19'59 8'94 28'<l8 10'42 51'15 11'18 83'27 13'06 1%5'64 14'2S 179'12 15'38 244'67 16'47 323'44 17'50 415'80 18'SO 523'12 
7'02 U '40 7'83 18'82 8'S9 26'98 10'01 49'14 11'32 80'01 12'SS 120'71 13'69 17209 1 .. '78 23S'07 15'83 3107S 16'81 399'49 17'78 S02'6O 
6'76 11'95 7'54 18'1" "28 26'00 9'65 ' 47'35 10'91 77'10 12'09 116'32 13'20 165'82 14'24 226'52 lS'%5 299'4S 16'20 384'9S 17'13 484'32 

6'53 11'SS 7'29 17'53 8'00 %5'12 9'32 45'15 10'54 74'48 11'68 112'38 12'1S 16021 1376 %18'84 1"'73 289'29 lS'65 371'89 16'SS 467'90 
6'33 11'18 7'05 1697 7'74 24'32 9'02 44'29 10'20 72'12 11'31 108'81 12'34 lS5'12 13'32 211'90 14'26 280'11 15'16 360'09 16'02 453'04 
6'14 10'85 6'84 16'46 7'51 23'60 8'75 42'97 9'90 69-96 10'97 105'56 11'98 1SO'49 12'92 205'57 13'84 271 '74 14'70 349'34 lS'54 439'51 

5'96 10'54 6'65 15'99 7'30 22'9J "51 41'76 9'62 68'00 10'66 1.02'57 11'64 146'25 12',56 199'77 13'45 264'09 1"'29 339'SO lS'U "27'13 
5'80 10'26 6'47 15"57 7'10- 22'32 8'28 40'65 9'36 66'18 10'38 99'85 11·33 1"2'35 12'22 194'4S 13'09 257'04 13'91 33O'4S 14'70 415'84 
5'66 10'00 6'31 15.17 6'92 n'75 8'07 39'62 9'13 64'50 10'12 97'32 11'04 13874 11'92 189'52 12'76 2SO'~ 13'56 322 07 14'33 405'%1 

5'52 9'76 6'16 14'81 6'76 21'13 7'. 38'66 8'90 62'95 9'87 94'97 10'77 135'40 11'63 184'95 12'''5 2 .... ·S1 13'23 j14'32 13'99 395'44 
5'39 9'53 6'012 14'47 6160 20'14 7'70 37'78 8 '70 61'SO 9'65 92'79 10'53 132'29 11'36 180'62 12'17 238'87 12'93 307'09 13'66 386'34 

5'21 9'32 5'88 14'15 6'46 20'29 7'53 36'94 8'51 60'15 9'43 90'75 10'30 129'38 11'11 176'73 11'90 233'62 1264 300'34 13'36 377'86 
5'17 9'13 5'76 13'85 6'32 19'86 7'37 36'17 8'33 58'88 "23 88'84 10'011 12665 10'88 173'01 11'65 22871 1237 294'01 13'08 369'90 

5'06 8'94 5'64 13'57 6'19 19'46 7'22 35'45 S'16 57'69 "04 87'05 "87 124'09 10'66 169'52 11'''1 2241)8 U'U 288'07 , 12'82 362'42 
4'96 S'77 5'53 13'31 6'07 19'08 7'011 34'7S 8'00 56'58 8'87 as'56 "68 121'69 10'''5 166'22 11'19 219'73 11119 282'48' ,12'56 355'~9 

4'17 1'60 S'U 13'06 5'96 11'12 ''95 34'10 7'85 SS'52 8'70 &3'76 9'SO 11941 10'26 1631.1 10'98 ZlS'63 11'67 %77'20 12'33 348'15 
4'7' I'~ S'33 12'82 5'SS 18'39 6'82 33'48 7'71 54'52 S'SS 82'25 9'33 117"26 10'07 16017 10'78 211'74 11'46 272'20 12'11 342'46 

4'70 .. 30 5'24 12'60 5'75 11'07 6'70 32'90 7'58 53'57 8'40 80'83 "17 115'22 9'90 157'39 10'60 208'06 11'26 267'47 11'90 336'.51 
4'62 "16 5'15 12'39 5'65 17.'76 6'59 32:35 7'~ 52'67 8'26 19'46 9 '01 ll3'28 9'73 154:74 10'42 204'56 11'07 262'97 11'70 330'85 

[~ 

Gmde 
lin 

30 
' 40 

SO 
f:' 
· 60 
, 70 

80 -90 
100 
110 

120 
130 
140 

150 
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170 ' 
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200 
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270 
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290 
300 



VELOCITY AND DI CHARGE OF CIRCULAR fONIER PIPES RUNNING FULL. 
D-Dilobarp in Cablo F .. , per 8e00Dd [S 

1 I\. 61n. 1 I\. 9 In. 2 n. 0 in. 2 I\. 6in. 3rt: o in. 31\. 6in. 4ft. 0 in. 4{i 6in, I 5 I\. Oin. 51\. 6 in. 6n.Oin, 

Grad4 V D V D V D V D V D V D V D V D V D V D V I D Grado 
liD -- ---- -- ----I- I- I---------I---I- l'in 

W "'44 7'14 , 4"95 11 '90 5'43 17"06 6'33 31'08 7'16 -'0'60 7"93 76'25 8'66 IOR1W 9'33 148'67 101lO 196'53 10'63 ~66 11"24 317'87 325 
SSG 4'28 7',56 , 4'77 11'47 5'23 16'44 6 '10 29'95 690 48'76 7'65 73'57 8'35 104'88 9'01 14.3'26 9'64 189"39 10'25 243'47 10'83 306'31 m 375 4'U 1'30 4'61 11'08 5'06 15118 5119 ~93 666 47'11 7'39 71'01 806 101'32 870 138'41 9'32 ll1Z'96 9'90 W'21 10'47 295"92 

400 4'00 7'07 4'46 10'73 4'90 15'38 571 2802 6'45 4S'61 7'15 68'81 7'81 981.1 8'42 134'01 9'02 1771.5 9'58 227'58 10'14 286"39 400 
42.S 3'88 6'86 4'33 10'41 4'75 14"92 5'54 27'18 626 44'25 6'94 66 76 7'58 95'18 8'18 130'01 8'75 171116 9'30 220'94 9'84 277'97 425 
4-'0 3'77 6'66 4,21 10' 12 4'62 14'-'0 5'38 26'41 609 4J'OO 6'74 64'88 7'36 92'-'0 7'95 126'35 8'-'0 166'90 9'04 214'71 9',56 270"14 4-'0 

475 3'67 6'49 4'09 9"SS 4'49 l4'11 524 25 '70 5"92 41'SS 6'57 63'15 7'17 9O'OJ 773 122"98 828 162'57 880 208'99 9'30 262"93 475 
500 3"58 6 '33 3'99 960 4'38 13'76 5'10 25'06 5'77 40'80 6'40 61'55 6'99 8775 754 11986 8'07 158'45 8'SS 203'70 9'06 2.56'28 500 
S2S 349 6"17 3'89 936 4'27 13 '43 498 2445 5 '63 .)9'81 6'25 60 07 6'81 8563 7'35 116"97 7118 154'6J 8'37 198'79 8'84 2-'0'10 S2S 

S50 3'41 6'03 3"80 9 '15 4'17 13'12 4'87 23'89 5'SO 3890 6'10 58'69 6'66 8366 7191114'29 7'70 151'08 8'17 194'22 8'64 Z44,js 550 
575 3'34 5"90 J 72 8'95 4'08 12'83 4'76 23'36 5'38 38'04 5"96 57'39 6'51 8110 7'03 111 '76 7'52 147'76 7'99 189'95 8'45 238'98 57S 
600 3'27 5'77 J '64 8'76 4'00 12'56 4:66 22'87 5'27 37'24 5'84 56'19 6'38 80'10 6'87110942 7'37 144'64 7'8.\ 185"95 8'27 233"95 600 

62S 3'20 5'66 J'57 8 '58 J'92 12'30 4'57 22'41 5'16 36'49 5'72 55'05 6 '25 78'48 674 ' 107'21 7'22 141 '71 7'67 182'19 8'10 229'22 62S 
6SO 3'14 5'55 3'-'0 8'42 3'84 12'07 4'48 21'97 5'06 3578 5'61 53'98 6'13 76'96 661 110513 7'07 13897 7'S2 178'65 7"95 224'77 6SO 
675 308 5'44 34J 8'26 377 11'84 4'39 21'56 4'97 35' lJ 5'SO 52'97 6'01 75'52 6'49 103'16 6'94 IJ6'37 7"38 17531 7'80 220'57 675 

700 3'02 5'35 3'J7 8 '11 3'70 11'63 4:31 21'17 4'88 14'48 540 52'02 5"90 7416 6'371101'24 6111 133'91 7'25 172'IS 7'66 216'''' 700 
7SO 2'92 5'17 3'26 7'83 3'58 \1'23 4'17 2046 4'71 3J',l1 5'22 SO'25 5'70 71'65 616 9787 6'59 12937 700 166'32 7'40 209'25 7SO 
800 2'83 5'00 3'15 7,59 3 '46 10'87 4'03 19'81 456 32'25 5"06 48'66 5'52 69'37 5961 9476 6'38 125'J6 67~ 161'04 7'17 202'60 800 

5'lS 1 
I 

8SO 8SO 2'74 485 3'06 7'36 3'J6 10'55 391 19'22 4'4J 31'29 4"90 47'21 6730 5'78 1 91'93
1 

6'19 1121 '52 6'57 156'27 6'95 196'55 
900 2'67 4'71 2'97 7'16 3'26 10'25 3'80 IS'68 430 30'40 477 4588 5201 65'40 562 89'34 6'02 llSIU 6'39 151 '83 6'75 191'00 900 

9SO 2'60 4'59 ;l ' 89 6'96 3'18 9"98 3'70 18'18 4'18 29'60 4'64 44'65 
506

1 
6366 5'47 86"961 5116 114"95 6'22 147'78 "57 185'92 9SO 

1000 2'53 4'47 2'HZ 6'79 3'10 974 3'61 17'72 4'OS 2885' 4'52 4J'52 4"94 62'0S 533 84 75' 5'71 112'04 6'06 144'03 6'41 181'21 1000' 

1100 2'69 6 '47 2"95 928 3'44 16'89 3'89 27'51 4'31 4~'SO 4'71 59'16 50s 8081 5'44 106113 5'78 137'32 6'11 172'79 1100 
1200 258 6'20 2'83 8'88 3'30 16'18 373 26'33 413 3 '73 4'51 5664 "116 77 '37 5'21 102'28 5'53 131'49 5'84 165'09 1~ 

1300 2'72 853 317 15'54 3'58 2530 397 38'17 4'33 54'42 4'67 74'34 5'00 98'27 5'JZ 126"33 5'6Z 15894 1_ 
1400 2'62 8'22 JOS 14"97 3'45 24'38 3'83 J6'78 4'17 52'44 " 'SO 71'64 4112 94'70 512 121'74 5"41 153'15 1400 

1500 I 2'53 7'94 2'94 14'48 3'33 23'56 3'70 35'54 4'03 SO'66 4'35 69'20 '4'66 91'48 4'95 117'«1 S"U 147"95 lSOO 
1600 2'85 141lO 3'23 22'80 3'58 34"41 390 49 OS 4'21 67'01 451 88'58 419 113118 5117 loU'26 1600 . I 

:is 



Gmde 
J In 

30 
40 
30 

60 
70 
110 

90 
100 
110 

llO 
130 
140 

150 
160 
170 

JIIO 
190 
lOO 

ZlO 
UO 

L10 
~ 

Z50 
Z60 

270 
ZIG 

290 
300 

VELOCITY AND D CHARGE OF OVIFOR ONIER PIPES RUNNING FULL 
v - Velocity ill Feet per Reoond D-Dieoharge in Cubic Feet per Second (88 

In, 31n, x JOi", 111, 6in, x In lin Jfl, 9in. x II\, 4in 2(1. lin. x 1ft. 6Iin, ~rt. Sin, x HI, 9in. rul.9in, x In,l1AiD ~Ii , 3in, x 2rl 2in,Jrl. 6in, x 2ft, 4in, 

V Jl v v v v » D V n V I II 

---I---+---I---~---I'--+---I----I--- --- - --I---- - -- - --4--- -
10.,6 
9'32 
8'34 

7'61 
71M 
6'59 

6'21 
5'19 
5'62 

S'JI 
5'17 
4"98 

4'81 
4'66 
4'52 

4'.)9 

"'li! 
4'11 

4"07 
3"98 

J ' II9 
3'81 

3'73 
3'65 

3'51 
3'52 

3'46 
3'40 

8' 71 
7'54 
6'75 

6'16 
5'70 
5'33 

5'03 
~'77 
4'55 

4'35 
4' 111 
4'03 

3'89 
3'77 
3'66 

3'55 
3'46 
3'37 

3'29 
3'U 

3' 15 
3'08 

3"02 
2"96 

2"90 
2'IS 

2'110 
2'76 

12'62 
10"93 
9'78 

8"93 
8'27 
7,73 

7'29 
6"91 
6'60 

6'31 
6116 
5'84 

5'64 
,N7 
.\ '30 

5' J6 
5'02 
4'119 

4'77 
4'66 

4'56 
4'46 

4'37 
4'29 

4'21 
4')3 

4116 
3,"99 

15'68 
13'58 
12'14 

11 '09 
10'26 
9'61 

9"05 
8'59 
8'19 

7'84 
7'54 
7'26 

7"01 
6'79 
6'59 

6'40 
~'2J 

t 6"07 

5"9, 
5'79 

5'66 
5'54 

5'43 
5'33 

5'2J 
5')3 

4"96 

14'36 
lN3 
11'12 

10"15 
9"40 
8'80 

8'29 
7'86 
7'50 

7'18 
6"90 
6'65 

6'42 
6'22 
6'OJ 

5'86 
5'71 
5'56 

N3 
5'31 

5'19 
5'08 

4"97 
4'811 

4'79 
4'70 

4'62 
4'54 

25'38 
21'98 
19'66 

17"95 
16'62 
15'54 

14'66 
13'90 
13'25 

12'69 
12'19 
11'75 

11'35 
10"99 
JO'66 

10'37 
10'09 
9'83 

9'60 
9'37 

9' 17 
11'98 

11'110 
11 '62 

8'46 
8'31 

8'16 
II 'OJ 

16'(M 
13'89 
12'42 

11'34 
10'50 
9'83 

9'26 
8'78 
S'JI 

8'02 
7'70 
1'42 

7'17 
6'95 
6'74 

6'55 
6'38 
6'21 

6'06 
S"92 

5'79 
5'67 

5'56 
5'45 

5'35 
5'25 

5' 16 
5'07 

38'83 
33'6J 
30'08 

27'46 
25'42 
2J'78 

22 '42 
21'27 
20'28 

19'41 
111'65 
17'98 

17'37 
16'81 
16'31 

15'85 
15'43 
15'04 

14'67 
14'J4 

14'OJ 
13'73 

13'45 
J3'19 

12'94 
12'71 

12'49 
12'28 

17'57 
15'21 
13'6(1 

12'42 
11'SO 
10'75 

10'14 
9'62 
9'17 

8'78 
8'44 
S'14 

7:86 
7'61 
7'38 

7'17 
6'98 
6'SO 

6'64 
6'49 

6'35 
6'21 

6'09 
5"97 

5'85 
5'75 

5'65 
5'55 

55'76 
48'29 
43'18 

39'43 
36'50 
34'15 

32'19 
30'54 
29'12 

27'88 
26'79 
25'81 

24'94 
24'14 
23'42 

22 76 
22'16 
21'59 

21'05 
20'59 

20'14 
19'71 

19'32 
18'94 

18'59 
18'25 

17"93 
17'6J 

19'04 
16'49 
14'75 

13'46 
12'46 
11'66 

10'99 
10'43 
9'94 

9'52 
9'15 
11'81 

8'51 
8'25 
11'00 

7'77 
7'56 
7'37 

7'20 
7'03 

6'88 
6'73 

6'60 
6'47 

6'35 
6'2J 

6'13 
6'03 

76'69 
66'42 
59'41 

54'2J 
SO'20 
46'96 

44'211 
42'11 
40'05 

38'35 
36'84 
35'SO 

J4'JO 
33'21 
32'22 

31'31 
30'47 
29'70 

28'99 
28'32 

27'70 
27'11 

26'57 
26'05 

25'56 
25'JO 

24'67 
24'25 

ZO'57 
17'81 
15'94 

14'55 
13'47 
12'60 

11'88 
11'27 
10'74 

10'29 
9'l$8 
9'52 

9'20 
8"91 
11'65 

11 '40 
11'17 
7'97 

778 
7'60 

7'43 
7'27 

7'13 
6'99 

S'I!6 
()'74 

6'62 
6'51 

107'16 
92'81 
83 '01 

75'77 
70'1 5 
65'62 

61'87 
58'70 
55 '96 

53'58 
51'48 
49'61 

47'92 
46'40 
45 '01 

43'75 
42'58 
41 ' SO 

40'50 
39'511 

JII' 70 
37'lI9 

37' 12 
36'40 

3572 , 
35'011 

J4'47 
33'1>'9 

21'73 
18'82 
16'83 

15'37 
14'23 
13'31 

12'55 
11"90 
ll'35 

10'117 
10'44 
10'06 

9'72 
9'41 
9'13 

11'118 
S'64 
8 '42 

S'21 
S'OJ 

7 ' lIS 
7'611 

7'53 
7'JS 

7'25 
7'12 

6'99 
6'8S 

132'42 
114'611 
102'57 

93'6J 
86'69 
111'09 

76'45 
72'53 
69'16 

66'21 
6J'61 
61'30 

59'22 
57'34 
55'62 

54'06 
52'62 
51'ZII 

50'0$ 
411'90 

47'HZ 
46'HZ 

45'117 
44'911 

# '14 
43'3$ 

42'59 
41'87 

Grade 
1 in 

50 
40 
SO 

60 
70 
80 

90 
100 
110 

120 
130 
140 

150 
160 
170 

1!;() 
190 
lOU 

lW 
Uti 

2,\11 
l~1 

l ,;U 
260 

290 
JOO I 5'04 

---*====~~=-~-=~~~--~==-~--~--~~==~-~~==~-~,~ 



VRLOCITY Al'C'D DISOHARGE OF OVIFOR MONIER PIPES RUNNING FULL 

V-Ve1ociLJ In I' .. ~ per 8eoond [I 

1ft, 3in, 1I JOiIl, 1ft, 6ill, 1I 1ft, Jin, lft,9in, 1I 11\. 4in 2ft, lin. lr 1ft. 61in 2fl, Sin, x 1ft, 9in, 21\.9in. xln,116in 3ft. 3in, x 2ft, 2in 3ft. 6iD, x 21\. 41ft 

Ci,.oIde V D V n V 0 V D ,v I n V D V D V D Grade 
lin -- ------ --- -- --- ----- ------ ---- ' lID ' ---r ., .. ~ 
325 3'27 2"65 3'84 4 '77 436 7"71 4'87 11'80 5'304 16'94 5'79 23'30 6'25 32..56 6'60 40'23 325 
J.5O 3'15 2'SS 3'70 4'59 4 'ZO 7'43 4'70 11'37 5'14 l6'J2 5'SS 22'45 602 31'37 6'36 38'77 J.5O 
375 3il4 2'47 3'57 4'043 4'06 7'lS 4'54 10'98 4'97 15'77 5'39 21 '69 5'82 30'31 6'15 37'45 375 

toO 2'95 2'39 3'46 4'29 3'9,\ 6'95 4'39 10'6J 4'81 15'27 5'22 21'00 56J 29'304 5'95 36'26 400 
42-' 2'86 2'32 3'35 4'17 3 '82 6'76 4'26 10'32 4'67 14'81 5'06 20'38 5'47 28'47 5'77 35'18 42l 
UJ 2'78 2'25 3.26 4 OS 3'72 6'57 4'14 10'02 4'53 14'40 4'92 19110 5'31 27'67 5'61 304'19 450 

475 2'71 2 ' 19 3')7 3'94 3'62 6'39 4'03 976 4 '41 14'01 4'79 19'27 5')7 26'93 5'46 ll'28 475 
500 2'64 2'13 3'09 3'84 3'52 6'22 3'93 9'51 4'30 13'66 466 IS'78 5'04 26'25 5'll 32'44 500 
S25 2'58 208 3'OZ 3'75 3'43 6'07 3'8J 9 '28 4 'ZO 13'33 4'55 IS'll 4 '92 25'62 5'ZO 31'65 S2l 

550 Z'SZ 2'04 2'95 3'66 3 '35 5'93 J'74 9'07 4'11 13'02 4'45 17'91 4'IiO 2S'OJ 5'08 3092 550 
575 2'46 1'99 2'89 3'SS 3'28 5'80 J '66 887 4'02 12'74 4'J5 17'51 4'iO 24'48 496 30'24 575 
600 NO 1'95 2'8J 3'51 .Nl 5'68 3'S9 8'68 3'93 12'47 4 '26 )7'15 4'60 23'96 4'1j6 29'61 600 

625 236 1 '91 2'77 3'44 3'14 5'56 J 52 8'51 J 'SS 12'ZZ 4'17 16 SO 4'SO ZHS 4'i6 29'02 625 
650 2'31 1'87 2'72 3'37 3'011 5'45 J'45 8'304 3'77 11'98 4'09 16'47 4'42 23llZ 4'67 28'45 6SO 
675 2'27 1'8J 2 '66 J'31 3'02 5'35 J3IJ 11' 19 3'70 11 '75 4'01 1617 4'304 22'59 4'59 2791 675 

700 2'23 1'80 261 3 '25 297 5'26 J'J2 8'04 3'64 11'54 J94 15'87 4'26 ZZ'I8 451 27'42 700 
750 2'52 3'14 2117 5'08 3'21 7'77 3 '51 11 '15 J '81 15'304 412 21'43 4'J5 26'48 750 
BOO Z'44 304 2'78 4 '92 3'U 7'52 J'40 10 SO J'69 14'85 J '99 ZO'75 4'21 25'~ 800 

8.r,() Z'37 295 2'70 4'77 3'01 7'30 3'30 10'48 3SS 14'41 J 'II7 ZO'12 4'09 24'88 8SO 
900 230 287 2'62 4'64 Z'9J 7'09 J'21 10'18 H8 14,00 J 76 19'56 3'97 24'17 900 

9!tO 2'24 2'79 2'55 4'51 2'SS 690 3'12 9'91 338 13'6J 366 1905 386 23'53 950 
IUOO 2'49 4'40 2'711 6'72 3il4 9 '66 330 13'2.'4 J'56 18' Sf> J '76 ZZ'94 1000 

1100 2'37 4'19 2'65 6'41 2'90 9'21 314 12'67 J40 1,.,0 J'59 21'S7 1100 
llOO 2'27 4'01 254 6')4 2'78 1I'81 3'01 12'13 3'25 16'94 3'44 20'94 J.!OO 

1300 244 5'90 2'67 8'47 2. 1165 3'12 16'28 3'30 20'12 1300 
1400 2'35 5'68 2'57 8'16 H8 11'23 3'01 15'69 J'18 19'38' 1-100 

!.SOO 2'27 5'49 2'49 7'88 2'69 10'84 2'91 15'15 J'07 18'72 1500 
1600 2'20 5'32 2'41 7'63 261 10'SO 282 14'67 2'98 18'13 1600 

I 
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1)1 CU ION. 

I-H. H. DARE, Esq., M.E., M.Inst.C.E. 

Mr. DARE: In Mr. Vicars' previous paper he reviewed the­
various formulae which have been invented for dealing with 
the run-off ·from catchment areas. I am quite in accord with 
him. in discarding the majority of these as being unsuitable 
except for looal application. With regard to the remainder, it 
is necessary to make assumptions not only as to the rainfall, 
but also 88 to the slope of the catchment, and a co-eflicient has 
then to be applied, which varies with the nature of the catch­
ment. The slope of the catchment is, as a rule, quite variable. 
In large catchments the probability is that the upper end 
where the main stream takes its rise is steep and rough, and is also 
the country forming the sources of tributaries joining the 
lower portion of the stream j whereas, the catchment along the 
lower portions of the streams may be comparatively level. The 
correct value for •• S II in such cases is most difficult to esti­
matt:, as is also the allowance to be made for .. C," the co­
efficient . 

.As instancing the wide range that exists in the percentage 
run-off from catchments, the following examples are sub­
mitted:-

During the great flood in the Hunter in May, 1913, an 
average of 6 inches of rain fell in four day over a catchment 
of 7,090 square mil . The run-off was about 42 per cent., or ' 
29 cu&ecs per square mile. 

In January, 1911, a heavy rainfall oocured over the catch­
ment area of the Cataract Dam, 54 quare mil The run-otf 
was estimated at 70 per cent. of the rainfall, and at the mw­
mum period of discharge the run-off was 697 cusecs per square­
mile· The average run-ofl for this catchment for the years 
1906-10 w 25.8 per cent. of the rainfall. 

Compare thi latter flgure with the run-ofl on the Goulburn 
River, the main tributary of the Hunter River. Above Rose­
mount, near the junction, the cat.ehment is 3,100 square mil 
and the gauged run-ofl for six years (1907-12) averaged only 
2%, per cent. 

This is not very d,iflerent from the discharge of all the 
rivers in the South Alrican Union, which has recently been 

timated to average about 3th per cent. of the rainfall. 

The run-ofl in the Mauch r Lake district is stated to be 
about 0 per cent. 

In a recent paper read before the Institution of Civil En­
gineers on catchment areas in Scotland, the run-01r from five. 
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:8UU1ll catohments ranging from 1,166 to 6,180 acres each showed 
remarkable results, varying from 76 to practically 100 per cent. 
.of the annual rainfall over a period of years. 

The annual yield of the River Derwent, in Derbyshire, with 
.a catchment area of 31,288 acres, ranged from 85Y2 to 90 per 
cent. of the rainfall for the years 1906-12 inclnsive. 

While the matter under discu ion is the maximum, and 
not the average run-off, these figures will serve to emphasise 
the enormons di1ference that exists in the conditions attaching 
to large catchment areas, and the necessity for the greatest 
~aution in estimating the discharge therefrom. 

For dealing with large catchments I am sure that Mr. 
Vican will agree with me that there is only one satisfactory 
method, and that is to establish a stream gauge and take cur­
rent meter observations. 

Unfortunately, such information is not always available, 
.and some attempt must be made to approximate to the run-oft 
by other means. In this connection the formula proposed by 
Mr. Vicars has a decided advantage, inasmuch as by dispens­
ing with "S" he gets rid of the most difficult factor to esti­
mate, while at the sam£' time fixing a constant which removes 
the responsibility of giving a value to "C" for a strange catch­
ment. 

With regard to its application to storm-water drainage, I 
mave made a rough comparison for a scheme recently prepared 
for Leet.on to,vnship. 

WlIcre A = 148 acres. 
r = 1.9 inches per hour falling. 
C = .40. 
S = 30 feet per 1,000. 

The latter three were &S8UDled for purpose of compariaon. 
The run-01f was then worked out to be:-

By Burkli-Ziegler formula, 75.5 cusecs. 
By McMath formula, 81.7 cnsecs. 
By Vicars' formula, 83.5 cnsecs. 

It is probable that someone else, estimating the value of 
"S, " would give it a quite di1ferent value; but the figures are 
given for what they are worth. The combined value of "c r" 
I have taken to be %in·, which is the &S8UDled run-01f per hour 
for which the scheme was actnally designed, and which gave 
108 cnsecs at the lower end of the main storm water channel 
I am Dot clear whether the formula should be taken as apply­
ing for a low muimum hourly rainfall, such as the above, 
which is moch less than the 4in. maxiDwm given for cities. 
Probably with some experience in working with the formula 
a modification would be made. 
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The direct method of allowing a certain run-off in inehe 
per hour over the whole catchment is that which I have al­
way u8ed for tonnwater drains. The maximum. figure for 
city or suburban areas has usually been taken a 1% inches 
per hour. 1 submit a sketch, howing how the capacity at 
various points of a £10,000 stormwater channel constructed 
recently in one of the suburbs of ydney was arrived at, al­
lowing for l%in. per hour run-off. 0 far a I am aware the 
many torruwater channels round ydney de igned by this me­
thod of arbitrary a umption as to run-off per hour have given 
satisfaction. 

I IL 
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The diagrams accompanying :Mr. Vicars' paper are 
worthy of careful atudy, and I regret that time baa not admit­
Wei of their application, for comparison, in the &hove e:umple. 
Their value will, I consider, be especially apparent in connec­
tiun with law suits for tonnwater damage, when the evidence 
01 careful analysis of the discharge of the drains, afforded by 
an exhibition of the diagrams, should carry great weight with 

jury. 
H.-F. R. HOLLINGS, Esq. 

Mr. HOLLINGS: I shall confine my few remarks to the 
application of formulae to the flood discharge from large catch­
men and compare Mr. Vicars' formula with two or three of 
those in common use, &8 judged from the view-point of one who 
has only to make practical use of such a formula occaaionaUy, 
and baa no intImate knowledge of the locality. 

To begin with, the formulae by Col. Dickens, Fanning, Me­
Coomb, and others, which only apply a co-efficient to a certain 
power of the area in sqnare miles, such as 825 M' are only 
constructed on experience gained in one locality, and would be 
useless in our cue. 

To be in a position to app~ any formula, it would, of 
course, be necessary to make a close inspection of the catch· 
ment, and determine a value for ., C. " The next factor to 
be determined wonld be the rainfall, and in this connection 
it is generally poeaible to obtain reliable information &8 to 
the actual fall in 24 hours, 88 required by the Vical"B' for­
mula; but it is not 80 for the maximum fall in one hour &8 

required by the Burkli-Ziegler and McMath's formulae, 
and it would seem that a day's rain is more reasonably asso­
ciated with a large catchment than that for an hour. But the prin­
cipal advantage, which will specially appeal to men who do 
not make this claM of work a speciality, is the fact that Mr. 
Vicars makes it possible to work intelligently, and to feel that, 
provided Mr. Vicars baa done his part well in constructing 
the formula, the rest depends on judgment; and there is a 
feeling of security, born of the fact that one knows what Mr. 
Vical"B intended. 

Such is not the case with the Burkli-Ziegler and Mc­
Math's formulae, and others which involve the average slope of 
the catchment. Take, for example, BurkH-Ziegler 

'. / 8 - ' ./8 -
- Q = ARC V A or IcMath Q = ARC V - A-

A = Area in acree-
R = Maximum rainfall in one hour. 
C = eo.efBcient of run-off, which accounts for loa 

by evaporation and abeorption. 
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S = '£he average slope of the catchment in feet per 
1,000 feet. 

Q = Discharge in cubic feet per second. 
r = Actual rainfall in 24 hours. 

Would any engineer who wanted to get an idea of the 
quantity of water running off an area, which he knew every 
inch of, be able to satisfy himself as to what these authors 
intended him to call the average slop& of the catchment t 

I have lately been concerned with a law case, in which 
the Government were called on to defend their action in con­
structing a sy tem of swamp drainage works under the Water 
and Drainage Act, which it was said caused a small area near 
the outlet to be flooded more often than previously. In the 
defence, it was proposed to show that the main channel was 
merely a drain, which made no pretence of carrying off flood. 
water, and that, although its capacity was systematically and 
propo11ionately dealt with sufficiently to enable the swamp 
being used for pastoral purpo , still the capacity of the drain 
was insignificant in comparison with the natural discharge of 
the valley, and that there would be no difi'erence during flood 
periods. 

The area of the whole catchment was 25,000 acres, run­
ning back about 11 miles from outlet, with the swampy area, 
8,000 acres, situated two-thirds of the way back. The gradient 
along the valley for the first two miles was about 1 in 2,000, 
nnd for the next 5 or 6 J[liles, almost level; whilst the slopes 
all around the swamp and right back to the boundaries of the 
catchment were something like 1 in 30 or 40. I am. still won­
dering what "average slope of catchment" these authors in­
tended should be used in this case. I shall be much indebted 
to any of the members present for a practical suggestion. 

I observe, in passing, that expert witn in t.ieeJing 
with ordinary undulating country for the purpo of railway 
openings, and also for streams in flatter country, seem to have 
a chronic inspiration that the slope of every catchment is 10ft. 
per 1,000ft. When we remember that we invariably use logs 
in evaluating the formula, it mak one pause and banish the 
thought that the log of 10 being 1 may 'bly account for 
the slope of a con iderable portion of the world' su.rfaee. 

formula by . Chamier (proceedings luat. O.E., part 
iv., 1 97-9) strik out on new lines as regards the treatment 
of the rainfall. The formula . :-

Q = 64() R.O. • 
here R = the average fall ,per hour, taken over an 

estimated period of run-off. 
AI = rea in square miles. 
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In applying this formula, Mr. Chamier first estima 
the time that it will take water falling on the remote parts of 
the catchment to reach the outlet; then, having aacertained 
the maximum rainfall for 24 hours, which is umed to fall 
at the following rates, viz.:-

1.4 maximum fall for 24 hours in 1 hour. 
lh ,,4 
* ,,12 " 
1 ,,24 " 

this is plotted and joined by a curve, and the number of inches 
eorresponding to the estimated period of run-off scaled off the 
eurve, from which the average rainfall in inches per hour to 
be used in the formula is fouud. 

This formula does not seem to be applicable to an area 
such as that previously described. because it would be im­
p 'ble to estimate the period, owing to the exc ively steep 
grade running down to the enormous level swamp, and it would 
therefore be necessary to resort to the oldest inhabitant for 
the information. It also seems to me that it would be more 
reasonable to consider the period of t'llD-off from the cent~ 
of the area than that from the re'mote parts. It was ascer­
tained, from a much more reliable source than the oldest in­
habitant, that the flood water takes about 20 hours to reach 
the outlet, and traverses the flat valley, more or less. like a 
tidal wave; and, as the maximum day's rain is 8 inrht"8. the 
average will be found to be 0.375 inches per hour. 

I have worked out the discharge by all these formulae, • 
"assuming" the average slope of catchment as 15 per 1.000 
(you must never say you guess in a law court; always 8.MUDle 
or estimate), and taking "C" as 0.5, the results are given 
below. Of course, I am not certain that the date is what was 
intended by the authors, or that any of them would consider 
my experience in these matu>rs sufficient to warrant my enter­
ing into this discussion; but I alll not professing to do so from 
the point of view of a specialist. 

Barkli-Ziegler ... Q = ARC· V+-= 26000 x 2 x '5 x 

15 
26000 = 3912 CuMCI. 

Me aU ••.• = ARC' V+-= 26000 X 2 X '6 X 

• .1-1-6-
V 26000 = 6670 CQIeCI. 
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ViCl\1'1I = 1'~7 erA· = l-IS7 x ·6 x 8 x a,y' 21S000· = 1S369 Cuaeca. 

. I " . / -a 
Chr.uuer 640 aver. RC = 640 x '376 x'lS x 'V 41 = 1944 Cu eca. 

The value of "c" was fixed at 0.5, after careful inspec­
tion and consideration of the area, the exe 'vely steep slopes,. 
the permanently wet condition of the swamp and valley., and 
the ize of the area. It is obviou that in dealing with com­
paratively mall areas, consideration would be necessary in the 
direction of increasing the values correspondingly. 

In conclusion, I am sure that we all feel much indebted 
to Mr. Vicars for giving us a formula which can be used with 
as much confidence as those in common use in other branches 
of engineering; and I feel certain that his patient research and 
scientific handling of the problem will earn for him the appre­
ciation of engineers, both at home and over-aeas. 

lII.-R. J. BOYD, Esq., M.E., A.M.I.C.E. 
Mr. BOYD: Mr. Vicars is to be congratulated upon tbe 

further elucidation of the principl involved in his formula 
for the run-off from catchments. Apart from the intrinsic 
value of his formula, Mr. Vicars' remarks emphasised. the fact 
that all uch formulae, hi own included, were to be used with 
caution. It eems curious to me that, while Mr. Vicars has 
criticised the formulae of Burkli-Ziegler, McMath, and 
Adams, because of their area factors At, At, ... nd Al 

• r pectively, and demonstrated that the first was correct, he 
h finally adopted an entirely different one, viz., At. Pr0-
bably similar reasons have actuated the other authorities in 
their departure from the ideal value. 

The papt'r has referred to the attempt of the law courts. 
of dney to fix the fair maximum intensity of rainfall, to 
be provided for in the design of tormwater drains, and men· 
tion 4 inch per hour as the recognised rate. The duration 
of thi rate i not mentioned. Mr. Vicars has published some 
records of heavy rainstorms of Sydney. as supplied by the 
Meteorological Bureau. and me graphs of tb ,as published 
in the trade catalogue of Messrs. Gum,mow, Forrest, and Co., 
Ltd., I have amplified the figures, obtaining values for intervals 
of 5 minut up to SO minutes, and of 10 up to 120 minutes, in 
the fonowiug manner:-

Take the storm of October 12, 1902. Following is th& 
ofBcial record:-

Tim .... 
Rainfall, Ineb. 
Ra", In per boar 

7m. 
o • 

10m. 21 hn. 
1'21 e·., 
2'48 0'80 
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For purpo of interpolation, the amount of rainfall ia 
aSSUDU'd to increase uniformly from Zero, at 0 minutes to 0.49 
at 7 minu ; and from 0.49 at 7 minutes to 1.23 at 30 min­
utes; -and 80 on. So the rainfall at 5 minutes would be taken 
as-

and at 10 minute&-
0.'9 + (1 ·23 - 0·49) (10 _ 7) - 0'69 

(30 _ 7) x -

10 10 10 40 60 eo 70 10 eo 100 110 no MInute.. 
n-. 

From these figures the values of intensities were com­
puted, and then plotted or written down in order of magni­
tude. This has been done for the year 1873 to 1914; the re­
cord for 1844 was not obtained at Observatory Hill, but at 
South Head. It will be noticed that, proportionately, much 
fewer recorda were supplied for the years of last century than 
for this. Given the maximum intensities, it is a simple matter 
to write an equation, which expresses the relation of inteMity 
to time with sufficient accuracy. This relation has been ex­
pressed by Talbot in the equation-

k 
r = t + c where r = rate of rainfall in inchet. 

per hour. 
t = time of fall in minutes. 
k = constant = approL 25 times the maximum fall 

in one day in a 2O-year period. 
e = a eODatant. 
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For Sydney, for the maximum intensity of rainfall for 
periods of from 10. to 120 minutes, this formula wOlllld become-

270 
(1) r = ---::--

t + 30 

But it has the disadvantage of being too small for shorter 
periods than 10 and for longer periods than 100 minutes. I 
would suggest the following as a simple and sufficiently ac­
~urate equation:-

r= 
20 

vt (2) 

This applies to any interval up to 24 hours. 

For rainfalls occuring every 2 yea1'&-
11 

r = --:-== vt 
.and tor yearly falls-

6 
r = --:---vt 

(3) 

(4) 

The latter equations (3) and (4) are based upon the re­
-cords of years 1901 to 1914 only. 

As might be anticipated, maxima intensities of precipi­
tation for periods up to 2 hours almost invariably occur in 
years of Ie than average rainfall. 

The following parallel columns illustrate a wide disparity 
in the co-efficients of run-oft' for nature of ground, as adopted 
by various authorities. 

Co-efficient& Quoted by 
Mr. Vicars in Proc. 

. U.E .. , Vol. xvi., 
1911. 

Nature of Catchment. 
Co-efficient. 

Paved surface as in 
city and steep 
open country. ., 0.75 

Open-grassed country, 0.5 
andy loam soil and 
heavily timbered 
country .. .. .. O.S 

Quoted by M rs. Gum­
mow Forrest, and Co., 

Ltd . 
Nature of Catchment. 

Co-efficient. 
Old city areas clo e-

ly built over . .. 0.8 
New city areas '" 0.6 
Areas 1 closely 

built over - sub­
urbs and coun-
try to1R18 .. 0.4 to 0.5 

Villa suburbs .. 0.3 to 0.4 
Clear building areas 0.2 
Parks, gardens, graz-

ing, and agricul-
tural land 0.15 

Forest lands. .. .. 0.1 
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It is di8lcult to see how any satisfactory general formula. 
could be evolved to embrace aU these varying conditions without 
introducing a parate factor for nature of catchment. Mr. 
ViC8l'll stated, in paragraph 6, that his formula really applied 
to gruaed areas or virgin country. That being so, there could 
be no point in introducing it in a comparison with an an~lyti­
cal determination of the run-01! from a city area. This wu 
proved by the fact that it gave results which varied from 
9 per cent. below to 124 per cent. above those obtained by 
the other method. 

Mr. Vicars has rendered excellent service in proffering 
his graphical method of determining the run-off to be provided 
for in a scheme of drainage. The advantages of. such a me­
thod are obvious, especially 88 an adjunct to and a check on 
the analytical method illustrated in the trade catalogue of 
M . Gummow, Forrest, and Co., Ltd. Several errors and 
omissions in the calculations in the trade catalogue were re­
vealed. For example, the paragraph re Branch Channel 2 
might have read:-

"This branch channel bas a length of 2,310 feet, and the 
water entering at the head of same, at point .. B," will have 
covered, on completion of the period of rainfall, with an aver­
age velocity of 2.5 feet per second, a distance of 720 x 2.5 
(1,800) feet, and reach a point "C," which is 510 feet above 
junction "X." While this water travels from .. C" to "X," 
the upper end of the channel will have emptied for a length of 
510 feet down to a point "P." The maximum Bow then to 
be accommodated at "X" from channel 2 is the full Bow from 
the area below "P," which is equal to-

S 75 IH 0 x 330 . . ~ f 
1. - -~60- = 14.89 acres, gtvmg allOW 0 

14.89 x 4.033 = 60.05 cubic feet per second." 

Had the area contributing been strictly proportional 
to the length of the drain throughout, the above amount would 

have been 18.75 (1 - :;~O ) X 4.033 = 58.9 cubic feet per 

leCond, u given by the graphical method. Tbis latter is, there­
fore. inexact, unl applied in detail to portions of drains 
where the contributing area is of uniform width relatively to 
the drain. 

MAIN CHANNEL 3. 

The calculations for main channel 3 in the trade cata­
logue might have been extended to embrace a consideratiou 
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()f the flow occurring at a point'· K, " at which the head waters 
or channel 1 would have reached at the end of the storm. The 
length of channel 1 being 1,980 feet, velocity of flow 3 feet per 
-second, and torm period 720 seconds, the period elap ing after 

1980 
the e waters passed point" X" would have been 720 - --3--. 
= 60 econd ; thus point "K" would be 60 X 4 = 240 feet 
below " .. ~." Now, at point "K," provision has to be DlJI,de 
for the maximum discharge of channel 1 e.nd partial dis­
charg of channel 2 e.nd 3. Now, at the end of rainfall, the 
head waters of channel 2 have arrived at ,. C, " 510 feet above 
• , . " When the waters from •• C " have passed to •• K, " requir-

ing a time interval of 
IHO 
2'~ + 

240 
4 = 264 seconds. 

the channel 2 will have emptied itself down to a point "Q," 
ituated 264 X 2.5 = 660 feet below "B," leaving the fol-

lowing area, contributing = 1 .75 .-
660 x 3:10 

43560 = 13.75 

acres, giving a run-off of 13.75 X 4.033 = 55.46 cubic feet 
per second, to be provided for at •• K. " 

The que.ntity of water contributed by main che.nnel 3 at 
point" K." at completion of torm, is the run-off of 

240 x 16~ 

43~60 
= 0.91 acre , giving .n X 4.033 = 8.67 cubic 

feet per ond. The total capacity required at point "K" 
is therefore-

From Channel 1 

" 
" 

" 
" 

2 
3 

60.50 cubic ft. per sec. 
55.46 
3.67 

119.63 

" 
" " 

t point •• X, " prov 10n ould be required for 
60.5 + 60.05 = 120.55 cubic feet per second. 

ft- .. ---- ,,8()/-----~~)O~----- I~ O'---------il31"J1D~)16~ 
1-
"=A~~~~ 
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BRANCH CHANNEL 4. 

The two methods give identical figur 
oannel 4. 

MAIN CHANNEL, SECTION 5. 

for branch 

Beside the condition examined in Messrs. Gummow, For­
rest, and Co'a. treatment of this problem, is that of the local 
influence of the flow from sub-areas S.A. 3 and S.A. 4. For, 
-considering the conditions at point "Y" at the end of the 
rainfall period, main channel 5 would be rt'Ceiving water from 
nb-areas S.A. 1, 2, 3, and 4. The head waters of chan­
nel 1 would have arrived at •• K. " For these waters to ar-

• "Y " uld . 2310 - 2'0 nve at , wo reqwre , = 517.5 seconda, 

and by that time channel 1 would have emptied for a length of 
.517.5 X 3 = 1,552.5 feet, leaving an area contributing of 

(1980 - IM2 ·1») x 330 .. 
'3660 = 3.24 acres, glVlOg a run-off 

~f 3.24 X 4.033 = 13.06 cubic feet per second. 
At the end of the storm, the head waters of channel 2 

would have arrived at "C," 510 feet above "X." It woul.l 
._L. rHO 2310 
uue 2T + 4 = 781.5 seconds for the water til 

travel from "c" to "Y." an.' at the enrl of that time chlU:l1el 
"2 would have emptied for a length of 781.5 X 2.5 = 1,95:), i 5 
f .. et feet down to point ., R, ,. leaving au area still contributing 

I 963-76 X 330 . . 
~f 18.75 - 431)60 - = 3.95 IICreR, glVlng Il rUll ·of! of 

3.95 X 4.03.1 = 15.93 cubic feet per secl/nd. 
Had S.A. 2 been uniformly wide, this latter figure would 

1963'75 
have been 18.75 t 1 - - :.1310 - I X 4.033 = 11.66 cubic 

feet per second. 
The head waters of sub-drainage area S.A. 3, entering 

channel 3 at "X" at commencement of storm, would have 
travelled to point •• L, " situated 2,310 - 720 X 4 = 670 feet 
below .. Y," 80 that at end of the rainfall channel 3 would 
be contributing ibJ maximum run-off of 65.54 cubic feet per 

ond to the main channel 5. 
Channel 4, being of similar length and velocity of flow to 

channel 3 would, at the end of storm, also be contributing ita 
foil maximum discharge of 56.72 cubic feet per leeond to 
-channel 5. 

The total capacity, therefore, required at point "Y" in 
main channel 5 is :-


