PART L. GENERAL PHYSICAL FEATURES.
CHAPTER 1.—PHYSICAL FEATURES.

This report deals with the occurrenco of floods in the delta of Orissa
which comprises the three adminisrative districts of Cuttack, Puri acd
Balasore. It lics approximately between 16° 287 and 21° 67° N, and 85° and
§7° 20 L., and is a narrow strip of alluvial soil formed Dby the deposit of silt
brought down by the rivers. 'The width of tho delta never excceds60 or 70
miles and is at places only from 15 to 20 miles wide. Itis Lounded on tha
cast by the Bay of Bengal. In the north-cast the river Subarnarekha very
nearly forms the boundary between Orissa and the province of Bengal, In
the norlh and the west the delta is overhuns by the uplands of the Orirsa
Tributary ahals, whick form a southerly projection of the hills and rivers of
Chota Nagpur. Sowe of the smaller rivers of Orissa take their crizin from
taese hills, others draw their main supply from huge tracts of undulating
uplands on the further side of these ranges. In tho south the delta is boundol
by 1he lake Chilka and the Presidency of Madras. The area of the delta is
about 8,000 square miles; and the population in the three districts of Puri,
Cuttack and Balasore according to the Census of 1921, was 4,202,461,

I'rom the point of view of floods the arca in tho ceatro and in the south
consisting of about 3,300 square miles is thy most important. The greater
part of this area (about 2,300 squarc miles) consists of the Mahanadi delta
watered Ly the innumcrable branches of that viver, The north central arca
(about 800 squaro miles) is the Brahmini-Baitarani delta watered by tho
differeat distributarics of the rivers Brakmini and Baitarani. In the extremo
north is the Subarnarekha delta drained by the Subarnarekha aud some 1ninoz
rivers. All the rivers ran directly into the Bay of Bengal, excepta few
Lranches of the Mahanadi in the district of Puri which run into the Chilka
lake.

The delta can be divided into three dislinct zones, each cf which ruas
roughly parallel to the sca coast.

The salt tract—Along tho coast line lies a rarrow strip of salt tract from
one to six miles broad, traversed by innumerable sluggish streams with coarse
junsly growths of eanes, brushwood, and reedy grass on either side, and full
of swamps and morasses, The ract is purely alluvial, aed subjeet to inunda-
ticns from the sea which renders it unfit for cultivation; towards the sea the
£0'l Las n distinct ealine taste. Near the teachriso tandy ridges from 50 o
80 fect high, sloping inland and covered with scrubby vegetation, as also
sand-hills covered with creepers which tho rivers find diflicult to pierce.  Fur-
ther inland lies a prairie land of long grass und scrubby jungle practically
uninhabited and uncultivated, although hereacd there some of the low lands
are wsed for graziog purposes. On the western boundary of tha marshy
woodland lie long lines of villages.

The arable bell.—The second belt is o level plain about 40 or 50 miles
broad lying between the maritime salt Jands on the sea ccast and the hilly
country on the west, It is a dead level of rice fields with a light friable soil,
sparsely wooded except round the villages where it is dotted with magnificent
groves of mango, bangan, pipal, tamarind and bamboo trees.

The Balasore-Cuttack-Ganjam Trunk road, the Bengal Nagpur Railway
line from Cuttack to Waltair, and the THizh Level Canal Ranges I, II, and
11T, all run roughly parallel tg the coast on the western boundary of this
tract. It is intersected Ly several Jarge rivers which, emerging from the
western nountaing, throw a netework of Lranches in every dircction, and is
also traversed by tho Orisea Canals,



This is the most fortilo and densely populated area of Orissa, and the
aim of all sohemes of flood control developed so far has been to protect this
toh of land. The problem of flood regulation in this divison, however, is
one of peculiar diticulty owinito tho fuot that the landis extremely flut and
- practioally without any slope throughout its Lreadth. Conscquently the speed
of tho wator coming down the rivers doorcases rapidly, This loads to
a tromendous amount of deposit of silt and sand every year in the drainago
chaonels.

In the absenco of any ayetematic scheme of river training a continual
detorinration of tho rivera is inevitable. 1tis estimated that the deltaic rivers
in spite of their great number, are unabls to carry away even 60 per cent of
the water brought down by tho main streams from the western mountains.
Therefore, as we shall sce later on, the delta suffurs badly from even moderate
floods in the main rivers. It is only when a very heavy flood occure (for
cxample such as those in 1872, 1886, 1911, etc.) that a part of tho sand is
clcared away by the rush of water. and in consequence the cffects of veory
hoavy floods are indirectly benoflsial to some extont even from a fluod point of
view.

The Sub-montane -T'ract.—The third holt is the sub-montane tract of land
lying Letween the Iributary States and the luvel plain on the east. It is an
undulating.country with & red soil, in which masscs of laterite buried in bard
ferrugiuous clay erop up here and thero. The land is broken up into ravines
clothed with prickly thorns and stunted shrubs. Tho hill ranges which are
irregularly scattered are for the most part covered with vogetation. None of
them is more than 2,500 fect bigh, and from thoir rounded form it is evident
that they wero at one timo subject to marine action. Large tracts of this aren
are covered with sel trees, and the country is broken up by the hille into narrow
fertile valleys interseeted by small hill streame.

There iv a great diversity ol level in this aren, but on an average it may
be said to lie between the 50U feet, and 260 feet contour lines. ‘The drainage
slope is thorefore quite satisfactory, and the country is practically immuna
from river floods, although it is liablo to vccasional daniage from abnormally
heavy local rain.

The western hills bolonging to the Archacan crystalline group consists of
excessively hard granite rock. To tha west and south-west, tho structure
alters considorably, becoming a hard tough indistinetly crystallized horn-Llen-
dic rock, and further south-wesl quartz schist comes in, well foliated and
sharply cleavable.

Between tho hills and tho sen the land is composed of alluvium, being
n perfect plain to the, east, while to the west the surface is mueh more
irregular and undulating, most of the dopuosit in the river valleys :s of recent
origin, while portions of the delia which bslong to an older alluvial deposit
aro distinguished by heing more sandy, and the country covered by it being
more vadulating, and morv woditied [‘:y denwdatioon, also Leing more frequently
accompanied by laterite. This laterito is evidently of detrital origin and
consists of small pisolitic nedules of haematitic iron and coarse quartz sand.

It is probable that the clusters of isulated hills, which dot the whole of
Orissn, Were orcu islands, and are the end products of aucient doasdation.
T'he fact that the whole country resembles an apraised archipelago suggesta
that the Bay of Bengal washed the western eliffs at a comparatively recent
geological pericd®,

A general desenption of thie chief rivers flowing igto Orissa is compiled
below from the Lmperial Gazetteers.

Supanvanrsna (“thestream of gold’).—Rising in Ranchi district, 10
miles south-west of Ranchi town, it flows towards the narlh-cast, leaving the
Chota Naygpur plateau in a picturcsque waterfall called Lundraghat. lrom

* ¢ Bluwn eand from the sea Lisu foriaed vand-hills whish cuvor a considerable aroa. Tbeie can be littls
doabt thit ench rangs of uandhille narks un old xgn oount, and it weoms prebable that the sza kes retired

grad .elly, and the land s béen raiscd, not coutinususly ard aniformly but at iotervals and by interraptgd
mor ments.
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this point it forms the I)qundnry with Hazaribagh district, ita courso boing
eastwards to the tri-junotion point with ManbLbham disteict. TFrom thore the
river Leuds southwards into Singhbhum, thon passes Into tho Htate of
Mayurbbanj, and afterwards enters Midnapore district from the north-west
It travorses the junglo in tho wostern tract of this distriot till it roaches
Balnsore, through which it flows in o tortuous southern channol, with gigantic
windings enst and wast, until it finally fulls iato the Bay of Bongal, after
a course of about 300 miles, having drained an aros of about 8,000 square
miles, The chief tributaries of the Subarnarekha in Cbota Nagpur are the
Kanchiand Karkari, both joining it from the west. T'he river is navigahlo
by country craft for about 16 miles frow its mouth, up to which point it ia
also tidal, and tho bed is studded with islands. During the rains rice boats of
two tons burden mako their way into Muyurbhanj. The bordering country is
cultivated to within a fow miles of the s3a in the cold season. The Bubarna-
rcklia is fordable only at places within Balasoro district ; it is embauked here
in its lower reaches.

BartaraxL®—Rising among the hills in the north-west of Keonjhar Stato
in 21° 28’ N,, and 83° 83’ E,, it flows first in a south-weslerly and then in an
easterly dircetion, forming successively the houndary between Keonjhar and
Mayurbhanj States, between Kecoujhar and the district of Cuttack, and
between Cuttack and Balasore. Yo tho latter district tho Rrahmani joins it
atfor the Daitarani has bad o course of 224 miles, and the united siream falla,
under the name of the Dhamra, into the Bay of Bengal.  The river is navig-
able as high as Olokl, 15 iiles frown its mouth ; beyond this point it is uot
affected by tho tide, and is fordable during the hot scaton. The chief tribu-
tarics are the Salindi'and Maltai in the Balasore district. ‘Ihe river is erossed
by the Orissa Iligh-level Canal, which derives from it a portion of its water-
supply.

Brauminr.—Tormed by the junction of the ssuth Koel and Sunkh
rivers in Gaogpur State, Orissa, the united stream, assuming the name of
Brahmini, passes through the Orissa Tributary States of Bonai, Talchier, and
Dh.nkanal, and enters Cuttack district ncar Garh Balarampur, It then
follows o very winding ewstorly course, and reaches the Bay of Dengal by
two mouths, the Dhamra estuary aund tho Maipara river, after a length of
ahout 260 miles. At the southern end of Sukhinda just below the railway
bridge, the Brohmini gives off the Pattia branch on its left which changing
its pame to [ltharsua further down, rejoins the Brahmini below Aul.  The
oth# principal branch of the Brahmini is the Kimiria, “which takes off
on its right bank opposite Rajendrapur village in Cuttack district, and,
after miging its waters with the Gangati, Kelo, and Birapa (the last an
offshoot of the Mahanadi), falls again into the streain at Indpur uwnder the
nanic of the Birupa. As it approaches tho soa the Brahmini rcceives on its
left Lank the Kharsuaa, and a short distanco below this point its waters unite
with those of the Baitarani, forming the Dbamra. “The Brahwini is crossed
by the Orissa 1ligh-lovel Canal, which derives from it a portion of its water-
supply, and is spanned Ly a fine bridgo on the Bengal Nagpur Railway.

Dnaxra.—River and estuary formed by the Brahmani and Baitarani and
their tributarics, which maeet at 20° 45’ N,, 56° 4" L., and cnter tho Ray
of Bengnl at 20° 47’ N, €6° 48’ E. The Dhawra is navigable, but is rendered
dangerous by a bar across its mouth. [t forms the bouudary hetween the
dis;ricta of Cuttack and Balasore, but its waters lie within the jurisdiction of
Balasore.

Maxavact (‘the great river').—A large river with a total conrse of 433
miles, about half of which lies within the Central Provinces. Tho drainagze
srea of tho Mahanadi is estimated at about 51,000 square miles with nbopt
27,000 equate miles in the Ceniral Provinces. Its. maximum discharge in
flood tinte is calculatod to be about 1'6 million cnbio feet a second,
or nearly na great as that of the Gangos; in the dry season, bowever, ‘*he

® Phis niver in meotioned in the Marknnda Purans, ohapter 67, as flowing right throush tho Ka'inga
ouuntrg (U, U, Majurcdar, “ Orisea in the Making,” Calewtts Unitcraity Prees, 19285, pago 13.)
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o dwindles to nbout 1,000 cubio feet o second, and has been known to
;‘l:!ll?};grngo low a value a8 200 ocuscos, while the least discharge of the anges is
45,000 cublo feet per second. During eight months of the year the river is
pothing more than & narrow and shallow channel winding tbrough a vast
oxpanso of sand.

The Mahanadi® rises in An insignificant pool, a fow miles from Sihawa
in the extreme south-enat of Raipur distrjot, In tbe first part of its course
it lows to the north, and draine the eastern portion of Raipur, its valley during
the first 50 miles beiog not more than 500 or 600 yaords broad. A little above
Seorinarayan, on entering Bilaspur district, it receives the watera of ita flrst
great sfiluent, the Beonath, which in Raipur district is o more important river
than the Mahanadi itself, It flows in an easterly direction through Bilaspur,
its principal tributaries being the Jonk and tbe Hasdo. It then enters
Sambalpur, and turning south at the town of Padampur flows south and south-
east through that district. Its sfHuents here are the 1b, the Ong, and the Tel,*
and numerous ininor Atreams. In Bambalpur it has already becomo a river
of the first magnitude with a width of more than a mile in flood time
when it pours down a sheot of muddy water overflowing its submerged banks,
carrying with it the boughs and trunks of trees, and occasionnlly the corpses
of men and animals which it has swept away. The Mahanadi subsequently
forms o series of rapids, until it renchca Dholpur. During the rainy season
the water covers the rocks and suflicea to float down huga rafts of timber,
At Dholpur the rapids ond, and the river rolls its unrestrnined waters straight
towards the outermost line of the Eastern Ghats. Thisa mountain line is
pierced by a gorge 40 milew in length, overlooked by hills and shaded by
forests on either gide. The Mahanadi finally leaves the Tributiry Buates,
and pours down upon the Orissa delta from Letween two hills a mile npart
at Naraj, about 7 milos west of the city of Cuttack. It traverses Cutrack
district from west to east, and throwing off nuwnerous branches falls into the
Bay of Bengal, by several obannels, near I'alse Foint, in 20°18" N., 86° 43’ E.

On the right or south bank, scon after entering OCuttack district, it
gives off a large stream, the Katjuri’, the city of Cuttack being built upsn
tho spit which separates tho two channels. The Katjuri im:ediately divides
jnto two, of which the southern branch, under the name of the Koakhyet
passes info Puri district, and shortly afterwards throws off the Surua, which
reunites with the parent streaw after a course of a few miles. ‘'Lho offshoots
from tho left or north bank of the AMalanadi are the Birupa and the Chi ratala.
The Birupa tokes off opposite tho city of Cuttack, and a’terwards joins the
Brabn:ini, and its waters ultimately find their way into the Bay of Dengal by
thc Dhamra estuary.

'The total length of the course from the source of the B8eonath to Naraj
i+ about 403 miles, and from the source of the Mahanadi to Narajis about
466 mniles. The distance to the sea would be about 67 milss wore.

Jn the upper parts of its course the bed of the Mahanadi is open and
suncy, with banks usually low, lare, and wunattractive. After entering
SBambalpur its course is broken in several places by rocks turough which tKe
river forns rapids, dangercus to navigation. Boats cau, however, ascend the
Mahanedi as far as Arang in Raipur district, sbout 120 miles fromn its
source, but owing to the Mahanadi A nicut through passage is not® pessible

(1) 1t has been identified by compeient ackflars with * Manadu * n.entivned by Plolemy in the second
sentory A.D. ‘e name wau probably an old one of aboriginal or tril'sl origin, ke settlsicent of Jlindux
snd Hinduizod people in the Sambalpur tract bagsn from the seventh century A, D. from which period tho
wames probably bogen to bo Siuskritixe!s [B. C. Majumdar,** Orissa ia Lhe makiog.”’ psge 79.}

{2) That the rivor Tel lny on the western border of Andhradesa hus Leen mantioned in Jutaks storieaand
hae beon pointed Sut by Mr. K. P. Jayauwal.

(3) Mr. I, C, Majun dur points oot that here * Jari' repressats tho name * Jorri*(rivers) of the
Kandaba tuhas (** Origen in tho Making " p. 8l1).

(4) Mr. Majomdur olso sistes(p. 10) that Koakhye {a but's slightly sltered form of the zcal name
Ka chkm, from * Kayya®' mesning 'deop’, aud ‘Khui” meaning ‘caid’ or ‘arm’ in Tawil sprech
which wou the linguage of the ralers of Oriusa a0 lute awtbe thirtoonth centary A D, Mr. J. Shaw (Spacial
Flcod Officer, Ordisn) points oat, howsver, that the ward “ Khai " means a hollow or ochanpel in modern Origa.

Hoe thinks that Koya-khas ja *crow-ohannel , and gitve Bilua-khai or fos-chunne', Dahs:khas or ourd-ohiomsl,
Khaja-kkai or Swestmoat-chanuel for comparleon.
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Before the construction of the Bengal Naogpur Railway the Mahanadi
was the main outlel for the produce of Bambalpur disteict, which
was carried in boats to Oubtack, ealt, cloth, and other commodities being
brought back in exchange. The through trafflc has now, however, been
superseded by the railway, and there remains only a small amount of local
{rade between Sambalpur aud Sonepur.

Orrexa Lake.—A shallow gulf, situsted between 10°28° and 19° E8’N-
and 85° 6’ and 85° 86" E. in the south-enst ocorner of Puri district. A long
sancy ridge, in places little more thun 200 yards wide, teparates it from the
Bay of Bengal, with whioh ite only conneotion is by 8 single narrow mouth
interseoting thia ridge towards its ceutrs. On thu west and south the lake
is walled in by lofty hills, while to the north it loses itself in endless shallows,
sedgy banks, and islands just peoping above the surface, formed year by year
from the silt which the rivers bring down. The lake sprcads out into a pear-
sbaped expanse of water 44 miles lang, of whick tho noithern half bas a mean
breadth of about 20 miles, while the south tapers into an irregularly curved
point, barely averaging 6 miles wide. Ita amallegt area is 844 square miles
iz the dry season, inoreasing to about 450 during the rainy season ; and the
average gepth ia from 3 to b feet, scarcely anywhere exegeding 6 feet excepting
at the north-west end where the depth is reporterd to be 10 to 12 feet. The
bed is generally below the high-water level of tho sen, although in some parts
it is slightly below low-water mark. The narrow tidal streawn, which rushes
through the neck connecting the lake with the sea, suffices to keep the water
distinolly salt during the dry woanths from December to June. But once
the rains bave set in, and the Bhargovi and Daya rivers coms pouring down
upon its northern extremity, the sea-water is gradually driven oub and the
Chilka becomes a fresh-water lako.

The Chilka may be regarded as a gulf of tho original Bay of Bengal.
On the south, a bold, barren spur of hills rune down to the coast; on the
north the land-making rivers bave pushed out their rounded mouths and flat
deltas into the ocean. Nor bas the sen been idlo. Meeting and overmastering
the languid river-discharge that entersthe Chilka, it Las joined the two extre-
mities with a bar of sand, and thus formed a lake. The delicate process of
land-making from the river silt at the north-cast end of the lake is slowly Lut
steadily going on, while the Dbar-building sca is still busily at work. Ol
documents show tlatin the carly years of the 19th century the neck
of land dividing the lake from the sea was from half a wile to a
mile brond ; tho avernge sand spit separating the lake from thu sea is at
present about half a mile broad, but was reporfed to ho two miles wido
at certain places somo time ago; and the opening inthe lar, which wasa
mile wide in 1780 A, D. and bLad to be crossed in lavee boats, was des-
cribed forty years later as choked up.  Shortly before 1525 nn artificial mouth
had to Lic cut ; and although this also rapidly began to silt up, it remuined
a8 lnte 08 1837, more than three times its present breadth. Tho present moush
is about one mile wide, and opens and closes according to the sererity of floods.
The difficulty in maiutaining an outlet irom the Chilka forms one of the ehicf
obstacles to utilizing the lake as an escapo for the flooda that desolate the delta.
Engineers report that, although it woull Le easy and cheup to cut a channel, it
would be very costly and difficult to keep it open; and that each newiy
opened mouth would speedily choke up and share the fate of its predecessors.



CHAPTER 2.—~GENERAL METEOROLOGICAL
CHARACTERISTICS.

It will be useful to give s brief summary of the scasonal changes of weatber
conditions with spocial referonco to ralnfall in Urlsea and adjoining districte.

The seasonal distribution of rainfall in the administrative distriots ocon«
ocerned is shown in Table 1. The figurcs have been compiled from the table
of monthly and annual rainfall figurea Fuhlished by the Indian Meteorological
Dgpartment (1824). It will be noticed that the greater part of the rainfall
oocurs in Juno, July, August aud September, i.e., during the prevalence of the
south-west monsoon.

The Meteorologioal characteristics for certain selected stations in the area
under coneideration are alsa shown in Tables 3—9.

Table 2 gives the averags monthly and annval means of the barometric
pressure at 8.0 a u, reduced to 32°F., constant gravity and sea-level. Table 3
gives the corresponding monthly snd anoual means of tho barometric pressure
for the whole day.

Tables 4 and 6 show the average monthly and snoual mean direction
of wind at 8-0 a.M. and for the whole day rospectively; Table 6 the
average monthly and annual mean velosity of the wind (in iniles per hour) ;
Table 7 the averags monthly and annual means of relative humidities
corrected totrue Aiurnal means; Table 8 the average monthly aud snnual
means of cloud proportions corrected to true diurnal me.ns; and finslly
Table 9 gives the monthly and annual means of air temperatures currected to
trae diurna) mesce. (‘1L sc tables bave been compiled frow Ind. Met. Mem.,
Vol. XVII, 1804.)

" Tahle 1.—Normal Rainfall in cach Distriot.

Distriat. N._::' Jan. | Feb.| Mar. | April. | May. Lunu. July. | Aue. [sopt. [Oct. | Nov.|Dee. | Total.
mtationa.

1. Midoapur .. 28| 83 10| 167 | 172 | 620 | 1183|1184 02| 8 | 65t | 107 | 13 [YNT
2. Balasore 10| 6| 182} 141 | 23| 480 [ 988 | 1118 [ 2082 | 008 ! B8z | 14a | -8 2924
2. Cuttack 18| 43| 120 16| 1:36 | €43 | 940 (1220 [ 1208 | &0 | 690 ] 226 | 10 8097
4. Puri 12| 88 1:00| 81 -79( 308 9:00 |11-40,13-38| 934 | 671 | 304 | -20 89 34
8. Aogul 6| 48| 106 108 [ 219 232 901 [13-02|13-38) 868 | 32| 83| -28 68:0
€. Orissa Foudatory States .. 30| 40 121 103 | 1:30) 2-68 | 1020 | 14-01 | 1346 860 | 8w | w8 | 22 88-06
7. Bambalpur 1| a1l 84| 88| 86| 107 977 |16-20]16.68] w12 | 208| 82| -19 56-42
9. Ranchi . 18( 100 | 125) 106 | 82| 213 [10-31 | 3478|1584 s6e | 320 3| 18 8917
9, Hazaribagh 12| 64 108 ( 88| 39| 203 | B4d [12-00 [13-03| w25 | 301 | 36| -la 50-31
10 Palamau 20( 85| 120( 76| 38| 106 | 758 (1206|1486 740 | 220 | 42| 14 we?
11, Manbhum | sl 87| 103| 90| 28| 038 |11-08|2196| 820! 203| 56| 07 5177
12. Singhbbum 100 0| 13| 94| 123 326| 907 | 1392 12:80| 801 ‘ 287 50| 2 5581
18. Drug .. 8| 30| 1-24| 44| 86| 73| 891 |12:33|13-62| 127|203 | a1 -33 4837
14. Raipur 19 93! 98 81| -03| -62| ub4|13-02]1813| 118 | 2@ | 27| 28 52-06
15, Bilaspor of 6| 116 26| 57| -84 8:47|14-76|18:01( 723 223 | 38| 18 53-92
16. Foudatory Gtates 18| 66 138 18| 88! 97 897 |1a-08[1618| 701 | 277 | 20| 27 64682
17. Mandla 8104|243 100 67| -60( 888 |1508!1702| 770 230| 3| -20 8817
18. Chands 16| 88! 83| 66| 66| 68| v-73 1088 pi3-a3| 822 | 1-03| 49| -2n 8280
16. Bbandara 7 -njl‘ 128 66| -42| -63[10-32|1588 (1896 730 ) 219 | €1 | -88 5578
20. Balaghat . 8] 8, 10| 62| 64| 65 (10-08] 1901|1704 | 201 (a223 | 88| -29 00-83
1. Gasjam 10 -xei 07| 60| 100 | 281 | 881 | 722 | 503 | w09, 745 270 | -8¢ 4508
$2. Gasjam (agency) o 50 88| 100|226 303 8:92 |12.08| 1241 0-08 | 52| 162 | 42 8697
83. Visagapatam .. 18| 28 64| 61| @07 203 491|541 | 881 763] 650 | 270 | 88 o2
4. Visagspatam (sgency) 1] 18| 0| -80| 206 3-06 [ 842 | 1398 | 14-85| 1000, ¢-09 [ 2-3) [ 33 89'd6
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Table 2.—Average Monthly and Annual Means af § A.M. Pressurs reduoed to 32°F,, conatant gravity

and saa-level.
StaMons, Jaa. Yob. | Mar, | April | May. | June. | July. | Acg. | Bept | Oeh Nov, | Des. | Anauay
—
1. Ralpur .. | 30048 ] 20-080 | 29034 20-761 | 30-643 | 29-358 | 29-260 | 29-611 | $9-703 | 29-876 | 29-907 | 30070 30808
8. Bambalpor.. | 30-080 | 20-088 | 20-086 | 39172 20-650 | 25-850 | 25-854 | 29-808 | 20-700 | 29-874 | 30-001 | 30073 19-810
9. Renchl .. | 30039 | 20-003 | 20-878 | 20787 | 29-648 | 29-8¢8 | 20-838 | 20:688 20-306 | 20:003 | 20-002 | 30-008 29-800
& Chaibeasa .. | 30-043 | 20-973 | 20-868 | 20749 | 20-630 | 20-833 | 20-517 | 20-808 | 20-858 | 29-864 | 29998 | 30085 29791
5. Dalanore .. | 30042 | 20-975 | 20875 | 20-772 | 20-068 | 20-588 | 30632 | 20-386 | 20-690 | 39-870 | 20-906 | 30043 £9-002
6. Falas Point 30025 | 29-084 | 20879 | 29-705 | 20-670 | 20-584 | 20-350 | 29-697 | 20-080 | 20-848 | 20-063 | 30038 19-798
B Cuttack ., | 30028 | 20962 | 20-376 | 28-776 | 20-648 | 29 884 | 29-84¢ | 29-302 20-883 | 29-849 _ﬂ-“‘l loﬁl! 20-193

Table 3.—Avarage Monthly Mean ot Dally Pressure roduced to 32°F., constant gravity and sea-level.

1

Biations, Jan, Fob. Mar. | April. | May. | June. | July. | Aug. Bopt. Oct. Nov.l Dec. | Annus..
Ralpur oo | 20-084 | 29903 | 20812 | 20-680 | 29-678 | 20208 | 20-516 | 20-608 | 20-650 | s0-82¢ | 20037 30013 29749
Bembalpur ., | 008| vas| -eza| -ee7| -687| -so8| .s2¢| o2 -es0 822 -ml s0-013| 786

t
Fales Point .. | -980| 523 -s3a| .738| -ee0| -s38| o23| -s74| -657| 0| 920 %e-03| 762
Cuttack ..} 080 9| -s22| 20| -o2v| -s23| 810 -coa| -o37| | om| e | 758
Table 4,.—Average Monthly and Annual Moan Diroction of Wind at 8-0 A.M,

Stations. Jan. Fob. Aar. Apeit. | May. | Juos. | July. | Aug. Bept. Oct. Nov. | Dus. |Aenual,
Raipur oo IN13E [N W Noow |8 ce'w|8 76w |8 se'w (B u‘\vls cew| s o:vw'n ' [NGO'E |8 u'\\'ls 69-W
Bambalpur .. |NS2'C [N20'W|N(a'E | 8 82K |8 76°E |8 23°W (8 34w 8 30w | « 8" lxx:ﬂ: N2'E |N 1R IN DR
Kanchi .o |N73'W|New'w N 80| 8 61V |8 43'W |8 42'W 8 63W|d cow s 1u'\leuu'w NO3W S au'wla W
Chaibasa .. |8 6w |8 66-w| 8 co'w |8 62w |8 6s"W|3 82w 8 e6'\w |3 m-wis E3°W 5 63°W 8 11'W |3 64w '3 caw
Balasore .. |N21°W|N4w |8 01w (8 20w |8 29°W |8 :rwln 3w (8 0w s ww'.\' AW N 2LW S 230 |8 B1w -
Faleo Point .. | N25*W|N8:°W |8 70°1W| 8 38tV [8 22°W |8 3% 8 69°w |8 67°W, 8 u-wi.\cs-w Nlow|[Nirw
Cutteck .. |N &°W|N36E 8 50w |5 30°W |8 46'W 3 7w 5 00'w )8 oW BOLW N OIW| N4z Wy u'wls clw

Table 5.—Averago Monthly and Annual Means (daily avoragos) ol Direction of Wind.
Blatiobs. Jon, Fob, Moo, | April. | May. | June, [ July. | Aug. Bopt. Oc Nov. Due, Anaual,
' ) o
Baipor o Ivzew | e w Nasw [N soew [N 81°W |8 72°W |8 6oW (8 12°W |8 Baw | NISE [N 3'E [NIPE | Nwsw
Bambalpur .. |Nesw|N62W|Nea'w [0 so'w|s exw (8 s0°W (8 c0*W B o'W [8 4v'w [N 2 [N 1w [N1rw[ Nasw
Yals Polnt .. | NST'E |8 112 |B se°w (8 20'w |8 21°W |8 36°W (8 64°W |8 «'W |8 19'W|NSI'E [N30'E [NS0C'E | 8 a'w
Cotteck .. JN26°E |8 12°W )8 18'W |8 30°W 8 12°WA 8 39°W |8 61'W |8 4z'W |8 :s'wiNu-s NIFE|N2'E| Naw
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Table 8. —Average Monthly and Annual Mean Hourly Vslooitles of Wind,

Btations, | Jan, Fab. | Mar. Aprn.'lhy. [June. | July,| Aug. | 8ept. [ Oot. | Nov. | Doo. | Annash
Ralpur 27| ¢0| ¢o) as| 80| o) | 84| 50| 38| 32| 25 50
Bambalpur..| g6 20| 31| 89| 43| 82| 48| 6| 90| 20| 27| 28 36
Ranohi .. | s2| o8| 66 74| 78] 87| 10| 78( 60| «5| 87| 43 [
Ohaitassa .. | 12( 18| 17| 26| 28| 29| 27| 18| 14| 00| 08| 10 18
Balasore .. | 28| 88| 58| 66| 88| 72| 60| «3| 36| 26| 21| 21 o8
PekoPoint | &0 7-8( 108| 188|187 126 12| o8| 85| 60| 60| &8 (£}
Cuttack 14| 21 33 so| &1 «o| 33| 27| 24| 18| 18| 12 28

Table 7.—Average Monthly‘and Anaual Means of Relative Humidity corrected to rue
Diurna) Maans.

Btations, { Jan. | Fob. | Mar. (Aprid. | May. Jure. [July.
Raipir .. ( 830 €4-0 38-3) 317 811 | 622 &4:1
Bambalpur.. | 68-3 | 580 | 61-8 «3-0 | 47-8 | 680 | 804
Falso I'unt | 78-0| 79-8 | 620 | 84-8 | 82:8| 84-0 | 85-7
Cutlack CS5-5| 610 | G0-8| 622 | 34| N3 | TuB8

Aug.

801
879
LLR)
809

Sopt.

8240
LAY
80-2
86

Nov.

610
704
167
6§

Dee,

s
04
757
6y

883
€82
LIE
-7

Table 8,—Average Monthly and Annual M2an Propor tich of Cloud coirected to true

Diurnal Mcans.

Srations, | Joo. | Fob. | Mar. IApriL May. ’Jum. July. Aug. |Sept. | Oct. | Nov. {Dee. Anomal,
Raipur .. | 38| 09| 18] 24| 32| 68 t-ﬁ' b2 68| 34| 22| 14 4“0
Bambalpur..| 10| 11| 16) 23| 83| 62| TH. 73| 67| 28| 19| 24 36
Falos Poing A4 20| 29| 86 81| 72| 8¢ , 82| 23| 43| 30| 23 47
Cuttack .. ¥ 1e]| 23] 20| &3] 62| 18] 21| s6] 37| 21| ‘19 39

Table 9.—Average Monlhly and Annual Means of Air Temperature corrccled fo trug

Diwral Means,

Hiations, I Jan,

Fab.

Mar. lA;rril.

Raipar ..
Bembalpur..
Ranchi .
Chaibass ..
Balswors .,
Talse Point
Owpack ..

677
€17
(18}
a6
673
616
708

538
72:61
660
10-8
724
128
58

819
807
51
8
73
74
825

40-3
886
546
884
861
8]
(13

May.
936
029
566
908
871
)
"e

880
873
817
860
842
8-l
884

July,
798
81l
714
824
LR
818
30

Spt.

§0-3
821
10
818
B4
818
830

Ot

781
i R
738
788
%4
798
811

ns
ne
89
709
723

"2

Dec.

(5]
454
013
847
ee-6
687
as-6

Annuak

790
291
49
4
4
173
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WinteR CONDITIONS.

Weather is dry throughout the winter months of December, J. snuary and
February. Barometric pressure deoreases fowards the south, from a belt of
high pressure lying over the north-west of the Punjab to a belt of low pressure
situated to the south of the equator,

This is the period of the so-called * North-East Monsoon ”, which ia
associated with a pressure gradient from south to north in the upper airina
direction opposed to that of the surface gradient. Eliot concluded from eloud
observations (Ind. Met, Mem., Vol. IV, Part 8, and Volume XV, Part 1) that
the winter air movement in north India was comparatively shallow. W. A.
Harwood, in his study of Pilot Balloon data, (Ind. Met. Mem., Volume \31I-
Part 5) found that the north-east monsoon current strengthened with increas-
ing distance from its source in north-west India. He concluded that * the
north-east monsoon system is the same, with slight modifications, as the trade
wind system of the Atlantic".

The monsoon starts at about Lat, 30° N. as a surface current, 1 Kilometre
to 2 Kilometre thick, and its depth increases steadily towards lower latitudes,
reaching 7 Km, to 10 Km. in Lat. 13°N., ...... the current diminishcsin
thickness with the southward movements of the doldrums. Above the
monsoon ig an anti-monsoon which as far as our land observations can tell us
is exactly like the anti-trade, noaring and approaching the surface with
increase of latitude and finally joining the genoral west to east circulation at
about Latj 80°N. [Iad. 2fet. MUem., Volumo XII, Parts 7 and 8, pages
264—255].

The air movement is generally from the north and the wind is
usually light as can be easily seen from Tahles 4 and € which give the average
monthly mean direction and the mean hourly velocity of wind. Thesky is
practically free from cloud (Table 8) and the humidity is moderate
throughout the winter season (Table 7).

Rainfall.—In tho south of the Orissa Delta somo of the winter rainfall ig
given by the north-east monsoon and occasionally by late storms in the Bay.
But over the greater part of the region the light falls of rain in winter are
usually given by western dcpressions. Sir Gilbert Walker has given the
following description of these depressions :—

4 After entering India tlhey generally travel eastwards and take tlree to
five days to reach Bengal ; but they sowetimes cxtend into North Burma.
Thoso disturbances which take a norlherly coutse give rainin Kashmir and
usually after travelling for three days in Tilebet, reappear in Assam, the time
taken may sometimes he so long as five days.  But geucrally it is less, Those
that take a southerly tract give rain in the central partsof the countryand
Orissa. There are also disturbances which give arcas of rain both in north-
west India and in the eentral parts of the country. When the latter rainfal]
occurs it is usually assoctated with a feebly macked depression travelling easts
‘wards through Soutbern Rajputana.”’ [Ind. Aet. Mem. Volume XK1V, Part
XI (1925) pp. 314S-349.)

Raintall, however, is extremely scanly and lies between 1'50” and 2:0”
practically throughout the region under consideration.

It will be noticed that winter rainfall is slightly heavier in the north.
west and decreases towards the south-cast. This is of course easily exnlained
by tho fact that almost all the winter rain is Lrought aow.. by" depiessions
from the north-west:

WearHER 0F TOE HoT SEASON,

During March, April and May therois a rapid 1ise of the temperaturo
(Table 9) accompanied by the beating up of the land surface, and a continue
dus deorease of pressure over North India, which gradually becomes g
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low pressure area relative to the Indian Ocean. This low Pressure
trough is very slight at first, gradually deepensin intensity,and causes an
increasing indraught from the Bay of Beagal. Over tho greater part of the
arca the wind now changes from a northerly to a southerly direction and
attains greater velocities. Relative humidity etill remains low (Table ),
but there is a slight increase in the average oleud proportions.(Table 8),

During day time strong hot winds continue to blow from the north-west
into the interior of the country, while near the sea-coast damp sea-winds blow
in from the south-east. The inter-action botween these two ourrents, supple-
-mented by the action of the Nilgiri hills and the bills of the Orissa Feuda-
tory states in causing a vigorous forced ascent, gives rise to local thunderstorms.
A glance at the Rainfall Map no. 1 will show that the rainfall rapidly
increases as the hills are approached, reaching the maximum value of 9° to
10" in two particular regions near the Nilgiriand the Udaigiri hills. Further
inland there is a gradual decrease of rainfall until it becomes less than 2
inches in the western portions of the Mahanadi catchment area. Table 13
also shows that the deltaic area, and the catchment basin of the Baitarani and
the Bubarnarekba, receive comparatively a much greater proportion of the
rainfall (over 10 per cent) during the summer months. The rainfall duriog
these months is however extremely local in character, and although important
from an agricultural standpoint, has no bearing on floods.

Tae SouTH-WEST MONSOON,

The months of June, July, August and September comprise the period of
the southawest monsoon. For our present investigation this is the most
important season, from 756 per cent to nearly 90 per cent of the annual rain.
fall being concentrated in these months. In years of normal rainfall the
distribution of the rainfall controls the crop-yicld, in years of drought the
failure of the rains causes scarcity or famine, and finally in years of excessive
rainfall the amount and distribution of the precipitation determine the nature
and intensity of the floods,

The rapid increase of temperature during the montha of March, April and
May reduces the surface pressure over northern India, go that by the beginniog
of Jure, the winter high pressure area is replaced by a deep low-pressure area
extending in India from Sind and Western Rajputana to Bengal.

The lower monsoon current may be considered to be o part ol the large
circulation round the Asiatic low pressure avea (Ind. Met. Mem., Volume
XXI1V., Part VIII, page 268). A stcady indraught of moisture-laden winds
from the oceanic area blowing roughly frotn the south-west in the Arabian S8ea
and the Bay of Bengal constitutes thd south-west monsoon in the lower
Jevels. The Arabian sea branch of the monsoon usually sets in Bombay in the
first week of June, a few days before the Bay current reaches Bengal.

Although a certain amount of rainfall occurs in Orissa and the catchment
areas without being associated with any large changein the barometric pressure
the heavier and more concentrated falls occur at intervals along the tracks
of depressions and cyclonic storms which originate in the Bay of Beszal and
usually travel in a north-westerly direction.

The monsoon is not an uninterrupted corrent, but usually comes in
pulses of various durations. Periods of heavy rainfall alternate with periods
when the rain is confined to the coast districts and to scattered local thunder-
storms. ‘The front of an advancing current of monsoon in the Bay of Bengal
is usually an area of disturbed weather, strong winds, and rain squalls,
A characteristic feature is the formation of cyclonic storms and depressions.

Tho intimate connexion between the occurrence of maximum discharge
in the Mahanadi and the occurrence of storms and depressions in the Bay has
been fully brought out in the analysis, given later, of Bay storms and
ig xéessions which affected the area under discussion during the years 1891+
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TRANSITION STAGH.

Towards the end of September the transition from monsoon to cold weather
condition begins, but is not usually completed antil the middle of December.
Barometric pressure begins to rise rapidly, and with the disappearance of the
monsoon trough, winds change to a northerly direction. The sky gradually
becomes dry, and there is arapid drop of the air-temperature. [Tables 2—9.}

October and November are, however, characterized by the occurrence of
ocoasional storms of a very severe intenmsity. Fortunately they are compa-
ratively rare, only 17 entered the area under discussion during the 38 years
1891—1928. These storms are often acoompanied by very heavy local rain
and high winds. They usually cause damage along their own tracks, and do
not give rise to widespread river floods.

S—— t— E—
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CHAPTER 3.— RAINFALL NORMALS.

The rainfall records of 156 stations have been used in the discussion of
floods in Orissa, Out of these, 112 are situated in the catchment area of the
Origsa rivers, 12 in the Orissa delta, and 30 near the boundaries of the
catchment areas, data for which have been used for drawing lines of equal
rainfall. The rainfall stations have been grouped under respective catchment
areas, which have been described in detail in Chapters 5—8 and are shown in
accompanying maps (1)—(4).

Unfortunately, in earlier years, most of the stations were not in existence.
A complete list of all the stations with the latitude and longitude, district,
and year from which records are available in each case, is given in Table 10.
The number of stations available in different years is shown in Table 11.
It will be seen that almost all the stations were started after 1865, and only
10 are available from 1868. (This is why I decided to bogin the detailed
analysis of floods from the great flood of 1868.)

Records from 1891 are available in printed form in the Annual Rainfall
volumes published by the Indian Mecteorological Department. Records for
the period 1868--1590° wero collected from manuscript data in the
Meteorological Offices in Calcutta and Poona.

The daily rainfall records are compiled from two sources. In the case
of a few important stations the rainfall data aro recorded under the direct
supervisior of the Metcorological Department. Theso stations are periodically
inspected, and as the cbserver is usually a person of some scientific training
the records arc reliable. In the case of a majority of stations, liowever,
the records are kept and published under the supervision of the Agricultural
Department ; owingto the lack of any systemaiic inspeetion the data are
often faulty. Considerablo cate had to be excrcised therefore in scrutiniz-
ing the primary data. Itis not uncommon to find the same identical
rainfall repeated every day at the same station for 7,10, or 1& days consecutively.
I bave even found instances when the rainfall have been carefully recorded
for tho 31st day of Juue for several years.

Table 10.—List of Rainfall Stations with their Latitudes and Longitudes.*

Year
Rainfall station. of Latitude. | Longitude.|  Administrative District.
starting.
Mahanadi I—

1. Udaigiri .. | 1876 20° 8! 84° 22’ [ Ganjam, Orissa.

2. Phulbani . 1831 20° 30’ 84° 14 | Angul, Ovissa.

3. Banki .. 1553 20° 22 85°31-5° | Cuttack, Orissa.

4. Kunjabangarh .. 1853 20° 2 84° 5° | lubutary Mabhals.

5. Narsingpur .. 1087 20° 2y’ 8£5° 4’ Ditto.

6. Baramba . 1500 20° 24’ §5° 207 Ditto.

7. Nayagarh oo | 184 20° 8’ 83° Ditto.

8. Tickerpara .- 1401 20° 36’ %0° 47’ | Angul, Orissa.

9. Rampur . 1u02 el ¥ 84”20’ | Feudatory States.
10. Buud . 1903 20° 50’ 84° 19’ | Tributary Mahals.
11. Balandapara .. 1905 20° 46’ 84° 4’ | Angul, Orissa.

12, Ashgarh . 1900 20° 32’ 85° 37" | Feudatory Mahals.
13. Bolzarh - 1913 20° 11’ $5° 16’ | Puri.

Malanadi 11—

1. Bargarh .o | 1867 20° 20’ 83° 36’ | Sambalpur, Orissa.

2. Padampur . 1602 21° o’ 83° 5’ Ditto.

8. Bhawanipatna .. 1902 1v° 535’ 83° 10’ | Feudatory States.

R “Ttho rtinfall etations have beun groured under catchinont arcas as defined in Part II of the
ep: xt.
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Table 10.—List of Rainfall 8tations with their Latitudes and Longitudeg—contd.

Year
Rainfall station. of Latitude. | Longitude.| Administrative District.
starting.
AMahanads II—concld. ‘
4..Bolangir . 1002 20° 43’ 83° 30’ | Feudatory States,
5. Sonepur .o | 1002 20° 51’ 83° 55 Ditto.
8. Saraipali .e 1902 21° 20’ 82° 5" Reipur, Central Provinces.
7. Dcobhag .. | 1000 19° 53’ 82° 40’ Ditto.
8. Khariar . 1006 20° 17* 82° 46’ Ditto.
9. Binka .o | 1013 a1° 2’ 83° 48’ | Feudutory States.
10. Dhama oo | 1920 21° 16’ 83° 55’ | Sambalpur, Orissa.
11. Bijapur | 1920 | 20012 | s3cer Ditto
Mahkanadi 11I—
1. Sambalpur .. | 1863 21° 28’ 83° 60’ | Sambslpur, Orissa.
2. Janjgir .. | 1868 22° ¥ 82° 39’ | Bilaspur, Central Provinces.
3. Korba ‘e 1880 20° 21’ 82° 42’ Ditto.
4. Raigarh .. | 1880 21° 53’ 83° 23’ | Feudatory States.
5. Sarangarh .. | 1880 21° 35’ 83° 51’ Ditto.
6. Gangpur .. | 1883 22° 78’ 84° 2’ Ditto.
7. Sakti .. | 1902 20° 2' 82° 67° | Feudatory States.
8. Dharmajaigarh .. | 1900 22° 28’ 83° 16’ Ditto.
9. Pasan . 1012 22° 51’ 82° 6’ | Bilaspur, Central Provinces.

10. Baikanthapur .. | 1913 23° 12’ 82° 38" | Feudatory States.

11. Katghora .. | 1916 | 22°31" | §2°33 | Bilaspur, Central Provinces.
12. Jharsuguda oo | 1920 21° 50' 84° 31’ { Sambalpur, Orissa.

13. Ambabhona . 1920 2]1° 35’ 83° 28’ Ditto.
Mahanadi 1V —
1. Dhamtari .. | 1866 20° 42’ 81°33" | Raipur, Central Provinces.
2. Kankar .o | 1902 20° 16’ 81° 29’ | Feudatory States.
3. Gariband .. | 1903 20° 37 82° 4’ | Raipur, Centrul Provinces.
4, Arang - 1003 21° 13’ 81° 41’ Ditto
5. Rajim oo | 18035 20° 38’ 81° 7’ [ Ditto.
6. Mehesamund .. | 1906 21° 7' 82° 5 Ditto.
7. Kurid .o 1906 20° 5’ 81° 43’ Ditto.
8. Pitlora o | 1917 21° 13’ 82° 31’ Ditto.
9. Nowapara o | 1138 20° 16 81° 50° Ditto.

Mahanadi V—

I. Bitaspur .| 1866 | 22° 5 [ 82° 9’ | Bilaspur, Central Provinces,

2. Drug . | 1868 21° 1’ 81° 16’ | Prug, ditto.
8. Raipur .. | 1866 21° 14 81° 33’ | Raipur, ditto.
4. Simga ve 1866 21° 38’ 81° 42 Ditto.

5. Drungeli .. | 1866 22° 03’ 81° 40’ | Bilaspur, Central Provinces.
8. Pendra .. | 1880 22° 47 81° 5¢6° Ditto.

7. Pondaria .o | 1807 22° 13’ 51° 24’ Ditto.

8. Kawardha o | 1902 22° 00’ 81° 14’ | Feudatory States.
9. Chhuikhadan .. | 1902 21° 32’ 81° o’ Ditto.
1Q. Khairagarh .o | 1002 21° 25' 80° 58’ Ditto.
11, Dongargara . | 1802 21° 12! 80° 45’ Ditto.

12. Nandagoan .o | 1002 21° ¢’ s1° o’ Ditto.

13. Bzladabazar .. | 1903 21° 39’ 82° 10’ | Raipur, Central Provinoes.
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Table 10,—List of Rainfall 8tations with thelr Latiludes and Longitudes—conid,

Year

Rainfall station. of Latitude. | Longitude. Administrutive District.
starting.

Makanadi V—concld.
14. Ambachowki .. 1005 20° 45° 80° 23'

Drug, Central Provinces.

15. Sanjari . 1900 20° 52’ 81° o1’ Ditto.

16. Bametara .o 19000 21° 43 81° 32’ Ditto.

17. Gondai .o 1900 21° 40’ 81° 06’ Ditto.

18. Pondilafa .. | 1008 22° g’ 81° 15 | Bilaspur, Central Provinces.
19. Kusrang .. | 1000 21° 22 82° 1’ | Ruipur, ditto.
Baitarani—

1. Keonjhar e 1883 21° 37’ 85° 34’ | Tributary Mahals.
2. Akhoyapada .. 1885 20° 56’ 86° 16° | Balasore, Orissa.

3. Anandapur .o | 1393 21° 13’ 86° 7' | Tributary Mahals.
4. Karanjia . 1903 21° 53’ 85° 69’ Ditto.

5. Bonth .| 1905 21° 7 86° 19’ | Balasore, Orissa.

6. Korai oo | 1012 20° 69’ B6° 8 | Cuttack.Orissa.

7. Clampan | lu22 22° ¢ 85° 39" [ Tributary Mahals,
Nilyiri—

1. Baripada oo | 1870 21° 56’ 86° 43 | 'I'vibutary Mahals,
2, Nilgiri . 1005 21° 2y’ 86° 46’ Ditto.

3. Turigaria | 198 21°17 86° 36" | Balusore, Orisea.
Brahwmini I—

1. Angul . 1581 20° 48’ 83° 0 | Angnl. Orissa.

2, Dhenkanal .« | lssl 20° 40° 85° 8C" | Tributa:y Mahals,
3. Talcher .| 1Is81 20” 57’ 83° 14/ Ditto.

4. Pallahara . Ix02 21° 367 537 117 Ditto.

5. Chhandipara .. 1901 21¢ 5 81° 53 Angul. Orissa,

6. Deoghar .| 1ous 2° 32° 1% 44 | Lowdatury States.
7. Hindol <o | 1903 20237 | sz0 1o ‘Uribuiary Mahals,
8. Sakinda .| 1915 20° 577 857 57" | fattack. Qrissa.
9. Barchana . 1915 20° 40° S0 67 Nitto.
10. Tarparn ] 1817 St 5 54° 5’ togul. Orissa.

Brakmiai 11—

1. Tashpur .. | 1883 a2 33’ 84% 8" | Pewlatory  States,
2, LoLardaga .. | I8kl R I 847 40" | Ranchi. Bihar,
3. Chainpur .. 1844 23 7 349 14’ tiitto.
4. Vulkot .o ] Isid »2? 5y K58 Ditto.
5. CGailkura oo | 1Bug =2 51’ 85° 21' | Singhblum, Libar,
6. Manokarpur .. | 1890 | e sy 857 13° Ditto.
7. Kurdeg .. | oo 22 3y’ &1 &' | Ranchi. Bilar.
8. I'ano N I SV 22° 40° 84° &’ Brittn.
9. (\umla . 1403 2y 2f RiC 8y Pitto.
10. Jagannathpur .. 1904 22°13° 85° 38 | dinghblum. Bikar,
11. Donrigarh .. 1506 £1v 49’ §4° 37" | Teudotery States,

12, Simdega .. 1810 20° 3¢’ §4° 29° Ranchi, Bihar.

Subernarekha I—

1. Jellasore .- 1873 21° 48’ 87° 13’ | Balusore, Orissa.
2. Bharogora oo | 1887 22° 17° 86° 43’ | Singhbhum, Bihar.
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Tabte 10.—List of Rainfall Staticns with their Latitudes and Longitudes—cont.

Year
Rainfall station. of Latitude. | Longitude. Administrative District.
starting.

3. Silda .e 1009 22° 37 86° 48’ | Midnapur, Bengal.

4. Kultikri . 1910 20° 7° 87° 8' Ditto.
Subarnarekhe 11—

1. Ranchi .. 1864 23° 29’ 856° 19’ | Ranchi, Bihar.

2. Chaibassa .o | 1870 22° 33’ 85° 48’ | Singhbhum, Bihar.

3. Ghatsila .e 1886 22° 35° 86° 28’ Ditto.

4. Jhalda .- 1880 23° 22/ 85° 558’ | Manbhum, Bihar.

5. Silli .e 1887 23° 21’ 85° 49’ | Ranchi, Bihar,

6. Chakradharpur ., | 1887 22° 40’ 85° 37" | Singhblhum, Bihar.

7. Kalikapur .. | 1893 22° 36° 86° 27° Ditto.

8. Tamur .o 1895 23° 3 85° 38’ | Ranchi, Bihar.

9. Seraikella .. | 1901 22° 42' 86° 55’ | Tributary Mahals.
10. Kharswan . 1901 22° 47' 85° 40' Ditto.

11, Khunti . 1907 23° &’ 85° 16’ | Ranchi, Bihar.

12. Piska .. 1022 23° 20’ 85° 12’ Ditto.

13. Sonahatu | 1922 23° 11° 85° 42 Ditto.
Delta—

1. Cuttack .. 1870 20° 29’ 85° 53’ | Cuttack, Orissa.
2. Hukitola ‘e 1870 20° 25' 86° 48° Ditto.

3. Bhadrak .. 1870 21° ¢ §6° 31’ | Balasore, Orissa.
4. Balasore .. | 1870 21° 30’ 86° 656’ Ditto.

5. Puri .. | 1870 19° 48’ 85° 49’ | Puri, Orissa.

6. Kendrapara .. | 1871 20° 3’ 86° 25" [ Cuttack. Orissa.
7. Tajpur .. | 1871 26° 51’ 86° 21’ Ditto.

8. Khurda o] 1871 20° 11’ 83° 47" | Puri, Orissa.

9. Jagatsingpur .. | 1872 20° 11’ 86° 10’ | Cuttack. Or'ssa.
10. Chandbally .. | 1873 20° 46° 86° 45’ | Balasore, Orissa.
11. Banpur 1879 19° 47° §5° 10" | Puri, Orissa.

12. Ranpur .o | 1893 20° 4’ 85° 21’ | Tributary Mahals.
Border—

1. Ramgarh .. | 1888 22° 41’ 85° 31’ | Hazaribagh, Bihar.

2. Gola .. 1911 23° 34’ 85° 43/ Liitto.

8. Barakatha .. 1022 23° 8y’ 85° 27' Ditto.

4. Mahngdanar .| 1900 23° 24’ 81° 8 | Palamau, Bihar.

6. Chandwa .. | 1010 23° 40° 84° 42’ Ditto.

6. Purulia .. 1870 23° 21’ $6° 21’ | Manbhuw, Bibar.

7. Manbazar .. 1905 23° ¢4’ 86° 41’ Ditto.

8. Bandwan .. 1915 22° 57 8€° 2§’ Ditto.

8. Midnapur .. | 1859 22° 24/ 87° 19’ | Midnapur, B -ugal.
10. Bankura .. | 1886 23° 14’ 87° 7' | Pa kira, Beng: 1.
11. Jagadalpur .o | 1902 21° 8 82° 55’ | Feudatory States.
12. Sirguja .| 1882 | 23° 7 | 83°13 Ditto.

13, Mandla .. | 1867 22° 37/ 80° 21’ | Mandla, Central Provinces.
14. Dindoria .e 1886 22° 58’ 81° 4’ Ditto.

15. Bajag . 1918 22° 4]’ 81° 19’ Ditto.

16. Mul .. | 1867 20° 5’ 79° 39’ |Chanda, Central Provinces.
17. Armoria .e 1882 20° 28’ 79° 58’ Ditto.

18. Ghot .e 1808 19° 48’ 79° 69’ Ditto.

19. Dhanora . 1921 20° 18’ §0° 17’ Ditto.

20. Sakoli .. | 1867 21° 5 79° 58’ | Bhandra, Central Provinces.
21. Baihar .. | 1870 22° &' 80° 31’ | Balaghat, Central Provinces.

22. Lanji .e 1870 21° 30’ 80° 35’ Ditto.
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Table 11.—Number of stations in each catchment available in different yoara.

Maohanadl, Brahmini, Subarnarokha.

Years. Baitaranl.| Qrend

yx. et T | 1V, | V0 [Stoteamas, | Pe. 1. |Be. 11| 86, 1. [ S0, 11, T
1884 | oo | oo | o0 | .. “ R . 1 . 1
1865 | .. | .- U U IS 1| . .. . 1 . 2
1866 | .. | - 2 1 s s| .. . . 1 . °
1867 | .. 1 2 1 5 o| .. | . .- 1 . 10
1808 1 .. 1 2 1 5 ol .. | . . 1 . 10
1860 | .. 1 2 1 ] o] . . . 1 . 10
1870 | .. 1 2 1 5 o| .. | .. . 2 .. 1
18711 .. 1 2 1 5 9| .. . . a .. 1
mzl . 1 2 r|l s o| .. . 2 . %
1873 | .. 1 2] 1 5 ol .. | . 1 2 . 12
1874 | .. 1 2 1 s 9 . 1 2 . 12
1876 .. 1 2 1 5 9| .. | .. 1 2 .. 12
1878 1 1 2 1 5 | .| .. 1 2 . 13
1871 1 1 2 1 5 0f .. | .. 1 2 .. 13
1818 1 1 2 1 5 10| .. . 1 2 . 13
1879 1 1 2 1 5 10 .- 1 2 13
1880 1 1 6 1 8 4] .. . 1 2 . 17
1881 2 1 6 1 ] 16 3| . 1 2 . 2
1882 L) 1 5 1 6 18 3| .. 1 2 . 21
1883 4 1 6 1 6 18 3 1 1 2 1 26
1884 4 1 o 1 8 18 3 2 1 2 1 a7
1885 n 1 6 1 ¢ 18 3 2 1 2 2 28
1886 4 1 o 1 6 18 3 2 1 ‘4 2 20
1887 5 1 ¢ 1 6 19 3 2 2 ¢ 2 2
1888 5 1 8 1 ¢ 19 3 2 ) 6 2 34
1889 5 1 [} 1 ] 19 3 2 2 6 2 3¢
1890 6 1 8 1 ] 20 3 2 S ¢ 2 15
1891 2 1 ] 1 ) 15 3 2 2 ) 2 30
1892 6 1 5 1 ) 19 4 2 ] o 2 35
1803 7 1 6 1 c 21 4 ) 2 7 3 a9
1894 7 1 6 1 0 21 4 ) 3 7 3 30
1893 ] 1 0 H 6 21 4 4 2 8 3 PPy
1896 7 1 6 ! ) 1 ¢ ] 2 8 3 4
1807 7 1 o 1 7 2 4 ¢ 2 8 3 45
1898 7 1 o 1 7 22 4 ] 2 8 3 %
1890 7 1 ¢ 1 ] 22 4 6 2 8 3 4
1000 8 1 5 1 7 22 4 8 a ) 3 7
2901 ) 1 ¢ 1 ) 24 5 8 2 10 3 52
1002 8 6 7 2| 12 35 ] 8 2 10 3 03
1003| 10 o 7 2| 12 3 7 9 2 10 s e
1904 I o 7 4| 13 41 ] 9 2 10 s 79
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Table 11.—Number of stations in each catohment available In different years—concld.

Mahanadi, Brahmint, | Subarnarekha,

Yeoars. Baitarani,| Grand

Total,

M1, M—n.l UL | 7 [P [aabenas, | B 1. |3, IL. 8h.1. |gb.1r

wos | 12| e| 7| 8| wm | 7| 2| 10 5 7
woe | aa| 8| 2| 7| 20 B3l 7| o 2| 10 I 88
wor| 12| 8| 7| 1| 10 s3| 7| o 2| n 6 87
wos| 12| 8| 2| 6| 10 s2| 1| 9 2| n 5 88
wo| 12| 8| 2| 2| 1w g3l 7| o 3| =n 5 8a
o] 12| s 2| 7| 10 63| 1| ® « n 5 89
i | a2 e s 7| 10 si| 2| 9 o n 5 90
2| 12| 8| o 1| 10 5| 1| 9 o 22 6 03
ws| nf 8| 10| 1] 1 es| 1| o o 12 o 03
| 10| 8| w0 7| 10 sa| 2| » o a2 8 03
wis| n| ef 0] 7| 10 ol of o ¢ 12 6 96
e 18| o n| 1| 18 o] o o | 12 3 09
w7f 13] o| n| e8| 1 0| 10| ® o 12 6| 101
8] 13| of n| o 10 o1| 10| o o 12 s| 102
o) 12| 10| m| of 1e e1| 10| o o 12 o| 102
120] 12| n| 18| 8| 10 61| 10| 0 ¢« 12 8| 106
21| 13) nf 3] e 1w 65| 10 o o e 6| 106
2| 13| n| 1) o 1 os| 1] o o 1 7| 108
1| s} nf| 13| ol 1w es| 10| 9 o s 1| 108
wee| 18| n| 18| o 1 es| 10| o «| s 2| 108
ws| 13] n| 1a{ | 10 es| 10| o s s 7| 108
w2e| 18| n| 13| 8| 10 65| 10] o e 13 7| 108
war| 13| n| 1| e 19 es| 10| o | s 2| 108
wee| 18] m| 3| o w 65| 10| o ¢ 1 1| 108

MoNTHLY NORMAL RAINFALL.

The normal rainfall figures for each station for each month are given in
Table 12.
The totals for she differcnt soasons :—

(1) Hot weather «o March, Apri), May,

(2) Monsoon «.. June, July, August, September.
(8) Autumn «oo October, Novewber,

(4) Winter ... December, January, February.

and for the whole year are given in Table 13, and are shown on Rainfall
Mep mos. (1)—(4).
Tablo 12.—Monthly Normal Rainfall'in inches corrected up to 1920,

Ralinfall atations., Jen. | Feb. | Mar. |Aprl | May. {June, |July, lAug. Sopt. | Oot. INov, |Deo;

-— e —

Mahanadi I—

1. G, Udaigirl ee | 31| +86 | 1:34| 2473 | 4-44 | B56 | 11:34 10'67| 9-80 | 593 | 208 0-87
2. Phulbani oo | *41 | 82| 83| 1-54 | 2-27 | 9-37 | 13-¢8 11-96| 9:09 | 4-03 | 84 | .33
3. Banki oo | 29 |2-20| 117 | <99 | 2:63 | 9-26 |11:88 11.77( 9:-36 | 483 |1:38| .38

4. Kunjabangar wo | 41 ) 87| 1:62 | 1-64 | 2:62 | 9-26 | 11:85 , 1088 | ©-87 | ¢:87 | 1.24| -21
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Table 12.—Monthly Normal Rainfall In inches oorrected up to 18920—contd,

Ralnfall stations, Jan, | Fob, | Mae, |April, | May. [June. |July, [ Aug. [Bept. | Oct. (Nov. |Deo,

8. Nansingpur oo | 39| 87| 84| 207 2:47| 047 [12-7¢|20-41} 7-65 | 402 [1-20] 17
6. Baramba vo{ 33 )12¢| 114 1-76| 288 | 9-21 | 11-00|12-00| 9-20  5-06 |2-10] .23
7. Naysgarh oo | 37 |2-12{ 121 192 | 2-74| 8-02 |12:10| 10-08| ©-31 | 4-79 |1-20| .32
8, Tikerpara .1 78160 -08| .05 3-23| 8-92|11-40[20-73| 7:85 | 2-48 | -54 | .19
9. Rampur ool -60f 04! 78| -96| 1-58|11-7417-03|26:77| 8-00| 800 | 37| .21
10, Baud oo 24103 100| -80{ 2-00| 0-82|14-2¢6|12-60| 709 | 363 | 34| -14
11, Balandapara vo] +841-28] 2231 1-11) 2-00 | 18-16] 10-30] 21:23 ] 10-85| 4-01 | 71 | .29
12. Athgarh oo | 80 {2-25] 23 1-09|-2-006| 9-45]12:02|12:78] 8-26 | 4-48 | 1-45| -28
13. Bolgarh o | 85{2:32| 74| -88] 2-67| 962 (11-756]10-78| 7-21 | 6-65 | 3-22| .02
Mahanads 11—

1. Borgarh oo | 42] 81| -98( 84| -99| 9-04 |10-24)18-00] 7-67| 1-74 { 0-3¢{ 0-21
2. Padamplr oo | 43{2:18] 77| 241 | -98)] o-14|13-82|14-13| 810 | 248 | 2¢ | 14
3, Dhawonipatna ..| -31| 60| -80| 1-66| 1-70 |20-25|19-58|15-83] 807 | 3:07 | 47| .22
4. Bolangir oo | 88| 08| 78| 1-27{ 154 [10-34|14-31 | 2472} w00 | 202 35| 17
6. Songpur oo 34| -08| -63f 120 -73|11-0013-01]18-21| 7-22( 270 | -27| .20
6. Saraipnli | 40| 08| -58] 1-13( 1-00| 8:08 | 14-16[ 16-20| 700 | 1-8¢| -36] -18
7. Dcobhog oo | 33| -82] -63] 1477| 222 0-6) |13-09{14-23| 8-18 | 228 | -38 | 40
8. Khariar o | 49 [2-03] 51| 277 | 1-50 [ 10-15(12-40|13-77} 7-50 | 3-22| 37| .41
9. Binka .. -83)1-34| -718| -64| 1-05|15-07)18-70]10-67( 703 301 [ 1:87| -00

Bahanodi I11—

1. Smbalpur - 60| 74| -85 -60| 1-25 [11-12]18.03]|42:6915-7¢| 2-25 | 0:38]0-21
2. Janjgir eo | 48 73| 67| 49| -67| 850 [14-06]16:10f 7-39 | 1-73 | 34| -34
3. Korla oo | W |tn| 82| 45| 26 781 (1772|1740 48| 2:26 | 40 | -20
4. Raigoh oo | 41| 00| 09| 48| 32 v-o2|1v-24(1888] 872 | 2:12| 38 ( .19
6. Sarangarh | 38| 01| -68] -65| -76| 86315¢7]14-87] 7-90 | 2-29| -38| .15
6. Gangpur | 68 )14s| 77| 13| 1-32|19-17| 17-26] 17-04| 820 | 2-8) | 48| -27
7. Sakti oo | 02 [120| 80} 65| -74}10-65]17-02]17-08 9-26 | 2:26 | 21| -17
8. I;:l:):m]ni- oo | 00 [078| 06| -62| <64 [11-07|20-rs[18-58| 7-33 | 2-24| 30| -28
9. Pasan e l120 05| 321 | 43| 100 | 7-83713-6y [14-41 | 6-21 | 242 [ 37 [ -05
10. Baikunthapur .. | -89 |1-80| 123 | 37| 1-09 | 803 [17-62[18-33| 7-31 | 280 ) -31 | -I3
11. Katghora oo |1-08|rus] 00| -23[ 138 |1223]|15-80[ 2031 7-73 | 348 | +40 | -0
Bohanadi 1V—

1. Dhamtari el 28] em] a4 0] -e0| 0-33)1172|13-20] 7-82 | 107 | 032|019
2. Kamder oo ] 48 |rs3| -33) -ou| 1-62| 8-02|11-93]1s-41}f 8-60 [ 3-08| -3¢ 31
3. Geriaband oo | 27108} -37) 142 | 1-11 | 10-00 14-48| 1575 824 [ 3:11 | -48 | 38
4. Arang .| 46 ]2-09] 48| 97) -75|11-24]|14-02|124-80| 7-82 | 2:30 | 46| -2¢
5 Rajim .. | -38|1-28| -33| -92| -84]10-18|15-25]|15-64| 771 | 2:88 | 24 | <20
8. Mahsamund o | 38104} 55| 118 1-05|13-47|16-37|17-88| 778 | 2:03 | 47| -22

7. Kurid oo | -20| 80 45 30 61 | 0-25 |12-86]15-77| 6-08 | 2:08 | -30 | 31
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Yahle 12.—Monthly Normal Rainfall in inohes cofrected up to 1920—contd,

Rainfall station. Jan. | Fob. | Mar. [April. | May, [June. |July. | Aug, |Bopt. | Oct. |Nov.|Dee,
-
Mahanadi VP—
1. Bilaspur o | 821 77 «60 &} ] -84 | 6:05|14-867]13:00| 7-7¢ | 1-62 | 0-44 | 0-26
2. Drug o f 38 74| 88| -61 .58 | 8-61 |13-82| 12-80| 7:48| 1-04 | 48| -20
3. Ralpur .. | 6] +70 -67 69 08 | 0-47 [ 14-28)13-31{ 7830 | 2:00 | -38| :23
4. Singa oo | 34] 03| 43| 63| -05| 7°08|13-26|12:44| 6-8¢ | 1:32 | 25| -17
8. Mungeli eu | 67| -88 68 -68 63| 777 |12-82|11-92] 714 | 1-68] -31 | -22
6. Pendra o | *72]|1:30 97 73 08 | 7-66 | 13-11113-47| 7-30 | 260 | 42 | -24
7. Pandaria e | *71 ] 1:31 61 80 98| 6-32|12-41|1135] 6-00 | 1-98 | 43| -21
8. Kawardha oo | 60 [1-80{ 78] -98| -08| 6-23|11-12] 0-57) &8-88 | 2-32| 44| -37
9. %}L};\;l:ikhai - -87 (163 64 98 63| 7-20}11:08]|10-34] 6-63 | 2:80 ] 48| -33
10. Kheragarh .| 68 [1-8¢] 64| 75| 50| 8-06 12-24|11:10 6-78 | 3-00 | -40 | -27
11. Dongargarh oo ] 43 |1-40f 63| .81 59 | 0-00)13-:03(13:37]| 7-063 | 3-11 | 47| -32
12, Nandgacn .. | -87)1-62} <6014 1-39| -08| ©-30]13-01 (1446} 871 | 2-06 ] 27 ] -3¢
13. Boladabazar oo | 49| 1201 -€3 76| -64 | 925 |13-7)(16-73| 7-03 | 2-03 [ \11] 31
14. Ambachouki . 88 | 118 41 88 ( 100 | 0-28 | 14-63| 18-22| 8:8C | 2:28 | -67 | -40
16. Banjari we | SO |2-23] 81} 1-23] 1-11 | 30-07|12:3214-13| 881 | 2:68 | -53 | 41
16. Bernotara oo | 89| 142| -30] 1-03 56 | 57 |13-37[12:723| 688 | 170 | ‘37| 28
17, Gondsi .| 48{1-68] -40| -89 ‘64| 7-19 | 10-67|22U8| &-838 | 1-02 | 40 ;7
18. Pondi'afa e | 60 ]12:63] 50 -54 67| 10:15)] 16-85] 18-07| 7-36 | 2-04 | -J1 | -23
19. Kusrangi | 21110 62 *72 48 | 10-98| 14-27 | 14:31} 023 | 107 | US| X8
Baitararni—
1. Keonjhar .| -c8]222| 01| 1-67]| 3-00] 7:65(11-80( ©:0L | 7-41 | 3-27 {0-73 428
2. Akhsyapada | *39 (098] 117 | 2.06 | 4:66 | 0-45 | 11-34|12-22] 0-83 | 4-73 11-36( -21
3. Anandapur oo | 83 {1-:34] 130 | 220 | 423 | 0-34 [ 10-70|10-65( C-33 | 4-24 1 0-85| -12
4. Karanjia e | 73 |1-88] 1-22 | 1-03 | 3-81 | 10-62 156-57 | 12:00| 7-61 | 3-52 | 0-83| 42
6. Bonth «.| 61| 1-45] 60| 273 | 3:77 | 8-87 | 10-02 | 11-64| 8-12 | 410 j2-20] ‘)2
6. Korai oo | 66 [1:26] 125 145 | 4-43 | 0-30 | 12-44 | 10-50| 7-08 | &8-98 [1-78| -03
Nilgivi—
1. Baripada oo | *#3}1:21| 1-48 | 2-04 | 400 | 10-51 13-00 1208 11-15| 6-00 | 0-B7 | 0-19
2. Nilgisi oo | 02| 1-86{ 1-70 | 8-12 | 6-72 | 10-84 12:00 | 42-54 | 10-50| 7-05 | 1-78 | -12
3. Turisgaria oo | *24 | 263 -83| 207 | 544 ]10-63{10-81|11:31] 9-54 | 640 | 118 -12
Brahmins I~
1. Apgul . | s8011-08]| 1-04| 1-10 ) 2:30 | 8:76 | J2:15|10-18| 7:54 | 886 |1-07| 0-20
2. Dhenkanal o} 34| -97] 110 105 | 343 | 969 1274 12-61| 9-83 | ¢35 |1-21| -27
3. Talcher . +40)1-08! 1-07| 1-19 | 2:64 | 9-10 | 13-22| 11:43| 740 | 2:03 | ‘87| 10
4. Pal-Lohara .. 62 (120| 318 | 1-62 | 2:87 | 21-28| 10-48|17-60| 8-34 | 3-08 | 49 ( -23
8. Chhendipara .o | 55| 1-04) 1:02| 1-04 | 2-21 | 9-08 | 13-05| 11-84]| 760 | 2956 .61 | -33
6. Deoghar e | *47{ -88 +82 74| 2:16 | 1126 | 17-83| 18-74 | 0:25 | 4-21 | 45| -42
7. Hindol oo | 64 ]2-16| 1-20| 2-81 | 29| 0-6) | 12-47|20-87| 6-82 | 4-04 | 1-26] .24
8. Bukinda .o | 64 |2:61) 179 | 1-00 | 401 |12-63|13-61|12-74| 8:83 | 6-20 | 1:82] ..
9. Sarchana oo | +48|1-761 1-20| 1.22 | 4-74 |21-30|16-69| 12:35] 7-70 | &-B1 | 2-31) ..
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YTabie 12.—Monthly Normal Rainfall in inohes correoted up to 1826—contd.

Rainfall stationa, Jan. | Feb. | Mar, (April, | May (Juna, | July. | Aug. | Bept. | Oct. |Nov. |Des,
Brahminé 11—
1. Jashpur oo | ©89)2-18) 2-36{ 81| 189 |11-26|16:67|17-01| ©-84 | 8-80}0-380.30
2 Lohardaza .o | *08 [1-32] 100 | <60 | 272 { 786 |12-50|13-00 8:15) 2-03]| 40| .27
8. Chainpur .. |106]180| 100 -88| 1-5¢4| B.22 |14-70|124-74] 701 | 201 | 56| .2¢
4. Palkot oo | 88211 83| 1-08 | 1:70 | 0-70 | 15:20| 1662 | 8-48 | 8-48 | 30 | .32
8. Qailkura oo | +73| 128} 18| 13| 2:27 | 10-05|15-80| 16-51] 7-99 | 4-00 | .29 922
6. Manoharpur oo | *7611-50 *86 | 108 | 2-05 | 10-80 ) 18-72| 12-14| 6-76 | 2:00 | 856 | .2)
7. Kurdeg oo |205|1-43| 70| 69| 1-24 | 0-60 | 17-84)18-24] 807 | 1-58 | -20 | .32
8. Bano oo |2:04|228] 70| -50) 1.61 | 9-03]|17-08]|17-33] 7-72] 2:368 | 28| .23
9. Gumla oo | +68 187 141 67| 1-93 | 8-81 | 13-88)14:69) 674 | 296 | -2 | g
1 0. Jagannathpur .. | ‘86 11231 118 60 | 281 | 076 |12-84|12:08 7-85 ] 283 | .36 16
1 1. Bonaigath .. | *40 | 1-22} 1-08 | -06 | 213 |13-16|18-40|27-73( 7-85 | 2-40 | 60 | .25
8 ubarnarekha I—
1. Jellasors oo | *86[1:02] 1:43 | 1-84 | 4-40 | 0-64 ;12-31|11-16|10-32| 4-81 | .02 | .08
2. Baharogora oo | 88 01:16] 120 | 1401 | 410 [10-23]12-87|11-70) 0-60 | 3-47 | 30 | .og
3. Sikla oo | 390|106 228 | 8-21 | 4-60 | 10-87 | 10:-00 .11‘09 802 | 3-88 | 67 | .30
4. Xultikei o] 29217 203 | 1-80 | 4-82 | 10-64)10-28]110-68| 7-07 | 5-88 | 1-10]| .05
Subaruarekha 11—
1. Ranchi o | 631224 2:10 *80 | 2-33| 0-00 [ 14-46|13-01 | 8-23 | 2-70 | 0:37| 010
2. Chaibassa .o | 67 (2261107 1-03 | 3-46 | 810 |12:00|12-40 ) 8-07 | 2-88 | .52 | .24
3. Ghatsila oo} 67 (1-27] 21-08 | 1-37 | 3-73 | 10-20 1297 | 13-14 | 0-32 | 3-04 | -56 | .23
4. Jhalda oo | 60| 1-19) 221 | 112 | 2-49 | O-66 [ 1277 | 13:91 | 8-GO | 292 | .42 | .12
8. Billi .o | 60| -88] -0¢ 87 | 2:46 | 871 [ 12:76|13-42( 7-80 | 247 | .28 | 2
6. Chekradharpur .. | <77 |1-23| 72| 1-00 | 3-17 | 0-25 }12-62|12-03| 8-01 | 253 59| -17
7. Kalikapur oo | 48 ]2-28] 021! 1-60 | 3-85 |11:64|13.63106-61| 3-00 ] 400 | 29| .22
8. Tamar .. | 68| 1-:34| -88| -84 | 2-35|10-07)12-10| 1200 810 2:53 | 27 | .12
9. Soraikela oo | 478 | 180 00 09 | 3-23 | 802 |11-40[19:73| 785 | 248 | 64| -19
10. Kharswon e | 03 |1:80| -bO| 104 | 3-06|10-81]12:99|12-77) 8835 2-54 ) 19| .1y
11. Khuntt oo | 71| 1-80)| 133 02 | 2-30 | 12-18|15:0019-13| 0-19 | 3-36 ] -52 | .25
Delta—
1. Cuttack es | +82| 00} 2-18 | 1:20| 3-86 | 10-60 | 12-18 | 13-US [ RV-07 | 540 | 1-43 | 0-25
2. Hukitla .. | *47]1-08 00 | 1:35| 3-98 | 8-82112.60]13-31] 098 { 5-¢4|346| .51
8. Bhadrak eo | 44 11-42) 1-48 | 2:85 | 6-34 | U-63 | 11-72| 1272 | ©-89 | Brvey 12| <30
4. Balassore oo | 51| 1:34] 180 | 2-30 | 4-79 | 9-31 | 21-99| 11-85]12:07] ©-38 | 1-28| -22
8. Puri .. | °28| -88 52 «64 | 271 ) 744 | 9-07 | 21-27| 9-21 | 7-46 | 328 80
6. Xondrapara oo | 37| 97 05 | 2-39 | 4-29 | 9-34 [ 11-75732:38] 977 | 687 | 2:09( .82
7. Jajpur oo | -87(12-11) 108 | 362 | 4-60 | 0-87 | i2:11)12-20] 9-71 ] 5-17 | 1-81| -88
8. Khurda «v| 40 |0-74| 00| 61| 3-35| 0-04 |12-80|12-84)10-14.] 6:05 | 1-76| 87
9. Jagataingpur oo | 238 07 67 | 103 | 8:50 | 8-54 | 11-88 13-32|10-61| 6-85 | 2-87 .23
10. Chandbali oo | -89 |2-01| 1-28 | 2-44 | «-98 | 8-82 | 11-85| 11-6]1 | 10-68| &-23 | 2-88 ] .31
11. Baapur oo | +8311:22 81 | 122 | 2-12 | 7-84 | 10-04 12-06| 9-09 | 6:31 | 2:1$] 61
12. Renpur « | 401121 *80 | 1-54 | 2-47 | 0-28{11:01|11:21]10-22| 6-11 | 1-4D| <38
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Table 13.—8easonal Normal Rainfall in inohes.

Number | Winter | Summer | Mon- |Autumn | Total.
Rainfall stations. of years | (Deoc.— | (March— | soon | (Oct.—| (wholo
up to 1020, Feb.). May). |(June—| Nov.) | yenr)
Sept.).

—

Mahanadi I—
1. G. Udaigiri . 61 1-64 4:44 | 4046 8:01 | 64.45
2. Phulbani . 48| 150 2:27| 4388 4.87| 6258
8. Banki .. .o 44 1:75 2:63 42:20 6-19 62-82
4. Kunjabangarh ‘e 44 149 2:62 | 41-08 611 | 51-27
8. Narsingpur .o 40 1-43 2:47 39-27 5-21 48-38
6. Baramba e 37 1-70 2-80 42:30 G-15 53-01
7. Nayagarh . 33 1-81 2:74 | 41-20 6-08| 51-89
8. Tikerpara . 20 2-44 323 38-90 3:02 47-59
9. Rampur .e 25 176 1-568 54-14 3-46 60-03
10. Baud .. . 24 1.41 2-09 4376 3-97 51-23

11. Balandapara . 22 2:09 2:00 | 04:33 532 17374
12. Athgarh .o 21 2-03 266 43:11 5-01 53-71
13. Bolgarh .. . 12 2:19 2:57 39-26 0-87 53-89

Mahanadi 11—
1. Bargarh . 60 1:24 2:49 | 47-86 208 53:67
2. Padampur . 25 1:75 3-14 | 44-98 2.70 | 52.57
3. Bhowanipatna . 25 1 - 1.42 4:06 | 48:63 3-54 57-65
4. Bolangir.. . 25 1-53 3-59 | 48-06 327 | 56-45
5. Sonepur ae 25 1-52 2-36 48-25 2.97 5510
6. Saraipali o 25 1-51 271 47:21 2-20 53-G3
7. Deobhag e 21 1:55 4-02 ] 4501 2.66 | 53-84
8. Khariar .. .. 21 1-93 3:87 | 43-88 359 | 53-27
9. Binka ve 12 1-67 2:44 61:97 5:48 71-56

10. Dhama .. .. 7 . . . .

11. Bijepur .. . 7 . .. . .

Mahonads 111—
1. Sambalpur . 62 1-51 2:70 | 63-38 263 | 70-22
2. Janjgir .. .- 61 1.58 1-83 | 46-01 2.07 51-49
3. Korba .. . 47 2-05 1:83 50-47 2:95 57-10
4. Raigarh .. 47 1-59 1-69 6G-45 2:50 62-23
6. Sarangarh . 47 1-42 2:00 | 4%-00 2-47 | 53-24
6. Gangpur . 44 2:43 2-82 | 6335 2971 6157
7. Bakti .. 25 2-08 2:09 54:00 2.47 60-64
8. Dharmajaigarh . 21 2-90 212 | 57-32 2:60 | 64-94
9. Pasan .. . 15 2-82 2.46 | 42.04 2:78 | 50:10
10 Baikunthapur . 14 2-88 2.69 ( 52-71 3:17 | 6145
1. Katghora . 11 2-17 2:30 56-06 3-95 04-51
12. Jharsuguda .. 7 . . . .. .

13. Ambabhons . 7 e . . .. .

Makanads IV—
1. Dhamtari .e 61 1-156 2:13 45-13 2.31 50-72
2. Kanker .. . 25 209 2.83 42.96 3-40 51-28
3. Gariabund o 24 1.71 2:90 | 49-27 3:57 | 6745
4. Arang .. .e 23 1.78 2-01 4880 266 55-21
6. Rajim .. _ . 22 1-95 2:19 48-78 3-12 50-04
8. Mahasamund . 21 1-69 2-73 | 5543 3:10 62-85
7. Kurid .. . 21 1.45 1-45 43-63 2-38 | 48-91
8. Pithora ., . 10 . . . .. .
9. Nowapara . 9 o . . . .

o
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Table 13.—8oasonal Normal Rainfall in inches—contd.

Mon- lAutumn Total

Number | Winter | Summer
Rainfall stations. of years | (Doc.—| March— | soon |[(Oot.— | (whole
up to 1026} FeY.). | May). [(June—| Nov.). | year),
Sopt.).
Mauhanads V—
1. Bilaspur . (1} 1-65 2:36 43-36 2:38 49:63
2. Drug .. . 61 1-30 1.74 42.80 239 48-23
3. Raipur .. ‘e (i)} 1-29 2-34 44-42 2:38 50-43
4. Simga . Gl 1-14 1-71 40.22 1:587 44-64
5. Mungeli .. 61 177 1:95 39:65 1-08 46:33
6. Pondra .. . 47 2-30 2-08 43:43 3:08 51-58
7. Pandaria . 30 2.23 2.25 36-77 2:10 43-63
8. Kawardha . 25 2-38 2.68 | 32-90 276 | 40-72
9. Chhuikhadan . 25 2.23 2:03| 3525 3:28 | 42.79
10. Khairagarh 25 2:09 1-08 33-14 349 45-70
11. Dongargarh 25 215 2-03 | 43-09 3-58 | 5085
12. Nandgaon 25 2.38 271 44-07 3-23 52:39
13. Bclhdabazar . 24 2:00 2.03 46-72 .14 52-89
14. Ambackouki 22 1-93 2.38 | 47-99 295 | 5525
15. Sanjari ., 21 1:84 2.83 43-33 319 53-21
16. Bemetara 21 2:09 107 | 41-66 207 | 47-79
17. Gondai .. . 21 2.-53 1:93 35-82 2.32 42-60
18. Pondi Lafa 21 2.36 1.61 51-43 2:15 87-55
19. Kusrangi . 21 1-63 1.72 | 4585 2:05| 35125
Buitarani—
1. Keonjhar 14 103 5:33 | 38-47 400 | 47-98
2. Akhoyapada 12 1.53 79| 4283 608 | 58-23
3. Anandapur 34 1:97 T 4702 699 | 5480
4. Karanjia 22 3-10 6-96 44-70 4:38 o1-14
5. Bonth ,, u 2:18 7:10 33-55 G:30 64:13
6. Korai ., 15 178 713 33-59 7-76 56-13
7. Chanoua 5 . .
Nilgiri—
1. Baripada . 18 1-83 3-49 40-74 537 62:03
2, Nilgiri . 21 260 10-54 46:18 8-33 0813
3. Turigaria 10 1-89 844 ] 42:29 7:38| 00-20
Drakmini I—
1. Angul .. . 40 1-74 1-62 317-03 4:93 43-92
2. Dhenkanal 16 138 5:67 | 4477 5-56 | 57-58
3. Talcher .. . 16 -67 SO0 | dle24 3:30 | 51-61
4, Pal-Lahara 35 2-01 5.64 | 56:76 3:57| 67-98
5. Chhendipara 26 1-02 427 4135 350 5110
6. Deogarh . 24 1-75 378 6710 4-56 7-29
7. Hindol .. 24 1-04 6:65 4177 5:90 53-28
8. Sukinda .. 12 3:15 770 47-31 B2 65-18
9. Barchana . 12 224 716 4704 8:22 1 64:68
10. Jarpers ., 10 . .
Brahmini 11—
1. Jashpur . 14 2:32 4-08 04-38 4.24 63-00
2. Lohardaga . 13 2.52 3:31 42:20 3:33 51-38
3. Chainpur . 33 3:10 322 | 44-67 347 5146
4. Ppikot .. 33 2.11 3-61 50 09 3:37 59-63
§. Gailkura .e 3 221 4:18 50-44 4-29 61-12
4. Manoharpur . 3l 2:47 3-98 | 51-51 846 | 61-42
7. Kurdeg .. . 27 2:80 2:43 53-35 1.78 60-36
8. Bana. .. .e 20 2:43 2:00 51:18 202 §9-11
9. Gumh .. . 24 2-72 401 ] 4412 3:37| 5422
10. Jagannathpur 23 2-24 4-95 | 43-39 3:190) 5377
11. Bonaigarh . 21 1:90 +16| 6714 308 | 64-31
12. Simdegn e .. . . .
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Table 18.—8oensonal Normal Rainfall in inohes—contd.

Number | Winter | Summer Mon- |Autumn | Total
Rainfall stations. of years | (Dec.— [ (March— | soon | (Oct.—| (whole
up to 1926.| Feb.). May). |[(June— | Nov.). | year.).
Sept.).
Subarnarekha I—
1. Jellasore 54 1:86 7:78 43-43 5:73 58.78 -
2. Baharogora 40 1-82 7-29 4440 3-87 57-38
3. Silda 18 1:64 9-02 41-07 4-53 56-18 -
4. Kultikri 17 1-61 8-64 30-27 6-98 66-28-
Subarnarekha 11—
1. Ranchi 63 2:03 4:23 45-30 314 54-72
2. Chaibassa 57 2.18 5-5C 41:83 3:40 52-95
3. Ghatsila +1 2:17 0-16 46-63 3:60 57:58
4. Jhalda 41 2.-00 4-82 “4.82 3-34 54-08
6. Silli . 40 1.58 427 42-738 276 61-38
6. Chakradharpur 40 2:17 4:89 41-91 3:02 51:09
7. Kalikapur 34 1-82 6-40 19-77 4-29 62-34
8. Tamar 2 2.04 3-87 42-38 2-80 61:07
9. Seraikella 26 2.d4 5-18 38-90 302 4954
10. Kharswan 26 2-62 500 45-12 8-33 56-07
11. Khunti .. 21 2-47 4-64 55-59 3-88 6858
12. Piska 5
13. Sonahatu 5
Delta—
1. Cuttack.. 57 1:47 0-34 46-93 6-92 60-68
2. Hukitola 57 2-04 68-32 44-80 12-10 65-28
3. Bhadrak 57 2-16 9-17 42-88 6-95 81-14
4. Balasore. . 57 207 8-89 46-20 7-66 63-82
6. Puri 67 1-60 3-87 37-89 10-73 53-99
6. Kendrapara 66 1-66 6-63 43-22 7-96 | 59-47
7. Jajpur .. 56 1-86 7-68 43-98 8-48 59-90
8. Khurda. . 56 1-561 506 44-91 7-81 59:29
9. Jagatsingpur 65 1:56 6-59 44-35 9-22 €0-71
10. Chandbally 54 1-71 7-70 42-96 8-61 60-98
11. Banpur .. 48 2-16 415 39-07 8:45 53-83
12. Ranpur ., 34 1-93 4-01 42-62 7:60 57-08
Border area—
1. R&mgarh 89 2-00 2-87 42-74 4-04 51:65
2. Gola 16 2-09 5-19 47-99 4-97 60-24
3. Barakatha 5 . .. .. .. ..
4. Muhuadapar 27 2-39 38:09 43-26 3-23 81-97
5. Chandwa 17 1-52 310 4278 4-90 52-30
8. Puruba 57 1-89 5-24 43-69 §-40 54-22
7. Manbacar 22 1-67 6578 | 88:65 4-27 | 50.87
8. Bandwan 12 1-19 5721 40-56 413 | 51-59
9. Midnapur .. 68 1-91 8-00 42-48 4-70 57-87
10. Bunkura .. 4] 1-67 7-41 44-12 3:55 66-75
11. Jsgdalpur . 25 1-35 4-68 48-80 4456 59-28
12. Sirguja 45 2.71 1-99 | 5661 312 | 6443
13- Mandla 60 2-05 2:40 48:71 2:20 55:26
4. Dindoria 4] 260 2-14 46-21 2-96 53-91
156. Bajag 11 5-20 319 47-20 495 58-64
16. Mul 60 1-18 2:12 4874 2:-43 54:47
17. Armari 45 1-15 1-87 41-77 276 47-54
18. Ghot 190 1.78 1:28 63-77 2:96 59-79
18. Dhanora 6 . .. -
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Table 13.~8easonal Normal Rainfall in inches—concld.

Number | Winter | Summer Mon- Autumn| Total
Rainfall stations, of years |(Dec.— | (March— | soon | (Oet.— | (whole
up to 1628.| Feb.). May). |(June—| Nov.). | year).
Sept.).

20. Sakoli v 60 1-50 1-63 48-89 2-16 5418
21. Baihar . 67 202 1-92 52-81 2:64 69-39
22, Lanji . 67 1-67 1-45 87-36 2:50 62-98
£3. Russelkunda o . 1:93 6-37 36-44 6-94 51:68
24. Surada . . 2-02 8:99 30-08 8-01 63-10
25. Dorringabad . .. 1-62 8:11 4173 6-95 58-31
26. Nowrangpur . . -97 4-50 56-06 3-94 65-48
27. Bissemkatak . e 1-34 8-88 38-34 4-67 51-23
28. Royagadha .. o 1.26 5-94 | 3379 4:89 | 45-87
29. Suri . e 1:33 5-88 45-93 3-82 56-96
80. Hazaribagh . . 2:01 3:68 | 43-56 350 | 62.78
81, Balumath . 2:19 249 | 44-69 3:04 [ 5241
32. Latehar 2-55 2-71 48-30 2-89 56-45
83, Daltonganj . 1-87 196 | 3817 257 | 44.57
34, Sohagpur . 115 -69 44-81 1-73 48-38
85. Ranka . . 2-95 2:53 | 46-53 2:65 | 5456
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CHAPTER 4.—STORMS AND DEPRESSIONS.

The heaviest raiufall in the catchiment area of the Orissa rivers are given
by storms and depressions which move inland from the Bay of Bengal during
the monsoon seasom.

The actual track of all storms* which entered the land erea lying
between 19° and-24°N, and between 81° and B88°E bave been indexed in
Tables 14—20 for the months of May, June, July, August, Beptember,
October, and November, for the period 1891—1928 from ““Storm Tracks in the
Bay of Bengal " (published by the Indian Meteorological Department, 1925)
and the Daily Weather Report.

In calculating the mean track of storms,® I bave not taken * depressions '
into consideration. The distinction between *storms’’ and “depressions’’
is, of course, conventional. The India Meteorological Department tries to
limit the use of the word ‘depression” to those * cyclonic circulations in
which the wind does not reach gale foroe, i.e., of force 7 or less on the Beaufort
scale” (which corresponds to 28—33 miles per hour). A ‘depression’’
becomes a “‘ storm ** when the wind in a part of the cyclonic area reaches gale
force, Beaufort scale 8 (84—+0 miles per hour), and is called severe when the
wind rises to force 10 (49—506 miles per hour).

In these track tahles the latitude position of the centre of the storm has
been given for each degree of longitude. Tor example in Tablo 18, storm
of September 21—26, 1893, the centre was lying at latitudo 19°0’N. on longitude
88°13, and at latitude 19'8°N. on longitude 87°L., etc.

The origin of the storm (where determinate) is showr by astar (*) mark,
Thus in the case of the present storm, the origin was located at 16°4°N. and
89'4°E, The direction of the storm is usuwally from left to right in the
tables, that is, from east to wust., or from higher to lower longitudes. In
a few cases, the storms curved Dback, moving from west to east. In suoh
cases the approximate resion where the storm turned back is indicated
by a roversed arrow. I'or example, the present storm turned back at
23'0°N. and 83:3°Li. The direclion of motion is indicated by an arrow
mark in all cases, and the position of the storm on the reverse track
is written in the second line. Thus, the present storm moved from
87° to 86°, 85° and B4°LE at 19:8°, 20°4°, 21'0° ard 21'6°N. latitude,
respectively on its direct track, and had the latitude position of 25'3° 26-4°,
2711° and 27-6°N corresponding to 84°, 86°% 66° and B7°B. respectively on
the reverse track. The position of disappearance of the storm or depression
is indicated by the sign . The present storm is marked with thissiga
indicating that it disappeared near the region 27°6N. and 86*7E.

® In cartier yeara the Meleorologists were very cantious in asa.rting Lhe existence of a storm or depreasion
and in several cases I have noted the fact of a depression having formed in the ligbt of later dovelopments.



Table 14,—8torm Tracks for the month of May.

Yer | Date, og° 07| ooefose | oao | 030 | o0 | oo | w0 | soe | s | gne | mor | woe | mee | 83 | a2 |ane|s0e | a0e 7| mre| vee ure | 7| nae v e
%13
1893 (23‘28)—28 oo oo o .o 19'3
$26-6] 250 ) 24-7( 24-06| 24-1 | 235 | 225
-
835
Lad L d
1904 | 25-(26~28) .. S YR YR S . oo | e | 13-4 243 164
$25:0) 24-4) 23-71 230§ 223 | 2)-4) 20-0 | 174
1004 | 13—{16.17) P o oo | e |*23-21 139 240 2521 160 | 170 185
1234 229 [ 200 | 206
1911 143)04‘ THEIE O O .o . ve o .. 122'8 2]'3 20'0 15'4 16'9 J"s‘




Year. Date. 93°( 92° | o1 [ 00°.] s0* | g8+ , 87° | se° I 8s° | 84v | 83° | e2° | sae | so* | 700 | 78 | 730 | 760 | %6 | 76 |93e| 9z )mae ) 0] —~
— L d
192 [ 80212038 .|| oo | oo | .o [ a90| 200] 200 200 226 | 230 236 | 262 | 2202
127-5| 257
873 -
1894 | (21~-23).2 e e [ e | e | 200) 210 223 [ 230 | 236 202 | 250 | 2601
es1-3 -
131410018 .. [..| 250|230 230 231 | 233 203| 234 | 296 | 236 236 | 237 | 23.8 | 240 ] 240 | 241 | 293 [ 20¢ | 250 | 260
4307 | 204
-— —
1885 | {19-20)-21 celeef e | oo | o] e (208 20 203] 2s | 217|220 225 230 233 [ 243 250 [ 208
@820—tatJuly .. f oo f o oo ) oo oo | 20w} 20 22| 210) 218 ) 220 226 | 230 236 | 2000 | 250 | 2601
— -
891 676t
1896 § 18(19—21)—28 .. f.. | . oo | 20| 200 224 | 227 220 229 | 230 | 231 | 233 { 2xe | 24h (247 280 | oo [ oo | oo | oo Lot L] Bed
26—(28-20)~1stJuly| .. | .. | .. | 204} 223 232| 235 ) 236 | 234 | 200 | 203 | 266 | ags| 253| .. |
1307
%0
— —y
897 fus—19—29 ). . e | oo | 196] 204 | 200 208 ) 224 | 232] 237 | 202] 20-4 | 244 | 204 | 204
1808 | 13-4—18)—20 .. |..] .. | .. |q26-2| 28-7| 22.¢ | 21-0 | *184
. P —
884 -
woo lin—y—1s oo .| .o | .. |788) 12| 102 | 202 ] 208 | 220
1256 263 | 247 | 244 | 240 234 ) 220
- -— -—
(22--29) wleb oo b oo | oo | . o210
1234 22.8
> L




Table 15.—S5torm Tracks for the monfh of June—contd.

Yeor. Dete, o1° | 90° [ go° | ss° | s7° | s6° | s6° | s4° | &3° | sac | s1° [ soo [ 70 | 78 | 77 | 76° | 750 | me
1903 | (25—26) . ol oo | oo | .. | 218 220 | 225 | 23-0¢
—-— -
1005 | (30—2)-3 July el oo | o | oo | oo | 205] 208 210 213 218 | 22:1 | 23-0
128-0
-
1906 | (18—20)—23 .. el ve { wo | ee | oo | .. |100] 104 ] 108 ] 203 { 208 21-6{ 22:4 { 230 | 23-6¢
1907 | 13—(16—20) .. J% IRV IR U R VU R EY 7"
203 ] 196 | 19-0 | 180
227 | 233 | 23-6 | 23-9¢
-y -—
23—(25.26) .. vl o 206 222 232 | 253 232 | 229 | 22-8¢
1911 | 9-(10—18)—15 .. .o .. .. *j8-0| 1856 188} 1981 201 | 208} 22-0
24:0] 23-3 ] 23-2 ) 234 238§ | 241 | 242 | 24-0
1914 | (24.26)28 o w| o | e} ool oo | - L 1o2] 298] 204 106 | 108 200 202 ] 204 | 206 210] 205 ] 220] 224
1915 | 23-{24%25)-26 ool ool oo | o} oo V269 270|126 178 ) 18:4 ] 202 | 207§ 21-8¢
286-7 -
1927 | 16.(17-18)—20.. P .o .. .o 18-2 | 2000 210 21-9 | 224} 22-G| 23-0| 234 | 244
1307 | 290

8%




Table 16.—Storm Tracks fcr the month of July,

Year, Date. 02°| 9%° 80° 8p° 88° 87* 86° 85° 84° 83° g82° 81° 80° 59° 78° 71° 76° 75° 74° | 93| 72¢| N°* —_— .o -—
— -—
°83-2 - 7021
1801 | 24.(25-27)—30.. | .. | .. | .. | 222 222 ] 203 | 226 | 22.8| 230 233 236 | 237 261 2eesy| .. | o} o) ] o)) 280
— 82-3t
1892 | (3—13) el oo | L. | 190 0207] 23| 2107 | 22| 226 234 | 254
- -t
878 - 80-4¢
(22—24)—26 .. .| o | .. | .. l230] 231 233 23.4) 236 | 236 | 237 | 241 | 24| 27| o5z faset| o | o | oo | o] .. | 200
— -
0gr.d 65-5¢
1 { M—-12)=1¢ || oo ] | .. J1og)re8| 206 210 22| 218 213 204 215 216 217 220 | 202 22| 220 ] | .. L] 256
- -
“88-5 855t
Me—to—2¢ ) f | L 200 207 203 ] 20 | 20 207 | 18 | 219 | 220 22 [ 222 | 223 ) 26| 227 | 22| oo | e | e | e || 255
*90-3 -
(24—27) vl o] 216 220 224 | 205 ) 20.6 | 227 | 231 256 | 23-7 | 2g0 [24-5¢
1896 | 1810)-20 .|| oo | .. | .. |e260 217 | 230
128-0
(3031)~2adJuly | .. | .. | .. | .. o212 216 | 221 | 206 | 232 | 242} 255 280t
1808 | (22—29)—26 .. | .. [ .. | .. |*218) 213 213 ] 213 | eva) 219 | 2rs | 2ra| 21n ] o1 | 216 | 2108 fo20t
-— -—
26.(21=29)30 oo [ oo | oo | .. |v214]| 214] 215 | 206|215 ) 215 ] 215 | 215 | 215 | 216 | 2249 |23t
1897 | (9-10) el oo | oo | u (o207 20| 22| 2reg | 27| 2200 ) 203 ) 228 | 234 | 242 [24mt
v88.4 -
1898 | (2—5)—7 eelei] o} oo | 2re| 217|224} 208 ) 230 ) 239 ) 236 236 | 230 202 2enoaa] .| o L b ] et
100 { 318116 o || oo | oo | .. | 216l 220 225 230 234 | 238| 245 | 260 ] 279
e58-5 -
20—31t—2ndee | oo | oo | oo | 265|188 104 ] 202 | 210) 217 ) 224 | 230 237 | 205 | 25:3 [ 200t

Aug.).

63



Table 16.—Storm Tracks for the month of July—contd.

Dato.

03° |02

91°

90°

89°

88°

87°

86°

84°

Yoar. 85° 83° | s2° | s1° | 80° | 79% | 78° | 77° | 76 | I8 | | 7| 72° Il-n- - .
102 L siean—10 || oo | oo 206 23] 21e7) 22:3 ) 227 ) 232 238 2400 | 245} 250 27-0%
*58-5 —
@1—20)—2nd Aug, | .. oo | oo | oo | 205 220 228 | 234 | 237 240 24:3 ] 244 | 246§ 247 250 | 285
- 28-6 | 27-5
1204 -
- 8551
1903 | 12.(13-14) weleel el o b oo ] e} 0 | 280286 205 r
{23-24) b oo o . | 208 208 208 208 | 209 | 209 21-0¢
*58-4 -
1004 | (1—-3)}—$ ol oo Lero| 21a | 218 2aaf 210 | 2108 2007 | 207 [ 208 | 220 220 | 22:3 | 226 22.8 | 228 | 231 | 234 | 27.6
*85-4 771:5¢
(1—9)-11 wloedl ool oo ] oo 1 230] 230 230 233 237 243 244 ] 245 | 248} 247 26:2 ] 267 20-0
*59-4 -
1905 | (6—17)-8 ool . L ere| 220l 222 22| 226 220 | 230 233 | 233 | 234 | 23:6) 230 | 236 |23-6¢
89:5
10121316 oo |- oo | o« | 2ro| 215 222 ] 235 24-2] 246 | 250
19=21)—28 oo fee|oo]| oo | oo {22212 200 220 20| 200 ) 2000 ) 206 ) 206 | 21T 21T ) LB w0 | oo | e foee | e foee e ~t
— -
1606 | (21—23) Sl oot e |- |*200] 203 205 | 208 | 233 | 217 | 220 | 22:7¢
*90-6 -
25.(28-27) vl ]| 2rs] 220 227 232 | 234 | 23:6¢
1010 | 1—3—8y—1 b | | .. [e200( 208] 210 2v2| 214 210 2308 2000 | 220 | 222 | 224 | 226 ) 227 | 22:8§ 230 | 232 234 | 237 | 2IB .. | oo —t
w1z | 2nqos2g030 ||| oo | oo | .o 203|204 208 209 | 212 ] 217 | 220 | 222 228 230 | 23:4 ] 238 260 | 240 242 | 22} 2I| e} o ~t

og



Table 16.—S8torm Tracks for the month of July—concid

]
Year. Dats, wl 02* | o1° l 90° | 80° | 88° | 87° | 88" | 85° | B4 | 83° | 82 | 81° | 80° | 79° | 78 | 97> | 7e [ 7s* | e | W | 2 M | —
1013 [ 1617182 .. | .. | . . | . . .o | 195] 200 203]| 205 208] 210 214 21-8] 220 22:5| 22.0| 23-3| 23-6| 240 2¢1 | 244 .. -t
23.(24—26)—28.. | .. | .. . | 210|208 217 2221 21-8( 224 230 231 | 23-3] 23-4[ 2356 ( 236 237 23-9 | 24-0] 241 | 241 | 243 243] .. -1
1914 | (10—12)33 ... . . . . oo h 1907 2141 20-9| 2211 | 226 23-0 | 234, 240 | 24:7¢
1820 | 21—(23.24)-26.. [ .. | .. . . .. | 210 201 | 200| 2000 200 203 | 200 2v-0| 231 |23-7¢
1921 2:(27-29)—m N . o | 218 225 220 | 232 | 234 | 235 238 239 | 24-2| 248 | 245 247 | 248 | 250 260 | 25-0) 25:0| 281 .. -t
e
1922 | 7-(8-9)-10 R I N . oo | 297] 305 | 22-4 | 223 233 | 24-0 246t
-— L d
88-6 80-3t
274(28-20)30 .. |..| .. v | 207] 210 213 ] 21-8 | 220 222 ) 228 | 231 | 236 %2
-
°29-4 -
1028 | o—(1213)24 .. | .. | .. e 1900] 200f210] 209 20| 21-0 | 212 217! 22.4| 23-5| 24-7| 25-4 | 25-6¢
25.20—28) .. .. | .. . { o | 222 214 ] 216 | 2220 2241 226" 229 230 230 230 2::01
' 1
1920 | 6—(7)—9 el .. | 222] 238 236 | 234 ] 230 2207 | 2041 224 " 004 ¢ 20| 23.8] 232 | 236 | 260 | 245 | 250 | 2561
H
- 8474
1087 | 37—(20.30)-81 .. | .. | .. | 19-7| 21.0] 223 | 226} 230 23:3| 253
- 70-3¢
1938 } 17—{19.20)—-23. | .. | 19-2| 19-7 | 20-3| 210 | 220 | 22-8 230 | 25-1 | 23-0| 23-0| 220 227 | 227 | 22.8| 230} 236 | 2¢-3| 25-0] 257 26-7| 28-0 | 200 | 303
23—(28-37).28 .. | .. | 18-56 | 187 18:6| 201 { 21-5| 21.8 | 22.0 221 22-7; 233 | 238 | 247 | 257 23-’31
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Table 17.—8torm Tracks {or the month of August.

Yar. Date, 92 u'l 0 I o | 800 | as I 87 ao-‘ #5° I §e
s | |
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Table 17,—Storm Tracks for the month of August—contd.

Year, Date. I o4 ’ 03* | o2° [ m° I 00° I s0* [ we* l 7 | 8e | ez [ &4 | £3° | s2° | &1° so'l 79° | 78° 7r| 700 | 78° | 74° | 73° 7z°| n
] :
*94-1 -
IE99 [ B—(10—12) . N - O IO I TR N o | .. | 300|397 207 | 220} 238 | 2¢-5¢
£6-7 -
(25=20)—01 . el ee | ee . . I e v |12l 206f 04| 236 | 240
tos6| .. | 256|254 253
oin2 -
1800 | (0—13)-24 . T BT T T .. .« |2o¢|%08| 206 207 2t0] 523|205 | 207 [21.9] 222 2204 227 | 232 237 ] 246 | 2504
16—(17—~20)-21,, e loe . e 396| 202 005 | cx1| 2164 ] 2000 | 226) 232 | 235| 230 | 24:3| 246 | 247 | 250 | 25-3 | 26:6¢
*50.7 -~
25(26-27—-30 . el . . . v | zos| 2re 230 | 236 | 242 | 247|253 |267 [20-61
-
3902 | 19-(20)—23 . N T R . e | .. 1741 150] 186 | 194 | 200 200 | 216 [ 220 | 22-¢ | 226 ] 227 |23-0 | 23-8 | 28:B] 240 ..
-
(242029 ., A T .. .. .« .. 216 | cvo| 226 | 230 23-6 | 237 | 243 | 246 248 | 250 25-1 | 2568
1803 | (1=-3) . SR I . . . . . 207 | 213 | 217 | 224 | 230 | 235 [24-3¢
o453 —_
29430) . oo | o . . . . . . .. | 3661 150 384 2062
- t9.21
1904 | 32-02-340—18 S . . . .. {%%00| s14| 18] 223 2271 234 | 2¢00| 2646 | 252 | 258 | 208
973 -
204212028 ., O . . . .. toc| enol 2aa| o2el 220 235 | 238 200 | 207 ] 253 | 2002500
1907 | (12—-36-38 ., % T VR IRORRN BN . .. |*06] 216 219|221 228 ) o20| 234 | 240 260| 258 263) o | o | o [ e ] e | e | =
il PYTI —_
18-(19—21)22 ., S . . . vo | ozi| saay ez | 2ue| 0] 230 243|200t
126-27) . s | oo . . . . o {®00-0
1217 -
= €651
1008 | (7-8) . | e . . . e .. |%c0-6] 2¢9] 23:3 | 23
(28—31)—5th Sept. O . .. .. . we [%252] 268 sca]-21¢| c1-e| 220 20¢| 230 237 [ 24-3] 250 2541 268
190 1328
. - -
1930 | 1—(3—5)8 . -l . . .- . .- . e l*sv0] 223|219 221 223 | o206 | 228] 22| 235 | 250t
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Table 17.—8{orm Tracks for the month of August—concld.

Yoar. Date. 01°| g0° | s9° | 8s° | 87° | soc | 8a* | 84° | 832 | 820 | 81° | s0° | 79° | 78 | 71* | %6 | s [7se]73e 720 me
1012 | 1.(2—4)-5 . . wlel o b o] oo ] .. |e188) 206 21.8] 226 23-3 ] 2371
1913 | 30th July, 31st July—2nd Aug. . . |*21:8] 220] 220} 222 923 ] 2G| 228 230 238] .. | -
1015 | 1.(2—4)—8 . . el oo |o200] 212 ] 217 | 2100 220 225 230 236 | 243 ] 25-2| 265¢
7.7
26-(27—20)—1st Sept. . N O I ve | . | 205] 2090] 213] 220] 229 239
$20-4
1919 | 28th July—{1-2)}—4 .. . eo| oo | 0283} 194 ] 202 20-8] 211 | 20-5] 218 | 22-0] 223 | 228 ) 230 235 | 241 | 24-8 | 252 | 257
1924 | 2—(5)—11 .- . . 2071 212 2108 | 220 | 22-4 | 23-0] 23-7] 2¢7| 254 .. ! o lees
v3§- 79-5¢
1925 | (20—23) .. . . . o ler2) o] 214 6] 218 220 223 226 ) 230 234 240
*58-3 -
1026 | 13—(16—18)—21 .. 250| 230 211 210§ 212 | 215 | 2vs | 222 225 | 23.0| 234 | 240 | 250 | 263 | 28-0¢

e



Table 18.—Storm Traoks for the month of September.

Year, Date. 93°| 92° | 91° | 90° | 89° ( 88° I 87° | 86° | 85° ; 84° | 83° l 82° | 81° | 80% | 70° | 78° | 77" | 76° | * | | 13° |72°| 2
0g8.5 79-6¢
1891 | (1—3)-4 . s | o] - . .. | 20:5] 207 | 213 | 22.0| 22.7| 23-4 | 240 | 24:5 | 24-8| 256 | 260
*59-6 76-6¢
(5—17)—10 . e ] oo ]| - . 210 21-0| 213 | 21-4 | 21-6| 22:0| 227 | 237 | 24-3 | 243 | 244 | 2¢-8| 255 ) 264 | 265
9 - -—
°89.5 80-2¢
(11—13)—16 .. e | o] .. | 20-3) 204 ] 206 208 | 212 21-4 | 21-7 | 22-3( 232 | 206-7 | 287
8§75 ) . . 7361
17-(18-19) . o g es | e . .. . 18-3| 184 | 16-6) 102 ] 18-7 20-2 | 20-6 | 209 | 21-2 216 | 2190, 223 22:6 ) 23-0| 236, 236
20—(22—24) .. N R .o |°®18:3] 19-5| 204 | 21-2| 21-7| 21-9 | 22:0 | 22-0 | 218 | 217 | 21-5 | 210
$25-8( 264 | 24-0 | 23-2
- -~
- -—
1892 | 74{8—131)-12 .. e | +o|®17-7| 180 284 | 1881 193 | 10:6  20-1 | 20-6 | 20-8 | 21-4 | 21-8  22-4 | 230 | 23-7 | 24-7 | 257 | 264
- -—
887 78-3t
1803 | (2—4-6) . el .. . . 1941 206 ) 21-2 | 207 22-3| 227 | 23-0| 23-2| 23-6| 240 2¢-8 | 260
0.3 —
9-(10—13) . .e . 177 | 184 | 203 | 211 | 219 | 220 | 22-4 | 22.G | 23:0; 23-14 | 24-0¢
*59-4 -
21-(22--04)—26.. ee | o .- .o 164 | 17:6 ] 100 | 19-8| 20-4 | 21-0 [ 21-6| 8§33
$27-5| 271 | 264 | 253 | 23-0
*858:5 -
1894 | (24—30)—1at Oct. el o] . .. 19-3 | 194 197 | 203 | 206 20-8| 211 | 21-3 ]| 21-8] 22.3
25-3| o4-7] 237
- L ad
1895 | 16—(18—19).20 ol ee . oo |40 200 21-0| 220} 234 | 245 25-3 | 260 | 27-0¢
(30—1st Oct.}~-2nd Oct. .. | .. |*24-8| 23-7] 22-8 | 21-5 | 20-5¢
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Table 18,—Storm Tracks for the month of September—contd.

Year. Date. 93°| 92° | 91° | 90° | 89° | 88" | 87° | 80° | 85° | 64> | 83° | 82> | 81° | 80° ) 79* { I8 [ 1| e | [ 140 | 73 5 ine
*90-6 -
1898 | 13—{15-16)=19.., o | 199 20:0 20'3| 207, 22
1251 247 23-8
1897 | 23.(24-25)-26 .. SN PP T . o . . e | 186 190] 106 20-4| 218 ] 23-0 | — [towards the north,
*86-6 -
1808 | 11—{(13—15)-16.. . . o 1182 226 244
1257
58§ 80-3t
(20-21}=23 .. AP PR ol 21T 230 237) 244 240 254 20-0| 204 | 266




Table 18.—Storm Tracks for the month of September—contd.

Yoar. Dats. lw 02° | oo | w1 | s0o | epe| sse | 870 | soc | sso | sac | s30 [ 820 | 810 | soc | 7w | 7w | 70| wee | we | 7| wmefnz e
- -
1899 | 0—(12.13)—16 ol o torgal o ool .. 180 1831 187 193] 20| 213 | 230
1256 | 267 | 260 | 262 | 201 | 255
-
386 -
1900 | 16-(10—24)—27 wlel Vol oo | .. L 206) 209) 200 20| 220 200 20-9 | 208 | 208 | 210 | 220
126-3] 2656 | 247 | 240
o554 -
1001 | 20—(23.2¢) el w b e ol o] | o L1e7| 170) 178 | 2185 | 193 | 203 222
1278 | 262 | 240
- -y
1002 | (1.2):3 . el oo bt .. |e2i0| 213 2106 210 | 223 226 | 220 | 232 233 | 233 | 233 | 232 230 230 .. | .. | . }—
596 84-8¢
23.(24-26)-26 .. wlol oo oo | o | 273 203 ] 210 220] 237 | 260 230
. “36-5 -
1005 | (1~9)=11 .. I O T v | o 190 206] 203 210 210 21| 2105 ] 217 ] 2200 | 22:5] 230
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22(24—28) o I R T ol 160 16 166 ] 1361 19-¢| 206 | 2106 | 228 | 227
- 850t
(2820030 .. S [ r2zol 220 | 226 | 234 | 268
1907 | (2:3) - o | . Je230] 236 ] 216t
-— -
1011 | 20—{25)~28 .. o lerea} 160 | 264 | 1609 | 173 176 | 1728 179 | 180 | 183 ) 157 ) 101 | 203 ' 22.8 | 240 | 250 [ 250t

4s



Table 18.—Storm Tracks for the month of September—concld.

Year. Date. o | o10 | soc | soc | sse | 870 | sec | 8se | sas | 83 | s2° | &1° | 800 | W | 7 | 7| 760 | w0 | me | 73 | 72
— —
1912 | 5.6)7 s00.0| 222 | 226 | 228 | 230 | 234 | 230 | 243 | 25:0 [ 267¢
1013 | 30th Aug.—(1)}—4¢ e19-7] 108 | 100 | 200 | 201 | 203 | 204 | 208 | 211 | 21-7 | 220 | 224 | 228 | 230 23-41 239
1918 | 19—{21—23)—28 oig0] 187 | 202 ] 226 | 230 | 230 | 220 [ 220 | 23-0 | 23:0 | 230 | 22:9 | 230 | 238 | 245 | 252 | 25:9%
*88-7 117
1921 | 2—{(4—8)-7 17-8 | 18| 188 194 | 200 206 | 212 | 218 | 22:3 | 23-0 ) 237 | 243 | 246
1925 | 30th Aug.—{1-2)—4 *18-4] 192 | 202 | 22:0 | 244
t25-4| 257 | 260 | 260
-~ -
586 -
8.(1)—9 196 | 210 21| 232 | 242 247 2521 254 | 26-6¢4
897 -
1926 | 14—(16—18)—24 56| 180| 170) 184] 2t 27| ;8| 27| 7| -
22-0
$27°5) 265 | -

ne

-t




Table 19.—Storm Tracks for the month of October.

Year, Date. o3° | oo | o1 ] wor | sor | sar | ®7° | mes | sse | 8¢ | s3° | s2c | er° | mo* | 76° | 78° | 7 ) 767 | T ‘ 70 | 73 | 12 \ n*
368 -
1892 | 26—(31) I VU VO RO R BT we | 102t .. - . .. | 138] 143 146 | 250 180
119-3| 103 | 103 | 18-0| 180
- —
— —
1894 | (3—0)5 .. oo | .. |s208] 2108 228 | 236 | 24-2| 247 253 ] 28-7 | 263 | 26-7¢
1807 J— . e e . .. e .. 1127-4] 25-6 lfrom South to North 17°—25° lat.
- -
1898 _— . . . .. .. e ‘e . |*13:2] 138
1250 | 268 237| 228 | 21-6 | 20-4 | 10:2
- -
1899 | 12—(14.15)-16 . l125-6]| 244 232| 223 | 214 206 196 18:6 | 17-3 | 13-5 1 11-0°
-
*57.2
-
1900 | 4—(6—10) R DO I . . ve | 24:5] 18-0| 1956 | 204 | 208 | 206 [ 21:3 o
t2¢0 236 | 229 -
- -
1903 | (8—8)—11 N N A VR R SRR R .. le19:0| 210 220 226 | 232 | 23-6 | 240 | 2¢-4
t250 | 256 | 257
Y L o
— —p
28—{30.31) RN VU (VRN IRUORE IUURRY RO RO B BT v [c132| 242 =0
l o
1217) 216 | 215 ] 213 | 208 | o




Table 19.—Storm Tracks for the month of October.—concld,

Year, Dato. oeo| 03° | oo | 010 | ooo | soo | ss° | st | sot | 85t | se> | syt | s2c| mie| s0°] oc| 78| 73| 7| 70| 740 | 730 |7ee|ape
455-4 -
1904 | 14~(16.17) e | oo . . . . . . 12:3| 126 | 13-7| 16-0 | 10:4 | 180
$26:2| 256 | 25-2 | 2¢4-5 | 23-7 | 22:6 | 220
1912 ] 28—1st Nov-20d oo | oo | o . . .. | %88] 62| 081108 N3
f24-0| 22:0 | 200 | 182
- -
1913 | 13—-16 .. T . . .. . . . . |°17-8| 18-3 ] 204
124-5( 23-8 | 23-0| 220
1915 | 30th Sopt.—{(3—5)—~7 | .. ' M . .o e |°®17-4)1 1781 179 177 172 | 16-3 | 16:3 | 180
$26-2] 250 | 23-6
1028 | 1—3—8) vl t4i50| 160f 167] 175} 180] 186 | 193] 200 | 204 | 210 | 205 | 220
1236 23-4 | 23-0
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Table 20.—Storm Tracks for the month of November.

™

Year. Date. o7°] o6° | 95° | 94° | ©3° | 902° | 91° | 900° | 89° | 88> | 87° | 86" | 85° | 84° | 83° |82°| 81°)| 80°|79°| 78°| 77°f 7% | I6°) 74°| 73°) 72°| M1
1891 | 1—{5-6)-7 il oo | e 112|117 | 1220 2244 | 127 | 130 | 135 | 140 | 150
124-81 24-3 1 23-6 | 23-3 | 227 | 220 | 215 20-7 { 20-0
1918 | 7—(9-10)-11 e | oo e | 15T e 16-0 ] 167 | 17-6 | 183 19-1 | 20:5
t24-6| 242 | 23-9 | 23-1
1923 | 10—(19-20) vel.. 08| 96| 96| 97 98 99100 101 | 10:3| 10-5] 107 31:0 | 2)-G§ 125
t22-1 [ 121-0] 216 | 21-4 20-1 | 20-87 20-3 | 19-9 | 19:3 | 186 27:3
- 546t
1924 | 14—{19) O S . P . . . .. |%10-6] 107 | 11-2] 1}-8] 13-0| 17:0 | 19-7
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Taking the average of these latitude positions we.can find the mean latitude
position of the storm track corresponding to each longitude. These mean
tracks with corresponding prohable errors are shown in Tables 21-22 separately
for the three months of July, August and September, and also for the combined
monsoon period.

Table 21, 8torm Traoks 1891—1928 : Mean Iatitude with probable error and Standard
" Deviation—July, August and 8sptomber.

July. August. Septernber.
Longi-
o tudo |3 . 5 5
ogrees, | b« 3 ™
8 .SE Mean+P.E: |8.D.|3 § Mean.+P.E. |8. D. % E Mean.+P.E. | 8 D.
g ° 53 533
Z % @ | 7 ®
g0t | .. 8| 208631 120 | 20 1843431 2.04
89° | .. 19 2136 120 120 | 22 10-81++23 162
88| 34 214472::16 1-30 | 30 2128 17 142 ] 26 20:444-+19 143
87° | 40 21-51 ++13 123 | 34 2111417 14| 20 20-61 123 187
g8 | 41 2204415 1145 | 30 2130421 100 | 33 2113427 2.32
gs*| a8 22:15 4413 120 37 21974-19 171 | a0 2174430 247
84| 36 22-364°13 18| 35 22:31 4417 1149 | 28 21-69 4+30 2:3¢
83| as 22-684-13 11| 34 22-794°13 115 | 26 21-874-27 2.0Y
82* | 34 22.84 414 10| 32 2331414 120 | 25 2224428 2:10
s1°| a3 23-12415 129 | 29 23-624°14 113 24 22-77 426 181
80* [ 31 23-08+-21 1176 | 25 24-07+-18 1-36 | 22 23-024-28 1:98
79° [ 28 23-89+-21 188 21 24-144-°18 1119 17 23-44.4-22 1-35
78° | 22 23-90 422 155 | 19 24-40-4-32 2:08 | 10 23-874+30 1442
7°( 16 23-894-27 185 | 12 23-83 441 213 o 24114442 1-89
2 1 24-01 432 165 11 23-04 140 2-27] 6 24:38.4-47 170
| 1 24-36:+-35 14| 8 2406464 270
e 8 23:404-08 28| ¢4 241821 82

Table 22. Mean storm Tracks for combined period : July—September, 1891—1928,

Loungitude Number of Mean latitude with P.E, Standard
Degrees, storms, Deviation,
90° 28 19-134--28 1-46
80° 41 20:624--18 113
88° 90 19.794-21 1-95
87° 103 21-124-10 .98
86° 113 21-52+4-12 1-30
85° 105 21-974-12 1-23
84° 99 22-154-12 1-16
83° 095 22:46--10 1-20
82° 91 22-844--11 1-06
81° 86 23-194--12 1-08
80° 78 23-624-11 93
79° 8 23-85-4--12 1-:00
78° 61 23.084--28 2:01
71° 36 2400421 1:26
76° 28 24.06L 24 1-28
75° 19 24-244--3% 1:48
74° 12 23-G6+-45 1-61
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The aotual position of the mean storm track for the combined period ia
shown in red lino in the accompanying Map No. (2). The two broken lines
in red on either side indicate the margin of error of the track.

It will be noticed that the region of heaviest rainfall is, naturally
enough, determined to a great extent by the position of the mean track of
storms entering the area under consideration.

It is interesting to observe in this connexion that the tracks of the storms
and depressions * show a marked relation with the winds at Cirrus level” (Ind,
Met. Mem. Volume 24, 7 and 8, page 270;, Storms at the head of the Bay in
May and June follow the direction of the prevailing southerly winds at the
Cirrus level observed over Akyab, Calcutta and (less clearly) Darjecling.
Further in the middle of the monsoon, storms from the Bay in general follow
the easterly winds at the Cirrus level across thu head of the peninsula, and
ourve round towards north and north-east in the region of the south-west upper
winds over north-west India. And finally, in late October and November the
storms of the retreating monscon period move from cast to west in the same
direction as the prevailing winds at the Cirrus level over the south Indian
stations. It may also De recalled that the winter depressions of north India
move from west to east in the same direction as the prevailing upper wind in that
area. There is, therefore, a strong presumption that storms and depressions in
India move in the same general direction as the winds at the high cloud level.



44

PART II. CATCHMENT BASINS OF THE ORISSA RIVERS
CHAPTER V.—THE CATCHMENT OF THE MAHANADI.

In Oriesa an enormous volume of water is broughtinto the delta by the river
channels, and most of the inundations are cansed by high floods in the rivers,
In fact the total precipitation in the catchment areas is nearly 30 times as
large as the rainfall in the delta, A knowledge of the rainfail in each catch-
ment is, therefore, of far greater importance in connexion with floods than the
rainfall at individual atations or in each administrative district.

1, thercfore, decided to study the catchments separately. For this purpose
I used the Survey Maps, Carte Internationale du Monde, 1 : 1,000,000 (1 inch
=15'78 miles), 2nd edition, 1926, published by the Burvey of Iuvdia.

I first of all separated the main catochments of the Mahanadi, the
Brahmini, the Baitarani, the Bubarnarckha, and the Mayurbhanj and Nilgiri
rivers taken together (the Sslindi, the Matai, the Kansbans, the Burabalong,
and the Panchpara) by carefully marking watershed lines on the Burvey map.

TaE MATANADI CATCHMENT.

The Mahanadi river rises in the administrative district of Raipur in the
Oentral Provinces. Its catchment area measures about 51,000 square miles
and lies approximately between §0° 30" E. (at 20° 46° N.) and 84° 50’ E.(at 20° 30’
N.), and between 19° 20’ N. (at 82° 50’ E.) and 23° 35’ N. (at 82° 25’ E.). It
includes practically the whole of the administrative districts of Drug, Raipur,
Bilaspur, Raigarh, Jashpur, and portions of Kanker, Korca, Burguja, and a few
smaller states of the Ceniral Provinces, and the whole of Sambalpur, Sonepur,
Patna, Baud, and portions of Gangpur, Bonai, Bamra, Rairakhol, Athmalik,
Angul, Kalahandi, and a small portion of Cuttack and Puri districts in the
province of Biharand Orissa, with small pieces of Vizagapatam and Ganjam in
the provinces of Madras and Orissa.

The whole catchment wassubdivided into 5 sections—M-I, M-II, M-[IT,
M-IV and M-V, to bring out the pcculiar rainfall characteristics of each
region. The catchments are shown eeparatoly in red dotted lines in the
accompanying maps.

MaBaNADI SECTION V.

Bection V (M-V) lies DLetween 80° 26° E. (at 20° 42’ N.) and 82° 33’
(at 22° 19' N.) and between £2°49’ N. (at 81° 55" E.)and 20° 29" N. (at 81° 1" E).

Section V is the area drained by the S8eonath before its junction with the
Mahanadi at Changori 21° 44’ N, 32° 26' E. The S8eonath has its source in
aregion in the neizhbourhood of 20° 45’ N., 88° 25’ E,, and during its course is
joined by a large number of tributaries which drain the area covered by the
rainfall stations Ambachowki (20° 45’ N., 80° 23’ E.), 8anjori (20° 52’ N., 81° 1’
E.), Dongargarh (21°12’' N, 80° 45’ E.), Niudangaon (21°6’ N.,80° 2' B,). The
Tendula and the Pathra join it a little above Drug (21" 11° N., 81° 16’ E.).
Further down it receives the Samlarsa, the Amner which drains Khairgarh
(21° 25 N, 80° 68" E.), and Chuikhadan (21° 32’ N.,81° E.), another tributary
draining Gondai (21° 40° N, 81° 6’ E.), the Kanrooah draining Bemetara-
(21° 43" N, 81° 32’ E.), the Kharum draining Raipur (21° 14'N,, 81° 38’ E.),
and the Kulhan above Simga (21° 38’ N,, 81°42' E.). It is next joinel by the
Hamp draining Kawardha (22° N., 81° 14’ E.), Pandaria (22° 18’ N, 81°24" E.),
Pondi-Lapha (22° 8 N., 81°105’ E.) ; the Agar draining Mungeli (22°3'N,,
81° 40" E.) ; the Maniari ; the Arpa draining Pendra (22° 47'N, 81° 66" E),
Bilaspur (22° 5’ N., 82° 9 E)) ; and finally the Lilagar just before its confleence
with the Mahanadi.

Mamanapr Secrion 1V,

Bection IV lies between 81° 1’ E., (20° 29’ N.), and 82°48' E,, (21° 25’ N.),
and between 21° 44’ N,, (82° 32’ E.), and 19° 66’ N., (82° 5’ E). 1t comprises
the area on the right of the Mahanadi, tho drainage watcr of which falls into
%e 32‘26;5})'6%‘?)6% Changori (21° 44’ N., 80° 46’ E.), and Seorinarayan (21° 44’

“ D
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The Mahanadi is formed by a large number of small streams one of which
drains Nawapara (20° 16’ N,, 81° 50" E.), and anothor Kanker (20° 16’ N,,
81° 20’ E.), It then passes through the area covered by Dhamtari (20° 42’ N,
81° 383’ E.), Kurid (20° 80’ N., 81° 43’ E.), and Rajim (20° 58’ N., 81° 71' E.),
where the Pairi which drains Gariabund (20° 37' N 9 82°4’ B)) falls into it.
Passing the region of Mahasamund (21° 7' N., 82° 6’ E.), Arang (41° 18'N,,
81° 8 i), and Kusrarngi (21° 22° N,, 82° 1’ E), the Mahapadi unites with ths
Seonath at Changori, and the united river assumes the name of Mahanadi.
About 10 miles further down it is joined by a large atream, the Jonke which
drains Pithora (21° 16’ N., 82° 8' K.).

Mamanapr SectioN 111,

Bection I1Ilies between 82°4' E., (22° 40’ N.),and 84° 43’ E,, (21° 40' N.),
and between 23° 86’ N., (82° 28’ E.) and 21°17' N, (83° 8’ E.). It isa large
area on tho left (north) of the river, the drainage water from which reaches
the Mahanadi betweea Seorinarayan (21° 41’ N., 82° 35’ E.) and Sambalpur
(21° 28’ N, 83° 59’ B). Important tributaries are the H: sdo which drains
Janjgir (22° N.,82° 39’ E.), Korba (22° 1’ N., 82° 30’ E.), Katghora (22° 31' N.,
82°33' E.) and Pasan (22°51’ N., 82° 61 E.), the Sone draining Sakti (22° 21’ N,
82°67° E.) ; a tribatary from the south from ncar Sarangarh (21° £3' N, £3° 23,
E); the Mand on the nor th from the region of Dharmajay garh (22° 28N, 83°13’
E.) and Bajkuntbapur (23° 12' N, B2° 38’ E.); the Kelo draining Raigarh
21°53’ N., 83°23' E.) ; a small tributary near Ambabhona (21° 35' N,, 83°29'
E.), and another draining the area on the north-east near Gaagpur (22° 70 N,
84° 2’ B.), and Jharsuguda (21° 60’ N., 84° 3’ E.).

Mananapr Section II.

Section IT lies between 82°3' E., (19°45' N.), and 81° 23’ E,, (21° 29’ N.)
and between 21° 34 N., (53° 3 E ), and 19°18° N, (52° 44’ E.). Itis thoaraa
lyiny practically wholly on the right (south) of the river nnd sending ils water
into the Mahanadi Letween Sambaipur (21° 28 N, £3°, 9 L) and Sonepur
20° 61' N.,83° 55’ E.). A smallstream draining Bargarh (21° 207 N., 82° 3¢" )
joins & little below Sambalpur, an’d the Ong which draius tho region coverel
by Bartaipali (21°20° N, §2° 52' E.), Padampur (2/°N., 83° 51’ E) and
Bijepur (21°12' N, 63°27" E.), jowsit a liltle later. The river nest passes
Dhama (21° 16" N., 83° 55’ E.) vn the left, and Binka (2172’ N, 63° 48’ E.) on
the right and is joined by its largest tributary, the T'cl, at Sonepur. The el is
formed by the confluence of a number of small streams tico of which drajn the
region of Deoblog (19”53’ N., 82° 40" E.), and Bhawanipatna (15° 55 N.,
83°10' E.), and is fed Ly the Darabhadat, and the Suktel which draing
Bolangir (20° 43' N,, £3° 30" L.), and a number of other streams, .

Manpanan:t Secriox I.

Section I lies between 83° 48’ E. (20° 31° N.), and 85° 42’ E., (20° 23’ N.)
and between 21° 19’ N., (84° 13" L1.), and 19° 54’ N., (6° 8’ L.). It is the area
drained by the Mabanadi Letween Sonepur (20°8.° N., 83° 65’ L), and Naraj
(20° 81'N.,35°48’ E.), 7 miles ahove Cuttack. Balandapara (20°16" N., 84° 4’ E)
stands on a south tributary ; Udaigiri (20° 81' N, 84° 22" E.) and Phulbani
(20° 30’ N., 84° 14’ E.) are drained by the Salki which joins tho Mahanadi from
the right ; Rampur (21°4’ N,, 64° 20'E.) stands on a left tributary ; Kunjaban-
garh (20° 2' N, 84° 50’ ¥ ), Nayagarh (20° 81 N., 6.° 6’ L) and Bolgarh
(20° 11’ N., 65° 18’ E.) are drained by tho Kauria on the south. The rainfall
stations Boud (20°50’ ., 85°L9’ E.) and Banki (20°2%' N., 85°3UE.) stand ou
the right (souih) bank of the river, and Tikarpara (20° 36’ N., 84° 47’ E),
Narsingpur (2u° 28' N, 80° ¢’ L.), Baramba (20° 26’ N., 83° 20’ E) and
Athgarh (20° 8% N, 80° 87’ E.) on the lelt.

The abovedivision into sections is convenient in many ways. Water frow
the nearer sections M-I or M-II reach Nara] practically within a shorttime, but
thereis an appreciable lag for thoe other sections, so that heavy rainfallin M-IV
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or M-V produce their maximum effect at Naraj after a considerable time. For
a detailed study of the floods it is necessary to take this lag into consideration.®

It is, therefore, desirable to obtain some idea regarding the average distance
from Naraj of tho different sections. For flood purposes, we must of course
take the distance along the river charnels. A ocomplication arises, however,
from the fact that in any given section, we have not one but many different
channels. It is, therefore, nocessary to find out the average effective length of
the channels within each section.

Using a diso type of distance meter (supplied by the Mathematical Instru-
ments Department) the total length of river channels within each section was
directly determined from the International map. Minor drainage channels not
marked on the map were perforce neglected. But such channels must neces.
earily be small and extremely local in character, 8o that the excess run-off most
probably reach one or other of the printed channels within a very short time,
possibly within a few hours. (I am not considering here that portion of the
water which enters the sub-soil, or is held up in local retarding basins. That is
I am considering only the free excess flow under monsoon conditions.)

Table 23.—Mahanadi Catchment—Average Length of River Channels in miles,

Within section,
. Average
Liatance oti
Seetion. Ead station, f.rom. "ff;'gf,‘,’
Narsj Numberof | Average | from Namj
(in miles). | chaugele. [path (in miles).| (in miles).
1 2 8 4 5 [
M—I | Narsj 87 96 96
M-II | Sonepur ... 13 83 69 200
M—III | Sambalpur ... 180 143 128 308
M—I1V | Seorinarayan e 282 43 36 318
M—V | Changori ... 296 81 112 408
Whole Catchment ... 437 I 265

In Table 23, colvmn (2) gives the name of the station situated at the
extreme end of each s¢ciion (i.e. nearest to Naraj), column (3) the distance of
cach of these stations from Naraj, column (4) the number of channels measured
within exch svetion, column (b) the averago distance up to the cxtreme point
(oearest to Naraj) within cach seetion, and coluinn (6) the average effective
length of the drainage channel from each section up to Naraj.

An example may make the position clear. Ia scelion V, Changori is the
end station ncurest to Naraj, and its distance from Naraj is 296 miles. The
pumker of chanrels within section V was £1, and the total length of
all (heso 81 chaunels, each measured up to Changori, was found {o
be ¢,072 miles. The average length of drainage channels in this section up to
Clangeri is, therefore, 112 miles. To this we must add 296 miles—the distance
belween Changori and Naraj. The effective average distance of the equivalent
drainage channel fiom section V to Naraj is, therefore, 408 miles.

Trom tho above figures wo can easily find the length of the effective
equivalent channel for thic Mahanadi catchment aus a whole measured up to
Naraj. ‘1his will be clearly given by the weighted average, i.0., by [(87 X 06)4
(83 x 200) 4 {143 X 308)+ (43 X 316)+ (81 X 408)]/137=205 miles,

*Mr, J. BLaw, Spesinl Cfficer, Floods, io hia type-written note, dat-d the 8th March 1038
ftates : '“As 86 hoaru (at 5 wiiles %er hour) iu the quickest for tho Sambalpur guuge water to reach Cuttack
and the longest per.od js alnuc 53 hours (dopending on the atata of river botwoen these points) I should say it
would take about 30 honra for water from Mp:-ll to reach Cuttavk. From Sonopur at the rute of § miles per
hour it would take 26 hours **
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The physfcal conditions in the different sections are not, of oourss,
jdentical.  The flocd velocity in different seotions must, therefore, be alao
different. Still the above table may be used to give a rough idea of the time
lag for difforeat sections.

Information regarding the gradient is rather meagre. We know that the
datum for the Sambalpur gauge is 44920 ft. above mean sca level. The
Cuttack river survey datum is the zero point of a gauge on the Katjuri revets
ment at the Lalbagh House, Cuttack. ‘I'his zero point is 5660 ft.+ above mean
sea lovel at Falso Point and is the datum for the gauge at Naraj. We also know
that average height of 27 ft. at Sambalpur, that is, 476:28 ft. above M. S. L,
corresponds to 8840 ft, at Naraj., This gives o fall of 388 fcet in 180 miles
(distance between Sambalpur and Naraj) or an average gradientof about 26
inches per mile.

Inorder to calculate the total voluwme of precipitation it is necessary to
know the actual area of each catchmouot. These were determined by direct
planimetric measuremonta on the International Map. A large number of
readings were taken for each section, and mean values based on indspendent
measursments on the same map were found to be in agrecment within less than
half of one per cent.

The real uncertainty lies in marking the catchment areas on the map. To
form a rough estimate of the magnitude of the error involved I tried measuring
the sectional areas on the different maps, using different planimeters I found
that the discrepancies varied from 1'% per cent to 3:1 per cent for different
sections, It would appenr, therefore, that the size of the catchmentarea can be
determined with an accuracy of about 2 or 3 per cent which is amply sufficient
for our present purposes. For convenience of aritbmetic calculation I have
adopted for the size ot the Mahanadi catchment the round figure 51,000 squarc
miles (against 49,800 square miles given by Mr. Shaw). In the same way
slightly udjusting the values for cach scction (the maximum adjustment
being less than 2 per cent in every case), the size of the different sections are
taken to bo as in Jable 24 :—

Table 24.—Mahanadi Catchment—Size of 8ections.

Bection. Symbol. A"‘,i:,):a?". Proportion,

Section 1 .. M.1 6,400 12.55
» I .. M.II 12,400 2431

» 11 ... M.IIX 14,300 28-04

» 1Iv .. M.1V oo 6,600 12-94

" vV . M.V 11,300 22:16
Whole Catchment ... M 51,000 100-00

Mahanadi Delta.—This area is defined in these investigations as the areas
in the districts of Cuttack and Yuri bounded by the Bay of Bengal, the Chilka,
the Ganjam metalled road between Tangi in Puri and Barchana in Cuttack,
the river Gangutiand the Patamundai Capal. The total area of the delta as
defined above was found by direct planimetric measurement to be about 3,100
square mides of wlich about 1,400 square miles lio in tho Puri distriot and
1,700 square miles in Cuttack. Inthe “ Report of the Coatour Survey of the
Flooded Tract of Orissa, 1024 *' published by the Bihar and Orissa Seerctariat
the arca of the Mahanpadi delta is given as 2,625 square miles, Unfortunately
in the above report the doundaries of the delta wero not mentioned. W' .bave
used our own cstimate dircctly measured by a planimeter on survey maps.

The normal rate of rainfall in the above area during the flood months
June, July, August and September is about 30,000 cubic fecet per second.

® Inletter no. 6018, dated Caleatts, the 20th Beptomber: 634, from W. Connan, Superintending Engincer,
the datum for Sanbalpar was given ac 403-04 feot ohave moan gea level. DBut Mr.3J. Shaw, Special Utticer,
Floods, inlhu ]lm" no. 180, dated the Bth March 1938, gare the Smbalpur datum lovel as 44928 fect above
mean €ca ievel.

1 A, 5. Thomeon, Rivers of Orisss, 1905, page 1,




48

CHAPTER VI.—THE CATCHMENT OF THE BRAHMINI.

The Brahmini oatchment lies between 83° 66° E. at 23° 13’ N. and 86°
& E.at 20° 61’ N. and between 23° 37° N. at 84° 41’ E. and 20° 35’ N. at
86° 3' E. and consists of ‘an irregular rectangular area of about 14,000 square
miles with its longer axis lying roughly in a north-north-westerly to west-
porth-westerly direction. It covers portions of the administrative distriets ot
Ranchi, Jashpur (Central Provinues ¥oeudatory States), Orissa Feudatory
Btates and Tributary Mabals, Singhbbum, Aungul and Cuttack.

The Saukh and the South Koel have their origin in the Ranchi plateau,
and lie wholly in hilly country. They unite at 22°15° N., 84° 48’ E. a little
above Bonaigarh (21° 22' N., 84° 57’ BE.), and the united river is known as the
Brahmini. Below Bonaigarh it is joined by the Tikkira and a number of
other hill streams which have their source in the Feudatory States and Tribu-
tary Mabals. .

Brapwuin: S8ecrion 11,

Section II lies between 53° 65" E. (23° 13’ N.) and 85° 44' E. (22° 16’ N,),
and between 28° 87’ N., (84° 41' E.), 21° 40’ N., (84° 48' E.), and comprises the
upper reaches, i.e., the drainage area of the Sankh represented by the rainfall
stations Chainpur (25° 7' N., 84° 14" E.), Jashpur (22° 53’ N., 84° 8 E.), Kurdeg
(22° 83’ N., 84° 8’ E.) and Simdega (2¢° 31’ N., 84° 23’ E.), and the South
Koel represented by Lohardaga (23° 26° N,, 81° 40’ E.), Gumla (25°2' N.,
84° 32’ E.), Palknt (22° 52" N,, 84° 38’ T, ), Bano (22° 40 N, 84° 5’ B.), Gailkura
(22°31' N., 85° 2’ E.), Manoharpur (22° 23’ N., 85° 13'E.) and Jagannathpur
(22° 13’ N., 86° 88’ E.). This area extends to just below Bonaigarh,

BrarmINi Secrion I,

Section I lies between 84° 17’ E. (21°12' N.) and 86° 4’ E. (20° 51’ N.),
and between 21° 30" N, (685° 10° E.) and 20° 35’ N. (856° 8’ B.) and includes
the whole of the lower reaches of the river covered by the rainfall stations
Deogarh (21° 82 N, 84° 44’ B.), Pal Lahara (21° 26° N., 85° 11’ E.), Chhendi-
para (21° 8’ N, 84° £3’ L.). Jerpara (70° 54’ N,, 84° 52' E.), Angul (2t° 54’ N,
84° 59’ E.), Talcher (20° 51’ N., 85° 14’ E.), Sukinda (20° 57" N., 85° 67 E.),
Hindel (20° 37° N., 85° 12°%.), Dhenkanal (20° 40’ N., 85° 3¢’ E.) and Bar-
chana (20° 40’ N, 86° 6' ).

I have adopted 11,000 square miles as the adjustcd area as compared
with Shaw’s estimate of 13,700 square miles. Thae discrepancy is about 2 2 per
cert. _The areas of the two scctions are shown in the lollowing table :—

Table 25.— Brakmini Catchment,

Section. Symbol. Aves in squale miles.| Proportion.

Section 1 e Br.-1 5,600 04
Section 11 0 Br.-11 8,400 0-6
Whole catchment Br. J 14,009 1-0

The length of the longest channel of the Bralmini from the source of the
South Koel to Jenapore is about 815 miles. The clfective equivalent length of
the channels were also determined in the same way as in the case of the Maba-
nadi and are given helow :

Table 26.—Effestive Length of Brahniini Channels.

Within seciions.
Distarce from Equivalent
Section. LEud station. Jenapore. distance from
Number of Equiva'ent Jonupors.
chanuele. lergth.
Br.-I ... | Jenapore 0 90 | 104 miles | 104 miles.
Br..11 ... | Bonaigarh | 150 miles 118 | 125 ,, 275
Total Brahmini... | Jenapore | ] 208 I 196
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ER VIL.—THE CATCHMENT OF THE BAITARANI AN
CHAPT THE OTHER RIVERS OF ORISSA, o

The Baitarani catchment is n compact roughly oval shaged area of 4,000
square miles lying between 85° 10’ E. (at 21° 50’ N.) and 86° 22' E. (at 21° 4’
N.) and between 22° 12’ N. (at 86° 48’ L.) and 20° 64’ N. (at 86° 18’ B.),
It riscs in the Mayurbhanj bills, and its drainage arca comprises portions
of Mayurbbanj and Keonjhar States, and in the lower reaches portions
of district Balasore.

I have adopted 4,000 square miles as tho size of this catchment against
3,700 square miles estimated by Shaw. In view of the uncertainty introduced
by the Lilly character of the catchment, the adjustment wade is not unreason-
able. *

The Baitarani catchment is represented by the following rainfall stations :
Chanoua (22° 4’ N., 85°39’ E.); Karanjia (21° 53’ N., 85° 69’ E.) ; Keonjhar
(21° 27’ N, 85° 34’ E,) ; Anandapur (21°13' N., 86° 7" E.) ; Korai (20° 6%’ N,
£6° 8’ E.) and Akhoyapada (20°51 N, §6° 16’ B.) while Boudh (21° 7' N.
86° 19’ E) lies just on the border line.

The course of the Baitarani is comparatively small and is about 142 miles
up to Akhoyapada. There arc 63 channels in the map, and the effective
equivalent distance to Akhoyapada is about 100 miles.

THE SUBARNARERHA CATCHMENT.

The Subarnarckba rises in the Ranchi plateau and receives a large
number of hill streams such as the Kanchi, the Karkari, tho Sanjai, the
Kharkai, cte. on its right bank. It drains large portions of the districts of
Ranchi, Manbhum, Singhbbum and in its lower reaches, Midnapore.

The Subarrarekha catchment is a long strip of land wide in its upper
(Section II) aod very ‘narrow in the lower (Section I) reachos of the river.
1t lies between 85°9' E. (at 23° 27" N.) and 87°30'L. (at 21° 38’ N.)and
between 23° 30’ N. (at §5° 25’ E.) and 21° 31’ N. (at-87° 10’ E.).

SupanNAREERA SECTION [

Section I is represented by the rainfall stations Silda (22°37° N., 86° 48’ E),
Baharagora (22° 17' N., 66° 43’ E.), Kultikri 22°7' N., 87° 81’ E.) and Jallesore
(21° 4%’ N, 87° 13’ i.).

SuparNARERHA SECTION II.

8ection IT lies between 85°9° E. (23° 27° N.) and 86° 33’ E. (22° 43’ N.)
and between 23° 32" N, (85° 26" B.) and 21° 57° N. (86° 15" E.). It hasa very
large number of rainfall stations :—

Piska (23° 20° N, 85° 12’ L.); Ranchi (23° 22’ N., 85° 1’ E.); Silli
(23°2' N., 85° 49’ E.); Jhalda (23° 22" N, £5° 48’ 11.); Sonahatu (23° 11’ N,
85° 42' E.); Khunti (23° ' N, 85°16° E.); Tamar (23° 3’ N,, 86° 38’ E.);
Ktarswan (2¢° 47° N., 85° 49' E.) ; Chakradharpur (2.° 40’ N., §5°37' E.);
Seraikela (22° 42' N, 86° 556' B.); Chaibassa (22° 33" N., §5° 48' E,) ; Kalikapur
(22° 36’ N., 86° 27’ E.) and Ghatsila (22° 35" N., 86° 28" E.).

Scetion 1I represents roughly the hilly portion of the course snd end
just below Ghatsila, while Section I runs through more or less flat alluvial
plains.

The adjusted areas for the Subarnarckha catchments sre :—

Table 27.+~Subarnarekha catohment.

Sectiod_ Squere miles. Froportion.
Section 1 |I 2,000 0-267
Section 11 5,500 0-733
Total 7,500 1000

" ®Inan old manuecript note by Rbind, | ind thet Odling had gicen the area of tue Baitarani catohm™n¢
as 3,970 square miles,
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Shaw'a estimate of the total arca is 7,400 square miles which agrees with
the adopted cstimate of 7,60 square miles within 1-33 per cent.

Tee MiNoR R1VERS oF THE MAYURBHaNJ IIILLS.

The Mayurbbanj catchment consists of the area drained by the Salindi,
the Kanosbans, the Burrabalong and the Panchpara all of which have their
sources in the Mayurbhanj and Nilgiri hills. It is a small compact area lying
between 86° 9" E. (at 21° 16' N.) and 87°9 E. (at 21° 57’ N.) and between
22° 17" N. (at 86° 28" E.) and 21° 656' N. (86° 19’ E). The adopted size of
this catchment is 3,600 square miles, and it is represonted by 3 rainfall
stations, Baripada (21° 56 N, 86° 43’ E.) ; Nilgiri (21° 28' N., £6° 46" E.) and
Turigaria (2.°17' N., 86° 36’ E.).
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CHAPTER VIII.—NORMAL PRECIPITATION IN THE CATCH.
MENT BASINS IN THE MONSOON SEASON.

I have already pointed out that for purposes of flood study, the total
precipitation over each catchment area os a whole is more important than the
rainiall at individual stations. It will Le convenient to explain here the
method adopted for calculating such normals, and the nature of the material
used for this purpose.

The analysis is in each case bared on the records for individual stations
for the period July to September (02 days) given in the printed Annual
Ra rfall Volumes from 1891—1928 (33 years).

The year 1691 was taken ae the starting point for two reasons. The
data were available in a compact and convenient printed form. And more
jmportant, the records prior to 1891 were comparatively meagre in character.
Especially tke number of stations available for the different sections were
extremely variable, which rendercd the averages for different sections
unequal in reliability. A glance at Table 11 wi.) show, for example, that
in 1890 wo bad only one station for Mabanadi Section II againet six
staticns for Mabanadi Section V.,

The procedure followed was identical in each case ard was absolutely
straight-forward. The stations situated within a particular section were
grouped (ogether, and the daily rainfall records were entered from the printed
Rainfall Volumes. All cases of tnissing records were specially noted, and
were omitted in taking the average. Buspicious readings of rainfall were
specially scrutinized. In certain cages the figures could be corrccted with
sofety. For example, shifts in the decimal places, or obvious mispriats 7 for
1, or 8 for 0, etc,, could be easily detected and corrected. Doubtful figures
were, however, rejected in cvery case. The daily totals were then struck
for al! available stations, and tke average calculated by dividing by the number
of statious available, In taking the average, zero or nil rainfalls were, of
course, taken into consideration, Lut missing or rejected records were neg-
Jected.

The sccondary datn, that is, the daily normal rainfall for cach catchment
for the period July to September (92 days) 1691—1928 (88 years) will be found
in Tables 71--75.

The values for the Mahanadi catchment as a whole wore obtained by
adding together the sub-totals for cach section and dividing by the total number
of records available for all the sections taken together. ‘Lheso represent,
therefore, tho weighled average for the catchment as a whole.

Even tho data available in 1891 and for a few succeeding years cannot
be considered quite satisfactory. I could, of course, have equalized to some
extent the effect of unequal numbers of rainfall stalions in d.fferent catchments
or sections by using the isohyctal method. But this would have involvel a
}remendous amour.t of additional work, T kave given the analysis separately
or b sections in the Mahansdi, 2 in the DBrahmini and 1 in the Baitarani,
or 8 sections altogether. (The tolal for the Makanadi or the Brabmisi basins
as a whole wcre of course derived from the scctional figures, and nced not
be considered here.) In order to prepare the daily average for each section
92 individual maps (one for cach day duringthe period July—8eptember) would
berequired foreach vear, or 92 x:3»=23,496 maps altogether. Theso would then
bave to be planimetered for cach of the 8 sections separately.

‘We know from our experionce of a comparison of the isohyetal and the
numerical avernge methed in the cace of normal raiufall, that the discrepancy
between the results reached by these two methcds was of the oider cf fvo
per cent. Even assuming that the isohyetal metbod always gave the more
reliable estimate, the net gain in accuracy would be about five per cent. It
was clear, {herefore, that in tho case of daily averages, the gain in accuracy

would be altogether incommensurate with the stupendousamount of Iabour
required for the task, ' |
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I decided, however, to tost this point a little further. Estimates of
rainfall for the Mabanadi catchment s & whole were prepared by tho isohyetal
and numerical averago methods for short poriods of heavy rainfall extending
over 3, 4, and 5, 6 and 10 consecutive days immediately before the occurrence
of floods in the river. These two cstimates are given in Tables 20—33.
It will be noticed that in individual cases the difference may amount to
as much as 185" or 20 per cent, neglecting the differcnce of 4:18
in Table 33 as an abnormal value. The average discrepancies are, of course
much Jess, and are shown in the following table :—

Table 28. Mahanadi catchment.

Comparison of Ischystal and Numerical Methods
of Ertimating Amount of Rainfall.

oot ot vaintel). | beceseecind methods
3 9.05,
4 1070 ,,
6 740 ..
6 660 .
10 960

The averago discrepancy may, therefore, be taken to be of the order of
10 per cent in the case of short periods of rainfall (3, 4, 5, 6 and 10 days) as
against about 3:5 per ceut in the case of monthly normals.

It is clear from the albove discussion, that the uncertainty in the estimato
of short poriod precipitation data (i.e. the number of rainfall stations being
fixed) is about 10 per cent. This is the margin of error arising in the coursel
of calculation, i.e. during the process of estimation.

But there is an altogether different kind of deficiency inherent in tho
primary data. We know that in the case of very heavy rainfall, the actual
amount often fluctuates irragularly within short distances, Our primary data
(rainfall records at & finite, usually small number of stations) represent merely
small samples of the total vainfall. Tha reliabi.ity of the final estimate would,
therefore, depend oun the actual variability of the rainfall from one stativn
to another and on the total number of stations available, I regret I have not
bad the opportunity of investizating this paint in detail.

Table 29.—Comparison of (a) Isohyotal and (}) Numerical Methods fee ostimating
amount of rainlall in the Mahanadi catchment :—Pecriod of 3 days preceding

Floods.
Difference in Percentage
Years of flood. Total rainfall in inches. inches. Diffcrence.
(a) () )
1872 5-38 513 425 4.89,
1874 4-08 399 409 2:39,
1876 3-09 3-12 —03 1-09%
1877 2:96 2-85 411 3-89,
1879 6-68 6:81 —:13 1-99%,
1880 6-24 5-31 +-93 179,
1881 3-44 2.81 ++63 2:2%,
1885 6:80 5:61 +1-19 21:29,
1891 7:16 7-89 — 74 9:2%,
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Difference in Percentage
Years of flood. Total rainfall in inches. inches. Diflerenco.
|
1802 0860 6-12 -+ 48 78
1804 441 4:83 —-42 83
18956 5:70 5-19 -+ +51 9-8
1896 () 6-02 6-03 —-01 0-2
1390(11) 3:56 3:75 —:19 51
1900 4-11 4-08 —-57 12.2
1004 3-68 3-21 + 47 14-8
1007 3:29 4-20 —07 227
10US 2-78 3-06 —-+88 240
1910 619 5-58 + 61 10-9
1911 451 6-36 —1-85 29.1
1912 1-90 2.01 —-11 5-4
1913 536 5:52 —-10 2.8
1914 371 3-u8 + 63 20)-4
1915 463 531 — i} 12:4
1917 322 ! 3-54 —32 9]
1913 7:63 8-25 -y ! 73
1920 7.25 7-38 —a3 | 18
1923 247 2.01 —44 I 1541
1925 5-46 5-G1 S VI 2.7
1026 7-63 i 77 -3 : | 0]
i

Table 30.—Cempariscn of (v) Ischyetal and (b) Numerical idethods for ustmaling
amcunt of rainfall in the f4ahanadi catchmenti—poriod of 4 JLays presading Floms,

Years of Hood.

Total rainfall in inches.

Diilerenae in
inchies,

1572
1874
1876
1877
1579
1550
1881
1833
1501
1542
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1895
1596 (1)
1500(i4)
1900
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YTable 31.—Comparison of (a) lsohyetal and (b) Numerioal Methode for estimating
amount of rainfall in the Mahanadi catchment :—Period of § days preceding Floods,

Difference in Percentage
Years of flood. Total rainfall in inches. inches. Difference.
(@) ()
1872 6-60 8-80 —0-30 4-4
1874 4-78 4-80 —-02 0-4
1876 5-08 4-65 +-41 88
1877 4-21 4:45 —-24 653
1879 778 7-36 +-44 5-9
1880 9-50 8-656 +-96 11-1
1881 4-76 4-40 +-38 6-8
18856 10:26 9-36 +-90 9-6
1891 8:43 7-96 +-48 6-0
1892 774 7-40 +-34 45
1894 5:26 5-65 —-30 54
1896 6-88 7-80 —1:02 0-2
1896 (5) 7.4} 7-35 +-06 0-8
1896(11) 4-83 4-565 +-28 a1
1900 5-33 5-60 —17 3:0
1907 4:58 4-35 +-23 30
1908 4-11 4-70 —-59 12:5
1910 7:42 6-85 +:67 8-3
1911 5:62 7-05 —1:43 20-2
1912 2-75 3-26 —-50 15-3
1913 6-23 6-85 —62 9.0
1014 5-37 6-35 —-98 154
1915 65:17 5-05 +-12 2:3
1917 4-39 4-65 —-26 5-5
1918 10-12 11-80 —1-68 14-2
1919 4-39 4:50 —-11 2.4
1920 (¢) 902 10-55 —1:53 14:5
1920(i7) 4.88 470 +.18 2-1
1925 776 7-05 +-71 10-0
1926 | 8-88 10:10 —1:22 12-0

Table 32.—Comparison of (2) Isohyetal and (b) Numerical Methods for estimating
amount of rainfall in Mahanadi catchment.— Period of €6 days preceding Floods.

Difference in Percentage
Years of flood. Total rainfall in inches. inches. Difference.
(a) (b)

1872 6-97 6-06 +0-91 15-0
1874 4-84 5-04 —20 38
1876 65-88 5:76 +12 2:0
1877 4-86" 4-32 +-54 12-56
1879 7-66 7-68 —03 0-3
1880 10-06 9-18 +-88 9.5
1885 10-87 0-84 +1:03 10-4
1892 7:61 7-26 +-35 48
1894 5:62 5-€4 —:02 0-3
1895 6-98 7-86 —-88 11-0
18986 (1) 7-78 7-38 + 40 5.4
1896(11) 5-51 576 —25 43
1900 5-90 570 +-20 385
1907 4-96 4-98 —03 0-8
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Difference in Pecentage

Years of floods. Totel rainfall in inches. inches. Differenoce.
1908 4:09 5:10 —1-01 10-8
1910 7-36 6:24 +1:12 17-9
1911 6-00 7:80 —1:80 230
1012 2:88 3-36 —-48 14-2
1913 8-17 6-12 + 056 0-7
1014 65-62 6-60 —-98 14-7
1015 5-26 5-186 +-10 1:8
1917 4-24 4-80 —-56 11:6
1918 9:21 9-24 —-03 0:3
1918 4:32 4-26 +-08 1-4
1620 (¢) 10-72 10-80 —-08 0-7
1920(4) 5-03 5-10 —-07 1-3
19256 7-95 7-32 +-63 8:6
1026 8-06 10-02 —-07 9:6

Table 33.—Comparison of (a) Isohyetal and (b) Numerical Methods for estimating
amount of rainfall in Mahanadi catchment:—Period of 10 days preceding Floads.

Difference in Percentage
Years of floods. Total rainfall in inches. inches. Difference.
(@) ()
1872 13-28 9-1 +4-18 460
1874 7-05 7-8 —75 9:6
1876 7-21 7-1 +-11 15
1877 5-95 Q-5 —-53 8:5
1879 9-70 10-2 —:50 4-8
1880 12-66 12-0 -+ 66 55
1885 ¥3:26 10-8 +2-46 22-6
1892 11:18 9-7 +1-48 16-2
1894 7-24 7-2 +-04 0-5
1885 10-77 12-4 —1:63 13-1
1896 () 9-89 9-1 +-79 8-6
1896(41) 8-67 86 +-07 0-8
1900 6:66 5-9 +-76 12-8
1907 5:60 6-0 —-40 8-6
1908 7-25 8-4 —1-16 136
1910 8-57 7-6 +1:07 14-2
1911 8:03 9:4 —1-37 14-6
1912 4-37 5-3 —:03 17-6
3913 7-59 70 ~++59 84
1914 7-60 80 —40 4-4-
1916 7-79 7-7 -+-09 11
1917 7.86 7-8 +-06 06
1918 13:02 140 —-08 7-0
1919 6-03 6-5 —47 72
1920 12-48 12:3 +-18 14
1925 10:74 10-7 +-04 0-3
1928 10-93 13-2 —_2-27 17-2
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NoRMAL RAINPALL IN THE CATCEMENT BastNs.

The average rainfa'l for each catchment arca (based on stations of nog
less than 24 ycars' standing) for each reacon and the whole year -is shown in
Table 84, aud similar figures for each river basin as a whole are given in
Table 35. The correspondivg percentages are given in Tables 3 and 37.

It will be seen frem aceompaoying rainfall Map no, (8) that the actual rain-
fall in the different catchment areas is considerably greater than the rainfall in the
delta. This is maiuly due to the effcet of the western hills. There is first a
slight rise ncar the hills on the western edge of the Orissa Delta, and a much
sharper and move pronounced iucrease in the rainfall near the mountainous region
of tho Feudatory States nnd Tributary Mahals. The isohyets jump frem about
42" near Phulbani, Ohkendipara, or Chakradharpur to over 56” at ’al-Lahera
or Deoghar within a distance of about 20 miles, The maximum rainfall
occurs over the northern portions of the Brabmini catchment (Secction I)
and the south-castern portions of the Mahanadi catehment (Section I1I),
Furtber west the rainfall decreases gradually with a closcd minimum in Mabanaci
Section M-V near Kawardha, Gondai and Chuikhadan.

Tables 38 and 37 give the seasonal falls expressed as percentages of
tbe total annual precipitation. It will be seen that not only the gross rainfall
but the pereentage rainfall is considerably greater over the carchment area
during the monsoom period. In the delta only about 72 per cent of the total
annual precipitation occors during the monsoon; while tho corresponding
percentage is 8206 in the Bralmini basin, and 85:06 in the Mahanadi
catchwent aren (varying between 7771 and 5901 in the different sections).
Roughly speaking wo may say that about four-fifths of the total annual
precipitation oceurs during tlie four monscon months in the river basins.

Table 34.—Seasonal Normal Rainfall in Sectional Areas.

l Winter. | Summer. | Monsoon. | Autumn. | Aunual,
Number —_— ——
Section. of
statiots. | December | March June October | Janu:ry
to to to and to
February. May. Sept. |November.|December
Mahanadi I .. 10 1.72 5:23 42-73 6-31 54:99
Mahanadi JI .. i} 1-49 3:06 4749 2-78 54-32
Mahanadi I1I .. i 1-81 2:15 5246 2.58 5950
Mahanadi IV .. 3 1-65 2:02 45-78 3-09 6314
Mahanati V .. 13 1.91 2:19 4085 2-66 47-59
Brohnini I . 7 1-80 4-93 45:80 4-56 57:09
Bratmini II . 9 2-52 3:52 49-10 3-38 58-52
Bait runi . 8 2:08 706 38-84 5-60 53-58
Nilgirt .. 1 1-83 8:49 46-74 53-8% 62-93
Subarnarekha T 4 1-68 8-15 42.04 5-27 57-14
Subarnarekho II 11 2:13 5-01 44.91 3:33 55-38
Delta 12 180 6:36 43:15 3-37 59:67

—
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Table 35.—8easonal Normal Rainfall in Catohment Areas.

Number
Catchment. of Winter. | Summer. | Monsoon. | Autumn. | Total.
stations.
Mahanadi . 39 1-76 3:13 44-90 3-38 63-17
Brahmani .. 16 2:21 4-14 47-66 3-890 67-91
Baitarani .. 6 2:08 7:06 38:84 5-80 63-58
Nilgiri . 1 1-83 8-49 46-74 5-87 62:93
Subarnarekha 14 1-98 5-93 44-30 4-12 58-33
Delta .. 31 1-80 6-36 43:16 8-37 59-67
Brahmini and 22 217 4-93 456-26 4:36 56-71
Baitarani.
Table 36.—Seasonal percentage of rainfall in Sectional Areas.

Section. Winter. | Summer. | Monsoon. | Autumn. | Total.
Mahapadi [ .. 3:13 9-51 77-71 9-65 100-00
" II .s 2-72 65-68 86-63 5-07 100-00
» II1 .. 3:04 3-61 89-01 4-34 100:00
' v 3-11 4-93 86-15 5-81 100-00
" \'% 4-01 4-60 85-80 5-59 100-00
Brahmini T .. 3-15 8-64 80-22 7-99 100-00
" II .. 4-31 6-02 83-90 5-17 100-00
Baitarani 3:88 13:18 72-49 10-456 100:00
Nilgiri .. 2-91 13-49 74-27 9-33 100:00
Subarnarekbha I 2-95 14-26 73:67 9-22 100:-00
' 11 3:86 8-05 81-09 6-01 100-00
Delta 3-02 10-64 72-31 14-03 100-00

Table 37.—8easonal percentage of rainfall in Catohment Areas.

Catchment. Winter. | Summer. | Monsoon. | Autumn. | Total.
Mabanadi .. . 3-31 5-80 84-45 6-36 100-00
Brahmini .. .. 3-81 7-16 82-31 673 100-00
Baitarani .. 3-88 13-18 72-49 10-45 100-co
Subarnarekha .. .. 3-34 10-00 79-71 6-95 100-G60
Delta .- .. 3-02 10-64 72-31 14-03 100-00
Brahmini and Baitarani .. 3-83 8:70 79-78 7-69 100-00

ISOHYETAL LINES,

Two different methods were used for calculvting the normal precipitation
in the catchment basine, In Tables 34 and 85 the arithmetic average
of the normal precipitation for a number of rainfall stations scattered over
the catchment area has been adopted as the averaze normal rainfell in the
whole basin. In the sccond method a number of isohyets (lines of egual
rainfall) were drawn on the map, and the actual aroa, lying witbin two isohyets
was measured by a planimeter. If X, is the average raiofall in area A,, Xj in
area A, and X, in area A, then the average precipitation in the whole catch-
ment area (or in any particular scction) is given by

A+X, A+ X A,

- X,
X= —"&,¥A,Fa,
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This isohyet method is theoretically superior for two reasons. It makes
somo allowanco for the irregular distribution on the rainfall atations. In the
numerical method, in taking an arithinetio average equal weight is given to
all stations inspite of the fact that the distribulion of rainfall stations is not
upiform. Secondly as the stations were started in different years, the arithme.
ticnl average rofers to widely varying asscinblages and cannot be considered to
be strictly comparable.

Even in tho isohyet method a certain amount of variation would be
introduced Dy the manner in which the isohycts are drawn. Table 38
shows the norraal monsoon rainfall as calculated by the isohyet and the
arithmetio average methods respectively., The agreement though far from
brilliant, is not altogether unsatisfactory. The residual uncertainty varies
from—6'2 to-450 per cent, and neglecting sizns may on the whole be taken
to Le of the order of 3'5 per cent.

Table 38.—Normal Rainfall, June—September.

Difference between Isohyet
Number |and Arithmetic Averages.
Sections. Tsobyet. | Arithmetic of

average. station.
Actual. | Percentage.
M—1I .e 44-277 42-73 10 +1-547 +3:5
M—II . 47-553 47-49 6 +0-063 +0-1
M-—-III .. 52-914 52-96 7 —0-016 —0-03
M—1V . 46-237 4578 3 +0-457 +1:0
M=V . 42-478 40-83 13 +1-648 439
Mahanadi . 47427 44-80 39 +2-527 +5-3
Br—1I . 43-143 45-80 7 —2-657 —6-2
Br.—II . 47-589 49-10 9 —1-511 —3-2
Brahmini . 45:862 47-G6 16 —1:798 —39
BRaitarani X 42627 38-84 (3 +-3-787 +8-9
Sb.—I . 45-314 42:04 4 ~+3-274 +7:2
Sb.—II . 43-879 44-01 11 —1:031 —2-3
Subaroarckba .. 44137 4415 15| —o-013 —0-03

So far we have worked with the normal rainfall for the whole monsoon
geason of 122 days (J une-SoEtember). It. is, however, more convenient to use
the daily normal rainfall which is giveu in Table 39.

For flood purposea it is still msro convenicnt to convert these figures
into rates of precipitation. One inch of rainfall in one day represents 26:8
cubio fcet por second (cusec) per square mile. Multiplying the area of each
catchment by 26:8 we obtain the cusec rate corresponding to ono inch of rainfall
in oue day given in column (8) of Table 39. Multiplying these factors by
the corresponding daily normal rainfall givon in columus (4), (6) and (6) of
Table 39, we obtain the daily normal rate of precipitation given in columna
(7), (8) and (9) of Table 39 respectively for the isohyet and the arithme.
tic averago methods,

In view of the discrepancy of the order of 3'5 per cent, wo aro justified
in slightly adjusting the data for convenience of arithmetic calculations.
We, therefore, finally adopt the daily normal rate of precipitation given in
column (10) of Tablo 39 for the different catchments for use in connexion
with flood analysis,
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Table 39.—Daily Normal Rainfall for the period June—S8aptember,

Nonnal rainfall in inch per dey. Normal ralofall in eusocs per day.
Adopted normal
. rainfsll in
Adjusted | Cusne Kilo-casecs
Baction. ares N June—Sapt. July—Aug. June—Bept. July—Aog.| perday for
in inch of calculation
¢q. roiles. | rwinfall. of excoss
X rainfsll.
Nurerical. | Ieohyet. | Numstical, [ Numeoricsl, | Ischyet, | Numerieal
1
m o | . ®» | ® 0] m ®) o (10)
am—
Ghansdi 1 .. 6.400 | 172,089 0-3502 -3629 -3984 60,208 62,451 68,218 X
Lbanadi 11 .. 12400 | 333,422 o83 3808 47948 120,801 120,988 168,309 150
fahanadi 111 .. 14,300 | 384511 4241 430 -5616 100,018 | 186,916 212,008 210
Gahansdi IV .. | 8,500 ) 17767 R 4546 v0.588 [ 67,260 23,765 20
Mahaosdi V .. 11,360 | 303.844 3341 3482 4188 101,697 | 105,708 128,278 125
rabumini T .. | %000 130578 a164 [ -3538 447 se.507 | 53,2040 86,062 &
Brabmini I .. 8,400 | 225,867 4023 3901 6074 90,911 83,111 114,60¢ 100
Baitarani . 4,000 107,538 3184 3484 3244 34,246 37,680 34,891 33
jubamarekba I[ 2,000 [ 537T 3448 314 3874 18,532 | 10,78 20,834 2
Jubarnarekha 11 8.600 | 147,838 3681 -3928 4348 64,438 68,048 @23 60
Yahanadi . 61,000 | 1,371,333 3680 +3887 4588 604,654 | 633,037 628,256 600
Brabmini 14,000 | 870,444 a0t an9 40| Mn0m7 | nesos| 17993 160
Baitarani . 4.000 1 107,550 -3184 <3104 | +3688 34,240 317,680 34,801 35
Jubarnarekha 7,600 | 201,667 -3631 -3618 4176 13,228 72,963 84,105 80
Nlta . 300 8,366 3531 .. -3856 20483 .. 32,142 | %

1 should note here that in Table 39 we have taken the daily normal ag
averaged over the whole period of 122 days (June—September). In actual
fact the daily normals for different days are different. These have been
analysed iu detail in later chapters of the Report. But for flood study the
average normals are quite sufficient, for the uncertainty in making estimates
of the actual flood rainfall is much too great to allow of the variatior: in daily

normals being takea into consideration to any useful purpose,

The July and August normals, howerver, have a special importance, in viow
of the fact that the heaviest rainfall occars in these two months,
norwals in inches, ard the corresponding rate of precipitation for the different

catchments are given in Tatle 39.

The “daily
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PART Ill. DRAINAGE CHANNELS OF THE ORISSA
RIVERS.

CHAPTER IX.—THE DRAINAGE CHANNELS OF ORISSA,

Tho Orissa Delta is traversed by a network of distributaries arising chiefly
from the three rivers:—the Mahanadi, the Brahmini and the I}aitamni.
Compared with the main rivers of India the above three are of o medium class.
The length of the course, drainago ares, and discharge capacities are given
below :—

Table 40.—0rissa Rivers.

Area o sgnate miles, Disoharge 1o cubdlo fest por eoeond.
Length In
River. miles. ¢
Cstolmeat, Delts, Maxima-, Moneoon Normal| Minlmum,
Mahanadi e o 633 61,000 2,600 1,670,000 801,000 04
Erabmioni e s 433 14,00¢ } . 660,000 90,000 130
700
Baitarani s 215 4,000 400,007 25,600 small
Total ... 69, 00 3,300 | 2,620,000 415,00

N. DB.—~The cstimates of dischiarge sre very spproximate.

It will he seen that the eatchnient basin is about 20 times larger than the
deltaic area in tho case of the Mabanadi, and about 26 times larger in the
case of the other two rivers. Tho total norinal precipitation in the cateliment
basins during the monsoon iy 413,000 cusees,® while the normal rainfall
intensity in the delta is only 30,000 cusecs. Tbe overwliclming importance of
the water brought down frum the catchment area can be easily appreciated.

All three rivers resemble onc avother in many ways. They sll 1un
roughly parallel, and all bavo their origin in the hilly countries of the Central
Provinces or the Tributary Mahals. Each river enters tl.e Orissa delta in one
simple stream, and almost immediately divides into a great number of branches
owing to deltaic action. During the monsoon season the riversemerge from the
hilly country with high velocities and laden with large volumes of silt. The
velocity is suddenly reduced on reaclhing the plains, and the silt is deposited on the
river beds. In this way the bed of the river rises,and gradually a shallow ridge
is built up, oo the summitof which the river flows. Lut the gradiest along
the river channel decreascs at the same time, which causes a further reduction
of the velocity and consequently a greater deposit of silt, until the bed of the
river is raised 5o high that the river Dursls its banks ard sends out branches
into the valleys lying hetween two successive river ridges.  Fresh ridges are
formed by the deposit of silt aleng the channels of the new branches, and the
whole process is repeated wiih the formation of more new branches. During
beavy floods, water is spilled over either bank and silt is deposited over the
surrounding country which slowly raires the general level of the deltaie land.
This action is, however, much slower than tho raising of the river beds, so
that the formation of new branches is a characteristic feature of all deltaio
countries. Such deltaic aclion is very marked in Orissa, and we find that
the Mulianadi, the Brabmini, and tho Baitarani bave divided into about
15 main branches with innumerable minor strcams about half way between
the gorges and the sea. These branches aro interlaced in a very intricato
manner 0 that waters from tho different rivers become inextricably wmixed on
their way to the sea as can be seen [rom the nccompanying map of the Delta.

®0r about 40,000 cauecs if wo include the Subsrnarekha snd the minor oatchments.

1 The lengths of the rivers as dircctly measured on the mups came to 526, 424 and 203 miles
respeotively for Mahanadi, Brahmini and Baitarani ; but were adjusted to agroo with the values
given by Mr. J. Shaw in Appendix VI to tho Intcrim Report of Orissa Flood Advisory Committce,
1939-40 in consideration of loops end turns whioch could not be msasured accurately on the maps.
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Tho detailed analysie of gaugo readings at Naraj, Jenaporo, and Akhoya.
pada (given in Inter chapters) slno_Ws that tho average height of the Mahanadi,
the Brahmini and the Baitarani at theso three places, respectivoly, have
remained practically steady during the last 50 or GO years, Deltaio” action,
therefore, nppoars to have practically ccased at tho head of the delta,

Deltaic action is, howerer, still at swork in the plaine which causes consls
derable fluctuations in the reiative ¢ischarge through differcnt channels from
time to time. For oxample, the main diahanadi channel appears to have been
considerably silted, but the Pyka is taking thq inoreased discharge thrown on
it. Or again, the Daib and Daya are improving while the Kushbhadra and
Bhargobi are becoming silted up at present. (O. ¥. C., 1928, pago 38.)®

Along-the sea-const of Orissa there cxists a steady northward littoral sand
drift. *Thisdrift tendsto form bars across the mouths of the rivers from
south to north ; & bar of this nature is often raised in the hot weather by the
prevalent wind so as to form an unbroken sand dune across the mouth some 25
or 30 feel high above sea level. 1t is not uncommon to find ariver pursuing a
fairly straight course to the sca, thers to be diverted parallel to the coast for
several miles hefore it can succeed in obtaining an outlet. The Sonamuhi for
instance, rising in the Samang Pat behind Puri runs parallel with the coast
bebiod the dunes for about thirteen miles and in some years has 8 common
mouth with the Chilka Lake though independent mouths have been opened on
occasion as bigh up as Ilarachandi”. (O.F. C. 1928, pages §-9.) During
heavy floods direct mouths are sometimes opened across the sand dunes, but
such openings are again soon closed by the littoral drift, The Orissa Flood
Committee of 1928 was of opinion that the shortness of the Orissa delta was
very possibly due to this drift :—“ Whereas the hends of the deltas of such
rivers as tho Ganges and Indus are situated about 400 miles from the sea, the
deltas of the Mabanadi, Brabmini and Daitarani are little more than fifty
miles long. It is prcbable that thesc rivers are continually striving, by deposit
of silt,10 form new land on the sea edgu but that this silt is continually being
forced towards the north by the littoral diift. We consider it likely that to this
drift is due, on the one hand, the long shallow shelf which is shown on the
charis as stretching into the Bay of Bengal in front of the Oris<a rivers, and,
on theother, the progressive filling in of the Balasore Roads. This raising of
the soa-bed in the north-west angle of the Bay has affected the estuaries of tlie
rivers flowing wnto the Balasore Roads, the Subarnarekha bed has deferiorated,
and the Dhamra estuary andits outerbar have several feet less water now
than they had in 1885.* (O. F. C. 1928, page9.)

Tidal action extends to a considerable distance inland and causes marked
variation in the level of all the rivers. Duriogthe monsoon season, water in
the Bay of Bengal is headed up which raises the level of the water at the
mouths of the rivers by some 2 or 3 feetor considerably more during storms,
(O. F, C. 1923, page 8.) Owing to the verysmall widih of the Orisen declta
(from 30 to 50 miles), this monsoon heading up to tidal action offers considerable
obstruction to the flood discharge by appreciably reducing the slope of the
water flowing down the rivers,

Finally, the natural situation has Icen very seriously complicated by the
ercction of ombankments for the protection of the arable tract from fleoding
and by the construction of canals for irrigation and navigation. A valualle
* Narrative of the Principal Events connected with the ¥Flocd Imbankmerts
in Orissaand of the Origin and Development of the Orissa Canals exteuding
over tho period from 1840 to 18€0 ' was propared Ly Mr. W. A. Inglis,
Buperintencing Engineer, in 1800. I shall give a brief description of the
development of the Orissa canals and embankments in a later scction. Dut
a few salicnt points may be mentioned hore.

In Balasore district the Orissa Coast Canals up to Charbalia runs parallel
to and a few miles from the rea const. It constitutes o barrier 60 miles long
which prevents the free flow to the sca of the epill water from the numerous
channels which cut it almost at right angles. ‘lhe Ccast Cansl thus heads up

'0??2.-6. : Report of ¢he O;'l'na Flood Committee, 1528.
[Published by Supcrintendont, Government Printing, Bibar and Orissa, Patna.}
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the water during floods and causes great harm. Freo flow of drainage is also
obstructed by the Salt Embankment which runs parallel to the Coast Canal
and between it and tho sea.

The High Level Canal from Bhadrak to Cuttack, the Orissa Trunk Road,
and more recently the Bongal-Nagpur Railway line, all cut the maja drainage
channel practically at right angles, aad thus complicate the flood situation.

In the Brahmini delta a number of embankments (Uttikhan, Gajaria, Baj
Kanike, Aul, ete.) seriously obstruct the flow of water, and causes excessive
flooding in the tractlying Letween the Khursua and the Bralimini.

In the area drained by the main channel of the Mahanadi and its branches
in the Cuttack district a more stable regime has been reached by practically
fully protecting the land from inundations by a system of embankments
connected with the Pattawundi, Kendrapara, Teldanda, Machgaon and other
canals which run roughly parallel to the river chanunels.

The situation, however, is very Lad in the Puri district which is drained
by the southern brancbes of the Muhanadi. These rivers are unable to carry
even half the volume of water received during moderate floods from the main
channel.

Flooding is, therefore, inevitable in this part of the courtry. And it is
not surprising that an intricate and most bapbazard system of embarkwents
bas arisen in the course of yoars through tho cfforts of the people to protect
themselyes from floods. These embankments have in their turn further
obstructed the flow of water to the sea, aud bave aggravated greatly both the
duration as well as the intensity of the floods.

In the Puri district another important factor is the premature reclamation
of land along the sea face. There are large arcas only a few feet above the
mean sea level which are protected from tides by salt embankments. Once they
are flooded, rapid drainago is practically impossible. The premature reclamation
also affects adversely the deterioration of estuaries wkich appearsto be still in
progress in this region.

A general idea of the protection from floods given by the embankments
may bLe cblained from the following summary table which has been prepared
from the data given Ly A. S. Thomson (“ Rivers of Orissa, ”’ 1005, pages 40—52).

Table 41.—Embankments of Orissa Rivers.

Rirer. Doltaic Area (Sy. miles). Ewnbankment
(miles).

Total. Protected.
Mshanadi ... we 2,525 1,327 540
Brahmini ... 263 131
Baitarani ... 855 289 75
Other rivers ... w |) 150 58
Total 3,580 2,035 804

Thomson mentioned that out of these 8§04 miles of embankments 294
miles were connected with the Canal system, while 510 miles were classified as
agricultural works. Fuller details of the embankments for cach important
channel are given in Tables (43—43).

Mr, H. A, Gubbay, Supcrintending Enginecr, in his note of the 3rd July
1923, gave the following figures for tho area dealt with under Orissa Canals and
Embankments in Purj, Cuttack and Balasore districts in 1920.
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Table 42,—Embankments.

Denoription. Area fu 1q. miles,

Protected from all flcods but not irrigatod 580
Protected from all floods and irrigated 450
Total fully protected 1,030

Total protected from low floods 1,020

Total protected 2,050

Opon to all floods 1,254

Total 3,304

It will be noticed ihat out of about 3,300 sq. miles, roughly one-third is
fully protectcd, one-third has partial protection, while one-third is open to all
floods.

Table 43.—Length of Embankments in Orissa with Protected Areas.

Protected
Embankments. Miles. Feet. arca in sq. miles,
Mahanads. ol a0

nadi . . .o 5 17278
gfua]iu}’yk& .. o . 22 2,511 2780
Chittratola . .e .o 04 3,962 259.82
Nuna .e .. . 8 40 13-47
Pattia . .o - 3 1,740 6-56
Bhimdaria . .o .e 1 2,425 3.59
Pyka . . . 22 1;531 23.38
Gobri .o . . . 3,600 2.95
Patuali .o .o . 1 2,090 0-90
Beropa .o o . 25 672 60-06
Katjuri .. . . 27 2,251 53.53
Surua .o .e .. 17 4,460 36-00
Debi .o .o .o 32 3,701 194.62
Kundal .. . .o 4 412 2.10
Madrung . o . .o 1,800 0:26
Tangra . .. . 1 2,750 1.69
Bindhum . .e .. 4 2,050 425
Xoakhye . .. .. 20 3,960 22.18
Kushbhadra .. .o .e 18 5,195 61-67
Daya .o .. .o 33 2,310 72.44
Managuni .. .e .e ] 1,640 21:07
Bhargovi .e . .o 05 2,086 2652-98
Kanjhariadhar .. . o 3 3,790 1:25
Kanchi .e .e . 8 3,534 2.18
Sur Lake .o .o .e 16 4,620 9.67
Atharnala . .e . 6 2,640 079
Dhanuria . . .o 6 3,045 1-62
Sonamuhi . . . 7 4,680 4-66
East Kania .e .o .e 4 2,770 484
Nayanadi .e . .e 0 2,970 10-81
South Kania .. .e . 7 4,790 8-10
Chilka Lake .. .e .. 4 1,320 168
Total .. 550 | 1,624 1327-96
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Table 44,—Length of Embankmente in Oricsa.

Protected
Embankments. | Miles. Feet. area in 8q. miles.
Brahmini.
Brahmini . . .e 101 1,085 24475
Sankra .o .. - 4 2,039 3.06
Kimiria . .. . 3 1,592 2:51
Kharsua .e .o .o 21 3,971 1108
Total .. 130 3,387 26290
Baitarani . e .. 61 2,516 271-02
Burha . . .. 20 2,323 17-50
Ganguti . . e 3 1,834 0-77
Total .. 15 1,393 289-29
Salindi .e .. ve 8 3,395 13:27
Kopali .o .. .. 2 2,736 503
Subarnarekha .. . e 23 3,095 99-50
Sea (Salt Embankment) .. - 13 1,605 37-00

Table 45.—Length of Embankments and Protected Areas.

—_— Embankments.{ Protected area

Miles. in 8q. miles.

Mahanadi . .e . .. 5§50-308 1327.96
Brahmini .. .. . .. 130-641 262-90
Baitarani . . . - 75-245 289-29
Salindi .. LN .e . 8:643 13-27
Kopali . .. .. . 2-518 5-03
Subarnarckha .. ‘e .e . 23-757 89-50
Sea (Salt) . . . .. 13:304 317-00
Total .. 804:416 2034-95

Notr.~MMr. J. Shaw, Exocutive Lnginocr, Floods ane Drainage Division, pives tho following latest
figures in Appendix VI to tho Interiza Report of the Orissa Flood Advisory Cemmiltee,

1929.40.
———— Muhanadi. | Drabmini. | Baitarani.
1. To'al area of Delta (square miles) e vos 2,04C 854 6569
2. Protected Aren terved by Canals (squurs miles) ... . 641 62 190
8. Asta protected by cuibunkmont Lub rot irrigated (square miles) 156 166 103
4. Bemi-protecte.l arvess affozted by high floods " » 725 192 177
B. Aren f1equently l )cded . » 475 280 140
8. Migh grousd, jeniles, ete., not onﬂnar‘.ly lteoded  ,, " 278 124 30
7. Total length of ombankm-uta in miles 761 173 100
3 (Govercment) ... . [ 106 77
" : w (Ptirate) e 17 78 23
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CHAPTER X.—THE MAHANADI.

After reaching Sonepur the Mabanadi runs for about 150 miles in a south.
easterly direction through the Feudatory Statcs and Tributary Mahals of
Orissa and enters thedelta through a narrow gorge at Sydessur hill imraediate.
ly abova Naraj, 7 miles from the town of Cuttack.

At Naraj the river divides, the main stream called the Mahanadi flowin 8
east towards the sca through the district of Cuttack, and a large branch called
the Katjuri turning off towards tho south partly through tho district of Puri.
The Mahanadi nest gives out a large branch on theleft alittle below Cattack,
while 4 miles below Naraj, opposite Cuttack, the Katjuri sends out a Dbig
charnel, the Koakhye on the right,

The channels of the Mabanadi are very old. We know that during the
last GO yeurs the level of the river at Naraj has remained practically steady
showing that deltaic action at the head ol the river has practically ceased.

Inglisin his “ Narrative’ has given scctions of the channels of the
Mahanudi which wero taken at the time of the construction of the Bengal-
Nagpur Railway bridge. He pointad ont that ‘“in the case of the Mahanadi
main channel it will be noticed that for the greater part of the channel only sand
has been found. This may be taken as confirming the view that this is the
oldest channel of the river.

*In the case of the Katjuri, clay is met at 23 to 35 fect below mean sea
level, and this, I think, is suflicicat to show that this channel is also of great age.
In the case of the [Koakbycthe clay is met with just about mean sea level,
indicating doubtless a somewhat later origin, but still one far from recent in
the ordinary sense of the term. The Beropa is the only one of the channels
which appears to be of comparatively recent development.”

A stone spur was cons‘ructed at Naraj in 1858, at the suggestion of
Lieuterant Harris, with a view to reducing the discharge into the Katjuri and
the Koakbye. 'Lhis spur was further extended in 1539, and was subsequently
devcloped DLy the East India ILrrigation and Land Company into the
1Zl)\'zn‘ajl anicut which today regulates the fliod di.charges into the two

ranches.

We shall now consicer the branches of the Mabanadi, a schematic diagram
of which is given in Ligure 1.



Figure 1, Sohematic Diggram of the Branches of the Mahanadi below Cuttack.
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CHAPTER X1.—THE KOAKHYE AND THE PURI RIVERS.

About 4 miles from Naraj, opposite Lalbagh (Cuttack), the Katjuri is a
mile and a half wide, and herc the Koakhye, its largest branoh starts from the
right bank at the village Kajipatna. The Koakhyo after flowing in a south.
south-easterly direction for 12 miles throws off a branch called the Kushbhadra,
and then travels nearly due south for T miles until it reaches the village of
Sardaipur, where it forks into two big branches : the Daya to the west and the
Bhargovi to the east. ‘I'te Koakhye is embanked for its whole length on tha
left bank, and is fed on the right bank by a small tributary, the Bulbhadra.

The Kushbhadra leates the Koakbye at Balihanta about 12 miles from the
head, and flows in a ~outh.easterly direction for some 40 miles till it eaters the
Bay of Bengal acar the shrinc of Ramchandi, 16 miles east of Puri, The
gusg:tgbﬁgfa bas no branches and for the last foew miles of its course it is oalled

e Niakhia.

The mouth of the Xushbhadra below Ramchandi is free from silt, but the
river bed betweer the Niakhia ferry crossing and the mouth is shallow, and
ther: aro many :ounds of saild in the bed which obstruct the free passage of
tho water to the sea.  During the cold and hot weather months the tide is felt as
far as vitlage Padampada, but during the rainy season, only as far ag
Katkutpatnn, somewhat below Takna village. Mr. Arnott noted (Thomson,
page 13) : — )

“ After the irs three miles of its course the Kushbhadra narrows consi-
derably, acd the pressure of the floods is greatly felt, so that breaches may
occur anywhere in the embankments situated oa either bank between the 2ud
and the 10th mile. "

Asalready mentioned tho Koakhye divides at Sardaipur, about 19 miles
from its head, into the Daya on the west and the Blhargovi on the east. The
head ofithe Bhiargovi is silted up to a great extent, and the Daya carries more
than its fair sbare of the water. The course of the Daja runs due south for
8 miles, and then it makes a sharp turn westward for 4 miles, atrd after that
continues its course southward for the rest of its lenath, emptying itself into
the Chilka Lake at the north-eastern corner, sorre 37 miles from its off-take.
Two small rivers enter the Daya, the Gangua Nadi just above the village of
Kanti, and the Monaguni river, a mile or two below Kanas. Although these
streams are small, they drain a hilly country, and during rainfall they add a
considerablo volume of water to the Daya. The Daya is tidal as far as
Bhutpara, opposite the 24th mile of the left embankment, but the action of the
tide is inappreciable in the flood season.

Tho Bhargovi which is about 53 miles in length *¢ is the last branch of the
Koakhye and begins its course, 2s stated before, at Sardaipur, travelling
for the first 4 miles in a south-easterly direction. It then trends to the west
for another 4 miles, turning again to the south-east and keeping this course
until the village of Tornia is rcached, 14 miles away. Hera its direction is
south-west for 23 miles, when it shoots to the north for 5 miles, travels in a
direction due west for another 3 miles and then emplics itself into the outfall
of the Daya, breaking up into numerous branches in the last 24 miles of its
course.” (Thomson, p. 19.) The Bhargovi is embanked for its whole length
but as the channel is extromely constricted, breaches occur frequently on both
sides during floods of any intensity.

Between the off-take of the Bhargovi and the 2vth mile the only tributary
is the Kanjhariadbar river, which rites opposite the 24th mile of the Puri
road and after running for about 3 miles enters the Bhargovi in the 8th mile.
It is erbanked on both sides for practically 2 miles from its junction with the
Bhargovi, but as it has a drainnge area of only about 13 squsre miles isof no
importance.

The Bhargovi at its lower end branches into 8 most complicated system
of drainage chanunels. The Kanchi, the firrt branch of the Bhargovi, takes
off at Jankadaipur village and travels south-east, having its outfall iu the
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Bur Lake about a mile bolow village Panchumoni. During aflond in the
Bhargovi, the Kanchi relieves the pressure lower down, the spill water
entering tho Sur Lake, and when the flood subsides, this spill returos and
escapes aain by the Bhargovi. At its lower end the Kavchi meets the
Athara Nala, and also throws off a branch, the Dhouria, which takes off a good
den! of the cxcess water of the Bhargovi. The Dhouria runs in a westerly
direction, falls into Samang Pat ard is absorbed there.

The Tast Kania which is the sccond branch of the Bhargori, takes off
in the 35th mile, and ruuns in a south-easterly course for four miles when it
joins the Sonamuhi at its head at south-west corner of the Samang Pat.
The flood water flows up and down this river during the monsoon montbs,
flowing towards the Sonamuhi when the Bhargovi is rising, and towards the
Bhargosi when it is falling The Nayanadi, the third branch of the Bhargovi,
is an artificial channel takisg off from the 40th mile, and running in a south-
casterly direction for a distance of 3} miles, it joins tl:e Sonamuhiand merges
with the latter into the Tarchaudi river. 1t was meant to pass the excess flood
water of the Bhargovi into the Harchandi, but it has become so silted up that
it is of little use. ‘1he South Kania, the fourth and last of the branches of the
Blhargori, starts at 45th mile and travelling in a south-westerly direction enters
tho Clilka Lake 10 miles from its off-take. It is a narrow and winding stream
with its head much silted up, ard is not of much use in escapiog the i hargovi
flood water. In highsprivg tides and during the prevalence of the southerly
winds, the brackish water ot the Chilka Lake is forced up the Bouth Kania,
doing o certain amount of damage to the soil.

The Harchandi is not a branch ef the Blargovi, but all the branches of
the latler eventually drain into it. From its junction with the Nayapadi and
the Sonamubi it runs for 10 milcs south-west until it empties itself into the
Buy of Bevgal by tho Chilka Lake mouth. Its whole course is thirough sand
aud consequently its Led is considerably silted up and the river has become
very shallow.  Owing to the prevailing south-west wind that blows steadily
from February toJune, carrying sanl with it, the keeping of the bed clear
forany length of time without yearly excavation would be next to impossible,
The tides reach village Jagannathpatna, about half a mile above the Temple,

The Sur Lake, the Samang Pat, and the Chilka Lake act as balancing
reservoirs during the time of floods. TFormerly the Sur Lake and the Samang
Pat Lad no connection with the sca, but recently a cut has been made joining
the Sur Lake to the sca at the timo of flooding.® The area of the Sur
Lake during the raios is 20 square miles, which is reduced to 4 square milesin

December owing to seasonal reclamatjon of land for cultivation. The Samang
Pal is about 6 square mi'es,

It is worth while noting at this place that ¢ at tho highest tides the sea
will always be running into the Chilka Lake in every month for a- few days
both before and after the conjunction of the monn . This was established by
a comparison of the gauge readings at 8stpara in the Chilka Lake with the
extrapolated sea levels at Puri, which were taken ronghly 6” (six inches)
higher than tho levels at Vizagapatam given in the Tide Talles of the Indlan
Ports published by the Survey of India. (Letter of the Supcrintending
Engineer, Orissa Circle, No. 2250, dated Cuttack, tho 20th May 1926.) The
Superintending Engineor concluded, therefore, that if a fresh cut is made
at the mouth of the Chilka there wns danger of tho sea water entering and
causing etill further damage to the villages jn the Chilka .

The general arrangement of these sonthern branches of the Mahanadi has
been described as not unlike the spokes of a fap, the Daya ruuning south-west
by south, the Bhargovi soutb, the Kushbbadra south-cast by south, and the
Daib south-eaet, The beds of the rivers are only from 5 tp 8 fcet lower than
tho corresponding gronnd level on cither sides of the rivers. In fact all these
rivers run on ridges with three valleys between them which are drained by
internal drainage channels. The Daya-Bhargovi basin is drained by the Nuna

9X¢. 5. Bhaw's letter of Bth March 1938,
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d Ratanchira, and the Bhnrgovi-Kushbl.md‘m basin by the Dhanua, whj
ggtwcon the Kushbhadra and tho Dcbi h_ea thp Prachi. Deltajc nctiol:liﬁ
more backward and hence more marked in this region. Alnost all the rivers
contract near tho sea, and the effect of the littoral drift is also most marked jn
this area. The maximum combined capacity of these four rivers is only a
fraction of tho volume which they receive from the XKatjuri.

‘We havo alrcady scen that the Koakhye cannot be regarded as of recent
origin. It must, therefore, be considered hox\] it is that the channels of the
Puri district, viz., the Kushbhadra, the Bhargovi and the Daya, can only tuke
such a small part of the discharge which the Koakhye brings to them.
Mr. Inglis wrote:—" I think the explanation must be sought for in the previous
existence of another channel flowing to the sea which bas been filled up,
while the channels of the Puri district have not had time to develop. There
is at present a drainage course, known by the name of Prachee, which very
nearly follows the boundary between the Cuttack and the Puri district, and
which has thoe following peculiarity ; along the northern side of this drainaze
there is a sand ridge, which resombles the ridges and mounds of blown sand
that are found at places on the northern banks of most of the present channels
of theriver, and which can hardly he accounted for in any other manner.
These eand ridges occur in the northern banks because of the strong south
winds which blow during the hot weather and which cause the origin of sand,
I think then hat at somo period, more or less remoto, there must have been
a large river whero the Prachee now flows, and that by this course the greater
part of the water which now passes through and over the Puri district must
have then found its way to the sea.”

In any case it has been proved by experience that the rivers Kushbhadra
Bhargovi and Daya cannot pass on to thoe sca, within their embanked channels:
the whole volune of flood which is poured iuto them. Regarding the nature
and extont of tho protection from floods given by the embankments on the
Koakhyo and its branches, Mr. Arnott remarked in 1904 :—

“It will be readily gathered that the protection from floods is on quite
8 different footing to that given by the embankments that protect the Taldanda
and Machgong Canals. The embankments on the Koakbye and its branches,
that is, in fact all the embankments in the Puri district, are devoted simply
to the protection of land and village sites. It will bo seen at onco that the
protection given by the embankments of the Koakbyo and its branches is
only very partial, and that the Puri district will always be liable to be badly
inundated when a flood of any considerable magnitude comes down the
Mabanadi while things remain as they exist at this present time. " '

The drainage of the Daya is also becoming seriously obstructed by the
silting up of its outfall into tho Chilka Lake through which the flood of the
greater part of the Puri district has to pass to the sea.

It is worth while noting that the southern portion of the Puri district
is liable to fairly heavy flooding duo to a modcrate excess of local rainfa)l
even without high floods in the Mahanadi. For example, it has been estimated
(0. F. C. 1823, pp. 21-22) that locally heavy rainfall of 9“ in 6 days together:
with a low flood in the Mahanadi would cause almost as great a flood as a local
fall of 3" with a high flood in the Malanadi in an area of 272 sq. miles
lying east of a line through Puri town in the Kushbhadra-Bhargovi

drainage area.

On the subject of the injury or benefit resulting from inundation,
Mr. Arnott noted (Thomson, 1905, p.” 25) :—

, . “On the whole I am inclined to the belief that in the Puri district tha
injury to inundation outweighs the Lenefit. Except on the land to the right
of the Daya, and that land must be some distanco away from it, or land at
the outfalls of the Bhargovi and Daya, all inundation is the result of breaches
in embankments. This means that thero has been a Fondiug-up of water
whose pressure at last overcomes the resisting capacity of the embankment,
the water rushes through the breached embankment with great force, bringing



70

in sand, uprooting the rico and, if not uprooting it, killing it by submersion
for a greator number of days than the rice plant can survive in, namely,
seven. Any way during my ton years' experienco of the Orissarivers, I have
never known a breach in any of the embankments accompanied but with
loss. It may be argued that though the areas near the breach may suffer,
arcas further away will receive benefit, but even then the result is ¢ nil’ for
the benefit and injury cancel, and it is no satisfaction to & cultivator to know
that crops at the furtber ond of the village have received benefit while his
own are lost. Take the land over which the Bhargovi water spills through
tho Adlabad breach, and given a year of three or four moderate floods in the
rivers, and iuspection of the land will Lring conviction home to ono that the
inundation is injurious. When inundation cowmes as a backwater gently and
without a rush and remaios for a short time, I have no doubt that this is

beneficigl, but such a stato of things docs not obtain as a rule with inundationa
in the Puri district.”
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CHAPTER X11.—THE KATJURI AND ITS BRANCHES.

Wo have scen that the Katjuri leaves the Mahanadi at Naraj and sends
off a Lranch, the Koakhye, about 4 miles bolow Naraj. About a couple of
miles below Lalbagh is the bridgo carrying tho Bengal Nagpur Railway, and
about a mile further down, the river divides at Jhinkiria village, the main
stream running to the east and the Lranch, Surua, running to the south.
These two reunite a few miles further down. ‘lhe river then runs straight
for about 8 milcs and sends off the branch Debi (or the Daib as it is sometimes
called) at Gobiodapur. The Katjuri at one time used to flow north-cast and
re-outer the Mahanadi at Jaipur, but at the time of construction of the Canals
it was clossl firstly Ly the lelt embankieut of the Debi,secondly by the
Machgong canal which crosses the old stream further down, and lastly by the
Taldanda Capal which crosses it at Jaipur. Therefore the old bed of the
Kutjuri whick is now called the * Cross Katjuri® has ceased to be of any use
except a8 n locul diainage channel.  The Katjuri used to bave another branch,
the Olanka. This was also closcd along with the Xatjuri Lut it stiil has some
sort of an outlet into the sea through the Chota and Burra Olanka.

The Barang, the first branch of the Katjuii, used to take off from the
right Lank a little below Naraj, and entered tho Koakhye opposite Telengapenth
at tho sth nile of the Puri read. Its head was, bowever, closed and it no

longer takes ils supply from the Katjuri, butit still acts as aspiil channel of
sowe importianre,

Tbhe Surua takes off frem the Katjuri at the village of Jhinkiria and
runping for a di-tance of 10 miles from west to east, joins the Katjuri again
at Barera in a somewlkat northerly direction. Its bed is about 10 feet lower
than that of the Katjuri aod being confined on both banks the flood .rashes
down with considerable velocity, carrying more water than the Katjuri.

1he Daib which Lranches off from the Katjuri about three and a half miles
bolow tho point where tbhe Surna re-unites wiih the latter, breaks up into a
complicated system of branches such as the Kundal, the Doikhai, the Madrung,
the Taogra, the Boraikhama, the Yota, ete. Mr. Arnott thus deseribed tho
river in 1904 :—

“It is scen that the Katjuri at Gcebindpur splifs into the Katjori arnd
Daib, the latter Leing the southerly portion. 1he Daib runs south, south-cast
for about three miles and then taking a more castor]y course branches into
the Kundal river, which is the southerly portion, the off-take being at villege
‘Karmonga. It then runsin an easterly dircction until it meets tke Bilna
Kbai and flows south-casterly until reaching Debidole in the 15th mile of tho
embankment so. 874, when it is joined by the Tanzra. Continuing a south-
easterly course from here for soven miles, it is met by the Kundal at village
Sikhar, opprsite ke 220d mile of the embankment, at which place thero is
a ghat. Then tbhe Dail tlowing for three miles forks aguin 6l village Bunde-
sabi into the Daib to the north and the Bindbun tothe south. 1he bed of
the Daib has here been raised by sand depesit so that most of the water flons
down the Bindhun. Tre Dail, and tho Bindhuu unite arain et viliage
Patsunderpur, and they flow as the Dail, into the Dsy «f Dengal. The
Bindhuo, the Daib, and the Kunda) ars all tidal; the Daib G to the 1tth wile
of the Dail left embankmeont, and tbe Kundal to two miles above Sikker.

“ The Kundal, after taking off from the Daib at Karwmenga village,
proceods iu an easterly coursc for two miles to its junction with tte Tangra
and then flows due scuth fur another three miics, when after rurnirg sout.h-(;nut
by east for6 miles it joins tho Daib. The Madinng is a small river {aking
off from the Daib half & mile below Karmenga flowing sauth-casterly and
joining the Doikhai, a tributary of the Kundal, which starts a mile below tho
off-take of the latter ard alro flowing south-casterly joius the Kundul again
seven miles lower down. 'The Tangra is o junclion Letween the Kundal and
Daib coming out oppcsite Debidole. The *cld Daib’ is tho fermer channel of
the Daib, but it has now become considerably silted np ard its junction with
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the Daib is _the Kajakbai, into which no water flows except in times of high
flood. ‘The Baraikhama and Yota are chaunels between the Doikhai and the
Daib at its junction with Biluakhai’ (Quoted by Thomson, 1003, p. 11.)

As regards embankments Mr, M, H. Arnott wrcte i—

“Owing to the Machgeng canal and its distributaries, complete protection
is afforded to the land lying to the north of tho Katjuri, tho east of the
Biluakhai, and the north-cast of the Daib, Cuttack, of course, has to be
protected, and the country lying to the south of the Burua might receive
complete protection, excopt in the untoward event of a breach happening.
With regard to t(he embankments on tho different islands of the Dail) and its
sub-hranches, the case is dilferci.t ; they are only intended to give very paitial
prctection. The reason is that this area must be kept open for the Katjuri
spill, and the creetion of any embankments in tho islands would be fatal to the
security of the canal protective embankmonts. In ordinary floods these which
do cxist on the Kundal, Daib and Bindhun serve their purpose well, but in high
floods of any duration they are liable to be breached.” (Thomson, 1905,
p- 13.)

Regarding the effoct of inundaticns he remarked :—

“The villages in the islands formed by the Katjuri, Daib and the Kundal
have wisely recognized the position and no longer grow autumn rice to any
large estent., Theay duvote their energies to the cultivation of bieli and rali.
The inundation under any circumstances would Le an unmixed blessing except
for two drawbacks: («) if it occurs too early and lasts for any length of
time it kills the young biuli, () it always brings in a lot of sand whickh dete.
riorates the land near the barks, (a) is partly diccounted by the fact that if
the inundation last long and do kill the biali, the radi crop i3 a marvellous
one. Again, this must be qualified by the fact that more sard will Le
deposited.”............ On the whole Arnott was of opinion:—* If a villager
can be got to really tell the truth he will say that the inundation is beneficial
to him on the whole, never mind its drawbacks.” (Thomson, 1903, p. 13.)



73
CHAPTER X11l.-THE MAHANADI AND ITS BRANCHES.

After throwing off the Katjuri on the right, the Mahanadi gives out
a big channel, the Birupa, on the left.” A little furthcr on is the head .sluice
of the Taldanda Canal at Jobra. Tho weir is nearly 1} miles long, with
undersluices in the contre, and at the south end, and folding shutters three
feet high along the crest. The crest of the weir isat R. L. 6500, and the
arrangzements admit of the water in the river being ordinarily maintained at
‘aleve]l of 67°60. About a quarter of a mile below the weir is the bridge
carrying the Bengal Nagpur Rajlway.

The Taldanda canal-which is a navigable channel 512 miles in lensgth,
carrying a full discharge, at its head, of 1,150 cusecs, and capable of irrigafing
together with its branch the Machgong cannl, an area of 63,230 acres, falls into
the Jahanadi at Paradip. The Machgonx Canal which is for irrigation only,
l?aggs tple main canal at Birbati, 7 iniles from the head, and has a length
o miles,

Following the Mahanadi from Jobra, it divides 9 miles down at Aitpur
village, the maio stream continuing in o north-casterly direction, and a branch
called the Suk Pyka, running south-cast. A little further down the Mahanadsi,
anotber important branch, the Chittratola takes off towards the north. From
Jobra to Aitpur the Mahanadi is embanked on the right by embankment
no. 78A and this is continued, with portions of the Taldanda Canal hank,
along the right bank of the 'Suk Pyka down to tho 27th mile at Kulsai where
the Suk Pyka rejoins the Mabanadi. In fact therc isa continuous flood
embankment from Jobra to Paradip, the outfall of the Taldanda Canal; the
lagt 252 miles, from Tarpur beiog canal bank. A short distance below Kulsai,
the Pyka Lranches off to the north, and this branch reunites with the main
river at Taldaunda in the 44th wile of the canal.

Trom Taldarda the Mahanadi flows eastward, and eaters the Bay of
Bengal below False Point. 'The river is navigable up to Kothiasahi, opposite
the 45th mile of the Taldanda canal, at all seasons for the largest cargo boats
carrying 1,750 maurds and drawing 3 feet of water. At high tide similar
boats can go up to Taldanda opposite 433 miles of the canal.

As regards the protection from floods afforded by the Mahanadi embank-
ments, the country on theright bank of the river, and its branches the Suk Pyka
is entirely protected by strong embankments, 4 feet above maximum flood level.
On the left bank and on the Pyka branch the embankments are not continuoue
nor are they maintained to resist extraordinary floods; they ptotect certain
cultivated areas and village eites during ordinary floods. Mr. M. II. Arnott,
Executive Engincer, made the following remarks (Thomson, 19035, pp. 3-4)
concerning the injury or benefit due to inundation :—

“ On the whole, it may be said that the inundgtion on the islands formed
by the Pyka, S8uk Pyka and Malianadi are bepeficial. This could not be
asserted with any degree of acouracy did such inundationa take place yearly,
for it is undoubtedly true that thcland on the margin of the rivers suffers
considerably from tle influx of sand which is pushed on toit from their beds
This water, however, if the inundation take place in July, which it usually
does, is heavily silt-lnden and the deposit fertilises the land for some years.
Although in tho particular year of inundation the villagers may lose a greater
fortion of their autumn rice, still they will be compensated by & bumper rabé
crop, such as mustard, dirs, kulthi, ctc. This wns secn in 1897 after the
great flood of 1896."

Tho Chittratola leaves the Mahanadi, to the loft, opposite the 9th mile of
tbe Kcendropara canal. About 9 miles further down the Nuna branch takes
off, and, flowing along close to the Kendrapara canal, rejoins tho Chittratola
at Marsaghai in tho 40th mile of the eanal. From this place the river is
called the Nuna, and it falls into the Mahanadi near Paradip. There are small
branches from the Nups, which are of little importance, The Bhandsria
‘Nadi takes off oppcsite the 25th mile Kcndragam canal and joins the Bagni.
The Potti Nadi takes off opposite the 27th mile and meets the Bara Nadi,
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which joins the Nuna noarly opposito Kulpara. The Pyka takes off §
Mahanadi, to the left, opposite about two miley abovo Nafﬂﬂdmpul?, M:fn;otil;:
the Mahanadi again ncarly opposite Marsaghai.

The Gobri river is net actually a branch of tho Mahanadi, though probably
it was at onc time connccted with the Mahanadi, and possibly nfso with the
Boropn, by spill channels now closed by the Xendrapara and Pattamundi
canals. Some 20 miles bolow the head of tho dolta Letween thess canals two
small channels, the Suknadi, and the Kundinadi combine to form the Gobri
which then flows castwards to Gandakia. There it joins the Chota Brabmini
(the head of which has been closed by the Pattamuadi canal, at Pattamundi)
and becomes the Gandakin river. The Iatter is a tidal river which joins the
Jumboo river near the tail lock of the Kendrapara Extonsion canal, and flows
thence into Yalso Poivt harbour. (Thomson, p. 6.)

Tue BEroraA,

T'he Beropa leaves the Mahanadi opposite the town of Cuttack, A mile
and a half from its off-take is the masonry weir impounding the water for
tho supply of the High Lerel Canal, Range I, and the Kendrapara Canal.

The woir is 1,050 fcet lonz and has a set of sluices at either end, the
crest of the weir being fitted with folding shutters four fect bigh, The weir
crest is at R. L. 63'50 and the water can ordinarily be maintained at R, L,
67'00.

On the left, or rorth side of the weir, at Chowdwar, is the head lock of
the High Level Canal, Range I.  T'his canal is navigable, it is 33 miles long
and ends at the Brahmiai riverat Jenepur, The supply available at the head is
500 cusees, and the area commarded is 47,737 acres, of which 24,568 acres are
suitable for irrigation,

The Kendrapara canal starts from thesouth end of the weir at Jagatpur.
It is navigable, and extends to Jambu, 54 miles from the head. Theoutfall
lock admits boat traflic to the Jambu tidal river, which runs into the
harbour of Ialse Puvint a few miles from the lock. The latter half of
this canal has, however, bcen abandoned.® In tho 28th mile of the
Kendrapara canal the Gobri canal branches off. This is also s navigable
channel which runs for 15} miles to thoe Gandakia river, a tidal stream 200
yards wile. The Gobri Extension canal starts from the opposite side of the
Gandakia river- and with a length of 6 miles, falls into the Bralmini river
at Alba. YFrom Alba steamers and boats proceed by the tidal reaches of the
Brahmini and Baitarani rivers to Chandbali, a distince of 361 miles.
Chandbali is the cbhief port of Orissa, and a regular servico of steamers connects
it with Calcutta. At one time the Calcutta stcamersused to run right up to
Alba lock, but this has been discontinued. There is another branch of the
Kendrapara canal, called the Pattamundi canal, which takes off ahout half
a wilo Lelow the head of t1 main canal. The Pattamundi canal is intended
for irrigation only aund is not navigable. It has a leagth of 47 miles, aud
from tho Escape Fall at its end a fceder channel, over 3 miles long,
supplics fresh water to the Gobri Extension Canal.

The Bengal Nagpur Railway crosses the Beropa a quarter of a mile below
the Chowdwar weir. Some 10 miles down a branch called the Chota Ganguti
takes off towards the north, and 7 miles further down is nnother branch,
the Bara Ganguti. ‘The head of the former has been permanently closed by
the construction of embankment no. 20A, which is over 12 miles long. The
cbannel now sorves for local drainage and receives the back water of the
Bara Gaoguti, which joins it at about 6 miles from its source. The two
Gangutis then flow together for about 12 miles to join the Kimiria, and about
2 miles further down rejoin the parent stream, Beropa. Here a portion of
thoir water goes into the Kaloonadi to meet the main branch of the Beropa
sgain about 2 miles above Indpur bungalow. The Beropa taking together
all the divided waters and the Kimiria branch of the Brahmini, joins the main
stzeam of the Brahmini near Indpur bungalow.

® Mr, J. Shaw’s letter of 8th March 1938,
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CHAPTER XIV.—THE MINOR RIVERS IN THE MAHANADI
DELTA.

Thero are 2 number of small rivers near the sea coast in the Mahanadi
Delta which do not derive their origin from the Mahanadi itself. ‘Chomson
described these rivers in their order from the north-east to south-west.

The Samolia river starts from the village of Haripa, and ig tidal as far

as Haripa, but tho tidal action in the rainy season is not felt beyond Panch-

alli, a village 6 miles below Haripa. Its course is from west to east, which
1s much silted up from Haripa to Panchpalli.

The Gobri river which drains the tract of country betuween the closed up
Olunka and the Daib, starts near Devidole and flows in a south-easterly
direction, joining the Daib near Bandasahi, 10 miles from its source. It is
now connected with the Tampua Drainagoe cut of which it forms the outfall.

‘the Prachi river starting from about 2 miles north-west of village
Kantapara travels for 80 miles in a due south-westerly course and drains the
country between the Kundal and the Kusbkadra rivers, It has a small
embankment on its left bank, commencing about 7 miles down from its head
and just a little over 2 miles in length.

At the village of Charaigao in pargane Antardha two small streams
meet and below their junction the river is known as tho Kadua; above,
as far as village Naruson, one of the streams, is known as the Sylow Jore.
The Kadua travels due south for the first 5 miles of its course, then turns
in an eat:rly direction for 3 miles, and for the rest of its course to the Bay
of Bengal, a distance of some 14 milcs, it meanders in a south-easterly
direction. It drains the country between the Prachi and Kusbhadra, and
during high floods it reccives a good deal of the spill water of the latter
river, which overtops its left bank at Nimapara. In the rainy months the
Kadua is tidal as far as Tecorpa, but in the dry secason the tide reaches to
Kantugram, 16 miles above the junction.

The Dbanua river has its rise between Balkati on the Bhargovi and
Balipatna on the Kusbhadra about one and a half miles east of the former
village. Its courss is south-south-cast for 16 miles, and then it turns due
east and enters the Kusbbadra 8 miles further on, about 3 miles below the
village of Gope. It drains the country Letween the above-mentioned rivers,
and, since the keeping open of the Adlabad breach, it has a great deal more
drainage to carry off than, in the silted up state of its bed, it is capable of.

The Rattanchira has its origin between Mokurdpur village on the
Trunk Road and Sainso on the Bhargovi. It {ravels due south practically
for 13 wiles, and then for another 13 miles runs south-westerly, when it
joins the Bhargovi in the 49th mile. 1t drains the ocountry hetween the Trunk
Road and the Bhargovi crossing the road near Batyabadi It is embanked
cn its right bank for the last 8 miles of its course, but this embankment has
long since been abandoned, and is full of breaches and in places obliterated. It
is rather an important drainage channel, hut its bed is silted up in many
places and this obstruction requiros removal. The Rattanchira bas a branch
called the Chingiria ; it is about 3 miles in length and enters the former river
2 wiles above its junction with the Bhargovi.

The Nunn rises about 2 miles north of tho Gurudia Hills, and after
skirling them rups a. southerly course for 20 miles, when it turns due west
at Sahupars, and falls-into the Dya, 2 miles further on, It has a small
branch connecting it with the Bhargovi. The mouth of the Nuna is free from
8ilt and so is its bed for nearly its entire course.
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CHAPTER XV.—DISCHARGE OF FLOOD WATER THROUGH
THE CHANNELS OF THE MAHANADI.

. In tho present section I shall give o general sunmimary of the available
information regarding the mwaximum discharge capacities of the various river
systems.

We may start with the undivided channel of the Mahanadi at Naraj,
The first estimato of flood discharge was made by Lieutenant Harris after the
great flood of 1855. His calculations were made before the construction of the
Naraj weir, and the formula used was the Eytelwin formula :—

Velocity =0'9,/(2 1. d), whero *“ £** is the fall in feet per mile, and *d
is discharge.

Lieutenant Harris estimated the maximum discharge of the Mahanadi
during the flood of 1835 to bo 1,500,000 cubic feet per second, and during
the great * Dusserah ' flood of 1834 to be 1,850,000 cusccs. In 1865 the
Lalbagh gauge reached 127°13 on the 20th July. Subtracting 44:3 (the
correction for the zero of the gauge), the reduced height was 82:63 feet above
mean cea level®, Applying the calibration correction, the corrected level at
Lalbagh was 8223 feet above mean sea level.

He had also ealculated tho maximum discharge at Banki (about 37 miles
above Naraj), and believed it to le 2,117,385 cusecs.

In 1871, Col. Rundell, Chief Ingineer, noted that ‘“the volume of
maximum flood assigoed to the Mahanadi by Major Harris, viz., 1.800,000
feet per second, was too large, and that it was in all probability more nearly
1,500,000 cubic fect per second.” (Inglis, page 23.)

After the great flood of 1872, Mr. R. H. Rhind made a detailed study
of the discharging capacity of the Mahanadi and its Lranches. He was of
opinion that Harris's ealculations were unrcliablo for two reasons :—

(6) Harris bad coosidered the fall per mile to be uniform at different
gauge readings, and

() Harris did not mrake any allowanees for spill water. Rhind bhimself
came to the conclusion that the maximum volume of the 1872 flod was
1,503,367 cusecs, of the 18565 flood was 1,543,131 cusccs, while the flood of

1824 was alightly greater, so that the maximum Qlood volume at Naraj to be
reckoned with should be taken as 1,671,000 cusccs.

Throughout his work, Rhind used the Missisipi formunla given below in
Table 46 :—
Tablo 46.—Missisipi formula,
It f=fall in feet per mile,

R= arca
wetted perimeter--surface width,

Mean velocity= {(3-0965 R/ (/) *—0-0388}*.
3%, wag deducted when R is Jess than 5,
5% was deducted when R is Jess than 2.

#The datain ueed [n thess survess and in sll subrequect rurveys connected with the embsnkments sad
oapalein Orisa Circle is the 1ero poirt of ¢1 e gauge which h.d brea fora considerable period estallished oo
the Katjurl revetment st the Lalbagh House. Thoe vulue of this point was taken as 100. Subsegiently
evels wore tskon from the poizt to sea st False Point, ard it was detormined that the] point (soro of the
1gauge) was 656 foet above mean sea level. .

I found the following no'e in a hendwritten Flocd Report no. 844 of the ¥8rd Octobor 1806, submitted
by Mr.J. H.Clcwes, Esecutive Engineer, Mahapadi Div‘:ion t— ¢ ¥8rd Octobor 1806, eu

*In cheoking Jevels between the Eellevue gange and Lalbsgh gaoge it is foond that 186 00 oa Bellevue
which is R. L. 8)'60 correspronds to €1-60 cf Lalbagh-—and therefure the latter is 0-40 too low snd in the
same woy the Ghoogery Gbat gange 0°10 teo low.”

Evidently the *'zero™ of Lalbagh gauge was placad 0§ feol lower t E th :
liance t'b‘c.:nzingc are 04 feet too bigh. P han that o * Ballovao gaugs

Mr. 3, Bhaw. Special Flood Officer, Origsa, in bis lotter of tho Bth March, 1933, informs me that ** actuplly
ho Lalbagh geage bae sottled and the gradaatiyns are not exact apd bonco not relisble at present.”
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The fall *£* betwoen two points was taken as parabolic. The dileulty
of determining ‘f* with suflicient accuracy was recognised by Rhind. But
as Rhind used this formula throughout his calculations, his fizures may he
taken as giving accurately at least the proportionato discharges through' the
various channels in the delta of Orissa,

Rhind used an approsximate formula for dealing with the dischargoes.
tbrouzh  Lreaches. (Kor a fuller discussion a note by Mr. J, Bhaw,
Assistant Executive Enginecr, datod 4th April, 1929, may be consulted.)

From his observations Rhind deduced a fable showing the discharges for
various gauge readings at Naraj above weir ranging between 65-00 feet and
03:36 feet. This table named after him, which has been used thioughout the
present volume, is reproduced bero with interpolated valucs® for every 01 ft,
from 85 fect to 91 feet (Tables 47-18).

It will be noticed that Harris’s estimate for the 1855 flood was about 16%
greater than that of Rhind,

Table 47.—Rhind’'s Table for the Discharge of the Mahanadi at Naraj.

Discharge in Dixcharge in
Naraj gaugoe reading. cubic fcet Naraj gauge reading. cubic feot
per second. per second.
Not known 1,570,622 79-30 279,659
93-36 1,543,431 78-00 239,854
92-10 1,503,637 77-00 106,723
92-00 1,408,615 76-00 154,582
91-00 1,349,310 75-00 113,241
90-00 1,212,396 74-00 86,315
89-00 1,140,975 73-00 69,094
88:00 1,016,102 72:00 38,845
87-00 898,501 71:00 30,532
86:00 788,319 70-00 21,599
85-00 085,270 69-00 15,101
84-00 591,312 6800 6,559
83-00 502,782 67-00 3,291
8200 399,186 66-00 2,140
81:00 337,148 65-00 1,670
§0-00 322,901

® Tl.ese values were celcalated ir our lsboratory by linear interpolation.
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Table 48—Interplated values for the Discharge of the Mahanadi at Naral.

Gauge Dischargo in Gaugo Discharge in Gaugo Discharge in
heights at cubic feet heights at cubic feet heights at cubic feet
Naraj. per second. Naraj. per socond. Naraj. per socond.
85-0 685,270 87-0 069,098 90-2 1,239,778
1 095,575 -7 080,848 3 1,253,469
-2 705,870 8 092,600 -4 1,267,160
-3 716,185 0 1,004,351 5 1,280,851
4 726,490 88-0 1,016,102 8 1,204,542
5 736,795 1 1,028,689 7 1,308,233
8 747,009 2 1,041,076 -8 1,321,024
7 767,404 -3 1,053,663 -9 1,335,616
8 767,709 -4 1,066,050 91:0 1,349,310
9 778,014 5 1,078,537 011 1,364,240
86-0 788,319 -6 1,091,024 2 1,379,170
-1 799,340 7 1,103,511 3 1,394,100
2 810,373 8 1,115,098 4 1,409,030
3 621,401 -9 1,128,485 5 1,423,960
4 832,428 89-0 1,140,976 6 1,438,890
5 843,455 -1 1,148,117 “ 1,453,820
8 854,482 .2 1,155,259 .8 1,468,750
7 865,509 3 1,162,401 -9 1,483,880
8 876,537 o4 1,169,543 92.0 1,498,015
-9 887,664 -b 1,176,685 02.1 1,603,637
87.0 898,591 ] 1,183,827 93-36 1,543,431
-1 910,342 7 1,190,969 Not known 1,570,622
2 022,093 8 1,198,111
3 933,844 -9 1,205,253
87-4 945,695 90-0 1,212,396
87:5 957,346 90-1 1,226,087

" Two subsequent estimates of the discharge at Naraj are available, that of
Mr. G, Stevenson in 1921, and of Rai Sahih Nibaran Chandra Ganguli in
1923. Wo harve the following figuros.

Table 49.—Discharge of Mahanadi.

Disobarge in caeacs.

Naraj Gaugo Reading ia feet.
Ruind. Sterenson. Gabpguli,
87-8 o 992,089 l 980,531
870 e . N 898,591 977,293 .
86-0 788,319 776,087 .

At 800 fect Stevenson’s estimate falls short by 12,232 cusees or by atout
1'6 per cent. At &7 feet tho discrepancy is much greater.* Rhind’s
figure was obtained approsimately. Moreover, it is known that Stevenson was
unsuccessful in obtaining correct values for his velocities,

At 878 fect the difference between Rhind’s and Ganguli’s estimates is
11,568 cusecs or less than 12 per cent.

We find, therefore, that two recent independent estimates of the
discharge agree with Rhind’s estimates within about 1 per cent or 156 per
cent. This cannot be called unsatisfactory. We couclude that Rhind’s
estimate of about 1,670,000 cusecs as the maximum discharge at Naraj may
be accepted as fairly veliable.

® Mr. J Shuw, Special Flood Offic r, in hia lettor of the 8th March ]'933 informed me that Stevenson'’s
estimate of diuchargs at 87°0 feet was obtained “ by collection of bianch discharges.*
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It is worth noting here that tho 3Mahanadi shows a groat contrast
betwoon its monsoon and hot woather discharges. In May, the dischargo in the
Mahanadi has been known to fall to a few hundrod cusecs, for example in
1592 it fell to 204 cusces at a timo,

The Relative Discharge in the Mahanadi and the Katjuri.

As tho most important factor in connoxion with floods in the Pari
district is the volume of water passing down the Katjuri and the Koakhye,
it bas engaged the attention of all engineers since very early timos,

Col. Rundall, Chief Engineer, in his note dated 28th January, 18771,
stated (Inglis, page 23) :—* In 1856, when Col. Harris made hijs first
report, the proportion (of the volumes in Mabanadi and Katjari respectively)
wasb: 4. In 1870, after Naraj weir and dividing ombaukments were
constructed by the late East India Trrigation and Canal Company, the
ﬁ-oportion was §: 2-3, vide Chief Eagineer's progress report for 1£69.50*.

r. Inglis who looked up this progress report commented that there was
nothing to show how the figures were arrived at, and was of opinion that
thero was “no doubt but that they were incorrect as applied to high floods.
They were probably based on samo observation of low floods, as resards which
the weir has a greater effect. *’ °

In a printed note of Mr. R. II. Rhind, dated the 3rd October, 1881, T find
it stated that tho following figures were obtained for the flood af 1855 with
Captain Harris's data but using tho Missisipi formula.

Table 50.—Flood Discharge in 1855,

Taul B er Vel t nl%c?\%ln Discharge Nuzmb
Kame of sz, Vulu.l o ‘::nl-:" ln.en::l'dllbn.‘ ﬂ.l:‘ln‘:. faet p’cr e.uwlf aebete
sectlon, widek, scond.
1 3 { 3 4 13 | L] I 7 I -]
Mabanadi at Cuttack ... 1-84 145,687 17,050 8054 55024 845,334 g=h
Katjuriat Lalbagh e 176 106,356 11,258 9431 36338 042,233 c=—d
Estjuri at Khannuggar 220 61,131 6,045 10-282 66703 407,761 i-k
Koakbye at hoad we 170 39,600 4,808 8218 606753 220,224 e—f

Adding the discharges for the Mahanadi at Cuttack and the Katjuri at
Lalbagh, we get a total volume of 1,187,597 cusecs at Naraj, which gives
about 67 per cent for Mahanadi and 43 per cent for Katjuri.

Rhind mentionsd, however, that scction (c—i) was not complete as this
did not include tho spill. After making a correction for the spill, ho came to
the conclusion * that at the timo when the great flood of 1855 occurred, the
discharges of the XKatjuri and Mahanadi were to ono anothor as 0°602 to 1%,
or in the proportion of 4 : 6 which is the figuro quoted by Col. Rundall,

For the flood of 1872, Rhind had estimated that thoe total volume passing
over the Mahanadi and Beropa weirs was 721,876 cusocs and the volume
ontering Katjuri wes 781,7062. The actual proportions were, thercfore, 52 per
cent and 48 per cent for Katjuri and Mabanadi respectively. In the volume
entering the Katjuri is included, howevor, the discharge estimated at 59,010
cuseca which passed through brdaches at Moondilow which were situated above
Naraj. Further, about 63,951 cusecs wero estimated to have passed from the
Katjuri to the Mahanddi through gaps in the dividing c¢inbankments. Allow-
ing for thesc two quantities, the actual volumes would Le 722,752 and 721,375
cusccs for the Katjari and the Mahanadi respectively, which gives practically
equal propdrtions (1°098 : 1).

The Naraj weir was, however, seriously injured in 1872. Rbhind tried to
make allowances for the damagoe to the weir, and finally came to the conclusion
that if the weir had been uninjured the volumes in the Katjuri and the
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Mahanadi would have been in the proportion of 1:001 to 1. Ho was, therefore
of opinion that, at the time of writing his note (i.e., in 1881), * the effeot of
the Naraj weir would be to divide the flood, ns ncarly as possible, equally
between the Mahanadi and Katjuri rivers®,

By a comparison of the discharge in tho Mahanadi, Rhind also concluded
that “ in the period that clapsed between the occurrence of-the floods of 1855
and 1872, the carrying capacity of the Mahanadi Lranch had deteriorated to
the extent of 79,814 cubic feet per sccond, or nearly 10 per cent of ita totat
volue.” He pointed out that “ any deterioration of carrying capacity of the
Mahanadi branch must be detrimental to the Puri district, as it leads to an
increase in the quantity of water thrown into the Katjuri and its branches,
80 that, as the construction of the Naraj weir and the dividing embankment
have now permaacntly fixed the width of the head of the Katjuri, and thus
prevented any further diminution in the dischargo of the Mahanadi branch,
the Puri district, must be benefited by these works, even although their
construction has not affected any reduction in the total quantity of water
which enters the Xatjuri river ”.

According to Shaw, Btevenson found the volumes in the Mahanadi and
the Katjuri to be in the proportion £6 per cent and 44 per cent with the gauge
at 86 fect, and 64 per ceut and 46 per cent with the gange at 87 feet, Ganeuli
in 1023 found the proportions to be 62 per cent and 48 per cent with tho
gauge at 878 feet.

Unpfortunately no recent observations are available for high floods, of
about 90 feet cr above. But we can approach the problem indirectly in the
following way. Table 51 shows the average difference of gauge readingg
at Bellevue on the Katjuri and Jobra (above weir) on the Mahanadj for three
differert periods, namely 1866—76, 1877—96 and 1897—1920. We Xnow that
the river beds near Naraj did not change appreciably during the last 60 years,
The average difference in level will, thercfore, give an approximate measure
of the relative proyortion of the flood water carried off by the two branches,
If the average differeuce remained constant we would be justified in inferring
that the relative flood discharges were also steady.

Table 51.—Ccmpariscn of Gauge Heights,

——

DiTerence in gauge readings : Fellerne.
Jobra,

Approximate
Years of flood. reading at
Nauraj.
Averace Higkest J.owast
diffe ence. difTerence. difference,
1 2 3 4 6
1866, 1870, 1872, 1874, 1876 75 f{t. —4:95 ~6:53 -—3:30
80 ,, 3:16 —7-02 2:50
85 ,, 421 5-05 3:20
90 ,, 6-59 7-38 575

1877, 1878, 1379, 1880, 1889, 1892, 76 ft. —6-09 —8-20 —0-90
1893, 1896.

80 ,, 2-73 4-35 0-90
85 ,, 483 6-00 3-95
90 ,, 6-73 7-90 5-90

1900, 1910, 1912, 1914; 1916, 1918, 75 ft. —6-00 —8:10 —2'70
1920,
80 0-30 215 |  —350

85 ,, 5-03 7-10 2-20
90 ”» 6'39 6'96 520




