85
RECORDS OF HEAVY RAINS, SYDNEY WEATHER BUREAU,

Date. Mnmll ':'“sm Heaviest Part of Storm. Heaviest Shower.
Rate Rate Rate
Dur- Total | Dur. Total Dur-
T | ation. Hody || Fall. ’-uon Hoe. || ¥all | ation. | bt
Inches. | hs. ms. | Inch Inch Ihl.ml. Inch Inches. | m. s. (Inches

May 26 ..( 3.26| 22.0| 0.15|( 1.44  0.45| 1.92| 0.20| 3.45| 3.20

Nov. 19 ..| 4.23| 24.0| 0.18( 0.95| 1.0 0.95 || 0.08| 2.9 | 2.24
w 20 ../ 1.20| 6.45| 0.18| 0.40| 0.13| 2.00 | 0.20| 5.0/ 2.40
1901. j

Jan. 1 ..|| 1.10| 0.42| 1.65( 0.20| o.4;" 2.80 | 0.40 | 7.30 | 3.20
- 2 ../ 1.20| 0.560| 1.44|( 0.60 0.15| 2.40 | 0.20 | 4.17 | 2.80
" 21 .. 2.60| 1.46| 1.48| 1.80| 0.25| 4.32 (| 0.20| 1.53 | 6.40

April 28 3.67| 4.0 0.92( 2.40 20| 1.20( 0.20| 330 | 3.45
1902. I I

Oct. 12 ../6.367 | 21.0| 0.30 | 1.23 0.30| 2.46 || 0.49 | 7.0 | 4.20
1904, - 1

July 8 ..(/4.773 | 24.0| 0.20 || 0.62| 1.0 0.62 | 0.20 | 5.27 | 2.20
” 9 .. (12,726 | 24.0 | 0.11 [[0.47 1.0 | 0.47 |0 8.34 | 1.40
1905. | i E |

March 3 ..(/2.026 | 24.0 0.09 | 0.55/ 0.30| 1.10 || 0.20 | 3.45 20
w 22 ..1/2.406 | 6.0 0.40 0.80 1.0 0.80 '(0.20 [ 3.20 | 3.60

April 2 ..|[3.644 | 9.0 0.40( 1.26 0.30| 2.62 | 0.20 | 2.4 | 5.80
1906. , | !

Aug. 81 ..|(3.625 | 18.0 | 0.20 || 0.95| 1.0 0.95 | 0.20 [ 5.0 | 2.40
1907. ; . ‘

March 16 .. | 3.622 i 22.0 | 0.17 [ 0.42 1.0 0.42 |[0.16 | 7.44 | 1.24
1908. ‘ .

July 28 ..|[5.715  24.0 0.24 | 0.66 1.0 0.66 | 0.16 | 7.30 | 1.28
1910. ‘ ‘ | .

July 18 .. 2.937 | 9.0/ 0.33 [0.36 1.0| 0.36 [[0.13 | 2.44 | 2.86
w 19 ..ll2.072 | 7.0 0.30 | 0.79 1.0| 0.79 [0.16 | 3.32 | 2.72

Dec. 1 ..//0.929 | 1.30 | 0.62  0.85 0.30 | 1.70 [0.16 | 2.13 | ¢.27
1911, f | l ‘ !

Jan. 12 .. (|7.077 | 24.0 | 0.30 | 1.47 1.0 | 1.47 [[0.16 | 1.28 | 6.56

April 17 .. [/2.167 [12.30 | 0.77 || 1.20 ' 1.15 | 0.96 |0.21 ‘ 5.0 252

Dec. 1 .. (2,175 (20.30 | 0.12 | 0.65 2.0/ 0.33 0.10 | 1.30 | 4.00
1912, ,

Feb. 25 2.892  14.0 | 0.21 | 1.32 | 0.30 | 2.64 .!o.n 5.0 4.56
. 29 4.4056 8.0 0.56 1.67 0.30  3.34 0.50 6.0  65.00

March 29 0.780 0.40 1.17 | 0.78  0.40 | 1.17 0.20 ' 2.30 4.80

April 10 1.516  17.0 0.09 | 0.59 | 1.0 | 0.59 0.17 | 3.0  3.40
. 22 3.374  24.0 0.14 [ 0.70  0.40  1.05 0.28 (4 2/7 | 392

May 24 .. [[1.6556 ' 24.0 0.69 [ 0.70 1.5 0.65 0.15 4.0 | 2.2
1913. 1 : ) BTl :

Mar. 8 to 9/ 6520 17.0 0.38 ;;{::::1 ol.,:l :.1:]:[0.50 | 3.20 9.00

April 7 .. (/3.814 24.0 | 1.59 | 0.78 | 0.41 ‘ 114 0.28 | 3.0 |5.60

May 7..(2.019 9.0 0.22 0.67 0.20 2.01 [0.40 | 7.0 | 3.47
- 14 .. (1.627 | 24.0 0.07 0.30  0.31 | 0.58 [0.07 | 1.0  4.20
- 16 .. [[2.619 | 24.0 | 0.11 [0.72 1.47 0.49 0.056 | 1.0 | 3.00

June 12 .. 2.321 | 24.0 | 0.10 0.65 | 0.46 | 0.85 [0.13 | 3.30 | 2.23

July 1 .. |2.471 | 15.0 | 0.16 | 0.38 | 0.28 | 0.81 ‘0.07 [ 1.40 | 2.52
1914 | il { | mins.

Mar. 20-21 3371 14.0 | 0.24 | 1.68 | o.20 5.04 ‘lo.so 2 6/7 [10.50

For records for Melbourne, Brisbane, Perth and Hobart, see pp. 109, 110, 111.



VELOCITY AND DISCHARGE OF CIRCULAR MONIER PIPES RUNNING FULL
V—Velocity in Feet per Second
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1ft. 6in. 1ft.9in, 2ft. Oin. 3t Oin. 3ft. 6in, 41t Oin. 4t 6in. Sf.O0in. | Sft.6in 61t. Qin.
v D v D b 4 D 4 D A D v D \% D \'% D v D v D
14°61 | 25821 1629 | 39-18| 17°88 | 56°17 |

12°65(22°36| 14°11 | 33-93 | 15°48 | 48'65 2041 | 144°24

11°32| 2000 | 12°62 | 30°35 | 13°85 | 43°51 18 25 | 129°01 | 20°23 | 194'64

10°33 | 18°26 | 11°52 | 27°70 | 12°64 | 39-72 16'66 | 117°51 | 18°47 | 177°69 | 20°16 | 253°31

9°56 [ 16"90 | 1067 | 2565 | 11°70 | 36°77 15°43(109°03 | 17°10 | 164°50 | 1866 | 23448 | 2014 | 320°35

8951581 | 998|2399|1095| 3440 1443 { 102°00 | 15°99 | 153°88 | 17:46 | 219-38 | 18'84 | 299°66 | 2017 | 396°13

8'44 11491 | 941 |22°62| 10°32 | 32°43 13°60 | 96716 1509 | 14508 | 16°46 | 206'83 | 17°76 | 282°52| 19°02 | 37344 | 2021 | 48012

800 (14°14| 892|2146| 9779|3076 1291 | 91°22|14:31|137°63| 1561 [ 196 21 | 1685 |.26803 | 1804 | 354'31 | 1918 | 455°48 | 20°27 | 573-05
7°63|1348| 8°51|2046| 9'34(29'33 12'31| 86°98|13°64 | 130°93 | 14'89 | 18708 | 16 07 | 255°55 | 17°24 | 337°82 | 1828 | 434-29 | 19°32 54639
7°3111291| .8'15(19'59| 8942808 11°78 | 83-27| 1306 | 125°64 | 14'25 | 17912 | 15°38 | 244'67 | 16'47 | 323'44 | 17°50 | 415°80 | 18°S0 52312
7°02{12°40| 7-83|18'82| 8592698 11°32| 8001 12-55|120°71 13°69 | 17209 | 1478 | 23507 | 1583 | 31075 | 16'81 | 399-49 | 17°78 | 502:60
6761195 7-54|18°14| 8'28 | 26°00 1091 77°10|12°09 | 116°32| 13°20 | 165°82 | 1424 | 226°52 | 1525 | 29945 | 1620 | 384'95 | 17°13 | 484-32
6'53111'S5| 7°29{17°53| 8002512 1054 | 7448|1168 | 112:38| 1275|160 21 | 1376 | 21884 | 1473 | 28929 | 15'65 | 37189 | 1655 | 467-90
6'33(11°18| 7°05(1697| 7°74|24°32 1020 | 72°12|11°31|108°81} 12:34 | 15512 | 13°32 | 211'90 | 14'26 | 280°11 | 15°16 | 36009 | 16°02 | 453-04
614 |10°85| 6°84|16°46| 7°51|23°60 9'90 | 6996|1097 | 105°56 | 11°98 | 15049 | 1292 | 205°57 | 13:84 | 271'74 | 14'70 | 349-34 | 15°54 | 439-51
596110°54| 6°65)11599| 7°30|22°93| 8 9°62 | 68°00 | 10°66 | 102'57 | 1164 | 14625 1256 | 19977 | 1345 | 26409 | 14:29 | 339°50 | 15°11.| 427°13
580 |10°26| 6°47 [15°S7| 7°10|22°32| 828 9:36| 66°18|10°38| 99'85) 11-33 | 142:35| 12:22 | 194'45| 13-09 | 25704 [ 1391 | 330°45 14'70 | 415-84
5°66 [ 10°00| 6°31|15.17| 6°92|21'75| 807 9°13| 64'50| 1012 | 97°32| 11°04 | 13874 | 1192 | 189'52| 12'76 | 250°54 | 13°56 | 322 07 | 14-33 | 405°21
5°52| 9°76| 6°16|14'81| 676]|21°23| 788 890 62°95| 9'87| 9497|1077 | 135°40| 1163 | 18495| 12'45 | 244'51| 1323 | 314-32| 13-99 | 395-44
5:39| 9°53| 6'02|14'47| 660|20°74| 770 870 61°50| 9'65| 92'79| 10°53 [ 132-29| 11°36 | 18062 | 1217 | 238'87 | 1293 | 307°09 | 13'66 | 386'34
5:28| 9:32| 588|14'15| 6°46|20°29| 7°53 8'51| 60°15| 9'43| 90°75| 10°30 | 129-38| 1111 | 176:73| 11*90 | 233'62 | 12 64 | 30034 | 13'36 | 377°86
$17| 913 | 576(13°85| 6'32|19°86| 7'37 8'33| 58'88| 923 88'84|10°08 126 65| 108817301 1165 | 22871 | 12 37 | 294°01 | 13°08 | 369°90
5°06| 894| 5'64|13'57| 6°19/19'46| 7°22 8:16| 57°69| 9°04| 87°05| 987 | 12409 1066 | 169°52| 11'41 | 224-08 | 12-12 | 288-07 | 1282 | 362'42
4'96| 877| 5'53|13'31) 6'07|19-08{ 708 800| 56°58| 8'87| 85°36| 96812169 1045|16622| 1119 | 21973 | 11'89 | 282'48!-12°56 | 355°39
4'87| 860| 543(1306| 596|1872| 695 7'85| 55'52| 870 | 83'76| 9°50|11941|1026|16311| 1098 | 21563 | 1167 | 277°20) 12°33 | 348'75
478| 8'45| 5°33|1282| 5'85(18°39| 6'82 7°71| 54°52| 8'S5| 8225| 9°33|11726( 1007 | 16017 | 1078 | 21174 | 11'46 | 272'20| 12°11 | 342°46
470| 830| 524112'60| 575(1807| 670 7°58| 53-57| 8'40| 80'83| 917 |11522| 990|157°39| 1060 | 20806 | 11-26 | 267°47 | 11°90 | 336°51
4'62| 816| 515|12°39| 565(17:76| 6'59 7°45| 52°67| 826| 79'46| 901|11328| 973 |154:74| 1042 | 204'56 | 1107 | 262°97 | 11°70 | 330"85
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VELOCITY AND DISCHARGE OF CIRCULAR MONIER PIPES RUNNING FULL.

D—Discharge in Cubic Feet per SBecond [&§
———
1ft.6in. 1ft. 9in. 2ft.0in. 21ft. 6in, 3ft Oin. 3ft. 6in. 4ft. Oin. Oﬁ.éin. Sft. Oin. Sft. 6in: 6. Oin.
Gra v D v D \% D A\ D A% D v D v D W D v D v D D |Grade
lin 1%in
325| 444 | 784, 495|11'90| 543 |17°06| 6°33 | 31°08 | 7°16 [ S0°60| 7°93 | 76°25| 866 [ 10884 | 935 | 148'67 | 10-00 | 196°53 | 1063 | 25266 317'87| 325
350 | 428 | 756 | 4'77 [11°47| 5°23 | 16'44| 6°10 (2995 | 690 [48'76| 7°65 | 73'57| 8'35 | 104'88| 901 |14326| 964 (18939 1025 | 243°47 306°31| 350
375| 413 | 7730 | 461 [11°08| 506 |1588| 589 | 28'93| 666 |47°11| 7°39 |71°07| 8 06 | 101°'32| 870 |138'41| 932|18296| 99023521 295'92| 375
400 | 400 | 7707 | 4'46 | 10°73| 4°90 | 15°38| 571 |2802| 6'45 [45°61| 7°15 | 68'81| 7°81 | 9811| 842 [13401| 902|177-15| 958 | 22758 286'39| 400
425 | 388 | 686 | 433 [1041| 475 |14'92| 554 [27°18| 626 |44'25| 6'94 |66 76| 7°58 | 9518| 818 (13001| 875|17186| 930|220°94 277°97| 425
450 | 377 6'_66 4.21 [10°12| 462 [14'50| 538 |26'41 | 609 [43°00| 674 | 64'88| 736 | 92°S0| 795 |126°35| 8'50|16690| 904 |214'71 270°14| 450
475 | 367 | 6°49 | 409 | 9'85| 449 |14'11| 524 | 2570 592 [41°85| 6°S57 | 63°15| 7°17 | 9003| 773 | 12298 828|162°'57| 880 | 20899 262'93| 475
s00| 3°58 | 633 399 | 960| 438 |13:76| 510 [25°06| 577 [40°80| 6°40 [ 61°55| 699 | 8775| 754 |11986| 807 |15845| 85820370 256'28| S00
525 | 349 | 6°17 | 389 | 936| 427 |[1343| 498 [2445| 563 [3981| 625 |6007| 681 | 8563 735 |11697| 788 |15463| 83719879 250°10| S25
550 | 341 | 603 380 | 9:15| 417 [13-12| 4'87 | 23'89 | 5'50 | 38 90| 610 | 58'69| 6'66 | 8366| 719 [11429| 7:70|15108| 817 |194-22 24435 550
575| 334 | 590 | 372 | 895| 408 |12:83| 476 |23:36| 5'38 |38°04| 596 | 57°39| 6°51 | 8183 | 703 1111776 7'52(147'76| 79918995 23898| 578
600 | 327 | $77| 364 | 876| 400 |12:'56| 4:66 | 2287 | 527 |37°24| 5'84 | 56°19| 6'38 | 80'10| 687 |10942| 7°37|14464| 7°83| 18595 23395| 600
625 | 3:20| 566 | 357 | 858| 392 |12:'30| 4'57 | 22'41 | 516 | 36°49| 572 | 55°05| 625 | 7848| 674 :107°21( 7-22 (14171 767 |182°'19 22922| 625
650] 314 | 5°55| 350 | 842| 384 |12:07| 448 |21'97| 506 |3578| 561 |S398' 613 | 7696| 661 |10513| 707 |13897| 7°52|178'65 224'77| 650
675| 308 | S44| 343 | 826( 377 |11'84] 439 |21'56| 497 | 35'13| S5'SO 15297 | 601 | 7552 6'49 |103'16| 694 (13637 7°38|175 31 220°57| 675
700 | 3°02 | 5:35| 337 | 811| 370 | 11'63| 431 | 21°17| 4'88 | 34'48| 5S40 | 5202 | 590 | 7416 637 | 10124 68113391 7°25|172"1§% 216°'59| 700
750 | 292 | 517 | 326 | 7°83| 3°58 [11°23]| 417 (2046 4'71 | 33°31| 522 |50°25]| 570 | 71'65| 616 | 9787 6°59|12937| 70016632 209°25| 750
800 | 2'83 | 500 | 315 | 7.59| 346 {1087 403 | 1981 | 456 | 32:25| 506 | 4866 | 5'52 | 69:37| 596 | 9476| 638)|12536| 67816104 202°60| 800
850 | 274 | 485 306 | 7°36| 336 |10°55| 391 |19°22| 443 |31'29| 490 | 47°21 | 5'35 I 67°30| 578 | 9193! 619 | 121'52| 657 | 156°27 196°55| 850
900 | 2°67 | 471 | 297 | 7°16| 326 |10°25| 3'80 |18'68| 430 |30'40| 477 |4588| S20 | 6540| 562 | 8934 602/11810| 639|151'83 191°00| 900
950 | 260 | 459 | 289 | 696| 318 | 998) 370 [ 1818 | 4°'18 |29'60| 464 |44°65| S06 | 6366( 547 | 8696! 586 |11495| 622 |147°78 18592 9”'
1000 | 253 | 447 | 282 | 679] 310 ]| 974| 361 |17°72| 4°08 |28 85| 4°52 | 43°52| 4'94 | 62°05]| S33 | 8475, 57111204 60614403 181-21| 1000
1100 269 | 6'47| 295 | 928| 344 |16'89| 389 |27°51| 4'31 4}'50 471 | 59°'16| S08 | 8081| 544 |10683| 578|137°32 17279 | 1100
1200 258 620} 283 | 8'88| 330 [16°18]| 373 [26°33| 413 [39°73| 451 | S664| 486 | 77°37| 521|10228| 553|131'49 16509 1200
1300 272 853] 317 [1554| 358 |2530| 397 [ 3817 | 433 | 5442| 467 | 7434| 500| 9827| 532|126°33 15894 | 1300
1400 262 | 822] 305 |1497| 3'45 [24'38] 3'83 (3678 417 | S244| 450 | 7164| 482 9470] S12|121'74 15315 ,1400
1500 253 | 7°94| 294 |14°48| 3°33 |23°56| 370 | 35'54| 403 | S066| 435 | 6920| 466| 9148| 495|117°60 14795 l”
1600 285 |14°00 | 323 |22°'80| 3°58 | 34°41| 390 | 4905] 421 | 6701| 451 8858 479|113'88 143°26 l@




VELOCITY AND DISCHARGE OF OVIFORM MONIER PIPES RUNNING FULL

V—Velocity in Feet per Second D—Discharge in Cubic Feet per Becond [
in. 3in. x 10in. |1t 6in, x 1Mt 1infIft. 9in. x 1t 4inf20t. lin. x 1ft. 63in2ft. Sin. x 1ft. 9in.kft.9in. x1ft.11§in [3ft. 3in.x 2ft 2in.3ft. 6in. x 2(t. 4in]
Grade \% D \% I D v D \Y D v D \Y D A\ D A% D Grade

1in lin
30 | 1076 871 1262 1568 | 1436 | 25'38 16'04 3883 | 17°57 5576 | 1904 7669 | 20°57 |107°16 | 21°73 |132:42 30
40 9:32 7°54 | 1093 1358 12°43 | 2198 13°89 3363 | 1521 | 4829 | 1649 6642 | 17°81 92:81 | 1882 |114°68 40
50 834 675 978 12°14 11'12 19°66 12°42 3008 | 1360 4318 | 1475 5941 1594 83'01 1683 (10257 50
60 7°61 616 893 1109 10°15 1795 11'34 2746 | 12°42 3943 | 13°46 54:23 | 14'55 75°77 | 1537 9363 60
70 704 570 827 1026 940 16'62 10°50 25'42 | 11'50 36'50 | 1246 50°20 | 13-47 70°15 1423 86°69 70
50 6'59 533 773 961 880 | 1554 9'83 2378 | 1075 3415 | 11'66 46°96 | 12°60 6562 | 13:31 8109 80
90 621 503 729 905 829 14°66 926 2242 | 10'14 3219 | 10099 4428 | 11'88 61°87 | 12°55 76°45 90
100 589 477 691 859 7°86 1390 878 21°27 9°62 30°54 | 10743 4211 | 11°27 5870 | 11'90 7253 100
110 562 4'55 6°60 819 7°50 13:25 838 20°28 917 2912 994 4005 | 1074 5596 | 1135 69'16 110
120 538 435 631 7'84 7°18 1269 802 19°41 878 27°88 9-52 3835 | 10029 5358 | 1087 66°21 120
130 517 418 606 7°54 69 12°19 770 18°65 844 26'79 915 3684 988 51°48 | 10044 63°61 130
140 498 403 584 7°26 6'65 11'75 742 17°98 8§14 25°81 881 3550 952 4961 1006 6130 140
150 4'8] 389 564 701 642 11'35 717 17°37 786 2494 851 34°30 920 4792 972 5922 150
160 4°66 n 5-47 6'79 6°22 10°99 695 16°81 761 2414 825 3321 891 46'40 9-41 57°34 160
170 452 366 530 6'59 6°03 1066 674 16°31 7°38 2342 800 32°22 865 4501 913 5562 170
180 49 355 5’16 640 586 1037 6°55 15°85 7°17 22176 777 3131 840 4375 888 54°06 150
190 4'% 346 502 623 571 10°09 6'38 1543 6'98 22°16 756 3047 817 42'58 864 52:62 190
200 41 337 489 | 607 556 9°83 621 1504 6°80 21'S9 7°37 29°70 797 41°50 842 51°28 200
210 407 329 477 592 543 960 606 14°67 664 21'05 7°20 28'99 778 40°50 821 50705 210
220 398 322 466 579 531 937 592 14°34 6'49 2059 7°03 2832 760 39°58 803 45°90 220
230 389 315 456 566 519 917 579 14°03 635 20°14 6°88 27°70 7°43 3870 7'85 4782 230
240 381 308 446 554 508 898 567 1373 621 1971 673 27°11 727 37°89 7‘6_8 46°82 240
250 373 302 437 543 497 8'50 556 13°45 6'09 19°32 660 2657 7°13 3712 7°33 4587 250
260 365 296 429 533 4'88 862 545 1319 597 18°94 647 26°05 699 36°40 7°38 4498 260
270 358 29 421 523 479 846 535 12°94 585 18'39 6'35 2556 586 3572 | 725 4414 270
280 352 2'85 413 513 470 831 525 12’71 575 18°25 623 25°10 574 35'08 712 43°35 250
290 346 280 4'06 504 4'62 816 516 12°'49 565 17'93 613 24°67 6'62 3447 6'99 42'59 290
300 340 2'76 399 496 454 803 507 12'28 585 17°63 6°03 2425 6°51 33'89 688 4187 300
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D—Discharge in Cubic Feet per Bound.'

VELOCITY AND DISCHARGE OF OVIFORM MONIER PIPES RUNNING FULL

V—Velocity in Feet per Second
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DISCUSSION.
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 local application. With regard to the remainder, it
is necessary to make assumptions not only as to the rainfall,
but also as to the slope of the catchment, and a co-efficient 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; whereas, the catchment along the
lower portions of the streams may be comparatively level. The
correct value for ‘‘S’’ in such cases is most difficult to esti-
mate, 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 days over a catchment
of 7,090 square miles. The run-off was about 42 per cent., or
29 cusecs per square mile.

In January, 1911, a heavy rainfall occured over the catch-
ment area of the Cataract Dam, 54 square miles. The run-off
was estimated at 70 per cent. of the rainfall, and at the maxi-
mum period of discharge the run-off was 697 cusecs per square-
milee  The average run-off for this catchment for the years
1906-10 was 25.8 per cent. of the rainfall.

Compare this latter figure with the run-off on the Goulburn
River, the main tributary of the Hunter River. Above Rose-
mount, near the junection, the catchment is 3,100 square miles,
and the gauged run-off for six years (1907-12) averaged only
214 per cent.

This is not very different from the discharge of all the
rivers in the South African Union, which has recently been
estimated to average about 314 per cent. of the rainfall.

The run-off in the Manchester Lake district is stated to be
about 80 per cent.

In a recent paper read before the Institution of Civil En-
gineers on catchment areas in Scotland, the run-off from five
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small catchments ranging from 1,166 to 6,180 acres each showed
remarkable results, varying from 76 to gmtxc&lly 100 per cent.
of the annual rainfall over a period o

The annual yield of the River Derwent, in Derbyshire, with
a catchment area of 31,288 acres, ranged from 8514 to 90 per
cent. of the rainfall for the years 1906-12 inclusive.

While the matter under discussion is the maximum, and
not the average run-off, these figures will serve to emphasise
the enormous difference that exists in the conditions attaching
to large catchment areas, and the necessity for the greatest
caution in estimating the discharge therefrom.

For dealing with large catchments I am sure that Mr.
Vicars 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-off
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 same 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 Leeton township.

Where A = 148 acres.

r = 1.9 inches per hour falling.

C = 40.

S = 30 feet per 1,000.
The latter three were assumed for purpose of comparison.
The run-off was then worked out to be:—

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

It is probable that someone else, estimating the value of
““S,”” would give it a quite different value; but the figures are
given for what they are worth. The combined value of ‘‘c r
I have taken to be 34in-, which is the assumed run-off per hour
for which the scheme was actually designed, and which gave
108 cusecs at the lower end of the main stormwater channel.
I am not clear whether the formula should be taken as apply-

ing for a low maximum hourly rainfall, such as the above,
wlnch is much less than the 4in. maximum 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 inches
per hour over the whole catchment is that which I have al-
ways used for stormwater drains. The maximum figure for
city or suburban areas has usually been taken as 115 inches
per hour. 1 submit a sketch, showing how the capacity at
various points of ‘a £10,000 stormwater channel constructed
recently in one of the suburbs of Sydney was arrived at, al-
lowing for 114in. per hour run-off. So far as I am aware the
many stormwater channels round Sydney designed by this me-
thod of arbitrary assumption as to run-off per hour have given
satisfaction.
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The diagrams accompanying Mr. Vicars’ paper are
worthy of careful study, and I regret that time has not admit-
ted of their application, for comparison, in the above example.
Their value will, I consider, be especially apparent in connee-
tion with law suits for stormwater damage, when the evidence
of careful analysis of the discharge of the drains, afforded by
an exhibition of the diagrams, should carry great weight with
a jury.

II.—F. R. HOLLINGS, Esq-

Mr. HOLLINGS: I shall confine my few remarks to the
application of formulae to the flood discharge from large catch-
ments, and compare Mr. Vicars’ formula with two or three of
those in common use, as judged from the view-point of one who
has only to make practical use of such a formula occasionally,
and has 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 square miles, such as 825 M' are only
constructed on experience gained in one locality, and would be
useless in our case.

To be in a position to apply 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 would be the rainfall, and in this connection
it is generally possible to obtain reliable information as to
the actual fall in 24 hours, as required by the Vicars’ for-
mula; but it is not so for the maximum fall in one hour as
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 class of work a speciality, is the fact that Mr.
Vicars makes it possible to work intelligently, and to feel that,
provided Mr. Vicars has 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.
Viecars intended.

Such is not the case with the Burkli-Ziegler and Me-

Math’s formulae, and others which involve the average slope of
the catchment. Take, for example, Burkli-Ziegler

- Q= ARC‘V- -SA--- or McMath Q = ARC"\/%—

A = Area in acres

R = Maximum rainfall in one hour.

C = Co-efficient of run-off, which accounts for loss
by evaporation and absorption.
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S = The 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 slope of the catchment?

1 have lately been concerned with a law case, in which
the Government were called on to defend their action in con-
structing a system 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
proportionately dealt with sufficiently to enable the swamp
being used for pastoral purposes, still the capacity of the drain
was insignificant in comparison with the natural discharge of
the valley, and that there would be no difference 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,
and for the next 5 or 6 miles, 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 witnesses in dealing
with ordinary undulating country for the purposes 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 makes one pause and banish the
thought that the log of 10 being 1 may possibly account for
the slope of a considerable portion of the world’s surface.

A formula by Mr. Chamier (proceedings Inst. C.E., part
iv., 1897-9) strikes out on new lines as regards the treatment
of the rainfall. The formula is:—

Q — 640 RCM!

Where R = the average fall per hour, taken over an
estimated period of run-off.

M = Area in square miles.
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In applying this formula, Mr. Chamier first estimates
the time that it will take water falling on the remote parts of
the catchment to reach the outlet; then, having ascertained
the maximum rainfall for 24 hours, which is assumed to fall
at the following rates, viz.:—

14 maximum fall for 24 hours in 1 hour.

% ” 4 "
% » 12,
1 ” 24 ”

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

This formula does not seem to be applicable to an area
such as that previously described, because it would be im-
possible to estimate the period, owing to the excessively 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 run-off from the centre
of the area than that from the rcmote 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 inches, 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 assume
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 matters sufficient to warrant my enter-
ing into this discussion; but I am not professing to do so from
the point of view of a specialist.

- ‘,\/ ]
Burkli-Ziegler ... Q = ARC i = 256000 x 2 x ‘5 x

‘n/ 5
35000 = 3912 Cusecs.
McMath ... ... = ARC A/ A_ﬁ = 25000 x 2 X 5 X

s 15
‘\/ 3 = 5670 Cusecs.
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Vionrs = 157 CrAd = 167 x 5 x 8 x"A/ 25000" — 5369 Cusecs.

Chamier 640 aver. RCM' = 640 x 3765 x5 x ‘V 41" = 1944 Cusecs.

The value of ‘‘C”’ was fixed at 0.5, after careful inspec-
tion and consideration of the area, the excessively steep slopes,
the permanently wet condition of the swamp and valley, and
the size of the area. It is obvious that in dealing with com-
paratively small 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-seas.

III.—R. J. BOYD, Esq., M.E., AM.I.C.E.

Mr. BOYD: Mr. Vicars is to be congratulated upon the
further elucidation of the principles 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 such formulae, his own included, were to be used with
caution. It seems curious to me that, while Mr. Vicars has
criticised the formulae of Burkli-Ziegler, MeMath, and

Adams, because of their area factors A%, A% and A#
respectively, and demonstrated that the first was correet, he

has finally adopted an entirely different one, viz., AY  Ppro
bably similar reasons have actuated the other authorities in
their departure from the ideal value.

The paper has referred to the attempt of the law courts
of Sydney to fix the fair maximum intensity of rainfall, to
be provided for in the design of stormwater drains, and men-
tions 4 inches per hour as the recognised rate. The duration
of this rate is not mentioned. Mr. Vicars has published some
records of heavy rainstorms of Sydney, as supplied by the
Meteorological Bureau, and some graphs of these, as published
in the trade catalogue of Messrs. Gummow, Forrest, and Co.,
Ltd., T have amplified the figures, obtaining values for intervals
of 5 minutes up to 830 minutes, and of 10 up to 120 minutes, in
the following manner:—

Take the storm of October 12, 1902. Following is the
official record :—

Time... Tm. 30m. 21 hrs.
Rainfall, inches ... 049 123 6-367
Rate, inches per hour 42 246 0-30
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For purposes of interpolation, the amount of rainfall is
assumed to increase uniformly from Zero, at 0 minutes to 0.49
at 7 minutes; and from 0.49 at 7 minutes to 1.23 at 30 min-
utes; and so on. So the rainfall at 5 minutes would be taken
as—

b x 049
— = 0-35
and at 10 minutes—
. (128 — 049y _ .
049 + “@o =7 X 10-=1 = 059

10 2 30 5 60 70 80 90 100 110 120 Minutes.
Time.

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 records 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 intensity
to time with sufficient accuracy. This relation has been ex-
pressed by Talbot :n the equation—

P where r = rate of rainfall in inches

per hour.

t = time of fall in minutes.

k = constant — approx. 25 times the maximum fall
in one day in a 20-year period.

e = a constant.
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For Sydney, for the maximum intensity of rainfall for
periods of from 10 to 120 minutes, this formula would become—
= 210 1)
T t43 7
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-
curate equation:—

20
Vi @)

This applies to any interval up to 24 hours.

r=

For rainfalls occuring every 2 years—

11
TV @)
and for yearly falls—
6
= 4
’ vV )

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 oeccur in
years of less than average rainfall.

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

Co-efficients Quoted by Quoted by Messrs. Gum-

Mr. Vicars in Proc. mow Forrest, and Co.,
S.U.E.S., Vol. xvi., Ltd.
1911. Nature of Catchment.
Nature of Catchment. Co-efficient.
Co-efficient. Old city areas close-
Paved surface as in ly built over . .. 0.8
city and steep New city areas .. . 0.6
open country. .. 0.75 Areas less closely
Open-grassed country, 0.5 built over — sub-
Sandy loam soil and urbs and coun-
heavily timbered try towns .. 0.4 to 0.5
country .. .. .. 03 Villa suburbs .. 0.3 to 0.4

Clear building areas 0.2
Parks, gardens, graz-
ing, and agricul-
taral land .. .. 0.15
Forest lands. .. .. 0.1
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It is difficult to see how any satisfactory general formula
could be evolved to embrace all these varying conditions without
introducing a separate factor for nature of catchment. Mr.
Vicars stated, in paragraph 6, that his formula really applied
to grassed areas or virgin country. That being so, there could
be no point in introducing it in a comparison with an analyti-
cal determination of the run-off from a city area. This was
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 as an adjunct to and a check on
the analytical method illustrated in the trade catalogue of
Messrs. 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 has 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 flow then to
be accommodated at ‘‘X’’ from channel 2 is the full flow from
the area below ‘‘P,”’ which is equal to—

510 x 330 . s
18.75 — _—T;GO_ = 14.89 acres, giving a flow of

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

510 .
have been 18.75 (1 — 5375~ ) X 4.033 = 58.9 cubic feet per

second, as given by the graphical method. This latter is, there-
fore, inexact, unless 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 consideration
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of the flow occurring at a point ‘‘K,’” at which the head waters
of 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 storm period 720 seconds, the period elapsing after
1980

i 3

= 60 seconds; thus point ‘‘K’’ would be 60 X 4 = 240 feet
below ‘‘X.”” Now, at point ‘‘K,’”’ provision has to be made
for the maximum discharge of channel 1 and partial dis-
charges of channels 2 and 3. Now, at the end of rainfall, the
head waters of channel 2 have arrived at ‘‘C,”’ 510 feet above
“‘X.”” When the waters from ‘‘C’’ have passed to ‘‘K,’’ requir-

510 240
25 + - 3 = 264 seconds,

these waters passed point ‘‘X’’ would have been 720 —

ing a time interval of

the channel 2 will have emptied itself down to a point “‘Q,”’
situated 264 X 2.5 = 660 feet below ‘‘B,”” leaving the fol-

. _— i, 660 x 330
lowing area, contributing = 18.75 -— 43360 = 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 quantity of water contributed by main channel 3 at
point ‘‘K,’” at completion of storm, is the run-off of

240 x 165 .. .
43860  — 0.91 acres, giving .91 X 4.033 = 3.67 cubie

feet per second. The total capacity required at point ‘K"’
is therefore—

From Channel 1 .. 60.50 cubic ft. per sec.
" " 2 .. 5546 "
» » 3 .. 3.67 "

”

”

119.63

At point ‘‘X,’’ provision would be required for
60.5 + 60.05 = 120.55 cubic feet per second.

fe—=-o- \980" ----- -3 330k— -~ 19807~ -~ ----—}33043305330
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BraNcH CHANNEL 4.

The two methods give identical figures for branch
<channel 4.

MAIN CHANNEL, SECTION 5.

Beside the condition examined in Messrs. Gummow, For-
rest, and Co’s. 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 receiving water from
sub-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-

2310 —
rive at “Y,” would require ~0~-4 o = 517.5 seconds,
and by that time channel 1 would have emptied for a length of
5175 X 3 = 1,552.5 feet, leaving an area contributing of

1980 — 15525 330

( 43560) - = 3.24 acres, giving a run-off
of 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 would

take :]: 2341 S - 781.5 seconds for the water to

travel from ‘““C’’ to “‘Y.”’ and at the end of that time charnel
2 would have emptied for a length of 781.5 X 2.5 = 1,953.75
feet feet down to point “*R,’" leaving au area still contributing

- 30
of 18.75 — 1953:;5%—3~ = 3.95 acres, giving arun-off of

395 X 4.033 = 1593 cubic feet per second.
Had S.A. 2 been uniformly wide, this latter figure would

have been 18.75 { 1 - il ! X 4.033 = 11.66 cubic

2310
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 = 570 feet
below ‘‘Y,”” so that at end of the rainfall channel 3 would
be contributing its maximum run-off of 65.54 cubic feet per
second 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 its
full maximum discharge of 56.72 cubic feet per second to
channel 5.

The total capacity, therefore, required at point “‘Y’’ in
main channel 5 is:—




