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Table 119,—Dates of maximum rainfall for 1, 2, 3, 4, 6 oonseoutive days.

Mahanadsi Catchment Section I, 1891—1928, July—September.

Year 1 day 2 days 3 days 4 days 6 days
1891 o214 Jrzf a2 Ji3| 120 S12) 102 J15| 88 J15
92 | 179 A3l 1n A31| 92 J18| 5 Jiz| a3 Jo1
03 | 239 S23| 157 S24| 1-17 S24 92 S24 70 S 24
94 vo | 1477 J 24| 1:22 J25 97 J26 86 J 12 85 J 12
1895 .| 23 S19| 149 S19| 1:37 S30| 107 A 8 ‘89 A 8
00 .| 102 A 2| 144 A 2] 122 A 3 ‘98 A 4 85 A b
97 ..| 126 s 6|106 S10| 100 S10{ 01 S10| 98 S10
98 .| 180 S14|138 S14| 214 S14| 100 Alo| -88 A1l0
99 . 118 A 4 78 J 3 72 J 3 =59 A 93 67 J 24
1900 .| 280 A8 2:26 A19] 168 A19]| 133 A19| 105 A9
o1 .| 143 A18| 102 A10| 00 S°3| 27 A10]| 73 A10
02 238 Ji1s| 2 Jie|1es Jic| 135 J17| 115 J16
03 ol T g9 Jas| 123 Jas| 124 Jis!| i Jie
04 .l 208 J 1|15 F 2123 S13| 107 J 4 89 S 14
1905 209 A 1( 193 A 2| 158 A 3127 A 4102 A 5
06 345 J22| 257 J22| 203 Jo2i 171 J22| 142 J 2
07 376 A2 2:80 A20] 2:06 A21| 1:60 A21] 120 22
0S . 1:53 A 8| 138 A 8| 110 A 9] 104 AlD 93 Al
09 1286 J25 ) 1.4 J25 95 J 25 S0 J 26 70 J2
1010 596 J 4377 J 4| 274 J 5|22 J 5| 188 J 5
11 185 S24 1:35 S2¢1 11156 S23 90 S 26 93 A8
12 . 166 J28 | 141 J29] 14113 J29 93 J 29 91 J29
13 1173 A 1] 133 J25 0 124 J25 ] 124 J23 | 1-13 2
14 . 222 J271 155 S153] 148 S1I5| 1:36 S16] 128 S18
1013 23 =J 201 165 A 3| 146 A 4| 142 J20| 140 J 20
16 1:330 AIS| 116 AIG| 107 Al 95 A 16 ¥5 A 17
17 191 A 13 ] 102 A1D 17 S 4 67 S 5 1 A7
13 1:33 J30| 114 J30 -85 J 30 97 J 3 76 J 15
19 191 A 7] 142 A25| 1:33 J14 (130 A27| 115 A7
1920 338 JB1| 286 J3| 195 J24f 165 T2 157 J24
21 .| 361 S 5312 S6j225 S 5182 S 6f{15 S8
22 o208 3 s 202 38163 J o1 J 8|13 T o0
23 1:10 J20 01 J 20 13 J 20 ‘66 S 29 61 S29
RE 369 A S 2382 A 6 162 A 6| 129 A 6] 106 A ¢
1025 413 S Tl s00 87214 8 s[ 182 JI12| 152 JI12
26 501 A17§ 557 A17) 429 A17; 341 A8 277 A18
27 l261 s efirss S 3|1 Jus] 106 J4l a3 S 6
23 | 258 Joo| 293 Josl 165 J2e) 133 J26 | 188 J26

In fable 119 the periods of maximum rainfall in Mahanadi Section I aro
shown separately for each year. The awmount of average rninfall in inches
per day is shown in figures for 1, 2,3, 4, and b6 consseutive days. In.each
case the amount of raicfall is followed by tho actual date of the last day of
the pericd ; dates in July are indicated by “J ", 1n August by “A”, and in
Sel‘)]tember by “S". Thusin Table 119 in the column headed 3 days we
fird that in 1891 the maximum jutensity was 1-29 inches per day on the 10th,
11th and 12th Scptember.



162

Table 120,—Dates of maximum raintall fer 1, 2, 3, 4, 8 conseoutive days,

Makanadi Catchment Section II, 1891—1928, July—September.
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Table 121.—Dates of maximum rainfall for 1, 2, 3, 4, 5 consecutive days.

Mahanadi Catchment Section 111, 1§91 —1928, July—September.
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Table 121—concld.

Year 1 day 2 days 8 doys 4 days 65 days
..| 250 8 8214 B 3| 195 A25| 188 A25| 1-50 A28
. 264 A25| 203 A25) 1:64 A20)| 1-23 A 26 09 A 27
. 2:14 J23| 186 J23| 166 J24| 1-36 J24| 121 J24
| 188 J 2| 111 Al4| 141 Al4| 129 J18' 114 J18
.. 1811 J12| 863 Ji2| 288 J13| 235 J18| 200 J14
o127 J27| 218 J27| 160 J28| 1-38 J28| 115 Jo8
.. 225 Al4( 2107 A15| 203 Al65| 1:62 A15| 137 A1
.1 18 A17|148 A16| 136 J19| 120 J1o| 133 J19
.. 128 S22 13 S§22(102 J15( 107 J16| 108 J17
.1 202 A121 1475 A13| 143 A 9 124 A12( 128 A 13
272 A181) 237 A19| 173 A20| 154 A21| 141 A22
185 Al4 ([ 1:656 A15) 1-17 A 17 90 S 6 91 8 8
330 A 118 A 2[149 A S| 122 A 4|102 A 5
341 J15) 287 A 5| 242 A 6| 238 A 6( 200 A 5
241 A 8| 171 A 4| 144 A 4} 110 A 4 | 93 A 8
270 Al4( 165 A15| 133 A16| 127 A17, 108 A 18
283 A 6] 217 A13| 174 A13| 179 A13| 153 A3
235 A 6| 1:76 A 7] 136 A21 | 122 A22| 105 A 93
245 8 11147 A 8| 108 A S| 102 A 9, 77T Al
4504 J22| 348 J23 [ 302 J22| 300 J23: 2:69 J24
200 J2| 162 J30| 108 J31( 129 J31 195 J31
200 J12]) 181 J13| 1:39 A8 1'13 Al9 | 97 A8
300 Al8| 281 A8 241 AlS8}| 2:11 Al9 | 1-:90 A1l9
150 A 6| 1112 J27 95 J 28 98 J 271 -89 Jus
231 A22| 168 J 7| 148 J 8| 143 J 0' 141 J
2440 S18( 176 A17| 167 A18| 143 A18' 101 A1S
340 J25) 265 J25| 202 A25( 164 J25! 140 J2o5
280 J19| 213 J27| 1463 A27| 427 J27 l 1-14 J 21
Table 122.—Dales of maximum rainfall for 1, 2, 3, 4, 5 conseoutive days.
Mahanadi Catchment Scetion 1V, 1891—1938, July—Seplember.
Year 1 day 2 days 3 days 4 days 5 days
362 27J | 2-34 1-84 27J | 1480 27J ! 1-38 2
267 11A| 188 381J( 145 31J | 108 1A . 87
365 30J| 260 3A([205 3A| 18 4A l 2:27
S-98 18J| 575 18J | 441 18J| 366 19J! 317 1
245 25A( 215 256A | 1448 25A| 1446 27A | 1442 2
405 23J | 285 24J | 225 25J | 176 25J i 141 25
311 7A| 18 7A| 219 7A} 164 7A;131 TA
256 10A| 246 11 A| 188 12A| 1490 13A| 131 14A
350 22A | 227 23A | 1-66 24 A | 1129 20A | 124 30A
1026 12 A | 627 12A| 441 13Af 3-89 13A | 277 13A
253 10J | 164 11J] 126 12J 09 138J ‘78 13J
2.81 25A( 1-84 26A | 1-32 27TA | 102 27A 82 27 A
395 14J| 246 14J| 161 15J| 148 16J| 139 18A
18A
1-07 1A} 172 2A(130 3A(| 116 3A | 1-07
348 1J | 2:02 2J | 106 3J| 150 4J| 118
3.:07 22J | 261 22J( 2086 22J ) 1-74 23J( 147 23J
307 7S] 272 78| 2:32 83| 201 9S| 171 108
230 2A 156 25A| 115 26A 98 27 A 80 28 A
264 228 | 159 13J| 1-83 13J 1-17 13J | 103 14J
746 4A| 444 4A| 388 4A( 32 4A|278 4A
407 14A| 340 14A | 312 144 260 15A | 2-18 16A
266 3A| 2563 3A( 210 4A) 174 4A( 121
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‘Table 122—concld,

Year 1day 2 days 8 days 4 doys 8 days
1013 | 228 1A 177 2A 142 2A[ 145 12A| 1118 34
14 .o | 322 203|207 200102 28J| 120 30J )| 1-38 20A
16 ..| 560 20A ] 400 20A | 369 30A | 271 31A| 236 30A
16 | 104 14A) 128 16A( 126 10A| 90 J8A| 82 10A
17 ..|288 13J] 187 8A| 156 BA| 137 10A| 129 104
18 ..| 471 30J| 361 30J) 2.8 30J| 245 307 201 31J
19 ol 271 27A) 207 27A( 166 27A | 136 27A | 123 2A
1920 Lo 496 24J| 3:60 24J | 267 247 | 216 247 | 192 247
21 |27 8A| 213 8A([201 8A| 176 9A| 150 9A
22 o] 264 18A]196 19A| 154 19A] 132 20A | 113 21 A
23 |22 6J)161 7A| 149 7A| 1550 TA| 108 7TA
24 .| 5823 6A|425 6A)|302 6A|233 7A(18 74
25 ..[ 300 9J|297 10J| 246 11J] 257 127 228 13J
26 .| 439 18A | 312 18A | 231 18A| 1:83 18A | 148 18A
27 .| 324 25 259 25J| 201 25J0| 1462 25A| 135 257
08 .| 213 263|256 273|178 21J| 165 275|131 274

Table 123.—Dates of maximum rainfall for 1, 2, 3, 4, 5 consecutive days,
Mukanadi Catchment, Section V, 18911928, July—~Scptember,

Year 1 day 2 days 3 days 4 days 5 days
1891 431 J27) 308 J27| 2139 J27| 170 J28| 1-40 Joy
92 413 JI13| 860 J13] 267 J13| 215 JI3| 1:8¢ J13
93 Li263 A 3177 A 37166 A 3| 141 A 40112 A 5
94 Ll 2356 2w 208 J2| 1472 J26) 143 J26 | 118 J o7
95 Ll 17T AT 194 A 8| 123 A B[ 105 A 9| 97 A S
96 463 J2t| 208 J24| 234 J24| 1:91 J24} 163 J25
7 204 Al4| 146 Al4| 1406 A6 1:29 Al4| 121 Al
03 167 AN 17 AL2Z| 105 AX2) 108 J 4| 88 J 5
09 236 A28 | 107 A28 1440 A25| 122 A 26| 101 A2
1900 307 S24| 231 S24| 106 S25( 169 S26] 1-53 S28
0l 2153 S 3201 8 31174 8 8132 8 4106 S 5
02 201 J25 ) 142 J25) 94 A206| 73 A27| 60 J25
03 D207 JM| 1 J | 147 JUI53) 148 J16( 123 J 16
04 150 A20( 149 A30| 1:30 A30| 1-18 A31| 95 A3l
05 175 J20 (132 S 9119 S o) 103 S11| 1001 S1
08 2.31 @3 155 Jog| 122 Jos)| [03 J23| 90 J23
07 Lol 122 Al5| 117 A5 104 AM5| 102 ALS| 43 AlG
08 L. 206 AsO| 181 A30/ 154 A30] 188 A31| 1112 A3l
(iL] .1 208 822|120 S22 104 JM| 93 JU| 83 J 14
1910 .| 3358 A 4| 269 A 4]209 A 4] 179 A 5|15 As
11 . 149 J 9| 147 A 6{ 189 A 6] 1290 A G| 113 A J
12 .15 A 2175 A 3| 157 A 4| 142 A 5121 A5
13 Lol 292 Al 244 A 20165 A 3] 128 A 4102 A5
14 .| 209 S16| 147 S16| 106 S16| 97 J12| -8 J12
15 ol 282 A29| 184 A 4| 142 A30) 1413 A30) 09 J29
16 Ll 19l Al4| 126 Al5| 97 AL5) -85 A16| 73 Al7
17 o122 A 7174 A 8| 144 A 8] 120 Al4] 111 AL
18 .. ] 169 J30| 163 J30| 156 J30) 1-38 J 31 1-20° J 31
19 L1 J 2147 J 2106 J 3| 968 J O 82 J 9
1020 | 206 Jos| 218 J25) 2447 J25( 2008 J25( 176 J25
R ..[ 208 S 5|166 S 5|13 S 6|10 S 7| 91 S 7
23 .. | 1444 J13| 112 A10| 92 A2 83 J16| 713 J16
23 ..| 13 J 6|13+ J 7(133 FJ 7{109 J 7([108 J 7
24 .| 221 A 6|179 A 8| 161 A 6| 126 A 6| 106 A 6
25 .ol 211 J10| )57 J10| 128 J11| 1.32 J13| 1:26 J13
26 .. | 308 A18| 2:43 J18] 165 S21| 162 S21| 137 S21
27 .| 407 J25| 246 J25) 1.82 J26( 1:46 J26( 1-29 J 26
28 268 J21 | 174 J27) 120 J27) 185 J27| 98 J21




Table 124.—Maximum rainfall and dates of ooourrence,
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Whole Mahunadi Catchment, 1891—1928,

Year. 1 day | 2 days. 3 days. 4 days. 8 days
1891 | 3:00 July 20 1 2:01 July 27| 2-10 July 27 | 1.76 July 27 | 1-52 July 27
92| 314 ,, 23!'270 23 (210 ,, 24"177 ,, 24| 153 , 24
03] 1-29 Aug. 3| 1-24 Aug 3( 1-11 Aug. 3| 1-03 Aug. 3| 1-07 Aug. 3
94 | 1-01 July 25| 1-66 July 26 | 1:50 July 26 | 1-26 July 26 [ 1-08 July 28
95| 172 Aug. 7| 1:55 Aug. 8 1-27 Aug. 8| 1.06 Aug. 8 92 Aug. 8
96 | 2:17 July 28 | 1.06 July 24 | 175 July 24 | 142 July 25 | 125 July 26
97| 160 ., 10 108 10] 102 ,° 10| -84 Aug. 14| -80 Aug. 14
o8 | 1441 Aug. 22 | 102 Aug. 23| -04 Aug. 11| -84 , 12| .24, 12
99| 136 July 3| 1:09July 3| 80 ,, 24| 76 ,, 26| -68 , 26
1900 | 2-05 Sept. 24 | 1-58 Sept. 24 | 1-39 Sept. 256 | 1:20 Sept. 25 [ 1-08 Sept. 26
o1 148 , 3] 133 3| 108 Sept. 3| 93 , 3| -81 Aug. 25
02| 161 Aug. 25| 140 Aug 25| 1-12 Aug. 26 | 00 Aug. 27| 80 ,, 25
03 | 1477 July 14 | 1-38 July 15| 1-23 July 26| 1-15 July 16 | 1-07 July 18
o4 151 , 2|13 , 2|11z 0 3| w0 , 4| 13, s
o5]167 , 1|13 , 12|12 , 113|106 , 13 95 ,, 14
06| 235 ,, 22| 174 22| 1-38 , 22| 118 , 23| 101 . 23
07| 1-47 Sept. 7| 1-3¢ bept. 7| 1-35 Aug. 16| 1:21 Aug. 15| 1-11 Avg. 15
08 | 1:28 Aug. 12| 1-05 Aug. 12 95, 12 90 ,, 13 -83 14
09 | 1476 Sept. 22 | 111 July 25| -08 July 26 | -87 July 14| -83 July 14
1810 | 3-75 Aug. 4 | 2:76 Aug. 4| 2:2) Aug. 4| 188 Aug. 4| 160 Aug. 5
1|18 , 121105 , 12 95, 12 90 ,, 13 -83 ,, 13
12lrer L 3l , 3117, 4106 , 4| 96 , &
13 2838 ,, 17§ 214 1|76 ,, 21160 ,, 2128 , 2
14| 136 Sept. 16 | 1-20 July 12| 103 July 12| 201 , 5| 92 . 3
15| 2-27 Avg. 3| 185 Aug. 4 156 Aug. 4| 125 ,, 4] 101 , ¢
16( 181 , 14| 130 , 16| 111 , 10 96 ,, 17 83 ,, 17
17148 , 13( 137 , 13|20 , 8|10 , 13 93 ,, 13
18150 , 6|10z ,, 7| 008ept. 2| 93 , 1| 96 , 1
19119 , 2|17 , 2122 Aug. 3| 1-08 27 97 27
1920 | 2:76 July 24 | -2-53 July 24 | 2-24 July 24 | 1-94 Julv 25| 1:85 July 24
21| 2:08 Sept. 5| 196 Sept. 5| 1-57 Sept. 6| 1-29 Sept. 6| 109 Sept. 6
22 1:65 Aug. 18 | 1:32 Aug. 19| 1:20 Aug. 19| 106 Aug. 19| 90 Aug. 19
23, 115 July 6 93 ,, 6 08, 7 86 ,, 7 82, 17
24| 2-32 Aug. 6223 ,, 6] 162 , 6]12 , 6]109 , 6
25| 2:07 July 12 175 July 10 | 1-55 July 12{ 1-57 July 12 [ 1-40 July 12
26 | 2:73 Aug. 17| 2-44 Aug. 17| 2-16 Aug. 18 | 1-83 Aug. 18 | 1-54 Aug. 19
27| 2-87 July 25| 205 July 25| 1-57 July 25| 1-34 July 25 l 15 July 25
1928 226 , 26|2305 , 27|19 , 217|135 , 217|121 ) 21
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Table 125,—Accumulated totals of average maximum rainfall por day during July—Saptember (1881—1828),

Mohanads Catchments, 1891—1928.

—
Average
maximuit
rainfall in
inches per
day in
excess of
..’——'—_‘_

478
535
5758
€25
675
746
715
§$:25
876
9-26
9-75
1026

M.I, M.11. M-111 M.JV. M.V,
_— T —— —— —— —— i__
123451}2,‘3 4’51234512=n 4!512345
. —— . —
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3838368432 ..las'sa 38 38| .. [3s[38/38]|38)..].. 88 aslza 38 |38 (3837|385
S| 27| 20|10 11383831 302038037332 17f.. aa;as aol'.u 373 |28[20| »
27|18 1/ 4 234"29 20| 14| 937 24 f12| ol o]34|32i23|16110(20(16| 7| 5| 3
16 of 2f 1| 1)sojzo(n| 2| af2in| 6| a] 2134|22:12| 0| afas| 7| 8
0|6 1| 1| 1fee|r) 6| 3 2/13 6|32 23]12] 8| 81 3 ¢
sl 2f 1] 1 2 7| 3| 23 1| 8| 41 | 8| ¢ 3, .81
$: 2] 1 18l 6| 2 e!x 1| 2 10 6] 3|1 ¢
211 1} 12 3| 2 l' 3|1 1 8| 4| 2|..1..] 8
3., 1].. 1| 2] 1 1| 3| o 3
gl .. NEIR 2 4| 2
2 .. ¢l 2|1 | 3

. 31 3

31 3

oo fon 2 3
. AR 2

. . 21 2

2 . . )
vl e o . 1
ol . 1 1]
]

The accumulated total frequencies of the average maximum rainfall per
day for 1, 2, 3, 4, & consecutive days in the diffirent scotions of the Mahanadi
Cat ch ment are shown in Table 125. For example, in M-IV we {ind that the
average maximnm rainfall per day during the period of 4 consecutive days was
in excess of 370" on one occasion during the eriod 1891—19%8; and exceeded
3-25" on 3 occasions ; 2'26” on 9 occasions ; 1'75” on 16 occasivos durirg the
same period. The intensity of averago rainfall per day walurally fall off
rapidly as the number of consecutive days increases from 1 10  dayse
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CHAPTER 24,—SECULAR CHANGE IN THE LEVEL OF THE
MAHANADI AT NARAJ.

The present chapter gives & summary of the stalistical analysia of the daily
readings of the height of the Mahanadi river at Naraj for the 83 monsoon
mouths July, August and September for the poriod 1818—1929 inclusive (62
years). Records for July 1891, 1901,1 04, August 1891, 189 and September
1894 were missing as also certain other records here and there. The number
of daily readings available for analysis was 1,870 for July, 1,871 for August
and 1,833 for September, giving a total of 5,580 readiogs in all,

The mean height of the river for each year and for each month was calcu-
Jated seyarately as well as the mean height for each year for July, August and
September taken together. These figures are given in Talles 126—129. In
these Tables column (1 gives the yenr, column (2) the number of days in the
year for which the mean height has been caleulnted, column () the mean height
(in feet) with ite probable error, aod column (4) the standard deviation (in
feet) with ita probable error for each year. The curresponding graphs are given
in chart no, 2,

Table 128,~—Mean height (in feet) and standard deviation of the Mahanadi at Naraj for
the month of July (1868—1529).

Number Mean Standard
of height deviation
Year. days. | and probable | and probable
error. error,
M (2) (3) (4)

1868 . 31| 72:384- 0:34 | 2-80% 0-24
1869 . 31| 77-864 043 | 3:564 0-30
1830 . 31| 76-53+ 0-23 1-934 0-17
71 . 31| 78-384 0-31 2-554 0-22
72 . 31| 83-39+ 0-41 | 337+ 029
73 . 31| 7504+ 0-53 | 4-386% 0-37
74 - 31| 76-894 0-32 2:614 022
5 . 31| 79-374 0-45 3744 0-32
76 . 61| 77474+ 053 4-414 0-38
717 . 31| 76-024 0-41 3-394+ 029
78 . 31| 72124 0-34| 2:824 0-24
79 . 81| 76-094- 0:04 | 0-364 0-03
1880 . 31| 81-854 042 | 3-494 0-30
81 . 31| 80-04+ 0-50 | 4144 035
82 . 31| 71847+ 054 4-484 038
83 . 31| 80-244 0-26| 2:134 018
84 .. 31| 8220+ 0-37 | 3-07% 0-26
85 .e 31| 79:5314 0-31 2:564- 0-22
86 . 31| 76-724- 0-29 2:384+ 0:20
87 . 31| 79-014 0-60 4-924 042
88 . 31| 75-254 0-48 3944+ 0-34
89 . 31| 76-974 0-27 2:254 019
1890 e 311 78554 0:27| 2274+ 019
91 . 18| 7751 .. R
92 . 31| 80-184- 0-74 6-10+ 052
93 . 31| 78:194- 0-32| 2-64+ 023
94 . 31| 814764 0:54 ] 4-474 038

¢ The Naraj readings were copied from the Gauge Register in tho Ofi'ce of the Superintending Engineer,
Orig:a Circle, Cuttack, by my assistant, Babu Sudhir §(umur Banerjee inJuly 1950. One siogle reading taken
at 6:0 4 u, local time wan available for the period 1668— 1895 inclusive, and thres rendingstaken at 6-0 A.w,
12:0 noon, snd 6-0 P X, local time reapeotively for the remaining period. The average o§ these three roadings
wesa taken in the latter case, It will be naticed that this procedure has introduced a tlight beterogeneity in the
data used for analysis,



168
T able 128.—coneld.

Number Mean Standard
Year. of height deviation
days. | and probable | and probable
error. error.
) (2) (3 (4)

18856 .. 31| 78844 0-47 3:884 0-33
96 .. 31| 80-70+ 0-78 | 647+ 066
97 . 31| 73-13+ 0-35 2:-864+ 024
98 .. 81| 76-824+ 0-39 3:20+ 027
99 .. 31| 7443+ 017 | 1464 013

1900 N 31 | 76434 0-24 1:844 017
0l .. 20 | 75:084+ 0-564 4474 048
02 .. 31 | 74744 0°47 3-884- 0-33
03 .. 31| 76244 078 6:474 055
04 o 31 79-43+ 035 2:864- 0-24
05 o 31| 75-71+ 039 38-204- 0-27
06 .. 31| 77154+ 017 1-464 0-13
07 . 30 | 74-69+ 0'24 1:84+ 017
08 o 80 | 78-924 .. . ..
09 .. 81 | 80:3564 046 3-814+ 0-33

1910 e 81 | 78-124 0-44 3-:674- 0-31
11 . 81 | 75-114 04} 3424 0-29
12 .. 81 | 75:264 034 2:794 0-24
13 .. 81 | 76-024 040 3:344+ 029
14 . 31 | 78-824 029 2:404- 0.21
15 “ 31 | 73-204 027 2264 0°19
16 . 31| 73474 072 | 691+ 0-51
| .. 80 | 75:704+ 0'80 8464 0:56
18 .. 31 | 7507+ 054 | 4-454 038
19 .. 31 | 80484 020 1654+ 0-14

1920 NN 29 | 78-484 066 65244 0:46
21 .. 29 | 76-584 032 2544+ 0-22
22 .. 31 | 76-90-+- 026 2-144 018
23 .. 31 | 73374 042 | 3474 0-30
24 . 31| 72814 032 2644 023
256 .. 30 | 84-594 0-43 3464+ 0-30
28 .. 25| 73-574 038 2:804 0-27
27 .. 30 | 78-344- 091 7-374+ 068
28 .. 31| 75-164 1-01 8-334 071

1929 .. 31| 75754 1-11 9-134+ 0.78

T able 127.—Maean height (in feet) and standard deviation of the Mahanadi at Nacaj
for August (1868 —1929).

Number Mean Standard

Year. of height deviation
days. | and probable | and probable

error. error.
(1) @) (3) (4)

1868 “ 81| 76:054 0-53 4-404 0-38
1869 . 31| 77-39+ 0-42 3-484 0:30
1870 . 31 | 78-614 020 | 2463 0-21
71 .. 31| 79-064+ 048 4-014 0-34
12 . 31| 81484+ 030 2:49+4 0-21
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Table 127— concld,

Number Mean Standard
Year. of height deviation
days. | and probable | and probable
error. error.
(1) (2) (3) (4)

1873 ‘ 31| 75844 037 ]| 3-093 0:28
74 . 31} 82:104 0-35| 2.914 0:25
16 e 31| 79-604 019 | 1-60+ 0-14
76 . 31| 77-344 026 | 2:144 0-18
77 . 31 | 80-074 061 | 4-184 0-36
78 . 31| 70164+ 0-20 [ 1.874 0-14:
79 . 31 | 8160+ 054 | 4:50+ 0-39

1880 . 31| 79-674 030 | 2-474+ 0-21
81 .. 31 | 82-224+ 028 | 2-324+ 0-20
82 .. 31| 80124 026 | 2-144 0-18
83 . 31| 76-234 0-22 | 1.824 0-16:
84 . 31| 80484 020 1-61+ O-14
85 .. 31| 79194+ 0-26| 2-084 018
86 e 31| 7662+ 016 1.26+ 0-11
87 .. 31| 80034 0-37 3.-08+ 0-26
88 . 31| 80-10+ 033 | 2:704 023
89 . 31| 81-174 028 | 2-30+ 0:20

1890 . 31| 8s0-61+ 0-20| 1-63+ 0-14
9l .. 7] 79-61 0-754- 0-14
92 . 31| 7879+ 029 2.374 0-20
93 . 31| 79-50+ 047 | 3-863 0-33
94 .. 8| 83-24 3:084 052
95 . 31| 82.51.& 049 | 4-004 0-34
96 .. 31| 85624 042 | 3-47- 0-30
97 . 31| 81.214 0-35| 2:914 025
98 . 31| 80.03+ 0-31 | 2-574 0-22
99 .. 31| 75764 0.29 | 2:434 0:21

1900 . 31| 80814 032] 2:664 0:23
0l . 31| 79-924 0-35 | 2:884 0-26
02 .. 31| 76.904 029 2.434 0-21
03 . 31| 78-544 026§ 2:174 0:19
04 . 31| 79:314 035 2:924 025
05 . 31| 75.094 0-22| 1-824 0:18
06 . 31| 77-03+ 023 1:944 0-17
07 . 31| 82.054 050 | 4-144 0:35
08 . 31| 84-714 034 | 2774 0-24
09 .. 31| 78:00+ 038 | 3:17f 027

1810 . 30 | 81:28- 050 | 4:824 0-42
11 . 31| 82.384 067 | 5-544 047
12 . 31| 81-314 038 | 3:124 0-27
13 ‘e 30 | 78.724.061 | 4-164 0-38
14 . 31| 81-32+ 043 | 3:6564 0:30
15 . 30 | 79114 056 | 4:594 0-42-
16 . 31| 79994 030 | 2:504 0-21
17 . 30 | 82.014& 039 | 3184 028
18 . 31| 81-134 0-38 | 2:944 0:25
19 . 3l | 85-034+ 029 | 2:404 0-21

1920 . 31| 80-97+ 063 | 4-414 0-38
21 .. 30 | 80-134+ 0'39 | 3-18) 0-28
22 . 31| 77-624 0-35| 2-874 0:25
23 . 31| 81-394 0-46 3794 0-32
24 . 31| 76-653 047 | 3-864 033
26 . 31| 83-05+ 029 2:404 0-21
26 .e 31| 82464 058 | 4:7564 0-41
27 o 31| 81024 048 | 3-984 0-34
28 . 31| 76-064 0-25| 2:094 0-18

1929 . 31| 84.0904 052 | 4314 0-37




170

Table 128,—Mean height (in foot) and standard deviation of the Mahanadi at Nara] for
Septombor (1868—1929),

Mean Standard
Number height deviation
Year. of and probable | and probable
days. €error. eITCr.
() 2) (3 (4)
1868 .. 30| 71-164- 0-15 1184 0-10
1869 .. 30 [ 79-13+ 0-33 | 2.5+ 0-23
1870 .. 30 | 77-894 0-33 2724 0-24
71 .o 30 77-034 0-22 1764 015
72 .e 30| 78-444 025 2.064- 0-18
73 .e 30 | 76-774 0-32 2:634 0-23
4 . 30| 78-664 0-29 2:344 0:20
16 .. 30 | 78:08% 0-26 | 215% 0-19
76 . 30 | 80084 0-40 3-264 0-28
77 . 30 | 75-83% 0-27| 2:223 0-19
78 .. 30| 76:914- 0-190 1:514 0-13
79 . 30 | 78-874 0-37 3:044 0-26
1880 .e 30| 78754+ 0-22 1.824- 0-16
81 .. 30| 77-134 0-21 1-694 0-15
82 30 | 75-504- 0-14 3:564+ 0-31
83 .e 30| 78:354- 0-30 2-404- 0:21
84 . 30| 8166 0:38( 3-104 0-27
85 .. 30 , 76-68%+ 0-21 1704 0:15
86 .. 30 | 77-66+ 0-12 0-98+ 0-09
87 . 30 | 78:514 0-24 | 1-824- 0-17
88 . 30| 77-584 0-19| 1634 0-13
89 . 30 [ 77-624 0-17 | 1.354- 0-12
90 .. 30| 77-514 0-30 | 2434 0-21
91 .. 30| 82:114 0:35| 2-84-} 0-25
92 . 30| 79-38+ 0-43 3-49+4 0-30
93 .. 30 | 62.794 0-27 2:184- 0:19
94 . .o .. .e .
95 .. 30| 76-64F% 0-40| 3-244 0-28
96 . 30 | 76-63+ 0-17 1-384- 0-12
97 .. 30| 77-38+4 0-41 3:224- 0-28
98 . 30| 76614 026 | 2-114 0-1%
99 . 30 | 72-664 029 2:334+ 0-20
1900 .. 30 | 51-664 0:57 4634+ 0-40
01 .. 29 | 77-164 0-52 | 4-204 0:37
02 ‘e 30 | 76-944 0-16 1:334 0-12
03 . 30| 76-654 0:19 | 1514 0-13
04 .. 30| 77414 0:35 2.834 0-25
03 . 30 | 70-23£ 034 | 2:77% 0-24
06 . 30 | 77-81+ 0-30 } 2411 0-21
07 . 30 | 80174 0-59 | 4804 0-42
08 .. 30 | 79-344 0-38 3:094 0-27
09 .. 30| 76-354- 0:15 1-184- 0-10
1910 . 30| 77:314- 018 1474+ 0-13
11 .. 30| 80-024- 0-2% 1974 0-17
12 . 29| 77-674 0446 3714 0-33
13 .. 30| 77-11+ 036 | 2-91% 0-25
14 . 30| 78-774 0-23 | 1-8834 0:16
15 . 30 | 8048+ 0-36 | 296+ 0-26
18 . 30| 76954+ 0:15]| 1.213 0-11
17 .. 30 | 80-154 0-13 1-104 0-10
18 . 30 | 79-07% 0-52 | 4243 0-37
19 . 30 | 70-92+ 0-57| 4654 0-40
1820 . 30 | 76-434- 0-25 2-:074 0-18
21 .. 30| 79-27% 0-43 | 3-40% 0-30
22 ve 30| 80974 0-30 2-424- 0-21
23 .. 30| 76-354- 0-23 1:864- 0-16
24 . 30| 77-864 0-23 1-853 0-16
25 ve 28 | 80-84-4+ 0-64 5:02%+ 0-45°
2¢ 30 | 82:604 0-40 3-744 033
o 30 | 78934 066 5:404 047
28 . 30 | 76-834 0-24 1924 0-17
1929 . 20 1 79:-274 0-44 3-614 0-3}
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Table 129,~—~Maan haight (in feet) and standard doviation of the Mahanadi at Naraj for
the combhined period ol July— Scplemhber,

INumber | Mecan height (Standard devia-
Year, of and probable | tion and prob-| Graduated | Graduatcd
days. error. able error. linea. paribola.
n (2) (3) (4) (6) (8)
1568 . 92| 73:224 0-21 | 3.004 0-15 78-529 79-3:8
69 . 02| 78114 0-23| 3-254 0-18 78:530 . 79-334
70 . 92 | 77:664 0-17] 2-304 0-12 78-531 79-252
il . 02| 78164 0-21 | 2.03+% 015 78-632 79173
72 . 92| 61-134- 0-19 | 2-704 013 78-533 79-007
73 . 92 | 76-874+ 0-24 | 3-444 0-17 78-5634 70-024
74 o 92 | 79284 0:18  2-634 013 78-636 78.954
15 . 92 | 78994 0-10 ( 2-604 0-13 78-530 78-836
76 . 92 | 78:384 0-24{ 3:40% 017 78-537 78-891
77 - 92| 77324 024 8:364% 0-17 78:538 78.758
78 . 92 | 76-054 0-15 | 2.084 0:10 78-530 78:700
79 . 92 | 78-854 0-22 | 3-144 018 78-640 78-644
1880 . 92 80-114£ 010 | 2:68+ 0-13 78-541 78-390
81 . 92| 79324 0-20| 2.914+ 014 78-542 78-539
82 . 82| 78:074 0-21 | 3-024 015 78-543 78-401
83 .. 92 | 78:27+ 0-15| 2134 011 78-544 78-446
84 . 92 | 81454 010 | 2.684+ 0-13 78:645 78-404
85 o 92 | 7848+ 0:15| 2144 0-11 78:546 78-364
58 . 92 | 76-064 012 | 1.664 0-08 78:547 78-327
87 . 92 79-18+& 0:21| 3-014 0-15 78-548 78-293
88 - 92 | 77794+ 0-20| 2:804 0-14 78-549 78-282
89 . 82| 78:234 0-14 | 2:014 0-10 78:530 78-234
1890 . 92 | 76:954- 0:16| 2-134 0-11 78-551 78-208
9l . 65| 80-294- .. o . 78632 78-205
92 . 92 | 70-454 0-27 | 3-834 019 78-553 78-185
93 . 92 | 80134+ 019 { 273+ 014 78:554 78:168
94 . 50 | 81274 .. . .. 78-555 78:153
95 .. 92| 79-394 0-23 3:274 0-16 78-650 78-142
96 .. 01 81144 0:30 [ 4.224 0-21 78557 78-133
97 o 92 | 77244 017 2-434 0:12 78-558 78-130
98 . Bl | 77:33%+ 017 2-454 0-12 78-569 78:127
929 . 91 | 74:344 012 1.694 0-08 78-560 78:127
1600 . 92 | 79-284 015 2084 0-10 78-561 78:129
ol . 80| 77714 .. .. . 78-502 78:134
02 . 02| 76-01L 019 2674 0-13 78-503 78:142
03 . 92| 7681 028 | 4-034- 0-20 78-504 78:153
04 . 92 [ 7873L 019 | 267+ 0-13 75-565 78-167
05 . 92 | 76954+ 014 | 1.984- 0:10 78-5668 78-183
06 . 92 | 77-524 016 | 2274 0-11 78:667 78-202
07 . 50 [ 79104 0-21} 2.944 015 78-508 78-224
08 . 01 | 6l-144- 015 2-144 0-11 78-569 78:219
09 . 92 | 78:254 0-10| 2.66: 0-13 78-570 78:277
1010 .. o1 | 78-904 0-25| 3-514 0-18 78-571 78-307
11 . 92| 79-164- 0-24 | 3-38+4 0-17 78:572 78:310
12 . 91 | 78:004- 0-21 | 2.97-L 0-15 78-573 78-370
13 . 01 | 77274 0-20 | 2-834 ¢-14 78-574 78-415
14 . 92| TU-64x 0:20, 2864 0-14 78:575 78457
15 . 90 [ 77-634 0-27( 3-83-1 0-19 78-576 78-501
16 . 92 76-804 0-27| 3.794+ 0-19 78377 78:518
17 . 90 79284 030! 4:16L 0-21 78:578 75598
18 . 92 78:524 0-281 3-93+4 0-20 78:579 78:631
19 . 92 | 81534 0-22| 3-16+ 0-16 78-580 78:707
1820 . 007} 78634 0-30 [ 4-214 0-21 78-581 78765
21 .. 89 | 78:-574 0-22! 3.004 0-15 78-582 78-526
22 .. 92 75-444 0-181 2.494 0-12 78-583 78-890
23 . 90| 77-144 0-22| 3.15: 0-16 78-584 78-957
A . o1 | 7575 0-20| 2-804 O-14 78:585 79-027
26 .. 80 | 82874 0-27| 3.784 0-10 78-586 79-099
26 . 86 | 79-024 0-28 | 3.844- 0-20 78-587 79:174
27 . o1 | 78-444 0-41 | 57154 0-20 78-588 79-252
28 .. 92 | 73-604 0:36, 5-08-L 0:25 78:589 79-333
1929 . 90 | 79-114 03¢ ] 617% 031 78:590 79-417
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It will be noticed that the probable error is extremely small in every case,
snd the fluctuativns in mean height from year to year appear to be almost
entirely sporadic in character. It wvxll be also noticod that tho general nature
of the fluctuations is vory similar in all three onths. I have, therefore,
restricted wy analysis to the dafa for the combined periods.

In order to investigato whetber there is any systematic lovg period change
in the lovel of the Mabanadi at Naraj we roay first analyse the fluctuations
{nto two groups:—

(a2) fluotuations from year to year, and
() fluctuations within the sawe monsoon season.
The analysis of variance is shown in Table 130,

Table 130.—Analysis of variance--Naraj Gauge,
D. F. SawfSqa1es. Mesn Variance, 8. D.

Between years . 61 9945-0237 163-0332 1277
Within years .. 5518 837199412 15-1722 397
Total w. 5579 93(664-9649 16-7888 4-10

Wo notice that the mean variance for fluctuations from year to year
(163:0332) is nearly 11 times greater than tho mean variance for fluctuations
within years (15'1722), Tho different monsoon scasons are therefore very
cléarly differentiated from one another. In other words, each individual season
can usually be characterized as one of high, moderate or low river levels.

‘The graph does not, however, appear to indicate that the succession of high,
moderate, or low levels follow one another in any systematic order. In fact the
graph clearly suggests that the seasonal levels occur in & haphazard manner.

We niay test this point by trying to fit a smooth curve to represent the
general ‘trend * or the systematic change with time. Using least square methods
tho straight-line and parabola of best fit are given by :—

H=78-56-+-0010 (Y—1899) .. .. .. (1)
H=7813+4-0010 (Y—1899)4-0014 (Y—1899) . D))

The straight line is practically indistinguishable from the line of general
mean height,

In fact, the average change of level is fuund to be -++001 feet per year,

or just over one inch in a ceutury which is both statistically and physically
negligible.

Fitting a parabolic curve also does not lead to any improvement as will be
scen from the analysis of variance given in Table 131,

Table 13t.—Analysis of variance— Nara] Gauge.

D. ¥, Sum of Sqasres  Mean voriames. 8, D.

Linear Regression v 1 6-4333 6-4333 2:54
Second order Regiession . 1 84-7474 847474 9-21
Parabolic Regression e 2 91-1807 45-5904 6-75
Daviation from Parabolic Regression  §9 9853-8430  167-0143 12-93
Total w. 61 9945-0237  163-0332 12477

In fact, we conclude that during the period 18:6—1920, the height of the
Mahanadi at Naraj did not show any siwple secular (or systematic) charge

with timo. The average river level remained practically steady throughout
this period.
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CHAPTER 25.—SEASONAL CHANGE IN THE RIVER LEVEL,

1 shall now consider the riso in the river leveol a3 the monsoon advances.
For this purpose, the variation within years ia further apslysed iuto two
portions :—
) (a) fluctuntions from one day to another as the monsoon season advances
from July 1 to September 30.

() fluctuations within the same day in different years.
The analysis is given in Table 132.
Table 132.~— Analysis of variance.
D. F. FEomof Squsres. Mean Variance. 8. D.

Days 91 30740-5535 337-8063 18:38
Within days . 5488 629244114 11-4658 3:39
Total . 5579 93664-9649 16-7888 4:10

The fluctuations from day to day (inean variance=337'6083) is seen to be
nearly 30 times or overwhelmingly greater than the fluctuations for the same
day in different years (mcan variance=11'4668). We conclude that the
geasoual change in the height of the river is statistically significant.

The mean height of the river in feet (with probable errors), for each day
from July 1 to September £0 is given in ‘l'ables 133—13b. ''he number of
years for which data are available, and the standard deviations (with probable
errors) are also shown in each case in Tables 133—185, columins (2) and (5)
respectively. The corresponding graphs are shown in chart no. 3.

Table 133.—Mean height and standard deviation in feet of the Mahanadi at Nara)
during July, 1868—1929,

Date. Number of | Mean height | Parabolic | S. D. and
years, and P. E, |graduation, P. E.
(1 2) (3) () %)

July 1 . 59| 76-14+ 0:50 74-70 5:694 0:35
2 . . 69 | 75-444 0-48 74-93 65:414- 0-33
3 . . 59 | 7578+ 047 76-15 |- 5-38L 0-33
4 . ve 59 | 75:5684 0-44 75-38 5:064- 0-31
5 . . 59 | 75-634 0-42 7557 | 474+ 0-29
6 .. . 59 | 75-604 0-41 76-78 4-694 0-29
7 . . 60 | 76-864+ 0-37 75-98 4-314- 0-27
8 60 | 76:114+ 0-33 76-17 3-82 0-24
9 . . 69 | 76-134 0-29 76:36 3:324 0-21
10 . .. 69 | 76-044+ 0-27 768.65 3:114+ 0-19
11 . .e 60 | 76-204 0-20 76-73 3-02 0-19
12 . .e 60 | 76-36+ 0-26 76-91 2-984- 0-18
13 . . 60 | 77-054 0-27 77-08 3:134+ 0-19
14 - .e 61 | 77-134 0-28 77-25 3:264 0-20
15 . .e 62 | 77-434 0-29 77:41 3-374 0-20
18 . . 62 | 77-504 0-30 77-67 | 848+ 0-21
17 . . 62| 77-574- 0-23 77-73 2:70+ 0-16
18 . . 61 | 77-334 0-27 77-88 3-13+ 0-19
19 .e .s 62 | 77-884 0-27 78-02 3.22L 0-20
20 .. . 62 | 73-064 0-28 78-16 3-274 0-20
21 o . 02| 78:094- 0-32 78-30 3714 0-22
22 . .e 62 | 78-324 0-31 78:43 3:654 0-22
23 . . 62| 78754 0-33 78-55 3-924- 0-24
24 . . 01 | 78-864 0-39 78-67 4:634 0-28
26 o .. 62| 79-114- 0-35 7879 4-054+ 0-25
26 - e 82 | 70-38 0-41 78-90 4744 0-29
27 - e 61| 79-384 0-38 79-01 4-444 0-27
28 . ' 62| 79-714 0:35 70-11 4-084+ 0:25
29 . ’e 62| 79-874- 0-29 79-20 3:414- 0-21
0 .. 62 | 70-903 o0-24 70-30 | 2:81% 0-17
31 oo .o 621 79:444 0-31 79:39 3:654+ 053
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Table 134.—Mean height and standard deviation in feet of the Mahanadi at Nara]
during August, 1868—1929.

Date. Number of | Mean height | Parabolic| 8. D. and
years. und P, E. |graduation. ) O
(1) (2) (3) (4) (5)
August 1 .. .. 60 | 79654 0-34 79-47 [ 3.97+ 0-24
2 . .s 00 | 80-004- 0-33 79:55 383+ 0-24
3 o . 60 | 80-25+ 0-33 7963 | 3.89% 0.24
4 . .e 60 | 80-384 0-33 79:70 3-834 0-24
5 .- . 60 | 80-28+ 035 7970 | 4-04% 0-25
6 . . 60 | 80.32% 0-35 7082 | 4-02% 0-25
7 . .. 61 | 80-124- 0-31 79-88 | 3-544 0-52
8 . . 60 | 79-74+ 0-30 70-03 | 3-49% 0-21
) .o .e 60 | 80-38+4 0:31 79-97 3-614 0-22
10 . . 60 | 80-644 0-20 80-01 | 3-33% 0.21
11 . .o 59 | 80-264 0-38 80-05 3-684+ 0-23
12 ‘e o 61 | 80424 0-31 80-08 3-604 0-22
13 . .e 60 | 80-314- 0-32 §0-11 3:684 0-23
14 . . 060 | 50-22% 034 80-13 | 397+ 0.24
16 . . 61 | 80-36+ 0-37 80-15 | 4.28L 0.28
16 .. . 60 | §0-73% 0-39 80:16 | 4-48% 0-28
17 . . 60 | 80-694 0-38 80-17 | 4414 0-27
18 . . 60 | 80-17+ 0-38 80-17 | 4-38% ¢.27
19 . . 61| 79:061L 0-38 80-17 | 4-424 0.27
20 . . 61| 79-84+ 038 80-17 | 438F% o0.27
21 . . 6l | 79774 0-3G 80:16 1124 0-25
22 .e .. 60, 79-62+ 0-33 80-14 3-844 0-23
23 . . 60 | 79-273 0-31 80-12 | 3-62£ 0.22
24 .e .e 60, 79:424 032 §0-10 3-674- 0-23
25 . . 60, 7951+ 0-34 80-07 | 4-00% 0-25
26 . . 61  79-88% 0-33 80-04 | 407£ 0-25
27 . .e 61 80174 0:33 §0-00 3-804+ 0-23
28 . .o 60 80-104 0-35 7995 | 4074 0-25
29 . . 61 79804 0-30 79-91 3-42-F 0:21
30 ‘e .. 62 | 79724 0-29 79:85 3-431+ 0-2)
31 . .e 61 | 79-874+ 029 79-80 3314+ 0-29

Table 1235,—1ean height anc! stardard deviatien in feet of tiie Mahanaci at Naraj
dusing Scpteriber. 1£68--1529.

i
Date. Nuirker of | Mean height | Parabelie | S. D. and
years, and P. L. ‘pracduation. P.E.
(1) (2) () ) (5)

Reptcrter 1 .. . 61 | 79-86-4 0-20 7958 | 3-40+ 0-21
2 .. .. 61 | 79-814- 0-30 7067 | 2424 0-21
3 . . 61§ 79-704- 0-30 79-60 3-50-]- 0-22
4 . . 61 | 79-90.F 0-31 79-52 |  3-634: 0-22
5 . . 6l ] 756-£04- 6-31 7944 3-33%+ 0-22
6 .. . 61 | 79-G04 0©-29 79:35 3:374+ 0-21
7 .. . 61 | 79.454- 0-20 74928 3414+ 0-21
| .o . 61 | 7¢-39-}- 0-28 79-17 3224 0-20
9 . . €1 | 70334+ 028 79-07 3204+ 020
10 .. . 61 | 79-854- 0-28 78-07 3:264 0-20
11 . .. 61 | 70204 0-29 7880 3:37-L 0-20
12 . . 6l | 78-894 0-27 78-74 2:114 019
13 ‘e .. Gl | 75:67-4- 0-24 78-62 2:72-4 0-ly
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}Number of | Mean height | Parabolio 8. D. and
Date. years. aend P. E. ‘graduation. P.E.
(1 (2) (3 (4) (6)
14 . 61 | 78-294- 0-24 78-60 2784 0-17
15 . 61 | 78-384 0:28 7837 2:98-f 0-18
18 . 61 | 78-264 -28 78-24 | 3054 0-19
17 . 61 | 78-16% 0-26 7810 | 2:94% 0-18
18 .. . 61 | 78-01+4 0-23 77-96 2:644- 0-16
19 .. . 61 | 77-684 0-24 77-82 | 2:764+ 0-17
20 .. . 61 | 77-884 0-26 7767 | 2-994 0-18
21 .. 61 | 77-66% 027 7751 | 3-.09% 019
22 .. . 6l | 77-33+ ~-25 77-35 | 2924 0-18
23 .. . 61 | 76-844 0-25 77-18 2:834- 0-17
24 .. . 60 | 76.84% 0-27 7701 | 3:064 0-19
25 . 61 ) 76-89+ 0-28 76-84 | 3:184- 0:19
26 6l | 76-884 0-28 76-66 | 3-244 0-20
27 61 | 76-84%+ 0-28 76-48 | 3.18% 0-19
28 .. . 61 | 76-804 0-28 7629 | 3-284 0-20
20 .. . 81| 7674+ 029 76-09 | 3-29% 0-20
30 .. . 61 | 76:384 0-25 756-85 | 2-834 0-17

It will be noticed that the change is now quite systematic. The average
Jevel of the river gradually rises from about 76 feet in the begiuning of July to
alittle over 80 feet towards the middle of August,and thon decreasssto 766 fect
by the end of Seplember. The risc of about 5 ft. in the first six wecks, and the
subsequent fall of alout 4 feet in the next six weeks ropresent the seasonal
fluctuation due to the progress of the monsoon.

The data have be2n graduated by a parabolic curve of which the
equation is
T =601487+01054(D)—0:0023 (D) vevrvevereresaeres (3)
where H=Graduated Leight in ft. and
D=Actual date—August 16
The graduated values are given in column (4) of Tables 133—135, and
the gradnated parabolic curve is shown in chart 8 ; the graduation appears
to Lo satwsfactory, as is clearly seen [rom the improvement in the residual
variance given in the analysis of variance in Table 130.

Tabtle 136.—Analysis of variance ¢ Malhanadi at Nara].

D. F. |Suw of squares. | Mean variance. | S. D.
Pambolic Regression 2 300347629 15017-3815 | 122-54
Deviation from Parabolic Regression 89 705-7906 7.9302 2.82
Total 91 307405535 337-8083 18:38

The paraholic graduation (2 degrees of freedom) now ahsorbs 300317629
or practically 98 per cent of the variance. In other words the porabolic
graduation is definitely significant. Jurther the deviations from the parabula
(89 degrees of freedom) represent a total variance of only 705°7€06, yielding
¢ mean variance of 7°9302 which is actually less than the mean variance for
fluctuations «vithin days (11'4668). We do not, therefore, expect to be able
toimprove the graduation by using a 3rd order parabola. We conclude that

tho 2rd order parabola given by equation (8) is fully satisfactory and
adequate, :
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Apart from the mean height we may also study the change in fluctuations
from year to year. The Standard Deviation, which is a convenient statistic
for this purpose, has been given (with probable errors) in Table 126,
column (4), and does not exhibit any systematic trend with time, although
there exists considerable fluctuations in the Standard Deviation from year to

year.

The Standard Deviation for each day is given in column (5) of Table
133—135. It will be noticed that the fluctuations appear to vary in a
slightly more systematic manner. There is & gradual decrease in July,
showing that the rainfall becomes gradually wore steady with the definite
establishment of the monsoon by the middle of July. Excepting for a
glight rise in the middle of August (probably due tothe large increase in the
rainfall) the Standard Deviation is practically steady until the end of

September.

—— — t—
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CHAPTER 26.—THE FREQUENCY DISTBIBUTION OF GAUGE
READING AT NARAJ.

The frequency distribution of the height of the river, at intervals of
1 foot, was compiled separately for each month as well as for the whole
monsoon period of 3 months taken together and are given in Tables 187—140.
The observed frequencies for all the three months rise very steeply and
then decrease gradually, This indicates that the modal values in each
month are attained very rapidly, lower heights of the river being com-
aratively rare. Higher levels, on the other hand, occur with decreasing
rrequency, until very high levels become extremely rare. The curves for July
and September are much steeper tban those for August, showing the greater
steadinessof the heightin the middle of the monsoon season. Between
July and September the latter shows a steeper gradient.

The frequency distributions were graduated by curves of the Pearson
Type. The frequency constants are shown in Table 141. The midpoint
was intentionally fixed at 65625, 66:25 feet, eto., in order to avoid rouad
numbers such as 65, 66, etc., s0 as to eliminate any bias which might have
existed in favour of such round number in noting the oiiginal gauge
readings. ‘1he graduated and observed curves for the frequency distribution
for the combined period July—September are shown in chart no. 4.

The skewness is in the same direction (p, positive, with modal value
lower than the mean value) in each case, The curves for July, September
and the combined period are loptokurtic (B,<<3) or steeper than the normal
curve, while that for August is platykurtic (8,>3) or flatter.

The frequency distributions for July can be represonted by the following
equation (Pearsonian Type IV).

1

.sz —ylan <

y = 4 (1+—,) e ¢
a

Where yo = §6:475200

a = 12:232736

m = (1067613

y =  —4306004

Origin at 72:136344

The graduated values (obtained by micasuring the area on large-scale
curves) are given in column (3) of Table 137.



Table 137.—Mthanadi at Nara] : Frequency distribution of daily river levels tor July,
1868—1929 (N =1876).

Range in feet. Observed. Graduated.

—04+75 0 0-8
64-76—06-76 0 2:0
65:75—66-75 5 3-6
60-75—067-75 11 68
67:756—08:75 16 12:8
68-75—09-75 30 234
69-75—70-75 34 38-8
70-75—171.75 39 61-8
71-75—72-75 52 89-6
72.75—173-75 102 122-8
73-756—174+75 161 153-2
74-75—17575 240 1752
75:75—~%C-75 234 1854
76-75—177-75 208 183-8
77-95—178-715 146 169-0
78:75—79-75 115 147-8
79-75—80-75 96 123-0
80-75—81:75 77 98-2
81-75—82-75 1 756
82-75—83+75 61 57-8
83-75—84-75 37 42:0
84-756—85'75 35 301
85:75—86:75 28 220
§6-73—87-75 21 15-8
87-75—8515 14 11-4
85-75—89:75 8 8:0
89-75—40-75 12 54
00-75— 9175 7 3-8
01-75—92.75 4 2-4
02.75—03:75 0 24)
03:75—4:75 0 15

fTable 138.— Mahanadi at Naraj 1 Frequency distributicn of daily river levels for
August, 1868—1929 (N :~1871).

Range in feet. Observed. Graduated.

69-75—170-75 6)

70-75—=71-75 3 17-1
71-75—72:95 10

72.75—7375 28 447
73157475 63 #3-8
74-76—75-15 151 125-1
75:95—76-73 177 1632
76-756—~17-75 177 171-8
77-76—7895 167 1804
78:75—70-73 193 181-4
79-75—80-75 168 176-5
80-76—81:%5 141 159-2
81-75—82:75 153 136-3
82.75—83+75 107 1148
83-75—84-75 102 931
84:75—85:75 7¢ 742
85-75—86-75 53 552
86-75—87-75 48 401
87-73—88-70 18 26-8
88.75—89:75 17 174
89-75—00-75 15 107
00-75—91:75 9

91-76—92:78 0} 9-2
92-75—93-78 1




179

Table 139.—Mahanadiat Naraj : Froguenoy distribution of dally rlver levels for
September, 1868—19829 (N=1833).

Range in feet. Observed. Graduated.

68-756—69-75 2

60°76—70'75 23 1-0
70-75—171:75 15 10-8
71-76—172-76 13 37:2
72:76—173:75 32 86-0
73-76—174-76 103 144-0
74+75—75-15 245 189-6
75:76—170-75 248 218-4
76-75—77-15 271 2240
77.76—178-715 228 2096
78-15—79-75 177 182-0
79-75—80-75 112 148:4
80-75—81-75 101 115-8
81:75—82-75 60 85:2
82-75—83-75 59 61-6
83:75—84-75 42 42-8
84.75—85-75 30 28-8
85:75—806-75 27 18-8
86:75—87-75 29 12-4
87.76—88:75 7 72
88-75—89-75 7 16
£9-75—90-75 2 2-4
90-75—901:75 1-8
91:75—92-75 1-0

Table 140.—Mahanadi at Naraj : Freguoncy disiribution of daily river lavals for
the period July—Soptemker, 1538—152¢ (N =5550).

Range in fect. Observed. Graduated.
Below—6S+75 32 12-8
65-75—69-75 ‘ 38 24-4
69-75—70-75 03 55-2
70-75—171-75 57 99-2
71-75—172:75 75 166-8
72:75—73-75 162 265-2
73-75—74-15 327 367-0
74-75—175:75 642 4508
756-75—176-15 659 518:4
76-75—77-75 656 5564
77-15—178-15 541 5548
78-75—179:75 485 513-6
79-75—80-75 364 456-0
80-75—81-75 319 393-6
81-75—82:75 284 319-2
82-75—83:75 227 241-2
§3-75—84-75 181 179-2
84:75—8575 141 131-6
85-75—86-76 108 94-0
80-75—87-75 98 656
87.75—88-75 39 44-4
88:76—89-75 32 29-2
89.75—90:75 29 18-0
90-75—91-75 18 11-8
91-75—92:75 4 64
92:76—93-76 1 48
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Table 141.—Mahanadi at Nara) &

Frequenoy oonstants:

levels for July, August and 8eptember 1868—1929,

Distribution of dally rives

Statistic, July. August. September. Combined.
Range .. .. | 65:76—92.75 | 60-76—93.75 | 68.76—90-75 | 65-76—02-75
N .. . 1876 1871 1833 5580
Grouping Unit .. 1 1 1 1
Mean . 7750 79-9865 7819 7853
5.D. . 4.383 8917 3433 4-007
B . ..| 10-192845| 156335847 |  11.780088 |  16-785836
p | ar204ms| 26076454 |  28-626216 |  20-864553
o 0| 1ass-238492| 649554880 |  510-208007 |  941-387150
p‘ . . 0:32 0-19 0-51 0-19

' 3-08 278 372 3:34
B - v I 11 v
Ll » 12874 36-8402 12601 31232
Number of cells .. 31 20 21 26

The frequenoy distribution for August
following equation (Peatsonian Type I).

can be reprosented by the

m, 7y
;= @) )
Where y, = 182:4338
zr = 9:061912
e = 7248086
m = 1:020832
ng = 5135080
4 = 10316422
Origin at Mcan = 79-9865

The graduated values (ubtained
curves) aro given in column (3) of Table 138.

by measuring the area on large-scale

The frequency distribution for Septembler can be represented by the

following equation (Pearsonian Type ILI).

e ()"

Yy =

Where y, = 226'1438
y = 0817€35
o = 8350488

Origin at  76:97

The graduated values (obtained by measuring tho area on large-scale

curves) ale given in column (3) of Table 189.
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Tho frequency distributions for the combined period can be represented
by the fellowing equation (Pearsonian Type V).

-y =2
p
Yy = %.(z) .e =

logy, = 182:080784
Yy = 3353 256584
p = £9-852400
Origin at 40-86 (at start of the curve).

Tho graduated values (obtnined by measuring the area on large-scale
curves) are given in column (8) of Table 140.

Contidering the nature of the data the graduations are not very unreason-
abl.o, although the goodness of fit as judged Ly the chi-square test aro not
satisfactory,

We may now use this material for constructing tables for the probability
of occurrence of river levels cf an assigned wmagnitude. TFor this purpose we
use the accuwulated totals given in Tables 142—145. Column (1) in
ezch case showa tho height equalled or excceded, column (2) the observed accu-
mulated total, column (3) the graduated accumulated total (bas:d on tke
graduation Ly the I’carsonian curves discussed in preceding paragraphs),

If we divide cach figure by tho total number of years (62 in this case) we
get the number of days in cach year on which the river level is likely to equal
or exceed the assigned height, ‘Iho observed and graduated values are given in
columns (4) and (3) in ‘Lables 142— 145,

The use of Tables 142— 143 can be illustrated by the following
cxample. Let us corsider a river lovel of 86°LH feet. ¥rom column (2)
of Tables 142— 145 we find that during the period 1868—1929, the,
river level actually equalled or exceeded 8475 feet on 129 occasions in J uly,
237 in August, 12 in Scptember, or 468 during the whole monsoon period of
3months. Using column (1) of the same tables, we find that the river level is
likely to equal or txceed 84°75 feeb on 2:08 days in the year in July, 8'52 in
August, 103 in September, and 7°55 days in the whole season,

Table 142.—Mahanadi-Naraj, 18€8-1929,—Accumulated tolals of daily river levels in July.

Frequency in 62 years.! Frequency per season.
Height in ft.
equalled or
exceeded. |
Obscrved. Graduatedd Observed. | Graduated.
93-75 0 1-6 -0000 0-020
92:75 0 3-6 -0000 0-058
9175 4 60 -0645 0-097
0075 11 9.8 1774 0-158
89-756 23 15-2 «3871 0-245
88-75 31 23-2 -5000 0:374
8776 45 31-6 +7258 0-558
86-75 66 50-4 1.0645 0:313
86:75 94 72-4 1.5161 1-168
84:78 129 102.8 2-0806 1.66
83-756 166 144-8 2:6774 2-34
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Frequency in 62 ycars.| Frequency per seascn.
Height in ft.
equalled or
excecded. |

Obsorved. ledunted. Observed. | Graduated.

82756 227 202-6 3:6613 3-27
8175 208 278-2 4-8004 4-48
3075 375 3764 6-0484 8-07
7975 471 4994 7-5968 8-05
7875 530 647-2 9-4516 10-44
775 732 816-2 11-2004 13:16
%6-75 040 1000-0 15-1613 16-12
7575 1174 1185-4 18-9355 19-12
74-753 1420 1360-0 22:9032 21-95
73-75 1651 15138 26-0000 2442
72-75 1683 10636-4 27-1452 26-39
71-75 1735 1726-0 27-9839 27-84
507 1774 1787-8 28-6128 28-84
69-15 1803 18266 29-1013 29-46
68-75 1344 1850-0 29-7419 29-84
6775 1860 1562-8 300000 30-04
66-75 1871 1569-6 30-1774 30:13
6375 1876 1873-2 30-20 30-21
6475 1876 1875-2 30:20 30-25
6375 1876 1876:0 30-26 30-26

Tabla 143.—Mahanadi-Naraj 1868—1929. Accumulated totfals of daily river levelsin

August.
Frequency in 62 ycars.l Frequency per season.
Height in {t.
equailed or !
exceeded.

Observed. (Graduated.| Observed. | Graduated.
9275 1 . 0-02 .
91-75 1 . 0-02 .e
80-75 10 9:2 0-16 /15
89:75 25 19-9 0-40 232
88:75 42 37-3 0-68 -60
87:75 60 641 097 1-03
86-75 108 104:2 174 1:68
85-75 161 159-4 260 2.57
84-75 237 233-6 3-82 377
8375 439 32647 7-08 5:27
82:75 546 4415 8:81 B9
81-75 899 577-8 11-27 0-32
§0-75 840 7370 13-55 11-89
7975 8496 913-5 11-45 1473
7875 1039 10049 17:50 17-66
1175 1250 12753 20-26 20-57
76-75 1433 1447:1 23:11 23-34
7575 1610 1600-3 25-97 25-81
7475 1761 1725-4 28:40 2783
73.75 1824 1809-2 29-42 29:18
7275 1852 1853-9 29-87 29:90
7175 1862 30-03
70.75 1865 1871-0 30-08 30:18
€975 1871 } { 30-18 }




Yable 144,—Mahanadi-Nara] 1868—1929,
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Aooumulated totals of daily river levets in

September.
Frequency in 62 years.| Frequenoy per season.
Height in ft. —
equalled or
exceeded. [Observed. [Graduated.| Observed. Graduated,
91-76 0 1.0 0 -02
90:76 0 2-8 0 05
80:75 2 5-2 03 +08
88:78 9 9-8 16 16
87-75 16 17.0 27 <27
86-75 45 29:4 -89 47
85:75 72 48-2 1-16 -78
84475 102 77-0 1-65 1.24
8375 144 119-8 2-32 1.93
82.75 203 1814 327 2:93
81:76 263 2666 4-24 4-30
80:75 364 382:2 5-87 6-18
7975 476 530:6 7-68 8-56
7875 653 712-8 10-53 11.49
7715 881 922-2 14.21 14.87
7675 1152 1146-2 1858 18:49
75-75 1400 1364-6 22:58 22:01
7475 1645 1534-2 26-53 24:75
73-75 1748 1698-2 28:19 27-39
72-75 1780 1784-2 28:71 28.78
71-75 1793 1821-4 28:92 29-38
7075 1808 1832-0 29-16 29-55
89:75 1831 1833-0 29-53 29-56
68:75 1833 1833-0 29.56 29-56

Table 145, —Mahanadi-Naraj 1868—1929,

the period of 1st July—30th Scptember.

Accumulated totals of daily river level for

Frequency in 62 years.

Frequency per season.
)

Height in ft.

equalled or

exceeded. Observed. Graduated.| Observed. | Graduated.
92:75 1 4.8 02 -08
01-75 5 112 -08 -18
90-75 21 228 34 +37
89:75 50 40-8 81 «66
88-75 82 70-0 1.32 1-13
87-75 121 1144 1-95 1:83
8675 2190 180-0 3:53 2:90
85-75 327 274-0 5:27 4:42
8475 468 405-6 7:55 6-54
83:75 649 5848 10-47 943
82:75 876 826-0 14:13 13-32
81.75 1160 1145.2 1871 18-47
80-75 1479 1538-8 23-85 24-82
79-75 1843 1994-8 29-73 32-17
7875 2328 2508-4 37-55 40-46
71455 2869 | 30632 46-27 49-41
7675 3525 36196 56-35 68:38
75:76 4184 41380 67-48 66-74
74-75 4826 4588-8 77-34 7401
73:75 5153 49564 83-11 79-04
7275 5315 5221-6 8573 8422
7178 5390 53884 86-94 86-91
70:76 5447 5487-6 87-85 88-5]
69:76 ‘5510 5542-8 88:87 89:40
886 5548 5567-2 89-48 88:79
87:76 5580 55800 00-00 90-00
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We have so far confined our attention to the single day readings of the
giver level. For flood studics the continuance of a high average level for
o successive namber of days is of much greater importanco than the occurrenee
of a very high level only for a short time. I have, therelore, calculated the
average height of the river for 2 consecutive days, for 8 consecutive days, for
4 consecutiye days, and for 5 consecutive days for the whole period.

The frequency distributions are given in Tablee 146-—149. The
frequency constants sre given in Table 131. The graduated values for
tho combined period are given in Table 150, but graduation of the combined
curves by the Pearson family of curves was not satisfactory.

From the nature of the obacrved frequency distribution it wouild appear.
likely that some kind of asymptotic e¢xpansion of a frequency function
{Edgeworth, Charlier’s A and 13 Series, or Cramer's P Eeries) would be
required to graduate them satisfuctorily. I bave not had time to examine this
point moro closely.

The observed accumulated totals of tho frequencies for 2 days’, 8 days’,
4days’ and 5 days' averages are given in Tables 153—166 for July,
August, September, and fur the combined period respectively.

These accumulated totals correspond to the probability function for the
occurrence of assigned heights of the river level, 1 have, therefore, converted
these talles into probability Tables 157—160, which give dircetly the
observed frequency of occurrence per year (monsoon season) of a river level
of any assigned lLeight. Tloese tables give the number of daysin each year
(Julg—September) on which the river level reached or exceedod any given
height.

Table 146.—Mahanadi : Naraj gauge, 1868—1929. Frequency distribution of moving
averages of river levels for 2 consecutive days.

Range in feet. July. August. | September. Total.
65-76—86675 1 .. .. 1
—6775 5 . .. 5
—068-75 12 .. .. 12
—89:75 17 . .. 17
—170-75 31 .. 2 33
—7175 28 6 21 55
—172-75 35 4 16 55
—17315 50 8 17 75
—174:75 100 25 29 164
—175-15 152 68 93 313
—78-75 236 142 237 615
—177:75 240 181 246 667
—178-15 197 164 269 620
—79-75 137 185 228 550
—80-75 107 193 181 481
—81:75 99 149 130 378
—82.75 80 168 94 342
—83-75 75 132 61 268
—84-75 46 118 57 221
—85-76 38 101 50 189
—86-75 34 63 26 123
—87-75 27 58 25 110
—88-75 21 38 21 78
—89+75 8 25 13 46
—90:76 10 12 5 27
—91-75 6 12 1 19
—92.75 12 8 . 20
92:76—93.75 .. 2 . 2
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Tahle 147.—Mahanadi : Nara) gauge, 1868—1929. Frequenoy distribution of moving
averages of river lovels for 3 consecutive days.

Range in feet.| July. August. | September. Total.
65-76—66-76 2 .. . 2
—07-76 12 . . 12
—08-75 9 . . 9
—89-76 33 . . 33
—70:75 31 4 21 56
—71:76 35 4 18 57
—72:95 47 1 12 66
—173-76 80 26 25 131
—74-16 146 76 #3 308
—175-76 230 147 221 598
—176-76 238 165 HYP) 043
—717-16 186 163 202 601
—78-78 135 187 241 563
—79:75 112 196 189 488
—80-76 108 163 134 403
—81:75 79 144 05 318
—82:75 65 155 78 288
~—~83:75 48 119 56 223
—84:75 41 89 47 177
—85:75 25 72 30 127
—8C-75 22 55 30 107
—87-75 19 34 17 70
—b88-75 7 19 9 35
—89:75 6 16 7 27
—40-75 10 7 .. 17
—01:%5 1 7 . 14
91:76—92-75 . 1 . 1

Tahle 148.—Mahanadi : Naraj guage, 1668—1%29. Frocucency distribution of meving
averaged of river levels for 4 consecutivoe days.

Renge in feet.|  July. Avgust. | Septemkber. Total.
65:76—66-75 4 .. .. 4
—067:75 12 . . 12
—08-75 30 .. . 30
—09-75 7 .. 1 8
—70-75 26 4 19 49
—71-75 32 3 16 61
—%275 44 7 13 64
—73:76 77 26 24 127
—174-75 152 63 79 294
—75-75 222 144 211 577
—76:76 222 159 229 610
—77-75 175 160 264 699
—18-75 132 179 243 554
—179:76 102 202 188 492
—80:76 107 173 138 418
—81-75 84 151 112 347
—82-75 69 159 68 288
—83-76 50 128 70 248
—84:75 33 79 39 151
—85:75 27 75 26 128
—86-75 26 54 33 113
—87-76 10 37 16 63
—88-76 8 15 6 29
—89:75 4 11 K 22
—90-75 8 12 .. 20
90-76—91-75 [ 3 8




Yable 148, Mahanadi :

Nara) gauge, 1868—1929.
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averages of river levels for 5 oconseoutive days.

Frequenoy distribution of moving

Range in feet July. August. | September. Total,
86:76—67-75 6. . . 8
—68-76 12 . . 12
—09-756 24 . 5 29
—170-75 31 3 14 48
—71-15 25 3 18 46
—172-16 45 7 12 64
—173:76 72 23 19 114
—74-76 134 63 73 270
—75:76 199 133 201 633
—76:75 243 157 237 637
—177-15 173 151 243 507
—178-73 123 201 246 670
—179-75 i08 184 200 492
—80:75 95 181 143 419
—81:75 095 160 120 375
—82:95 66 175 74 305
—83:75 50 119 68 237
—84:75 26 90 39 155
—85:75 27 72 28 127
-—86-75 16 50 24 89
—87:15 7 32 19 58
—88:75 5 12 8 25
—89:73 4 3 3 10
~90:75 b 18 .e 23
90°76—91-75 5 ‘e . 5

Table 150, Mahanadi ! Naraj gauge, 1868—1929. Frequency distribution :
values of the frequency distributicn of average river levels for 2, 3, 4 and 5
consecutive days during the period July—Septembe:.

|
Range in feet. | 2 days. | 3dayu. 4 days. 5 days.
8576—66-75 | 2 . 5 .
—67-75 ] 2 10 4
—0638:75 10 8 20 12
—69-75 21 15 36 20
—170:75 48 40 61 40
—11-75 91 78 96 71
—72:73 138 135 144 112
-~73-75 190 210 211 179
—74:75 260 309 204 258
—1735-75 361 400 386 318
—76-75 459 407 474 443
1775 531 509 510 503
—78-75 661 509 507 HE
—79-75 539 482 650 537
—850-75 4738 428 450 522
—81:75 400 360 396 462
—8§2.75 321 292 209 37
—53:75 260 223 209 282
—84:73 208 158 138 201
—85:76 152 110 89 120
—S6:75 109 73 56 82
—§7475 74 48 30 49
—$8-75 49 30 18 24
—£9-73 47 18 8 12
—90-76 25 10 2 6
—91-75 13 5 . 3
91-76—-9275| 6 . .- .

Graduated
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yable 151, Mahanadi ; Naraj gauge—Frequenoy oonstants of the graduated curves
based on 2, 3, 4 and 5 days' averages.

Statistic. 2 days. 3 days. 4 days. 5 days.
\
N .. . 6476 5374 5300 5216
Mean . 78-5279 78-5561 78:6051 78-6309
S.D. .. e 4- 006 3-9000 3-8264 3:7210
' .. . 16-0480 15-2076 14:6438 13:8468
My .. . 29-9856 23-9728 — 8801 16-6838
My . .. 8690-2149 | 767-7506 | 732-0884 | 626:9104
[ . 0-2176 1634 0002 | 0- 105
p, .. . 3:3751 3:3197 3:4182 3. 273
Type .. . VI \"/ v v

Table 152. Eguations of thg graduated froquonsy curves bassd on 2, 3, 4 and 5 days’
averages for the combincd period July— Saptember, 1858—1929,

(1) 2 days’ averages (Type VI)—

9~
y=y, z—a) (2)
Where log y,=294-7875

a= 82-0843
q,=164-5029
.= 20-008Y
Origin at —101:2773
(1s) 3 days’ averages (Type V)—
T

y=y, (2} (o)

Where log y,=210-2357
p=102-9083
r=3933-1718

Origin at 38:6739

(#13) 4 days’ average (Type IV)—

L\ M —1 z

y=y, (l-l—-;._; e—r lan 2
Where log y,= 2:7568
a=15-4159
m= 9-6791
r= 0-2331
Origin at 75-4578

(iv) 5 days’ averages (Type IV)—
2\ —M -1,
Y=y, ( l+;._.) e—~T lan a

Where y,—=4-6483
a=22:30061
m=29-1558
r=41-3140



yable 153. Mahanadi : Nara) gauge, 1868—1829. Aocoumulated totals of average
river lavels for 2 conseoutive days.

Height in fect | ) July—

exceeded. July. | August. September. September.
0576 1804 1850 1822 5476
6675 1803 1850 1822 5475
8775 1798 1850 1822 5470
68-76 1788 1850 1822 5468
89-75 1769 1850 1822 5441
70-75 1738 1850 1820 65408
7176 1710 1844 17969 53563
7276 1675 1840 1783 5298
7315 1625 1832 1766 6223
7476 1626 1807 1737 5069
7676 1373 1739 1844 4768
76-15 1137 1597 1407 4141
1775 897 14186 1161 3474
78:75 700 1202 892 2854
79-35 563 1077 664 2304
80-76 468 884 483 1823
81-76 357 736 363 1445
82-76 277 567 269 1103
83-75 202 435 198 835
8475 166 317 141 614
86-75 118 216 91 428
86-75 84 163 85 302
87-75 67 85 40 192
88-75 38 59 19 114
89-75 28 34 8 a8
00-75 18 22 1 41
91-75 12 10 . 22
9275 . 2 . 2

Table 154, Mahanadi : Naraj gauge, 1068—1229. Accumulated totals of average
river levels for 3 consccutive days.

Height 1n teet July—
exceeded. July. August. | September. | September.

€675 1720 1845 1809 5374
6775 1718 1845 1809 5372
6875 1706 1845 1%09 536C
69:75 1697 1845 1809 5351
70:75 1664 1845 1809 5318
7175 1633 1841 1738 6262
7275 1548 1837 1770 6205
73715 1661 1830 1758 5139
7475 1471 1804 1733 5008
75-75 1325 1728 1647 4700
7675 1096 1581 1426 4102
7775 857 1418 1186 3459
78-75 671 1263 024 2858
7975 536 1076 683 2295
8075 424 880 503 1837
8175 318 717 369 1404
82:75 239 573 274 1086
8315 184 418 190 793
84:75 136 299 140 575
8573 95 210 93 398
8675 70 138 63 271
8715 48 83 33 164
8875 29 49 18 94
89-75 22 30 7 59
8075 17 15 . 32
9175 7 8 . 15
9276 .. 1 .. 1
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T ablo 185, Mahanadi @ Nara) gauge, 1868—1929. Aoccumulated tatals of average
river levels for 4 consecutive days.

Height in feet | July—
exceeded. July. August. [September. September,
66-75 1658 1844 1802 5304
87:76 1054 1844 1802 6300
88-76 1042 1844 1802 5288
89-75 1612 1844 1802 5268
7076 1806 1844 1801 5250
7175 1679 1840 1782 5201
72:75 1547 1837 1708 5160
7315 1503 1830 1753 5086
74-75 1428 1804 1729 4959
7675 1274 1741 1650 4663
76-76 1062 1697 1439 4088
7716 830 1438 1210 3478
7875 855 1278 940 2879
79-75 623 1099 703 2326
80-75 421 897 515 1833
81-75 314 724 377 1415
82-75 230 673 2065 1068
8375 171 414 197 782
84-75 121 286 127 534
85-76 88 207 88 383
86:75 61 132 62 255
8775 35 78 29 142
88-75 25 41 13 79
8975 17 26 7 650
90-75 13 15 . 28
91:75 6 3 .. 8

Table 156, Mahanadi : Nara] gauge, 1853-——1929. Accumulated totals of average
river fevels for 5 consecutive days.

Height in feet July. August. ’September. July—
exceeiled, September,

67-75 1585 1837 1794 5216
68-75 1579 1837 1794 6210
69-75 1567 1837 1794 5198
70-75 1543 1837 1789 5169
7175 1512 1834 1775 5121
72-75 1487 1831 1737 5075
7375 1442 1824 1745 5011
74715 1370 1801 1726 4897
75-15 1236 1738 1653 4627
76-75 1037 1005 1452 4094
77-15 794 1448 1215 3157
78-75 621 1297 972 2590
79-75 498 1096 726 2320
80:76 390 912 520 1828
82:75 295 731 383 1409
82:75 200 571 263 1034
83-75 144 398 189 729
8475 94 277 121 402
85-75 68 187 82 337
88-75 41 115 54 210
87:715 20 65 30 121
88-75 19 33 11 63
89-75 14 21 3 38
9075 10 18 .e 28
01:75 5 . .. -1




Table 157,
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Table 158,

Mahanadi at Nara] : Probability of ooocurrence of assigned heights :
Average river levels for 2 congocutive days.
Hoight in feet July. August. Septomber. July—
exceceding. September.
65:75 29-09 .o .o 88:32
66:76 20-08 .o .o 88-31
6775 20-00 .. .e 88-23
6875 28-81 .e . 88-03
6978 28:53 . 29-39 87-76
7075 23-03 29-84 29-35 87-23
7175 27:58 2974 29-01 80-34
7275 27-02 29-68 28-76 85-45
73-75 20-21 29:65 28-48 84-24
7475 24-60 29-15 28-02 81-56
7576 22.14 28-05 26-52 76-71
7675 18-34 25-76 22:69 66-79
7778 1447 22-84 18:73 56-07
7875 11-29 20-35 14-39 46-03
7976 9-08 17-37 10:71 37-16
§0'75 7-35 14-20 7-79 29-40
8175 5-70 1185 5-69 23-31
82:75 4-47 9-14 4-18 17-79
8375 3:26 7-02 3-19 13:47
84715 2:52 511 2:27 9-90
8575 1-90 3-48 1-47 G-85
86:75 1:35 2-47 1-05 4-87
8773 0-92 1-563 0-65 310
8875 0-58 0-95 0-30 1-84
89-75 0-45 0:55 0-09 1-10
90:75 0-29 0:35 0-02 +66
91-75 019 0-16 . -35
92:75 .e 0-03 . -03
Mahanadi at Naraj : Probability of occurrence of assigned heights ¢
Average river level for 3 consecutive days,
Height in feet July. August. | September. July—
excecding. September.
6675 2774 e . 86-68
775 2771 . . 86-64
6875 27-52 .e . §6-45
6975 27-37 .e .. §6-:31
075 26-84 29.76 29-18 85:77
7175 206-34 29-69 25-84 84-87
7275 25-77 29-63 28-55 83.95
73175 25-02 29-52 28-35 §2-89
7475 23-73 29:10 27:95 80-77
7575 21.37 27-87 268:56 75-81
76:75 17:66 25-50 23-00 06-16
7775 13-82 22.84 10-13 67-79
515 10-82 2037 14-90 46-1¢
7975 8:65 17-35 11.02 37-02
8075 6:84 1419 811 29:15
8175 5:13 11:56 5:95 22-65
82:75 3:85 9.24 4:42 16:55
8375 2:97 674 3:16 12-87
8475 2:19 4-82 2:26 9.27
8575 1-53 339 1:50 6-42
8675 1-13 2:23 1.02 4-27
8775 17 1.34 +53 2:65
8875 47 -79 20 1:62
8975 35 48 11 0-95
90-76 27 -24 . 0.52
91-78 11 +13 .. 0-24
0275 .e -02 . 0-02
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gable 159, Mahanadi at Nara] 2 Probability of ocourrence of assigned heighte 3
Average river lovel for 4 conseoutive days.
Height in.feet July. August. | SBeptember. July—
excoeding. September.
66:78 20:74 .o . 85-85
8715 20-68 . ve 86:48
6875 20-48 .e . 86:290
6975 26-00 .. 29-08 84-81
70:75 25:89 29:74 29:05 84-68
11°75 25-47 29-68 28:74 83-80
7218 24-95 29-63 28:48 83:08
7315 24.24 29.52 28-27 82-03
7475 23-00 29:10 27:89 79-98
7675 20-55 28-08 26-61 75-24
7675 16-97 25-76 23-21 65-94
7776 13:39 23:19 10:52 58:10
7875 10-56 20-61 15-26 46-44
79:75 8-44 17-73 11-3¢ 37-51
8075 6-79 14-47 831 29-50
81'75 5-00 11-68 6-08 22-82
8275 371 9:24 4-27 17-23
8375 2-76 6-68 318 12-61
8475 1-95 4.61 205 8-61
8575 1:42 3-34 1:42 618
86'75 -98 2:13 1:00 411
87:75 +50 1-26 47 2:29
8875 40 1) 21 1-27
890-75 27 42 11 0:81
90-75 21 24 . 0:45
9175 08 05 . 0:13
Table 160. Mahanadi at Nara] : Probability of occurrence of assigned heights :
Average river level for 5 consecutive days.
Height in feet July. August. | September, |July—September,
exceeding.
6775 25-56 . . 84-13
68:75 25-47 .e . 8403
69:75 25-27 ‘e 28.94 83-84
70:75 24-89 29-63 28-85 83-37
7175 24.39 29.58 28-63 82:60
7275 23-08 29:53 28-34 81-85
7315 23-26 29-42 23:15 80-82
1475 22.10 29-05 27-84 78-98
1513 10-94 28-03 26-66 74-63
7615 16-73 25-89 23.42 66:03
7775 12.81 23:35 19-60 65:76
7875 10-02 20-92 15:68 46-61
7975 8:03 17-68 11:71 37-42
8075 6-29 14-71 8:48 29-48
8175 4-70 11-79 6:18 22.73
8215 3-23 9-21 4.24 16-68
8375 2.32 639 3-05 11-76
8475 152 4-47 1:95 7-94
8575 1-10 3-02 1-32 5-44
86'75 -06 1-85 87 3:39
87-75 42 1-05 48 1-95
88:75 -31 53 -18 102
89'76 23 +34 05 61
80-76 .16 -29 . 45
9176 <08 . . -08




Although the above tables are useful for hydrological investigations, for
flood studies the higher levels are of much greater importance. I Eave there-
fore given a far more detailed analysis of the data for river levels above 85 feet
for the monsoon season a8 a whole (July, August and Beptember vombined).
Table 161 gives the observed accumulated totals for 2, 8, 4, 5 days'
averages,

The accumulated totals were graduated by drawing free-hand curves
through the observed points. These graduated toials have been used for the
construction of the Probability Table 182, which gives the number of
oocasions in one season (July—September) on which the river level (average of
9,3, 4 or b consecutive days) is likely to reach or excecd any given height,

Table 161, Mahanaci at Naraj, 1868—1929 : Accumulated totals of average levels
(above 85 feet) for 2, 3, 4 and 5 consecutive days,

Hzight in feet | 2 days. 3 days. | 4 days. § days.
exceeded.
852 372 365 345 310
85-4 347 340 315 285
856 325 310 290 255
§5-8 305 290 265 230
86-0 285 267 242 205
86-2 263 242 220 188
36-4 240 220 105 185
46-6 215 200 175 150
36-8 197 182 155 130
87-0 150 160 148 115
87-2 160 145 122 100
87-4 143 128 110 85
87-0 132 115 9¢ 78
87-8 119 104 88 48
880 110 96 80 62
88-2 100 88 73 58
88-4 90 80 65 50
88-6 79 71 61 47
88-8 70 65 66 42
89-0 65 58 5¢ 38
89-2 57 52 42 35
89-4 54 46 40 32
89-6 48 40 36 30
898 44 31 3y 26




Height in feet 2 daya. 3 days. 4 days. 6 days,
excecded.

80-0 40 34 290 22
90-2 35 31 25 18
90-4 82 27 22 15
90-6 28 28 18 10
90-8 26 18 13 8
01.0 20 16 8 5
01.2 15 10 5
€l1-4 11 7 2
91.6 7 3 1
91.8 4
92.0 2

able 162, Mahanadi at Naraj : Probability of oocurrence of assigned heights in
number of days per season (1st July to 30th Scptember) for 2, 3, 4 and
5 consaecutive days.

Height in feet 2 days. 3 days. 4 days. 6 days.
exceeding.

86:2 6:00 589 5:56 800
4 660 548 508 4:60
-6 524 §:00 468 411
8 492 468 427 3N

860 480 4:31 3:90 3-8}
-2 4:24 3:80 365 298
4 3-87 365 316 2:88
-8 3:47 823 2:82 2:¢3
8 318 2:94 250 2:10

870 2:90 2:88 2:39 1:85
2 2:58 2:34 1°97 1-61
-4 2:31 2:06 177 1-37
-6 2:13 1'85 1'58 1-23
-8 1:02 1-68 142 110

83-0 177 1:656 1-20 1:00
-2 161 | 142 1118 90
-4 145 1-29 108 81
8 1-27 1'18 28 76
8 1-13 106 90 68

83-0 1-05 94 81 81
-2 92 -84 68 56
4 87 ‘74 66 582
-6 77 ‘85 58 48
8 71 ‘60 53 40

$90-0 65 55 47 35
-2 *56 ‘50 . 40 29
4 52 ‘44 36 24
8 *45 37 29 ‘16
-8 *40 *29 21 °13

91-0 32 +24 18 U3
-2 24 16 08
4 18 11 03
6 ‘11 05 02
-8 ‘06

92-0 ‘03




In view of the importance of the subjeet I deridod to flnd out the fraquenay
distribution of gauge-heights for the average of 6, 7, 8, 9, and 10 conseoutive
days. But as we are more particularly interested in tho higher levels, I deeided
to cut short the lower range of the data. This, of course, required very careful
scrutiny of the totals for 2, 8, 4, and 5 days. All individual totals which were
Jikely to lead to an average height of over 83 feet were marked, and the
consecutive days' totals worked out in the usual way,

The frequency distributions of the average of 6, _7, 8, Q, and 10 conseoutive
days gauge-readings (height over B3 feet) are given in Tahle 163. The
accumulated totals are given in Table 164, These observed totals
were graduated by free hand curves, and the corresponding graduated totals
were divided by 62 to give the probability of ocuurrence (in number of days

or season, July 1—September 30) of different heights of the river for averages
taken over periods of 6,7,8,9 and 10 consecutive days. These values are
given in Table 165.

Teble 163. Mahanadi at Nara) : Frequency distribution of Gauge-heights over 83°0 ¢,
based on 6, 7, 8, 9 and 10 consacutive days’ averages for July—September, 1868—
1929,

Range in feet. | 6 days. [ 7 days. | 8 days. | 9 days. | 10 days,

§3—83-4 51 40 48 46 40
—83-8 44 41 31 36 44
—84-2 38 45 36 35 42
—84-6 3l 33 40 33 41
—85-0 36 28 45 43 29
—85-4 33 35 33 24 17
—85-8 36 34 2l 17 14
—86-2 31 17 12 18 10
—86-0 14 20 20 16 17
-—87-0 28 19 22 18 21
—87-4 18 10 10 11 8
—B817-8 8 8 12 9 7
—88-2 8 7 7 5 4
—88:6 7 5 8 3 3
—89-0 4 7 3 6 1
—89:4 4 5 [ 2 1
—89-8 [} 6 2 1 1
~90-2 b 4 2 2
—90-6 3 2 4 4 ¢
—01-0 3 1 . 1
—01-4 1 1 1 .
—91-8 . v oo ..
—92.2 o o .o
—902:6 1 1 . .
—03:0 1 1 1 2
—093-4 1 1 1 1
—93-8 1 1 1




Table 164.—Mahanadi at Nara] : Accumulated totals cf froquencies of Gauga-tieight at
Nara| ovor 83 t. based on 6—10 consocutive days’ avorages. Period July—
Soptembuer, 1868—1929,

right in feet
“:g'g:cded. 6 days. | 7 days. l 8 days. | 9 days. | 10 days.

83-0 411 379 307 330 308
834 360 339 319 284 208
838 310 208 285 248 224
84-2 278 253 250 213 182
84:6 247 220 210 180 141
850 211 102 165 137 112
86-4 178 157 132 113 86
858 142 123 111 06 8l
86-2 111 100 00 78 71
866 97 86 79 02 13
870 69 67 57 44 33
8§7-4 51 51 47 33 25
878 45 42 35 24 18
88:2 a1 35 28 19 14
880 30 30 20 16 11
89-0 20 23 17 11 10
894 22 18 12 ] 9
89-8 16 12 10 8 8
£0-2 11 8 8 8 (]
©00-6 8 6 4 4

91-0 5 b 4 3

9l-4 4 4 3 3

91.8 4 4 3 3

822 4 4 3 3

92-6 3 3 3 3

83-0 2 2 2 1

03-4 1 1 1

Table 165.—Mahanadi at Naraj: Prohability of occurrence of assigned Gauge-height
fcr 6, 7,8, 9 and 10 consecutive days.

Hi’f?:e:;:fet 6 days. | 7 days. | 8 days. | 9 days. | 10 days.
83-0 6-63 6-11 5-93 532 4-97
834 6-81 5-47 5-14 4-61 132
83-8 65-10 4-81 4:58 4:00 3-61
84:2 4-48 4-08 4-00 3-47 2-03
84-6 3-97 3:55 3:37 290 2-39
85-0 3-40 3-02 2-66 2-32 1:93
85-4 2-87 2-53 2-24 1-85 1:61
85-3 2.29 2:02 179 1.54 1-29
86-2 179 1-69 1-50 1.22 1-04
86-6 1-68 1:38 1:19 98 -80
87-0 1-14 1-11 92 71 -60
874 -87 -85 +78 53 43
87-8 <72 69 59 -40 29
88.2 -58 56 58 31 22
88-6 47 44 46 024 18
§9-0 40 -34 31 -16 16
89-4 35 -27 227 14 14
89-8 28 19 14 11 13
80-2 -19 ‘12 .11 10 09
90-6 13 -09 -08 -08
91.0 09 -08 06 05
91-4 -08 -06 -05 -05
91-8 06 05 ‘05 05
92-2 08 ‘05 <05 05
92:8 056 05 05 05
93-0 03 -03 -03 02
93-4 02 02 02

The free-hand smoothing employed for the construction of Table 162
cannot he considered eutirely satisfactory In view of the failure of tke
Pearsonian systein I have not considered it advisable, in the limited time af
my disposal, to experiment with more elaborate mathematical functions,
1 have, however, tried o simple logarithmic formula.



Table 166 gives the values of log f, that is the logarithm (to the
pase 10) of the frequencies given in Table 161,
It will be noticed that between 85 and 90 feet the logarithmic curves aro
ractically straight lines. Yitting straight lines by least square methods we
find the following equations :—
1day: logof=  2'6288—017 43 (H—85)
2 days: log,f=  26318—020 ¢6 (H—85)

3 days: logpf = 2:6272—0-22 50. (H—83)
4 days: logf = 2:6049—022 98 (H—83).
5 days: log,f = 2:5060—0¢3 40 (H—85)

Where H is tho height of the river level,

All the logarithmic frequency curves belong to & family of straight lines
of the form :—

logwf= a - b (H—'85)

The value of *“ @ (which gives the logarithm of the frequency of a rirer
Jevel of 85 ft.) naturally decreascs as the number of days for which the average
is taken is iocreascd. .Also the numerical magnitude steadily increases,
slowing that as the number of days is increased there is-an inoreasingly rapid
falling off in the frequency.

Table 166. Mahanadi at Naraj ¢ Logarithm of accumulated totals of river levels,

i‘:&:&;&“et 2 days. | 3 days. | 4 days. | 6 days.
85:2 2-57 2-57 2:64 2-48
85-4 2-54 2:54 2:50 2:45
8566 2-60 2:50 2:46 2:42
85-8 2:48 2-47 2:42 2.38
86-0 2:45 2:43 2:39 2-30
86-2 243 2:39 2.34 2.28
864 2:39 2:35 2-30 2.22
88-6 2:35 2:31 2:25 2-18
86-8 2:31 2:26 2:19° 2-11
87-0 2:20 2:26 2:15 2:08
872 2:20 2:17 2:10 1-99
87-4 2:16 2:11 2:03 1.94
87-6 2:12 2:06 1:88 1-89
87-8 2:07 2.01 1-04 1-83
88-0 2:04 1.97 1-89 1-80
88-2 2:01 1.95 1-83 1:75
884 1-94 1-00 1.82 172
88:6 1-84 1-85 1-78 1-67
888 1-54 1-81 176 1.61
89-0 1-81 176 171 1-59
892 1-70 1-71 1-61 1:50
890-4 1-72 1-66 1-68 1-61
89-0 1:69 1-60 1-54 1-48
89-8 1:64 1-64 1:52 1:45
90-0 1-61 1-49 1-40 1-40
90-2 1:56 1-48 145 1-26
90-4 1:49 1-45 1:38 1-16
80-6 1:45 1-38 1-30 1-00
90-8 1.38 1-23 1:23 0-90
81-0 1.28 1-15 0-90
91:2 1.23 1-04 0:48
014 1-00 0-60
91-8 0-85 0:48
018 0-30
92:0 0-30
2.2
624
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The graduated values of the accumulated frequencies between §5 and 99
foct us obtained from the above logarithmic curves are shown in Tablo 167.

Tabte 167. Mahanadi-Naraj Gauge, 1868—1929, Accumulated totals of rivor tovels from
: Logarithmic Graduation.

H‘Z'sz‘:eg‘eé‘_’“ 1day. | 2days. | 3 days. | 4 daye. | 6 days.
85-2 646 407 398 380 302
4 602 3711 363 347 276

.8 550 339 324 309 246

8| o613 300 206| 278| 219
se-0| 468| 2s2| 263| 248| 200
2 437 251 240 224 178

-4 398 229 214 204 169
-6 72 209 195 182 145
-8 339 191 174 176 129
87-0 316 174 159 148 115
2 288 155 141 138 102
-4 269 141 129 118 91
-6 246 129 115 107 83
8 229 115 105 98 74
88:0 209 107 03 87 68
2 195 48 85 78 60
4 178 87 76 n 54
X 162 79 69 83 49

-8 151 72 62 56 14
89-0 141 (1]} 56 51 39
-2 12 60 50 46 a5

4 118 b4 46 42 32
-6 110 419 41 317 28

8 102 435 37 33 268
4$0-0 03 41 33 30 23
2 87 37 30 27 20

i) &1 33 27 25 19
0 74 30 25 23 17

Absolute maximum river heights,

The absolute maximum river heighta for cach year cannot e obtained
from the above tables, I have thercfore given these values separately in Tables
168—171 for July, August, September and the combined pericd
respectively, ‘The figures within brackets give tho aciual date ending the period
for which the average masimum is noted. For cxample in ‘f'able 168,
column (5), for the year 1892 we find the figure 9054 (27). This indicates that
in July 1892, the absolute maximum of the average of + consceutive days’
readings-of the river letel was 9054 and that this 4 “days * average maximum
level referred to the period 24th to 27th July 1892.

The frequency distributions of the maximum readings are given in Taklo
172, and -the accumulated totals in Table 173. Thess obscried totals
wete graduated by drawing smooth free-hard curves and the graduated
values were then converted intoa percentage probability by dividing hy 2
(sLd multiplying by 100), and are shown in Table 174, This Table

gives the prelability of occurrence per 100 years of an assigned maximum
height of tho Mabanadi at Naraj,



Table 168,

Mahanadi at Nara}

Maximum Readings

with Dates 1868—1929,
(The date given shows tho end of each period.)

of tke Geuge In July

Y“r.l 1 day. 2 days. 3 days. 4 days. 6 days.

1868 70-30 (31) | 80-18 (Aug. 1) | 79-88 (Aug. 2) 79 4"(Aug 3) | 70-04 (Aug. 4)
89 85-10 (24) | 85-05 (24) | 84-50 (24) 22 (26) | 83:62 (25)
70 81-00 (20) | 80-52 (20) | 80-42 (21) 79 69 (22) | 79-23 (22)
71 82-60 (30) | 82-47  (31) [82:04  (31) [81-23  (31) |60-87  (31)
12 92-00 (4) |81-32 (4) | 91:15 (6) | v1-02 (6) | 90-80 (U]
73 8160 (29) | 81:38 (29) | 80-90 (29) | 8O-59 (30) | 80-07 (30)
74 83-70 (30) | 83-60 (31) | 83-51 (31) [ 8313 (Aug. 1) { 82:60 (Aug. 1)
"5 8740 (25) |86-00  (26) [80-03  (20) [80-24 (20) [85-87  (27)
78|  87-60 (21) [84:95  (22) (8557  (23) |85-00  (24) |84-44  (24)
7 84-80 (1) |8445 (2) | 83-67 (3) | 82-37 (4) | 81-26 (5)
78 79-70 (29) [7916  (30) |78:60  (31) | 78-28 (Aug. 1) | 75-08 (Aug. 2)
79 7790 (21) (7795 (21) |717:57  (22) [7740  (23) [77:34  (24)
80 89-10 (3) | 88-95 (4) | 88-93 (5) | 88-48 (6) | 58-14 (6)
8l 88:00 (27) [87-45  (27) |87-17  (27) [86-60  (27) [s6-16  (28)
82 85-70 (23) | 85-G0 (24) | 85-17 (24) | 84:50 25) [ 84-38 (26)
83 8650 (22) | 86-05 (3) [85-73 (3) | 85-50 (4) | 8532 (5)
84 87-50 (26) [ 87-30 (26) | 87-20 (27) | 86-95 (27) | 8604 (28)
¥5| 8500 (23) [85:25  (23) 8483  (23) |8440  (24) | 8404  (24)
80 §1-80 (24) | 8140 (25) | 80-93 (25) | 80-62 (26) | 80-32 (26)
87 8650 (27) | 88-35 (20) | 86-30 (20) 186-25 (29) | 85-98 (29)
88 83-10 (23) | 8275 (23) [82-47  (24) [81:68  (25) [80-06  (26)
89 83-00 (22) | 82-90 (23) [ 8103 (24) | 81-00 (25) | 80-26 (20)
90 83-40 (12) | 82:95 (13) | 8233 (13) 1 81-95 (13) | 81-64 (14)
91 87-85 (30) [87-75  (30) [87-25  (30) [86-71  (31) [85.62  (31)
92 o174(20) 0160  (26) [01-21  (27) |00-54  (27) [89-06  (28)
93 83-36 (21) | 83-23 (22) | 8291 (23) | 82-70 (24) | 82-61 (24)
94 89-40 (28) | 89-08 (29) | 88-89 (20) | 88-28 (30) [ 87-85 (39)
95 90-40 (1) |89-76 (2) |88-25 (3) | 86-68 {4) | 85-11 (5)
96 01-95 (23) [91-64  (26) 9137  (27) [9112  (27) 9080  (28)
97 77-69 (20) | 77-40 (20) | 77-30 (21) [ 77-05 (22) | 7879 (23)
98 80-25 (21) | 80-16 (21) | 80-00 (22) | 79-90 22) |1 70-60 (23)
09 78:28 (10) [ 77-45 (17) {76-73 (18) [76-16 (19) | 76-86 (18)
1900 7150 (16) | 77-04 (23) {77-30 (23) [77-14 (25) | 717-07 (26)
0l 77-74 (31) [77-69 (Aug. 1) | 78-4) (Aug. 2) | 78-84 {Aug. 3) | 7883 (Aug. 4)
02 82-30 (28) | 81-50 (29) | 80-63 (30) | 70-83 (31) [ 79:71 (Aug. 1)
03 8328 (25) | 82-44 (26) | 81-83 (26) | 81-23 (27) { 80-92 (28)
04 8786 (4) |87-72 (4) [86-08 (4) | 86-55 (6) [ 8610 (5)
05 81-40 (15) | 81-08 (16) | 50-87 (17) | 80-18 (17) | 79-16 (17)
06 85-98 (30) | 85-21 (31) [84-28 (81) | 83-51 (31) | 83-07 (31)
07 79-57 (5) ;7019 (5) | 78-79 (5) | 78-54 (5) | 78-58 (5)
08 83-10 (22) | 82:65 (31) [82:18 (Aug. 1) | 52-13 (Aug. 2) | 82-30 (Aug. 3)
09 87-23 (27) | 86:70 (28) | 86-26 (28) | 8582 (20) [ 8345 (30)
10 86-88 (7) !80-68 (7) | 86-39 (8) | 86-59 (8) | 85-61 {9)
11 79-03 (10) [ 78-95 (16) | 78-85 (16) ] 78-76 (16) | 78-62 (17)
12 83-44 (30) |83-26  (31) [82:93  (31) |s2-05 (1) | 82:57 (2)
13 82:93 (28) | 82:14 (29) | 81-45 (30) | 80-77 (31) | 80-67 (1)
14 83:55 (31) | 8423 (31) | 83-94 (Aug. 1) | 83-55 (Aug. 2) | 83:19 (Aug. 2)
16 82-45 (31) ' 82-22 (Aug. 1) | 82-72 (Aug. 2) | 82-06 (Aug. 3) | 81-98 (Aug. 3)
18 78-73 (30) [ 78-73 (31) [78:39 (Aug. 1) | 78-12 (Aug. 1) | 77-80 (Aug. 2)
17 82-75 (20) |82:54  (21)|82:20  (21) [81.08  (22) [81-67  (23)
18 80-10 (10) [80-00  (10) |80-07  (11)|70-87  (11) [79:63  (12)
19 83-88 (16) |83-47  (17) |83-00  (18) [82:66  (18) [821S  (19)
20 91-88 (25) [ 91:29 (20) | 90-06 (26) | 00-02 (26) !83:02. (26)
21 82:69 (2) |82-47 (3) 8142 (4) | 80-66 (4) | 79-08 (3)
22 81-42 (31) 8124 (Aug. 1) [81-22 (Aug. 2) | 81-26 (Aug. 3) | 81-14 (Aug. 3)
23 78-36 (20) ,78-33  (20) [78-09  (30) [77-88  (31) [77-65 (Aug. 1}
24 76-64 (31) : 76-67 (Aug. 1) | 76-56 (Aug. 1) | 76-37 (Aug. 2) | 76:21 (Aug. 2)
25 91-05(14) .00-84  (14) |00-€4  (15) [90-2¢4  (10) [89-32  (17)
28 70-88 (16) 78-76  (17) [76-64  (18) |76-3)  (18) |76.04  (18)
27 85-97 (27) 85-79  ( 8) |85-50  (20) [85-21  (20) Is4.02  (30)
28 87-80 (28) 87-88  (2u) |87.81  (30) |87-67  (30) [87.09  (31)
29 89-02 (27) 89-45 (Aug. 1) | 89-64 (Aug. 2) [ 89:16 (Aug. 3) 88-06 {Aug. 3)
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fablo 169, Matanadi at Nara] : Maximum Readings of tho Gauge in Apgust with Dates,
1868—1929,
(The date given shows the ond of each period.)

1 day. 2 daya. 3 days. 4 days. 5 days.
8470  (10) | 84-50 (my | ss00 (11) | 83-60 (11) | 83-28 (12)
8570 (28%29) | 85-50 {30) | 85-43 (30) | 86-19 (30) | 84-91 (31)
84:70 (2) | 8419 (2) | 83-65 (3)| 8314 (3) | 8278 (4
88:65  (5)| 87-62 (5) | 87-36 () | 8721 (8) | 80.54 (5)
8660 (o) | 86:35 (30) | 8013 {30) | 85-62 (30) | s5-32 (31)
82:60  (20) | 82-45 (10) | 81-80 {10) | 81.45 (11) | &0-08 (11)
90-00  (30) | 8900 (31) | 89-57 (31) | 88-02(Sept.1) | 88-27 (Sept. 1)
8368  (11) | 8312 (2) | 82-87 (2) | 8232 8)| 81-73 (4)
81.50  (21) | 80-70 (22) | 80-23 (23) | 70-85 (24) | 70-32 (25)
88-10  (16) | 87-80 (16) | 87-80 (16) [ 87-45 (18) | 87-08 (17)
82:30  (17) | 82.00 (18) | 81-73 (18) | 8150 (19) | s1-28 (20)
90-0  (14) | 9080 (13) | 00-60 (14) | 90-50 (16) | 89-36 (15)
8510  (6)| 84:80 (7) | 8433 (8)| 83-98 8)| 8362 )
87:10  (15) | 87-05 (16) | 8697 (17) | s86-70 (17) | 86-22 (17)
8490  (8)! 84.05 (8) | 83-67 (9) | 8225 ) | s2-52 )
82:20 (1), 82:55 (1) | 81-80 (1, 8112 (1) [ 80-76 )
83-40  (2)| 8305 (2)| 5283 (3) | 82.92 (5)| s2.72 (5)
8370 (2)| 83-60 (2) | 8313 (3)| 8265 8) | 82-24 (4)
80-00  (25)] 79-55 (26) | 79-30 (27) | 78-98 (28) | 88-80 (29)
8760  (26) | 86-95 (20) | 8647 (27) | 85-40 (27)| 8470 (28)
85-20  (11)| 8315 (1ny| 8413 (12) | 8450 (12) | 81-36 (12)
86-50  (20) | 86-20 (21) | 8577 (21) | 85-20 (22) | 84-82 (22)
§3:50  (24) | 8345 (25) | 3-33 (20| 8310 (27| 82-92 (27)
8105  (29) | 80-48 (30) | 80-20 (30) | 79-91 (30) | 7976 (30)
8393  (4) | 8380 (4) | 8345 (6) | 83-01 (6) | 82-70 )
8152 (6) | 694 (6) | 80-58 (3) | 86-28 (1) | 86-05 (1
89-22  (3)| ss-82 (3)| 8118 (4) | 87-04 (12) | 8857 (13)
0148  (5)| 01-44 ()| 91418 (8) | 90-65 (6) | 90-31 (7)
8385  (14)| 8347 (15) | 85-00 (16) | 8489 (17| 8490 (18)
8197  (31)| 84-74 (15) | 84-63 (16) | 84-25 (15) [ 84-02 {18)
8482 (14)| 8178 (31) | 81-38 (Sept.1) | 81-11 (Sopt. 1) | 80-71 (Sept. 1)
8462  (16) | B4-32 (16) | 6415 (16) | 8380 (16) | 83:35 (17)
86-23  (27)| 86-20 (28) | 86-02 (28) | 85-22 {28) | 84-84 (20)
8390 (28)| 83i15 (28) | 82:83 (29) | s82-18 (30) | 81-42 (31)
8370  (4)| 8206 (5) | 8253 (6) | s2-12 (6) | s1-84 (7
8543  (16)| 85-19 (17) | 8413 (18) | 83-44 (18) | 82-64 (19)
80-57  ( 6) | 8008 (1) [ 79-28 (7)| 79-04 (N 1371 (8)
81-07  (13)| 80-28 (31) | 81-69 (Sept.1) | 80-45 (Sept.1) | 79-51 (Sept. 1)
8370  (17)| 88-45 (18) | 8817 (18) | 871-13 (18) | 87-39 (19)
88-27  (16) | 8s-02 (17) | 8760 (17) | 871-21 (17) | 87-06 (17)
2000 (7)| 89-06 (7) | 89-02 (7) | 87-24 (12) { 8653 (13)
81-25  (17) | 91-08 (18) | 90-94 (19) | 90-88 (20) | 90-69 (20)
86-25 (4)| 8515 (4) | 85-18 (4) | 84-80 (4) ( 8471 4)
85-62  (11)| 8563 (11) | 85-43 (12) [ 85-17 (12)| 85-01 (12
88-37  (4)| 88.22 (4)| 8773 (5)| 8713 (6) | 86:55 (6)
89-00  (6)| 89-43 (7)| 8880 (8) | 8819 (8)| 8759 9
88-80  (6) | 88-48 (1){ 8816 (1| 8138 (8) | s6-80 (8)
8520  (18) | 84-94 (19) | 84.63 (19) [ 8439 (20) | 84-05 (21)
8525  (15)| 89-04 (16) | 88-55 (16) | 8793 (1| 87-55 (17)
85-44 (9) | s4:80 (10) | 84-38 (10) | 83-84 (10) | 83-52 (10)
9028 (30)| 89-63 (31)| 8941 (31) | 88-88 (Sept.1)| 88:53 (Sept. 1)
89-62  (3)| 88-86 (3y| ss-24 (4) | 8728 (5)| 8665 (5)
86:55  (12)| 86-44 (12) | 85-99 (12) | 85-45 (13) | 8475 (14)
8378  (22)| 83-10 (23) | 82-56 (23) | s2-14 (29) | 8146 (25
81-63  (21)| 87-49 (21) | 86-92 (22) | 86-48 (22) | 8586 (22)
88-62 (9)| 88-35 9)| 8558 (10) | 8460 (11)| 8375 (12)
87-03  (24) | 86-82 (20) | 86-36 (25) 8586 (25) | 85-87 (25)
01-85  (19)| s1.20  (25)| 90-8t (20) | 90-19 (22)| 90-20  (22)
8726 (30)| 8712 (31) | s7-11 (30) | 8708 (31)| 8693 (31
7990 (30)| 79-68 (31) | 79-57 (Sept. 1) | 79-20 (Sept. 1) | 7S-89 (Scpt. 1)
0170 (27){ 0145  (27) ] ol-04 (28) [ 90-64 (28) | 89-91 (29)
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Table 170. Mahanadi at Naraj : Maximum Readinge of the Gauge in Septemher
with Datos, 1868—1929.
(The date given shows the end of each period.)

Yeur. 1 day. 2 days. 3 days. 4 days. 5 days.

1868 | 7385  (22) 73-60 (23) 73-46 (23) 73-33 (24) 73-10 (26)
a9 | 8316 () 84-08 (3) 8475 (4) 84-49 (4) 8435 (4)
720 | 8185 (1 &2) 82:06 (1) 81-98 (2) 8174 (3) 81-51 (4)
7| sur0 (28) §0-43 (29) 80-12 (29) 19-95 (29) 79-79 (30)
72 8130 (28) 81-28 (29) 81-00 (30) 80-18 (18) 79-90 (19)
23| 8260  (10) 82-20 (11) 81-90 (12) 81-80 (12) 81-40 (13)
71| 8700 (1) 8840 (1) 86-30 (2) 8470 (3) 83-60 (4)
75| 8190 (10) 8168 (11) 81-03 (1) 80-71 (24) 80-44 (26)
76| 8460 (17) 84-50 (17) 83-80 (18) 83-20 (19) 83-14 (20)
77| 80-30 (13) 80-25 (13) 80-00 (13) 79-65 (14) 79-38 (14)
78 | 80:60 (21) $0-30 (21) 80-27 (21) 7098 (21) 79-74 (22)
79 | 8490  (29) 84-50 (29) 84-37 (29) 83-93 (30) 83-16 (30)
80 | 8260 (8) 82:05 (8) 81-80 (9) 81-35 (9) 81-08 (10)
gl | 8100 (16) 8055 (17) 8033 (17) 79-83 (18) 79-48 (18)
82 | 8290 (14) 82-85 (14) 82-13 (15) 81-60 (16) 80-84 (186)
83 | §1-30 (9&10) 84-30 (10) 84-03 (11) 83-58 (12) 83-12 (12)
84| 8720 (9) 87-15 (10) 87-10 (11) 86-83 (11) 86-56 (12)
85| 7970  (3) 79-65 (4) 79-53 (5) 76-50 (G) 7962 (1)
86 | 7940 (20) 7925 (21) 79-07 (21) 7895 (22) 7886 (22)
87 | 8240 (17) 8230 (17) 82-17 (17) 81-98 (18) 81-80 (18)
88 | 8110  (18) 80-90 (19) 80-43 (20) 80-35 (21) 80-18 (22)
§8 | 80-10 (1 79-00 (1) 70-60 (2) 7943 (3) 79-40 (4)
90 | 83-30  (29) 8315 (29) 83-00 (30) 82-585 (30) B2-12 (30)
9l | 87-02  (10) 86-72 (186) 80-54 (16) B6-38 (17) 85-92 (18)
92 | 85-10 (5) 8494 (8) 84-38 (6) 83-90 (7) 83:20 (7)
93 | 87-60  (26) 87-39 (286) 86-48 (27) 86-41 (27) 86-02 (28)
R
93 | 8496 n 86 26 (1) 84-83 (2) 8420 (3) 83-63 (1)
96 | 810U (1 81-59 (1) 81:32 (2) 8§'-13 (3) 8109 (1)
97 | 85383  (10) 85-07 (11) 84-66 (12) 84-05 (13) 83-28 (14)
08 | 82:87 (18) 8189 (18) 81-52 (1Y) 80-82 (2v) 80-29 (20)
99 | 80-62 (h sl-30 (1) 80-63 (2) 79-97 (3) 79:30 (4)

000 | 8360 (21) 88-56 (22) 8815 (23) 87-82 (23) 87-77 (24)
0l | 86-93 (5) 86-92 (6) 85-80 (6) 36-20 (7) 84-28 (7)
02| 79-1lv (3) 79-00 (4) 78-08 (4) 78-84 (5) 78:52 (8)
03 | 79-69 (5) 79-65 (5) 79-17 (6) 78:72 (7) 78-38 (8)
04| 8310 (2) 8272 (3) §2-04 (3) 8169 (4) 8116 (5)
us | 8362  (12) 8346 (13) 83-08 (14) 82-73 (14) 82-61 (14)
08 | 83-82  (16) 83-15 (16) 82:44 (17) 81-53 (18) 80-75 (19)
07| 8970 (l0) 8¢-40 (11) 8917 (11) 8573 (11) 88-36 (12)
08 | 8637  (2) 86356 (3) 86-06 (4) 85-70 (4) 85-40 (5)
0y | 79-33 (4) 88-90) (4) 78-42 (4) 78-30 (4) 78:39 (4)
10 1 81-7v (9) 8164 (9) 81:16 (10) 80-16 (10) 79:34 (10)
11| 8433 (1) 8:-15 (2) §3-86 (3) 83-57 (3) 8317 (4)
12 | 86-20 (8) 86-96 (8) 85:65 (V) 85:09 (10) 84-35 (10)
13| 8443 (2) 8382 (3) 83:45 (4) 82:00 (4) 82-50 (5)
14| 83-87 (20) 83:59 (20) 83-02 (21) 82-64 (21) 82-07 (21)
15| 8745  (16) 87-31 (16) 86-50 (17) 85-40 (17) 84-60 (18)
16| 8017 (1) 80-15 (1) 80-04 (2) 79-84 (3) 7942 (4)
17 8170 (26) 81-50 (12) 8147 (12) 81-18 (8) 80-9¢ (9)
18| 8753 (1) 8714 (5) §6-89 (5) 86-42 (6) ‘85-97 (7)
19| 9017  (8) 90-C0 (4) 89-60 (4) 89-02 (1) 89-01 (4)
20| 8048 (12) 80-35 (13) 80-12 (14) 79-74 (15) 79-48 (15)
21| 87:06  (6) 86-92 (7) 86:61 (8) 86-14 (9) 85-57 (9)
22| 86:36 (7) 85-32 (7) 84:06 (13) 83:81 (14) §3-50 (14)
23 | 82:31 (1) 8160 (2) 80-97 (3) 80-56 (3) 50-21 (4)
24| 83:57 (17) 8208 (18) 82:20 (19) 81-65 (20) 81-28 (20)
25 88-87 (3) 88:39 (4) BR-C6 () 87-71 (5} 87-41 (b)
26 | 88-12 (21) 88-05 (21) 87-71 (22) 87-40 (23) 87-26 (24)
27| 89-49 (5) 80-32 () §9-24 (6) 88:37 (7) 8860 (7)
28 | 81:08 (3) 8105 (3) 8077 (4) 80-61 (5) 80+29 (8)
29| 8452 (4) 8378 (6) 8336 (6) 8312 (7) 8286 (8)




Tabte 171.

Mahanadi at Naraj :
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Maximum Readings of the Gauge in July—
September with Dates, 1868—1929,

(The date given shows the end of each period.)

1 day.

2 duys.

3 days.

4 days.

6 days.

84-70 Aug. 10
86:70 Aug. 238
& 29.
84:70 Aug. 2
88-66 Aug. 6
92:00 July ¢
82-60 Aug. 29
& Sept. 10.
90-00 Aug. 30
87-40 July 25
87-50 July 21
88-10 Aug. 16
82-30 Aug. 17
90-90 Aug. 14
89:10 July 3
88-00 July 27
86-70 July 23
86-50 July 22
87-50 July 26
85-90 July 23
81-80 July 24
87-60 Aug. 28
85-20 Aug. 11
868-50 Aug. 20
83-50 Aug. 24
87-85 July 30
9174 July 26
87-60 Sept. 26
89-4G July 28
80-40 July 1
91-95 July 25
85-85 July 14
8185 Aug. 15
84 82 Aug. 14
88-60 Sept. 21
8693 Sept. 6
83-90 Aug.
83-70 Aug. 4
87-86 July 4
83-62 Sept.
85-98 July
8970 Sept. 10
88-27 Aug.
30-09 Aug. 7
86-25 Aug. 4
81-25 Aug. 17
86-20 Sept. 8
88-37 Aug. 4
8390 Aug. 6
88-80 Aug. 6
85-20 Aug. 18
89-25 Aug. 15
8753 Sept. 1
90-28 Aug. 30
01-88 July 25
87-06 Sept. 6
86-36 Sept. 7
87-83 Aug. 21
8662 Aug. 0
88-12 Sept. 21
91-65 Aug.
89-49 Sept. 6
87-89 July 28
81-70 Aug. 27

28"

84-50 Aug. 11
86-60 Aug. 30

84-10 Aug., 2
87-62 Aug. b
91-32 July 4
82-45 Aug. 10

31
25
22
18

89-90 Aug.
8690 Aug.
8495 July
87 80 Aug.
82-00 Aug. 18
90-80 Aug. 14
88-95 July 4
87-46 July 27
8560 July 24
8605 July 3
8730 July 26
8525 July 23
81-40 July 25
B6-25 Aug. 26
85-15 Aug. 11
86:20 Aug. 21
B3-45 Aug. 25
87-75 July 30
81 60 July 26
87-39 Sept. 26

.89:76 July 2

91-64 July
85-47 Aug. 15
8474 Aug. 16
81-76 Aug. 31
88-56 Sept. 22
86-92 Sept. 6
83-16 Aug. 28
82-96 Aug. b

28

-87-72 July 4

83-46 Sept. 13
85-21 July 31
89-40 Sept. 11
88-02 Aug. 17
89-96 Aug. 7
85-75 Aug. 4
9108 Aug. 18
85-96 Sept. 8
88-22 Aug. 4
8943 Aug. 7
88-48 Aug. 7
84-94 Aug. 19
83:04 Aug.
8714 Sept 6
90-28 Aug.
91-29 July
86-92 Sept. 7
85-32 Cept. 7
87-49 Aug 21
86:35 Aug. 9
88-05 Sept. 21
9120 Aug. 20
89-32 Sept. 6
87-88 July 29
01-45 Aug. 27

84-00 Aug. 1
8643 Aug. 3

< -

83-65 Aug.
87-35 Aug.
81-16 July
81-80 Sept. 1

[N -

8957 Aug. 31
86-63 July 26
8657 July 23
87-80 Aug. 16
81-73 Aug. 18
90-60 Aug. 14
88-93 July 6
87-17 July 27
86-17 July 24
85-73 July 3
87-20 July 27
84-83 July 23
80-93 July 25
86-47 Aug. 27
8473 Aug. 12
8577 Aug. 21
8333 Aug. 26
87-25 July 30
91-21 July 27
86-96 Sept. 27

88-25 July 3
91-37 July 27
8500 Aug. 18
84-63 Aug. 15
81-38 Sept. 1
88-15 Sept. 23
86:02 Aug. 28
82-83 Aug. 29
82-53 Aug. 6
86-98 July 4
8308 Sept. 14
84-28 July 31
89-17 Sept. 11
8760 Aug. 17
8902 Aug.
8518 Aug.
90 94 Aug.
8565 Sept.
87-73 Aug.
88-80 Aung.
88-16 Aug.
84-63 Aug.
8£:55 Aug.
8689 Scpt.
89 U Sept.
90-96 July 2
66G-61 Sept.
8406 Sept.
02 Aug.
58 Aug.
8771 Sept. 22
90-84 Aug. 2
89-21 Sept. "6

—
O e~

bt
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87-81 July
91-04 Aug.

83-60 Aug. 11
86-19 Aug. 30

83-14 Aug. 3
87-21 Aug. b
91-02 July 6
81-80 Sept. 12

88-92 Sept. 1
86-24 July 28
85-00 July 24
87-45 Aug. 18
81-60 Aug. 19
90-50 Aug. 16
88-48 July 86
86-70 Aug. 17
84-50 July 26
86-50 July 4
86-96 July 27
64-40 July 24
80-62 July 26
86-26 July 20
84-50 Aug. 12
85-20 Aug. 22
83:10 Aug. 27
86-71 July 31
90 54 July 27
86-41 Sept. 27

87-04 Aug. 12
8112 July 27
84 89 Aug. 17
84-25 Aug. 16
81-11 Sept. 1
87 82 Sept. 23
86-22 Aug. 28
82-18 Aug. 30
82:12 Aug. 6
86-55 July &
8275 Sept 14
83-51 July 31
88:73 Sept. 11
87-27 Aug. 17
§7-24 Aug. 12
84-90 Aug. 4
$0-98 Aug. 20
8517 Aug. 12
8713 Aug 5
3819 Aug. 8
§7-38 Aug. 8
8439 Aug. 20
87-93 Aug. 17
86-42 Sept. 6
8902 Sept. 4
90-02 July 26
36-14 Sept. 9
83-81 Sept.’ 14
86-46 Aug. 22
84-60 Aug. 11
87-46 Sept. 23
90-19 Aug. 21
48-87 Sept. 7
87-67 July 30
90-64 Aug. 28

8328 Aug. 12
84-81 Aug. 31

82:78 Aug. 4
86-64 Aug. 5
80-80 Aug. 7
81-40 Sept. 13

88-27Bept. 1
86 87 July 27
84-44 July 24
87-08 Aug. 17
81-28 Aug. 20
89-86 Aug. 15
88-14 July 6
86-22 Aug.'17
84-38 July 26
86-32 July &
86-64 July 23
84°04 July 24
78-80 Aug. 29
85:98 July 29
84-36 Aug. 12
84-82 Aug. 22
82-92 Aug. 27
86-92 Sept. 18
8996 July 23
86-05 Aug. 7

86-57 Aug. 13
90-80 July 28
8490 Aug. 18
84:02 Aug. 16
80-71 Sept. 1
87-79 Sept. 24
84-64 Aug. 29
81-42 Aug. 31
81:84 Aug. 7
86-10 July 5
82-G1 Sept. 14
83:07 July 31
88-36 Sept. 12
87-06 Aug. 17
‘8663 Aug. 13
84-71 Aug. 4
90-69 Aug. 20
8501 Aug. 12
86:55 Aug. 6
87-59 Aug. 9
8690 Aug. 8
8405 Aug. 21
87:65 Aug. 17
85-97 Sept. 7
8901 Sept.- 4
88-92 July 26
8557 Sept. 9
83-50 Sept. 14
85-86 Aug. 22
83-75 Aug. 12
87-26 Sapt. 24
00-20 Aug. 22
88:80 Sept. 7

1. 87-09 July 31

89-91 Aug. 29
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fable 172. Mahanadi at Naraj 1868—1928 : Fraquency distribution of maximum
gauge-heights in each year.

S
Mid
Range. point. 1 day. 2 days. 3 days. 4 doys. b days,
—
79-76—80-75 80-25 " .. 1 2
80:76—81-76 81:25 e 1 3 2 3
81.76—82-75 82-25 3 3 2 4 2
82.76—83-75 8325 4 4 4 4 6
83-76—84-75 84:25 3 3 6 7 1
84-76—85-75 85-25 i) 9 8 1 1
85-7¢—86-75 86-25 8 b 6 10 13
86-76—87-75 B7:25 10 11 10 '] ()
87-76—88-75 88-25 9 7 6 6 8
88:76—89-75 89-25 1] 6 8 3 3
89-76—00-76 90-25 4 4 2 b )
00-76—91-76 91.25 5 8 7 4 2
91.76—92.75 9225 4 ]
92.7€—=93-75 03-25 1

Tahle 173, Mahanadi at N ara}, 1866—1529 : Accumulated tolals ¢f maximum gauge
heights in each year,

Hce'fggeancé?et 1day. | 2 days. ! 3 days. | 4 days. | 6 dayas,
7915 .. N . 62 62
80-75 .. 62 2 61 69
8175 62 61 69 59 57
8275 59 68 67 55 55
83.75 65 b1 63 51 49
84-75 62 51 47 4 49
85-75 47 42 39 37 35
86-75 39 37 33 27 22
87-75 29 26 23 18 lg
8875 20 19 17 12 lo
8975 14 13 it 9 7
8075 10 9 7 4 2
9175 6 1
9275 |

Yable 174. Mahanadi at Naraj : Probabilily of cccurrence of assigned maximum
gauge-heights in numbor of years per century.

Hzgggel‘ﬁrfg?t 1day. | 2 days. | 3 days. | 4 days. | 5 days.
79-75 o "o . 100-00 | 100-00
80-75 . 10000 | 100-00 98-39 96-77
8175 100-00 96-77 96-16 94-35 P1-94
82-76 95-16 93-55 9194 88-71 86-29
8376 89-52 87-90 85-48 81-45 79-03
8476 83-87 80-65 75-81 70-97 69-35
85:75 76-00 70-16 63-71 58-06 53-23
88-75 62-90 68-06 51-61 44-35 37-10
B7-75 48-717 43-55 38-71 29-84 25-81
88-75 33-06 30-65 25-81 20-16 16-13
99.78 22-58 20-97 16-13 12:90 9-638
90-75 1452 12:10 11-29 8-87 4-84
9175 8-06 4-84
82:75 3-23
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The rate of rize (or [ail) of the Mahanadi at Naraj is a matter of consi-
dorable importance in connexion with flood problems. The frequency
distributions of both rise (+) and fall (=) for July, August and Scptember
geparately as well as for the whole monsoon season are shown in Table 176.
(1 may note in passing that the thrce monthe show practically the same
features.) The accumulated totals are given below in Table 175.

Table 175, Change of Leve! at Naraj in feet per day.

o g g el | dwsigfoes | ne
1 b] 3 4
9-25 1 1
8:75 2 1
8-25 2 1 2.0
775 2 2 10
7-25 5 2 25
6-75 9 3 30
625 13 4 3.3
575 26 4 6-5
5-25 39 5 78
475 65 11 6:0
4-25 101 11 92
375 139 30 46
3-25 2 08 61 34
2:75 303 1 34 2:3
2:25 427 2 68 16
1.75 6 38 5 13 12
1-25 10 80 9 33 11
075 15 40 17 44
0-25 24 02 32 22
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Table 176, Fraquenoy distribution of rise and fall of the river for July, August and
September and oombined.

Change of July. August. | September. July-
Level in feet. September,
—9-25 1 . . 1
—8-76
—8-25
—775 .e . 1 1
—7-25
—6:75 1 .. 1
—G:25 . 1 . 1
—5-75
—5-26 1 1
—4-75 2 1 3 6
—4-25 .o . .e
—3-75 4 6 9 19
—3-25 11 15 5 31
—2.95 22 33 18 "3
—2:25 32 Gu 42 134
—1:75 73 115 57 245
—1-25 114 160 146 420
—0-75 224 254 3u3 811
—0-25 475 111 592 1478
4.0-25 321 254 287 862
0-75 176 146 138 460
1-25 133 117 02 342,
1-75 69 86 56 211
2-25 40 55 20 124
2.95 35 37 23 95
3-25 RE 31 14 (1]
375 14 16 § 35
4:25 14 14 N 36
495 10 8 ¥ 26
525 8 i 13
575 7 b I I3
6-25 1 3 4
G-75 3 | 4
7-25 2 1 3
15
§:25
§.75 o 1 .. 1
9:25 1 .. . 1
1,817 1803 ] 1844 5,524

It will be noticed that beyond 1-25 ft. the frequency of rise is invariably
groater than the frequency of fall, showing that (apart from minor fluctuations
within 1'25 {t. of the normal level), the rise is always steeper. The disparity
is greatest for readings between 3:25 and 625 feet. ''he above tullo (Table
173, gives a general picture of the natura of fluctuations in the height «f the
Mahanadi at the head of the delta. It alsogives a scale for judging the
suddenness of the flood.

An attempt was made to fit a Pearsonian curve to the whole data but the
constants were hetorotypic. ‘The standard deviation of change (irrespective of
the sign) was found to be 2:8 feet, and B, and @, 061 and 6:€8 respectively.
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CHAPTER 27.—PRELIMINARY DISCUSSION OF RAINFALL IN
RELATION TO FLOODS IN THE MAHANADI,

In this chapter I shall give a preliminary discussion of rainfall as a casual
factor in the occurrence of floods in the Mahanadi river. Much of this work
was done before the daily gauge readings at Naraj were obtained from Cuttack
and Dbefore the analytic studies of the rainfall in the Mabanadi catchment had
been completed.

Our nltimate aim is to predicl the cceurrence of floods from a knowledge
of tle observed rainfall, We want to know, therefore, what is the usual
duration of the rainfall which produces floods; what is the average interval
between the occurrence of the rainfall and the occurrence of the flood ;
whether there is any close connexion between the amount of rainfall and the
heicht or the discharge of tho riverat Naraj, ete. We shall use the more
exact methods of correlational analysis in a later chapter; bere we shall make
a first attempt to obtain a general idea of the part played by the rainfall in
produciag floods. As a first examplo, we may consider the monthly excess
of rainfall, that is, the precipitation in excess of (na normal rainfall in the
monsoon season, it the catchment as a whole, and see whether this has any
connexion with floods.

MONTHLY EXCESS OF RAINFALL,

In Table 177 are shown the excesses of rainfall in June, July and
August of each year since 1898 for al] the administrative districts that lie in
the catchment arcas and tho deltas of the various rivers, Excess of rainfall
for each month Las been expressed as percentage of the normal rainfall for
that month for eacl district. A table showing the actual rainfalls for each
district is also given in Table 178.

It will Lo seen from tlhe above tables that monthly excess of rainfall
furpish little or no information regarding the occurrence of floods. In a few
cases only the floods are slightly associated with the monthly excess of rainfall.
Thus there -was a short flood in 1913 in the month of July; monthly
excess of rainfall for July was appreciably high only in two districts, namely
Cuttack and Balasore. 19135 was a year of long flood which occurred in the
middlo of June; monthly excess of rainfall for June was appreciably high in
the Foudatory States and the districts of Ranchi, Sambalpur, Bilaspur and
Raipur. In 1920 a long flood occurred in July; monthly exeess of rainfall
for that mouth was fairly high in the Feudatory States, Ranchi, Singhbhum
and Sambalpur districts. In 1926 along flood occurred in the middle of
August, but the monthly excessof rainfall was appreciably bigh only in the
districts of Balasore and Angul and the Yributary Mahals.

We conclude that the monthly rainlall covers too large a period of time
to give significant correlation with floods,
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Tahle 177, Peroeniage Excess of rainfall in the Distriots for

Cuttack. Balasore. Puri. Angul. Tributary Mahals. Foudatory States,

i)
| l —
Years, Juna.IJnIy. Aup. [June. July. [ Aug. | June.|July. | Aug. Juno.l.luly. Aug. | Juno. | July, | Aug. | June. | July. | Acg,

; ]
105 | =24 | —10| sad| =26 —21| +40| =13 ~3! —u|—18 —o8|—28|—12|—15|—1a

|
1809 -—2| —8 24| +24' 231 | —18| —28

i
1900 [ =28, +4| sa8| =11, o15] +80| +11 —25!+u +8 53| 411 —9+0001 +48
1

1901 | ~—680 . <1 1 —32| —53 —22|—16|—08 —20" —mp 58 —13|—13|—=73| —7| =3
1000 [ —43 480 2| 48| 51 | —12| =33 +84:+JB —68 +17| —13]| 38| +45| +1

1003 | =17, 3| =7 ~17] 17| —13| 30| 448 —10| =43 411 |~—14|~85] +13| +¢
wos | 440 3| —2] sa0lona] 42| 40|30 —s|+122 —12| +8+63 |~002| 410,
w05 | =61 <10, —i2| 50| —af—5s| 03— —as|—s1 +48|—10]—e1] =1,
yooo | =3 =28 | —a8| —3| —23| 47| —11| +4|—20 —40‘+1o_ —32| =17 42| —28| —42| +1|—2s
100 | =13t —saenc0 ] 25| —go [+108 | —14 | =50 | 442 +31|-50' +73| —5]—33| 468 +41t [—0] 400

1003 | o860 —1|e53| 45|23 +42| 426 —7[ 440 410 —10 ) 440 +27| —¢| +05] +8| ¢8] 4p0

1009 47440211 49| 11| 8| +32[ +33| 38| +31 | —1|—€0| +2¢| 49| —290| 472|212
1010 $R° 43| ~=53| =T =7 (=28 —24| +50 ] —12| —4| 434 | +2 | 418 410 —2| =22 ~8] +¢

o 042;—0! =33 | +28( —p) | —30| +29| —30| 45| +13| 88| £18| +62 | —52( —4|+218 | —49] 4237

1912 —Iﬁi —d =l 37| 4|+ 48 432|428 —68 | 18| 410 | —S1| 45 +19( —49] 21| =3

I
1913 ol 403 | —19;

$63 130 418 =3[ F47| =23 =20 441 | —16| +13| 443 | +4| ¢8| ¢10| o3

0 | —4] 413 =36 +B5| 48( —0| +28| —40 | —9 | —~19(—007| —17| —4 | 423 | —20|—13 | 418 [—20

I
i
!
I
1005 | =Wt —22 lS] 4| —¢0| —9| =82 | —d1 | —11|—20| —4 |18 —32] —20|—28]—B5|—22 -2

1018 063|—42 —01 +22| 35| =16 471 | 12 =16 [+124 | 18| +6| 450 |—28| —0| +88| =3¢ | -3

1017 026| —8| +5]| +06| —7| 16| +35| =10 —003] +22 ) —30 | —13 | 484 | —4| —8| + 64| +14| —B

1018 | 423 | <837 —23| —6|—57| —3| +34|—14|—25| 475 | ~03]) —30| +26 [0 —17 s160| 32| —¥
1900 | #3381 ~38 #32| sng| wa| 460| —0| +4| 68| 440 | +20) 483 [ 447 17| +4¢| 84| +1] 420
1020 | =20 «37 1 —12| —ss | +07| +3| 000 +43 | —25]| —38 | +81 | =31 | —24 | +77 | —14| —a8| 128| -

1020 | =9 =2, =41, 12| +19| —¢| —3|—20[—-37[—18| —2|—2| ~90| 48| —21| 24| 21|12
1922 | —0f «61| —20] +13| 438 —5| +9| +65] 008 | =3¢ | 468| —27 | 427 | 440 | —13| —20] 27|28
1023 | —04:—10| —16| —60| —24| —7|—40|—13] —20| —47| —30 | —32 | —a5 | —82 |420 [ —58|—19] +0
102¢ | —e4 | —da| —18 | —07| —38[ +9|—27|—31|—28 | —84 | —a2| —17 | —62|—30| —a|—45|—33(—28
1925 le130) 460 #3| 33| —3| +21 {137 438 —7|+2e8 | 438 +9 | 4+75| 466 ) £20( +37] +20] 1P
1026 | —60| —~8| +7¢|—61| —8| 498 | —60| —47| +31 | =73 | —30 |+114 | —88 | —7 [+105 [ —72| 20| 42}

N.B.~The p'us (+)sign abows excons orer and the minus () sign defect fron the aversys volus,




the months of Juna, July and August.

Ranchi. Singhbh Sambalg Dilaspur J Raipar.
(S - -——— Homarks,
June. | July. | Avg. [ June. | July. | Aug. | Juno. | July. | Aug. | June, [ July. [ Aay. "‘m‘l;Jul;-. Aug.
420 +18 [ —10[ 427 —0( +21|--25] +18[ +4 ) —12) 43 (31| —8| 435 —2
sdt | 410 —44] 428 | —3| —8[ +2| —4{=25| 14| —42| —0¢[—20 87| +3
+2| =B8] 428 =181 —17] 4181 =10 =25 10 ) —01| 414 | 425 43 =28 | —2)Short Flood Iate fn
Beptomber,
88| —18) 428 | —57 | 23| 440 | —82f —22 400 | —62| —5| —3]| 5| o3| 5
09| 440 [—10 [ 40| 480 | —44 | =821 040 —17 | —RY [ 428 | —27 (g4 | _og| _gp
| =808 | —8) 3716 =25 | =00 | —18| ~S| 81| —0| +7)—41| 4oq| g
“nu 4331015 ] 4491 439 | 48 (+106 | 18| 4] 43 [ 30| 44| 408 | g0 43
T (S QNS AR T LS T [y | u'—-u c=92) =11 =39 | —83] 404 |30
=14 419 —20| =20 | 425 | —87 [—23R 0, o] =7 ¢33 |35 (20 420 —30
TR RUYRELA PV T (1Y B Y=Y (VY JRPY SV DUVS DTS B Loog Food ealy in
September,
ST A8t er8) 0 a2 —14) 420) 020 (=35 440 | 411|417 | —6 | 44¢]Shor Fr00d middle of
August,
oBL| 418 | 42| 48 | =17 412 +77|—13|~35] + 28 101 439 | =11 | 492 | —g0
1) =12 —3 ) 428 (00|32 ]| 19| ~3] +14| 40 —t4 =7 +3| 31 |—32 Long  Flood estly fa
H August,
(40| =30| 22| o20 [ —t0] —1| o3| —s2] 478 | sa1|=a0| —1|o110 —49 [ +57 {Long Flood middle of Auguat,
=801 4100 410 [ —25] 423 40| —61(~002| ~5|—51 3 =3[—871 410 40 Short Flood middlo of
Avgust.
[+os] o2|—t0|ene|vns| o8] om =82 120483128 —38 | ~22 | 11 | —9 | Short Flood esrly fn Jaly.
=) =17 e a8 aar |85 (31| e22| 48| =21) 440 |32 —36| 423 [ =17 Short  Flood eatly in
August.
=30 =17 =401 ~30) —43 | —81 | =64 | —43 [ —18 | <33 | —14 | —10 [ —e5 49| +20 | Bhort Flood early in
August.
42080 —8| +28)| —61 |—003| +87 | 33| #3351 488 ] —a] 42! 455 ~35| =20
437 +3 | —6) 463 —8 ]| —18( +60| 3| +3| 80 “12) +43 ) 458 | —19| <7 Sbort Flood middlr of
August.
403 80| —27 +20 | —84 | 244190 | 40| —610208 | —47| 48 [e210 | —17] ¢20 Long Flood middle of Jusc
4051 441420 +70| ~29 428 ) +00 | +14|—20] +18| —8 | 418 +163 | +16| +45 | Long Flond end of Acqasd.
=83 [+100 [ 412 ~33 (4137 420 | =43 [+200 | +23 | —86 | 428 | ~4 —48 | 421 | =14 SR:?usf':olfo l:::':! no-i:
vad of July.
$IU]) 4 any et es| =t | =33 —38| +6| e8| =19 +8] 474! —38| ~5
4614381 —10 22| wh1 ) e23| 17| #l0| =20 o3| =2[ 42|20 49|22
=0 449 | 481 | =17y Jot01 | =81 | —2¢| o218 | —08| —~8]| 470 | 86| 42| o1
=~ 418 =30 | —24 | ~15 | —23 | =87 | <30 ) =11 | —84 | =11 | =20 [ =71 | —47 | —20
$13| 498 | 39| —12] o18]| 7] 007| ets| 46 «01 | ¢49| —=13] 20| +85] +18 { Long Fiood m'ddle of July.
=T o827 423 | <78]| +41 | 400 | =80 —2| e | =8| —2| 432} 78] ~32] 461 !ﬁzgu.flood uldils  of




Tablo 178,  Aotual rainfall in the Distriots for

Feudatory States. Rouchi,
—_—

Yearn. |
June.| July. [August. Jnno.I‘July.
Arvoragos 0-719] 1563] 1062 8711444
1898 . N . v | 104481705
180 . I o |12:20,10:08
00 . o | e .- 8~85I]J'81
1w . - . 361 1214
%2 . O . 2:00 - 20-38
1903 . P . 56711068
1904 . N RO ERLE-4
1906 . B N o 165 | 15-62
96 . 564 1672| 1130 | 5831728
10r . 13-62] 0-30| 250312381043
léOﬁ . lO-ﬁSI 18:89] 26490 8-I2|| 16:54
199 . 10-68:18-801 11:54 | 1313 16-72
Wi . .| Te2frers| 1776 | 992) 1263
M . o |2008] 06| 21-30 13-4 838
w2 . | est]1131) 1501 432) 1887
1913 . . |1050)1718] 13:31 | 1438) 1480
W | s8y1847| 1362 4511089
ws . | 443]1226] 1305 613]11:08
we ., |1818;1038( 16911103 720
Wy . . |1800 1784 1654 11-60)1762
1918 . . |248)t0-01] 18-37[1683| 677
ny o, . |1608 1677 21-88 (1606 | 14-98
90, . 625(3500( 1843 400 2884
1921 f f R48.1389] 1480 0631384
we o, T84|18-26( 1257 9-2019-89
175 420112:03( 1778 | 7-03{ 2140
we .. 5'30‘10-54 12:33 | 4dd]18-70
1028 o[ 1342 17:12] 1303 | 9871813
1928 . I'NII‘.'-SI 20-38 | 2:26]18-30

Singhbhum,

Sambalpur.

Bilupur,

August.

June.

July. lAugust.

June,

July. (August.

Juno.l July. [August,

15:29
13-76
8-67
19-50

931
181
11°56

761

1349
12:22
1318
123
10-3§
2024
11-50
1814
18:35
14-82
74
12:28
125
1004
§-99
16:63
16-54
1402
7-69
6:60
1245
6-22
0-56
32:03
1370
18:04
11:54
141
15-91
10-07

12:87
1659
1181
1518
1799
726
971
13-08
7-60
807
1734
20-85
143
872
1278
1408
1391
8-33
6-36
1291
10-6¢
112
15-23
1641
12:68
1519
25-89
1000
13:32
20-62

7-58
15-62
718
1440
342
11-56
612
10
16-53
1419

25:39

843
505
503
7
43
350
1741
101

1631
19-28
15-64

16:11
16:74
11:38
18-23
2241
12:59
14-35
1465
12-61
1119
23-39
2572
681
17:2
26-61
1438
16-90
1560
1234
2045
15:83
24
10-64
18-53
16-07
00y
17:89
1343
16-05
25-82

7481 15-00
85811504
643| 864
3681712
2-82[ 14:20
14211918
3-68(13-65
1102 10:55
0-62| 13-32
6-99| 1902
0-85| 783

16:07
113
1508
2007
15:07
118
1798
16-67
98
1038
1
1778
981
1498
154
1563
998
10-93
13405
1630
208
1740
18:8
1549
16-83
(2]
7R
138
1408

22

— )




the months of June, July and August.

209

—'R,ipur. Cuttack. Balasoro. Puri, Angul, Tributary Mahgls.
Juoe.| July. | Aug. |June.| July. | Aug. |June. July. | Aug. |Jupe. July. | Aug. |June. July. | Ang. | June. July. | Aug
805 1425 | 1614 9-20| 12:19 | 12:68 | 0-16|11:30| 11.23 | 807 10-8Y | 12-62 | 892 |13-80|13-54| p-10 13-08 [ 12-09
141[190:28 | 14-91 6'07|10~95 1823 | cez| 828\ 1570 | 7-06 | 1112] 11-40 1-28(10-10| 9-77| 801(11-08] 1017
508 607 “M-:. AT 0-55 | 11-39 | 14-93 058 | 5-80| 975 087 | 5-52| 8-20| 5:17(1042| 8-52 800
8351062 1490 ' 873 127)| 2133 | 8491313 20117, 803 | 81| 1802 0-64| 6:44)14-081 8-26 1308 1768
sl s ou w50 406) 888( 943 | 240 867|925 | 300|12:04 [1172| 260 {1218 12,08
1901078 | 1162 | foie ‘;--.,/; L5071 980 | 597 1088 | 1746 | 282 16-14 | 11-7¢ 581 [ 18:92 | 1329
4211769 12-5:"5 ?d.\il':-o‘; 10681 780 1338|  981| 5081 1573| 1140 | 8510|1557 1160] 500 1476 | 12-54
1690) BBL| 1777 e 0 6| 1247 [ 1341 | 083] 1143 | gogs 867 11-62 | 19-8) | 12:08 14-31 | 1389 | 1305 | 1329
19811760 | aecod sl ags| 738 | 3.80|121]  sas 378) 8741 048 | 400 1444 [ 10-07| 3.68|12.08| gyg
6904|1738 1062 u‘.‘i| 896\ 61| 893) B0| 92| 7201100 g0 ga1|1501] g6 7831338 .07
1000) 864 1760 | B05| 6-83| 3244 |U1ag| 5797| 2336 | po8| 44 1789 | 11-72| 6-08{23-44| 861| 8-70] g8
013:1138 2177 l4-('-5! 12631 1924 | 978 876 1503 1012|1000 | 18:81 | 980 |12-38( 1979 11-87 13-03| 19-90
8-9'.'!1'1-36 8:00 | 988 1752 10-01 [10-02{12:59) 1020 10-87 | 1488 7-86 | 1172 | 13-62| 818 11-30 | 1430 863
833 12:62| 10-20 [ 904 1282 1206 | 853[1050 830 ( 612(16-26| 1116 | 867185861647 | 1071 1434 | 1104
1687 | 7:31| 23-77 | 1310 457 B:54 (1174 559 721 l0'39‘ 75T 1324 [20-36 | £-78)15:62114-73| 643 1166
260 17:00| 1662 | 498 11-76| 1137 | 6541007 1278 890114238 1615 | 3061 16-26 | 1400 4-47]13.80 14.39
628, 12-73 [ 1219 | 8-36|24-07( 10-28 | 1495!26-18] 13-22 8:00 (16-93 10-02 ( 7-15 1950 [ 11-38 | 10-13 18-73 | 19-01
6151 17-48| 1263 | 883 13:82 8151 9-66112:07) 10-20 | 10-33 | 8-45| 1148 | 721 1370 | 11-20 | 8-77|16:04 | .42
2-78l16-58 1813 | 240 9:34| 10-38 [ 0-66| 6-78| 10-24 | 5-46 643 11-22| €-34|13-30| 11'77] §18| 9-72| g7
1247 0-21) 12:18 | 1546 | 7:0T| 1100 | 11-14| T-45 847 113-84| 9-49| 10-56 | 1904 [ 12-70 14-56 | 1417 942 10-98
12:72 11-64| 1401 | 11-50 | 1126 13-37 [15-18|10-58| 13-03 10-83| 8-09| 12-68 | 10-62|12:37| 11-81 [ 13-97 | 12-62 11-10
2402 | 11-83( 18-44 [11:31( 677 881 ( 860 485| 10-9) lh-'lfJ: .')-f!.‘:l 9!7;(.‘5-05 6:13| 9-50, 11-40( 6-5110-08
20-35)16:38 | 21-01 ) 1274 | 7-581 1880 | 10-45 | 1181 | 1768 73)!11-23 2021 13-33 | 16-51 | 2098 | 13-34 | 16-24 | 17.47
417017:31| 1303 | 73302160 1147 590)1000| 1155 s-o7;15-45 848 | 589 2602 | 9-38| 6042300 | 10-40
1403 0-16( 14:34 | 8368(12:00 7-60 ( 8-10 | 13:67| 1083 | 7.79( 870 LD 7801387 87| 8:26(13-71( 981
83315:58| 1023  8:60|1908| 1020 | 926 |1531| 1066 | 878 1690 | 1:g¢ t,w% 230 ] a3 1154 153 [ 10-48
289 14-33| 16:33 | 3341082 1088 | 285| 867| 1043 | 4R8| 944 S-u‘if f'T'."! <43t 03] 999| 2a2(1308
28| 751| 1204 | 333| 678| 1076 | 298| 724| 1220 | 180 7.44| pag; gu:! Tuv o2y 4-4:! 510 ( 1402
9-68| 2340 17-03 [ 2197110691 13-00 [ 1218 11:02| 1304 | In Iil!H-BQ 1170 [ 23-6) { 1908 | 14-71 15-90".‘0'29 15-43
1-78) 063 | 2438 3-66|ti-26| 2203 | 3561052 ZI'HH‘ 5"5'—': 677 1840 [ 2:37] 961 28‘97]‘ 1'44),]246 2478
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Rainfall in the pre-flood period.

By a caroful scrutiny of the rainfall records and gauge readings, it is
usually possible to locate the patch of rainfall preceding (and presumably
causing) particular floods. This was done for 39 floods which occurred during
the poriod 1874—1926. The data are exhibited in Table 180 in the form of
the daily average intensity of rainfall "in the Dlahanadi catchment for each
successiva day for a period of 10 cousccutive days immediately preceding the
occurrence of floods at Naraj. In this analysis, the stations above and below
Sambalpur were grouped separately.*

The mean values for all 39 floods are shown below in Table 179.%%

Table 179,—Average Rainfall preceding Floods.

Daye ol Balofall Provodlng fioods,
Mahauedl Catohment,
1 ' ] } 3 ‘ 4 ’ 3 ‘ 6 7 l 8 | » 10
Above Bambalpar ., e | 069 | 063 | 064 048 | 072 | 1131 1'83 | 1'183 | 078 | O'd5
Below Sambalpur wo | 068 | 0G4 | 062 | 066 | 202 | 144) | 78| 1'S1 | 068 | 031
Whole Catchnent ... | 063 060 | 064 | Ob7 | 087 | 127 | 1'68 1'22) 074 | 038

It will be noticed from the above table that usually there is a pateh of
about 3 consecutive days of heavy rainfall of over 1” (one inch) per day, and
4 or 5 days of fairly heavy rainfall of about 0°75” or more. The rainfall falls
off just before the occurrence of the flood showing that it fakes some time,
probably about 2 days, for the flood water in the catchmont to come down to
Naraj.

It will be also noticed that the patch of heavy rainfall occurs about a day
earlier in the area below Sambalpur. This is, of course, quite natural, since
most of the pre-flood rainfall is given by the rain-storms which movo across
the catchmont roughly from east to west, i.e., from below Sambalpur to above.
In order to form an idea of the lag in rainfall we muat, therefore, study the
average velocity of such rain-storms,

® This analysis was completed Lofore the catohment was divided iuto 6 sections, and 0ld valuca of average
rainfall wera vaed,

#¢ In Tables 179—180 under colamn heading “ Days of Rainfall preceding floods ™, the st day refers to
the earlieat date and the 10th day to the latest.
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Tablo 180.—Mahanadi catchment : Rainfall during 10 days previous to floods.

Dasly average of stations above Sambalpur—River Mahanadi. Daily average of stations below Sambalpur—River Mahanads.

Days of rainfall preceding flood. Days of rainfall preceding food.

Year. Date.

1st. | 2nd. | 3rd. | 4th. | Sth. | 6th.| 7th.| 8th.| 9th.|10th.] 1st. | 2nd. | 3rd. | 4th. | 5th. | 6th.] 7th.} 8th.} oth.| 10th

1976 | 218t to 30th Angust | 82| 89| -i5| 14| 56| 146|143 | .19 18| 08| 1-55| -10) 105} 05| 40} .75} 605|126} -30| ..

1876 | 12th to 2let July .. | -42| -20| -62| 30| .96 1-04) 103] 221 f 103| 77| 04 -05) -22| 25| -95| 95| 95| .94 94| .04
1877 | 7thto 16th August. | -88| 54| 40| 62| 56| 54| 10| 00| -01f -00] -07| ., | 2:05]| -43| 303| 260| -33| 10L[ 207} -14
1870 | Sthto 14th August | 67| 14| 04| 47| 171! 220 187| 50| 24| -09] -79) 75| -90| 1-42| 3-89 | 2.70 | 2:35| 04| -12| L14
1880 | 24th Juneto3rd July -41| -21| -03( 124l 100 178§ 107 { 403 | 147 | 208| <10} 10| 10} 4:09] 1-73| 1-26 | 1-83 | 1.65 | 149} 1.23
1881 | 17thto 26th July.. ;121 | 41| -80| .76 76| 62| -73]|166| -08| -01|2:06( -01| -76| -40| 52} .70 | 149 2:25| -10| ..
1885 | 17thto 26th June | 1-47| -71| 1-44| 2.43| 279 3.2¢4 | 2.28 | -33| 36| -64| -64| 42| 1-10( 2:35| 07| 54| 172| 45} 13| -19
1891 | 18thto27th July.. | -55| -l10| 31| .. 02] 33| 83| 76| 3-10| 423 -14| a2 42| .. | .. | 102| 48| -65f 3.71[ -90
2892 | 17thto 26th July .. | -19| 2-26| -78| 20+ 49| 1.28; 2:28| 161 08| -09| 13| 1-85( 37| -33] 1.04| 4:30| 5:08| -80| .02 -47
1894 | 19thto28thJuly.. | 1-35| -27| 17| 251 23| 110 214 | 149 | 25| 29| 08| -68| -28] 17| -94|1.69| 2:30| -80| -25| -52
1895 (1) | 22nd to Ist July .. | -13| -62| 2:29| .64 1.06| 81} 102 205| 32| .00 10| 1.50| 1-81| .14) -50) 2.28} 3-04|3-68( -62) -4
1895 (2) | 25th July to 3rd Aug. -2s | 45| -58| 551 .57: 135|227 | 39| 04| -09| 15| 39| -33| 34| 30| 68| 1.47] 38| .18 -00
1896 (1) | 8th to 17th Aug... ; 3-7$( 01 95| -70 { 2711241 161 | 1-13| -08| -35| -39 04| -36| 117 -45( -s9| 2001 -17| -28| .19
1896 (2) | 18thto 26th July .. | 55| 74| 70| 41| -83) 47, 94| 1-81|3.23| -63| 05| -13| 63| -90| 53] .97} 215 348) -37) .02
1896 (3) | 21th July to 6th Aug. -94 | 247 | 100 | -20' 31| -65! -46| -0 -0¢| 51| -76]312( -08) -27| -53( 70| 2:99| 162( .20/ -8

(4¢4

1400 12th to 21st Sept... | 20| 13| 50| .00, 73| 2.05| 118 | 136 | 41| .69 -00f -00| -09| -59]1-27| 1-01 200 -16} .43 -42
1904 | 26thJuneto4thJulyl -06| -20| 34| 17| 64| -21| -68f 1.00| -61| 12| -49[1.03]| -55| 1-34 162 2.19| 226 1-3¢| -50| 19
1907 (3) | 8th to 17th Auvg... | 55| -38) -3s| .92| .87 | 131 | 1-43| 1-33| 43| 22| 45| -20| -22| 67| 66| 1.64) 144} 2:21] 43 -05




1907 (3i) | 1st to 10th Sept... | 01 04| -00| -08) 53] 138} 169 [ 13a| 53] 37| 03| | o] 8| 132) 60| 0| .39 92 a8
1908 7th to 16th Aug... | 101 [ 73| 191 48| 5o | 16l | 76| 74| 5O 17| 132|331 55| 118 | .s6| 02| 92| 32| .55 .26
1910 [28th, July to.Tth| 23| 14| -07| 60} 1:37| 103|362| 60| 20| 48| -03| 15| -43| 47| 66| 127| 250| 38| ‘08| 2o
Aug.
ien 8th to 17th Augl.. | 14| o521 54 f 30| 57| 1a2| 244 193 1| 38 .15 147 1oo| 0] -as| -s6[ 102 as| 02| .39
1812 9th to 15th Aug... | )15 -51 -03 17 14 45 | 1-16 -27 -09 -16 -66 05 11 -08 44 | 151 -35 38| 114 09
1913 26th July to 4th Avg. 1-38 -08 06 -21 -56 | 1-50 | 2:38| 1-19 -09 <09 -07 04 .00 .16 .87 | 311 | 2.61 .10 .01 .05
1914 20th Jaly to Tth | 1-27 49 -39 23| 1-53 | 104 | 140 -9t -89 -22 Bl <24 -13 -053 -47 67 | 216 | 1-36 22 -30
Aug. i
1915 28th July to 6th Aug.! -76 | 1.52 -40 -03 -28 91 | 189 | 143 <04 10 -G8 4y 1:28 14 .17 64 | 2-04 | 2:40 -89 -25 -04
1017 6th to 15th Aug. .. 13 2-03 | 130 63 o8| 1-07 | 101 | 2-002 27 -05 -73 41 -23 -18 50 -34 831 1-94 13 01
1818 11th to 20th June.. -4¢ =37 921 1-16 26} 3-39| 314 | 1.20 64 -30 45 | 1-15 A4 | 2-14 | 378 3-15 563 -29 -32 <03
3919 (i) | 26th July to 4th Aug} 33 -15 -44 -20 -32 “71 | 136 | 2-64 .13 -05 -41 53 32 41 »30| 1-23 +80 | 1-86 -19 -09
1919 (35) | 25th Aug. to 3rd 62 17| 1-32 -68 19 .28 69 | 1-36 -13 -07 -83 ‘62| 1-68 -29 36 63| 1-61 -96 -14 *20
Sept.
1920 (i) | 16th to 25th July.. -39 -30 .16 131 1-32 00| 206 | 2-45| 3-20 y-21}| 1-39 15 28] 2-11) 2.31 | 1-12 | 1-60| 2:50 | 2-58 -12
1920 (i) | 26th July to 4th Aug <09 -04 <03 15 +59 85 | 1-74 -18 +25 -04 -08 07 -0l <131 2:10| 3-16 | 1-09 =21 <20 -32
1921 22nd to 31st July.. -39 -33 <20 16 35 ‘65 .28 -66 -64 -50 80 .22 -46 <35 62| 1-70 =29 -28 -84 -88
1022 21st to 30th July.. 87 -38 <76 R 88 23 B4 60 | 1-26 -49 -51 77 -61 -68 -69 =22 14| 1-45 86 32
102 12th to 216t Aug... -83 -83 61 -63 72| 1-36 92 44 -37 «38 -78 -29 -98 -36 | 1-16 20 -27 -1 03 -16
1925 (i) | 5th to }4th July.. 681 1-30 -84 44 | 1-13 ] 2-08 93| 1-63 | 1-06 -10 -75 -21 -22 86| 2-12 | 2-27 | 1-47 | 3-03 -3¢ 34
1925 (ii) | 25th Aug. to 3rd 03 04 *70 | 1-46 =80 79 91| 1.08 -43 -37 -03 25 -56 -71 -33 48 61 52 -19 -14
Sept.
1925(fii) | 21st June to 30th 42 48 21 -24 03 03 +33 | 2-23| 376 1-81 21 -60 08 -18 -39 -68 | 208 | 6-32 | 4-03 44
June, :
1826 16th to 10th Aug... 1] 68 35 -24 <12 l <31 <84 41| 3-72 -28 -37 24 57 -29 -24 [ 207 | 325 G644 (| 1'15 -22
Tota) =30 |26-94 | 24-41 | 21-19 | 18-68 | 2321 I 44~20I 52:00 | 44°25 | 30-22  17-51 | 21-70 | 21-04 | 20-20 | 25-58 | 39-69 | 54-89 | 69-27 | 51-24 | 26-75 | 12-04
Average . -69 -63 54 -48 72 | 1-13 I 133 | 113 78 -45 -56 14 52 66 | 102 | 141} 178 | 1.31 69 31
Above Sambalpur .e .. -69 +63 54 48 72 213 133 1-13 78 45
3-26 | 1-17 | 1-06 | 3-24 | 1-74 : 2.5¢ | 3-11 | 2-44 | 1-47 <78
Whols catchracnt (goneral average) .. | 63| -59| 54| .57) .s7| 127|156 | 122| 74| -2

€13
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Lag in Rainfall.

The average velocity of the rain-storms ncross the catchment area is of
considerable importance in connexion with flood studies. As the position of
the centre of the rain-storius on each day at 8-0 A.M. is given in the chart book
published by the Meteorological Departient, it was easy to measure directly
the distance moved in 1 day by about 27 storms which crossed Orissa
during the months of July, August and Scptember between 1891-1928. It was
found that the storms usually moved avross the areca under consideration in
about 2 days; the velooity of movement was found to be about the same on
both days and equal to 8'6 miles per hour approximately.

We know that the width of the delta is about 50 miles from the coast ; the
average time taken by the storm to reach the head of the deltanear about
Naraj will be about 6 hours from the time of crossing the coast,

Wecanalso find the distance between the approximate positions of the
different sections of the Mahanadi catchment. These are given as distances
from tho coast in col. (2) of Tablo 181 given below, The next column gives
the timo taken by the storm to reach the different positions. The lag or time
differences between various positions aro also given in the other columns,

Table 181.—~ Movement of Rain-Storms.

Lag of beavy rainfall (io hours) on=
Position. ht!nl&‘:: Igilgiur::nce M1

const. | (in boura, Dolta. | Narsj. | M. T
M-I1I,

1 2 3 4 6 6 7

|
Centre of Delta 25 30 0

Naro)j 50 60 30 0

Centre of Section I ... 122 145 | 115 85 0 -~
Ceatre of Sections IT and III w | 234 27-5) 245 | 215 130 0
Ditto IVand V 354 41-7 | 387 | 357 | 272 142
Extremo end of Section V 414 45-7 | 457 | 4271 342 212

We may assume, further, that the locus of heavy rainfall moves with
approximately the same velocity as the centro of tho storm itself. The
sequenco of events may be now described. Heavy rain first falls in the dalta ;
about 11 or 12 hours later in Secction I ; about 24 Lours later in Sections II
end IIT, and finally about 39 hours Jater in ScetionsIV and V. It will be also
noticed that the avcrage duration of the storm within ~ur area is only about
48 hours.

In view of the importance of the above results I tried to check. them by
an sltogether independent metliod. The aversge rainfall in the different
sections of tbe Mabanadi have Leen already given in Chapter 20. By a careful
scrutiny of these valucs it is possible to locate the exact date of maximum
rainfall in any two sections, say section I and section V., Hence it ja also
possible to determine the time interval (in days) between the occurrence of
maximum rainfull in these two sections. This was done for 34 different storms,
and it was found directly tbat (he interval was 1416 dayor 27'6 hours, From
Table (181) we fird the lag (o Le £7-2 heurs ; tle agreement is almost perfect,
and is, of course, partly fortuitous. It gives us confidence, howover, in
s ccepting these results as fairly reliable,
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Table 182.—Interval between date of flood at Naraj and last date of. haavy rainfall

(average above 1" per day) in the Mahanadi oatohment.

Poriod of 3 days.

Date of Last date of | Interval Date of Last date of | Interval
maximum the rainfall between maximuon: the rainfall botween
flood at Naraj. period. two dates | flood at Naraj. period. two dates.
30-8-1872 26-8-1872 4 10-9-1807 8-8-1007 2
30-8-1874 27-8-1874 3 16-8-1908 13-8-1008 3
22-7-1876 19-7-1876 3 7-8-1910 4-8-1910 3
16-8-1877 12-8-1877 4 17-8-1011 16-8-1911 2
34-8-1879 11-8-1879 3 18-8-1912 16-8-1012 2
3-7-1880 3-1-1880 0 4-8-1913 2-8-1913 2
28-7-1881 25-7-1881 1 7-8-1914 4-8-1914 3
26-6-18856 23-6-1885 3 6-8-1915 4-8-1918 2
30-7-1891 27-7-1891 3 15-8-1017 13-8-1017 2
26-7-1892 25-7-1892 1 20-6-1918 17-6-1918 3
28-7-1894 20-7-1894 2 26-7-1920 24.7-1920 1

1-7-1895 29-6-1895 2 21-8-1923 18-8-1923 3
26-7-1896 24-7-1896 1 14-7-1925 12-7-19256 2
17-8-1896 15-8-1890 2 19-8-1920 18-8-19268 1
21-9-1900 18-9-1900 3

4-7-1004 1.7-1904 3 Interval Average=2-30 days.

Table 183, —Interval botween date of flood at Nara] and last date of heavy rainfal)

(average abeve 17 per day) in the Mahanadi catchment.

Period of 4 days,

Interval
between
two dates,

|
|
|

RO GO e GO R N DD RO e e G2 OO RO

Date of Last date of | Interval Date of Last date of
maximum the rainfall between maximum the rainfall
flood at Naraj. period. two dates. flood at Naraj. period.
30-6-1872 27-6-1872 3 10-9-1907 8-9-1907
30-8-1874 28-8-1874 2 16-8-1908 13-8-1908
22-7-1876 20-7-1876 2 7-8-1910 4-8-1910
16-8-1877 12-8-1877 4 17-8-1911 16-£-1911
14-8-1879 11-8-1879 3 18-8-1912 17-8-1912
3-7-1880 2-7-1880 1 4-8-1913 2-8-1913
26-7-'188_1 24-7-1881 2 7-8-1914 5-8-1914
26-8-1885 23:6-1885 3 0-8-1915 4-8-19135
30-7-1891 27-7-1891 3 15-8-1017 13-8-1917
26.7-1892 24-7-1892 2 20-6-1918 17-6-1918
28-7-1894 24-7-1894 2 25-7-1920 24-7-1920
1-7-18935 29-G-1895 2 21-8-1923 18-8-1923
25-7-1898 23-7-1846 2 14-7-1925 12-7-1925
17-8-1806 15-8-1896 2 19-8-1926 18-8-1926
21-9-1990 19-9-1900 2
4-7-1904 2-7-1904 2 Interval Average=2-16 days.
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Table 183.—Intcrval between Cato ef flood at Naraj end {act calo of hecavy ralnfall
(average alove 1° per cay) in tho Makcnadi catcl mont, Pcriod of 5 days,

Date of Last date of | Tuterval Date of Last date of | Interval
maximum the rainfall between maximum . the rainfall between
flood at Naraj. period. two dates.|flood at Naraj. period. two dates.
J——
30-6-1872 28-6-1872 2 16-8-1008 14-8-1008 2
30-8-1874 29-8-1874 1 7-8-1910 5-8-1010 2
22.7-1876 20-7-1870 2 17-8-1011 16-8-1911 1
16-8-1877 12-8-1877 4 18-8-1912 17-8-1012 1
14-8-1879 12-8-1879 2 4-8-1913 2-8-1913 2
3-7-1880 1-7-1850 2 7-8-1914 G-3-1914 1
26-7-1831 24-7-1881 2 6-8-1915 5-8-1915 1
26-6-1885 23-6-1885 3 15-8-1017 13-3-1017 2
30-7-1891 27-7-1801 3 20-6-1918 17-06-1018 3
96-7-1892 24-7-1892 2 4-8-19190 2.5-1919 2
28.7-1894 27-7-1804 1 26-7-1020 24-7-1920 1
1.7-1895 30-6-1895 1 3-8-1520 2.8-1920 1
25-7-18960 24-7-1896 1 14-7-1025 13-7-1025 1
17-8-18496 15-8-1896 2 19-8-1926 19-8-1926 0
21-9-1600 20-9-1900 1
10-0-1907 9-9-1907 1 Interval Average 1:67 days.

Table 185.—Inltcrval betweer date of flocd at Nara] end fast date of heavy rainfall

(average above 1° per Gay) in the Rlahanadi catchment. FPoriod of § days.

Date of Last date of | Interval Date of Last date of | Interval
masimum the rainfall | between maximum the rainfall between
flood at Naraj. period. two dates |flood at Naraj. period. two dates.

30-6-1872 29-6-1872 1 7-8-1910 7-8-1910 0
30-8-1574 30-8-1874 0 17-8-1911 17-8-1911 ¢
22-7-1870 21-7-1876 1 18-8-1912 18-8-1912 0
16-8-1877 12-5-1877 4 4-8-1913 4-8-1913 0
14-8-1879 13-8-1879 1 7-8-1914 7-8-1014 0

3-1-1880 2.7-1880 1 6-5-1915 6-8-1915 0
20-6-1855 23-6-1885 3 16-8-1017 15-8-1917 0
26-7-1892 26-7-1892 0 20-6-1918 20-6-1918 0
26-7-1804 28-7-18914 0 4-8-1919 4-8-1919 (]

1-7-1895 1-7-1895 0 25-7-1920 25-7-1929 0
26-7-1896 25-7-1896 0 14.7-1925 14-7-1925 0
17-8-1896 15-8-1896 2 19-8-1026 19-8-1926 0
21-9-1900 21-9-1800 0

10-9-1907 10-9-1807 0 Interval Average 0-48 days.

16-8-1508 16-8-1908 0
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Tablo 186. —Intorval between date of flood at Nara] and last date of heavy raintaly
Cavorage above 1” por day) in tho Mahanadi catchment. Period of 10 days.

Date of Last date of | Interval Datoe of Last date of | Interval
maximum the rainfall Letween maximum the rainfall between
flood at Naraj. period. two dates. flood at Naraf. period. two dates,
30-6-1872 30-0-1872 (1] 7-8-1810 7-8-1910 0
30-8-1874 30-8-1874 (V] 17-8-19011 17-8-19011 o
22.7-1876 21-7-1876 1 18-8-1912 18-8-1912 (1]
16-8-1877 16-8-1877 0 4-8-1013 4-8-1913 0
14-8-1379 14-8-1879 0 7-8-1914 7-8-1914 ]
3-7-1380 3-7-1880 0 6-8-19156 6-8-1916 0
26-G-1885 2B-H-1883 0o 15-8-1917 15-8-1917 0
26-7-1892 26-7-1502 ] 20-6-1918 20-6-1918 [\
28-7-1804 RSl I | D] 4-8-1919 4-8-1919 (1]
1-7-1593 |} 1.7-18935 0 25-7-1020 25-7-1920 0
25-7-1896 ! ez.TiINge 0 14-7-192 14-7-1925 0
17-8-1x7 37 51894 0 19-8-1926 19-8-1928 0
21-9-1ouy | 2f.c.1000 0
10-9-1997 20-9- 1007 0 Interval Average=.04 daya.
16-8-19u8 16-5-1908 0

The fag botweeen rainiail in the catchment and the occurrence of floods af
Karaj.

In the case of a larze catchment area like that of the Mahanadi it takes
some time for tho water {o run down to the delta, sothat there is a time lug
between the period of heavy rainfall in the catcbment and the time of occur-
rence of the maximum flood at Naraj. It is essential to gain some idea regard-
ing this time lag in order to attempt any kind of flood forecast. Tables 182
—186 were prepared for this purpose; in these tables the dates refer to the
dates of occurrence of mazimum floods at Naraj.

Tho results for the different periods ey e eshibited in the following
way =

Table 187.—Lag keiween Raintall and Flood.

Lag in dava in the ocenrrence of a
maxinum flood at Naraj.
Period of rainfall in daya.
From ond of raiufali From rceutre of
yeriod. rainfall peried.
1 2 3
3 .. sen . 2:30 3-80
4 .. 2:16 4-16
5 .. 167 ' 417
6 .. . 0-48 | 3-48
10 ... s 004"

It would appear from the figures for the centre of the rainfall perjod, that
ile moximum flood at Naraj occurs about i or . days later than the day of
heaviest precipitation in the catchmont. Thixs is encouraging; it leaves time
for prediction. Iad there been no appreciable lag hetween rainfall and flood,
forccasts of any kind would have been quite impossible.
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In view of the importance of tho question I decided {o analyse the data
separately for tho diffcront sections. The intervals between the date of occur-
rence of single day maximum rainfall in each section of the Malanadi catche
ment and the date of occurrence of the corresponding maximum level at Naraj
were recordod separately for all the sections.

Theaverage valucs of the intervals for each month sepazately, and for-the
monsoon period, are shown in Table 188. The figure within brackets gives
the size of the sample in each case.

Table 188.—Lag between Rainfall at different sections and Flood at Nasal.

o Laz io days. ”°°’°§gl}:‘°ﬁ°ﬁ AJaly—

July. Acgust. Beptomter. Days. | Houn,

o 1 2 3 ¢ 5 s
M—I w | 11 (28)| 13 (31| 10 (168)| 116 (75)| 278
M—TI1 w| 12 (@8] 16 (39| 13 (30)| 138 (137)| 3341
M—III w | 26 (34)| 25 (6)| 23 (21| 250 121y | 600
M—1V w | 28 (34| 27 (33)| 26 {(21)| 270 110)| 64
M—V w34 @n| 83 @] 40 (12)| 350 (o) | 840
Catchment ... | 217 (101) [ 2:20 (212) | 2:07 (100) | 217 (503) | 521

The rainfall roadicgs refer to the period of 24 hours ending at 8-0 At
and may Le ceatred at S-0 P.s. of the previous day. Most of the gaunge
readings represent the average of three readings taken at 6-0 .., 12-0 noon and
6-0 p.), and may be centred at 12-0 noon.  I'or readings on the same day, that
is, for a nominally zero interval, the rcal lag is 16 bouis. 'This is the correc-
tion which we must add in each case. The corrected values are shown in
columa (8) of Table 189 given below :—

Table 189,—Average Velocity of Flood Flow.

Lag in bours, Average velocity of fAow.
Equivalent o
Bectlon, dill;\\{m:(' from
Normal. Corrected. AT m'l‘x:'ur.lm k}_::iﬂ!‘i’
1 2 3 4 [ 8

M-I ... e 278 438 1} 2.19 3.21
M—~II... e 331 491 200 407 597
MIIX pee 60:0 760 208 405 594
M1V go0 64-8 80-8 318 3.93 579
M~V .. pos 84-0 1000 408 4-08 5-68
Catchment 52:1 68-1 265 " 3.89 571




219

It will be remembered that in cbapter 5 we made an estimate of the
averag equivalent length of the channels in and from the differcnt sections.
Using the above estimates of the average timo taken by the raiufall to reach
Naraj we can, therefore, enlculate the average velocity of flow of the ruc-off.

The reeults are shown in Table 189 given above. It will be noticed that,
excepting in section I, the mean velocity is, every where, of the order of & miles
per hour or about 6 feet per second. The agreement between the dilferent
sections is quito striking, showing that the estimated value of 4 miles per honr
is fairly reliable. 'lhis is, of course, an average velocity of the run-off. The
comparatively low velocity of 22 miles per hour in soction I is easily explained
by the fact that the gradient in this scction is very small.

The intensity of rainfall in the period preceding floods,

Tbe daily variaticn of average rainfall in the Mahanadi catchment for
a period of ten days preceding the beginning of each flood is shown in
Table 190. Tloods which continued to remain ahove danger level at Naraj
for 8 or more days have heen called long floods other floods have been called
short in this table. Thus all the short floods remained above danger level
for 1 or 2 days only. At the end of the table are shown the average rainfulls
for eacli of the ten succossive days for all floods since 1572. Averages for
short floods and long fluods are given scparately.

In Chart No. 5 Curve (1) represeuts data for long floods, Curve (2)
represents data for all floods, and Curve (3) represents data for short flouds. It
isclear from these curves that Jong floods were preceded by much more
rainfall than short flocds on an average. The forms of these curves are
similar. Curve (1) rises sharply in the 5th day and falls rapidly in the
tenth day, the day of mesimum flood at Naraj. We find therefore that in
the case of long floods there is heavy rainfall for 5 consecutive days on the
average up lo the day previous to the occurrence of the maximum flood at
Naraj. For short floods there is heavy raiufall on the G6th, 7th and &th day,
moximum flood oceurring on tho 10th day. We may conclude that, on the
average, three consccutive days of heavy rainfall (above 1%) cause short
floods, and five consecutive days of heavy rainfall cause long flonds. In
the cass of short fluods, ike maximnm flood ccews two days after the
cessation of heavy rainfall; in the case of long flools, the maXimum fluod
occurs one day after the cessation of heavy rainfall,



Table 180,—Dally average rainfall in inches in the Mahanadi catohment during
10 days precodirg floods at Naraj,

Perlod. Daily averages. Towaia,
Yeur. | det. 2od. | 3ed. | 4, | o | G | 7eh. | 8th, | ot [ 20th,
1672 | 23th Juno—sth July .. | 176 185 | 100 | 012 | 047 | 0-88 | 111 | 168 | 276 | 0-12 | Long floea,
1514 | 2tat—0th August .. | 2303 | 0-06 | a1 | 011 ] 061 | 11| 240 | 049 | 0-21{ 0-08]  Ditto,
1670 | 12th—21st July .| ost]o22| 001|020 008 102|101 108]0t|ose
1877 | 7u—10th August .. | 065 0-38 | 0-87 | 0-68 | 127 [ 113 | 0-16 | 0-20 | 0-60 | 0-0¢
3¢, ob—tith August .. | 070 ) 032 | 020 | 074 | 233 | 235 | 200 | 0-a7 | 0-21 | 0-20 | Long flood.
1850 | 2ith Jene—3ra Juty .. | 032 [ 018 | 005 203 121 ] 163 | v2o| $32] 148] 193|  Disto.
1831 Uith—26ch July 143 | 028 079 | 064 | 068 | o-e1] 0-98 | 188 009 | -1
1835 | 1zth—2oth June oo | 122 002 | 134 | 240 | 107 243 | 211 | 037 | 0-20| 060 | Long ood.
1601 | 2oh—zoth July .. | 03¢ 000 001 | 056 | 072| 073 | 330 | 312 | 0-18 | 000
192 | 15th—26th July .. | O-du | 200 [ 0:60 | 048 | 066 | 218 | 302 | 140 | 014 | 0-21 | Long floods
186¢ | 15th—2xth July vso | 041|021} 020 040 124 | 2010|113 036 { 037|  Ditee,
1595 | 22nd Juno—lat duty .. | 030 003 103 041 | 079 ) 138 | 180 | 232 | 041 [ 00| Dictes
1895 | 25th July—3nd Avgust.. | v20 | 041 [ 044 | 049 ) 052 | 091 | 134 | 048 | 0:09 | 0.04
1896 | Sth—13th August .. | 2:21] 031 | 068 | 0-02( 0-35  1.u5 | J:60 | 063 | 0-17 | 0-27
ls.oa 161h—23th July 03¢ 048 | 067 [ 062 | 072 | 0-03 | 1-45 | 230 | 207 | 0-37 | Long fiood;
100 | 12h—21st September .. | 011 | 0:07] 031 | 022 [ 008 | 157 |-1-56 | 0-30 | 042 | 053
1904 | 25tk Junc—ih duly .. | 023 [ 054 0-43 [ o5 | 126 | 102 | 1s1 [ 145 | 060 | 015
1907 | Stk—17th August .. | us1] 030 [ 0:32] 079 | 067 | 144 | 148 [ 167 043 | 016
1907 | Jst—10th Scptruber .. [ 003 | 007 | 020 0-33 | 083 | 112 | 1:21| 090 | 046 | 0-37 | Long Bood,
1908 | 1h—10ib Avsust .. | 113 005 [ 0-33 | 075 | 0-64 ] 231 | 0:63 | 038 | 0-53 | v-20
1910 | 200k July—7th Augast.. [ 013 | 015 | 021 | 30| 14 | 174 [ 33t [ 033 | 0-16 | 048 | Long Good,
1011 | 8th—13th August .. | 14| 058 [ 055 0-25] 0-50 | 051 | 2-24 | 1:36 | 061 | 0-as
1012 | oth—160h August .. | 096 ] 0-33 | 0-C6 | vrd | 026 | 0-85 | 0-85 | vdv | 0-49] 013
1913 | 260 July—eh August.., | 110 | 066 | 000 [ 0-19| 068} 211 | 247 [ 078 | 006 | 002
114 | 20h July—7th dugust.z | 121 [ 040 [ 030 | 017 ] 114 | 007 | 167 | 107 | 052 | 003
1915 | 23t July—Gth Augu.t., [ 072 | 143 [ 0-39 | 068 [ 041 [ 131 208 ] 1-23 | 012} 0-08
1917 | e—15th Auguse .. | 007 138 067 | 050 [ 052 [ 058 [ 003 | 142| 021 | 003
1618 | 11th—=26th Juno L] 042 002] 002|155 227 829 | 2:09 | 084 | 0-52 | 0-20 | Long flood,
1919 | 26t July—4ths Auguar.. | 036 [ 066 | 0-42 | 028 | e-22| 001 | 145 [ 12| 015 | 0-00
102 | t6th—2oth July .. | 078 [ 05| 020 0-63 | 170 [ 008 | 1-83 | 247 | 200 | 0-79 | Long flood.
1820 | 26tk July—ith Angust.. | 009 | 065 | 002 0-14 | 127 | 178 | 199 | 0-19| 020 015
1023 | 12th—216t August .. | 081 062 | 076 | 053 | 0-89| 0-91 | 067 | 053 | 024 | 029
1925 | Bth—14ch July ..|o6s] 0ss|066] ocof 282 215] 114 217] 075 | 0-19 | Long flood.
1626 | 14th-23d August . | 054 | 078 | 1-33] 030 | 028 | 0-au | 0-88 | 0-25 | 1-18 ;.0-67
1625 | 26th Aug—3rd Soptomber, 003 | 0-12 | 043 | 093 | 0-55 | 0-67 | 080 | 0-88 | 038 | 0-23
1926 | 10b—10th August ., [ 067 [ 0-51 | 0-44| 0-20 | 0-17 | 0-90 | 265 | 2:35 | 273 | 0-26 | Long food.
Total (36) .. | 2467| 2102|2081 | 2100 3206 | 4736 | 5932 | 45-28 | 2391 - 1020 |
Average IO—M—‘D_H_E 057 | 047 | 18| 161 | 132| 065} 023
Short floods (21) Total., | 1551 | 11-07 | 1tu7| 9-89| 15-31 | 2301 | 30-16 | 22-40| 8-44| 378
Ditte  Avomsge..| 67| 30| 38| 45| 0| zos| var|1ez| | m|
Loag ficods (18) Total .. | 088 | 0-00 | 814 | 3101 [ 1036 | 2113 | 2050 2288 | 15477 654
_ Dis  Aversgo.. | 68| 68| 61| 74| 222 l-a:[.l-w 152 1~us| A1
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The Rise of the Mahanadi during floods.

Ve have just seen that the flood rainfall occurs in heavy patches (over 1°
per day) oxtending over 3 or 4 days, and moderate patches (ovor 0°5” per day)
over 6 or 7 days. How long does the effect of the rainfall persist at Naraj ?
In order to ctudy this question, a table was prepared showing the actual rise
of the river on the lst day, 2nd day, etc..........up to the 10th day beginning
from the day of the sharp rise duo to heavy rainfall (of the order of about 3"
or over in 3 days) for 104 periods of such heavy precipitation.

The average values are given below.

Table 191.—Rate of change in the level of the Mahanadi at Nara).

Risa in the lovel of the Mabanadi at Naraj.
Date of rige.
Por day (in foot). | Total accumalated rige
(in feet),
|
1st day +1:83 1.83
2nd ” s . +2'30 4:13
3d ., +148 561
4th +0-42 608
5th ,, —0:32 571
6th ,, —041 5-30
Tth ., —0-33 4-97
8th ,, —0:30 467
Sth ,, —0:29 4:38
10th ,, —019 4:19

It will be scen frum the above table that the river rises quite steadily for
about 3 days; tho rise on the 4th day being usually smal:,

The level begina to fall slowly from the fifih day and continues to do so
at a decreasing rate until on the 10th day the height is about the sawe as that
on the 2nd day. We may say, therefore, that the first ard immediate effect of
the rainfall persists for'about 6 or 6 days, but the river often continues to
remain high for a few days more.

General Description of Floods at Naraj.

A typical picture of floods in the Maharnadi can be now constructed. The
river floods are caused Ly the beavy rain given by storms and dopressions
which bave their origin in the Bay of Bengal, and which move across the
Orissa delta and the river basins in an approximately west-norih-westerly
direction with an average velocity of about 86 miles per hour. ‘he rainfall
in the period immediatoly preceding floods usually ocecurs in a well-marked
patch of very heavy rain of intensity considerably over one inch per day for
about 3 consecutive days, and moderately heavy rain of over three-quarters of
an inch per day for about 6 consecutive days. IHeavy rein first occurs in the
delfa, and then gradually moves across the catchwment area of the Mahanadi,
occurring usually about 12 hours later in section I, about 24 hours later in
sections II and I1I, and finally about 10 bours later in sections IV and V.

It takes some time for the flood water in the basin %0 reach Naraj. The
average velocity of flow is about 4 miles per hour or 6 feet per second, except
in secticn I where owing to the low gradient the velcoity is about 2'2 miles
per hour or 3-2 feet per second. It usually takes about 44 hours for tha fleod
water from section I to exert its greatest effect at Naraj, and 60 hours,
76 hours, 81 hours, and 100 hours for the water from sections IT, I1I, 1V and
¥ zespectively. This lag botween rainfall and flood makes it possible to
attempt flood forecasts.

As regards the level of the Mahanadi at Naraj we found that usually
there is & stoady rise at first which is maintained for 3 days; tho riso on the
4th day, as the river level approaches the mazimum, being comparatively
emall.  Ordinarily the river begins to fall slowly from the bth day, but the
river level is maintained quite high for several days longer.
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Rainfall and the Rise of the River level at Naraj,

In order to study the relationship between rainfall in the Mahanadi
catchment arca ond the rise of the river at Naraj, a period of six days was
selacted for the rainfall analysis becauss a high fliod at Naraj is usually
caused by heavy rainfall in the catchment area for a period of about six days.
The average daily normal rainfall for the months of June, July and August
(530,000 cusecs) was subtracted from the actual rainfall in cusecs. This
excess of rainfall was then divided by the normal rainfall and multiplied by
100 to obtain the excess of rainfall as a percentage of the norwal rainfall.
Thus if X denotes the actual average rainfall during the flood period, and A is
the normal rainfall (in this case 530,007 cusecs) then—

Lxcess percentage =(X;%). 100,

Table 192 shows the maximum level reached by the Mahanadi sbove
Naraj weir during each flood year since 1872. Percentage excess of rainfall
over the normal in the catchment aren for six days as well ss the rise of the
Mahanadi above the weir in six days preceding the occurrence of maximum
flood at Naraj are shown sgainst all the lood years. The rise of the river in
six days could not be estimated for all the floods because in some case thariver.
had Leen falling at the time when heavy rains set in in the eatchment areas.
Sowetimes the river rose to its maximum level within three, four or five duys

of the béginning of heavy rainfall. Such cases are moted in theremarks
column.

Chart No. 6 shows the percentage exoess or rainfall and the corvesponding
rise in the river level at Naraj. The year is mentioned against each point.

Table 192.—Percentage excess of rainfall in the Mahanadi catchment and the rise of
river level at Naraj,

Level !Maximum| Rise Per-
from level of the | centage
Years of flood. | which the | reached river | excess of Remarks.
rise was | at Narej. [ in6  rainfullin
estimated. days. |the basin.

—ee f——

1872% 66-48 89-90 23-42 155-6

*1872—Owing to in-
sufficiency  of data
rainfall analysis s

doubtful.
1874 82-85 80-00 715 112-4
1878 75-15 88-60 1345 142-3
1877 80-00 88-10 8:10 84-0

1879* 80-80 90-90 1010 2234 | *1879—rise in 5 days.
1880 68-70 89-10 20-40 2872
1885 68-10 90-50 2240 3136
1862 80-74 49170 10-98 205-7

1894%|  83:25 | 8940 8-15 136-7 | *1894—rise in 3 dayw.
1895 | 8136 | 9040 904 | 2304

(July) 1896 |  7645| 9230| 16-65| 2106

(August) 1896 | 8376 |  89-30 555 | 1430

1900 76-30 88-76 1245 138-9
19074 7870 89-70 11-00 110-8 | *1907—rise in 5 days.

1908 86-00 88:30 3:30 1153

1910% 7630 90-10 1380 162-9 | *1910—rise in 10 days.
1011 8520 9130 610 2293

1912% 7980 88:50 8-70 41-07 | *1912—rise in 8 days.
1913¢| 7870 88-40 970 168-1 | *1913—rise in 4 days.
1914 81-40 90-10 8:70 176-9 | *1914—rise in 4 days.
19164  81-80 88-80 7-00 118-2 | *1915—rice in 5 days.
1917 84-60 89-20 4-60 102-5

1018 68-60 89-70 21-10 2881

10204 79-68 91-88 1448 356-1 | *1920—rise in 4 days.
1925 83-00 8120 8-20 208-6

1626 8360 91-70 8:10 321-7
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The floods enumerated in the above Table 192 may be divided into two
groups :—

(I) Floods in which the level of the river at Naraj was already 83 fect
or above when the poriod of six days commenced.

(II) Floods in which the level of the river at Naraj was below 83 feet
wheii the period of six days commenced,

Soven floods belonging to group I occarred in the years 1894, 1896
(August), 1908, 1911, 1917, 1925 and 1926,

Ninoteen floods belonging to group Il ocourred in the years 1572, 1874°
1876, 1877, 1879, 1880, 1885, 1892, 1693, 1896 (July), 1900, 1607, 1910, 1912
1913, 1914, 1915, 1918 and 1820. Figures for 1872 are uareliable owing to
insulliciency of data.

Tt will be seen from the graph in Chart No. 2 that all the floods in group II
can be fairly well represented by a straight line passing through the origin.
1t will also be seen that all the poiats of group I lie below this straicht line.
Thus, the most divergent poin's are those for the floods of 1926, 1925 1911,
1894, 1896 (August), 1917 and 1908. All of these agaiu can be représet;ted by
another straight line passing through the orizin but making a smaller angle
with the horizontal axis. 'The explanation is that whea the river 10351
approaches 88 feet at Noraj (which is the danger level at that point) the
discharge incrcases more than proportionably owing to the widening of the
cross-section and also to spilling in some casus, so that for a given increase
in the volume of water carried by the river, the rise of the river level wonld
be less. In this connection it will be relevant to point out that the floods in
group I were much highor than the floods in group II asa rule.

In order to maintain the standard Eeriod of six days throughout the table
an attempt was made to apply suitable adjustments where possible. The
procedura followed in applying the adjustment in each case is noted below :

1872. Owing to insufficiency of data rainfall analysis is doubtful,

1879. Available period is five days, and actual rise 1010 fect. On the
1st day the rise was 2'4; adding thbis value to 10°10 we get 12:5 feot as the
adjusted total rise in six days,

1894. Available perind is ounly three days. ApEroximation cannot be
adopted with auy degree of accuracy because the available pericd is too sbort.

1907. Available poriod is five days. Maximum flood occurred on the
10th September. The river stond at minimum lovel on the 5th, and on the
6th it rose by 0'S feet. “Therefore in this case 0'8 -feet can be added to the
rise of 1100 fcet in five days, giving an adjusted total rise of 11°30 feet in
six days,

1310 Available period is five days. Total rise on the first day was
only 01 foot. Therefors adding this to the riso of 13-8 fect in five days, we
get 13:9 feet as the adjusted total rise in six days.

1012, Available period is only threc days. Approximation cannot bo
adopted because the available period is too short.

1913, Available period is four days. Total risc on the first day was
17 feet, and that in the second .was 5 feet, It is cvident that the flood was
just beginning to be fully effactive when the available period commerced, so
that it would not be justifiablo to apply two full days’ correction. We shall
take 1'6 feet as the total rise in tie first two days of the standard period. This
makes the total rise 114 feet in six days.

1014. Available period is four days, Total rise on the first day was
05 feet. Therefore we shall take 0'5 as the total rise in the first two days of
the standard period. This brings the adjusted total rise during this flood
up.to 92 feet.
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1916, Available period is five days, Oan the first day the riso was practie
cally nil. Therefore the total rise will not be altered.

1920. Available period is five days. On f,he first day the river rose
2:3 feet; adding this to 1448 we get tho adjusted rise in six days. The
corrected vaiues havo beon given in Table 198,

It will be noticed that poinls.for ﬁqods of 1874, 1915, 1914, 1892, 1679
snd 1895 lie between the two straight lines. All of these floods started higher
than others in group II and this is exactly what could be expected, More-
over, it will be seen that points for 1879 and 1895 approach the lower
straight line. 'I'hess two floods started from 81°00 feet and 81:30 fect Lut rose
upto the very high levels of 90-90 feet and 90-40 feet respectively.

Equations for the two straight lines are :—

y = 00322,
y = 0072z,
where z = DLxcess percentage of rainfall in six days .in the
Mahavadi Catchinent,
and ¥y Rise of Mahanadi at Naraj in feet in six daya.

Therefore if N, is the level in feet from whicli the flood begins, and R is
the actual rairfall in inches in six days, then N, and" N, the maximum heights
at Naraj iz feet above weir are given in the two cases respectively by the two
equations :—

N, N, + 136 (R") — 3 £3 in feet.
N, N, + 303 (R“)— 721 in feet. .

The prediocted and observed values were compared and the average
discrepancy for Group I was found to be 19 per cent and for Group II ¥1
per cent. Tho present formulw, therefore, establish a connexion between the
precipitation in the catcliment for six days and the total rise at Naraj within
an average accuracy of about 20 per cent, but are not quite sufficient to enable
individual forecasts being made with accuracy.

Tahle 193.—Correoted rise of the Mahanadi at Nara) and excess percentage rainfall in
6 days in the Mahanadi catchment.

I

hn

Group I. Group II.
Excess Total rise Excess Total rise
Year. rainfall, of level. Year. rainfall. of level.
|
1894 Omitted. 1872 Omitted for reasons mentioned
before.

Aug.1896 1430 5:55 1874 1124 7-15
1908 115-3 3:30 1876 142-3 13:45
1811 229-3 6-10 1877 84-0 81-00
1917 102-5 4-60 1879 2234 12:30
1925 203:6 8-20 1880 287:2 20-40
1926 321-7 8-10 1885 313-8 22-40

1892 205-7 1¢:97
1895 2304 9:04
1896 July 210-6 15-65
1900 1389 12-46
1907 110-8 11-80
1910 1629 13-00
1912 Omitted. Omitted.
1913 158-1 11-30
1014 176-9 9-45
19156 116-2 7:00
1018 288-1 21:10

1920 3501 16-80
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Rainfall and Discharge.

In order to study tho relation between the intonsity of rainfall in the
Mahanadi catchment and tho discharge at Naraj, the average discharge at
Nargj for periods of 3, 4, 5, 6 and 10days were calouluted with the help of
Rhind's Tablo. JIn doing this the discharge corresponding to the height on
eaoh day was taken and added and the average obtained froni this total. The
intensity of rainfall was ealculated frcm isohyet aps, and is given in Tablea
104—19S aloag with the percentage discharge.

The following points may be noted :—

1872. Owing to insufficicncy of data rainfall analysis is doubtful. Tho
river came down and subsequently rosa to 9210 fect on the ith July,

1876. Tho fliod was of very short duration. 'Lhe Mahanadi rose above
the dapger level only for a day. Raiufall analysis is applicable to short
peri.ds only.

1912. The Mabanadi was above-danger level only for A day. The river
was coming down at a modernte rate till the 15th August, and on the 17th level
was 816 feet. On the 15th the rirer rose alove the danger level to 885 fect.
Rainfall avalysis is applicable o short periods only.

1013. The river was coming down till the 31stJuly; it then euddenly
roso to 681 feet on the 3rd August. Thercfore rainfall analysis will be
applicable to short periods only.

Table 194.—Rainfall in the Mahanadi catchment and discharge at Nara], Period cf

3 days.
Maximum | Average
reading of | rainfall Average | Average
Gauge at in rainfall | discharge Per-
Year.| Date of flocd. Naraj inches in at Naraj | centage
(above per kilocusecs. in discharge.,
weir). day. kilocusecs.

1872 30th Juno . 89-90 171 2,284 1,419 62
74 30th August .e 80-0V 1-33 1,786 1,180 68
76 22nd July . 88-60 1-04 1,387 084 71
77 16th August .a 8810 0:95 1,267 023 8
79 14th . 00-90 2:27 3,043 1,295 42
80 3rd  July .. 89-10 177 2,370 1,131 47
81 26th ,, N .. 0-97 1,204 .o ..
85 26th June S 90-50 1-87 2,509 1,232 419
91 30th July . 87-90 2:63 3,622 . ..
92 26th ,, .. 01-74 2:04 2,735 1,383 56
94 28th ,, .. §9-40 1-61 2,160 1,101 5l
95 st .. 9040 1.73 2,318 1,160 50
96.(5) | 25th ,, .. 92-10 2.01 2,659 1,410 52
98 (35) | 17th August .o 89-30 1-25 1,6G8 1,008 4

1900 21st September .. 88:75 1-56 2,093 1,041 Ko
04 4th July .o 87-80 1:07 1,441 834 G1
07 10th September=- 89:70 142 1,899 1,148 60
08 16th August .. 88:30 1.22 1,627 956 6n
10 7th ' . 90-10 1-86 2,484 1,191 48
11 17th  ,, 9130 2:12 2,843 1,341 47
12 18th ,, .o 8850 0-67 o010 661 72
13 4th,, . 8840 1-84 2,457 987 40
14 7th " .o 9010 1-36 1,823 1,006 GO
15 6th " ve 88-80 1-77 2,366 1,034 44
1 15th  ,, .. 89-20 1-18 1,684 1,076 08
18 20th June . 89-70 275 3,676 1,163 32
20 25th July . 91.88 2:40 3,200 1,351 41
23 21st August .o 86-80 0-97 1,303 898 69
2t 14th July . 91-20 1-87 2,604 1,201 51

26 16th August . 9170 2.02 3,907 1,348 34




Table 195.—Raintall in the Mahanadi catchment and disoharge at Nara]. Poriod of

4 days.
Maximum | Average
reading of | rainfall Average | Avernge
Gauge ot in rainfall | discharge Per.
Year. Date of flood. Naraj inches in ot Naraj | centagoe
(sbove per kilocusecs in discharge.
weir). day. kilocusecs.

1872 30th June . 89-90 1.08 2,228 1,301 62
74 30th August .. 90-00 1.27 1,707 1,112 0%
78 22nd July . 88-80 1-01 1,362 893 e,
71 16th August .. 88:10 0-97 1,300 953 73
79 14th ,, .e 90-90 1.81 2,423 1,281 53
80 3rd July . 89-10 1:69 2,258 1,099 48
81 26th ,, ‘e . 1-07 1,404 ‘e .
85 26th June . 90-50 1-81 2,417 1,104 40
o1 30th July e 87:90 1-93 2,587 . .
92 206th ,, . 01:74 1-84 2,462 1,308 53
04 28th ,, . 89-40 1.31 1,753 1,034 59
95 1st " .e 00-40 1-84 2,468 1,102 44
86 (1) | 25th ,, . 02:10 1-79 2,397 1,364 57
06 (2) | 17th August . 89:30 0-08 1,200 1,012 18

1900 21st September ., 88-75 1-32 1,704 1,000 57
04 4th July .o 87-80 1-07 1,431 842 58
07 10th September 89:70 1-21 1,624 1,007 67
08 16th August .. 88:30 1-08 1,441 922 64
10 7th ’ e 80-10 1:37 1,841 1,189 83
11 17th  ,, . 01-30 1-59 2,128 1,347 63
12 18th ,, .. 88-50 0-68 805 583 64
13 4th . £8-40 1-67 2,233 922 41
14 7th " . 00-10 1:42 1,848 1,030 54
15 6th " . 88-80 1.32 1,767 044 53
17 15th , . §9-20 1.22 1,635 1,004 61
18 20th June . 89-70 2:70 3,622 1,154 32
20 25th July . 01-88 218 2,617 1,268 44
23 21st August 87-80 1-02 1,381 845 62
25 14th July . 01-20 1-59 2,133 1,208 59
6 19th August .. 91-70 276 3,601 1,289 35

Table 196, —Rainfall in the Mahanadi catchment and discharge at Nara). Period of 5 days.

]
Maximum Averago
reading of | rainfall Average | Average
Gauge at in rainfall | discharge Per-
Year, Dato of flood. Naraj inches in at Naraj | centage
(above per kiloousecs. in discharge.
weir). day. kilocusecs.

1872 30th June .e 88-90 1-36 1,824 1,364 74
74 30th August .. 90-00 0-96 1,289 1,040 81
78 22nd Jaly . 88-60 0-93 3,246 789 83
n 16th August .. 88:10 0-89 1,190 910 78
79 l4th . 90-90 147 1,973 1,211 6l
80 3rd  July . 89-10 171 2,290 1,056 46
81 26th ,, .. .. 0-88 1,175 v -
85 26th Jumre . 90-50 1-87 2,489 L1156 44
91 30th July o 87-90 1:59 2,121 . .
92 26th ,, . 81-74 148 1,984 1,242 62
84 1ogth ,, . 89:40 1-11 1,489 988 86
B, | 9040 158 22| 1,02 18
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Table 196—concld.
Maximum | Average
reading of | rainfa Average | Average
Gauge at in rainfall |discharge Per-
Year. [ Date of flood. Naraj inches in at Naraj | centage
{above per kilocusecs.|  in discharge.
weir). day. kilocusezs,
1896 (i) | 26th July . 92:10 1-47 1,063 1,367 70
96 (i) | 17th August 89-30 0-91 1,223 974 79
1800 21st September . . 88:76 1-10 1,408 068 66
07 10th " .. 89-70 0-87 1,160 1,055 91
08 16th August 88-30 0-94 1,256 896 ()
10 7th » o 80-10 1-37 1,839 1,143 62
11 17th ,, 91-30 1-41 1,888 1,310 70
12 18th 88-50 0-65 876 635 61
13 4th ' 88-40 137 1,638 859 47
14 7th " 90-10 1-27 1,695 965 67
15 6th 88-80 1-01 1,319 891 66
17 15th ,, 89-20 0-93 1,246 061 11
18 20th June 89-70 2-36 3,160 1,124 38
19 4th August 89-10 0-90 1,208 831 (i
20 (i) [ 25th July 91-88 2-11 2,823 1,199 42
20 (+0) | 3rd Augzust .. 89-70 0-94 1,270 882 69
25 Lith July e 91-20 1-41 1,884 1,194 63
26 19th August .. 91:70 2:02 2,700 1,239 46

Table 197.—Rainfall in Mahanadi catchment and discharge at Naral. Poriod of 6 days.

|
| Maximum | Average
reading of | rainfall Average | Average
Gauge ut in rainfall | discharge Per-
Year. Date of flood. Naraj inches in at Naraj | centage
(above per kilocusecs. in discharge.
weir). day. kilocusecs.

1872 30th June 89-00 1-01 1,355 1,293 95
4 30th August 90-00 0-84 1,126 028 82
76 22nd July 88-60 0:96 1,284 685 53
n 16th August 88-10 0-72 975 831 85
79 lith 00-90 1-28 1,714 1,159 63
80 drd July 89-10 1-53 2,052 977 48
85 26th June 90-50 1-64 2,102 1,045 48
92 20th July 91-70 121 1,620 1,127 70
94 28th ,, 89-40 0-94 1,254 912 73
95 st 90-40 1-31 1,750 964 55
96 (i) | 25th ,, 92-10 1-23 1,646 1,038 63
96 (i1) [ 17th August 89-30 0-96 1,288 33 72

1900 21st September. . 88-76 0-95 1,206 867 68
07 10th " . 89-70 0-83 1,117 936 84
08 16th Avgust 88-30 0-85 1,141 878 71
10 Tth " 90-10 1-04 1,393 996 1
11 17th 91-30 1-30 1,745 1,283 73
12 18th ,, . 88-50 0-50 748 498 67
13 4th " . 88-40 1-02 1,368 711 50
14 Tth " . 80-10 1-10 1,467 870 69
18 6th " 88-80 0-86 1,148 807 70
17 16th ,, 89-20 0:80 1,073 9824 b0
18 20th June 89-70 1-54 2,057 1,066 52
19 4th August .e 89-10 0-71 949 756 7
20 (3) | 25th July .. 91.88 1-80 2,416 1,105 45
20 (i5) | 3rd Avgust ., 89-70 0-85 1,138 814 71
26 14th July . 01-20 1.22 1,635 1,150 70
28 19th August ,, 81:70 1-87 2,236 1,060 48
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Yable 198.—Rainfall in tho Mahanadi catchment and discharge at Nara] Period of 10

days.
Maximum| Average
reading of | rainfall | Average | Average
Gaugo at in rainfall | dischargo Per-
Year. Date of flood. Naraj inches in ot Naroj | centage
(above) per kilocusecs. in discharge.
weir). day. kilocusecs.

1872 80th June . 89:00 0-91 1,214 1,104 ol
74 30th August . 00-00 078 1,051 762 "2
76 22nd July .. 88-60 071 056 487 3
17 16th August .. 88-10 0-66 864 657 76
79 14th ,, . 90-00 1-02 1,363 881 Py
80 3rd July . 80-10 1-20 1,012 848 52
86 26th June . 90-50 1-08 1,440 721 50
92 26th July - 91-74 0-97 1,287 809 67
94 28th ,, . £9-40 0-72 960 879 9l
95 Ist . 80-40 1-24 1,658 734 44
96 (3) | 26th . 92-10 0-91 1,218 902 75
96 (i) | /th August .. 89-30 0-86 1,151 836 73

1900 218t September.. 8875 0-59 790 505 75
07 10th v e £9-70 0-60 797 681 8d
08 16th August . 88:30 0-84 1,131 811 71
10 7th ,, . 90-10 0:75 098 916 9l
11 17th ,, .. 91-30 0-94 1,250 992 79
12 18th ,, . 88:50 0-53 713 534 78
13 4th . 8840 0-70 944 607 64
14 th  ,, .. £0-10 0-80 1,070 716 67
16 6th . 88-80 077 1,036 647 62
17 15th ,, . 8920 0-78 1,049 791 75
18 20th June . 89-70 1-40 1,878 781 4!
19 4th August .. £9:10 0-65 869 592 68
20 25th July . 01-88 1-23 1,642 885 54
25 14th ,, .. 91-20 1-07 1,433 008 63
26 19th August .. 91-70 1.32 1,769 012 51

It will be seen from figures that the percentage disebarpe decreases as the
smount of raiufall ircreases, but for the same 1aiufall the pereentage discbarge
increases as the pericd increases, This can 1 e explained in'the fulluwing way.
With increasing rainfall (after, of course, a more or less steady state of seopoge
bas Leon attained ic the monrvon scason) there is an inercasivg lag in the
discharge, indicating scme kind cf retardation in the draicage cwirg to postible
congestion in local drainage chaunels. On this view the percentage
run-off should ircreasc as tho time of observation is increased wbicli, of course,
is corrcborated Ly experience®.

An aitempt Las been made to predict the average percenlage discharge at
Naraj for each pericd from the averego 1ainfall in the catchment area. This
prediction will be applicable only when the Mubanadi is alvcady fuirly bigh,
that is, above 80 fect at Naraj altbe time when heavy-rain-sets-in the catch-
rent area : that is to say, when the ground in the catchment arca is so wet
and the atmosphere so moist throughout the arca that the loss of rainwater
due to seepage and evaporation, etc., is practically constant. All these can
be fairly well represented by formuln of the logarithmic type given below :

=74 (z)~"" (3 days)
y=13¢(z)"°" ... (4 days)
y="13G(z)~*" .. (5 days)
y=T00(z)"% ... es (B days)

and y=61-0(2)~"% we (10 days)

3'r.6baw in )is fyre written nota duted 20-12-38 remarks ** A point of iutorest in theus ruw-off tables s
that the pertentsge 2un-off Los not foeress.d from 3872—1928, so there ia no judication Qf incroasing ""3."'5
458 $0 detoretation, extension of cultivaticn, etc., which is foared, and justly so lu other river catchments.
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The curvea evidently belong to a family of ecurves of the form :—
y=(a). ()™ . It will be noticcd that (a) decreases and the numorical value
of () increases as the period is incrensed.

In these formulm “y' represents percentage discharge at Naraj and
tex* represents average rainfall in inches per day in the Mabanadi
catchment aren. Tho data for the period of 10 days, have been shown in a
graphical form 4n Chart no. 7; the graduated logarithmic curve is also
shown in the same chart.

Prediction formule for3, 4, 5, 8 and 10 days were reduced, and §
tables, given in columns (2)—(G) of Table 189, were prepared, one for each
period, showing the average predicted discharge at Naraj in cusecs for succes-
sive values of average rainfall per day in the catchment area for the corres«
ponding period. By referring to these tables it is possible to predict the
average maximum discharge at Naraj for any of the periods if the average
rainfall in the catohment avea for the past few days is available.

Predicted values of the disclarge for the period of three days have been
compared with tho actual éischarge for each flood since 1874 in Table 200.
It will be seen that the average percentage deviation is only 68 per cent.
With the exception of the years 1892, 1894, 1913, 1915 and 1918 the average
deviation is only 45 per cent. So that the prediction formula for three days is
pot quite unsatisfactory.

Table 199.—Graduated disoharge at Naraj for periods of 3, 4, 5,6 and 10 days for
different iniensities of rainfall (average per day) in the Mahanadi catchment.

Average Average discharge in kilocusecs.
rainfall
in inches
per
day. | 3 days. | 4 days. | 5 days. | 8 days. | 10 days.
|
760
0.5-0'6
-0-7 896 803 800 873 776
-0-8 931 932 928 895 791
-0-9 0962 959 953 917 804
-1-0 989 983 876 9317 813
-1-1 1,016 1,004 999 964 826
-1-2 1,042 1,027 1,019 972 837
-1-3 1,060 1,048 1,037 987 848
-14 1,087 1,067 1,055 1,00} 855
-1-8 1,109 1,035 1,073 1,016 864
-1-6 1,129 1,101 1,088 1,028 872
-1-7 1,147 1,118 1,104 1,043 892
-1-8 1,168 1,133 1,118 1,053 885
-1-9 1,182 1,147 1,132 1,003 893
-2-0 1,200 1,162 1,146 1,077 000
-2:1 1,217 1,176 1,158 1,085 006
22| 1,230 | 1,187| 1,069 ( 1,008 910
-2-3 1,247 1,201 1,183 1,108 918
-2-4 1,263 1,215 1,192 1,189 922
-2-5 1,276 1,225 1,205 1,126 9217
-2:6 1,291 1,236 1,215 1,159 933
-2:7 1,304 1,247 1,220 1,142 936
-2-8 1,318 1,260 1,237 1,151 941
-2-9 1,330 1,270 1,246 1,167 947
-3:0) 1,345 1,277 1,257 1,186 9562
-3-1 1,356 1,201 1,266 1,176 865
-3-2 1,388 1,208 1,277 1,183 960
-3:3 1,378 1,308 1,288 1,189 903
-3-4 1,393 1,320 1,293 1,103 985
-3:6 1,401 1,326 1,303 1,200 970




230

Table 200.—Comparison of observed and prodioted disocharge at Nara) from average rain
fall for 3 oonsecutive days in the Mahanadi catchment,

Discharge at Naraj in Cusecs.
Year. Percéntage
difference.
Predicted. Actual.
1874 . 1,072,233 1,179,685 9:1
1876 .. 1,000,197 084,280 1-8
1877 . 975,661 992,845 1-7
1870 .. 1,241,744 1,294,545 41
1880 .. 1,160,604 1,130,868 2.6
1886 .. 1,177,474 1,232,241 4.4
1892 .. 1,206,664 1,382,603 12.7
1894 .. 1,130,611 1,100,590 27
1895 .. 1,153,105 1,160,265 0.6
1896 .. 1,201,442 1,475,405 17-8
1896 .. 1,053,755 1,068,293 1.3
1400 .. 1,120,703 1,040,713 78
1904 . 1,008,231 883,829 14-1
1907 .. 1,001,514 1,147,533 4.8
1908 .. 1,046,525 965,855 9-3
1910 .. 1,175,868 1,190,772 12
1911 .. 1,219,786 1,341,420 9.1
1913 1,172,654 980,716 18-8
1814 .. 1,078,660 1,095,649 1-6
1915 .. 1,160,604 1,033,979 12-3
1917 .. 1,036,617 1,076,202 36
1918 .. 1,311,504 1,163,000 12:7
1820 .. 1,270,666 1,351,766 6-0
1823 .. 981,131 898,051 9-2
1925 .. 1,177,474 1,290,807 83
1926 . 1,333,884 1,347,638 1-2
Averago devia.
tion=6-9.

Rainfall in the Delta.

Harris had stated in 1858 that the Mahanadi sysicm can carry about
900,000 cusecs in the delta, Accepting this figure, the discharge at Naraj in
excess of 900,000 cusecs would give the cxcess or flood volume. It would be
interesting to compare this excess with tho actual rainfull in the delta
itself,

A period of 6 consecutive days was selected for this purpose. The
average excess discharge in cusecs (i.e. actual average discharge in 6 days
minus 900,000 cusccs) is given in column (2) of Table (201). The rate of
preoipitation in the delta (average of 6 consecutive days) is given in column
(3). In coluimn (4), the rainfall in the delta is expressed as-a percentago of
the total flood volume obtained by adding column (2) and coluwn (3). Colymn
(4), therefore, represents the maximum contribution to the flood volume.

The average maximum contribution is about 35 per cent and is quite
high. We conclude that although local rainfall by itself cannot cause a Hood
of importance in the Mahanadi delta, it is of sufficient importance in prolong-
ing the duration of floods.
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Table 201,—Comparison of rainfall in the Delta and excess rainfall in the oatohmont,
(Based on six consecutive days® readings,)

Quantity

Excess flood | Rain waterin | supplied by

Year. water at the delta in the delta
Naraj in cusecs, expressed as
cusecs.* percentage

of the total,
1872 . 454,700 280,240 8.1
1874 . 141,559 61,380 30-1
1876 .e 42,139 32,240 43.3
1877 .e 47,689 27,280 36-4
1879 . 259,876 91,760 26-1
1880 .. 132,820 51,160 27.9
1885 . 179,210 15,190 7.8
1892 . 284,606 46,810 14:1
1894 .e 100,295 57,350 364
1895 .e 134,989 167,400 554
1896(1) . 403,991 66,960 142
1900 . 87,023 74,710 46-2
1907 . 131,366 35,650 213
1808 40,970 67,270 62-1
1910 .. 208,458 87,110 29-4
1911 . 383,165 23,250 67
1912 . 29,750 48,670 621
1013 . 19,107 §9,230 645
1914 . 97,823 46,56 32:2
1915 . 66,989 91,450 571
1517 . 88,101 58,280 39-8
1918 .. 186,971 44,640 19-3
1919 .. 55,948 72,540 56-5
1920(1) .e 243,999 106,330 29-9
1925 - 250,729 84,010 251
1926 .. 299,397 102,610 26-5
Average . . cees 349

*Excess over 900,000 cusecs.

It sbould be noted here that a big proportion of the rain-waterin the delta*
must pass away before the floods arrive from above,

* The same aix consocativo days buve been uaed in csleulating ** excein flood water at Naraj "aod “rein
water in tho delta ', The rninful{ stations used for this dpu{pogo wero Cutlack, Hukitolah, Keudrapars,
Khbardal, Jagatsingpur, Kanas, Kukatpur, Bbobaneswar, and Pipli,
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CHAPTER 28—CORRELATION BETWEEN RAINFALL AND
DISCHARGE.
So far as ficcds are concerned the purpose of correlational studies is two-
fold :—

(1) To investigate the connexion between the height of the river at
different points, and hence, where possible, to ~onstruct suitable
prediction formulae for forecasting river heights at lJower stations
based on data for upper roaches.

(2) To invostigate the connexion belween rainfall in the catchment and
the discharge of the river, and hence to constract prediction
formulao for forecasting the height and time of maximumn floods
in the river.

Owing to the immense labour of computation, it is not possihle to attompt
directly an exhaustive correlational analysis, for even with the available data
there is no end to the number of correlations wlich may conceivably subsist
hetween tho different factors. For example, let us consider the heicht of the
Mshanadi at Nara] on a particular date say the 15th of August, 1927.
Consider available data. We have daily records of the hci%ht of the river ag
Sambalpur. Tt is not impossible that lhe height at Sambalpur in previous
years or durirg the winter and summer seasons is an appreciable factor. It is
not. however, very probable, and we neglect these factors and begin, say, from
the 1st of June of the curront year. Previous to 15th August we then have
75 daily readings at Sambalpur (let us call these x;, X, Xg..vevvivneininian, Xy)
cach of which is likely to show soine corrclation with the height at Naraj on
the 15th August (let us call this Y). For a complete discussion of the corre-
lational problom (limiting ourselves, however, to linear regressions), wo require
75 dircet correlations of ench of Xy, Xy Fueeveer  criviiininiieennie %, with Y, and
further (75 x 76).2= 2,850 inter-correlations between the 75 different x’s. We
shall then have a system of linear equations involving 2,925 parameters,
solving which we can write down the complete relationship.

Besides the gauge at Sambalpur, we also have the daily rainfall records at
more than 00 stations in the catchment area and other daily records (such as
atmospheric pressure, wind velocity, temperature and humidity) at e smaller
number of stations. But I think it is scarcely necessary to eclaborate the
subject any further. It is clear that we must make exploratory surveys
and proceed cautiously along the most promising tracks. In this part I shall
give a brief resume of the work carried out so far.

I may say a few words here regarding the interpretation of correlational
analysis. Let us consider the rainfall in the Mahanadi catchment and the
level of the river at Naraj. We know that the level depends ultimately on
the rainfall, but we also know that it i3 not possible to establish an exact,
algebraic connexivn between, say, the number of inches of rainfall on a parti-
cular day or & particular period and the level on a succeeding day or period.
This for many reasons. Our estimato of the rainfall is only approximate,
as it is based on a small number of stations scattered in a rather irregular
manner over the catchment. Further, as I have already pointed out, there
nre a large number of other factors such as the previous rainfall, temperature,
Lumidity, condition of the soil, state of the drainage cbanuels in the delta,
tidal action, etc  We are, therefore, obliged to seek a statistical connexion,
which will allow us to make average predictions, Correlational studies enable
us to formulate such statistical connoxions, and also give some idea regarding
the reliability and the closeness of the connexien.

We usually assume in the first instance, for convenience of caloulations,
a linear relation between tho variates ; this, of course, is justified in any ocase
as a firet approximation. For such linear relations the most convenient statistic
is the cuefficient of correlation, and this has been nsed throughout the
present study. The coefficiont of correlation is defined in such a way that its
numerical magnitude can never exceed unity. It, therefore, varies between

=1 and 41, the plus or the minus sign being merely conventional marks to
indicate whether both the variates increase or decrease together (plus), or one



increases as the other decreases (minus). Thus the numerical magnitude or

the ccefficient (irrespective of the sign) measures the degree of association bet-

ween the variates. The higher the numerical value tho closer is the connexion.

A value of —1 or -1 indicates that one variate is an oxact algebraic linear
function of the other ; such values, of course, can never occur in practice. The
value gero on the other band indicates that the variates are im{)epondent, and
nothing can be known about one variate from even & complete knowledge of
the other. I ought to mention here that the scale of “r’’, the coefficient of
correlation, is very congested at the upper end. Even a little increase in the
value near.about 0'8 or 0°9 indicates a great increase in the closeness of con-
nexion and hence in the saccuracy of prediotion. Thus the difference in
significance (or usefulness for purposes of forecasting) between 085 and 0:80
is far greater than the difference between say 0°65 and 0°60, while for purposes
of prediction the difference between 045 and 0°40 is very small®,

" The Pearsonian product-moment formula has been used in calculating the
coeficients of correlation, With samples of size less than 40, the product
moments were usually computed by direct multiplication, while with larger
samples the data wero first grouped, but the grouping unit was kept small so
g8 to yield at least 10 or 12 groups for each variate.

As a first example I.shall consider the rainfall in {he nearest section of
the catchment (M—T) and the level of the river ut Naraj on the same day.
The rainfall readings refer to the 24 hours ending at 8-0 a.M. on a particular
day ; we may therefore centre the rainfall data at 8-0 p.x, of the.previous
evening. The Naraj gauge readings (average of 6-0 A.x., 12-0 noon and 6-0
p.M.) may be centered at 12-0 noon, so that there is an interval (or lag) of 16
hours hetween the rainfall and gauge readings on the same day.

With such a small size of sample as n =31, eceflicients lower than 0'85 are
not sigaificant. It will be noticed from Table 202 that most of the coefficients
are negligible. The fact that both plus and minus correlations are occurring
shows that there is practically no connexion between the rainfall in section I
and the level of the Mahanadi 16 hours later. This merely indicates, of course,
that 16 hours is too small an interval for the water to become effective at Naraj,

Table 202.—Correlation hetweon rainfall in Mahanadi catchment saction | and Rivey-
level al Naraj on the same day in August.

}
Year. i n. r. Year. n. r.
‘ —
1692 81| 41192 1911 31| 4-1104
93 * 31 —-2]164 12 31 ++0939
94 Nogauge reading 13 30| —1171
95 31 —-1526 14 3l —-1104
96 31 | 4-000045 15 30 — 0734
97 31 —0175 16 31 40265
08 31 —-1620 17 30 41211
99 31 —+1833 18 31 —2719
1900 31 +4--0045 19 31 —2123
01 31 —4509 20 31| —-2807
02 31 —-1040 21 30 +-:1019
03 . —+1679 22 31| —.2036
04 31 —-4636 23 31 —+2308
c5 31| —:3147 24 31 —-3653
06 31 —+1190 25 31 +-0079
07 31 + 1040 26 31 —0088
08 .e —4920 27 31 +-4951
09 31 + 2427 28 31 —-1425
10 30| —-2018
A better mothod of judging the value of *' 1" is to use Fisher's 2-transformation which is given by — &
—— 2=1 [log (1+r)—log (1—r)].
Thur | 020 00| o0 | o70| 80| o085 o090 095 096 03
t 021 043 070 087 | o 1:36 1:48 184 196 230




Sedsonal Correlation,

The following table shows the correlations between the total (or average)
rainfall during the period of July 1 to Beptember 80 in the different sections
of the Mahanadi catchment and the average height of the river at Naraj
in the same year. The sectional values (with the exception of Seotion I)
are of the order of 0-50, and indicate a moderate degree of connexion between
the rainfall in each individual section and the river level. It is not surpris-
ing that the correlations are not higher, since the level at Naraj is determined
by the joint effect of the rainfall in the different sections. I may note here
that the low value for Scction I may probably be partly explained by the
small number of rainfall stations in this section, wkich probably rendered the
estimate of the rainfall a little uncertain.

In order to investigate this point further, I ecombined Sections I and
II (the area below Sambalpur) and Seotions III. IV and V (the area above
S8ambalpur). The coefficients are now + 041 + 092 and + 059 + 071.
The low value of the former is evidently due to Section I (which has an
individual correlation of only + 0'26), while the value 4 0'59 shows that
the joint effect of Sections III, IV and V is fairly high.

Table 203.—8easconal Correlation between Rainfall and River-level at Naraj.

Beotion of the Calchment. Number of years. Coefficient of correlation.
M-I 38 + 0-265 4 0-13,
M-—II 38 + 0-506 4+ 0-08.
M—III 38 + 0:463 4 0-09.
M1V 38 + 0458 + 0-09.
M-V 38 + 0-474 4- 0-09.
M-I and M-II 38 + 0-408 3+ 0-09.
M.III, M.IV, M.V 38 + 0-590 4 0-07.
Whole Catchment 38 + 0-720 4 0:053

Finally for the whole catchment we have a much higber correlation
of + 072 + ‘05 for 33 years. Using this valuo,.I have constructed the
seasonal prediction formula given below :

N=2028 (X) + 70-12.
when N=Average Level at Naraj (in feet).
and X=Averago rainfall in the whole catchment in any particalar year
(in inches).

With the help of this formula it is possible to reconstruct the average
level of the Mahanadi at Naraj for each year from the known value of the
averago rainfall. Such reconstructed values have been given in Table 204,
together with observed levels of the rivers for comparison. It will be noticed
that the agreement is quite satisfuctory.

Although a correlation coeflioient of magnitude + 072 + -05is not
high enough to yield useful results for individual years, it is sufficiently high
togive a rcliable control for averages taken over a number of years. If
the bed of the river at Naraj changes suddenly in future, this would be
revealed Ly significant discrepancies between observed and predicted values
(caleulated by the above formula) which would persist from year to year,
The seasonal correlation can, therefore, function as a reliable test for Mdden
changes in river conditions,



Table 204.—Oaloculated and ohserved valuaes of-the Mean level of the Mahanadi at

Naraj.
Year. Rainfall. | Calculated. | Observed. | Obs.—Cal.
18901 . 0-51 80-45 80-29 —0-18
92 .. 45 79-24 79-45 +0-21
93 .. +46 80-44 80-13 —0-31
94 . 47 79-64 81-27 +1.63
95 . .37 77.62 79-39 +1-77
06 .. 49 80:05 81-14 +1-09
97 . 42 78-63 77-24 —1:39
08 .. 40 78-22 77-58 —0-64
99 .. 29 75-99 74-34 —1-85
1900 .e 64 81-08 79-28 —1-78
0l .e +39 78-02 77-71 —0-31
02 - 37 77-62 76-01 —1-61
03 .. 42 78-463 76-81 —1-82
04 .. 34 77-01 78-73 +1:72
05 . 45 79-24 76-95 —2-29
06 .. +40 78:22 77-52 —0-70
07 .. 37 77-62 79-10 +1:48
08 .. 45 79-24 81-14 +1:90
09 .. -36 77-41 78-25 +40-84
1910 .. 43 78-83 78-90 +0:-07
11 . 38 77-82 79-18 +1-3¢4
12 .. .41 78-43 78-00 —~0-43
13 . -34 77-01 77-27 4-0-2¢
14 .. 45 79-24 79-64 -+0-40
15 .. -43 78-83 77-63 —1-29
16 N -35 77-21 78-80 —0-4)
17 .. 42 78-63 79-28 +0-65
18 .. -33 76-80 78-52 +1-72
19 e 45 79-24 81-53 +2-29
20 - 43 78-83 78-63 —0-20
21 . -37 77-62 78-57 4095
29 .. 47 79-64 78-44 —1:20
23 41 78-43 71-14 —1.29
24 o .35 7721 75-75 —1-4¢
25 ‘e -57 81-87 82-87 +1:20
26 - .51 80-45 79-92 —0-53
27 o 45 79-24 78-44 —0-8p
1928 e -37 77-62 76-69 —0-93

Rainfall and Excess Discharge.

‘We may now consider the relation between the rainfall and discharge
at Naraj for short periods, It will be remembered that floods are caused by
continued rainfall for at least 8 or more consecutive days. We must, therefore,
concentrate our attention on periods of the order of 8, 4, 6 or 6 days. One
way of doing this is to mark off sustained periods of rainfall of over say 1
(one inch) per day in the catchment as a wholo. Carefully examining the
gauge-readings, we next try to locate the date on which the level begins to
rise. Usually the river rises quite sharply at first and continues to do so for
about 3 or 4 days ; sometimes it begins to fall almost immediately ; sometimes
it continues to rise at a slow rate for 2 or 8 days more, remains steady for a
day or"two and then begins to fall fairly rapidly ; in vory prolonged floods the
level may remain high- for a large number of days.

In most cases a kind of a hump in the gauge-height curve can be distin
guished. At the end of this hump the river falls down approximately to the
level fromt which the rise had started. The period covered by the Luwmp
(that is, the number of days beginning from the date of the first sharp rise to
the day previous to that on which the normal level is reached) may be
called the period of exoess discharge due to the preceding period of heavy



rainfall, The amount of the @xcess discharge was then calculated in the
following way. The average discharge for 8 consecutive days previous to the
date from which the rise started was determined ; this was taken to be the
normal (or basic) rate of discharge at that time. Multiplying this normal
(or basic) rate by the number of days of excess discharge wo would get the
total discharge which would bave occurred had there been no rise of
the height of the river ; this may be called the total basic discharge. We
can also caleulate directly the actual total discharge during the period
covered by the hump, Subtracting the total basio discharge from the
actual total discharge, wo get the excess discharge. The total precipitation
during the preceding period of heavy rainfall was also calculated in each
case. The data collected in this way are given in Tables (205) and (206).

Table 205.—Total rainfall in the Mahanadi catchment and the corresponding total
excess discharge at Naraj.

JESSUY
No. of Total
Date of Total d:{s Date of beginning 62?\:;:' Pe;;od Initisl
Serial no: beginning of rainfall  |heavy of sharp rise in height rise gauge
rainfall period. in inches. | rain- gauge-hoight. in feet of height
full, over gauge. [(over 70).
70 feet.
1| 1891—July 26 5-82 2 | 18901—July 27 182 [ 64
o 02—~ ,, 10 604 [ 92— ,, 12 713 8 3-8
3 92— 20 708 6| 92— 22 1260 7 10-8
4| 03— 17 331 s| 03— 19 66-7 4 80
51 03— ; 23 502 4| 93— ,, 26 89:2 5 144
(] 98— ,; 22 525 3 86— ,, 23 109-0 (] 73
7| 1806— , 1 3-78 8 | 1906— ,, 14 40-7 4 59
B 06— ,, 20 4-74 4 06— ,, 23 480 4 80
p| 08— 23 347 ¢ 09— ,, 25 893 4 04
10 | 1910— ,, 3 516 31910~ ,, 4 73-8 5 68
11 13—, 22 449 [ 13—, 23 619 7 64
12 14— ] 4-41 5 14— 1] 489 5 65
13 li— o, 27 319 4 H— , 28 526 4 10°6
14 16— 24 665 [} 15— 27 447 b 16
15 18— 20 6-23 4 18— ,, 29 530 8 22
16 18— 1 2:55 2 19— ,, 3 60-9 6 48
17 10—, 12 3-37 3 19— ,, 15 507 4 10-4
18 | 1020— 20 10-32 8 |1920— 21 138-8 7 76
19 26— ¢ 1):34 10 26— 7 177-8 10 90
20 27— 22 5-34 4 27— & 23 273 ] 68
21 28—~ , 26 418 3 28— 26 83-1 5 108
22 | 1806— ,, 27 811 2| 1886— ,, 29 63-6 kA 19:8
23 | 1803— , 80 537 [ 93—August 2 75:1 [ 60
24 96—August [} 3:80 3 95— 1] 6R8-2 4 120
26 06— ., 1 3:61 ] 06— 3 1017 8 183
26 97— ., 10 4-46 ] 97— . 13 103-6 1 13
27 | 1000— ,, 27 2:63 2 | 1000— ,, 20 379 8 69
28 01— ,, 22 3-51 4 01— 5 26 10 4 T2
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Table 205—concld.

No. of Total
days oxcoss of | Period
i . Date of Total of Dato ol.bug'inn_lng %a\ixge of Initial
Berial no beginning of rainfall heavy of sharp rige in 0ight rise gnuge
rainfall period. in inches. | rain- gaugo-height. in foet of height
fall. 78\';;:‘. gauge. |(over70.)
20 | 1002—Auguat 24 2-81 2 [ 1002—August 26 46-8 4 45
30 03—July 3l €00 4 03— 3 485 4 63
31 06— August 20 3-92 4 06— 30 463 4 61
32 07— ,, 11 5:57 5 01— I 83-6 5 91
33 03— 7 710 9 08— 0 1465 9 -5
3+ 10— ,, 2 6-84 7 10— 4 130-6 7 8-0
35 | 1811— 3 3-71 a|101— 7 63:5 8 45
36 11—, 13 483 3 n— 18 164-8 7 115
3] 12— 1 «24 ¢ 22—, 4 65-7, 4 107
34 13—July 30 6-03 ) 13— 2 838 [ 10-5
39 l4—Auguat 2 403 4 =, [ 88-1 & 11-9
0 15— 2 89 s -, 1 69-5 4 1
41 15— 28 3-48 2 B, 31 430 3 63
41 16— 14 3-34 3 16— 16 541 4 7.9
43 17—, 6 2-70 2 17— 3 410 3 9-0
44 17— 12 274 2 17—, 14 718 4 16-9
45 19—July 3l 44 3 19— 3 53-8 3 12:2
46 19— Auguss 7 246 2 19— Y 423 3 118
47 | 1820—July 30 410 3| 1920— 1 68-9 4 12-7
48 21 —Auguss 7 2-95 3 21— 0 89-1 4 94
49 8% 5 425 2 24 " 7 571 4 03
&0 20— 7 5-80 5 26— 10 664 5 61
51 26— ,, 15 7-33 ¢ 20— 17 1339 7 10-8
52 27—, 11 2:81 2 21—, 13 642 4 30
53 27—, 24 247 2 27—, 26 470 3 12:4
54 | 1891 September 1i 420 3| 1891 September 13 78-1 5 93
55 07—, .8 1-80 07— 10 430 3 2
66 | 1900— " 16 9-35 10 | 1800— » 10 153-8 11 67
67 01— " 2 2-68 2 01— " 4 474 3 10:6
88 05— " 3 1-74 2 06~ " [ 21-0 2 76
59 08— " 7 7-17 9 06— » 10 819 3 19-0
80 01— " [ 4-30 4 07— ” 7 860 5 9.2
81 12— » 3 3-14 b 12— o H 67-4 ] 8y
82 15— » 11 3-34 3 16— ” 14 506 4 74
(X} 18— » )] 1-88 2 18— ” 2 610 4 93
64 21— » 4 470 3 2] " 5 63-2 4 80
a5 22— » 4 1-93 2 22— » 1] J0-7 2 7
a6 2E.—Auguat 30 7-07 10 26— ” 1 1828 11 125
[ 26—8epterber 17 5-35 5 26— 18 128-1 8 74
68| o71— 2 3-50 ¢ 27—, 3 92-0 4 16%
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Tablg 206.—Total preoipitation and total exoess discharge at Nara.

Total |Total excess Total |Total oxcess
Serial | rainfall | discharge in |Serial| rainfall |discharge in
no. in inches. | kilocusecs. no. | ininches. | kilocusecs.
|
1 5-82 3087 35 371 1860
2 6-04 1928 36 4-83 7948
3 7-08 4830 37 4-24 927
4 331 2503 38 6-03 2733
[ 5-02 1819 39 4:03 2881
6 5-26 4908 40 4-69 2163
i 3:76 850 41 3:49 1418
8 474 978 42 3-34 1246
9 347 1516 43 2-70 829
10 510 2336 44 274 952
11 449 702 456 4-44 1683
12 4-41 693 46 246 679
13 3-19 726 417 4-19 1801
14 6-55 1201 48 2-95 1478
15 5-23 1373 49 4-25 1326
16 2-55 816 50 65-80 1764
17 3:37 572 51 7-33 5697
18 10-32 6859 52 2-51 1264
19 11:34 4129 63 2-47 888
20 65-34 2188 54 425 2272
21 4-78 2622 55 1-87 993
22 3-11 876 66 9-36 7496
23 637 2653 57 2.66 1313
24 3-80 1998 68 1-74 214
25 3-61 925 69 717 362
0 446 2218 60 4-30 3169
27 2:63 807 61 3-14 1357
28 3-51 1085 62 3-34 089
29 2-&1 1123 63 1-8¢€ 1663
30 400 969 64 4-70 2111
31 3-92 862 65 1-93 a78
P 6-67 2908 66 7-07 4438
33 719 4079 67 5-35 4596
34 6-64 6046 65 3-60 1771

The coefficient of correlation between the total rainfall and the total
excess discharge was then worked soparately for July, August and Septem-
ber, and also for the monsoou period as a whole and are given below.

Yable 207.—Coefficient of Correlation between Tolal Rainfall and Total Excess
Discharge of the Mahanadi at Naraj.

Btandard Devialap.
Namber, Correlation Cocficlent.| Mean of tolal Meann of 1otal
Laiulull, Discharge,
Ralalall. Dlscharge,
July 22 072414004 620 2184 % 10% ocusecs 2"16 1830 % 10* cuso
Augugt 81 0:7049 £-C62 4718 215C x 10 138 1666 x 10
Beptember 16 0'6241 097 4”16 2247 % 109 2"10 1858 x 100
July-Sept, ., | 68 6996 %042 460 2178 % 10¢ 1+89 1713 x 10*




239

The value of the correlation is quite high, being of the order of 4 0-70.
We may, therefore, construct a fairly reliable equation connecting tho rainfall
and the excess discharge. The equation for the whole monsoon period is
given below :—

D=634(R)+1731.
where D=Total Excess discharge in Kilocusecs.
R="Total Rainfall in inches.

The excess discharge correspondiog to & given rainfall can be calculated
from the ahove equation, but unfortunately owing to the very bigh variability-
of the discharge for different floads the accuracy of prediction is comparatively
snall.

Rainfall and Total Discharge.

Instead of working with the Excess Discharge, we may also work with
the Total Discharge for different periods.

——————— e

Table 208.— Average rainfall in inches per day (x) in the Mahanadi catchment and
discharge (d) at Naraj (in kilocusecs) for periods immediately preceding floods
in the Mahanadi.

3 days. 4 days. § days. 6 days. 10 days.

17 1418 1-66 1391 1-36 1354 1-01 | 1298 81 | 1104

1-33 1180 1-27 1112 96 1040 -84 | 928 78 | 1762
1-04 984 1-01 893 03 789 98 | 635 71 | 487
93 993 97 952 ‘80 909 72| 831 65 | 667

2:27 1205 1-81 1281 147 1211 1-28 { 1159 | 102 | 881
177 1131 1-69 1099 1-71 1064 1-53 | 9077 | 120 | 848

187 1232 | 181| me4| 1-87| 1115| 1-64 | 1045 | 108| 721
2.04| 1383 1.64| 1308| 1.48| 1241| 121 |Mn26| 97| 369
11| 1101| 131 1033| 11| 9se 04| o12] 72| 879

1-73 1160 1-84 1102 1-68 1023 1.31 | 064 124 | 734
2.01 1419 1-79 1354 1-47 1367 1-23 | 1038 g1 | 9002

1-25 1068 ‘96 1012 91 074 96 | 033 86 | 838
1-56 1041 1-32 1000 110 068 86 | 867 59 | 098
1-07 884 1-07 842 -87 1055 -83 | 937 80 | 63l
1-42 1148 1-21 1097 ‘94 805 -85 | 878 84 ( 810

1.22 966 1'08 922 1-87 1143 1-04 [ 996 76 | 918
1-88 1191 1.8 1169 1-41 1310 1-30 | 1283 94 | 992

2:12 1341 1:59 1347 -65 636 -66 | 498 53 | 834

87 661 68 583 1-37 869 1.02| 7171 70 ( 806
1-84 9817 1-67 922 1:27 866 1-10 | 870 801 715
136 1096 1-42 1036 1-01 860 -86 | 807 77| 0647
177 1034 1.32 944 -93 961 80| 924 78| 790
1-18 1076 1.22 1004 2-36 1124 1-54 | 1065 | 140 [ 781
278 1163 2:70 1154 -80 831 <71 | 766 65 | 692
2-46 1352 2-18 1268 2-11 1199 1-80 | 1106 | 123 | 885
0-97 808 1-02 845 -94 882 886 814 107 | 908

1:87 1261 1-59 1268 1-41 1194 1-22 | 1150 | 132 | 9183
2-92 1348 2.76 1289 2.02 1239 1.67 | 1066 .
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Table 209, —Correlation heiween rainfall in the Mahanadi catchment and the disoharge

at Naraj.
Average values of— Standard deviation.
Co-officient of
Number |  corrglation
Period. of with probable
years. error. Rainfall in Diacharge
izches in kiloousecs. Inches. Kilosuseos,
per day.

10 days 27 | 0-6038 4--0068 l 0-8806+-0206 | 1779:37418-30 | 0332640210 | 146-1418:08
6 days 28 | 63094 -0767 | 1.09764-0400 | 962:06.+22:03 | 0-31354 0283 | 173-8415:87
§ daya 28 | 6313+-0767 | 1-30004-0533 | 1030-86+23-66 | 0-41814-0877 | 185-6418:73
4 days_ 28 | 691340666 | 1-5067+-0615 | 1088:25+23:8) | 0-48281-0435 | 186:84-16-84
3 days 28 [ 735040586 | 1-6650+ 0682 | 1136:884-22:78 [ 0-5349+-0483 | 178-7+ 1610

The average rainfall in inches (determined by Isohyet metbod) in the
Mahanadi catchment per day for periods of 3, 4, 6, 6 and 10 days immediately
preceding heavy floods and the corresponding discharge at Naraj aro shown
in Table 208 e can wute this maierial for calculating directly the co-
efficient of correlation between the Lwo variates. The results are given
in Table 209.

We carrelate these with the actual height (in feet) of the river on the pth
day (which wo may call N), The actual correlation coefficients are given
below (Table 210).

All the correlations aro definitely significant. It is interesting to note
that the clcseness of association between rainfall and dlschqrgo decreases as the
period is increased. ‘I'he coefficient for a period of 3 daysis + 07350+ 0556
which is high ennugh to construct a prediction formula.

The equation is given by—

D=213-7334 X 473104
where D=discharge at Naraj in kilocusecs

and X =average rainfall in inches per day in the Mahanadi catchment for
a period of 3 days.

With an average rainfall of 1'665 inches per day the rate of precipitation
will be about 2,281 kilocusecs. Of this quantity the discharge at Naraj
(average of 3 days) amounts to only about 1136-80 kilocusees or just about
balf the precipitation,

The probable error of the forecast by the above formula is alout 783
kilocusees which is just under 7 per cent of the average discharge.

A Prediction Formula for the Level of the Mahanadi at Naraj,

Our chief object in making correlational studics is to forecast the height
at Naraj as accurately aa possible. Suppose we want to forecast one day in
advance. Tofix our ideas, let us say that we want to predict the height of
the river on the pth day. We know that it usually requires at least § conse-
cutive days of heavy rainfall to produce a flood, and that it tukes about 2-3
days for the rainfall to make itself felt at Naraj. We may, thercfore, take
the total rainfall in 3 consecutive days ended two days previcusly that is, on
the (p—2)th day., 8o far, we have ncglected to take into consideration the
previous state of the river. It is clcar, however, that this is a relevent
factor. Tf the river level is already high, the probability of occurrence of a
flood is, of course, much higher with the same rainfall than when the river
level is low. So we now include the height of the river at Naraj for 3 conse-
curive days ending on the day of the forecast, that is on the (p—1)th day as &
rolevant {factor. We now have two factors :—

R=total rainfall in inches for a period of 8 consecutive days onded
on the (p—2)th day.

G=average height in feet of the river for 8 consccutive days ending on
the (p—I)th day.





