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Table 52.—Comparison of Gaugo Heights.

Averagodifforence (Bellarue-Jobra) with Naraj gange at
Pericd.
78 feot, 80 foof. 88 féef. 00 faet.
1 2 8 & [
1866—76 ... —4-95 3.16 421 659
187796 ... —6-09 273 483 673
18971920 ... —6:00 0:30 6503 6-39

The average values are collected tozether in Table 62. It will be seen
from this table that as tho flrod rose higher at Naraj, the difference in gauge
readings at Bellevus and Jobra increased systematically, showing that the
Katjuri took an increasing share of tho flood athighor levels. ‘This is, of
course, well-known.

A more important point is the question of any progressive change with
time. If we concentrate our attention on a particular height, say, a level of
about 80 feet at Naraj (which represents a moderzte discharge, since the
danger point is at 88 feet) wo find frpm '!‘nblo 52 that the differenco
(Bellevue-Jobra) bas been steadily decreasing with time®. This shows that up
to a level of 80 fect the Muhanadi has been taking an increasing share of the
discharge. The situation is, hewever, quite different at 85 feet. The difference
(Bellevue-Jobra) ia here increasing, which appears to indicate that al about
this level the Katjuri is taking an increasing share of the water. Tinally, at
the really important level of 90 feet (which represents high floods) apparently
the difference has remained practically »steady, showing that there has been no
appreciable change in the average relutive discharge through the Mahanadi
and the Katjuri.

Ipstead of considering average levels, we may work with the maximum
lovol attained in each year. 'l'his will be more instructive inasmuch as it
will throw some light on the actual position during high flocds. The average
values of yearly maximum levels at Bellovue and Jobra are given in Table 63.
In this table wo have only considerod floods above 88 fect at Naraj, since it is
only beyond this ievel that the flood becomes really serious. Also we have
grouped the data in decades, excepting for the earliest and the latest periods
in which we bave included 11 years.

Table 53.—Comparisen of Gauge Heights.

Average of yearly maximuom

readings at Differunce

Period. Meight of Naraj gauge. Bellevue-

Jobra.

Pellevue. Jobra.
1 2 3 4 6

1885—1895 er ... | 88 feet and above 81-38 73-66 +7-72
1896—1905 Do. sar 80-82 7376 +7-07
1906—1915 . e Do. oo 79-21 7227 +6-94
1916—1926 e ase Do. - 81-06 74-20 +-6-86
+1923—1937 .o . Do, .o 79-06 7202 +%03

® Mr. Sbaw, Special Flood Olficer, ia his letter of the Bth Morch 1£3%, informed mo thst average of
Gauge 1eadings for the perisd 1921—1937 confirm this re,ult. With £6:29 ot Nersj, C3:72 at Lellevoe and
6790 ot Job:a, the differenca wos '8,  With 8317 at Naraj, heizht at I'ellevuo wan 74'24, and 69:64 at
Jobrs, Rivivg a difference of 470, With Naraj, 6939, Bellevao was 79°47 and Jobia 722 giviog a
differenca of 6-85.

$The data for this perlod (1923—1937) were put In later teing taken from Mr. Shaw’s letter datcd the
8th Marteh, 1539, See fodtoote in page 82,
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It will be seon from the above table, that tho average difference of yearly
maximum readiogs (Bellovue-Jobra) Las beon decrensing steadily, This shows
that the Mahanadi has been probably taking an increasing share of the
discharge during yearly maximum floods in recent years.t

Mr. Rhind calculated his flood discharges for the two rivers in 1872. In
that year the gaugo readings were 9210 feet at Naraj, 83:20 feet at Bellevue
and 7505 at Jobra abovo weir. The difforence between Btllevue and Jobra
readings was thus 726 fect. The difference between the pgauge readings at
Bellevuo and Jobra is  7°U3 feet during high floods at ths present time. This
would indicate that the proportional discharge through the main branch has
increased since 1872 with slight deviations. This bears out Captain Harrie’s
ocontention regarding tho effectiveness of the Naraj weir in decreasing the
volume of the flood in the Katjuri, This result isall the more striking when
it is remembered that for a cousiderable period prior to 1855 tho volume of
flood had buen most probably increasing in the Katjuri branch and lessening
jin the main channel (Inglis, page 3).

The discharge through the different branches of the Mahanadi.

In 1872, Mr. Rhind made a detailed calculation of the discharge through
various branches of the Mahanadi. These figures were given on a large scale
map (1"=2 miles) in the report of the Orissa Flood Committee, 1928. I am
reproducing the data here in a condensed tabular form as well as in the form
of a diagram Figure 2.

Rhind also gave certain estimates of discharges in the Koakhye and its
branches in the flood of 1835. Mr. J. Bhaw, Assistant Exccutive Engineer, jn
his typewritten note of April 6th, 1929, gave the estimates of discharzes made
by Stevenson in 1921 for Naraj gaugoe at 87'00, and by Ganguli in 1923 for
Naraj at 87'8 feet. Those are roproduced in accompanying TFigures 3 and 4
Comparative tables are given below.

The relative discharge for the different branchesdepends on the height of
the Mahanadi above Naraj, and although the accuracy of the different eatimates
cannot be precisely compared as the height of the river is difterent in the
three cases, they appear to be in general agreement so far as the order of
the relative discharges in the different main channels are concerned,

The carrying capacities of tho Orissa rivers are of course, much less than
the actual discharges during high floods. In May 1858 Captain Harris, in the
socond portion of his report on the Mahanadi, showed, as tho results of the
sections which had been taken, that the capacity of the discharge of
the channcls into which the Mahanadi is divided midway between Cuttack
-and the sea, and allowing for embankments as at the time existing, was only
900,000 cusees, or just one-half of the estimated volume of the 1855 flood,
He also calculated that any flood rising bigher than 20} feet (=75'6 reduced)
on the Lalbazh gauge must cause some inundations.

Table 58.—Discharge (in cusecs) threcugh the Channels of the Mahanadi,

Rivers. Rhind (1872).] Stevenson. Ganguli. |Rhind (1885),
Mahanadi at Naraj . 1,603,637* 077,292 080,631
Mahanadi below Naraj . 721,875 532,132 513,111
Mahanadi .o . 609,213 404,111 436,692
‘Beropa .. . 112,662 47,991 76,420
Katjuri below Naraj . 649,217 455,100 466,419
Katjuri .e . 447,279 383,546 384,629
Koakhye . 201,936 71,844 81,891 260,229
: *(334,183)
Kushbhadra, .o .o . 19,322 e 50,425-
Bhargovi . . 18,202 73,782
Days .e . .e #34,110 . *125,522

*Inclusive of apill.

£ Mr. J, S8haw, Special Flood Officer, in his letter datod 8th March, 1933, sont me corresponding dats
for \be periud 123~1D37. TLe average height was 79-U5 at Bellevue and 72'02 at Jobra with a difference
p£7C3. This yuggests that the Makanadi has not beon inoressing in strength in recent years.
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Table 55.—Relative Discharge through the Channels of the Mahanadi,

Name of river. Rhind. Stevenson. Ganguli.
(1872) (1921) (1923)
Mahanadi above Naraj . 100 1000 100
Msahanadi below Naraj o 46 534 52
Mahanadi below Jobra o 39 413 44
Beropa .. e 7 12-1 8
Katjuri below Naraj . 54 466 48
Katjuri . .. 37 392 39-5
Koakhye . .. 17 74 8-5
Kushbhadra .. . 2:0
Bhargovi . .. 1-9
Daya . 2:6
Spill 09

—



Figure 2,——Rhind’s Estimate of Disch arge in 1872.
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Fig. 3.——Disoharge estimated by Mr. G. 8tevenson in 1921.

(With Naraj Gauge at 87:00 feet.
Mohanadi above Naraj
100 9, (977,292)

Mahanadi below Naraj Katjuri below Naraj
634 9, (532,132) 46 9/, (456,190)
| |

Mahanadi Berupa Katjuri Koakhai

below Jobra 12-1 9, (117,991) 39:2 o 7-4 9, (17,644)

413 9 (404,111) (383,546)
Kushabhadra Bhargovi Daya Spill
2 9%(19,322) 19 9, (18,202) 26 9, 0:9 ¢,

(25,660)  (8,450)

Fig. 4. Discharge estimated by Rai 8ahib Nibaran Chandra Ganguli in 1923.

Mabanadi (980,531) cuseca.

100 ‘
Mahanadi below Nara) Katjuri at Naraj (466,410)
529 | (513,111) 489,

Mahanadi Birupn
449 (436,692) 89,

(76,420) Katjuri Koakhye

39:59, 8:59,
(384,529) (81,891)

N.B.—The figure outside bracketa gives the percentage discbarge, and the Hgure within brackets tho
actua) discbarge in cusecs.
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Rhind caloulated that the volume actually received by the Koakhye in
1872 was 814,488 cusecs, but this quantity was partly due to breaches in the
embankments near Naraj, and to the fact that the Nara] weir was seriously
damaged. After making alterations to allow for these exceptional circums-
tances which may uot occur again, Rhind estimuated that the maximum
volume which might be expected tv pass down the Koakhye was 277,180
cusecs. According to Ihind's calculations the voluns entoring the
Kushbhadra in 1585 was 50,425 cusecs, and the Bhargovi 73,782 cusecs.
The maximum discharges of the Kushbhadra may therefore be taken to be
54,000 cusecs, of the-Bhargovi 75,000 cusecs, and hence, of the Daya 148,000
cusecs. The capacity of the Kushbhadra on the other hand was estimated to
be not more than 85,000 cusecs (Thomson, p. 16), and of the Bhargovi in its
lower part with its branch Kanchi to be not more than 45,000 cusecs. As the
capacity of the Daya is about the same as that of the Bhargovi (Thomson, p. 24)
or say 35,000 cusecs, the combined capacity of these three rivers would appear
to be about 116,000 cusecs which would leave about 162,000 cusecs to bu passed
through escapes and spill channels,

Mr. J. Shaw in his note of April 6, 1929, (as revised in his letter of the
8th March 1938) mentioned that the following velocities in fcet  per second
were observed by Stevenson and Ganguli :—

Table 56.—Velocities in the River Channels in feet for second.

Mabunadi
- Naraj Gauge. below Beropa. Koakhye, Katjuri,
Jobra.
Stevenson (1921} 86-0 5-00 5-86 718 605
Ganguli (1923) 878 5-58 6:36 7:50 6-30

Practically no information is available regarding the discharges or carry-
ing capacities of the many tributaries of the Mahanadi above Nara). The
maximum flood discharge of the Tel (which joins the Mahanadi at Bonpur
about 140 miles above Quttack) was estimated to be 200,000 cusecs. (Inglis,

p- 21)
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CHAPTER XVI. THE BRAHMIN].

The Brahmini caters the dolta about 10 iniles above Jeaapur and 8 miles
above the Bengal-Nagpur Railway_v. At Jenapur is situated thoe outfall of the
High Level Canal Range 1. Theriver also sends off a Liranch, the Patia, at thia
placo. Both the $rabmini and the Patia are dammed by woirs to feed the High
Level Canal Range II and to maintain a navigable channel between the two
ranges of the Canal. DMr., Thomson remarked in 1904 (p. 27) that as far as the
Brahmini was concerned the channel was of little use bocause it was silted
up and navigation was maintained with great difficulvy.

The Brahmini weir is 4,000 feot long with its crest at 58:00 feet. The Patia
weir is 783 feet long. The highest flod level recorded at Jenapur above
Brahmini weir, since the construaction of the weir, was 70'6 on the 17th
August, 1926. 'Uhe level exceeded 70 on three other occasivns in recent times
(70°1 on the 23rd July, 1920, and 31lst July, 1927, and 70'2 on tho S1st
July, 1929).

Twelve miles below Jenapur the Brahmini s:nds out a bhranch to the
right, the Kimiria. The main river is called Sankra from here. The Kimiria
again joins the main strcam nesxr Todupur after joining with the Ganguti
and the Beropa, The combined stream i3 joined by the Kharsua and then
by the Baitarani, and falls into the Bay of Lengal as the Dhamra river.

The main branch of the Brahmini, namely the Patia, runs for about
nine miles below the Patia weir under such name when it joins another
branch, the Kharsua, with its offstake from the Brahmini at Manpur. The
Kharsua between Manpur and its confluence with the Patia is a dead
channe!, its head having besn permanently closed by the embankmnent no. 174
(Thomson, p. 30.)

During high floods the united flood waters of the rivers Brahmini,
Kharsua and Burah cover the country to the extreme distress of the people.
But Thomson was of opinion (1905, p. 30) that :—

“For this state of affairs there is no practical remedy. The rivers can-
not carry within their respective channels the volume of water brought down
duriug floods. It has been decided to be impracticable for financial reasons,
as well as inadvisable to fully embank them; and it is, therefore, necessary that
a cartain area of country shall be left open as an escape for the surplus water.”

There are other escape channols from the Brahmini called * Ghais’ (such
as Janardan, Siailia, Tanti, Dobil, Rabapur, Palsabi, etc.). Enormous damage
is sometimes caused by the wator flowing througii the * Ghais,’ us the land in
the neighbourhood is usually unprotected. These ghais usually originate in
breaches caused in the river embankinents during high floods,

Mr, H. A. Gubbay, Superintending Engincer, in Lis printed report, dated
the 18th Dscember 1923 (Orissa Floods, 1920, p. 8), stated in a table that the
maximum dischargo of the Brahmini in 1868 was 540,000 cusecs, but he did
not give any aunthority for this estimato.

I have had the opportunity of examining certain old handwritten notes
in this conresion which are almost cartainly by Mr. Rhind bimself, I find
from these notes that the highest level of the Brahmini rose to 7068 in 1838,
It was estima‘ed that a volume‘of 335,312 cusacs wero carried by the river
channei, while the total spill over either banks was 507,167 cusecs. This
would appear to give a total discharge of £42,609 cusccs. (It is extromely
likely that Mr, Gubbay's statemcat is based on this estimats.) Bat it is dis.
tinctly mentioned in these notes that the above estimate for the spill was an uir-
correctod ono, as no allowances had been made for obstructed flow. After
applying suitable corrections, Rhind came to the conclusion that the true
gpill was 807,943 cusecs, so that the true discharge was 643,290 cusecs. This
is exactly the figure given by Shaw in 1929. Tie Orissa Flood Report of
1928 (p. 31) mentions the highest known flood in the Brahmiai as 650,000
cusecs which is also evidently the same estimate in round numbers.
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In 1881 with a high flood of 6875 at Jenapur, Rhind caleulated that
the maximum volume of the flood was 421,147 cusecs out of which the
Brabmini took 307,349 cusecs and the Patia 113,789 cusecs.

In 1883 Rhind (letter no. 3226 of 28th Beptember 1883 to the Chief
Engineer, Bengal) gave a table of discharge of tle Brahmini for
different heights of the river which was based on the theorstical fall of the
river as a parabolic curve between Indulva and Jenapur. Shaw in his note
of April 6, 1929, states, however, that this table is now totelly uureliable as
the section of the river at Indulva has changed considerably and much silting
bas taken place above the Brahmini anicut. I have reconstructed Rhind's
Table 67 from Mr. J. Shaw’s calculations of the discharge of flood of 1926,

Mr. Gubbay (Report, dated the 18th December 1923, on Orissa floods of
1920, p. 10) stated that from & comparison of cross-sections both up-stream and
down-stream of tho Patia weir and the Brahmini weir taken in 1884 (before
the weirs were built), in 1893 (five years after the construction of the weirs),
and in 1923 he was of opinion that rivers were deteriorating to a very small
and normal extent above the weirs, but that the deterioration below weirs
were much more pronéunced. He did not, however, give actual figures.

In the lirahmini the tide reaches up tojthe 24th mile of the Pattamundai
Canal near village Mahakalpara, 2 miles ahovo village Indupur.

Thomson remarked in 1904 (p. 28):—*“The Brabmini like other rivers
of Orissa has a broad, shallow sandy bed with a fall of about 14 inches per
mile in the pluins. The river is almost dry in the hot weather, the minimum
recorded discharge being 130 cusecs.”

Table 57—Discharge in the Brahmini,

Height at Height et Discharge
Year. Tudulva, Discharge. Indulva, (from the graph),

1025 .. 70-2 23,169 70-5 25,400
70-8 27,549 710 28,100
71-4 30,809 716 31,000
72-0 33,508 720 33,608
72-6 37,721 726 37,100
72-7 38,423 730 40,500
728 39,126 736 44,000
734 43,206 74-0 47,446
740 47,446 746 51,600
74-3 49,767 760 55,185
750 56,186 75-6 60,800
76-0 66,080 76-0 66,980
76-2 71,272 76-6 ! 77,800
76-6 79,857 770 88,000
11-1 89,234 776 94,800
17-6 92,400 78-0 101,200
79-0 112,128 78-5 106,500
80-0 123,628 79-0 112,128
81-5 140,440 79-6 118,100
82-6 152,879 B0-0 123,528
844 188,471 800 129,200
810 134,600

81-5 140,400

82:0 146,600

825 152,879

830 180,400

835 169,200

840 179,600

84-5 190,800
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CHAPTER XVIl. THE BAITARANI.

The river Baitarani risos in the hills in the Kconjhar Tributary Btates
and enters the plains about 26 miles ahbovo Akhoyapada. At this place the
Burah branch takes off ; and seven miles bolow, at Jajpur, thore is another
branch, the Ganguti. ‘The Baitarani flows due east towards the Bay of Bengal
uniting with the Brahmini and the Kbharsua about ten miles east of Chandbali.

It forms the boundary between the districts of Cuttack and Balasore.
Koyangola and Qhandbali are the two principal market places on this
river, the latter being important as the chief port of Orissa. The river at
Jajpur is looked upon by the Hindus as one of the most sacred places, and
numerous pilgrims resort to the town. At Akhoyapada there is a ferry
erossing for the Orissa Trunk Road ; and about seven miles above is the
Bengal-Nagpur Railway bridge.

A mile below the Trunk Road, at Tikora, is the headquarters of the Canal
subdivision, and here are $he head-lock of tha High Level Canal, Range III.
and tho Baitarani weir ; the outfall lock of the Ligh Level Canal, Range II,
is on tho opposite bank at Rorya.

The Baitarani weiy is 1,026 fcet long with its crest at R. L. 6530.
There are under-sluices on the left side only. The High Level Canal, Range
I11, is 2 navigable channel, 19 wmiles long, aud ends at the town of Bladrak
on the Salindi river. ‘Tho full supply is 600 cusecs; the area commannded by
the distributaries is 56,313 acres, and the arca found suitable for irrigation
39,349 acres.

The Burha branch starts a littls below the Rorya Lock, Tho weir across
the Burba rearly adjoins the Baitarani weir, the two being separated by the
‘narrow point of land at the bifurcation. The weir is 526 feet long, with
crest level at 5560 . L. . lero are under-sluices at either end.

Tho head lock of the Jujpur Canal is situated at the point of the strip of
land between the Burha and Baitarani rivers. The canal runs for six miles
to the outskirts of the town of Jaf'pur. 1t was originally intended t» be
navigable, and is so for boats of shallow draft; but, for inancial reasous at the
titne of its construction, it was not designed to hold up sufficicnt water at its
lower end. *The full discharge of the canal is 600 cusecs, and the area

commanded by the present system of distributaries is 35,644 acres.

The Burha river runs in onc channcl for a length of about 15 miles and
falls into the river Xharsua opposite Kamalpur inspection busgalow,

The Ganguli branches off from the Baitarani opposite Jajpur town.
Ruunning in one channel for some distance, it gives off a branch, the Bagzehirka,
and both unite with the Kopali; and tho combined strean ultimately joins
the Baitarani. Its banks aro open; a few cmbankwments Lere and there
protect only village sites.

In & very old manuscript note (without date but with a signature which is
almost certainly that of Mr. Rhind) I found a good deal of information regard-
ing the maximum discharge of the Baitarani.

The writer of the note stales that from district maps he found the area of
the Baitarani catchment to be 3,761 square miles, but mentions that in
Mr. Odling’s opinion the area was 3,920, Using Dickens’s formula for the
run off with a co-efficicnt of 508 (which was found to bo applicable to the
Mahanadi-river) the maximum discharge would be 251,670 cusecs.

Col. Rundall gave 200,000 cusces, and Mr, Odling estimated the dischirge
inclusive of spill water to be 240,000 cusecs. Alr. Odling, howerer, apparently
mentioned in one place that from observation made during tho rains of 187 Le
found that the maximum discharge was approximately 315,000 cutecs. Rhind
commented that **it is not known in what manner this latter dischirze of
-315,000 cusecs was obtained but it seems to be probable that it was caleulatid
by means of Eyetelwin's formula 2=09,/(2f. d) in which caso it should be
reduced to 278,040 cusecs which would accord with the Missisipi formula'’.

Rhind estimated tbat the maximum discharge in the flood of 15¥1 rwras
259,920 cubic feet per second, of which 162,177 cusecs passed over the Baitarani
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weir, and 97,749 ocusecs over the Burrah weir. The gauge rose to 66:60 above
the Baitarani weir, and to 67°10 above the Burrah weir in this year. According
to Rhind, the embankments could safely pass 180,000 cusces through the
Baitarani, and 108,000 cusecs through the Burrab, or discharge of 286,000
cusecs altogether. Rhind further caleulated at this time that with a rise of one
foot above 66'80 feet, i.e. with a gauge lovel of 6760 above the Baitarani weir
there would be an additional discharge of 23,678 cusecs or 276,348 cusecs
altogether.

TerE DISCHARGE OF THE BAITARANE AT AKHOYAPADA.

I find it mentioned in a departmental note that Rhind had constructed in
1881 a discharge table for the Baitarani for different heights of the river at
Akhoyapada. Mr. J. Shaw in a note prepared at the time of the investigations
by the Flood Committee of 1928 mentioned that this table had become totally
unreliable as the section had changed considerably.

I have, however, reconstructed Table 68 Irom the figures given by
Mr. J. Shaw in his calculations for tho discharge during the two floods of 1896
and 1920 respectively whichh were prepared by him for the 1928 Committee.

Tablo 58—Discharge of the Baitarani at Akhoyapada.

Year. Height. Discharge. Height. Discharge.
1896 .. 55:16 11,317 56-5 1¢,600
56-SUV 25,957 57-0 29,500
53-96 63,320 57-5 39,257
5396 84,007 58-0 45,200
Gu-13 87,460 56-5 57,100
60-30 90,874 59-0 66,500
62-G0 140,115 59-5 75,400
63-10 151,731 €0-0 84,600
63-13 152,465 60-5 94,000
63-80 168,857 610 104,000
65-16 212,562 615 115,647
620 125,200
62-5 136,300
1920 56-8 25,048 63-0 148,000
56-9 28,235 635 160,500
57-2 34,021 64-0 173,000
67-4 37,612 645 186,800
57.5 39,257 65-0 200,200
53-1 49,788 65-5 213,800
68-2 51,594 66-0 229,800
683 53,400 66-5 247,200
697 79,2090 67-0 266,800
60-2 88,866 67-5

G0-3 90,873

Gl-5 115,647

63-6 163,964

64-0 189,402

669 263,755

Tor Battarani Disconarce IN 1927,

The Orissa Expert Floed Committee, 1928, were of opiniop :—* After
contideration of all availsble information regarding the 1927 flood we do not
think that it would be safe to put the volume discharged at a lower figure than
400,000 cubic feet per second.”  They also mentioned that ¢ the highest flcod
previously recordecf) was 250,600 cubic feet per sccond.”
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This Committee recommended that special attempts should be made to
ascertain the volume of the discharge of t{\)e Baitarani during the 1927 flood.
A party was, therefore, scnt out on the 25th September, 1028, under
Mr. J. Shaw, Subdivisional Officer, Cuttack Embankment Subdivision, to
make investigations on the spot. The following extracts are taken from the
Report® submitted by Mr. 8haw in 1020 :—

“ Investigations were made at Anandpur where the river commenced to
spread itself over the plain and after local enquiry and study of contour maps
a site 6 miles above Anandpur wns sclected ns it was below the inflow from all
the chief tributarics of the Baitarani with the exception of the Molhan and
Kusai rivers. The Mohan i3 a small stream entering immediately below
the site selected, and not being in appreciablo flood at the time of the great
flood, the Baitarani wateribacked up the Mohan and practically formed a
backwater so the Aohan may be excluded as a factor "

‘ The Kusai river, a big tributury, was out of the region of the very
heavy rainfall and was only in norinal flood when the Baitarani water backed
up and caused it to spill, An estimate has been made of the amount of spill
sent down by the Kusai tributary.”

‘¢ A stretch of 1,000 fect was sclected as being the maximum .length
within which the banks of the river were uniform and cross sectious wero taken
at the beginning and end of the 1,000 feet length. These were 8o similar that
no other intermediato scctions were necessary, the hanks being fairly uniform.
The sectinns were extended on to the country and near to the point where
amidst the jungle and other obstructions and according to local evidence the
velucity of the flood was pructically nesligible and the area may be counted ns
still water or backwater,”

“Evideace of the height of the flosd was found in the deposit of flood-
washed grass, etc., in the branches of the trees near the bank., ~Af the lower
end of the sectioa there was pleaty of ovidence which corresponded fairly well
and checked with the report of the Public Works Department Overseor that
the flood rose 10 fect above the parapet of tho Mohan bridgo. Although striet
investization was made no reliable flood marks could Le found actually at the
upper section and cortainly not any reliable enongh to form a basis for the
flood slope hut intermediate levels checked the general flood level throughout.
It was expected that from some evidence tuken at Anandpur town, sulliciently
reliable levels could Le got, but on levellicg up the marks ¢s pointed out on
the houses and pathways it was found that these were quito unreliablo and
showed the river as flowing uphill slightly. This miglt be due to the didiculty
in obserring a ropresentative lovel amidst the flood waves and surges. The
slope of the river with an average depth of 3 fect of water was found at the
tire of survey to bo 1 in 1,000. The big flood was about 47 feet above (his
water level,”

As reliable information regarding the flood slope was nat available,
Mr. Shaw assumed it tole “1 in 1,000 from Kutter's formula wilh a
maximum friction co-efficient of n=0'33''. Assuming an approsimate
velocity of 15 fcet per second in the river channel, 8 feet per second in the
serci-obstracted bank arca, and about 3 fect persecond in the jungle-obsteucted
area he originally obtained an estimate of 1,130,000 cusves as tho flood
discharge of tho Baitarani in 1027. In his letter of the 8th Alarch, 1938, he
revised this calcnlation and stet:d :—

* In 1928 a discharge observation was mado at the Railway Bridge on fhe
Baitarani during 2 flcod lower than normal'and an average velocity of 4°6 feet
per second was obtained with a flood level of 72:5. The 1927 fluod level was
87-30 on this bridge and ns velocities of 718 were found in the Katjuri in high
flood by Stevenson, it nay Le assumed that a  velocity of 7h fecl per second
was in force during tha big 1927 fleod here. This would give a discharge of
97,600 X 7 5=731,250 cusccs for the bridge waterway alone. But the Baitarani
left embankment was breached and overtopped abovo the bridue and the whole
cuntry upstream was deeply flooded and the railway line Dbreached and
overtopped for miles: eo it would seem that the approximnte mazximuom

discharge of the Baitarani as it burst forth on the plains must kave Leen ahout
8} lakhs.”

®39 corrected in Mr, Shaw's lotter dated Sth March 1983,
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Mr. Shaw halalso caloulated the averago procipitation in the eitchmeat,
and found it to boa ahout 723,000 cusecs on anaverags on tho 20th and 30th
July., Owingto tho eaturatel condition of tho soil dua to the hiavy rainfall
betweon the 22nd and 261h July, he assumed a run-off of about 85 per cont. Thia
woul | zive.a daily ran-off of about 615.009 cusecs on tho 29th and the 30th or
758,000 cusecs on the 30th only from the rainfall on these two days. As the
river was just commencing to decrcaso after the previons flood of the 2ith
July, Shaw assumed a depth of 18 feet of water in the river with a velocity of
12 feet per second which gdve 283,000 cusecs as the dischargs from the
previons flood, Shaw, thereforo, estimnted the total volume to bo 616,000+
263,000 or 808,000 cusecs as average daily discharge for x9th and 30th.

It is difficult, howerer, to accept Shaw’s estimate of cight or nine lakhs of
cusecs as tho discharge of the Baitarani in 1927, According to his own
statement quoted above, tho evidence regarding the heisht of the flood was
conflicling, Also no reliable data wero available for the flood slope®.

His discussion of the rainfall data is open to ohjection. Ife.calcula-
ted a precipitation of 725,000 cusecs on tho 2Jth and 30th July. This
was not inzpossible, but I think was somewhat over-estimated. The actual
average intensity of rainfall was 6:18” and 6-25" respectively for theso two
days, and the equivalent ratn of precipitation would be alout 660,000 and
708,000 cusecs. Shaw worked with a run-off of 85 per cent which would give
560,000 and 600,000 cusces respectively as the maximum discharge. I'his
furnishes, I beliove, an upper limit ; for with such heavy rainfallsa tun-off of
€5 per cent in the first or the second day is highly improbable. We know in
fact that the river was discharging at a fairly high rato on the 31st July (about
184,000 cusecs corresponding to 844 fect), the Ist August (123,000 cusces,
61'8 fect), and on the 2nd August. Such a high rate of discharae could not
have beon maintained if most of the water hud already passed away.

Further, Shaw added 283,000 cusces as the residual flow from the
previous flood of the 25th July, ‘"This alsois doabtful. Tor we know
definitely that the gauge had fallento 56°9 fect on the 2Sth July, when the
dischargo could hardly have oxcecded 30,000 cuscca. Even on the moruing of
the 29th July the reading was 68:7 foot which would probably givs a discharge
of about 60,000 cusecs.

On the 20th July the level was rising rapidly. The roadings wera §§'7
feet (with an approximate discharge of 60,000 cusecs) ot G-0 A.xx. 63°2 feat (or
about 153,600 cusces) ot 3-0 p.,, and G653 fcet at 11-0 r.at. No records
could bo registercd after that height. The maximum was rcsched towsrds
dawn on tho night of the 20th and the early hour of the 80th July. The
gauge thus rose 51 feet in 8 hours hetween 3-0 r.M. and 11-0 ».3. on the 26th
July, The maximum height wes reached about 3-0 or -0 A.x, orzay 4 or 6
hours after 11-0 r.a. If the rato of tiso of 51 feet in § hours was maintalred
during this {ime, tho additional rise would bo about 25 feet or the highest’
level would bo about 70'8 fect. A higher value is cxtremely impros
bable, for we must remember that the level fell to 63't feet at 6-0 A,
on the 20th July. The dischargo corresponding to & height cf G676 feet
was estimated by Rkind to be about 275,000 cuscos. He also estimated
that for a rise of 1 foot at this lerel there would be an additional discharge cf
about 24,000 cusecs. Adopting this rate of increase, the discharge at 70'8
feet would appear to be about 360,000 cusecs, Tbis may perhapslie taken as
s lower limit.

The general conclusion would appear to be that, ir the grea’ fi.od of 1927,
the maximum discharge of the DBaitarani was almost certainly greca er than
350,000 cusecs and could very well have been 400,000 cusecs. 1t is unlikely,
nowever, that it exceeded 450,000 or 600,000 cusecs, and it is highly improbable
that it excceded 600,000 cusccs.

®Mr. Sbaw in Lis letter of the Eth March 1938 wrote to me :—

* From your eviderco put forward regarding the posrible dischisrge at Athogapala tefors tho big flood it
:iu&dc;t that the local evidence was wrony which aaid that tho river was 19 feet high at Avandpur before
o flocd.”
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CHAPTER XVIIl. THE SUBARNAREKHA AND THE MINOR
RIVERS OF BALASORE.

Tho Subarnarekha which rises in the Chota Nagpur Hills, enters the plains
of Orissa at Ulmara, and nfter traversiug for about 40 miles, a strip of deltaabout
25 miles wide runs into the sea in one undivided channel. 1t is crossed by the
Bengal-Nagpur Railway a little below Jaleswar and by the Orissa ‘Crunk Road
at Rajgbat. Abouf 12 miles below this, on theleft bank, is Bhograi lock at the
end of Range II[ of the Orissa Coast canal ; and on the right bank about 3
miles further down is Jamcoonda lock at the end of Range IVA. Tuo rives is
tidal, and is navigable up to Kamada, about 4 miles above Jamedonda.

Owing to the hilly charactor of its catchment area, the Subarnarckha is
subject to sudden floods of short duration. It spills freely oa the left bank,
and during high floods coasiderablo damage is done to an area of about 24
square miles in Orissa. When tho Bliozrai and certain other embankments are
damaged other areas in Orissa, and a very large tract of land in the Contai
gubdivision of Jengal are subject to inundations from the Subarnarekha,

The maximum dischargs of the Subarcarekba has bezn estimated to be
300,000 cusecs (Contour Survey, 1923, page 8).

Between the Baitariniand the Subarnarekba there are a number of hill
streams most of which have their origin in the Ieonjhar, Mayurbhanj or Nilgirl
hills.

The Salindi, which is o tributary of the Baitarani, rises in the Keonjhar hills.
Its source being so very near, and it being a hill streaw, its flood, as observed at
Bhadrak, is very sudden acd rises several feet in a few blours. Thero is one
gaugo on the river in a pier of the railway bridge about 2 miles above Bhadrak,

The Rebo rises in the Keonjhar hills, above Moraigaon inspection bun-
galow. It flows south-cast in onc channel, passes under the High Level Canal,
Range IIT, at the aqueduct in the 11 h mile, and falls into the Kopali river.
1t is really a drainage channel, and hardly spills overits banks, There is no
embankment or gauge in any paré of this river.

The Kopali also rises in the Keonjhar iiills, and passing under the High Level
Canal, Range IIT, at theaqueduct in the 14th milo, and joining with the Rebo and
the Ganguti, it ultimately falls into the Baitorani, Down to the eanal aqueduct
the strcam is practically a drainago channel, hardly spilling its banks, but below
tho aqueduct the country is normally subjected to slight flooding. There is one
gauge at the aqueduct which rose to R. L, 5650 on the 1Gth July, 1881,

The Matai is fed from two drainags changels, cr kbhals, Kanchari and
Garamat, aLout 6 miles ahove Charbatia lock on Range V, Orissa Coast canal.
It is a good navigable channel and falls iuto the Dhawra, somo 15 miles Lelow
the lozk, at the junction ol the Baitarani with the latter river. 1t is tidal and
navigable throughout the year.

The Kansbans, Goomai and Alilabad are branches of one river, callel the
Kansbans, which rises in the Betai bills. Thoy cross tho Cuast eanal in the
117th, 1220d and 115th miles, respectively and the flooding from the Kaunshans
and the Goowmai are duo to the unsatisfactory condition of the ecstuaries, the
efficiency of wlich has been destroyed by the crossings of the Coast Canal.®

The Jamka riscs in the Nilgiri hills and crosses the Canal at mile 107,

‘I'heé Narabuloag rises in the Mayurbhanj hills.  Four wiles north-north-
west of Palasore it is joined by the Soni river, and then Bows on past Balasore
Seven miles Lelow Balasore on thx left bank is the Nuleoul lack of the Coast
Canal, Range 1VL, and about two miles further down, on tha right bank, is
fue Chargachia Jock oL Range V. The Barabulong, after winding about very
cousiderably, flows into the xea near Chandipore. It is tidal aud navigzable
ordinarily up to the town of Balasore ; and in tho ruins for a little further.

The Panchpara wkich is fol from several Khals deaining aboul 40 squre
miles is tidal, and is navigable throughout the yeawr up to Choorakhia about
0 miles above Sulpatta.

‘The Sattba which riscs in tho Mayurbhanj hills used to flow to the sea
but has byen diverted to tho Panchpara by an artificial cut.

OMr. Shaw, specinl th.od officer, Orism, in hisletzer of the 8th March 1038 informs me that fha Ozisse
Const Canal cxcopt ubrih of Sabaruurekla Las since becn abandoned and cnts mrde t the Qumal estuary,
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CHAPTER XIX. ORISSA CANALS.

A brief description of the main systems of the Orissa canals is given
belovw.

Taldanda Canal.—Its head lock and the head sluice is situated near the
south abutment of the Jobra weir. It is navigable, 513 miles long and has
2 full discharge of 1,150 cusecs. Tt is capable of irrigating, together with its
brarech the Machgong canal, an aren of 63,2560 acres. ‘Total arca commanded
by it is 167,301 acres. 'Lhis canal falls into the Mahanadi at Paradip.

MUachgong Canal—1It is for irrigation only. It leaves tho Taldanda canal
at Biribbati, 7 miles from the head and is 32 miles long. It is navigable up to
the first 4 miles only.

Kendrapara Canal.~It starts from the south end of the Berupa weir and
is navigable. It extends to Jambu which is 5% iniles froin the head. The
outfall lock admits boat traffic to the Jambu tidal river, which runs into the
bharbour of Falso Point a few miles from the lock.

Gobri Canal.—This caval starts from the 28th wile of the Kendrapara
eanal. It is a navigable channel avd runs for 156} miles to the Gandakia
river.

Golri Extension Cdnal.—This canal starts from the opposite side of the
river Gandakia. It issix miles long and falls into the Bralinini at Alba.

Pattamundai Canal.—1t takes off from the Xendrapara canal half a mile
below its head. It isan irrigation canal and is not navigable. It is 47 miles
long. Trom the escape fall at its end a feeder channel cver 3 miles long
supplies fresh water to the Gobri Extension canal,

The capacily of the Kendrapara canal systom taking the main canal and
the Gobri canal together is 11,000 cusecs at the head. These two command
an area of 144,588 acres ; of this 68,303 acres are suitable for irrigation,

Pattamundai and Gobri Extension canal together have a supply of 500
cusecs and command an arca of 78,100 acres, of tbis 40,600 acres aro suitable
for irrigation,

High Level Canal, Range I.—1} miles from {ho offtake of Berupa from
the Mahanadi is the masonry weir imjioundirg the water for the sapply of this
canal, which starts from the north side of the weir. It is navigable, and is
33 miles long, and ends in the Brahmini river at Jenapur. Available supply

at head is 500 cusecs. It commands an arca of 47,737 ‘acres ; of this 24,668
acres ara suitable for irrigation.

High Level Canal, Range 1I,—This canal has its hiead sluice and lock at
the Yattia weir. It is 12 milesin length, and is navizable. It ends at Rorya
on the Baitarani river and commands a gross area of 10,000 acres of which
6,974 acres wero irrigated in 1902-03. The full supply of the canal at the head
is €00 cusecs®.

High Level Canal, Range 111.—It takes off at the Baitarani river, andis
navigable. It is 19 miies long and ends at the town Bhadrak on the Salindi
river. Full supply is GOO cusecs, and the area commanded by distributaries
is 86,313 acres, of which 39,319 acres are suitable for irrigation.

- Jajpur Canal.—The head lock is situated at the point of the strip of land
between the Burha and Brahmini rivers, 1t runs for 6 miles to Jajpur and
comrhands 35,644 acres, of which 21,677 acres ato suitable for irrigation. Its
full discharge is 600 cusecs.

The Orissa Coast Canal —This canal is a continuation of the older Hijili
Tidal canal in the Midnapore district. The Hijili Tidal canal leaves the
Hooghly river at Gowankbali, 45 miles from Calcutta. Range I, which is
11 miles long, ends at Etamagra on the left bank of the Huldi river; and
about a mile lower down on the right bank is the entrance lock of Range II
et Terapakia. Range II ends at Kalinagar, the 30th mile, on the left bank of

*Mr. Shaw gtates in his lotter datod 8th March 1938 that this oanal has been abandoued,
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the Rasoolpur river. At Bhatizur, about half a mile down on the right bank,
the Coast canal commencos. Three and a half miles from Bhatigur is Surpai
river which has been oanalised as far as Contai in the 47th mile,

From the canalised Burpai, at the 40th mile, the Coast Canal, Range III,
continues to Bhograi, mile 65, on the Subarnarekha river, Range IVA leaves
the Subarnarekha at Jamcoondas, 63th mile, and ends at Panchpara lock on
the river of the same name at mile 88. On the opposito bank of the Panch-
para is Sulpatta leck, the entrance to Range IVDB; which continues to Nulcool,
93rd mile, on the Barabulong. The town of Balasore is seven miles up the
river from Nulecool, About 2 miles below Nuleool, on the right bank, Range
V begins at Chargachia, and continues to the Matai river at Charbattia, 1313th
mile, The Coast canal is for navigation only. Dudhai Canal is & minor
irrigation canal*,

More recent information is given below in Tahle 58(A) from the

.Ifigdrzigistration Report of the Irrigation Branch of the P.W.D., Orissa, for
36-37.

®Mir. Shaw states in liiwlotter of Sth March 1958 that the Dudiai Sanal ia abandoned as also the Orisea
Coast Canal except from Bhograf to the Beugal border reach.




Table 58A—Somo rocent details about oanals of Orissa. (Vide Administration Report of the Irrigation Branch of the Public Worke Dapartment, Qrisea, for the

year 1936-37.)

Leogth of canals openod. Area irrigated.
| Length of distribataries Remarke.
Name of cansle. For navigation | For I'rrigation and minors (wiles). Ehanf inclade Rabi Total
and Irrigation ouly ing hot-weattor (Aeroa). (Acros).
(milea) (milew). (Acrce),
1 2 3 ' 5 ] 7 8
T Miles, Feet.
(A) Taldanda Cemnal .. . 513 .e 135 5,223 20,010 45 20,055
Machegaon Canal .. . 4 28 2978 427 42,745 58 42,803
383 2,586
Kendrapara Canal aud jts exten. 391+14% . 65,918 426 66,374
sion. 0 5,255
Gobri Canal . .. 4,949 8 5,027 | *Excluding hot-weather crops
24 . 44 1,180 total acros irrigated come to
Gobri extension canal .o 3.021 22 3,043 | 202,552 for tho scsson.
Pattamundsai Canal .e .e 47 137 781 24,682 422 25,104
High Level Canal Ravge I .. 33 . 134 2,435 21,926 439 22,365
High Level Canal Renge II .. 6} .o 2 740 1,986 40 2,026
High Level Canal Range IIL .. 19 .e 91 4,449 3,649 233 3,882
Jajpur Canal o .e 6% .o 94 1,103 12,652 407 13,089
Total .. 199% 75 1,302 201,598 2,170 203,768"

3059
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(B) Rushikulya Canal  system—
(Main canal).
Rushikulya  Canal  system
(dist#butaries).
Total
Grand Total .e

e 98-0 . 1st crop 2nd crop
‘112.053-89
e . 2300 . v J
. 98-0 2300 . .o 112,053-89
19931 173 1,532 3,059

315,822

On creation of the separate
Orisea province these were
trapsferred to Orissa. This
system of canals does not
occur in the Orissa delta

L6
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PART IV. AN ANALYTIC STUDY OF THE MAHANAD]I,

CHAPTER XX. SECULAR CHANGE OF RAINFALL IN THE
MAHANADI BASIN.

In this chapter I shall describe the general rainfall characteristics of the
Mahanadi Basin, The data consist of the daily average rainfall for each day
from 1st July to 30th Septewmber for the years 1891—1928. The average rain-
fall for each of the 6 xections into which we divided the Mahanadi catchment
is uvailalble separately as well as the total daily rainfall for the catelinent
#s a whole.

A description of the different seotions Lins been ajready given iu chapters
6—8. 'The daily average raiofall for each section was caleulated directly by
taking the average of the rainfall for all stations sitnated within a given sce-
tion. As the number of rainfall statious has steadily increased, the averages
are not, therefore, of cqual statistical weight. This isa defect inherent in
almost all rainfall data, a:d in the first study no attempt has been made to
make any allowances for it.

GENERAL RESULTS.

The mean values (m) of daily rainfall in inches, the standard deviationg
(s), and the cocflicients of variation (100 s/m) are whown for each scction for
each month and for the combined period in 'Tables 59—061.

The average rainfall in July and August is nearly equal in all sectionss
and varies from about 0°40” to 060" per day. The average rainfall in Septems
ber is substuntially less, varying from 0:25" to 0-30” per day. For the total
catclﬁment the averages are 04b” in July and August, and 0-28" in Sep-
tewmber.

Table 59.—Mhean rainfall in inches in 5 catchments.

Sections. July. August. | September. | July—September.
Mahanadi I ve 0-4158 0-4082 0-3040 0-3667
» 11 . 5091 +49106 2814 +4289
» I ve +5682 -5580 +2752 +4694
” v .e 4614 5076 -28&3 +4185
" \% . 4468 4361 2581 3816
Whole Mahanadi .. *4803 4803 +2800 -4150

Table 60.—Standard deviations.

Sections. July. Avugust. | September. | July—September.
Mahanadi 1 ve 0-4637 0-4754 0-3834 0-4427
” II .. +7988 +7334 +5040 <6908
s I .. +6181 -5718 4062 5394
» v o <7036 8044 5148 6848
» v . -6060 4717 -3478 4505
Whole Mahanadi .. 6301 -0217 4359 -5718
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Tahle 61.—Qoofficient of variaticn (=1008/m): 1891—1928,

Sections, July. August. | September.| July—September,
Mahanadi 1 .. 1115 116-5 126-1 120-7
, I 156-9 149-2 179-1 161-0
, I . 1088 102:5 1476 1149
. 1V . 1525 158:5 1830 1636
., v 1133 108-2 1348 118:1
Whole Mabanadi 131-2 1307 1557 1378

The intensity of ruinfall is not equal everywbere. The amount varies
from 0-3%” to 047" per day in different scctions, AL-III recciving the
greatest and M-I the lowest amount.

Glancing at Table (60} we find that the variabilily of the rainfall from
day to day is very great. Tor purposes of comparison it is convenient to con-
vert these into proporlional variabilities given by the coetlicients of variatioa
(100 s/m) which are shown in Table (61). Rainfull in July and Aucust is
alwost equally variable, while tho fluctuations in Septcmber are considerably
greater.  Among different sections wo find that M-1I and M-1V aro distinctly
more rariable thun the other sections. Thiv of conree, is partly a spurious
offect caused by the fact that upto 1901 the daily averages for M-It and
M-IV merely represented the rainfall at one single station only.

SECULAR CUANGE.

Section I (M-]).—We may now corsider the sccular or progressive chinge
with time. ‘The mean daily rainfalls in Scetion I for each of the three months
July, August and September for each year together with the corresponding
standard deviations are given in Table 62. (The wean rainfall for the
combined period will be found in Tablo 63.) The figures within brackats
give the number of rainfull stations available in cach year.

The rainfall in July, August and September is not quite concordant
which, of course, merely indicates the great variability of the rainfall.

The fluctuations from year to year are, however, nct completely sporadic
in charaiter, The graph cortainly suggests that we have stretches of increas.
ing or deereasing rainfall, Tor exawple, in August, the average rainfall
app-ars to have increased steadily during the period 1842—1007 (16 years)
and then decreased steadilys between 1903—1Y21 (14 years). In the sume
way, we may, if we like, divide the figures for other monthsalso into several
periods of increasing or decreasing rainfall. In July, for exawple, rainfall
appears to be gradually increasing since 1918.
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A comparison of these ‘trends’ (if they may be so called) shows that they
are not even roughly parallel. We ranst conclude, therefore, that these
tendenoies are local or peculiar to each month and are not characteristics which

are true for the whole season.

It will also be noticed that these tendencies

persist for comparatively short periods (of the order of 10 years varying
roughly from about 3 to 15 years), and do not occur in regular sequence.

Table 62,—Mean daily rainfall i1 inohes for July, August and 8eptember.

Mahanads Catchment Section I, 1891—1928.
July. August. September.
Year. n Mean, | S.D. n | Mean. S. D. ‘n | Mean. | 8.D.
1891 | 31 (2) -28 43 31 -39 -47 30 41 -59
92 |31 (6) 43 -38 31 -27 33 30 -36 -30
93 |31 (7) 25 18 | 31 37 36 | 30 -34 52
94 (31 (7) 47 42 | 31 -27 17| 30 23 -23
95 |31 (7) -34 28 31 -39 41 30 -31 48
96 (31 (7) -33 26| 31 43 39| 30 19 -21
97 {31 (7) -34 34| 31 -35 27| 30 -43 .33
98 (31 (7) 38 -32 31 35 -39 30 28 40
99 [ 31 (7) 28 +26 31 31 27 30 12 ‘18
1800 |31 (7) -28 23| 81 47 60 | 30 -40 47
ol |31 (8) -30 27| 31 -35 40 | 30 19 31
02 (31 (9) 54 48 31 ‘44 37 30 20 ‘15
03 (31 (8) 54 490 31 44, 41 30 -39 ‘32
04 | 31 (10) 43 42| 31 42 32| 30 -32 48
05 |31 (11) 44 45 | 81 -38 46 | 30 -34 27
06 31 (12) 52 ‘66 31 30 22 30 34 31
07 |31 (12) 29 22 31 72 EY 30 -27 33
08 [31 (12) | 45 42 | 31 -84 41 30 .28 .22
09 |31 (12) 45 40 31 27 24 30 +26 -25
10 |31 (12) 50 1:03 31 45 -57 30 27 -28
11 |31 (12) .25 31| 31 44 42 | 30 .28 35
12 |31 (12) ;43 32| 31 47 37| 30 24 27
13 |81 (1) | -58 66 | 3l -39 44| 30 ‘17 24
14 |31 (10) .49 50| 31 -40 .37 30 -46 -42
15 |31 (11) :38 53 31 +33 47 30 -85 28
16 | 31 (13) <38 26 31 39 29 30 25 19
17 |31 (13) -39 24 31 35 34| 130 36 25
18 131 (13) 22 35 31 30 28 30 21 28
19 31 (12) 56 45 31 64 68 30 ‘18 26
20 | 31 (13) 76 -85 31 28 -37 30 24 26
21 {31 (13) -40 41 31 29 25 30 .50 75
22 {31 (13) 64 65 31 <37 -39 80 47 -3
23 [ 31 (13) -36 -27 31 31 20 30 -32 22
24 | 31 (13) 26 -30 31 41 76 30 -30 22
25 [ 31 (13) +60 54 31 48 -39 30 2 78
26 | 31 (13) 36 +25 31 -80 1:32 30 42 58
27 | 31 (12) -48 46 | 31 -63 48| 30 -30 .48
1928 | 31 (13) -59 -62- 31 31 28 30 -27 .18

{The figures within bra-kets in columa (3) give the numbers of rainfall stations.]
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Section II (Af-I1).—Tho monthly mean values are given in Table 63,

In this seotion the figures up to 1901 aro based on one single rainfall
atation, and & is not surprising to find that they ara not concordant for the
differont months. In fact they are somctimes definitely opposed in chavactes-
For cxampl*, in July, tho rainfall stcadily decreased from 1892—1900, the
average value falling from about 060”7 in 1883 to 0-24” in 1900. -But in
August, during the same period, rainfall increased from 0'15" in 1592 to 0-56
in 1800. The averages from 1902 being based on not less than 6 stations are
far more reliable., It will be noticed that tho fluctuations are now much less
violent, and in this scction the trends also appear to be slightly more concord-
ant for the diffcrent months.

Table 63,—Moan daily rainfall in inches for July, August and September.
Makanadi Catchment Section 11.

July. August. September.
Year. n Mean. | S8.D. n | Mean. | S.D. n | Mean. | S.D.
1891 |31 (1) 59 -81 31 -53 99 30 56 1-:02
92 (31 (1) 1:22 2:12 31 18 -30 30 24 34
93 |31 (1) 60 ‘74 31 «36 +68 30 56 1-02
94 |31 (1) $74 1-05 31 -27 49 30 <19 49
95 [31 (1) -36 52 31 51 <72 30 -11 -24
96 (31 (1) 1-13 2:14 31 01 1-62 30 21 43
97 |31 (1) 53 121 31 04 -85 30 36 63
98 |31 (1) 61 86 31 -58 117 30 16 +33
99 [31 (1) 40 a9 31 .32 51| 30 70 .20
1800 |31 (1) 24 +36 31 +50 83 30 -00 1-25
o1 [31 (1) -30 33 31 72 1.36 | 80 .19 45
02 |31 (6) -64 074 31 -40 43 30 19 21
03 |31 (6) 48 531 31 .39 44| 30 .28 -30
04|31 (8) 42 69 31 48 -48 30 18 29
05 ]31 (6) 44 -59 31 -39 48 30 47 63
06 |31 (8) .52 55| 31 .37 39| 30 .30 .25
07 |31 (8) 31 -33 31 68 50 30 32 50
08 |31 (8) 43 29 31 17 68 30 -27 -20
09 |31 (8) 59 50 31 20 25 30 24 43
10 |31 (8) .56 1-11 31 -57 91 30 .22 17
11 (31 (8) 19 -27 31 83 97 30 25 27
12 |31 (3) 49 43 31 -40 46 30 21 +317
13 |31 (8) 41 +55 31 47 78 30 16 20
14 |31 (8) 48 +39 31 <32 +30 30 29 -26
15 {31 (9) 38 49 31 40 75 30 +34 50
16 {31 (9) 44 29 31 40 -38 30 18 -17
173t (9) -40 44| 31 46 50 | 30 -30 26
18 , 3L (9) .32 401 3 -37 401 30 -31 43
19 | 31 (x0) 51 43 31 «74 ‘80 30 15 26
23 {31 (11) -84 81 31 49 82 30 18 28
21 {31 (11) .30 30 | 31 46 49| 30 -40 .68
22 {31 (1) <57 +36 31 :30 43 30 46 52
23 131 (11) 31 22 31 45 35 30 20 20
24 | 31 (11) .31 25| 31 .42 62| 30 .23 .24
25 |31 (11) 64 g1 3 -54 42| 30 21 .23
26 {31 (11) 35 80 31 -87 1.01 30 37 53
27 |31 (1 53 -68 31 -52 45 30 24 <52
1928 | 31 (11) +63 83 31 27 -34 30 =23 09

[Tho figures within brackets in column (3) give the numbers of rainfall stations.]
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Seetion 11I (M-IIT).—Tablo Gk gives tho monthly mean rainfall
for July, August, September and the corresponding standard devistions,
As in othor sections, the tendencies are not persistent over the whole
period, and are not concordant for the differont montl.s, In the case of
M-III, the fQluctuations appear to be slightly smeother, For examwple, the
trend for Septemnber shows ouly one minimum, and is almost regular.

The most prominent short period trend is the decrease in rainfall for 6
years irom 1°0S” in 1592 to 043" in 1597 for the month of July.

Table 64.—Maean daily rainfall in inches for July, August and September.

Mahanadi—Scction I11.

July. August. September.
Year. n Mean. S. D. n Mean. S.D. n Mecan. S.D.
|
1891 [ 31 (5) .03 1:02| 31 .52 47 30 63 .86
92 {31 (5) 1:03 137 3t 36 .31 30 29 78
03 [ 31 (6) 57 4l 31 44 61 30 41 44
94 |31 (6) 76 a3l om .59 56| 30 20 4
05|31 (6) 56 71 31 6) 561 30 01 ‘12
96 | 31 (6) 51 63 31 66 60 30 13 28
07 |31 (6) 43 +4¢) 31 Bk +090 30 21 -32
98 | 31 (6) +53 +50 31 40 41 30 +20 :22
a0 |31 () 47 5200 31 44 43| 30 60 | 15
1000 [ 31 (5) 49 | .51 31 -6 R 30 52 | 43
0131 (6) 44 34| 3t 7u 621 30 24 51
02 {31 () -0t -4 41 47 52 30 23 24
03131 (7) -48 -6 31 48 45 30 37 36
vt |31 (7) 49 50 31 ol +Hh 30 12 -2
03|31 (1) 62 a8 .34 261 30 -49 .57
06 |31 (8) 2! Bl B 87 35 80 -41 43
07|31 (») 30 -31 31 .82 Ly 30 19 -37
08 |31 (B) 75 47 31 -7l b 30 17 11
uv |31 (¥) 1 -1 31 -34 3% 30 .23 -3
1010 |31 (8) .34 35 a1 .58 -5 30 .31 N
11 |31 (8) 250 31 31 67 Nk 39 -4) 44
2081 () 634 8| oM 52 T T .2] N
13|31 (10) 47 S5 » 11 1] 20 16 3
14 |31 (10) 81 b 31 a7 i 30 04 24
15 | 31 (10) -37 4 3 5 a1l 30 41 45
16 | 31 (L1) 42 -39 a1 GG 51 30 03 -4
17 [ 81 (11) 61 41 H 76 -1 30 33 24
18 131 (11) 26 37 31 g <03 3 ‘14 20
19 ] 31 (11) 46 38 3] BN -51 30 <230 Iy
1920 1 31 (13) o 09 31 -Gl *SK 30 14 S5
21131 (13) 43 -5l 3 4 -3 30 -27 3
22 |31 (13) 50 T -Gl ST 45 37
23 |31 (13) 51 44 M 05 STUN T 20, 2
24 | 31 (13) 49 36 sl 43 a3 3u 32 29
25 31 (13) 70 51 31 .52 In] 30 B 4y
26 | 31 (13) 56 T T4 wo | 30 -39 .50
27 |31 (13) 2 Y 53 7] 40 25 .39
1928 131 (13) .38 G0l 31 .34 40 30 .22 25

[The figures wnbiu beackuts in eolo:un (3) give 1ho nuasbers of rainfall stationa.]
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Section 1V (3-17).—The actual values of averagoe daily rainfall for J uly,
August and Beptember cach year are given in Tablo 66.

Up to 1901 the figures represent tho rainfall at one single station and are
not reliable. Henco much reliance cannot be placed on the decreiss in J uly
and August during the 9 years 1891—1899. The short period tendencies are
neither regular nor similur for all the three mont}u.;, and we must conclude that
there is no persistent trend covering the whole poriod.

Table 65.—Mean daily rainlall in inches for July, August and Septembor.
Jahanadi Catchment—Section IV.

July. August. September,
)

Year. n Mean. S.D. n Mean. | S.D. n | Mean. S.D.
1891 |31 (1) 63 99| 31 42 a4 | 30 54 5
92 |31 (1) -39 64| 31 45 69 30 .32 .56
03 |31 (1) .65 91 31 55 891 30 .50 .87
94 |31 (1) a3 | 166| 31 -40 20| 30 31 27
95 |31 (1) 30 40| 31 50 | 30 13 20
96 |31 (1) 57| 101 31 561 147| 30 10 30
97 |31 (1) 20 +36 31, 55 -83 20 .34 .45
98 |31 (1) 57 56| 31 -38 65| 30 21 48
09 |31 (1) 25 sl 31 51 82| 30 07 .24
1900 |31 (1) 10 59| 31 66| 154 30 97| 1.3
01|31 (2 50 64| 31 -48 55| 30 12 2%
02|31 (2) -36 S| 31 43 66| 30 ‘11 16
03 |31 (4) 48 +88 31, 59 74 30 21 9
0431 (5) .23 36 3t 43 52| gu 10 16
05 |31 (7) .33 811 31 .37 371 30 47 64
06 | 31 (7) +56 g 31 :30 +32 30 =20 .34
07 |31 (o) 23 27| 31 60 U -36 2
o8 |31 (7 .39 T ) .59 56| 30 a8 s
09 |31 (7) 57 T Y 17 a9 | 30 18 .48
1910 |31 (7) -43 a1l 3 3| 13s] 30 .32 45
1 |31 (7 -20 361 31 -3 91| 30 20 25
12|31 (7) .60 -5 31 .58 a1 30 230 .54
13131 (7) -46 a8 81 .35 55 30 BUE B
14 |31 (7 <57 67 31 41 50 30 36 .38
15 131 (7) -60) -96 31 08 1-2%8 30 12 13
16 |31 (7) «32 27 31 <34 42 30 2] .27
17 131 (8) +33 .51 31 45 -53 30 27 25
15 131 (9) 042 03 31 (2 71 30 23 -52
19 |31 (v) .51 8| 8l .70 gtk 30 19 -39
1920 |31 (9) 53 ‘01 31 -41 276G 30 14 27
21 |31 (9) 35 47| 3 .53 57 (30 ) .51
22 131 (9) 51 -38 31 .41 94 30 45 1)
23 |31 (9) 46 [ 45| 3l 43 40| 30 23 27
24 |32 (V) 206 26 31 45 05 30 35 40
25 131 (9) -83 <03 31 63 +54 30 27 =53
26 |31 (9) =32 .34 31 79 04 30 =19 <6l
27 |31 (9) 54 41| 31 -66 59| 20 21 .32
1928 |31 (9) 57 71 31 :34 -41 39 ‘22 .29

[The fgures within brackets in coluinn (3) give tho nuwless of ruinfull stations,)
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Section V., (31-V).—Daily aversge rainfall figuresare given in Table 66.
They are irregunlar in sequence, and dissin‘ilar for the differcnt monthe. The
most pronouuced tendency was, for the avernge daily rainfall in July, to
decrease from 0'51” in 1692 to 022" in 1699. This tondency, however, did
not persist in later years.

Table 68.—Mean daily rainfall in inches for July, August and S8eptembe.

Mahanadi Catchment—=Section V.

July. August. September.
| 3
Year. n Mean. | S.D. n Mean. | 8.D. n | Mean. | 8.D.
1891 |31 (8) 56 85| 31 39 46| 30 50 38
92 |31 (6) 81 94 31 33 31 30 23 30
93 | 31 (6) 45 44 31 45 58 30 40 3
94 131 (8) 87 64 31 44 41 30 34 47
95 [ 31 (6) 34 35 31 46 49 30 12 23
06 | 31 (6) 70 96 31 68 78 30 T4 18
97 |81 (7) 413 40 31 49 49 30 24 30
98 |31 (7) 55 42 31 41 57 30 23 23
99 [ 31 (7) 23 35 31 47 59 30 97 23
1900 |31 (7) 46 41| 31 52 87| 30 57 85
0131 (7 46 41| 31 47 41| 30 30 80
02 | 31 (12) 40 40 31 32 36 30 22 +23
03 [ 31 (12 52 53 31 47 41 30 27 a1
04 | 31 (13) 25 23 31 44 40 30 18 34
05 | 81 (14) 44 49| 31 32 25| 30 42 18
06 |31 (19) 54 48 | 31 28 31| 30 26 31
07 | 31 (19) 28 22| 31 45 36| 30 17 28
08 |31 (19) 47 31| 31 64 50 | 30 24 26
09 [ 31 (19) 50 30 31 24 21| 30 18 37
1810 | 31 (19) 33 46 31 53 71 30 34 25
11 |31 (19) 26 36| 31 .57 43| 30 22 19
12 |31 (19) 48 41 31 52 :50 30 -23 -36
13 {31 (19) -36 38 31 -34 61 30 12 17
14 | 31 (19) 56 40 31 32 20 30 33 42
15 | 81 (19) 43 49| 31 42 63| 30 -32 34
16 | 31 (19) 34 22 31 -39 -39 30 22 24
17 |81 (19) -38 -30 31 50 51 30 -36 24
18 131 (19) -31 47 31 43 -39 30 -14 -19
19 | 31 (19) 61 45 31 58 44 30 ‘14 :20
1920 | 31 (19) 49 70 31 31 -39 30 12 <22
2) |31 (19) -32 22 31 37 -36 30 27 43
22 | 31 (19) 47 34 31 26 -34 30 34 :29
23 | 31 (19) <54 -39 31 49 -37 30 33 29
24 | 31 (19) 32 25| 31 34 46| 30 -36 .19
25 | 31 (19) -59 -56 31 46 32 30 -19 -23
26 | 31 (19) -31 -23 31 ‘60 62 30 -38 54
27 | 31 (19) -50 79 31 56 55 30 20 28
1928 | 31 (19) 43 56 | 381 29 30| 30 g 19

(The figuros within brackets in cclurn (3) givo the numlers of rainfall stations.)
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Mahanadi Catchment.—Tho average daily rainfall in July, Auvgust
and S’er;)hbealr:ber (and the combined period) for the wholo of the Mahanadi
catchment are given in Table 87 and Cbart (1). The trend lines are naturally
smoother than those for individual sections. The curves for July, August and
September are, however, not in agrecment, showing that the short period
tendencies wera different in different months. Although the sequences of
increasing or decrcasing rainfall do not appear to be cntirely random in
character, they are npeither regular nor periodic. Particular tendencies
persist for a short period only (cf the order of 10 years), and difteront
tendencies appear in an irregular manner.

Our general conclusion is that we have some evidence of particular
tendencies (of increasing or decreasing rainfall) to persist for a few years, but
we do not find definite or regular trends persisting for a long time or affecting
the season as a whole.

Table 67.,—Mean daily rainfall in inches for July, Auzust and 8eptember.

Whole Mahanadi Catchment, 1891—1928.

Number
Year. of July. | August. | September. |Combined.
stations.

1891 15 0-65 0:40 0-51 0-51
92 19 79 .28 27 45
03 21 50 42 43 43
94 21 87 49 25 47
93 21 -38 +54 14 37
98 21 71 61 14 49
97 22 39 +67 30 42
98 22 +53 44 21 40
99 22 +34 14 08 29

1900 21 <37 +57 63 St
01 33 42 <55 20 39
02 36 +52 -39 18 37
03 30 -50 40 30 042
04 40 +35 -46 17 31
05 43 61 <34 43 46
08 54 -55 .36, 29 40
07 54 4t] 54 25 37
08 53 +560 62 22 45
09 54 67 ! .29 21 36

1010 64 44 54 +28 43
11 64 23 63 20 :38
12 563 52 48 23 41
13 68 45 41 10 34
14 54 58 43 32 43
16 60 43 47 <306 43
16 69 «37 40 +22 +35
17 60 45 <60 31 42
18 13 <31 48 +20 +33
19 61 05l 87 <17 46

1920 64 «70 42 <16 43
21 85 +360 40 *34 37
22 63 50 41 42 47
23 86 44 +53 +25 41
24 65 +33 41 -30 38
28 66 87 52 24 67
28 65 -38 70 -39 81
27 64 -63 56 -23 48
28 66 «50 -81 22 <37
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Combined period: July—September.

Having desoribed the fluctuation of rainfall in individual months, I may.
now consider the average daily rainfall in cach year in each section for the
combined period of 92 days (1st July—30th September). The relevant data
will be found in Table 03.

Table 68.—Mean daily rainfali for the period July—S8eptember. In the Mahanadi
Catohmeont,

Mahanadi Catchments, 1891—1928.

Whole
Year. M-I. M-II. | M-IIL. | M.IV. | M.V. Catch-
ment.

1891 0-360 | 0-558| 0-610 | 0-527 | 0-483 | 0:510
92 +353 -550 -573 <385 +458 -449
93 +209 +502 476 569 +436 457
94 +323 403 +523 +480 +483 -474
96 346 +332 421 315 313 -368
96 -318 769 5317 415 -490 493
97 872 510 453 +358 -390 423
98 337 447 374 -388 <398 <397
99 239 -298 -328 278 <267 290

1800 =384 663 +567 -675 -514 +537
0l 281 -403 -461 -386 410 392
02 388 <443 450 301 313 +3668
03 +458 -378 445 430 424 423
04 -391 362 <374 270 -300 -338
05 378 433 487 476 380 -428
08 -386 395 468 -378 362 403
07 +428 405 +438 411 301 +372
08 +468 -493 560 +389 452 +432
09 329 365 1424 +307 -303 +366

1910 406 +461 424 -479 399 427
11 -325 427 440 406 361 384
12 -381 -388 464 495 +409 414
13 385 <343 +360 325 -168 -343
14 452 363 543 447 401 450
16 +353 374 411 +569 395 427
16 -331 -361 466 291 +330 :356
17 362 416 -678 353 415 -424
18 <244 335 367 -428 295 -332
19 +461 469 461 468 413 454

1920 +426 -508 6550 +363 311 +432
21 +398 -389 349 -406 -318 371
22 491 475 652 456 +357 467
23 +331 321 <657 -387 +4566 410
24 -323 :320 413 357 337 +350

25 468 <464 497 579 -416 672
26 528 531 596 503 433 512
27 431 435 489 471 425 -448
28§ 389 +379 -383 +376 +302 368

We notice, therefore, that the fluctuations from year to year are propor-
tionally much greater than flucutations within the year. The statistical signi-
ficance can, however, be pracisely tested by using R, A, Fisher's Z-statistics.

I have used Fisher's method of analysis of variance to test the significance
of the fluctuation from year to year. For section I (M-I), I find that the
total sum of squares of 3,496 daily deviations from the general mean value
ie 696'5787. The estinated variance 01993 is given by dividing this sum
696:5787 by 8,495 (which is one lcas than the total number of days 8,496, and
represents what is usually called the number of statistical degroes ‘of freedom).

The total sum 69665787 way, however, be divided into two portions:—
(1) the fluctuation from one year to another, and (2) fluctuations for different
days within the same year, It is possible to separate these two terms. Doing so,
we find that the portion due to. fluctuations from year to year is 151236,
But this represents only 87 degrees of freedom (for there are 38 years altoge-
ther, and 38—1=87 represeats the number of independ&nt comparisons
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possible), and hence the varianco is 0:4090. The remaining portion 6814651
must then be attributed to the fluctuations within years represented by
3,496—37=38,168 degreos of freedom. The corresponding variance is 01971,
which is practically the samo as the total variance 0:1993.

In this case we find that Z = 0-3650, which is more than three times its
approximate stangard error 0-1170. We conclude that Z may be taken to be
significantly greater than zero, t!xat js, the two varinncos goppargd are
statistically different. The analysis of variance may be exhibited in the
following way :—

Table 69.—Analysis of varianoe—Rainfall in Mahanadi, Seotion 1.

Degroes !
—— of Sam of squares. | Meoan vatiance, 8.D.
Freedom.|
Between years 37 15-1236 -4090 6395-
Within years w | 3458 681-4551 -1971 4440
Total | 3495 696:5787 1993 4464

The general conclusion is that the years are significantly differentiated.
That is, the average daily rainfall in different years is significantly different
from one another,

We can apply the same test to the other sections. The analysis of variance
for the sections II, IIT, IV and V are given in Table 70. 'The value of
7 for section II is just below twice its (approximate) standard error, and is on
tho verge of significance. All the other values of Z are more than twice the
correspouding standazd errors, and may be considered to be significant.

Our general conclusion is, then, that the average rainfalls in different years
are significantly different in each section.

Table 70.—Analysis of variance—Seasonal Rainfall in the Mahanadi Catchment.

Degrees | Sum of Observed
Catchment. Mode of variation. of squares of| Mean value
freedom. [Deviations.| variance. of Z.

Section I .. | Between years .. 37 15:12 36| 0-4090 | 0-36 50
Within years .. 34 53 | 6814551 01971
Total . 3405 | 6965787 0-19903

Bection II .. | Between years .. 37| 274785 07427 0-2109
Within years .. 34 58 '16 84:27 66| 0-48 71
Total . 34 95 iu 1175 51| 0-48 97

Section III .. | Between years . 37 20-0019| 0-5408 ] 0-2799
Within yeara . 34 68 |10 68-31 81| 0-30 89
Total . 34 95 |10 853200, 0-31 14

Section IV .. | Between years .. 37 28-31 74 07653 | 0-23 57
Within years . 34 68 |16 61-97 22, 0-47 77
Total . 34 95 |16 80-28 96| 0-48 07

Section V .. | Botween years .. 37 16:15 82| 0-43 67 0-3G 82
Within years . 34 58 | 7 22.08 29| 0-20 91
Total . 34905 (7391411 02115

Whole Mahanadi | Between years .. 87 1316/ 0-3566| 0-3278
Catcbment. Within years .- 34 58 6 38-18) 0-18 45
Total .e 34 05 6 51-34 0-18 64
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This being 8o, I thought it worthwhile to fit straight line trends by the
method of least squares. (One great defect in this method is that the averages
for different years are given equal weights although they were based on widely
different numbers of rainfall stations. Weighting would have increased the
labour of computation very greatly ; and I did not use it for this reason.)

The straight lines fitted to the annual mean of daily averages for different
sections are given below :

Whole Catchment R=0-424-00 02 (Y—1910).
Section I R=0:374--00 29 (Y—1910).
Section II R=041—:00 16 (Y—1910).
Section ITL R=0-46+-00 03 (Y—1910).
Section IV R=0414-00 09 (Y—1910).
Section V R=0-38—00 12 (Y—1910).

The coefficients are all small, the largest 40029 for section I representing
& change of less {han ‘003" or three-thousandth of an inch per year, and is
less than 1 per cent of the mean value. But tho most striking thing about the
coefficients is that three are positive and two negative, indicating apparently
that the rainfall is increasing in seotions (M-I, M-III, M-IV) and decreasing
in the two other sections (M-II and M-V). This shows that the trends (if real)
must be local peculiarities,

This is clearly brought out in the straight line fit to the data for the
whole catcbment. The coeflicient of incroase is +:0002” and is negligibly
small. In other words, the average daily rainfall in the whole Mahanadi
catchment, although differing significantly from year to yoar, fluctuates
steadily round a constant value of about 0:37", and does not show any
progressive change with time during tho period 1891—1928,

In view of this steadiness of the average rainfall over the whole catchment
we ghall not be justified in attaching much importance {o the local
peculiarities of partioular catchments, It is interesting to note that M-III,
which has the largest area, has also the lowest coefficient among the sectiona.
It is not impossible that the local peculiarities noliced in the caso of other
sections arise from the fact that the area of these aeclions is not large

enough to average cut the bias introduced by peculiarities in the distribution
of raiufall stationa.



CHAPTER XXI,—SEASONAL CHANGE IN RAINFALL.

Ishall now briefly describe the change in the daily rainfall as the
monsoon advances. Tho average daily rainfall for each day from July 1to
September 80 for each section and the whole catchment will be found in
Tables 71—76.

The analysis of variance for all the sections and the whole catchment
is given in Tables 77'1—77-5. It will be seen that the fluctuations
between one date and another (‘ between dates ') are invariably greater than
fluctuations for the same date in different years (* within dates”). The
Z-test is definitely significant in every case, In other words, the seasonal
change in rainfall may be considered quite real in the case of all the sections
as well as for the whole catchment.

The graphs fully corroborate these results. The rainfall increases as the
monsoon season advances from the 1st July, attains the highest value in
the last week of July or the 1st week of August, decreases slowly at first and
then quite rapidly in SBeptember. The change is typical, and is practically
identical in all the sections.

Table 71.—Mean daily rainfall for different dates of July, August and September,
Mahanadi Calchment, Section I, 1891—1928.

July. August. September.
Date. n Mean. | 8. D.| Mean. |{S.D.| Mean. | 8. D.
1 38 0-39 | 0-46 0:53 | 0-51 0:38 | 0-3¢
2 38 -33 32 -63 51 37 44
3 38 41 33 47 48 39 36
4 38 44 90 38 53 4] 50
5 38 <36 36 -39 60 47 59
6 38 -30 32 37 27 43 42
7 338 127 24 -53 49 41 66
8 38 38 49 40 43 32 26
9 38 39 37 -30 33 32 29
10 38 4] 43 33 30 32 36
11 38 45 40 -31 31 37 27
12 38 606 0l <35 38 39 435
13 38 37 26 42 40 32 31
14 38 44 44 :37 41 37 45
15 38 37 43 33 15 235 30
16 38 36 41 47 87 25 28
17 38 41 40 52 95 29 48
18 38 30 -30 43 57 34 38
19 338 36 -30 -39 41 26 42
20 38 45 -35 49 63 19 16
21 38 34 31 -40 29 19 23
22 38 49 61 -37 34 27 32
23 38 48 47 -37 33 34 53
24 38 51 <52 ‘44 40 36 417
25 38 49 44 <37 32 27 25
26 38 49 -48 42 37 19 19
27 38 48 +51 41 47 16 20
28 38 38 -35 40 27 20 26
29 38 40 42 42 36 19 26
30 38 36 45 27 24 10 13
31 38 58 77 40 46
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Table 72.—Mean dally rainfail for difterent dates of July, August and September.
Malanad$ Calohment, Section 11, 1891—1928.

July. Augnuat. Beptember.
Date. n Moean. | 8. D.| Mecen. | 8. D.| Moan. | 8. D.
1 38 0:40 | 0-567 0-78 | 0:86 062 | 0-81
2 38 47 -0l 81 ] 1.24 40 54
3 38 46 44 83 | 1-27 6l ‘89
4 38 -67 80 52 -84 ‘54 -87
] 38 -42 ‘68 -30 41 48 51
6 38 -42 45 48 -69 61 -85
17 38 -30 -27 -63 -66 40 36
8 38 41 40 49 61 ‘44 74
9 38 -44 51 42 ‘88 -22 -83
10 38 +83 90 36 49 -28 42
11 38 48 50 68 | 1-08 022 =27
12 a8 14 87 -46 -61 36 83
13 38 47 55 -568 02 31 47
14 38 45 <63 67 ) 1-02 -20 -27
15 38 42 -668 -46 <08 -30 -37
18 38 -30 46 -47 -67 -25 -83
17 as 49 <17 48 -82 25 50
18 kL) 62 -67 -62 | 1-16 -37 =78
19 38 -63 57 -29 31 -89 18
20 38 <82 -68 -34 41 17 37
21 38 40 418 -34 48 ‘16 27
22 33 78 | 1-39 -53 75 20 -32
23 38 1-03 | 1-08 28 -33 :22 -31
24 38 -67 -4 61 61 ‘19 23
25 J8 51 -78 47 ~65 17 25
26 38 68 | 1-00 44 12 ‘13 ‘18
27 38 -51 -51 46 +62 -0¢ 17
28 38 U8 1 1-42 42 43 -92 -3
20 38 42 a2 «53 49 ) 35 -20
30 38 42 48 -33 -38 07 -20
31 38 43 52 32 -50

Tablo 73.—Mean daily ralnfall for dilarent dates of July, August and September.
Mahanadi Catchment, Secticn 111, 1891—1928.

1 38 0-40 | 0-40 0-83 | 0-01 0-49 | 0-83
2 38 40| .49 67| 62 33| .37
3 38 GO | 47 -63 | 54 43 [ .51
4 a8 53 | .58 48 [ .52 42| .32
[ 38 Gl 49 47 | 64 42| 40
G 38 66 | .57 12| -66 46 | 44
7 38 46 | -40 75| 72 40 | -39
s 38 45| 3¢ 60 | 54 36 | -38
) 3n 40| M 49 | 44 -3¢ | .31

10 38 65 | -30 GO [ -4p 26| .37
11 33 64 | 54 53 | 51 2% | 33
12 38 84 | 1-06 -52 | 563 36 | 17
13 38 58 | 51 65 | 02 e |62
14 38 43 ) g6 67| 72 g 41

15 38 68 | 70 46 [ 40 25| .33
16 38 69 | -56 33| 47 -2t | .04
17 38 w9 | -51 54| 50 | 24| 32
18 38 45 [ 44 72| 82 25 1 -43
10 38 62 [ 43 54 (51 13 [ 20

20 38 68 | -c6 45 | 48 14 21
21 38 09 | .52 48| -39 e 24
22 38 72| k8 63 52 23 | 40
23 38 31 108 48 | -4 21 | .29

24 o8 -GO -52 04 -59 Ay -31

25 58 32 80 64| -59 23 .29
20 38 19 | .08 44| 44 A4 18

27 38 61 [ .00 46 | 55 1z, 18

28 38 63| 14 40 | 43 12| 28

29 38 68 [ -B2 49| 45 Az |18

30 38 .58 | 62 53 | 44 10| s

N 38 62| .08 49| 41 .. ..
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Tabis 74.—Mean dally raintall foy diffarent dates of July, August and Septomber.
Mahanads Catehinent, Section 1V, 1891—1928.

July. August. Beptomber.
Date.
n Meen. | 8. D.|Mean. |8.D. |Moen. |S.D.
1 38 0-37 68 82 83 -63 -80
2 38 40 «60 ~76 90 28 42
3 38 49 -51 -08 ‘80 ‘40 49
4 38 49 80 ‘64 | 1-20 41 51
[ 38 46 | .62 47 71 .38 .57
[} a8 ‘51 48 67 09 356 | .82
7 38 30 | 47 -60 50 30| -0k
8 38 -26 -29 76 | 1-37 -32 .45
9 a8 -40 58 -38 60 <21 ‘34
10 38 ol <15 34 -50 +34 «58
11 38 -32 40 456 ‘68 20 ‘31
12 38 60 | .18 65 | 164 40 | .70
13 38 -g0 -068 -6y ‘G4 43 «Go
14 38 40 560 48 -76 20 41
15 ki <30 36 -39 +59 +25 34
18 33 -31 -68 38 60 25 +45
17 33 51 -62 28 42 +30 52
18 38 68 [ 1-48 +50 ‘48 36 63
19 34 ‘36 48 28 -33 29 | .50
20 38 44 -47 -6 | 32 11 04
21 38 ‘42 -03 45 o4 22 -3
22 38 42 -58 67 -18 24 10
23 38 -hg 16 -32 40 ‘19| 55
24 33 "5 99 57 70 25| -l
25 33 52 07 -62 70 24 -13
20 3y 54 07 -62 78 «20 47
27 3% 67 7Y -50 62 08 ) .09
28 8 41 03 52 87 .32 75
29 a8 52 18 49 4 07 ‘17
R 38 690 -09 -39 03 06 13
31 3% o1 71 <50 <67 .
Tabie 75.—Moaan daily rainfall for diffrant ¢a’os of July, August and 83ptemYer,
M ahanadi Catchment, Section V, 1891 —1928.
1 35 38| -33 L[ .58 38| 38
2 RE] 49 45 65 62 =37 41
3 38 40 .33 -0t 53 42 ) a4
4 “s 61 50 63 69 -32 -30
5 34 16 31 42 2 35| 37
6 33 52 50 53 -31 33| -3¢
7 38 -4 -3 "5 <54 28 28
8 3y 30 -39 JiH *75 <32 32
0 KRS 11 40 <35 33 23 27
10 KA 45 48 34 35 22 23
11 KR -33 206 2 40 25 .29
12 38 52 69 -43 47 33 -2
13 3H -63 79 10 -38 27 -31
14 38 -3 .36 48 50 27 -30
15 K{-S 40 33 -36 40 <22 24
16 Kt S E N B TH 28 | 40 207 42
17 oy -39 35 <32 33 230 .34
18 38 44 ] 42 R 250 38
19 RE 41 -3y 3 (K1 20 42
20 34 EEN Y 25238 (141 .22
2) 28 -35 -35 -85 23 27 -37
22 38 41 47 .37 OR 21 -36
23 J8 16 -9 39 45 21 -36
24 a8 “h2 -3} -45 -39 +33 50
25 48 ) B -48 53 31 41
20 38 -52 -57 -43 40 21 27
21 3y 54| 1 41 41 ‘14 ‘17
28 38 RTINS 50| 50 23 | .44
29 38 43 13 44 57 2] .21
30 33 10 45 -38 41 ‘10| .18
31 33 13 -3 S8 -39 .
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Table 76.— Mean dally rainfafl for dilferent dates of July, August and 8eptember,

Whole Mahanadi Catchment, 1801—1928.

Date. |Rainfall.] Date. Rainfall. Date. Rainfall*
July, 1 0-39 | August, 1 0:68 | Septembor, 1 0-46
2 42 2 0-68 2 .38
3 -45 3 -85 3 .48
4 51 4 51 4 42
6 .44 5 42 8 41
6 47 6 55 6 41
7 +35 7 <61 7 +38
8 =36 8 -58 8 :36
9 42 ] +39 9 +26
10 -49 10 -38 10 -28
11 42 11 48 11 +26
12 67 12 49 12 +35
13 =53 13 -51 13 -36
14 -4l 14 -654 14 «28
15 42 156 -10 15 25
16 43 16 +39 16 25
17 46 17 -43 17 -28
13 -17 13 54 18 -32
19 44 19 <36 19 +19
20 48 20 .36 20 18
2 42 21 -40 21 -21
23 66 22 -48 22 -23
23 65 23 -37 23 -24
24 60 24 +32 24 .06
235 -58 23 +61 25 .26
Py 61 20 47 26 19
27 +53 27 45 27 *12
28 -50 23 +47 28 23
29 47 2 47 29 °12
30 47 30 -38 30 -09
31 | 51 31 | 42 . I .

Analysis of variance.
Mahanadi Catchment (1891—1928).

Table 77-1, Section M-I—
Between dates .
Within dates .

Table 77-2, Section M-IT—
Between dates .
Within dates .e

Table 77-3, Section M-III—
Between dates ..
Vithin dates .e

Table 77:4, Section M-IV—
Between dates ..
Within dates .e

Tablo 77-5, Seotionl M.V—
Between dates .e
Within dates .

D-F. Sum sq-. Mean sq-

91 31:1459 -3422
34104 665-4328 <1954
3403 (96-5787 +1993
= +2800. Standard error =-0741
91 108-7319 1-1948
3404 1603-0232 +4709
3495 1711-7551 -4897
Z=:4655 Standard error =+0741
01 104-29072 1-1461
3404 984:0228 +2891
3495 1088-3200 -3114
Z=-6876 Standard error =:0741
o1 96:7131 1-0828
3404 1597-5765 «4693
3495 10694-2890 4848
Z=-4087 Standard error=-0741
91 51-3659 <5645
3404 687:7752 -2020
3495 739-1411 2118

Z=+5138 Standard error=-0741
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CHAPTER XXi1.—THE FREQUENCY DISTRIBUTION OF INTEN-
SITIES OF RAINFALL.

The frequency distributions cf different intemsities of rainfall in July,
August, September, and for the combined period for each of tho 5 scctions
of Mahanadi and the whole catchment arec given in Tables 78—%2
The distributions cover the 38 {ears 1891—1928, and under cach range give
the number of days on whioch the actual rainfall was of an amount lyin’g
within the given range. For example, for Section I, July, range 0-40"—0560",
we find the figure 110. We know then that on 110 days in July during
the 38 years 1891—1828 the average daily rainfall in Section I was not less
than 0'40" or not greater than 0:50° Thus, on an average, this intensity
of rainfall had occurred about 3 days in each roason.

In using these Tables care should be taken to note that the size of the
group or range has been changed at many places. The figures for * zero ™
rainfall actually rcfer to all cases from real zero to 001", sinco rainfall less
than 001* are not reported in the Mcteorological records. The class interval
here is then 0:01“. I'rom 0-01” to 0-10” the class interval ia *09”. From 0-10*
to 1°00” we have grouped the frequencies at intervals of 010”. TFrom 100"
to 2:00%, the interval is 0-20, while beyond 2:00” it is 0'50". The change in
class intervals explains the lumping together in the ranges 1:00—120 or
2:00"—2'60".

In M-I the average daily rainfall apparently never excceded 25 on even
a single day in 38 years, In M-II tho limiting value lies in the range 8:6*—
400", and in M-III in 6:00“—G50", The extremeo range in M-1V is 8-5"—9 00*
but this mercly refers to single rainfall stations and need not be taken
soriously. In M-V the limiting range is 4:560"—6:007,

T able 78.—Frequenoy distribution of rainfall intensities {57 July, August and Septambor
and the combined period of July—Septembor.

Mahanadi I,

Range of 1

rainfall July. August. September.  [Combined.

ininches.
Zero 60 42 127 220

0-01— -1 193 244 246 GB3
—_ 2 171 194 220 585
— 3 181 168 132 451
— i 122 112 110 344
— S 110 99 83 292
—_ 0} 83 73 74 230
— 01 57 35 153
— -5 38 36 32 106
— 9 29 24 24 77
—1 21 19 16 56
—1-2 30 44 16 90
—14 24 15 7 46
—1:C 8 13 5 26
—1.8 12 11 4 27
—2:0 3 6 . 9
—2-8 11 . .o 11
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Table 79.—Frequency distribution of rainlall intensitios for July, August, Saptembar
and the combined period of July—Soptember.

Mahanadi 11.

Range of

rainfull July. August. Septcmber. | Combined.

in inches.
Zero 162 168 282 010

0:01— -1 184 223 208 705
— 2 159 167 149 475
—_— 3 09 113 07 309
— o4 09 84 60 243
— 5 00 57 65 208
— 64 64 44 162
— 7 45 45 20 116
— R 48 35 27 110
— 0 36 20 18 74
—1-0 29 20 13 71
—1.2 45 39 21 103
—1-4 34 32 11 11
—1-0 19 26 3 48
—1.8 8 24 8 40
—2.0 0 9 i} 24
—2:5 10 15 11 42
—3-0 8 8 2 18
—3.5 a . . 8
—4-0 1 1 . 2

Table §0.—Frequency gistribution of rainfall intensities for July, August and September
and the combined period of July—September.

Mahanadi 111.
“Range of
rainfall July. August. September. | Combined.
in inches.
Zero 57 44 210 317
001— -1 164 181 296 641
_ 2 145 148 1606 454
—_ 3 110 132 127 369
—_— 4 119 93 80 294
—_ -5 102 108 51 262
— 6 74 77 +7 198
—_ -7 70 61 338 169
— 8 52 65 23 130
— <9 53 42 14 109
—1:0 23 39 20 S7
—1-2 70 02 19 151
—1-4 40 317 17 U4
—1-6 35 24 () 63
—1-8 9 25 4 38
—2-0 16 13 5 34
—2-5 17 19 K 43
—3-0 (] 12 oo 15
—3:5 4 8 9
—4-0 2 1 .e 3
-5 2 ‘e 1 3
—5-0 2 . .. 2
—35'5 . . . .e
—08-0 ‘e . . .o
—06-5 1 .s . 1
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and tha combinad period of July—8aptember.

Mahuanadi 1V,

T abie 81.—Frequenoy dletributlon of rainfall intensities for July, August and Septembaet

Range of )

rainfall July. Auguat. September. ; Combined.

ininches. |

Zero 224 214 389 827

001— -1 209 254 244 707
— -2 159 133 127 419
— 3 08 87 84 209
— 4 85 80 59 224
— 5 67 66 45 178
— 0 47 50 31 128
—_ 7 27 44 15 ]
— 8 44 25 18 87
—_— 34 20 23 83
—10 20 19 18 67
—1-2 43 50 1¢ 118
—14 2 93 17 20
—18 23 21 12 61
—1-8 11 13 b 29
—2-0 10 12 6 28
—2'5 16 29 14 59
—3-0 12 15 5 32
—3:5 11 5 3 19
—4-0 2 1 3
—4:5 2 2 1 5
— 50 2 . 1 3
—55 . .
—6-0 . .
—6-5 . . ..
—7-0 . . . .
—%:5 . . .
—3:0 ]
—4-5 .. . 1
—9-0 1 . l !

T able 82.—Frequency distribution of rainfall intensities for July, August and Septembor
and the oombined pericd of Julyv—Septembker.
Mahkanadi V.

Range of
rainfall July. Auguast. Scptember. | Combined.
in inches.
Zero .38 53 223 334
00l— -1 18 309 RALH T
— 2 185 127 150 402
— 3 163 137 111 411
— -1 115 ay 80 204
— 5 HY 100 62 200
— b 16 2 48 195
— 7 65 6t J3 130
— 8 55 66 2% 135
-— 9 30 356 149 84
—1:0 26 34 11 70
—1.2 35 39 23 102
—1-4 306 23 12 76
—1-6 20 18 7 45
—1-8 15 16 2 32
—2-0 3 3 1 7
—2:5 11 2 (i} 19
—3-0 5 . . b
—3:5 1 . 1 2
—4:0 1 . ve 1
—4-5 3 . . 3
—50 1 . 1
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The next Table 83 shows the frequency distribution for July, August,
September for the Mahanadi Catchment as 8 whole. The limiting range is
pow 3°60%-376°. The daily average in the Mahanadi Oatchment apparently
pever excceded 3-75” in 88 years. In fact values in excess of 8:25" are extremely
rare, there being only 2 cases in 38 years.

Tahle 83.—Frequenoy distribution of rainfall intonsities for the months of July, August
end September and July—September combined,

Whole Mahanadi Catchment,

Range of
rainfall July. August. | September. | Combined.
in inches.
Zero 23 9 85 97
0:01— 1 128 168 282 568
—2 178 190 247 615
— 3 162 162 154 478
—d 154 141 113 408
— 3 117 09 86 301
— 8 101 83 51 233
| 88 60 40 188
— 8 03 78 380 171
— 9 a3 41 15 §8
—1:0 27 87 7 71
—1:25 30 68 31 128
—1:5 28 38 13 79
—1:75 12 12 . 24
—2.0 0 5 3 17
—9.95 4 2 3 9
—2.5 6 2 1 9
—2:75 .. 1 . 1
—3:0 b 1 ]
—3-25 1 1
~3:5 . . .
—3-75 1 l
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The next Table 84 gives the accumulated totals of the.frequencies,
so that the number of days on which the daily average rainfall equalled or
exceeded any assigned valve may be obtained directly. For example, for
Section I for the combined period we find the figure 209 against the assigned
limit of 1'04”. Thisshowsthat on 209 days (out of 3,{45°* days in July, August
and September in 38 years) the daily average rainfall in Section I equalled or
exceeded 1-00”.

Table 84.—Acoumulated frequenoy distribution of rainfall over Mahanadi 8sctions
Juiy—September (1891—1928).

In excess Whole
of inches | M-I. M-II. | M-IIT. | M-IV, | M.V. | catch-
of rainfall. ment.
Zero 3446 3446 3496 3496 3496 3496
0-01 3216 2835 3179 2669 3162 3399
0-1 2533 2130 2538 1962 2363 2831
2 1948 1635 2079 1543 1871 2216
.3 1467 1346 1710 1274 1460 1738
-4 1123 1103 1416 1060 1166 1330
-6 831 896 1154 872 916 1029
-6 601 733 966 744 721 894
-7 448 617 787 655 682 608
-8 342 507 657 508 447 4356
) 2065 433 548 485 363 346
10 209 362 461 428 293 275
1-2 119 257 310 310 191 174
14 73 180 216 240 115 101
16 47 i 132 151 179 70 57
1-8 20 ( 02 113 150 38 40
20 11 I 68 79 122 31 27
2-5 . 26 36 63 12 8
3-0 i 8 18 31 7 1
35 i 2 9 12 5
40 | 6 9 4
4-5 3 4 1
50 1 1
65 1 1
6-0 1 1
65 1
70 1
7-5 1 R
8-0 1 .
85 1 .

From a flood point of view heavy rainfall continning fur a number of days
is far more important than the freak rainfall on o sin:le day. Yor this purpose
we require the moving average for 2, 8, 4 ......or u larger number of
consecutive days. The work was extreinely laborious but in view of its
importance, moving averages up 1o b conseculive days werc completed for the
whole catchment. The results are given in Tables 85—88.

Let us consider Table 88 for5 days. TFor the combined period we
notice that the limiting range is 1'50"—1'75 “. We find, thercfore, that the
average daily rainfall in the Mahanadi catchnent for a period of 5 conseocutive
days never exceeded 1°75’.  In faet there were only 8 occasions iu 38 years on
which the average for 5 consecutive days exceedsd 1-5”.

The corresponding accumulated totals for the combined period are given
in Table 89. This table gives us directly the total number of occasions on
which the average rainfall for 2, 3, 4, or 5 days reached or exceaded any assign-
ed value. The gradvated values have been shown in Table 90, Dividing the
graduated accumulated values of Tallo 80 by 83 (the number of years of the
total experience) we obtain the probability Table 91. This table gives
the probability of occurrence of any assigned intensity of rainfall for 2, 3, 4,
or b consecutive drys,

®In seovions M-I and M-II, some of Lhe data were missing thus yiclding 3446 days instead of 8498 days
in July—September in 33 years,
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Table 85.—Frequenoy distribution of rainfail intensities basad on two conseoutive days’
averages, July—September, 1891—1928,

IVhole Mahanadi Catchment, 1891—1928.

Range of
rainfall July. August, Septomber. Combined.
in inches.
0-01—-1 103 1168 333 562
2 143 169 235 547
3 159 163 167 489
4 147 151 120 424
5 167 128 88 373
+756 246 231 116 592
1-00 98 130 49 277
1-25 34 63 13 100
1-50 25 23 8 56
1-76 17 6 3 28
2:00 é 2 2 8
2:25 8 4 . 9
2-50 .. 1 . 1
2:76 2 .. . 2
3-00 1 1 . 2

Table 86.—Frequency distribution of rainfall intensities based on three consecutive
days’ averages, July—September, 1891—1928.

Whole Mahanadi Catchment, 1891—1928.

Range of
rainfall July. August. SeptemDer. Combined.
in inches.
0-01—:1 85 154 277 6516
-2 104 167 253 6514
3 152 153 175 430
4 173 183 150 508
-6 179 238 101 618
<16 270 183 121 071
1-00 72 84 410 196
1-23 33 13 13 64
1-50 19 7 6 32
1:75 3 2 1 11
2-00 0 2 2
2-25 5 2 . 1
2.-50 1 .. 1

Table 87.—Frequency distrif:ution of rainfall intcitsities based on four consecutive
days’ averagos, July—Septieniber, 1891—1923.

Whole Mahanadi Catchment.

Range of
rainfall July. August. September. Combined.

in inches.

0-:01—0.1 69 70 241 350

-2 72 113 245 430

ik 148 158 189 495

-4 185 168 173 526

5 178 173 103 454

~15 277 332 136 745

1-00 81 128 39 248

1.25 31 25 12 63

1-50 11 6 2 18

1-75 0 3 . 12

2-00 3 3 . 6
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Table 88.—Frequenoy distribution of rainfall intensities hased on five oconsecutive days’
averages, July—September, 1891—19828.

Whole Mahanadi Catchment.

Range of
rainfull July. August. September. Combined.
in inches.

0-01.—-1 46 50 226 322
— 2 76 123 220 419
— 3 138 139 209 486
— 4 188 174 182 544
— b 172 190 121 483
— 75 283 368 138 778
—1:00 78 120 38 234
—1.25 28 16 8 52
—1-50 11 4 e 18
—176 4 4 o 8

Table 89.,—Accumulated frequenoy distribution of rainfall intensities based on 2—S5 days’
averages: July—September, $391—1928.

Whole Mahanadi Catchment.

In excess of 2 days. 3 days. 4 days. 6 days.
inches of rainfall.

.0 3458 3424 3382 3344
-1 2906 2908 3002 3022
2 2359 2394 2572 26803
-3 1870 1914 20717 2117
4 1446 1408 1551 1573
-5 1073 860 1097 1090
*75 481 313 352 811
1-00 204 117 104 77
1-25 104 53 36 25
1-50 48 21 18 10
1-75 22 10 6 2

2-00 14 8 .. .

2:25 5 1 oo ..

2:50 4 . . oo

2-75 2 e ..

Table 90.—Accumulated frequency distelbution of rainfall intensities (from frae-hand
graduation).

Wlole Mahanadi Catchinent.

In excess of 2days. | 3days. | 4days. | 65days.
inches of rainfall.

—1:0 380 180 150 125
—1:2 148 80 50 50
—1-4 80 48 35 30
—1:6 49 25 28 17
—1-8 25 20 6 2
—2:0 20 16 2 .
—2:2 15 10 .o .
—2:4 12 2 . .
—26 10 o . .

—2:8 ] oo .. .
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Table 91.—Probakhility of oocurrencs in number of days per pariod of July—Septemher
of difierent rainfall intensities.

In excess of 2 days. 3 days. 4 days. 6 days.

inches of rainfall.
1.0 10-00 4-74 8:95 329
1-2 3-89 2:10 1:32 1-32
1-4 210 1:26 -92 79
1-6 1-29 66 ‘74 45
1.8 66 63 16 06
2:0 53 42 05
2-2 39 +26
2-4 -32 06
2.8 26 ..
2-8 13 ..

In viewof the fact that during heavy floods the rainfall sometimes
continued for a much longer period than b days, I decided to push this analysis
up to 10 consecutive days. As the additional labour involved is very pgreat
I decided to ncglect the lower range of rainfall. By a careful scrutiny of 5'
days’ totals, all values of heavy rainfall likely to lead to substantially heavy
averages for a larger number of consecutive days were marked in pencil.
T(l); ese aelected totals were then used for the formation of moving averages up to
10 days.

Tho results are given in Table 92. Owing to the culling off of the lower
range of rainfall theso tables are not complete ; it may even be that at the
lower end of the tables a few more additional isolated values would come in on
a fuller analysis. But I believe that cn the whole, and especially, at the vpper
end, say beyond 1'0, these tables are quite reliable.

Table 92.—Frequenoy distribution cf rairtall intensities over 0'8 inch based on 6, 7, 8, 8
and 10 days' averages.

Whole Mahanadi Catchment (1891—1928).

Range of
ruinfall | 6 days. 7 days. 8 days. 9 days. | 10 days.
ininches.
-8— -9 112 74 72 70 57
1.0 43 38 24 35 33
1.1 21 24 26 17 19
1.2 12 16 8 12 11
1.3 13 7 8 6 o
1'4 8 7 4 . oo
1 -6 2 3 . 3 e
1-8 2 2 .
1-7 1 . -

The-corresponding accumulated totals, and probability tables calculated from
free-hand graduations are given in Pables 93—34.
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Table 93.— Acoumuliated frequenoy distribution of rainfall intensities over 08 inch
based on 6, 7, 8, 9 and 10 days’ averages.

In excesa
of inches | @ days. 7 days. 8 days. 9 days. 10 days.
of rainfall
-8 214 171 142 140 120
-9 102 97 70 70 83
1:0 59 69 46 36 30
1-1 38 38 20 18 11
1-2 28 19 12 (]
1-3 13 12 4
1-4 5 8
15 3 2 .. .. .
1-6 1 .o

Table 94.—Probability of occurrence in number of days of different raintall intensities
during the period July to 8eptember.

Whole Mahanadi Catchment (1891—1928).
The figures give the probable number of days in one monsoon season (July—Sep-
tember) on which the intenasities of rainfallin cxcess of the figure givenin column 1 may
be expected.

In excess
of inches! 6 days. 7 days. 8 days. 9 days. | 10 days.
of minfa.ll|
-8 5-63 4-60 874 8-68 8-16
-8 2-68 2:55 1-84 1-84 1-66
1-0 1.35 1-65 1-21 02 :79
1-1 i-00 -93 -53 47 2
1.2 -68 -50 -13 -16 .
1-3 <34 13 10 .. ..
1-4 13 -06 .. .- .
1:5 -08 . . .
1-¢ -03 . .

The analysis of the rainfall in the Mahanadi Catchment is reasonably
complote for the purposo of flcod studies. We have the frequency distribution
of the daily raintall for 88 years for dilferent months and different sections.
We are also in a position to obtain with the help of Tables 10, 91,
93 and 94 the probability of occurrenco of any assigned intensity of daily
rainfalt for aty number of consccutive days from 2to 5, and beyond an
intensity of 0-8” for any number of consecutive days from 6 to 10,
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CHAPTER XXI11.—THE AREAL DISTRIBUTION OF RAINFALL.

The distribution of rainfall over the Mahanadi Catchment is an important
question in flood studies. The isohyet method must be u-ed for this purpose,
For each year from 1891 to 1928 I selected the period of heaviest rainfall
over 3,4 and § consecutive days. (As this work was taken up before
calculating the moving averages it had to be done by scrutiny). The total
rainfall for the selected periods were then entered on maps. Records for
stations outside the catchment were also used, ss they often gave valuable
information regarding the position of the isonyets, For &8 years and 3 days
altogether 114 maps were drawn for this study.*

The area between two isohyets lying within each section was measured
directly by a planimeter. The measured areas were then entered in a tabulation
gheet against the mean value of the borderiag isohyets. The accamulated
totals of the area figures were then determined and a graph drawn on squared
paper. This curve gives the areal distribution of intensity of rainfall.

The areas corresponding to each inch of rainfall were then found by direct
interpolation from these graphs, and these tabulated values will he found in
Tables 95—1091,

® Asamatter of fact I had prepared mapas for 6, 7 and ‘10 days also, But as the meagurament of all
these mapa could not ba completed in timo, I am obliged to leave them out of the present discussion
I may note that records for 1910 were not svailable; and also that records for 190+ and 1918 were
missing in a few ceses.

+ 1 ought to note here a elight discrepancy botween the tabulated values and the original graphs. In
measuring the aroas on maps three difforont planimaters were nsed, and it was sabsequently discovered that
owing to slight differences in adjustments, the results given by theeo planimeters differed slightly from one
another. Fortunately it was found that taking the first as standard the sccond yave readiags approximately
10 per cent in defect, £nd tho other § per cent in excess. IThe grapbs were drawn with the raw data, Bot the
tabulated values were later on corrected by applying correotivna of 4 10 per cent and ~ {minua) § per cent
respectively, and these corrected values are given in Tables 96—109,



TABLES 95—109.
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Table 95,

Areas in square miles under different intenaities of rainfall

Year. 1° 2° s 4° .34 6 q° 8 'Y 10° 11

1801 606l 6061 85738 5848 4002 4484 3876 8208 2022
02 6270 6270 4807 3648 2608 1871 980 882 323 | 2090 162
03 6080 6080 6080 2566 1618
94 0270 5700 4685 3800 3138 2413 1330 418

[ a178 6178 6175 €176 6178 o178 4760 8040 1026 | 171
[T} 8966 L) 85966 8016 1877 88
07 6270 8700 3706
08 6270 6270 5567 4846 3705 3230
89 8700 3325

1800 6270 0270 4446 3071 2071
0l 4083 2000, 1311
02 6080 6080 4730 2304
03 6080 6080 4712 1819 532
ot 8270 6270 5434 41902 4670 4332 4047 8014 8708 | 8889

05 63468 3328 4180
00 8088 5088 8848 4712 31703 2860
07 6270 3328 1140
08 6270 5038
00 8890 1038 980

{29 8624 3048 2717 2204 1600 1634 1428 1284 1102 | @31 1719
12 4508 2138 930
13 6928 8028 8928 4788 3306 2888 1072 1140 770 | 404
14 6232 6232 0232

15 6023 6u23 4807 3287 2384 2204 1691 1107 703 | 228
16 6327 8327 4484 760
17 6289 8259 1634
18 6213 0213 5187 4427 3810 3287 2785 2304 2033
10 6270 6270 3871 4731 3837 3ns9 2318 1672

19020 1069 4089 4939 4059 4039 3708 2407 1387 779 ] 661 380
21 5434 4237 3021 1824
22 5871 6507
23 4427 3040 2209 1653
24 8985 8988 3024 4940 3237 3634

28 (&) 6080 6004 5643 8130 4698 4028 a4L8 2774 | 2128 | 1388
28 6270 6270 6270 0270 6270 6270 8270 0270 8228 | 4050 | 4142
27 e4co 8624 5624 4142 3724 2022 1501 874 680 | 437 | 380
28 6366 €363 6871 4712 3867 3124 2318 1387 050 | 760 | 627




—M-1—3 days.

during the most severe storms of each year,
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Tahls 96.
Areas in square miles under diffcrent intensilies of rainfall

Year. 1’ 2° 3 4 6° e° 1° 8° 'Y 10° 11
1801 11704 11704 11628 11406 11229 9788 870
02 12331 10241 7670 6270 6810 4978 4484 4237 3671 | 3701 | 2550
(2] 11028 11628 11800 11410 10830
0d 11022 11022 10808 0329 7201 8228 8408 1634
5| 11818 | 11818 | 11768 | 11438 0880 N4 8743 2003 2071 | 1568 | 1278

6 | 124406 | 12217 | 11280 7733 1340
07| 11837 | 11837
g8 | 11970 | 11070 | 10040 0310 7980 a148 8418
00 | 11700 | 117909 | 11799

1000 | 11088 ° 11685 | 11085 | 11668 6840 4180 8328 2045
0l 8433 3135 1140 627 418
02| 12179 12179 | 11970 8300 6038 1710
03| 11405 | 11493 122
04| 11980 | 11020 0310 7030 4406

03| 11780 2185 1903
08 [ 11590 0823 83069 7733 0374 0365 6363 6210
07| 1106091 11303 | 11210 ] 11020 [ 10640 | 10070 0216
08 | 11685 | 11685 | 11683 | 11020 0560 2280
09 ] 11495 % 11195 0550 7220 4180

1911 12331 : 12331 12331 12331 12203 | 12207 | 12008 [ 115600 | 11077 | 0918 | 8360
12 1742 ; 10059 8569 G198 4180 1672
13 11331 X 10568 RUS7 627 : 3333
1§ 11552 1063 6873 6270 34353 931

151 12103 12103 | 12103 12008 5610 6510 4959 1900 1083

14 11750 : 11550 11780 9830 7609 5985 4180 2280 285
17 11655 11020 8170 178
18 | 11509 : 11790 11799 | 11704 11704 11500 11496 112806 | 10083 | 7042 | 7100

10} 11580 113780 11980 11780 8170 7410 7030 6840 6650

1
|
1920 mu;i 11295 | 11498 | 11172 | 10650 0018 7315 23904 1767 | 1254 | 418
21 nasss 11020 0690 c160 4750 4276 2860 2186
23 | 12160 ; 2160 64G0 6226 4580
1
23 | 11390 ; 10530 1140 06
24 uﬁm! 11804 | 11608 0090 7080 7030 8306 5605 4180 | 670
H
25 uaax! 11381 | 1138) ) 11286 | 10868 0014 1608 513

26| 12008 12008 | 12008 | 12008 | 11013 11790 | 11496 | 31172 | 10754 |10338 | 9613

27| 151! 11851 11951 11051 10140 711 4883 1803
28 | 11837 11837 | 6400 5225 4700 4370 3890 3420 2660
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M-11—3 days.

during the most scvere storms of cach year.

12° 13° 14° 18° 167 17* 187 107 \ 20° |2l' 22° | Year.

1891
92
03
'L3

3287 2048 2768 2565 2318 1900 1672

960 86

90
7
08
09

1800
o1

08
0t

05
03
07
0s
09

. o
7201 5434 4180 2117 1011

13
14

18
16
17
18
10

6479 6479 6166 5852 6010 3048 1070 1340 1140 | 1043 | 031

418 418 418 304 200 1020

21
22
23
24

25
28
27
28

8087 815L 6092 5862 42715 2000
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Tabhte 97,

‘Arcas in square miles under different intensities of rainjall

Year. 17 2° 3’ ¢ [ [} kid [ 4

1801 14185 14188 14008 13608 12088 11381 10450 10032
92 13813 13167 12008 104580 o108 8181 7100 6186
93 13870 11020 6080 8138 08
9 138890 13889 13376 12420 10868 836
96 13303 11210 10640 0785 0310 8838 2280
06 13889 13794 13080 10868 8762
97 13788 11742 7828 4603
98 137173 3900 8230 2663
99 13300 13300 18300 13300 18300

1900 .o 13680 4180 1000 1140 100 880
01 13042 13585 13262 11077 8181
02 13832 13832 13281 11020 7881 100
03 13823 112¢8 0374 513
04 12823 11400 8170 6080 3708 1000
05 1383y 13585 12640 0408 8320 4180 8439 2020
08 13471 0709 2147
07 14136 11100 6840 4370 3420 2660 1693
08 13022 v
0y 13908 11400 6840

191 11704 0100 8807 4902 3344 220y 1284
12 13027 13927 12331 0201
13 13338 13338 13338 11172 0397 1484 2020 1672
H 13034 13034 12540 11381 10241 0201 8300 7524
18 13908 13u08 13008 13608 13908 4522 1900 1254
10 13870 13870 11210 8360 2060
17 13414 13414 13414 11870 8730
18 13851 12730 10460 84565 56985 4180 3610 2880
19 Hoz2 14022 12160 8170

1920 13650 13880 13080 12844 11704 10336 6303 7108
21 13660 11780 0915 8075
22 13640 13080 13630 10127 8270 3439
23 13u03 13088 13110 12160 11020 0500 7885
24 . 11308 8485 6270 150V 3040 1900
26 13588 13685 13385 8560 3653 1140 027 418
28 13870 13870 13870 13870 11670 8838 6938 8700
27 13813 12274 86041 8232 4068 1805 458
28 13005 12730 10548 9310 8170 8850 4040 3328




129
M-H11—3 days.

during the most severe storms of eath year

a—

9° 10° 11° 12¢ 18° 14 187 16’ 17° 18° IYw.

1894
5111 4218 3439 a1 2188 | 1672 | 1284 931 627 | 418 93
03
94

[
86
97
98
99

1000
01
02
03
0¢

2003 2304 1876 1812 1238 1048 .}
08
07
08
09

1011
12

6574 8738 4607 3071 8439 2808 1881 1249 83s | 418 14

863 627 15
18
127
2188 1710 1238 760 286 18
19

8047 4508 3¢39 2304 1920
21
22
23
24

304 05 25
1685 3610 2470 1330 285 26
21
28
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Table 98,

Areas in square miles under different intensities of rainfaly

Year. 1° 2 3° 4 8 (4 L 8’ [
1801 €280 8289 6289 6289 6289 8038 2808 [1]
92 6213 6213 3249 2948 27111 2022 2280 2090 1672
93 6270 6270 4180
04 6213 6213 4921 31762 3249 3044
[ 6213 6213 6175 3800 1615
96 6042 6042 6042 84158
07 6232 6042
98 6166 4040
09 6308 0308 6308 6308 6308
1900 5088 5985 5985 8890 8708 8608 8320 €088 3420
01 8228 3344 1140
02 6403 6403 6103
03 8700 5643 4180 3344
04 6137 6228 2204
03 6270 1426
08 6004 0004 8004 4074 4180 a8 1877
07 6270 270 6270 8270 8510 8418 8418
08 0270 6085 5700
09 6270 6270 6434 3344 08
(123 81173 6173 6178 6173 6178 6050 8085 8320 4463
12 6270 2878 1463
13 6080 8080 6080 6080 3583 1072 1264 1048 760
1 0289 0289 2117 1877 838 380
18 6103 8403 6403 6403 8968 6605
18 8050 6080 5860 4845
17 6270 4278 2470 1618 1140 [11]
18 02561 6261 8251 6251 6251 6251 6261 6890 8418
10 6213 6213 6213 4088 8800 3706 3610
1920 6080 6080 8080 6080 68582 5320 4603 3663 2608
21 0176 4370 3800 8420
22 6138 6134 6610 4180 2880
23 5988
24 6175 61178 6178 6178 6176 8708 8320 4665 3863
25 6156 8156 6166 6166 6158 8130 3458 3133 3040
26 6289 6280 0289 8708 8320 5130 4940 4780 3420
27 8270 6270 35815 1985 1444 088
28 6176 8178 8176 8178 6080 8608
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M-1v—3 days,

during the most severe storms of each year,

10° 1’ 12° 18° 14 18°

10°

17*

18°

10°

20"

Yesr.

1349 1043 027 323

3706 2045 2186

627

8320 5228 5228 4846 4085 3515

836 418 418 880 380 380

2378

1800

2060

380

1000

1330

886

870

1801
[1]
03
o4

1]
(1]
97
]
90

1000
ol
02
03
04

03
08
07
03
09

1011
12
18
14

18
16
17
18
19

1920
21
23
23
24

25
26
27
a8
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Table 89.

Areas in square miles under different inlensities of rainfall

Year. 1 2 s ¢ 6 8-
1801 11077 10082 10882 109082 10808 10083
02 11163 10868 10146 9405 8778 7847
3 11115 10830 0976 8360 8415
94 10846 9120 8650 7980 6480 4085
26 10830 0880 5605 8326
9 10868 10868 10888 5484 5130 4807
07 Hns 10735 9810 7180 6080 3000
08 8360 3230
90 10925 10925
1900 9696 1220 56085 4870 3805 2420
01 10850 9823 0802 3071 8040 P
02 10070 7608 5226 3420 2470 1995
03 10926 10925 9037 7942 4807 497
04 5985
(13 10926 7600 8228
06 10735 10735 10241 0384 2926
07 9880 7600 5700 4180 3420 3325
08 10944 7410 4560 2280 1235 858
09 10830 1605 4370 1008 760
1911 10640 8408 7126 4560 3420 3195
12 10082 8360 5038
13 10718 10780 10697 8560 6802 4650
14 10736 10735 8151 3226 1786
16 11115 11115 9786 6556 3805 160
16 10840 9880 8170 6365 4370
11 11020 10735 9786 8660 7030 5415
18 10545 10645 10546 10645 8266 5890
19 11210 11020 9785 1410 4710 4750
1020 10716 10716 10869 10032 8178 7030
21 11210 6270 3805
22 10260 7980
23 8788 8630 8740 8265 1605 6680
24 11601 11001 10450 9810 7080 8565
25 10897 10607 10165 9880 8474 7011
26 11210 11210 11210 9600 1780 6127
27 11088 0310 5870 2045 1140 418
28 11153 11183 0075 1600




M-V—3 days.
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during the most severe storms of caoh year.

7° 87 0* 10° 11° Year,
7638 3762 2204 1672 1330 18961
7011 02
03
1140 04
05
86
1808 07
vs
v
2048 2378 1810 1500
2413 2000 vl
110 1428 140 ¥56 870 v
3
ud
U5
8
3326 07
03
05
2850 1911
1%
6384 8339 3138 209 13
1
1
16
1?2
3810 1¢
2660 570 A
18017 2831 172 050
1920
21
22
6605 1560 3610 1330 25
5038 3gle 2376 24
5434 2¢
4370 20
283 27
28
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Table 100

Areas in square miles under different intensilies of rainfay

Year. 1 2° 3 ¢ Y LY 7 8 9
1801 | 6175 | 6176 | 4237 2717 1881 1140 760
02| 6874 | 6574 | 6130 4180| B185| 2375| 1805 | 1426 1197
93| 6460 | 6460 | 4040 [ 8477
94 6166 | 6156 | 6700 | 5244 €000 | 2717 1710 1045 613
95| 06460 | 6460 | 8460 | 6460 | 6460 | 6460 | 6042 | 5024 | 5187
96 | 0308 @308| 6282 4275| 3515 2280
97| 6175 | 5643 | 4712 3781
»8 | ooso| auso| 4vw7| 9653| so78| 20268 | 2880
80| 0080 | 4883 | 3135 1140
1900 | 6400 | 6460 | 6600 | 4636 | 3s16| 2717 2000| 1577
ot 4275
02| 6l175( 6176 4180
03| 0160 | 6460 | 4275 3743
04 6365 63065| 6306 6036 | dd465| 4000 | 3477] 3002 | 2892
05| 6327 | 6327
08 6232 6202 ¢232| 6232 4180 | 2186
07 5085 | 5605 | 4846 | 3648
08 6336 | 6536 | s0l0) 3230 1368
09 | 65006 2147 960
1911 5130 | 3800 a3102| 2738 2337 1976 | 1634 1349 | 1121
12 6213 6213 328 | 2014 1311 012 665
13 6384 | 6062 | 6064 [ 4522 | 3033 3382 | 2703 | 2052 | 1238
14 G422 | 8422 5620 [ 3000 | 2850 1843 | 1202 960
15| 6422 | 8422 ¢d22| 4522 3634 2756 | 2186
16| 6090 6099 | 60v0 | 8762 418
17 ] 6365 | 6305 5263 | 3990 2432
18] 6137 GI37 | 6610 | 4427 | 3000 | 3420 | 2083 | 2622 | 220)
19| BusO | 6OSu | 5603 | 6073 | 4466 3667 | 2717 1482
19016270 | 6270 6270 | 6270 | 6700 | 4370, 3240 | 2508 | 1957
| 6403 | 4276 | 2850 | 1996 1426 1045
22 €080 5757 5035
23 8251 6377 4484
N 6061 6061 6648 | 6225 | 4712
25| 6366 | 0365 | 0365 | 6365 6365 | 06800| 6416 4769 | 4028
26| 6175 6175 | 6176 6176 | 6176 6176 | 6176 6080 ( 5986
27 8176 6175 8176 6416 4769 4180 2907 2080 18156
28 €400 | 6460 | 6460 | 6710| ap0| 4180 | 3382 | 2738 | 2240

107

—

1007

p11)

931

1938

1568




M-1—4 days.
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Juring the most severe storms of euch year.

11°

12°

13

13

16°

16°

17¢

18°

197

20°

21*

22°

Year

817

2109

1779

1672

1169

2432
0472

703

1919

G653

1787
4940

670

1788

670

1107

1233
3805

1672

494

1007

1026
3138

380

466

779

2879

247

627

180

2071

418

1000

1729

323

1463

1254

1007

1801
02
83
04

08
o6
07
98
09

1800
01
02
03
04

05
08
01
08
0y

1911
12
13
i

156
16
17
18
19

1v20
21
22
23

25
28
217
28
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Tahle 101,

Areas in square miles under different intensities of rainfall

Year. 1° e 3 4° 8° [ 7’ 8’ 9 10°
1801 | 11410 11419 | 11410 | 11381 8360
92| 11709 ] 10830 0026 7600 6270 8418 4668 4275 3805 3518
03 | 12027 | 11085 | 11118 | 10348 0880
04| 11476 11476 | 11470 | 109803 o918 8360 6288 3653 1349
05 [ 12027 ] 12027 12027 | 12027 8360 8700 4278 3328 2660 218
96 [ 11488 | 11405 | 11406 | 11405 | 11485 | 11405
07 ( 11478 ] 11476 ( 11476 | 11172 0408 6270 2812
98 ( 11013 | 11118 0500 7880 6308 4750
90 | 12005 | 12085 | 11873 | 11780
1900 | 12253 | 12285 | 12258 8988 5006 6805 5605 6603 6510
ol | 10808 8987 0897 5018 2717 144
02 | 11871 ] 11571 | 11571 | 10108 8310 4603 1076
03 | 120065 | 12085 | 10040 8078 6610 2158 180
04| 11875 | 11875 | 11876 | 11875 | 11873 | 11495 8406 6610 3040 2090
05| 11970 | 11070 7410 2783
06| 11405 6330 7010 7410 7410 7316 7201
07 | 11381 11381 | 113811 11381 [ 11286 | 10808 [T ¥) 7942 6270 4484
08 11050 11070 | 115901 10735 8740 7600
09| 11590 [ 10963 0709 8151 8479 5111 3383
1l 11780 | 11780 | 11780 | 11780 | 11780 ( 11780 | 11406 | 10640 7760 6270
12 11647 11405 0018 7942 5852 4008 2603 114y 209
13| 11836 | 10926 0973 0406 8740 7980 856 4180 1710
14| 11852 | 11077 0823 7820 4276 931
15| 11875 11875 11875 | 11875 | 10025 8030 7030 8320 3808 2060
16 § 31495 | 10405 [ 11405 1463 613 418 118 304 304 304
17| 11837 | 10820 0025 7220 6226
18 | 12160 | 12160 [ 12160 | 11970 | 11875 | 11683 | 11406 | 11400 | 11306 | 11020
191 11495 | 11406 | 114956 | 11405 | 11403 | 10460 8030 7019 8166 4603
1020 | 11085 | 11686 | 11085 | 11685 0310 7220 65003 4180 8230 2548
21 | 11875 11878 ; 11876 | 111156 1616
221 11493 | 11172 | 10543 4008 3782 3553
23| 11300 773
24| 11690 | 11590 | 11600 | 11500 | 10868 | 10241 0082 7316 1807 2603
251 11070 | 11070 | 11070 | 11780 | 11308 { 10640 9678 8078 4940 1140
26| 11780 | 11780 | 11780 | 11780 | 11780 | 11780 | 11210 | 10785 | 10330 0975
27| 12160 | 12160 | 12160 8740 8466
28 | 12008 | 12008 | 11070 | 11305 7000 1000 1330 1140 250 856




M-11—4 days.

13817

during the mogt sercre storms of cach year.

11°

12°

13¢

14°

15°

10°

17°

18*

10°

20"

21

22°

23°

Year,

3230

1710

1520

8228

1520
304

10183
3230

2188

413
0600

2880

1425

1140

4380

603
209

8078
1861

1620

380
9408

570

2470

4085

6715

s

1140

§740

178

2188

3703

6988

760

100
7080

286

1803

3518

5320

6270

1018

4750

100

1330

4276

2000

1048

3706

888

3230

870

2650

2000

605

1801
02
03
04

05
26
97
03
09

1900
01
02
03
04

05
06
(%]
08
09

1811
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Table 102,

Arcas in square miles under different intensities of rainjatl

Year, 1° 3 3 [ .34 e 77 8” 0° 10°
1801 ] 13680 | 13276 | 120068 | 12331 | 11495 | 10548 0108 7740 6365 4807
o2 | 13718 13718 | 13452 12730 | 11018 | 11020 { 10013
g3 3881 13881 ] 12838 | 7881 6654
94! 13262 13262, 13202 12844 , 11013 | 10450 8560 6081 2603
96| 13847 13001 | 12179 | 11381 | 10460 0823 8830 7410 2527
06 | 19471 | 13471 | 13471 | 13262 | 12540 11680 9500 7106 4807 2200
97| 13202 13202 8569 ) 811} 3136 1558
o8, 18776 «¢370| 2800 2470 2470 2470 2375
99| 13528 | 13528 8132 | 3078
J000 | 18718 | 13718 | 8227
o1 | 13383 | 13262 | 12740
02| 13080 | 13680 [ 1179y
03 | 13905 | 13965 | 139065 9785 5700
04 | 12635 | 10645 8U8T 6897 | 4693 1463
03 | 13338 | 13338 | 13205 | 12635 | 11780 | 10830 0216 7605 6270 8130
06 | 12331 | 0614 6597
07| 11381 8455 | 06479 | 6016 3653
08 | 13513 | N438 | 8604 2§88 1539 1083
00 | 12583 | 12331 | 11077
1811 | uiss | 8300 7000 | 0935
12 13471 | 10059 | Suls | 8€04 6688 4180 1463
13| 13998 | 13046 | 13940 | 13870 | 13300 | 120Cs 0075 7690 5416 3040
14] 133c0 | 13300 | 13300 ( 13130 | 13018 | 12330 | 11210 9500 7410 608y
15 ] 13404 | 3414 | 23424 | 13414 13367 10735 §037 1769 2527
16 18471 | 12331 | 11504 | 11280 10059 9082 7410 6434 3857
17| 1383 | 13963 | 13665 | 13566 | 13005 | 11116 7686 5035
18 | 13585 [ 13585 | 12217 104560 8360 6574 4902 4060 3230 2608
19 Byl | 0558 253
120 . 13482 | 18387 | 13202 | 12098 | 12103 | 10640 0025 6954 5608
21 | 19033 | 11790 | 11172 | 10241 6697
22| 13588 | 12058 | 11013 10460 | 8360 6643 2508
PX 13471 | 13107 | 12053 | 12058 | 12749 | 124268 | 11700 | 10983 | 10032
2¢; 1347) | 13471 13471 | 10868 | 8151 5738 3021
251 13566 | 13366{ 13506 | 0378 2350 1178 817 722 551 456
26 | 13480 | 13400 134521 12008} 11020 8064 3344 2356 1805 1530
37 . 11647 | 0037 8398 6850
28 . 13452 | 12274 | 10923 8604 6403 4332 2888 1710 722




M-111—4 days.

during the most severe storms of each year.

189

1n°
S

3344

4083

4560

2000

1881

4817

8987

361
088

12°

13°

14°

—f

187

17°

18°

10°

20°

21"

22°

23

24

Year,

3040

3800

304

1340

3781

8037

851

1803

2945

3240

6887

2060

27117

8434

2601

3762

2000

1639

1900

1710

1330

1140

853

665

473

1891
02
03
94

03
96
07
04
99

1900
o1
02
3
04

03
06
0?
08
09

1011
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Table 103.

‘Areas in sJuare miles under different intensities of rainfall

Yoar. 1” 2° 3 ¢ 5° 6’ 7 8” 9° 10
1801 6061 6061 6001 8061 8061 6061
02 6270 6270 4370 3326 2850 2668 2280
83 6001 6081 6061 8700 4940 4845 3518 2850 | 2080
o4 6023 6023 4088
95 6270 8270 8270 6270
90 6023 6023 8023 6023 5472
97 6187 6137 8510 5054
88 6175 5605 4655 3800 36515
99 6270 6270 5985 4940 1380
1500 5085 5088 5985 5985 5800 5708 5708 8700 3415 | 4845
0l 6061
02 6137 8137
03 6289 6289 8149 2688
04 6346 4346 | 6346
05 6270 6270
08 6023 6023 5947 8947 8852 6852
07 6127 8127 8127 8127 8127 6127 5643 4503 3249 | 2418
08 8441 5705 8415 5820
00 5928 5028 5852 6621 3971 2020 1095 1045 19
1811 6270 6270 6270 8175 6080
12 6061 4503 3040 1877
13 6080 6080 6080 6080 8035 4180 8230 2165 1048
4 6403 3810
16 6270 6270 6270 81758 6080
16 8066 5966 50068 8434 2138
17 8175 8175 6178 3138 1620 760 478
18 5086 5066 5000 5908 8066 6066 5066 8086 | 58966 | 5787
19 eotui 6061 5008 5086 5157 6016 4080 2626
1020 6365 8305 6365 6366 6366 8610 4088 3138 2660 2186
21 6270 8270 8270 1235 1140 | 1048 950 760 570 08
22 8042 6042 8042 8434 €088 2831
23 5947 8947 5047
24 6061 6001 8001 8061 6061 6061 8081 8226 4503 | 3667
25 6270 6270 6270 6270 6270 0178 6080 5086 | 8700 | 3518
26 6178 8175 8175 8085 6890 8700 8418 4560 2048
217 6176 6173 8176 8178 8080 5890 5708
28 0308 8510 €655 3800 3420 3328
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M-lv—4 days.

during the most sezere storms of each year

1° 12° 13° 14 | 157 | 187 | 17° 18° | 19° | 207 | 21° } 22° | 23° | Year,

1891
92
93
o4

11

o7
08
99

3328 380 1900

ot

03

(11

(113
00
1368 07
03

0y

5330 4807 4204 | 3067 | 2717 | 2090 | 1672 | 1463 | 1253 [ 1045 | 838 | 413

1808 1020

2928
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Table 104.

Arcas in square miles under different inlensities of rainfall

Year. 1* 2° 3 4° [ e° 1 8’

1801 10773 10773 10773 10773 10773 10773 10859 9690
92 11020 11020 10450 0508 8648 7600
93 11020 11020 11020 11020 10735 10070 9272 77182
11 10897 10607 10607 9823 8161 8379
08 11020 11020 8688 0287
96 10718 1071¢ 10032 8683 7316
97 10773 10773 9728 8292 8560 8474 8058 7220
98 8380 4750 3615 3136 2850 27155 2470 2188
90 11020 10830 10089 7410 399

1900 11077 11077 8512 5472 4440 4068 3610 316¢
ol 10773 10713 8108 5434 2808 1872 1264 080
02 10040 10032 7042 1881
03 11020 11020 0890 8360
04 11020
05 11006 11056 9823 8860 3800
08 11020 9600 0310 6270
07 19241 7220 6139 5225 8130
08 10830 10830 6270 3326 1888 1330
09 10764 10032 847 3344 2413

1911 10733 0785 8560 7220 G890 4750 3810 2758
12 13640 7942 5130
13 11982 10082 10082 10840 9090 8560 7410 5700
14 11077 11020 8087 5491 1843 361
15 1:183 11163 10200 5610 4085 2063
16 10773 9788 8892 0175
17 11020 10920 10640 9600 7980 6700 2045
18 10868 10868 10868 10830 10450 9406 8438 7108
19 11020 9076 410

1620 10906 10006 10640 10165 9680 8030 1886 8460
21 10630 9783 7790 4058 180
22 10659 9819 8058 6061 3071 1767 ]
23 100590 7524 4180 3040 2622 2290 2000 1881
24 10754 10754 0823 8560 7638 6479
26 11020 11020 10026 10450 9408 7600 52235 2850
28 11039 11039 10736 0823 8341 6479 4068 2128
27 0880 8778 7600 5416 3040 1620

1028 10773 107713 10548 10260 8360 5700 2470




WM-V—4 days.
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during the most scoere slorms af each year.

o

10”7

Yeoar.

6270

41

3708

557 !

1425

874

5180

1710

2880

950

3876

1482

418

1254 838

'

['H]
08

g

09

1011
12
13
14

1920
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Table 105,

Arcas in square miles under different intensilics of rainfall

Year, ’ 2 3’ 4 [ 0° 7° 8’ 0 10°
1801 6050 6080 5130

92 6460 6460 6225 4310 3401 2R12 2318 1676 1330 1064
03 62351 6231 6606 3990 3686 3184 2071

04 6403 6403 6035 3990 3382 2684 1756

95| o6 | e136| owo| 6160 | 6166 | 616 | s4z3| 8320

06 6327 6327 0327 4519 2703

07| 6422 0422 5705 5643 4276

08 8348 6346 8282 4180 34N a3 alse 2660 17110

90 5085 5700 4807

1000 | 6308 6308 6308 2850 2413 2128 1688 1349 803

01| 5203 3667

02 0327 0327 6427 8327

!

03 €498 6498 17350 3040 1330

05| 6441 4441 1100 1087

06| 0281 6251 5047 51432 4820 4142

07 0985 5985 EX K 4268

g | 6384 6364 4381 L3 1178

09 6194

1901 6511 1150 3048 3323 3040 2430 2223 1710 1287 106¢
12 5532 60331 4370 3782 3007 2608 1543 1235

13 6lys | 0104 6104 G149 4237 3634 2983 2060 2033 1710
14 0384 6384 5795 45679 3382 2185

15| 6305 63065 8700 44035 N 1967 1159 760 870 476
16 6270 | 6270 6603 4218

17 6270 | 6270 5130 3138 1620 960

10| 0403 6251 5433 £203 4370 umn 27193 1600 1159 703
1020 | 6135 0175 8176 6178 5228 un 2698 1000 13817 968
21 6460 | 4750 2060 1862 1238

22 0218 6213 1038 1400

23 6403 5798 1066

24 6158 | 6160 6137 8848 €040 4332 3762

25 0oL

26| 251 261 | 6261 | 6261 | 21| 6213 0194 | eise| 6023 | 8852
27 6336 8350 6833 s 3090 20 1273 950 798 703
1028 8460 6460 6460 6289 8814 8472 2803 3872 1900 1501
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Table 106«

Areas in square miles under different intensities of rainfall

Year 14 2° 3 4 8 [} 9° 8° 'y 10°

1691 | 11400 | 11400 | 11400 | 11400 | 11400
o2 ! 114001 11400 9508 8078 6748 5700 4845 4088 3420 2880
03| 11560) 11680 | 11580 { 11800 | 11172 | 10754
94| 11680 | 11800 | 11860 9690 8170 6150 8130 4088 1900 760
96| 11628 | 11628 | 11628 9000 8748 8700 4568 3810 3040 2378
so| 1799 | 70| nmee| 1790 | 1080 | 0120 s288| 7sss| 7600 7000
97| 11685] 11685 | 11685 | 11685 | 11400 | 11210
98| 11826 11875| 11500 | 11210 | 10788 | 10070 0218 7000 4845 1986
09| 11408 11408 11286 | 10963

1900 | 131405 114881 11498 9082 8873 8664 8037 7108 6061 4807

o1 9018 7201 8320 3648 1076 66
02 11666 | 11606 | 11000 9576 8320 1178
03| 12005] 12008 12085

05| 11913 | 10032 | 6479 9135
06| 11438 | 10241 | 341 | 6783 pes2| co16| 4380 3857
07 11331 11981 | 11ss1| 11020 ) 10450 | o082 | ers1| 78| %610 ay0
08| 11685 ( 11685 | 11088 | 11685 | 11685 [ 11500 | 11305 | es05| 1820
0] 1498 | g1 | 001 | 6738 sore| ¢ses| 2n7

19011 | 119680 | 11780 | 11780 | 1780 | 11780 | 11685 11590 | 11495 11118 4370
12| 120081 12008 | 12008 | 10830 | 740 | 6055| 4370 2188
13| 11381 | 10868 | 0823 | 8589 7108 | 8043 8857 2000 1048
M| 11970 10| 1050 | 8320 3040 | 2280 1005| 1805 | 1520 1238

161 U799 11799 | n709] 11709 | 4g60 | 4205 4275| 4180] 3895 | 2660
167 1013 11913 | 11913 | 3810 | joo07 708 72 621 561
17] ti288 ] 11286 | oos2| 0897 | 4p9s

"
(=3
©°
~

191 12027 | 12027 | 12027 | 12027 1085 | 10830 | o98so| o6s0| 3518 | 2660

1920 | 11381 | 11381 11381 | 1MR72| 0860 | 8645 ( 1072 620 418 304
21| 12088 | 12085 | o023 | 8480 4s60| 3230 23715| 1016 950
22| 11286 8360 | 8037 | G081 ]| <oe8| 3648
23| 1287| 8178 | 018 | 3138 1ssh
24| 1708 | 1n70a| 04| 11077 o700 | sess] 7108 | 8047 | 4902

25 ( 1670 11870 | 571 11871 | 118571 | 11405 | 11308 [ 10640 §838 6080
20| 11286 11286 | 11286 11280 | 11288 | 11077 | 10704 | 10122 0500 9106
27| 11636 | 11085 | 11685 | 11085 11085 7885 8320 2850 285
1028 | 12160 | 12160 | 12160 | 12160 0786 6080 4370 3708 3328 2470
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during the most scvere storms of each year.
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Tabte 107,

Areas in square miles under different intensitics of rainfall

Year, 1” P 3 1° 8¢ 8° 7 i 8 9° 10° | 11°

1801 | 13167 | 13167 | 12058 | 12884 | 12331 mowa | 11210 10680 | 0937 | 8087 | s0se
o2 | 13023 [ 13623 | 13023 | 13623 | 13623 13647 | 12198 | 10738 | o215 | 7271 | ess
o3| 13m8| 1318 | 13ms| new3| 8132, 4408 012
oo | 13842 | 13642 | 13842 [ 13642 13642 | 13042 | 88T | 2461 | 1368

o5 | 13357 13357 | 13387 | 13367 | 13367 | n17e2 | e84z [ 7030 722
o6 | 13808 | 13305 | 12445 | 11400 | 10450
07| 19623 | 13623 | 11400 | 8360 | 4040 1330
os| 13965 | ©c610| 3sco| 3040 2280 1710 | 1330 885 | 475| 98
0o | 13462 | 13152 | 10082 [ 6270

oo| 13133 13433 o728 | s3sa| 1881 1046| 741 s32| a2
ot | 133to| 13310 [ 12077 | 12084 12122
02| 13832 | 13832 13001 | 9215 4603
03| 13623 | 12445 10013 | 7678 | 5035
04

os| 13065 13008 | 13794 | 13099 | 13583 [ 13370
06| 13338 | 12446 | 10450 8056 4698
o7 13319 | 11818 8569 7942 3762 2413 1463
o8| 13718} 13718 9937 5833
op | 13547 | 13547 | 11238 6802 2204

11| 13547 12540 | 10830 6320 3244 2461 1805 1178 722
12| 13300 | 13110 | 12635 | 11400 7030 760
13| 13623 | 13023 | 13823 ( 13623 | 13400 | 12749 [ 10868 7011
16| 13813 | 13813 | 13718 | 13023 | 13357 | 12008 5227 7126 6408 | 6061 | 56068

15 | 13642 | 13452 13167 | 12096 | 12274 | 11284 0380 7220 3971
16 | 13400 | 13490 | 12096 | 12274 | 114567 | 10288 0025 7881 5066 | 3800 | 722
17| 13585 | 13585 | 13586 | 13585 | 13585 11288 0101 7011
18
19| 13718 | 13433 | 132635 | 11742 | 10460 8303 8415 2080

1920
21 | 13433 | 12404 | 11288 9018 7€00
22| 13400 | 13490 | 12749 | 10868 7042 8434
23| 13400 | 13490 | 13400 | 13490 | 13376 | 13281 | 12692 | 10669 6479 | 6230 | 4598
2¢4] 13685 | 13583 ) 13585 | 10450 7315 4180 20801 1048 418

25
20 | 13586 | 13585 ( 13585 | 13490 ) 12858 | 11704 3136 1008 1477 | 1308 | 1189
271 13452 | 13452 | 1312088 ( 12103 | 10108 7220 42566 2166 1083 | 180
28 | 13985 | 13065 | 13110 | 11875 | 10735 8456 5700 3703 1428




M-111—38 days.

149

during the most secere storms of each year.
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Table 108,

Areas in square miles under different inlensitics of rainfall

Yent 1 9¢ 3¢ e 5 o 70 8 0
1891 000t 6061 0061 6061 | 6061 | 6061
02 6422 6422 5005 4040 | 4180 | 3420
03 6137 6137 0137 6137 6137 6137 5759 4921 4088
™ 6365 6305 6365 0005 | 4040 | 4180
05 6270 8270 6270 62350 6270
96 6270 6270 6270 6270
97 6327 8327 5800 4040 3900 3040
08 8118 6118 5890 6700 6416
09 6061 6001 6001 6767 5434
1900 6080 6030 8080 6080 5085 8800 | 5705 | 8605 418
o1 8175 6175
02 6365 0303 0385
03 €308 6308 6130 2000
vé g232 0232 8371 8244 1388 632 100
05 6175 0175 5434 4180
06 5Y28 D028 5925 5928 2920
67 (AT 545 5005 6005 5965 1712 4204 4083 [ 3702
v G4 6354 6890 4940 3090
) 5456 BO36 6950 6571 5225
1011 0232 6232 0232 6232 [iRRES 8137 0042 | 8871 5226
12 6270 8270 6270
13 (U 6001 6004 3130 au21 3533 2299 1995
H 8175 6173 6175 3230 1423 475 283
15 6:8) 6289 0220 0239 6289 0560
16 027v 0270 06270 6310 3505
17 0175 0175 G175 3971 1572
13 6270 6270 6270 6270 | 6270 4186 4005 3950 { 3240
19
1020 6080 5130 3135 1160
a1 tos: 60t 5900 6434 3067
a2 6001 6004 6004 5076 52325 4189 3344 2188 050
23 6001 3040
24 3060 6300 6166 - 6080 | s0oGe | 6832 | 6767 3330 4398
23 8305 6365 6308 8305 6385 6385 6386 8305 6345
206 5023 ro28 5737 5134 5339 5225 492) 4204 2026
27 6305 6365 5416 6226 4435 3135 1045
ug 0173 6080 8035 6965 6795 5700 G415 | 4370 | 2880
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guring the most scvere storms of each year,
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Table 109,

Arcas in square miles under different intensitics of rainfall

Year. - 2° 3 ¢ Y o 7 8 9

1801 10364 10664 10564 10084 | 10368 | 10032 | o728 | o168 | 7815
2 11020 11020 11020 10735 | 10070 | 8838 | 6038 | 6130 8420
93 10840 10840 10640 10840 | 10450 | 10032 | sso2| 7108| 5016,
84 11020 11020 10735 1018¢ | 9728 | 0263 | 1038
98 10082 10082 10982 10982
90 10082 10982 10082 10082 | 10982
07 11098 11006 10026 n2s | 6060 | 6289 se33| s187| 4841
98 11020 8075 5700 3800 | 2660 2000 teoo| im0 | 1428
89 10669 10050 10859 8410 | 2008

1900 10718 10718 9823 7847 6270 | 4021 | 420¢| 38762 3138
o1 10659 10858 0102 1783 | e118| 4me| s20| 1788
02 11020 10830 8120 0840 | d4s60| B8040 | 2280| 1710 1235
03 11020 10200 7410 6764
ot 9614 8151 1677
05 10373 10773 8205
06 10659 10650 10859 6384
07 10754 240 178 7010 | 4508 2413
08 11u20 11020 9025 2007 | 1577| m02| s3s| est| 288
09 10718 8398 1085 1672 | 1483

1011 11020 9530 0120 7220 | 6320| 3805 | 3040| 2060
12 11098 10025 ¥016 6145
13 10754 10754 10764 10154 | 8802 | 7108 | 6226 3469 1672
14 11115 11115 11116 1938 [ 02| en 838 | 838
18 10982 10082 10450 9310 | o0se1| 085| 665
18 11y98 10925 9600 7885 | 6510 3135
11 10039 100569 10564 10040 | 8309 | 6330 2200 1258 980
18
10 10650 9937 83600 6802

1020 10659 8360 6061 3702
21 1nns 10184 6764 1862 190
22 10659 0819 7038 6648 3438 1163 418
23 10659 10032 8161 6643 | 2200 | 1140 s38| 622 832
24 10811 10811 10450 0310 | 8265 | 4503 ) 4807| 2008 | 980
25 1210 11210 11210 11210 | 11020 | 10738 | 10200, 9090 | 028
26( 1069 10659 10650 7733 | 6384 | 4180 | 1403
27 n2e 9785 6938 4465
28| 11020 1102 11020 9538 | 8246
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during the most severe storms of each year.
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The data represent one maximum storm for each year. In certain years
there was more than one severe storm out of which only one, the maximum,
was selected, This means that 12 cortain years there were rejected storms,
which were more severe than selected storms in ofher ycars. Within this
limitation the curves give o good picture of the character of the distribution

of rainfall in ench section.

Average Intensity—area curves.

Tor each section and each period we can easily form the average curve
for tke single-year maximum intensities of raiufall. These average values

have been given in Tables 110—112.

Table 110,—Area in square miles (average values) under different intensities of
rainfall (3 days).

Rainfull
in M-I, M-II. M-II1. M-IV. M-V.
inclkes,

1° 5947 11717 12931 6052 10528
2" 5292 11000 12384 5584 9213
3" 4024 9876 10262 4541 7383
4" 2814 7627 8121 3492 5489
6" 2113 6970 5463 2637 3979
6" 1913 4047 2998 2119 2738
7" 1221 3181 2020 1366 1839
8’ 856 2126 1332 939 703
g’ 610 1499 711 752 428

10° 382 956 623 435 135

11" 211 937 469 260 61

12* 144 739 348 228

13 99 633 201 150

14° 76 553 141 122

15" 67 407 86 100

16" 65 319 6} 84

40 207 40 51

18° 38 99 2 36

19" ve 36 . 23

20° . 30 " 13

21 . 29

22" . 25

Tahle t11.—Area in square

miles (average values) untler different intensities of
rainfal] (4 days).

Rainfall
in M-I, M-II. M-IIL. M-IV, M.V,

inches.

17 G183 11746 12920 6172 10775

2f 5761 11354 12418 6820 0890

3" 4501 10581 109)6 4980 8672

4" 3610 0534 8409 417] 6694

b 2567 663 (983 3029 4625

6" 1908 5386 5280 2508 3383

7 1463 3811 4058 1822 2149

8’ 1062 2761 2778 1374 1617

9" $09 2118 1853 1075 094

10" 530 1469 1245 739 741

11" 390 1079 836 600 473

127 323 884 564 150 234

137 268 6566 403 18 182
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Table 111—concld,

infall)
Rain R MIL | MIL | MIV. | MV
inches

14”7 192 570 202 99 15

15" 116 467 226 74 5

16" 84 382 99 57

17" 76 207 66 46

18" 63 129 46 40

19" 565 110 42 34

20" 48 93 36 28

21" 34 67 30 23

227 27 27 23 11

23" 17

24" 13

ahle 112,—Area in square

milos (average values) under different intensities cf
rainfall (5 days).

Rainfall
in M-I, M-II. M-III. M.1V, M-V,
inches.

17 5753 11603 12116 6004 10841
2° 5383 11214 11704 H892 10304
3" 4025 10568 10803 03713 9124
4" 3431 8921 0348 4514 64908
5° 2356 7254 7613 3593 43556
6° 1708 6820 5257 2463 3091
7" 1243 4224 3393 1545 2124
8 8§72 3452 2461 1362 1600
9 663 2466 1623 1100 1006
10° 380 1663 914 773 773
11” 314 1231 720 517 524
12° 236 593 604 346 372
13° 173 369 357 258 49
14" 143 331 279 188 25
15" 124 272 228 150

16° 105 204 143 137

177 82 96 118 114

18" 67 85 103 87

197 42 46 84 61

20 36 36 68

21° 29 .o 63

22° 27 . 34

23" . . 26

24" . v 11
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Limiting ourves.

For ench individual section we may select the masimum srea nnder
each particular inch of rainflull (irrcspectivu of the year) and then use these
values to build wp & kind of ohserved houndary curve, Such ohserved
maximam values for each seotion and each period of 8, 4, and 5 days are
given in Fable 118,

{able 113,—RAotual boundary values for intensity distribution of rainfall in the Mahanadi Catchment.

[Areas in square miles. Rainfull in inches (total).]

- a1 an IRIt LIV MV

pailia

b Sdays| 4 days| 8 days| Sdays| 4 days| 5 duys| 3 days| 4 days| 8 daye| 3 days| 4 days| 5 days| 8 days| € days| & days
r 6400 | 6400 | 040V | 12400 ) 12110 | 12100 | 143:0 | 14100 | 14110 | 6600 | 6560 | 6580 | 11250 | 131280 | 11300
¢ | 6310] o100 o100 | 12280 | 22110 | 12000 | 4300 | 14100 | 24120 | o600 | 6320 | ess0 | 11250 | 12260 | 12300
3 6370 | 0400 | Gdou | 12280 | 12110 | 12110 ) 14240 | 14210 § 13940 | 6800 | 8530 | €530 | 11070 | 13116 | 11800
¢ 0370 | 6400 | €270 | 122801 11980 { 12110 | 14050 | 14110 1'3840 060 | 8530 | 6530 [ 11070 | 11110 | 11300
o | 6210] civol o2e0 [ 12240 | 11620 | 11740 | 14050 | 14110 [ 13260 | 0600 | ess0 | es30 | 10860 | 10860 | 11110
g | 6270| €400 | G160 | 12170 | 11930 | yto4o | 11300 | 13150 | 13780 | 6600 | 6310 @530 | 10170 | 2csto | 10730
¢ | 6210 6120 | o140 | 11060 | 12450 | 11550 | tozco | 12560 [ 13000 [ 6600 | 6210 | es30 | 2700 | 16740 [ 10340
g | 6270| o020 | 6100 | 11510 | 11850 [ 11450 | 1014 | 11020 [ 10770 [ 6020 [ 6120 | esso | s380 | 2070 | 6770
¢ | 5180 5930 [ 5970 | 11030 | 11260 | 11070 | 640 | 11070 | 10040 | 6530 [ 6100 | ss30{ 3640|2002 | s100
w | 4610| 5840 | 5800 | 20200 | t0sse | wico | swoo | sors0 | 0080 | 6440 | ssg0 | es30| 1690 | ss10 8330
ne | 40| 5420 | 5650 | 9578 | 10140 89501 4560 | o080 | 8140 | 8340} si00| ssz0] 1480 erso| 7430
12 | 3630 | 4000 5420 8052 0390 [ s930| 4010 | sre0 | €970 [ 5340 | 10| esz0| .. | 270 070
1 | 30| ssco| s100| 8120 | 8820 [ sesv| 3460 coro| 4030 | 4950 | 30| eszo| .. | 20| esco
W | 2100 3110 4650 | 6070 | 7030 | sl20| 2530 | 8470 | 4470 | 4180| 3750 | e210| .. | G40 | Ssea
15 2410 | 2000 | 4090 | 5830 | ©210 BBGOi 1900 | 3800 | 4110 3590 | 2780 | 8730| .. 210 | 3390

l

18 2030 | 2200 | 3450 5000 | 473v| 45%0 l 1150 | 2110 | 3050 | 2720 2140 | 5050

1 1600 | 2050 | 2700 | 863u| 4260 2150 ; 830 1 1920 | 8100 1840 1710 41%0

[ 1300 | 1880 | 2070 | 1970 | 3680 | 1140 620 1720 | 2820 | 1300 | 1490 | 3200

1 . 1110} 1640 | 1340 322 (§-{1] . 1510 | 2380 870 | 1280 | 2230

w0 | .. | 1aco| 1300 1m0 2s30| s . | i3e0| 2040 880 toro

3 1240 | 1070 1040 | usv P . 1150 | 1630 . 850

i

W

. 1000 940 920 to0co| .. . Qg0 1%00| .. 430
. . . . . . 670 020

. . . . . . 486 | 400
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As the observed boundary curves aro irrcgular in character I smoothed
them by free-hand graduation and tho tabulated values corresponding
to theso free-hand graduations have Leen given in Table 114, From these

tables we can form eome idea regarding the possibility of occurrence

of different space distributions of maximum intensity of rainfall,

Table 114,—Graduated limiting curves for intenaity distribution of rainfall in Mahanadi Catchment,

[Areas in aquare miles. Ruinfall in $nches.)

M M.II M-OI MOV M.V
Rainfall in
inche. 3daye| ddays| 5 days| 3daya| 4 days| 5 days zdnynlldny-' 8 days 3doys|dda Isd 3d
[ I )’ll sys ays | 4 days| 5 days

1° 6400 | 6400 [ 6400 , 12400 [ 12400 { 12100 | 14300 [ 14300 | 14300 ( 600D 0000I 6600 | 11260 | 11250 | 11300

2° 6400 | 6400 [ 6400 | 12400 | 12400 | 12400 ] 14300 | 14300 | 14300 | GR00 | 6600 | 6600 | 11260 11250 | 11300
Iy 6400 | 6400 | 6400 | 32400 | 12400 | 12400 { 14350 | 14300 | 14300 | 6600 | 6600 | 6800 | 30250 | 11250 | 11300
v 8400 | 6400 | 6350 | 12400 | 12100 | 12404 | 14300 | 14300 [ 14300 | 6600 [ 6600 | 6600 [ 11250 | 12250 | 11300
5 6400 | 6400 | 06300 | 12400 | 11080 | 12000 | 14000 | 14300 | 24300 | 6600 | 6600 | 6800 | 12000 | 11260 | 11150
g 6400 | 6400 | 6250 | 12200 | 11800 | 11850 | 13260 | 13500 | 33700 | 6600 | 6500 | 6600 | 10300 | 11250 10800
ne 6400 [ 6300 | 6200 | 11960 [ 11600 | 12800 | 12150 ( 12800 | 13000 | 6600 | 6400 | 6800 | 8000 | 11100 10400
8° 6270 | 6200 | 6100 | 11Gu0 | 11500 | 11500 | 10450 12000 | 12000 | 6450 | 6300 | €600 | 6650 | 10700 9750
['d §720 | 6020 | G6COO [ 11050 | 11300 | 11180 | 8700 | 11050 | 10800 | 6250 [ 6100 | €600 | 3700 | 10000 9100
10* 4960 | 6840 | 5890 | 10400 | 11000 | 10700 | 7100 | 10100 | 0450 | 6000 | &000 | 6600 | 2260 | 8600 8300
11° 4200 | B450 | G600 | 0300 | 10450 | 10150 | G820 | 6100 | 8200 | 5700 | 5500 | 6800 | 1500 | 6250 7580
11’ 3050 | 4950 | 0450 | 0000 | 9800 | 9500 | 4700 | 8150 | 7030 | 5350 | 4850 | 6600 | .. 4050 [ @850
18 3200 | 4300 | 6100 | 8150 | 9000 [ 8850 | 3850 [ 7000 [ 6000 | 4050 | 4400 es00| .. | 2200( g0
1 2800 | 3050 | 4680 | 7000 [ 8000 | 5120 | 2800 | 6G50 | 5000 | 4350 | 3800 | 6200 . 850 | 5700
15° 2410 | 8100) 4100( ©050 [ 6820 6300 | 2100 | 4450 | 4260 | 3600 | 3260 | 6700 . 250

18° 2030 | 2700 | 3500 | 6000 | 5400 | 4800 | 1550 | 3500 | 3700 | 2700 | 2700 | 5050

17* 1700 { 2280 | 2700 3650 | 4200 3000 | 1000 | 2750 | 3300 ( 2000 | 2200 | 4200

18° 1400 | 1980 | 2060 ( 2400 | 3800 ( 1250 650 | 2160 | 2050 | 1400 1700 | 3300

19° . 1720 1600 | 1600 | 3400 800 . 1750 | 2450 020 | 1320 2200

£0° . 14801 1300 | 1160 | 2880 000 . 1400 | 2060 680 [ 1050

21° . 1250 | 1too | 1040 | 2200 .. . 1200 | 1650 300 880

22° . 1020 960 | 1000 | 1050 . . 900 | 1300 180 .

23 . . . . . . . 850 | 1000

24 a . . . . . . 600 750

Limiting curves tor whole Mahanadi Catchment.

In order to gain some idea regarding the distribution of mazimum rainfall
for the whole catchment, curves of heaviest rainfall were selected by scrutiny.
For the period of 6 days it was found that the 1926 curve represented the
heaviest rainfall. The arcss for cach scction for this curve were tabulated
together in Table 115, and adding the arcas under 17" in each section wo get
the total arca under 1° for the whole catchment. In ihe same way tho area
for the whole catchment under 27, 3°, 4", etc, of rainfall were obtained
dircetly. In the same way we picked up the 1818 and 1026 curves as
representing the heaviest rainfall over 4 days. Fora period of 3 days the
cml-)ves for 1926, 1920, 1918 and 1892 were seclected and charted in
Table 116.
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We can use this material for making an estimate of the possible
roaximum rainfall for the whole catchment. Tor 8 days, for example, we can
take the bounding values of the curves (irrespective of the particular storm)
to give the observed maximum rainfall. From 1” to 12” the 1926 curve is in
the extreme position, but between 12” and 13" the curve for 1918 cuts the
other curve and goes beyond it . 'We can take tho observed bounding curve
to be given by 1926 Letween 1“ and the point of intersection between 12”
and 13", and by the 1918 curve beyond the point of intersection. These
observed bounding values have been given in column (2) of Table 115. In
the snme way the observed boundary values for the period of 4 days and
5 days have been given in columns (3) and (4) of Talle 115.

These observed boundary curves are, naturally, rather irregular in character
I next tried to forin a smooth limiting curve by free-hand graduation. The
arcas interpolated from these smooth limiting curves have been given in Table
115, column (6), for 8 days; Table 115, column (6), for 4 days ; and Table
115, coluan (7) for 5 days. These figures represent a kind of limiting
maximum values for intensities of rainfall based on the total experience
of 38 years (1€91—1928).

Table 115.—Limiting values of areas under ditferent intensities of rainfall for whole
Mahanadi Catchiment.

[Areas in square miles. Rainfull in inches.)

Observed Graduated
Rainfall

in ! !
inches.

3days | 4 days | 5 days | 3 days | 4days | 5 days

1°] 561000 [ 49920 [ 48890 | 51000 | 61000 | 651000
2" [ 60030 | 49920 ; 48890 | 61000 | 51000 | 51000
3" | 50030 | 49510 | 48710 | 51000 | 61000 | 40000
4" | 48070 | 47910 | 45290 | 48750 [ 48500 | 46500
5" | 44300 | 44270 | 43200 | 45000 | 45200 | 43500

6" | 39210 | 39760 | 39350 | 40300 41700 | 39700
7" | 349010 | 34510 | 27120 | 385000 38000 36500
§" | 23050 | 31930 | 23130 ! 303500 | 34400 | 33200
0° | 24650 | 20220 | 20520 | 26500 | 380200 | 29500
10° [ 18060 | 20360 | 16820 | 22500 | 26500 | 26300

11" | 16620 [ 22050 | 16240 | 10500 | 23300 | 23500
12| 14320 | 18300 | 15790 | 16800 | 20300 | 20100
18°| 12700 | 13820 | 14010 | 14300 | 12000 | 17560
14°| 11210 | 11460 | 13610 | 12000 | 14700 | 14000
15" | 10180 0240 | 11070 | 10200 | 12100 | 11200

16* 8310 7650 8270 8500 | 10000 8500
177 6070 60640 4980 6500 8300 6000
18° 3300 5720 3310 4700 6500 4000
197 2260 4940 2210 3200 5000 2600
20" 1750 4320 1890 2000 4200 1800

217 1670 3000 1110 1000 3000 1200
22 950 1110 970 1000 1200 1000
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Average maximum Rainfall.

It will be nseful to give the averago total rainfall during year-maximum
rain storms in the differont seotions of the Mahanadi catchment. ‘Chese aro
given in Table 118. The figure within brackets gives the size of the sample
in each oase.

Tahle 116.—Avcrage total rainfall por day during year-maximum rain storms,

Bestlen 8 Dags 4 Days § Dags
1 3 8 ¢

Mahanadi I o " (87) 42496 +°2818 | (37) 4'8680+-2014 | (33) 488882921
I . “e (37) 6187643243 | (37) 681104 °3007 | (36) 61071 +°2768

ur . w| (37) 4320642745 | (37) 5204142712 | (38) 5660842010

1Y (87) «¢n83° + ‘2788 | (87) 63307 - *3382 | (30) 66778 43418

Vo e (A7)  879204-°1748 | (37) 4707342764 | (%6) 472334.°2173

Whole Mabanali Catchment (37) 4910+ 2087 | (87) ©62368-4-2070 | (38) 84381 42718

The order of the mean rainfall is the same for 3, 4, aud 5 counsocutive
days, Section II coming hizhest, then Section IV, Section III and Section I,
rainfall being lowest in Bection V. The differences in value are, however,
scarcely significant.

It will hu noliced that the total rainfall in 4 days is slightly greater
(by about 0'6* or 0'7” inches) than the rainfall in 3 days, but the total
rainfall in 6§ days does not show any appreciable inecrcase. This indicates
that heavy rainfall usually persists for 3 or 4 consccutive days but begins to
fall off from the fifth day.

Total Maximum Rainfall.

Instead of the average values of the precipitation we can also caleulate
the total maximum rdinfall from the maximum boundary curves. These
figures are given in Table 117, It will be noticed that Section V hag
again the lowest values. Eac'i figure in this talle gives a kind of upper limit,
which although not actually observed so far, is indicated by the available data,.
The limiting valucs also show the sawne charateristics as the mean values heavy
raiafall is not likely to continue for mors than three or four counsecutive days.
'he physical explanation is obvious. Rain-storms usually pass out of fle
catchment area in this time.

Table 117.—Total maximum rainfall durirg the year-maximum rain-storm,

Section 8 doys 4 days § days
Mahanadi I 13:21 1494 16-34
11 1284 1424 13:41
111 11-39 12-88 13-44
v 14-34 1476 17-46,
v 813 11-03 1233
Whele Mahanadi Catchment 9-4269 | 10-2662 _7 3946
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Absolute Maximum Rainfall.

The absolute maximum (irrespective of the year), intensities of average
rainfall in inch per day for each section and for the whole catchment for 1,
2, B..ca0eeneresesinnse.. 10 consecutive days are shown in Tuble 118. This table
contains a summary of the experience of the heaviest rainfall actually observed
during the period 1891—1928, and will give somo idea of the risk of maximum
rainfall. It will be noticed that although there are differences namong the
different sections there is a good deal of agreement for the larger periods of
consecutive days.

Table 118.

Rection, Dajye. | 1 I 3 3 | ) ¢ | ] | ? | [ [] 10
Mabanadi I .. ool ovt| 667 | w0 | 3] 2r7| 23| 202 | 183 ] 152 | 19
Mahanadi In .. colema| 3| s 2as | zas | 2w | 19| 171 ) 16a | 1146
Mahanadi ur .. | sor ] ers| 81| svs | =) =30 296 | 218 195 | 140
Mahanadi IV .. v | 788 €18 | 385 | 2o wer | 2as| 2e2 | Les) 20| 1033
Mabsnadt Vo o | w03 ] oo | 2o ) 213 1an | V37| a3 | veo | 182 | 142

Whole Mabansdi Catchment | :ml 2ol | 224 | x-.u| 185 x,-zl 1os| o7 | res! 118

Maximum Intensity of Rainfall.

The maximum intensity of rainfall in each year has also an interest of
its own. I have tabulated these values for the dillerent sections and the whole
Mahanadi catchment for 1 day, and for 2, 3, 4, or b consceutive
dsys. The actual values with dates are given in Tables 119—124,
They are shown i1 the form of accumuiated totals in Table 125, The extreme
values enclosed within brackets in the ease of M-11 and M-IV are of course
untrustworthy 83 they represenmt werely the record at owe siugle station
each.





