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Third Interim Report of the Orissa Flood Advisory 
Committee, February 1942. 

SECTION I. 

BRIEF RETROSPECT. 

Since we last met in January 1940, when our Second 
Interim Report was submitted, Mr. 8. K. Roy, B.A., B.E., Chief 
Engineer and Secretary to Government, Public Works Depart­
ment, Orissa, has taken the place of. Mr. A. Vipau, c.I.E., 
M. Inst. c. E., on this Committee on the latter's retirement in 
March 1940. 

2. In our First Interim Report, dated January 1939, we 
clearly laid down a genEral policy to be followed in the matter 
of flood protection, and both in that nnd in the Second Interim 
Report, dated January 1940, we made various suggestions 
for collection of hydraulic and other data required for formula­
ting schemes in accordance with that policy. We also made 
certain recommendations for improving the conditions of flood­
affected tracts on the basis of the then available data and 
knowledge of local conditions obtained during inspections. 

Mr. Shaw has, during the interval of two years since our 
last meeting, completed a contour survey of the flood-affected 
delta, collected much useful data, and has studied the conditions 
in the areas affected by the floods of 1940 and 1941 and has 
prepared for our information several notes, maps and plans. 
He has also inspected the deltas of the Godavari and Kistna 
rivera in the Madras Presidency, the conditions in which we 
believed to be more akin to those of the Orissa rivers than to 
those of the Bengal delta. 

Reference is invited to his notes of inspection describing 
and comparing the conditions in the several deltas and the 
other notes mentioned above, which are appended to this report. 

3. In our First Interim Report we stated: 

" •..••• the problem is not so much the disposal of 
excess water which in the absence of silting 
vresents little difficulty, as the distribution and 
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control of the sand and silt brought down by the 
rivers. As explained in Appendix II (of that 
report) the quantity of silt which can be carried by 
a river increases roughly proportionately to the 
velocity ........... From this it follows that other 
things being equal, the larger the channel the 
greater the silt charge it can carry, so that if rivers 
are allowed to spht up into a net-work of small 
channels, they will be able to carry much less silt. 
It may be said that, if the main rivers of the 
Orissa delta . were each confined to a single 
channel, they would be capable of carrying their 
full silt charge to the sea." 

Based on this, we laid down a policy, vide para. 9 of the 
same report, which should be adhered to. This is reprinted for 
ready reference : 

'• 9. For the forEgoing reasons we hold that the policy 
should be-

(i) to conserve and improve the main rivers by 
a systam of adequate embankments, by the 
provision or maintenance of efficient mouths to 
the sea so as to enable the rivers to carry their 
normal flood discharge, for which the available 
fall is ample; 

(ii) to prevent breaches, which lead to deterioration 
oi the parent r1ver; and 

(iii) to spill water in excess of a predetermined figure 
on to the land by high-level escapes, so designed 
as to pass only the finer grades of silt.'' 

After a study of the notes and examination of the data so 
far collected, and also as a result of our further inspections 
.during this month in Cuttack and Puri districts, we would 
emphasise that a cardinal feature of our policy is to confine the 
flow in each main river to a, single channel by effective embank­
ments, by restricting spills and closing undesirable channels. 
In other w,rds we are of opinion:-

(a) To improve a ri:rer, it i~. necEs.;ary (i) to impro.ve ~he 
outfall condttwns; (n) to eontrol the distr1but10n 
of water and sand entry r t the heads of channels; 
(iii) to restrict the number of channels. 



(b) Without double embankments, deltaic rivers break 
up and deteriorate. Double embanking in con­
junction with the other measures recommended 
retards or prevents such deterioration. ' 

(c) Dou~le. embankments nece.ssitate thE provision of 
hlgh-_level escapes. W1th the improvement of 
the nver channels, the depth of spill tbrough 
these escapes should be gradually reduced. 

(d) Control by double embankments and escapes should 
be combined with suitable drainage of the basins 
between rivers. ' · 

In giving effect to this policy it may be necessary in 
certain cases to carry out river training works, such as closing 
certain channels, developing others, constructing spurs to 
control the direction of flow, and protecting river b::mks. 

4. There is one pf'int to which we have made no reference 
io our previous r£-ports, namely the effect of deforestation on 
floods. We understand that, in some of the Orissa States, 
deforestation is being practised on a somewhat ext'lnsive scale. 
Though opinions d1ffer in regard to its effect on the maximum 
floods, there is no 'doubt that denudation of forests unless 
followed by reafforestation or natural rehabilitation, will 
intensify the deterioration of rivers due to increase of debris 
entry. There would be no objection to the removal of dense 
tree-growth under the expert advice of the Forest Department, 
but indiscriminate cutting should be prohibited. 

Conversion of forest land into agricultural land would, by 
increasing the run-off, bring in large quantities of silt in the 
early floods. There will also be a diminution in the cold 
weather flow. Such conversion should, therefore, ·be discouraged 
if it cannot altogether be prohibited. 

SECTION II. 

8PECIF!O PROPOSALS FOR FLOOD PROTECTION. 

5. We now proceed to make some specific recommenda­
tions in addition to, or in modification of, those already made 
in our previous reports, in accordance with the above princi­
ples. These proposals are all indicated in red in the index 
map in the separately bound book of maps to accompany this 
report. 



MAHANADI SYSTEM. 

6. 'l'his system includes the following rivers : Mahanadi, Ratjuri-Surua-l · ebi, and Kuakhai, and their 
branches as shown in the schematic diagram below :-· 
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7. Mahanadi.-In the case of the Mahanadi-Paika· 
Chitratola·Nuna islands the flood situation is not so acute as 
to necessitate any major p~otec:tive operations. The existing 
embankments should be mamtamed or retired as may be 
necessary, a~d . the ~evelopment of low spills should be pre· 
vented. Ex1stmg h1gh splils should be allowed to continue. 

The Nuna and Paika rivers appear to be improving very 
gradually at the 1:1xpense of the Mahanadi and Chitratola. It is 
not proposed to take any action at present to interfere with 
these respective developments. 

To accelerate the improvement in the Nuna, it is desirable 
to restrict flow in the Pothi. The possibility of getting the 
river itself to achieve this objective should be investigated as 
the natural conditions appear to be favourable. 

8. Katjuri-Surua-Debi.-Iu consonance with our principle 
we consider that the Biranasi spill and that over the Banki 
road should be stopped if this will not increase the readings of 
the Katjuri gauge at Bellevue by more than six inches. To 
obtain information regarding this and other points in doubt, 
we propose that the model experimPnt, as already recommended 
in the previous reports, be undertaken at Poona with a model 
of the Mahanadi and upper Katjuri. This experiment will give 
information concerning-

(i) conditions affecting the distribution of sand entry 
at Naraj; 

(ii) the immediate effect of closing the spills at 
Biranasi and across the Banki road, on Bellevue 
gauge rea ... ings; 

(iii) the effect of improving the Surua to pass an 
increased discharge ; and 

(iv) the probable effect of such changes on the position 
of the upper Katjuri channel. 

Incidentally, this model would help to determine the 
waterway required for a bridge if constructed across the 
Mahanadi near the Fort at Cuttack, and the effect this bridge 
would have on sand distribution between the Mahanadi and 
Katjuri rivers. 

9. With regard to the flood spill on the lower Debi right 
bank in the Kakatpur area, we have in our reports [F1rst 
Interim Report, page 20, paragraph 51(iii) 2 and 3, and Second 
Interim Report, page 14, paragraph 5(c)] recommended investi­
gating the desirability of an embankment from embankment lB 
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at Lataharan north to Hasanpur and Madbab, and also closing 
temporarily the breaches io embankment 2B. With the excep. 
tion of the temporary closure of the breaches in embank. 
ment 2B, we now confirm these previous suggestions and 
recommend these works, being done. The breaches in embank­
ment lB on the right bank of the Debi, lower down may be left 
open for the present. 

In our Second Interim Report we recommended that 
Government should take over the Debi-Kandal private embank­
ments as far as the Tel river mouth, and close the 'l'vlanikunda 
breach. We now confirm this and further recommend the 
extension of this erubankment down the right bil.nk of the 
Kanda!, closing the Taunla river head, and linking up with the 
existmg embankment which extends to the Debi. From this 

'."point the e:x:isting embankment should be extended down the 
· Debi right bank to the mouth of the 'l'aunla. 

10. Kuakhai.-In our second Interim Report we have 
made the following recommendations:-

(i) Improving the conditions in the Dhanua basin by 
constructing a double-embanked channel from the 
Dhanua to the Dal Nadi which flows into the Sur 
Lake. 

(ii) Improving the section of the Sur Lake Rea Cut and 
constructing a tempora1·y masonry sill at the road 
crossing. 

(iii) Preparing designs for a double-embanked channel 
with control sluices for diverting part of the 
Bhargovi river at Gobakund into the Sur Lake. 

(iv) Double-embanking the Kusbhadra river as far as the 
coastal sandhills at Alanda, strengthening and 
raising the existing embankments, and providing 
sluices for irrigation as required. 

An estimate has since been sanctioned for the first proposal 
and the work is being taken up. 

As reg'trds the second, in the light of later data we consider 
it necessary to construct a masonry sill as a permanent measure 
at the level already proposed, except for a central width of 
200 ft. which should be at R. L. 3'00 with regulating gates. 
The rest of the sill at R. L. 7'CO may be provided with 
falling shutters to store water in the lake up to R. L. 10·00. 
This arrangement will accelerate run-off from the Sur Lake 
during floods and afford further protection to the low lying 
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flooded area, of the Dha,nu.a, basin. It will also improve the 
outfall froJ? the B~argov1 t~rough the Kanchi. For this 
purpose it 1s also des1rab e ~o 1mpro-:e the entry conditions at 
the offtake of the Kanch1 by a d1versJon cut for which an 
estimate should be prepared. . 

As regards the third proposal, it is roughly estimated that 
it will cost some Rs. 3 lakhs and as the immediate benefit~ to 
be derived will be much less than from the Kusbhadra scheme 
[(iv) above], we consider that this scheme should be given 
prefennce. 

The Kusbhadra scheme is estimated to cost 11,bout Rs. 5 
Jakhs and ··will afford flood relief to a large extent on both banks 
of the Kusbhadra and in the Kadua area and low coastal lands. 

'rhe Tirimul breach on the Daya right bank should ba 
closed or rest rioted and an embankmeat provided on this bank:· 
from Tirimul down to near thd Monaguni junction, the left 
embankment bemg strengthened as required. 

After the results of the model experiment recommended in 
para. 8, section II, of this report are known, the measures 
necessary for improYing the Kuakhai from its head to the 
Bhargovi-Daya bifurcation will be considered. 

BMHMINI 8YSrEM. 

11. This includes the Pa.ttia-Kharsua and the Kirniria as 
shown in tbe schemat1c diagram below, also tbe entry of the 
Berupa river from the Mahanadi system, and the Burba river 
from the Baita.raoi :-
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The Brahmini river has long been observed to be deteriorat­
ing while the Pattia-Koarsua has been developing, and this 
development would have been very much more rapid but for the 
construction of the Pattia weir in the year 1890. According to 
the policy recommended by us, any scheme for flood protection 
should aim at the acceleration of the natural development of 
the more favoured channel, in this case the Kharsua. But the 
Brahmini in recent years has been found to be slowly reviving 
from the anicut at J en a pur as a much smaller channel than its 
original size. The Berupa and the Genguti which branch off 
from the Mahanadi, enter the Brahmini system and have 
helped to keep it as a good going nver in its middle reach. In 
view of these natural conditions it seems advisable to watch 
de\ elopmeuts before taking up any comprehensive scheme for 

. flood protection; but certain works intended to give relief to 
the people in some of the badly affected tracts are proposed. 

12. Brahmini.-The crest of the Jabra escape should be 
raised gradually as ·conditions in the river improve, and the 
existing G0vernment embankments should be maintained. 

13. Pattia-Kharsua.-This river should be double­
embanked from below the weir to the Kani N adi head with 
provision for high-level escapes as may be necessary. 

The Burba river, which is a branch of the Baitarani joining 
the Kharsua about 19 miles below the Pattia weir, should be 
embanked on its right bank from the Burba anicut to near its 
junction with the Kh:usua. The Jam una and Similia channels 
may be closed. 

BAITARANI SYSTEM. 

14. Burha.-This includes the Burba river which flows 
into the Kharsua and has been dealt with under that head. 
The Burba river is continuing to improve gradual1y at the 
expense of the Baitarani. We do not propose to interfere with 
this action at present. 

15. Baitarani.--The right or western loop of the Baitarani 
below the anicut has deteriorated considerably and this process 
may be accelerated by closing the head gradually. 

The upper head of the Genguti should be closed the 
exis~ing. Baitarani left ~mbankme~ts being extended 'from 
Kaz1sah1 as required. It IS also desirable to have the Genuuti 
main offtake closed by the natural action ofthe Baitarani river 
itself, and investigation to this end should b.e taken up. 



9 

The Kochila Nadi which is a northern loop of the rnid­
Baitarani has been developing for many years at the expense of 
the main river. We do not recommend any action to be 
taken here at present but the situation should be watched. 

SECTION III. 

PROGRAMME OF WORKS. 

16. Appendix II of our Second Interim Report is a list of 
recommended works, and the action taken thereon is outlined 
in Appendix V of this report. It is hoped that the works 
already in progress or sanctioned and awaiting funds will be 
pushed forward. In accordance with the recommendations 
now made we give below an extended programme of works. 

List of Works. 
1. ~~odel Experiment of Mahanadi delta head (para. 8). 
2. Sill and regulator in Sur Lake Sea Cut (para. 1 ). 
3. Diversion of the Kanchi head (para. 10). 
4. Reconstruction of Debi-Kandal right embankment as 

far as the Tel drainage and clo&ing JYianikunda ghai (para. 9). 
5. Double marginal embankments on Pattia-Kharsua as 

far as the Rani Nadi head with high-level escapes where 
nece~sary (para. 13). 

6. Constrcting an embankment on the right bank of the 
Burba river from below the anicut to near the Kharsua junction 
including closing Jamuna and Similia channel heads (para. 13). 

7. Constructing an embankment on the right side of the 
Debi river from Madhab to Hasanpur and Lataharan connec­
ting up with embankment lB (para 9). 

8. llouble embanking the Kusbhadra river to the coastal 
sandhills at Alanda with any necessary high-level escapes and 
drainage sluices and closing the eastern loop of the river 
(para. 10). 

9. Closing the Tirimul ghais on the lower Daya right 
bank and constructing an embankment from there to near the 
Monaguni junction (para. 10). 

to. Constructing an embankment along the right bank of 
the Kanda! from below the 'l'el drain~ge to the Taunla head, 
closing the Taunla head and extending the existing Kandal­
Debi right embankment downstream to the Taunla outfall 
(l?ara. 9). 
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11. Raising the crest of Jabra flood escape on the Brahmini 
gradually (para. 12). 

12. Constructing an embankment from Kazisahi on the 
Baitarani l~ft ban_k down~tream to beyond the upper Genguti 
nver head mcludmg closmg that head (para. 1-i). 

13. Closing gradually the head of the old Baitarani river 
loop below the anicut (para. 15). 

1 4. Investigating mflasures to accelerate the natural 
deterioration of the Genguti river head on the Baitarani river 
(para. 15). 

N. B.-In the case of some of the above items comprising a more or 
less complete scheme for the river, it should be understood that the order 
of works should be first to close the breaches or spills from downstream 
upwards, then to construct the outer boundary embankments from 
upstream downwards, then to construct the remaining embankments as 
conditions may indicate. 

It should also be understood that it is not desirable to restrict the 
department in the actual order of urgency of certain works, and general 
schemes given above may be subdivided and the order altered as long as· 
the above principles are followed. 

The order of precedence will depend to a. large extent on the amount 
of funds that Government may allot from ~e&r to year. 

SECTION IV. 

FURTHER SURVEYS AND INVESTIGATIONS. 

17. Much useful data has been collected during the last 
three years. In the preceding sections of this report sugges­
tions have been made for further investigations required for 
formulating schemes. Of these we attach great importance to 
the model experiment referred to in para. 8, section II, of this 
report. We request that immediate steps be taken to obtain 
the necessary funds for carrying ou.t this experiment, as on the 
results thereof final recommendations regarding the improve­
ment of conditions at the head of the Katjuri will largely 
depend. 

We also . wish to emphasise the necessity, as already 
recommended m our Intenm Report of 1939, of detailed surveys 
being made of the nvers at places where scours are developing 
suoh as along the Katjuri below Naraj. A yearly record of how 
these scours are developing should be maintained, With his 
intimate knowledge of the delta, Mr. ~haw will be able to select 
suitable reaches for each of the delta tlTers. 

Discharge and slope observations should be continued and 
correlation curves prepared. 

Observations for determining silt and. sand charges in 
rivers have been camed out and they have gtven useful results, 
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particularly in the case of the Bhargovi. As this is a very 
important work it should be continued and extended until 
complete da.ta. is available for the main rivers. 

Investign,tions should be carried out as to the possibility 
of devising means to eject '!' portion of the sand charge from 
the Mahanadi river above NaraJ. 

The automatic gauge recorders at present in stock 
should be utilised for observing the effect of lowering the bed 
of the Sur Lake Sea Cut on the floGd levels in the Sur r~ake, 
and the Kanchi and Bhargovi rivers. 

A standard Siltometer (Dr. Puri's) costing about Rs. 300 
should be obtained and a certain number of samples analysed 
and graphs prepared to dr,terrnine the distribution of grades of 
sand. These graphs will be required to give a further insight 
into conditions, especially where we take measures to encourage 
the deterioration of an undesirable channel. 

18. As all the above investigations are of a specialised 
nature requiring trained personnel, we consider that continuity 
is essential. This work should, therefore, be entrusted to a single 
division and not split up among several divisions. The Flood 
and Drainage Division now in charge of this work, should be 
continued for at least two years. 

SECTION V. 

CONCLUSION. 

19. The programm~ now put forward will, .we hope, enable 
Government to decide the allotments to be made in the 
Provincial Budgets dur~ng the next three to five years, and to 
undertake the works lD or.der of urgency. It should be 
reme~bered that once a w:o~k is sanctioned it ought to be carried 
out With reasonable exped1t10n and completed within a period 
not. e;Xceeding: three years. It is only then that the benefits 
ant1c1pated will be realised and the people gain confidence. 

20. The flood problem in Orissa should be a, matter of 
co_ntinuous _investigation and comnarative study. Bao;ed on 
this, remedial measures may have to be modified in detail, 
but the broad policy should always be kept in view. 

The !Jtk February 1942. 
\ 

M. G. RANGAIYA. 

C. C. INGLIS. 

S. K. ROY. 
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APPENDIX I. 

Diary of tours. 

~Iceting in Cuttack. Examination of data and discuS.'Iion. 

Cutta.ck to Da.la.igha.i, Jagat;ingpur, Alipingal, :.\Iun lilo, 
Tauula river head and back. ln.;pccted part of the Kat juri. 
DeLi river system. 

Cutta.ck to Paradip and back. Inspected :I!Iahana.di river 
from right bank at various places, utudyiug meanders and 
important alterations. 

Halt at Cuttack. Examination of data and discussion. 

Ditto ditto. 

Cuttack to lllarsaghai and back, studying lllahanadi and Nuna 
rivers. Inspected lllabanadi left bank at Satbatia, Chitra. 
tala bead at permeable spu1>1, Kendupatna, Chitratola-Nuua 
bifurcation, I>anpur scour and Pothi bead, Pothi outfall and 
alterations at Marsaghai. 

Cuttack to Puri. Inspected Barang river, Daya-Bhargovi 
bifurcation, Kusbhadra head, Jogisahi escape, Kanchi head 
and !Jhauria head. !'uri to Sur Lake Sea Cut and back, 
examining lake bed and cut. 

31-1-1942 .• Halt at Puri. Discussion. 

1-2-1942 •• Puri to Cuttack. 

2-2-1942 .• Cut tack. Preparation of report. 

3·2·1942. • Ditto. 

4-2-1942 .• Cut tack. Report finished. 

6·2·1942.. Report finally approved. 
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APPENDIX II. 

catchments, rainstorms and floods in Orissa rivers. 
INTROPl'CTIOS. 

For the proper stody of the floods and rin•rs in tho Orissa. dl'lto. it is 
oeC'<'Sil&ry to study the cause, sourco, occurrence, size and duration of tho 
flood~ which arrh·c at the delta from tho river catch mont<!. 

There are three main ri\·cr~ which cause Hood~ in tho Orissa doltt1, tho 
l!ahanudi, tho Brnhmini and the Baitnrani. Tho cour~o of thoso rivora, 
the formntion of their catchments, and tho distribution of rainfall from 
June to September may be seen in tho map in the hooklet of maps to 
accompany this report. This rna p has U<'Cil prepared by Professor P. C. 
)lahalanobis, the eminent statistician. Tho following tab!o gives details of 
the three rivers:-

-- - :Mahnnndi. Bmhmini. :Bnitnrn.ni, 

Totnl length of river ... 6>3 4~8 

!Aogth !rom source to hJ iJcs 4C6 846 163 
hood of delta. 

Catehmont area abovo Sq. Mls. 51,000 14,000 4,000 
della. 

Tolal average rainfall in 
ootchment from July 
to ~optcmbor-

(a) :Maximum ... Inches 62"6 64'8 49'7 

(b) Minimum ... Inches 26'7 19'8 fi6-6 
(c) Average ... Inches [4'0 U6'9 

t{ 
62'1 

-

Dioohargo at haad 
of dolta-

(11) Maximum ... Cuaeca 1,671,000 643,290. 409,000 In 1940, . - 70\J,OOO or 
(• moro in,l927. 

(b) Minimum ... , Cukecs ' )< 
200 130 7' 

Diechargo P"' oq. 
ruilo I Inches 

I 
80 

461 
102 and 170 of catchment, 

I 
-Total nroa of delta ... Sq. Mls • ~.940 1 8M I 669 
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A fully detailed account and analysis of rainfall and flood behaviour in 

the river catchments is given by Professor P. C. Mahalanobis in his large 
report on this subject "Rainstorms and River Floods in Orissa". As 
a condensation of this information with some additional observations and 
deductions by myself the following notes are submitted. 

RAlNFALL. 

About 85 per cent of the total annual rainfall in the river catchments 
falls in the monsoon months from June to September inclusive, so rainfall 
and floods are definitely seasonal. Rainfall and consequently floods on 
the average. reach a peak in the last week of July and first week of August 
but major floods have occurred in all rivers at times from almost th~ 
1st of June to the lOth of October. 

The red line in the map shows the mean path of the centre of storms 
affecting the catchments of the Orissa rivers, and is seen to cross the 
Orissa coast about 25 miles south of Balasore. The general travel of the 
centre of the storms is west-north-west, and the average rate of travel is 
200 miles per day. The greatest intensity of rainfall is not necessarily 
along the centre of the path of travel hut is affected largely by physical 
features. The general sequ~nce of events is that during the monsoon 
season depressions form in the northern part of the Bay of Bengal. Thea~ 
often move in an uncertain manner off the coast until they take a definite 
trend and pass westwards over the country. Although the depressions 
often hang about lower Bengal and sometimes in Chotanagpur, they 
seldom linger in crossing the Baitarani, Brahmini and Mahanadi catch­
ments. Maximum floods in the Baitarani are due to occasional great 
intensity of rainfall as the storm passes across the catchment. In the 
Brahmini and the Mahanadi, maximum floods are generally. caused by 
depressions passing across the catchments then circling round north of the 
catchment areas, passing east to Bengal and again passing west over the 
north catchments within a period of five days or so. This superimposes 
a second flood on the first flood before the first flood has quite gone off, 
and while the river is still running high and tbe ground wet. 

No cycle of rainfall has been traced for the Ma.hanadi river system, 
probably because it coverR such a large area, bu~ in the case of the 
Brahmini and Baitarani, Professor P. C. Mahalanobis has found that the 
Brahmini catchment from 1894 to 1904 had an incre sing amount of rain, 
from 1904 to 1911 steady, from 1911 to 1918 decreasi g and from 1918 to 
1928 an increasing amount. The curves of total rainfall are roughly 
parabolic with a 24-year's interval between turning points. Similarly he 
found that the Baitarani catchment area from 1891 to 1899 had d~ereasing 
rainfall, nearly steady from 1899 to 1916 and increasing from 1917 to 1927. 
Only the latter period, that of the 1915 to 1929 rise, corresponds with the 
Brahmini cycle. From 1929 up to 1940 there seems to be no definite 
cycle of rainfall. Although the river levels run higher in years of greater 
a"Verage rainfall it is found that the occurrence of the bigger floods does 
not fit the rainfall cycle well, and this emphasises the generally known 
fact that it is the intensity of a particular storm which determines maximum 
floods much more than does the average seasonal rainfall. Tho state of 
the river-bed and effect on the banks and unprotected country will 
however be different in the period of years when the average river stage 
is higher and this is to be taken into account when comparing the state of 
the river in different periods. 
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THE :MAHANADI. 

Catchment, rainfall and run of!.-The 1\fahanadi catchment (51,000 sq. 
nti)es) is roughly circular with a diameter of 250 miles aad with an exit 
passa~e about 100 miles long and ~5 miles wide le~ding to the .delta . at 
Cuttack. The catchment is a fatr!y regular basm surrounded by htgh 
lands and the river escapes from this basin through a passage in the hills to 
the delta. The i>ohyetal lines, or lines of equal rainfall, from June to 
September, show that the heaviest rainfall (60 inches) is confined to a. small 
area. between Sambalpur and Sonepur. Thereafter the next heaviest rain is 
in the north-east part of the catchment. The central and south part of 
the catchment receives about 45 to 50 inches rain and the rainfall 
decreases to the east and the south. Rainfall in the west of the catch· 
ment generally occurs about 40 hours after the rain at Cuttack. 

The rainfall causing heavy floods usually occurs in well marked 
patches of very heavy rain resulting in an average rainfall over the whole 
catchment of considerably over one inch per day for about three consecu­
tive days, and moderately heavy rain of over three quarters of an inch per 
day for about five consecutive days, with maximum flood at the h6ad of 
the delta at Nara.j one day later. General a.verag6 rainfall of one inch per 
day for three days causes a short flood with maximum flood at Naraj on 
the fifth day. The flood level at Naraj generally rises regularly for three 
days, slows up on the fourth day, then falls slowly. 

The averag6 rate of run-off of the rainfall to the main river and down 
the main river is four miles per hour except on part I of the catchment 
above Naraj when the river slopes are much flatter. 

The average rate of travel of the flood from Sambalpur to 
Cuttack is-

116 miles at 5! miles per hour = 21 hours. 

20 miles at 6 

50 miles at 3 
.. 
.. 

Total 

= 3 

= 17 

.. 
.. 

41 hours. 

The alteration in rate of travel is due to the general slope of the 
country. the narrow gorge and then the frequent wide flat expanses above 
Naraj. The actual time of travel of the flood peak from Sambalpur to 
Cut~ack can. vary ~rom 36 to 53 hou~s depending on the size of the flood, 
the mtervenmg ra.mfall and the previous "tate of the river. 

. An important factor. in estimating floods at Cuttack from Samba! pur 
IS the state of the Tel tributary which has a large catchment and ente s 
~he Mahanadi 46 mi~es downstream of Sambalpur at Sonepur. This riv~r 
IS ca~able of prod~cmg a considerable flood at Cuttack before the flood 
from the ;M~hana.di above Sambalpur arrives at the junction of the Tel and 
Mahanadi nvers. 

. A system of forecasting has been prepared from a practical study of 
ra.mfall from Sambalpur westwards, which forecasts the rise of the river at 
Samba! pur and _by correlation of the river warning gauges at Samba! pur 
and Sonepur mth Cut tack. Results are very satisfactory, 
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From Professor Mahalanobis' figures it is determined that the avera 
percent~tge run-off for the Mahanadi catchment, i.e., river flood volu~e 
compared with volume of rainfall in the catchment, decreases withi: 
limits as the amount of rainfall in ~he same perio~ increases. The increase 
or decrease of percentage run-off Wlth the extension of the period for the 
same amount of rainfall is doubtful although Mahalanobis considers that 
the percentage increases with the period. Some average results were-

For 3 days' rain 1,390 kilocusecs 69% run-off. 

3,086 " 44% " 
For 4 days' rain 1,275 , 68% , 
For 6 days' rain 1,134 , 76% , 

2,190 " 47% " 
For 10 days' rain 862 , 73% , 

1,665 " 51% " 
Height and duration of jloods.-As the size and state of a river 

channel in alluvium depends on the volume and frequency of water 
supplied from above, it is necessary to consider this important question. 
A graph deduced from tables 142-5 of Mahalanobis' report 'is given in the 
book of maps to accompany this Orissa Flood Advisory Committee report 
and shows the average number of times certain gauge heights at Naraj 
were equalled or exceeded per year in 62 years (1861-1929) for each 
month, and for the combined flood season July to September. A line is 
drawn in the graph showing the state of Naraj gauge (87·5) when the 
rivers in mid delta are about bank-full. · 

A graph is also attached deduced from Mahalanobis' table 154, 156 
and 164 showing the average frequency per year in 62 years of average 
heights exceeded at Naraj for 3, 5, 7 and 10 consecutive days in the flood 
season. 

These graphs give a good idea of the stages of flood which control 
the formation of the Mahanadi river system. Another point is that the 
embankments in Orissa, if exposed to a high flood for a prolonged period, 
percolate in many places and there ie a chance of earthslips and breaches. 
A flood height of 25 at Bellevue gauge at Cuttack on the Katjuri river or 
89 a,t Naraj for more than three days may be taken as indicating/ercolation 
danger. This line is drawn on the graph. From the hAight an frequency 
of occurrence of maximum floods we can also fix the safe economical 
minimum height to which embankments should be raised. It was observed 
that 91•75 at Na.raj wa.s exceeded only fivfl times in 62 years, thto common 
maximum of these five floods being about 92·00 while the actual recorded 
maximum of 93·4 previous to this is doubtful. It is therefore worthwhile 
to design embankments to withstand a flood corresponding to 92·00 at 
Naraj but no higher. 

THE BRAHMIN!. 

Catchment and rainfall.-Tbe Brahmini catchment (14,000 sq. 
miles) is of the long shaped sausage type. It lies north and south, total 
length a bout 246 miles and average width 58 miles, with a bottle neck 
constriction midway. Mahalanobis has divided the catchment into two -
parts-the south part, part I below the bottle neck about 5,600 sq. miles 
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and the second or north part, part II 8,400 eq. miles. The catchment 
area is a long shallow valley eloping sea wards fairly regularly from the 
high hills in the north. 

The isohyetallines in the map show the average monsoon rainfall 
indicating heavier rain in the northern part of the catchment. The 
central path of the storms passes just north of part I. The maximum 
intensity of average rainfall for two consecutiv~ days in the 38 years fr?m 
1891-1928 is 5! to 6 inches for one day and 4·1 mohes for three consecut1ve 
days for part I, and 5'5 inches for one day and 4·3 to ?·8 in?hes for th;ee 
consecutive days for part II. The probability of heav1er ramfa\1 occurrmg 
ie muoh greater in part II on the north. 

Such an elongated catchment with rainfall passing across it from one side 
indicates almost eimultaneous rainfall and flooding throughout the catch· 
ment, but the catchment is so long that it is not generally covered by one 
storm moving transversely. The length of the catchment also means that 
the floods from rainfall in the south have some chance to pass partly away 
before the full effect of the northPrn rainfall and floods arrives. The result 
is a more prolonged type of flooding below. Mahalanobis has caloulated 
that for I inch rise in the average rainfall in part I the rise of the river at 
Jenapur would be 5·42 feet whereas the same addition in part II would 
only cause a rise of 3· 31 feet in spite of that catchment area being 50 per 
cent larger. 

The observed apparent cycle of rainfall in the case of the Brahmini 
has already been remarked upon The cycle of rainfall is not so apparent 
since 1929. The average rainfall increases gradually with the season, 
reaching a peak in the last week of July and first week of August, then 
decreasing slowly in August and more quickly in September. 

Size and. duration and frequew;y of jlooda.-Following the trend of 
rainfall seasonal intensity the average height of the river gauge at Jenapur 
rises from 57 in the beginning of July to 60 in mid A uguat and slowly 
decreases in the end of September to about 59. 

A graph is given in the book of maps attached to this Orissa Flood 
Advisory Committee report deduced from Mahalanobis' table 249 showing 
the average frequency per year of gauge readings at Jenapur at the head 
of the delta from 1875 to 1929 for the months of July, August and Septem. 
her separately and combined . 

. The Jenapur gauge reading at which the rivera Brahmini and Pattia 
begw to overflow their natural banks in mid delta is about 69·0 and this 
is shown by a line in the graphs. 

Another graph is given in the book of maps attached to this Orissa 
Flood Adviso~y Committee report deduced from Mahalanobis' tables 262 
and 274 shoWlng the average frequency per year of river levels for 3 5 7 
!"nd 10 cons~cutive days during the period 1875 to 1929. This giv ' ' 
1dea of the s1ze of controlling floods. es an 

Mahalan_?bis has shown that the variation or cycles of flood he· 
follow the rau~f~ll very closely so that there is no indication of flood le lght 
at Jenapur nsmg beyond those caused by the same rainfi ll · th vela 
century, i.e., there is no indication of a general rise in bed or ga md 

1
8 last 

at the head of the delta so deltaic action there has apparently ~~~~d. evel.a 
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THE BAITARANI. 

Catchment and rainfall.-The Baitarani catchment (4,000 sq. miles) 
is roughly circular, about 61 miles in diameter, with a neck about 35 miles· 
in width and length extending to the head of the delta. There are high 
ranges of hills on Mch side of the catchment and a central lower range 
which causes part of the west catchment rainfall to run off to the north 
before outflanking the high ground and joining the main central valley. 
This causes some delay in what would otherwise be one of the worst types 
of catchments for quick flooding. 

The average central path of storms affecting the catchment passes 
right through the centre of the area and the whole catchment can be 
covered by one rainstorm. Although most of the catchment is under the 
45.inch isohyetalline the sudden intensity of rainfall can be very great and 
this is what causes the extraordinary floods in this river. The facts that 
the catchment is fairly close to the sea and has high boundaries are doubt. 
less leading factors in causing this great intensity of rainfall. 

As in the other Orissa delta river catchments which are under the 
same monsoon and general path of rainstorms, the rainfall increases from 
June to a maximum at the end of July and beginning of August, and 
declines slowly to the end of September. The maximum recorded local 
rainfall was in 1927 at Champua. in the north of the catchment when on 
29th July, 22·92 inches of rain fell in 13 hours. The average rainfall over 
the catchment on 30th July 1927 was 6·58 inches and for the previous day 
6·14 inches The consequent flood was so overwhelming that it reached 
a height in the channel of 50 feet at Anandpur in the catchment exit where 
the cold weather depth is 3 feet. Again in 1940 and 1941 extraordinary 
high floods took place due to great rainfall intensity. By careful observll· 
tions at several places in the valley above Anand pur and elsewhere it was 
calculated that the 1940 flood was about 409,00.1 cusecs at its peak flow. 
The 1927 flood was 10 feet higher than this and is roughly calculated as 
being about 700,000 cusecs or more at peak discharge. When such 
enormous floods passed out from the river valley they spread over the delta 
plain for about 7 miles to the west and 10 to 12 miles to the east, overtop· 
ping and breaching all cross drainage works and passing off to the Bay of 
Bengal like a vast sea. 

Size and duration of jloods.-A graph is given in the book of maps 
accompanying the Orissa Flood Advisory Committee report deduced from 
Mahalanobis' table 287, showing the average frequency per year of 
gauge r~adings for Akhuapada for July, August and September Reparately 
and combined from 1874 to 1929. 

The gauge reading at Akhuapada corresponding to bank-full conditions 
in the delta is R. L. 59·0 above the anicut and 56·5 below corresponding 
to gauge readings of 60 and 57·5. . 

A graph deduced from Mahalanobis' table No. 300 is given in the book 
of maps which gives the average yearly frequency of maximum gauge 
height from 1874 to 1929 for 2, 4 and 5 consecutive days. 

It is noted by :Mahalanobia that between 1874 and 1884 there was 
a definite rise of about 6" per year in the m•Jan level of the Baitarani at 
Akhuapa.da. This must be largely due to <:onstruction of the anicuts and 
shutter control. 

J. SHAW, 
Executive Engineer, Flood and Drainage Divisiol!, 
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lNTBODUOTION. 

To determine the possible future changes in the OrisAa delta and its 
rivers and the degree of control which may be exercised in future it is 
advisable to study the past history of the delta and its rivers. ' 

The most important point in studying a river system for control is 
to find out whether that river system or combination thereof appears to 
have built up its flood plain and slopes sufficiently and to be com para. 
tively stable, in this case even as a delta formation. This will require a. 
study of the general shape and growth of the delta, any known alterations 
in river courses or capacity, alteration in tidal limits, and any evidence as 
to general or particular rise of river beds and ground levels. 

THE DELTA. 

General Features.-The Mahanadi delta is the main delta and over• 
laps the adjoining Brahmini river delta and the Baitarani overlaps the 
Brahmini area. The Salindi river, a considerable hill stream, also contri­
butes to the Baitarani delta area on the north-eaet. The approximate 
sphere of the separate deltas is ae shown in the map in the book of maps. 
The map also shows the position of the coaetal hills and the contours 
indicate the ground features. 

There is little to say geologioall.v about the delta. As far as borings 
have gone, the delta lands are pure alluvium, sand and clay with no 
fossils found. In Balaeore, to the north-east of the delta, borings have 
shown grey sand with numerous small shell fish and fish-fossils. The hinter­
land is for the most part very old rocks consisting of Archaean crystalline 
rocks in the eaet changing gradually to hornblende rooks and quartz schist 
to the south-west. There are big stretches of laterite soil in the higher lands 
above the delta plain. A noticeable feature is the projection of the hills 
towards the coast between the Mahanadi and Brabmini rivers with rook 
outcrops occurring for som'3 distance into the delta. The other direct 
interferenr.e with the delta is the Khurda hills bordering the delta from its 
head to the Chilka Lake. 

Geologists suppose that there has been a certain amount of general 
raising of the land from the hills to the sea but not noticeably within 
historic times. According to the drift theory of continents and oceans 
this might be expected on the eaet coast of India.. There are many 
higher sandy ridges near the coast which are either old raised beaches or 
old storm debris lines. 

The general coastline of the delta is of typical delta shape projecting 
into the sea. in a sector of a circle. On the west side is the big depression 
known as the Chilka. Lake which is obviously a part of land too far from 
the direct flow of the big rivers to have been built up at the same rate as 
the rest of the delta. It has been shut off from the sea by the raising of 
the land and the extending sand drift along the coast and is very 
gradually silting up at its eaet end by flood water from th~ Daya and 
Bhargovi rivers and the sediment driven eastwards by the preva.iling high 
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winds on the lake. A similar depressed area occurs between the Godavari 
and Kistna deltas called the Colair Lake although this is cut off much 
further from the sea. 

An important factor affecting the delta growth ~ the str~n~ littoral 
current travelling north up the Bay of Bengal whtch has hmtted the 
southern growth of the delta by sweeping the silt of the river waters up 
the Bay of Bengal Beyond the Dha.mra. mouth however the littoral 
current is deflected and lost, and consequently the greater part of the 
delta river silt is swept north into the big bay called the Balasore Roads 
which are in conse que nee silting up. The map referred to previously 
shows the recorded fathom lines off the coast. 

Regarding the growth of the delta into the sea, there is lack of good 
evidence as none of the old maps available are at all accurate. It seems 
fairly certain however that there has been no noticea.blt> extension of the 
delta on the Puri side for a. very long time. The extension of the Daya. 
Bhargovi deltas into the Chilka Lake is local and obvious but apparently very 
slow. Also there are no big rivera entering the sea. in the Puri coast until 
the Debi is reached. The Debi mouth shows a.n extension of about three. 
quarters of a mile in the last century. The Mahanadi mouths have extended 
gradually and the occurrence of cyclonic storms with large tidal waves 
which occurred four times last century may have assisted in raising the 
land. It will appear from whatever evidence can be produced, that the 
Mabanadi mouth baa extended about 2! miles since 1838 although the 
mainland has only extended about 1 mile, and the backwater bay (Huki· 
tole. Bal) on the north has been silting up at the rate of abont 2 inches 
per year. The sea has recently broken through the neck of the spur of land 
protecting this hay, so if this opening extends it is possible that the deposits 
in Hukitcla Bay may decrea.se as they are swept up the coast. South of the 
Ma.ya.pura and Dhamra. river mouths the coa.'lt line, which projects to form 
a. sort of spur, has for the last 70 years been eroding gradually. New land 
(the Wheeler Islands) has formed off the coa.'lt between the .Maya para and 
Dha.ID:I"a ~outbs an~ it is evident that from the Mayapara northwards, the 
coastbne IS extending sea warda and must have been doing so for a consi­
derable period. A pecule.ir feature of the land north of the Dhamra is the 
very marked long high ridges of le.nd occurring at intervals parallel to the 
sea c?e.st. These ar~ apparently raised beaches or more likely sudden 
depostts ~aused by t1dal waves when the coastline was further ba k 
These raised ?andy ridges are drawn on the map and definitely show ;h · 
gradual ext~nston of the .Brahmini·Baitarani delta in the shelter of th: 
older and htgher Mahanadi delta.. The former delta must also have bee 
?reated to a grea:t extent by the Mahanadi silt being driven up the coas~ 
mto. tdhe back bay Just 'as the Mahanadi and Dhamra silt is at present 
came north to the Balasore Bay. 

evin!~\~~1:~~::0~~ :eh:e~i~~~~:d:~d ot;a.~t:n ~e com~ined d~ltas as 
taken along the high d Th v age Sites which are 
del~a channels or rivers :hi~~o~~v~ ser;~d ~~:an{ clear ~dications of old 

:: 1~~~!~~:~/~ d;L~al:s~:~~iur:~~~ ~~!by~~ ~f~h:nel;~~.! ~~~ on y by htgher ridges f I d h d . em are now mdicated 
by very small deteriorated ch~nn w Is ere e.postalts took. place ~y the banks, or 

e runrung ong htgher r1dges. 
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River Entrance to DeUa.-As previously observed, the delta is bounded 
on the south by the high lands of Khurda ; then comes the Eastern Ghats 
as the background through whi~h. t?e delta rivers find their way, and 
on the north-east are the Nilgm hills and the narrow coastal plain into 
Bengal. 

The Mahanadi river from a circular catchment of 51,000 square miles 
brings its maximum flood of 1,571,000 cusecs through the hills and starts 
its deltaic branching as soon as it is clear .of the hills at Naraj. The fan. 
shaped distribution of rivers is typical or a free delta. The last 20 miles of 
the main river appears to be diverted northwards up the bay about 
12 miles from its straight course. This is doubtless due to the strong 
littoral current, which increased in strength as the delta projected itself 
into the bay. · 

The Brahmini river with its long-shaped catchment of 14,000 square 
miles brings its 613,000 cusecs maximum flood through a muoh shorter series 
of hills and also branches into deltaic formation as soon as it is clear of the 
hills. Owing to confining high ground and hills on its W68t side it cannot 
spread in that direction and so the main channels continue more or less 
straight until they run into the fringe of the Mahauadi delta. On the east 
side the other main channel the Kharaua, runs almost parallel to the west 
channels, being apparently restricted to some extent by the influx of t]fe 
Baitarani rivers. The Brahmini deltaic rivers in their lower half are moat 
obviously all diverted from their straight course to a much greater degree 
up the coast than the Mahanadi. The divergence in this case occurs 
from about 25 miles inland and the mouths are diverted about 25 miles · 
up the coast. This seems due to the strong littoral current and also to the 
pushing out encroaching effect of the lliahanadi delta. 

The Baitarani river with its circular catchment of 4,000 square miles 
and extraordinary maximum floods varying from 4 to 7 lakhs cusecs, 
flows through confining hills for most of its course. When free of the hills 
it does not spread out in deltaic formation as soon as it enters the coastal 
plain but continues as one channel for more than one-third of its length to 
the sea before it bifurcates and gives off the Burha river branch to the 
west. This is partly explained by the fact that the general land slope and 
consequently river slope is steep and the land to the west is high. 

The Salindi river, a considerable hill stream, while not having a delta 
of its own, seems to be taking a small part in the Baitarani delta and by 
division and alteration of its course shows delta river formations. 

SoiLs. 

The nature of the soil of the delta is interesting as giving some 
indication of the formation of the delta. 

The M ahanadi Delta.-In the Mahanadi delta bordering the Chilka 
Lake on the east, the ground levels are low and as far as the 10-foot 
contour towards the north-east the soil is black clay. Towards the south• 
east and round the Jagann&th road and Bhargovi river the soil is a sandy 
loam. There also is the 2 to 3 mile wide strip of sandhills along the coast. 

In the Dhanua Basin area between the Bhargovi and Kusbhadra 
rivers the soil is sandy near the rivers and a light clay in the centre of the 
doab. 
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In the Kuabhadra-Debi doab there is low land with black clay in the 
Kadua area but high sandy land all along the course of the Prachi. This 
shades off quickly on the east to black clay soil which continues to the 
Debi and beyond, but along the banks of the Debi and smaller channels 
the upper soil is again more sandy. Roughly speaking from the head of 
the Kendal river north we find light clay or sandy soils and to the south 
the soil merges into black clay with the usual silty covering near river 
banks. 

The upper layer of sandy loam is about 15 to 20 feet deep on the 
banks of the Surua rver, about 6 to 8 feet deep half way down the Debi, 
then diminishes irregularly to. the coa.st where there is little. 

In the upper Daya·Bhargovi and in the Kuakhai areas the soil is 
sandy and also all round Cuttack town. 

Between the Debi and the Mahanadi the soil varies. In the lower 
half of the doab the soil is black clay, especially near the Debi, and in the 
upper part of the doab the soil is lighter and sandy in places. Irregular 
sand deposits occur within a few miles of the coast. 

Bordering the Mahanadi for as far as the Nuna river confluence, the 
soil throughout is sandy. The Mahanadi island system with the Chitratola, 
Nuna, Paika and Sukhpaika rivers is all sandy soil bordering the rivers 
w•th some clay in the interior. In the lower parts of the Nuna and Paika 
islands below the 10-foot contour line the soil besomes clayey. Clay is not 
experienced in the Mahanadi bank to any extent until half way· down the 
delta and is then at a low level. In the upper Chitratola banks there is 
about 12 feet of sandy loam before clay is found. In the Chitratola. after 
the Nuna bifurcation, the depth of sandy soil in the banks is about 15 feet. 

· In the Nuna. river the sandy loam overburden is about 12 feet. 

North of the Chitratola-:\una river the land, which is sandy at the 
head of the delta, becomes less so towards the east and as the distance 
from the river increases. 

In the Kendra para a.rea and to the east the ground is low and the soil 
is olay. 

The Berupa and Genguti areas have loamy soils for the most part 
with light clay a mile from the riverd. 

The Brahmini Delta.-At the delta head the soil is a sandy loam and 
this also is the case with the Kimiria-Brahm.ini island. 

From half way down the delta where the lower lands commence, about 
the 15 foot contour line, the soil in the middle of the doab has become 
clayey and remains so except near the river banks, where there are the 
usual sandy d~posits. 

In the Brahmini river banks as far down a.s Damerpur there is still 
a considerable depth of sandy loam overburden on the clay bed, varying 
from 6 to 10 feet; beyond that the banks become lower and are clay. 

The Kha.rsua river bauks are much the same as the Brahm.ini but the 
clay bed is slightly higher. 

East of the Kharsua the la.nd rapidly becomes clayey, from about the 
25 foot contour line and continues so to the Baita.rani. 
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The Baitarani Delta.-The banks of the Baitarani above the aniouta 
are shallow and sandy but the lands behind are black clay especially 
towards the east. 

The above feature of the Baitarani continues until it takes its bend to 
the south near the 10 foot contour. From here downwards and to the 
east everything is black clay. 

The Salindi Area.-The lands of the upper S~tlindi are sandy loam and 
light clay but from near the 20 foot contour downwards the soil is 
black clay. 

TIDAL LIMITS. 

A good indication of the altering state of a river is the study of any 
alterations in the length to which the tide is active up the river course 
compared with former times. This is specially the case in the Orissa 
rivers where the littoral drift partially closes up the river mouths and the 
strength of the river is pitted against this current. If a river is in 
a deteriorating state it will not be carrying the same average volume of 
water in the monsoon and cold weather and consequently will not be able to 
maintain so good a mouth. Tidal effect will then be partially strangled 
with a gradual red11ction in the scouring power of the tidal reaches 
and a reduction in the tidal limits from the sea. On the contrary an 
improvement of tidal activity and limits in the river would indicate an 
improvement in the river. · 

A point to remember also is that the larger the rise and fall of the 
tide on the coast the greater will be the scouring effect of the tide in the 
river estuary and channel. Thus near Puri the maximum tidal range is 
about 5•7 feet, at the Mahanadi mouth 8•4 feet and at the Dhamra mouth 
ll·O feet. 

The shape of the river estuary and tidal channel also affects its 
efficiency. The most efficient shape is a long trumpet shape as with this 
shape the tidal energy is piled up to give a greater volume of moving water 
than with other shapes where dispersal of energy takes place. 

Chilka Lake.-There is no indication of any noticeable difference in 
the tidal range in the Chilka Lake. The fact that the sea mouth seems to 
keep open better on the average than in last century is an indication that 
there is no deterioration as the occurrence of floods is about the same. 
The tidal effect on the north shores of the lake is only a few inches and at 
the Bhargovi and Daya mouth is negligible. 

During the hot weather when a steady strong breeze blows from the 
south-west the waters of the lake are piled up in the north-east corner to 
the ext?nt of over 2 feet and . flow. up the . channels of the Bhargovi and 
Daya nvera. The effect vanes With the wmd but is not connected with 
the sea-tides. 

Kuabhadra River.-Evidence as to the previous tidal limit is not to 
hand but it appears that there is no deterioration and in the Dhanua river 
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there is an improvemen~ .. The K?sbhadra mouth gives no more trouble 
now than formerly and IS 1f anythmg better. The tidal limit is 16 miles 
from the mouth. 

Prachi-Kadua River.-The tidal limit seems about the same even 
although there is now only one mouth in place of several. The tidal 
effect is noticeable up to 12 miles in the Prachi and 16 miles in the Kadua 
from the Prachi river mouth. 

Debi River.-In 1856 it is remarked that the tidal limit in this river 
was extending and was 28 miles from the mouth. If measurement was 
made along the old bends of the river at Machgaon then the tidal limit 
has remained about the same place, i. e., at Alipingal near J agatsinNhpur 
but the length of that tidal channel has ext~nded by over a mile." Thi~ 
river has a very strong tidal action throughout the year. It is certainly 
not deteriorating. The length of tidal channel is 25 miles following the 
present course. 

M ahanadi.-In 1856 it was stated that the tidal limit was decreasing; 
that formerly the limit was 25l miles from the mouth and in 1856 it was 
only 22 miles. At present it is about 22 miles from where the mouth then 
was. There is no further proof of decreasing, although the local opinion 
is that it has decreased from a long time ago. It is well known that the 
Mo.hanadi here is far from efficient being divided up into several channels 
and decrease is not surprising. 

Paika.-In 1856 the tidal limit was said to have decreased from 
~former 28l miles to 25! miles and to have deteriorated distinctly as had 
the Mahanadi. Now it is 23! miles. Local report, however, does not say 
that the Paika tidal limit is now less. The river channel above appears to 
be in much the same condition. 

Chitratola.-In 1856 the tidal limit is said to have been 28 miles from 
the Mahanadi mouth. Nowadays it is about 28! miles. This river seems 
in much the same state as then. 

Nuna.-The 1856 limit was 28 miles from the Mahanadi mouth and 
now is much the same. 

Brahmini-In 1856 the limit was said to be 56! miles from the Dhamra 
mouth and is now about 51! miles. There iR no local report of any notice­
able•reduction and the river section seems as good as before. 

Kharsua.-The tidal limit of this river was 50 miles in 1856. It is 
now about 46. It is known from the comparison of cross section that the 
Kharsua channel has deteriorated due to the increased low spills on its 
right bank. 

Baitarani.-Notbing is known of the former Baitarani tidal limit. 
There is no report of any change. The present tidal limit is 38 miles from 
the sea mouth. 

Salindi.-No history and no report of change. The tidal limit at 
present is 20 miles upstream of ita outfall into the Baitarani. 

Generally speaking it may be said that there is no change in the tid a 1 
lengths of the Orissa delta rivers in the last hundred years, so no general 
deterioration of these rivers is noticeable within tidal limite. 
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EXAMINATION OF THE APPA!l.ENT Gll.OWTH OF THE ORISSA DELTA AND 
POSSIBLE FUTURE TENDENCIES. 

By an examination of the physical features of the delta, the nature of 
the rivers, old river courses, soils, coastline, etc., a reconstruction of the 
delta growth ca,n be attempted. River behaviour and apparent changes 
can be observed, tendencies noted, and the results applied -.to the present 
situation and from this it may he possible to visualise future behaviour. 

General observations and assumptions.-A reasonable supposition is that 
provided the material of denudation remain much the same in the river 
catchments, the finer materials will be washed away to the furthest 
distance from the active river water, whether in the sea or remote from the 
river banks. 

Another point is that the bed of a dying river will be gradually filled 
up with sand, generally coarse sand. 

A further point is that th3 various branches of a parent river have 
their own silt selective powers depending largely on the relative position 
of their offtake and the ~ilt load may vary greatly from time to time or 
have a definite tendency throughout very long periods. The term silt also 
includes sand. 

The delta land-building procedure by delta rivers is well known, the 
rivers building up the land near their banks, depositing silt to a quickly 
lessening degree with distance from their banks, abandoning one channel 
and swinging to another more favourable, and thus constructing a network 
of ridges and depressions over the delta. In the case where the silt 
carried in suspension is uniformly fine then the silt will be carried a greater 
distance from the river and there will not be such a sharp falling off in 
deposits as there will be with a generally coarse silt charge. Thus we 
expect and get less differences in general ground levels in a fine silt or 
clay delta than we do in a sandy delta. To some extrnt therefore we may 
judge the nature of a river, dead or alive, by the soil accumulations on its 
banks and in the neighbouring country. Owing to the very nature of its 
elevated canal-like structure a delta river will naturally not return in force 
to its former channel, the old channel remaining as a small high drainage 
or spill channel. 

Bearing the above T'Oints in view it is interesting to study the Orissa 
delta and try to follow the indication of its growth, history, and present 
tendencies. 

The 111 ahanadi delta.-A study of the contour map of the delta shows 
that the average ground levels at the very head of the delta is about 
R. L. 75 to 80. Thereafter the land contours ar affected by the usual 
delta ridge and hollow formation which makes comparison of levels from 
place to place difhcult. Measuring from the head of the delta the 40-foot 
contour is found to be prolonged furthest down the Mahanadi river Lne. 
The 30 foot. contuur line is much the same distance on all the :Mahanadi 
river group but there is a pocket between the Kusbhadra and Bhargovi 
rivers and west of the Bhargovi to the K.hurda hills. The 20 foot contour 
line is equidistant from the Debi and :Mahanadi and Kusbhadra but there 
is a reduction north or near the Brahmini, in the Kadua area, the Dhanua 
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basin, and the Bhargovi-Daya doab. The 10-foot contour line shows a 
shortening in the Kendrapara area and a big pocket in the lower Daya­
Bhargovi area. 

The above observations ehow that the Mahnnadi central gr•. up of 
rivers area is the higher, with the Debi a clo"e second. There is a big 
falling off in the lower Daya, the Dhanua basin, and the Kadua basin. 
1'he general spieQ.d of the present river system and the marks of the old 
river ridges indicate that the Mahanadi river~ spread out in an even fan 
formation from the head of the delta. 

The outstanding features in the way of surface sand deposits and 
high land are along the Mahanadi river and the Prachi. Nowh~rc else in 
the Mahanadi delta are such large sand deposits found. The a•sumption, 
therefore, is that in the early stage of the delta the two main rivers were 
the Mahanadi following roughly its present line, and the Prachi branching 
off from the Mahanadi probably in the line of the Kaljuri-Kual:hai with 
assista11oe from the Barang river, and proceeding down the present Prachi 
course. 

From the marks of old river loops and the nature of the ground the 
Prachi seems to have continued to be a fair sized river until the ccastline 
was about 3 miles from its present position. The mid Kuakhai was likely 
a branch of the Kuakhai-Prachi as the Bhargovi and Kusbhadra rivers 
seem of old standing. 

It is possible that tbe lower Kusbhadra was a branch of the old 
Prachi as well as of the Bhargovi and functioned with the Prachi while the 
coast was about 3 miles inland. The mouth of the Kusbhadra seems to 
have extended towards Konarakh and not as at present. 

The Bbargovi is definitely placed as the next oldest river to the 
Prachi in the Puri area. It must have entered tho sea north of the 
Samang Pat. Some old and fairly important branches also seemed to have 
followed the line of the J agannath road. 

The Daya seems a comparativaly new river, being an offshoot of the 
Bhargovi to the low lands on the Chilka side and next the Khurda hills 
in the corner of the delta. 

From the great width of coastal sandhills in the west Puri district, 
and the general furthest inland discernible old coa.st line of sandy 
ridges, it appears that there must have been a comparatively quick rise 
in coast levels at one period. This rise in coast levels appears to have 
been general along the delta, and on the map a dotted line has been drawn 
representing the approximate line of the first obvious rise of the 
coastline as indicated by the various physical features. This outlines the 
delta in the early stage when the first series of rises in the coastline 
becomes apparent by the ridges more or less parallel to the coast. From 
this outline it seems that the littoral current could not have been so 
strong in these days. 

This rise seems to have been responsible for shutting off the 
Chilka Lake, diverting the Bhargovi west to the Chilka Lake, shutting 
off the old Kusbhadra mouth, disturbing the Pr~tchi mouth, shutting off 
the low Au! area behind sandhills, shutting off the Salindi and causing it 
to flow to the south, and shutting off a consid~rable low-lying area 
near the Matai. 
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From the map the area just north of Puri is rather indeterminate 
but it would appear a~ if the Bhargovi had had its own small delta. just 
where the Kanchi takes off now, and the land between the Sur Lake 
and Samang Pat and also we<t of the Samang Pat was part of the 
projMted mouth. The rise of the coaRt shut off these two depressions 
and the Bhargovi was diverted to tho Chilka Lake and so could no 
longer build them up as part of its delta.. The Bha.rgovi with its other small 
branches, and also the D"ya, slowly built up the land east of the Chilka. · 
Lake and as the course of the Bha.rgovi lengthened it was forced to adapt 
itself to these changing conditions of slope by raising its bed and so the 
Bhargovi as seen to-day is the most elevated channel in the delta. 
(Part of the rise in bed bas also been due to extra silt charge at the head 
since it has been determined by comparison of old and new cross sections 
that the bed has risen since IS5R). 

It would seem as if the Kusbhadra was at first diverted to the east 
and followed the Kadua channel for some time before it managed to get 
through the sandhills and form its present course to the sea. 

This raising of the coast west of Puri appears to have shut off about a 10 
mile stretch of low land behind, in the Brahmagiri area, as well as assisting 
to form the Chilka Lake. This depression was then under water as 
far as the Bhargovi delta half way to Puri. The outline of this now low 
land can be seen from the 5 foot. to 10 foot .. contour line downwards. 

It is evident from the outline of many other raised sandy ridges 
parallel to the coast, that several subsequent rises took place or a great 
deal of cyclonic storm tidal wave debri$ was suddenly deposited. The 
spacing apart of these ridges indicate the former ground slope at any 
particular placP.. Thus the land from Puri to the Prachi appears to have 
been steeper than in other plac, s or else the longshore current has washed 
away the protuberances. The ridge~ are further apart in the shallow 
backward areas between the Debi and the Mahanadi and the " back bay " 
area up the coa.~t from the Mahanadi mouths. Also the pushing out 
growth of the Dhamra mouth is clearly marked by the coast ridges 
converging to the north and extending seawarda as the river mouth 
projected. 

The growth and development of the Katjuri-Dehi river system is not 
so apparent. It would seem that the original river course was down the 
Katjuri lroop along the Biluakhai and then down the Olanka and also over 
the country in a series of small delta branches. The area between this 
river and the 1\Iahanadi seems to have been very evenly dealt with in the 
building-up process and the silt deposited has travelled a. long distance and 
is fine. The Debi then seems to have developed from the above river by 
passing down the low land between the Praohi and the old Katjuri river. 
It has developed a series of loop rivers which pass down the low land east 
of the Prachi but do not seem to have found conditions sufficiently 
favourable for them to oust the main river. 

The :r.Iahanadi in its upper central half seems to have done most of its 
work with loop rivers. Only on the lower right bank have a series of 
distributing spills taken place. As already noted it was said in 1856 that 
with the deterioration of the Mahanadi and Pa.ika. near their junction 
there was a great tendency for the Ma.ha.nadi to develop spill channels to 
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the south. This was stopped by embankments in the first half of last 
century. North of the Chitratola the Berupa has followed the usual 
corner line of low delta land next the original high ground and numerous 
spill ch.annels ~ave spilled _eve~ly towa~ds the BrahmiJti delta lands. 
There IS no sign of any b1g nvers havmg gone this way and while 
the north-west delta lands have been raised high with sandy rich soil 
the lower areas ne~~ Ke~drapara are negl~cted and low. They form part 
of the " back bay behmd the Mahanad1 month as Hukitola Bay does 
to-day and also seem to have received little help from the Brahmini. The 
solution to this seems to be that this area has lagged behind the central 
area so much that it was largely submerged and so offered to scope for 
anything but short channels. This lagging in the building up m~y have 
been due to originally deeper levels near the nearby hills and the 
stagnating effect of intermingled Brahmini and Mahanadi floods as well 
as the natural radial action of the Mahanadi delta. 

On looking at the coastline of the delta to-day it may be wondered 
considering the above study of the apparent delta growth, why the 
Dhamra part of the delta projects even further into the Bay of Bengal 
than the Mahanadi mouth. It deems as though with the projection of the 
Ma.hanadi mouth like a. spur into the Bay of Bengal the effect of the littoral 
current became more pronounced and so reduced considerably the rate 
of land growth here sea wards while increasing the rate of deposit in the 
back bay. The lines of the old coa8ts north of the Dhamra diverging 
towards the mouth indicate this to have been a fact and also show the 
reduction of the divergence when the Dhamra projected beyond a certain 
distance. The final joining of the Bra.hmini and Kharsua and later of 
the Baitarani into one large estuary also ensured a greater driviog power 
of the combined river against any longshore current. 

A peculiar formation is the strip of high sand hills, the Hukitola 
peninsula, forming a spur along the coast north of the Mahanadi mouth. 
This must have existed for a long time as the hinterland up to the 
Dhamra river is in a less developed state than anywhere else along the 
coast, the land beiog a series of basins between the coast and the Maya para, 
and the .Maya. para and the Dha.mra. This spur of land heading up from 
the south to the Ma.yupara. mouth is at present wearing away fast io its 
exposed length. It is not clear how it was projected forward so much 
when the coast rose. 

The Braltmini delta.-The Brahmini on leaving the enclosing hills was 
confronted with further hills set well back on the south and with high 
land to the east, so its course lays between these and it appears to have 
wandered down this mid-course where the Dudhai raised channel arises, and 
also down its present courxe. The Kharsua (from its old head) has then 
broken off at the head ofthe delta, perhaps from the old Dudha.i river, 
and much later on, the Pattia loop (now tbe Kharsua head) has developed. 
The Kimiria. also seems to be a newer branch of the Brabmini. The Burba 
river appears to have run parallel to the Brahmini system at an early date 
but possibly not joined up until the Kha.rsua. deve loped between it and 
the old Dudhai river. 

The Brahmini delta. must have grown much slower than the :!lle.hanadi 
delta. as evioced by the presence of the Berupa river and the lines of the 
numerous spill channels from the Chitratola. and Nuna. towards the 
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Bra.hmini area. The Brahmini and the Baitarnni deltas appear to havQ 
been extended beyond their own natural growth by the Berupa and 
Mahanadi spill channels and as noted previously, by the backwater silt 
deposits from the 1\Iahanadi mouth. The advent of the first raising of 
the coast stopped proper fan-like diversions of the Brahmini mouths into 
the back bay and so left the large depressions which are found near the 
Brahmini above the Aul-Kendrapara road. These depressions had not 
previously been filled up in ridges to any extent as the outfall into the 
shallow waters of the back bay had tended to give more even general 
deposits. 

The mid and lower Kharsua seems to have been part of the Baitarani 
delta and of the Brahmini, and its spilling and land-building process on the 
right bank seems to be extended into the present day although at present 
exaggerated owing to the construction of the continuous flood embankment 
on its left bank. 

The Baitarani delta.-The Baitarani delta as created by itself, was, as 
is to be expected from a smaller river, much smaller than that of the 
Brahmini and before being interfered with by the Brahmini delta, and the 
Mahanadi and Brahmini river mouth silt being brought up the bay, and by 
the rise of the coast or the tidal wave debris, its growth can be seen by tbe 
fan formation of old ridges and channels terminating roughly along the 
10 foot-contour line. The abnormal growth of the flat lands between the 
15 foot-contour line and the sea is clearly shown by the contour lines. 
The effect of this is that the Baitarani in flood comes down tbe steep 
part ofits own delta and then receives a check at the low lands and 
spreads its waters broadcast. 

The Baitarani still has a tendency in its middle length to throw off 
side channels and these, being restricted by the continuous right embank­
ment, grow on tbe left bank. The Genguti branch river apparently had 
a. branch to the north and formed as it still does, part of the Baitarani 
delta. At present the Genguti is a live river and the Kochila loop of the 
Baitat·ani carries the cold weather discharge of the Baitarani. 

The Salindi area.-The Salindi is a small river a.nd appears in a net­
work of small chnnnels, its high ground being above the 20 foot-contour. 
The noticeable feature is how it has swung to the south into the low 
lands after building up along its ridges. 

ALTERATIONS IN RIVERS, ETO., S!NOE 1843. 

The noticeable physical alterations which have taken place since 1843 
are as f~llows. :rhese are b_ased on comparison of old and new maps and 
cross-secttons of nvers taken m 1858 and recently. Important alterations 
by human agency are also noted . 

. UpP.er Maharyadi and head of delta.-No alteration of importance is 
nottced m the nver cours.e above Naraj. Scour of the right bank in 
the embayment above NaraJ seems slow and continuous and occaRional 
rock falls take place at Rameswar hill into the river. By the construction of 
flo?d embankments a~ Banki and on the left bank of the river in the 
Ons.sa States,. flood spills have been reduced, but in most cases the Maha­
nadt. can ftli! back up the mouths of the drainage channel and flood a 
constderable area. 
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In the 1856 enquiry it was proved to the satisfaction of all concerned 
that the Katjuri river was taking an ever-increasing proportion of tho 
main Mahanadi flood. The proportion of flood taken by the two rivers in 
o. big flood was then about ~qual and with tbe construction of a spur at 
Naraj in 1858 (later developed mto a complete weir across the Katjuri head 
by 1868) further development of the Katj uri was stopped and tho progor­
tion of 1 : 1 has held since then. 

The Barang river, which took off from the Katjuri right bank just 
below Naraj and flowed into the Kuakhai, was cut off by rm embankment 
at its head about 1857 as it showed signs of dcvulopmcnt and was passing 
too much flood to Puri district. 

Projecting rocky spurs on the Mahanadi left bank in the Naraj 
narrows and beyond were removed about 1860 by blasting to encrmrage 
flow down the Mo.hanadi. The M1hanadi continues to scour its left bank 
strongly from 1! to 5 miles below Naraj. 

In 1863 the Mahanadi and Berupa anicuts were started and completed 
about 1869. Since then, although the pattern of islands in the Mahanadi 
between Naraj and the anicuts varies, the average river bed levels and 
flood levels have remained about the same. Rock is found exposed in the 
1\Iahanadi bed in places from the left bank about. 1! miles upstream of the 
Berupa across to upstream of Birann si spur. There is al~o of course the 
exposed mass of rock at Dhubleswar temple island and left bank adjacent, 
It was noted that in 1858 the Berupa head had go silted up that there was 
no cold weather discharge. The 1\Iahanadi anicut may have assisted in 
keeping the Berupa river head from deteriorating. 

The Katjuri river has continued so scour its right bank strongly bet­
ween Naraj and the Kuakhai river offtake. Between 1843 and 1858, when 
the Naraj weir was constructed, it is reported that about one-third to 
one-fifth of a mile of the right bank had been scoured away. Since then 
a further one-half to two-fifth of a mile has gone and the river is tending to 
widen and become shallower on the opposite left bank. The average bed level 
appears to have risen a little. A noticeable feature is that while the deep 
water channel of the Katjuri remains in the same position for the first 
2 miles, there is a critical point there at the right bank from which the 
main channel either swings across to the left bank or continues near the 
right bank. This change appears to take place after every seven years or 
so, depending on certain fi.Jod stage durations and sequences. At present 
owing to the continued scour of the right bank at the critical spot it looks 
as if the river might not return in force to the middle channel. 

Between the Dividing embankment and the Biranasi spur embankment 
there are two small channels and one considerable channel leading from the 
Katjuri to the Mahanadi. The smaller channels show no signs of improve­
ment but the larger channel shows gradual slow improvement and is moving 
sideways to the east. A loop channel also takes off the cross channel and 
joins the Katjuri again further down. It cannot be said that these 
channels are of any importance at present. 

Mahalanobis, as a result of his statistical studies of flood levels, reaches 
the conclusion that there is no general alteration in flood levels at the delta 
head and consequently little alteration in the bed levels in general. 
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Katjuri-Debi river.-Alterations near the head of the Katjuri have 
been noted above. Below the Kuakhai head there is no great alteration in 
the river although it is slightly wider below and at Outtack due to 
alternate scouring of the right and left banks. 

The Surua loop river has been improving at the expense of the Katjuri 
loop for a very long time. Big breaches in the Surua right embankment 
in most big floods have been a feature sin_ce 1840 and probably pre~iously, 
and this has accelerated the process of Improvement. A companson of 
maps and old cross s~ctions of rivers show that since 1858 the average bed 
width of the Surua has increased from 1,200 to 1,600 feet and the bed has 
deepened somewhat. The Katjuri loop bed is at present 14 to 22 feet above 
the Surua bed at the head. During large floods the Katjuri loop tempor. 
arily improves somewhat, but the process of deterioration of the Katjuri 
and improvement c.f Surua is continuing with consequent re-distribution of 
the flood discharge. The flood levels however are not rising. 

Heavy scour of the left bank of the river below the Katjuri.Surua 
confluence has been taking place more or less continuously. This is a result 
of the Surua improvement and Katjuri loop deterioration. The encroach­
ment here since 1843 seems to be about 1,600 feet at the maximum point, 
and the canal and flood embankment have been retired several times. This 
process is likely to continue until the improved Surua river reaches its 
limiting curve round the right angle bend here. 

The Biluakhai river seems to be continuing its slow deterioration at the 
offtake where its bed is at present about 20 to 50 feets above the Katjuri­
Debi bed level. The channel on the right of the island, about I! miles 
below the head, is now sanded up nearly to country level. Local bank 
scour is taking place on the loft bank of the left channel opposite. 

The Olanka river with its branch the Cross Kat juri were cut off by an 
embankment from the Biluakhai shortly after 1875 and the Biluakhai left 
embankment made continuous. Data is insufficient to show any noticeable 
alteration in the Biluakhai due to this closure. The river now seems 
adjusted to its small discharge. The Cross Katjuri formerly flowed into 
the Mahanadi. 

The Kanda! and Debi bifurcation and channels seem much the same, 
but the Dahikhai branch of the Debi just below, seems to have deteriora­
ted badly and is moribund at ita outfall into the Debi. The growth of the 
Manikunda breach about 3t miles from the Kanda! head on the right bank 
has, in the last 15 years or so, caused a deterioration in the lower Kanda! 
channel. 

The Alipingal loop of the Debi has continued to improve at the 
expense of the old Debi river, having increased by 400 to 500ft. in width 
and possibly about 10 ft. in average depth since 1858. The extensive and 
high stone revetment at Alipingal has withstood the river here for more 
than 50 years but is now being gradually abandoned. 

The Taunla river, a loop of the Kanda! and Debi on the right bank, 
has deteriorated somewhat but has continued to scour its left bank and 
cause trouble for the first half of its course. 

A major alteration has taken place in the lower Debi main channel. 
About 1843 and previously, the main channel followed the right baq.k as 
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far as Lat~haran v_illage then ~wung across to the left to Machgaon, swung 
right agam to Osu1.n on the r1ght bank, and continued down what is now 
called the Nagar ~adi and so to it~ sea mouth. There were no flood 
embankments of unportance o~ the nght bank and minor river channels 
developed across the bend until nowadays the main river hugs the right 
bank straight down to Osian then across to the left bank rejoins the old 
main channt;l below, and so to the SPa mouth. The Ma~hgaon channels 
are ~ow mmo~ ch~nnels and_the Nagar Nadi is poor. The Debi is still 
scourmg along 1ts nght bank m the upper main channel so formed. 

As already noted the Debi mouth since 1843 appears to have extended 
into the sea by about three quarters of a mile. 

The Prachi river.-This old river which formerly took off from the 
Kuakhai about 8 miles from the Kuakhai head, was closed at its head 
by the Kuakhai left embankment early la,t century. Even then it was 
but an insignificant spill channel. Of late years it has received an influx 
in high flood~ from the Ma_nik1;1nda breach on the Kindal. right bank. 
The only noticeable alteratiOn Is that former sea mouths wh1ch existed as 
shown in the map at the Prachi mouth a.nd the Kadua drainage and creeks 
on the west, now no longer exist and the Prachi has only one mouth. 

· This appears to be due to the reduction of flood spill into the Prachi area 
and the natural growth of the sand dunes along the sea shore. 

The Kuakllai river.-As alre"dy noted, the Katjuri has scoured itd 
right bank above the Kuakhai head to a distance of about ha f a mile 
since 1858. The left nose of the Kuakhai head has also been rounded 
off to a. depth of about one-third of a mile. Scour at the right bank 
head is still severe. The Kuakhai head reach has widened by one-third 
and the bed appears to have risen somewhat. At pre~ent the deepest 
and average bed level of the Kuakhai are 20 ft. above those · ot the 
Katjuri. During a good flood season however the windblown sand at 
the head of the Kuakhai is scoured away and the Kuakhai starts to 
flow at a level eight feet below the hot weather bed level. 

The scouring away of the high right bank of the Katjuri upstream 
has opened the country to flood spill at slightly lower flood levels and 
this flood passes across into the Kuakhai by the old Barang N adi and 
other cross spills. 

The construction of the railway line with its high embankment about 
1893 has confined the Kuakhai to the railway bridge but the river shape 
seems little altered although scour of the left bank at the bend below 
the bridges continues gradually. 

One considerable alteration observed in the Kuakhai, which has 
taken place probably about the middle of last century, is that just below 
its narrows it has joined up on its right bank with the Barang Nadi and 
so formed two distinct channels where previously only one, the left channel, 
existed. This has been a bad occurrence as although the left channels is 
slightly greater, the right channel scours its right bank locally and 
gives bad sand deposits over the country via two spill channels. 

The Kuakhai left embankment above the ·railway bridge has been 
abandoned for about 10 years and sand deposits have spre d over the left 
bank. The left embankment has recently been further abandoned for 
another 5 miles below the railway bridge and the road used as flood 
embankment. 
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The Kuakhai right embankment as far as Mancheswar was abandoned 

in the last part of last century and except for the two spill channels and 
large sand deposits from the Kuakhai just below the Barang Nadi outfall 
there is little difference here. ' 

The Kusbhadra 1iver.-Th~ river has widened at its head by 200 
to 400 feet ~ince 1858. The deep channel is much the same. 

The Jogisahi revetted flood escape on the right bank about 3 miles 
below the head was constructed about 1908 and also the Ramchandrapur 
fiood escape just below on the opposite bank. The Jogisahi flood escape 
breached badly in every big flood until redesigned and reconstructed in 
1940. 

As far as the big reverse bend in the river at Banamalipur the channel 
has widened somewhat and also deepened. 

The loop spill channel at Athantar at the beginning of this bend was 
cut off about the middle of last century. 

The Bhargovi.-This river has deteriorated as the Daya has improved. 
In the head reach the river has widened a little but the average bed 
seems to have risen about 3 feet. 

About 5 miles from the head the Achhutpur flood escape was con­
structed on Lhe left bank about 1905 where a regular breach previously 
exist, d. The marginal embankments were raised throughout the Bhargovi 
in 1856·58. 

In the river between the escape and the Kanchi offtake, the width 
has decreased by about 30 to 50 feet and the bed has risen about 5 feet 
since 1858. 

The draw-off by the Kanchi has increased lately during flood time 
owing to the const, uctLn of the Sur Lake Sea Cut which keeps the lake 
at a much lower level than previously throughout the flood season. 

The north part of the Samang Pa.t has silted up considerably by the 
deposits from the Dhauria branch of the Kanchi, and the West Kania N adi 
wh1ch ilows into the Pat from the Bhargovi on the north, is no"< a very 
small stream. 

The Bhargovi below the Kanchi offtake has also silted up 
considerably, in some case having a 6 feet rise in bed levels since 1858. 

The field and lakeside levels in the exposed area near the Bhargovi· 
Daya outfall to the Chilka Lake appear to have risen 1 to 2 feet since the 
middle of last century. 

The Daya river.-This river has developed generally at the expense 
of the Bhargovi At the head it is 140 to 150 feet wider than in 1858 
althuugh the bed levels seem about the same as before. The berms 
have risen 2 to 3 feet. C?nsiderable scour at the head of the Daya on 
the. left bank has . been gomg o~ . f?r some. years with corresponding 
siltmg up of the nght bank. lh1s IS changmg the offtake conditions of 
the !.lay" and if th.ts continues the Daya may cease to be the more 
favoured channel and the Bhargovi may improve. 
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The three flood escapes at Belmore., Madhipur and Kanti were 
constructed about 1905 to 1908. Previous to that there was continual 
breaching of the left embankment in high floods. 

In the _old maps the drainage ~nd flood BJ?ills on the right bank of 
the Kuakha1 ~eeme~ to pass largely .mto the mam river about 3 miles above 
the Daya b1furcatwu. Now dramage and flood passes straight down 
south to the Daya. 

Between the escapes and Tirimul the river channel has widened by 
about 140 to 180 feet. 

About 1900 the Daya right embankment from Tirimul downwards was 
abandoned as it was not found possible to confine the big floods between 
the existing embankments. As a result the Tirimul spill ehcmnels on the 
right bank have enlarged and deepened to river bed level and now take 
about half the Daya flood water. This flood water returns to the Daya by 
the Monaguni river further down. Since the development of this spill 
channel the Days. river bed below the Tirimul spills has rioen 3 to 5 feet. 

A major alteration in the lower Daya' is that owing to alterations at 
the offtake, the Makra branch has developed at the expense of the Daya 
such that from being a small stream, part of which returned to the Daya, 
it now takes twice as much water as the Daya and continues to improve. 

The Ohilka lak~.-Gradual shoaling up of the east end of the lake is 
taking place. The sea mouth and channel remains about the same but the 
lake mouth near Sathpara is silting up slowly and constitutes a danger 
to free outflow. 

The Mahanadi river.-The Mahanadi below the Paika offtake at the 
middle of last century was said to have deteriorated a lot. This seems 
to be the case. 

A noticeable alteration in the course is that while in 1843 the main 
channel cut across t<> tho Paika near Taldanda and the other channel~ on 
each side were minor, now the upper channel is the larger and the lower 
two channels are minor. 

With the apparent improvements of the lower Paika rivflr the 
Mahanadi right bank below the Paika outfall has been scouring continu­
ously for many years and the canal has been retired here twice, the scour 
having taken away about 600 feet of the right bank. 

Another point of continuous slow scour is on the right bank upstrPam 
of the Nuna river outfall where about 400 feet of river bank has apparently 
gone. 

Bt>fore the construction of the lower Mahanadi right flood embankment 
about 1850, and the Taldanda canal flood bank along the whole right bank 
of the Mahanadi about 1870, the Muhanadi was showing a tendency to 
develop the spills and channels on its right bank (the Chandpur and Santra 
rivers). These channels and the flood spill were cut off by the embankment 
and further dP-terioration of the Mahnnadi from this cause was stopped. 

The 1843 maps show the Santra river with a major loop channel to 
the Mabanadi mouth now scarcely discernible. The Santra is now purely 
a tidal creek and its own direct sea mouth is closed although occasionally 
ovened temporarily by a cyclone. 
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As noted previously, the Mahanadi mouth has extended since 1843 b 
about 2! miles in a north-easterly direction although the direct seawar~ 
growth of the mainland is only about 1 mile. The main channel is now 
more clearly defined near the mouth. 

Hukitola Bay has silted up considerably and the Hukitola spur 
peninsula extended, although it scarcely seems that the position of the 
peninsula in the 1843 map can be correct as the refuge house on the present 
peninsula is of long standing. 

The Paika river.-Tbe Paika river, which is a loop of the Mahanadi, 
is generally considered to be improving slightly at the expense of the 
Mahanada, Satisfactory proof is not to hand. It appears that in low 
floods the Paika improves and in high floods the Mahanadi clears itself 
and the Paika silts to some extent. It seems to be an improved channel 
in its lower reach. It is continuously !scouring its left bank just above its 
outfall. 

The Ghitratola river.-There is little difference noticeable in this 
river althou!lh the probability is that it has deteriorated in depth a little 
below the Nuna off-take and further down. The channel on the left of the 
long island above the Nuna bifurcation at Kendupatna is deteriorating. 
The Chitratola head at the Nuna bifurcation is being gradually scoured 
downstream and appears to have travelled about 600 feet since 1843. 
Further scour h~re may alter the silt and consequently flood distribution 
between the two rivers. 

The Nuna river.-Tbis river appears to be improving as it has been 
scouring its banks for many years and altering its meanders. There is 
insufficient proof of any deepening of the bed. It is slightly wider at the 
head. 

With the construction of the Kendra para canal and flood embankment 
along the left bank of the river about 1870, all flood spill and small 
channels on that side were cut off. The Nuna river bed below the Pothi 
offtake seems slightly higher, and the Pothi river, a loop river of the Nnna 
on the right bank, is improving. 

There are som·e alterations in the Pothi river, now a loop of the Nuna 
on the right bank. Formerly its chief offtake was at Jalpoke about 
1i- miles below its present head which was then a less important channel. 
The Jalpoke head has now silted up. Also in 1843 the Pothi was an 
inland spill channel which joined the central drainage but since then it 
has become a loop channel of the Nuna as seen in the map. The Pothi 
ri"O"er seems to have deepened its bed considerably but there is little 
increase in width. 

Just above the junction with the Chitratola, the Nuna, in the last 
twelve years, has cut off the bend and joined the Chitratola a quarter of 
a mile further upstream. 

Two spill channel~ have been cut off on the left bank of the Nuna 
near the Chitratola junction by the construction of the canal embankment. 
The left loop of the Nuna below this is a development not shown in the old 
maps and is improving at the expense of the right loov. 
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Gobri or J ambu rfver .-This central drainage channel has altered its 
course f?r ~ few mtles a~ shown on the map. The former small creek 
joining 1t With the Nuna nver at Mahakalpara has recently opened up 
again "ince the canal and flood bank to Ja.mbu has been abandoned and 
breached. 

The Berupa ril·er.-The Mahanadi and Berupa anicuts were con• 
struoted about 1869. Ail previously mentioned, the construction of these 
aniouts possibly prevented deterioration of the Berupa river .. 

The Chota Gengnti river on the left bank of the Berupa was cut off 
at its head by an embankment about 1875. 

The Bara Genguti branch of the Berupa is the main river and has 
been and still is developing steadily at the expense of the Berupa which is 
now less than half the size of the Genguti channel. 

The outfall conditions of the Berupa into the Kimiria has changed 
considerably since 1843 as tbe map shows.· Formerly the Kimiria river 
continued down the Kelua, and the Gengnti-Berupa joined it above 
Indipur. The Berupa also had a small channel into the Kimiria at tbe 
Kelua head. Sino· then the Kimiria has abandoned the Kelua channel 
which is now insignificant and has taken over the Beru pa channel. 

The Brahmini river.-There is no noticeable chancre in the 
Brahmini above the railway brdige. The river continues to sc~ur its right 
bank 1! miles upstream of the bridge. 

The big alteration is at the Pattia-Kharsua bifurcation from the 
Brahmini. In 1890 the Brahmiui and Pattia auicuts were constructed and 
prior to that the Kharsua river, which took off mid way between the 
present Brahmini and Pattia bilurcation, was cut off at its head by an 
embankment. At this time the Kharsua was said to be improving at the 
expense of the Brahmiui. Subsequent to this and prior to the construction 
of the anicuts the Pattia river took the part of the Kharsua and developed 
in its upper reach, removing the isl.,nd which masked its head. 

The Brahmin1 has shown a steady d Jterioration up to recent times. 
Many big spills chann~ls opened on its l· ft bank downstream of the Pattia 
offtake but these have been closed since 1933, and one high level revetted 
escape allowed just below the auicut. The aniout which was largely 
sanded up except on the left bank has been demolished wherever it was 
exposed and the river now s·cems fairly steady, with the deep channel on 
the left bank slightly improved. 

At the Kimiria-Brahmiui bifurcation the Kimiria head is widening as 
its left bank scours and there has been strong scour of late. The Kimiria 
is perh~tps improving slightly at the expense of the Brahmini but definite 
proof of this is lacking. 

The Brahmini and the Kimiria have deteriorated since 1858 and 
a comparision of some river cross sections indicates a general bed rise of 
about 4 feet until the tidal limit near Indipur is reached. The evidence of 
this 4 feet rise is not &ujficiently widespread to be considered quite satisfactory. 

The loop spill channel on the mid Brahmini right bank as seen on the 
map has now deteriorated to negligible proportions. The big bend in the 
Bra~miui just above the junction with the Kimirie. was cut off about 1933 
and IS now largely moribund, 
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In the tidal reaches of the Brabmini several alterations have taken 
place ail shown on the map. The most important is the narrowing of the 
neck of land between the Kharsua and Brahmini above their junction and 
the extension of this neck of land south wards with corresponding heavy 
erosion on the right bank into the Hansua river head. The narrow neck 
of lar.d between the Kharsua and Brahmini has been reduced from 1,800 feet 
to 650 feet and the right bank erosion at the Haruua has eaten away half 
a mile and developed a cut-off char.nel to the Ha!lllua river. 

Tbe Maya para branch of the Brahmini to the sea shows some altera­
tion in its bends and some silting at its head. Off its mouth three new 
islands have apjY.)ared between 1920 and 1930. The river month has 
extended hut little. 

The Hanaua river.-This river has developed a cut-off channel to the 
Brahrnini as above mentioned and thus shortened its course to the 
sea by 3! milei!. It is developjng continuowly by dee!Xlning it~ bed and 
undermining its banks. 

The Pattia-Kharoua.-The construction of the anicut and alteration 
in bead have already been described under the Brabmini river beading. 
The only other major alteration in course is the cutting off of the 
Kanika loop in the tidal reaches as shown in the map, and the extension 
of its junction with the Brahmini as already noted. The Burba· Kharsua 
continuous left Pmbankment was constructed with the Burba and Baitarani 
anicuts in 1-70-72. 

The upper Kharsua seems to have widened somewhat but there is no 
proof of bed alterations. 

The mid Kharsua has deteriorated badly owing to the numerous 
spills channels developing on its right bank such that the width in plaees 
has reduced from 600 to 400 feet and in some places the bed is raised 
about 3 feet. The Sirnilia, Tanti, and Palasahi spill channels on the right 
bank of the Kharsua w~re revetted at their head to form low level flood 
escapes, probably at the beginning of this century. A noticeable reduction 
has been caused in the river section below since the Rautra Ghai, upstream 
of Binjharpur, has remained open since 1926. 

Tbe Kharsua channel downstream from above Ani, where the general 
flood spill largely returns to the river over its right b!lnk, remains in very 
good condition. 

The Burha river.-Tbe Baitarani and Burba anicuts as also the con• 
tinuous embankment on the Burba and Kharsua left bank were con 
structed in 1870-72. The Burba river was observed to be increasing at 
the expense of the Baitarani. The anicuts have lessened tbis tendency but 
it is still there as the Burba anicut is slightly lower in level and bas more 
•luiceway tban the Baitarani anicut. 

The Jamuna r ver on the right bank of the Burba some 2! miles below 
the anicut has increased, although at pres~nt it seems fairly steady. It 
now takes most of the cold weather flow of the Burba. 

The Baitarani rive~.-The upper Baitarani left and right embank­
ments and tbe lengthy right embankment below the ani cut were constructed 
or reconstructed with the Burba and Baitarani anicuts and irrigation 
sohemes about 1870-72. 
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The ri ht loop of the river a few miles belo« the ani~ut, has bee.n 
tsa.dily de~erioratin"' and the left loop improving. It is possible that. t~1s 

feft channel was for~erly the Gengnti river head. There IS ~lso a ausp1c10n 
that the Genguti branch river on the lef~ ban~ below Jajpur has been 
increasing slowly at the expense of the Battaram. 

The Kochila loop river is improving slowly at the expense of the main 
Jlaitarani and now takes the cold weather flow. 

QENEBAL DEDUCTIONS FBOM THE STUDY OF THE HISTORY OF THE DELTA AND 
ITS RIVERS. 

Certain general deductions may be draw_n from th.e above account of 
the delta and its rivers. Th~se may be poss1bly qualified by the use of 
training works and other causes entered into elsewhere. 

The Mahanadi delta and its.rivers appeo.~s to h~v~ developed as an 
Jm t free delta formation subJect to certam restnctwns such as th~ 
:lo~~g up of its growth by the s.trong littoral current,. the sudden upd~ing 
of the coast at one period w.1th 1.ts effects on the .h~terland and r~ver 
courses the chief being the d1vers1on of the Bhargov1 rtver to the Ch11ka 
Lake and the unnaturally quick growth of low lands on the north-east 
caus~d by the littoral drift up the B~y of. ~engal and also by the 
llrahmini delta slight interference. The ttdA.l l.1m1ts appear to ?e much 
the same- as in last century. Although some nver beds have rrsen and 
other lowered, average bed levels are much the same as in last century and 
the average flood levels have not risen although flood distribution has 
altered. As such the present Mahanadi system may be considered as 
fairly stable. 

Certiain alterations in the relative growth and deterioro.tion of the 
rivers are indicated. The importance of the relative silt charge at the 
head of a branch river as affecting its future weal is demonstrated by many 
cases. The present favoured channels seem to be the Katjuri-Debi the 
Nuna, and po~sibly the Paika. All of these are in fo.\"ourable situations to 
continue as good channels provided there is no great alteration of silt charge 
at the bead. The Daya is in need of ,-ontrol from Tirimul to the Chilka lake 
via the Makra. The Bhargovi, if given an outlet near the Sur Lake 
should become a more efficient river improving its capacity and lowering it~ 
bed. The Kusbhadra may improve somewhat but not to any great extent 
as it is old and small. The Praohi caTlllot be resuscitated as a good river 
The continual erosion of the Katjuri right bank between Naraj and th~ 
Kuakhai, with heavy scour .at the Kua~hai head ~s di;sturbing as altering 
the bead of the Kuakha1 and poss1bly aifectmg 1ts discharge in the 
future. The Katjuri-Debi will continue its tendency to work its way 
;westwards il~to the land. The Maha.nad~ ca~mot be expected to improve in 
1ta lower mtddle reaches. The Pa1ka 1s hkely to continue to improve 
slowly at the expense of the Mahanadi. The Chitratola below the Nuna 
off take is likely to deteriorate slowly and the Nuna to increase and form 
a more efficient channel. The Pothi loop river is likely to improve at the 
expense of the Nuna. 

The Brahmini delta has not developed freely but has been interfered 
with on one side by the Mahanadi delta on the other by the Baitarani 
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delta, and across its face by deposits from the Mahana di and by a. rise in 
the coast. The Kimiria. loop branch is likely to develop at the expense of 
the Brahmini loop. The Brahmini river generally is not like! y to get any 
better. 

The Han sua river is likely to increase up to a certain stage as the 
Brahmini and Kharsua river cut into the land opposite their junction but 
later the Hansua head will not be in so favourable a position and if the 
sea continues to break through the Hukitola Isthmus the Hansua mouth 
may also be affected. 

The Pattia-Kharsua river is a good going river ·not so old as the 
Brahmini and the general line is good but it is in a bad position from the 
Kani Nadi offtake to Aul, and improvement there seems difficult. 

The Bo.itarani is not capable of much improvement. Its Genguti 
branch is not likely to improve at present. The Kochila loop channel will 
continue to improve at the expense of the Baitarani. 

IT the sea continues to scour away the coast just north of Hukitola Bay 
then eventually it will break through into the low lands and creek behind 
and the Mayapara mouth may be partly closed and the newly formed 
Wheeler Islands be washed away again. 

Generally speaking, the combined deltas seem to be in a fairly stable 
condition as evinced by their past history and present condition and so 
may be amenable to training and extensive flood control. 

J. SHAW, 

Executive Engineer, Flood and Drainage Division. 
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APPENDIX IV. 

comparison of Mahanadl, Godavari and Kistna deltas and rivers. 

The Godavari and Kistna deltas and rivers were inspected and studied 
to determine whether the rivers of the Orissa. delta. were similar in features 
to these Madras rivers. If that was the case then it would be possible to 
confine the floods of the Orissa rivers within double marginal embankments 
to near the sea as has been done in the Godavari and Kistna rivers for 

:>'ninety years with no apparent ill effects. 

"' The first important point is whether. conditions in the Godavari and 
Kistna deltas are satisfactory, i. e., have the river floods been satisfactorlly 
controlled and does it appear that the confinement of these rivers has not 
resulted in the raising of their beds and flood levels with time. Both the 
Godavari and the Kistna floods are completely confined within double 
marginal embankments since 1853-55 with no apparent progressive rise in 
flood or river bed levels and with no consequent necessity to raise the 

· flood embankments. Trouble is eltperienced by scour of the river banks at 
places but this is local and to be expected and the rivers are not 
"swinging" in any way. The situation as regards control of flooding 
without deleterious effect on the river or embankments is fully satisfactory. 

> 

A comparative statement of the features of the Mahanadi, Godavari 
and ~stna is attached from which the following points may be 
emphasiSed. 

The Ma.hanadi obviously has a greater intensity of rainfall in the 
catchm~nt than :he G.odavari or Kistna as tbe discharge is so much 
greater.tn .companson wtth the catchment area. The typical flood season 
curves mdtcate that the duration of high floods is much the same th h 
for the ~ahanadi i~ !a possibly longer.. The Godavari is different how~~~r 
m that tt gets addtttona.lsmall floods m October and November due t th 
south-east monsoon and its minimum discharge of 1 500 · 0 e 
small as the 200 and 100 cusecs of the Mahanadi and Klstna.cusecs ts not so 

The Mahanadi flood slope is 1·6 feet per mile · · 
1•17 feet per mile for the other rivers. The stra~~~~!!1 fr~~oMm~tely at the delta head to the sea. is 1·67 feet per mile for the M h d' · · L. 
th~ Godavari and 1·36 (1·43 in the extraordi fl da ana t, 1·39 for . 
K.istna. nary oo of 1903) for the 

•re ThehMahanadi delta is larger than the others and the. river b h 
Q muc more numerous The loop · ranc es 
delta are not found in th~ others Th~v~s ~o pr~vale~t in the Mahanadi 
river banks are generally hard biack soil. oo~;r~ ~h K!~tna ~elt~s and 
the Mahanadi system is hard black soil found t e mt Debt rtver of 
t'nhrall~ has abou.t 10 feet covering of lighter s~iin~:;e~~dewnt.:n? this 
Kist~~~ • except m the clayey Debi, are less than in the a G~:f:v!~n ::~ 

The a~erage bed sand of the Mahanadi system is 
the other rtvere and the occurrence of gravel is less. smaller than that of 
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In my opinion there is no good comp~rison between the Mahanadi 
syijtem ~nd that of the Godav~ri ~nd Kistn~. The chief notiooahlo 
iliff ere nee is the nature of the general soil of th · del~ and consequently 
of tho river banks and to ~ l~rge tJXtent of the bed material also. Where 
hard black soil~ occur ~ in the mid Dehi there is ~ Jistinct resemblance 
to these two Madras rivers, i. e., ~ deep trough-like section between high 
stiff clay banks. The difference in char~cter of these rivers ~nd their 
deltas with the ~lahanadi is fundamentally the different nature of silt 
and silt charge which has been coming down these rivers from the 
tJ<'ginning. '1 he Kistna and Godavari bring fine washings from bl~ck soil 
catchments with a certain amount of coarse sand and gravel whereas 
tho Mahanadi catchment washings ~re mainly fine to coarser sand. 

The Godavari and Kistna h~ve ~ better hydraulic section which 
makeR up for their smaller slope. Although their 111. F. L. is higher over 
the banks than the l\lahanadi this is caused by the confinement of the 
flood within the embankments. The Mahanadi is the shallowest channel 
of the three. The monsoon flow of the Godavari and Kistna. is 
concentrated between their high banks while the Mahanadi flow is often 
dispet'llcd. The result is that the Godavari and Kistna even with less fall 
per mile have a better bed cleansing power and dispose of their bed silt 
which is coarser than that of the Mahanadi. 

While not being able to strike an exact parallel with the Godavari 
and Kistna, which appear largdy to have taken their present desirable 
form naturally and not due to embanking, the present state of these rivers 
offers every encouragement for such a state in the l\lahanadi system 
especially where the natural features such ~ hard soil and high banks 
occur. Application in other cases is doubtful. 

Detailed reports on the Godavari and Kistna rivers and deltas have 
be~n prepared and placed on record. 

J. SHAW, 

Executive Enginur, Flood and Drainage Divi~ion. 
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Comparolit~Jeaturu of the Mahanadi, Godavari and Kistna rivera. 

Unit. 

(;atchmcnl Area Sq. miles 

Length of rlvor to della Miles 
heod. 

f,,ngth from centre of Miles 
catchment. 

Total a .. rago rainfall In Inches 
catchment. 

Mn::rironro diaoharge ••• Ousecs 

Minimum discharge Cuaeoa 

Flood rise in monsoon Feet 

Average diatanco delta Milos 
head to sea. 

Anglo included by delta Degroos 

Area of delta 

Number of main bran* 
ches near beaU. 

Number of ecpa.rate 
branches to sea. 

Sq. miles 

Mnximum width of river Miles 
above delta. 

Minimum width of river Mileo 
above delta. 

Mahanadl. 

(July to 
t<lmbor). 

61,0001 

466 

260 

94 
Sop. 

200 

26 

55 

98 

2,940 

2 branchoo at 
head and 4 
wltbin 9 miles 
of head. 

6 

Width of main branches Milos 
ncar head. 

.. G·6, 0'4, 1·~. 0'2 

R. L. of river bed at R L 
delta head. ' ' 

R. L. of M. F. L. at delta R. L. 
bead, 

Average fiood slope above Ft/M1 
delta. 

Aver go fiood alone in Ft/"1 
delta to tidal limit. .u 

Do. 
r-h••· 

in tidal Ft. 

2•21 to 1'62 

1'68 to 1'21 

o·es 

Godavari. Kistna. 

115,000 97,060 

860 750 

806 so~ 

Not known Not known. 

1,600,000 1,060,880 
to in 1903. 

1.9.7,000 770 000 
doubtful. usual maJCi· 

mum. 

1,600 100 

80 85 

40 50 

169 114 

1,955 2,110 

2 Ni!. 

4 4 

4·~ 2'4 

1 '5 

1'8 to 1'1 No branohea. 
:Main stream 
1'2, 

91 89 

65'6 70'55 
crdln.ry ma%i• 

mum 6o·O. 
1•21 1'17 

1'12 1'17 
1'19 

1'0 0'96 



I 1om • Unit. 

. 

Tidal limit from eea ... Miles ... 
Averago depth of obann•l 

below bauks near delta 
Ft. ... 

head. 

Deepest scour below Ft. ... 
banks excluding t•dal 
reaches. 

Height of M. F. L. over Ft. ... 
a.verago banks outside 
tidal reaches. 

Average surface velocity JPt.JSec, ... 

Nature of delta soil ... . .. 
I 
I 
I .. 

above I River bat•k E!Cil ... 
delta. 

River bank soil , b' I Wit ln! .. 
delta. • 

Average size of bed sa.nd Millimetres 

Size a.nd prevalence of· 
••rg• hod m•t•ri•I. 1 

I 

I 

~II r1vers. _ 
Anicute or weirs 

.. 
Extent ot tlood em~ank· 

ing. 

4.4 

Mahanadi. 

22to 28 

18 

61 

4'0 

6'5 

Sandy loam in 
upper river 
half, clayey 
in lower areas, 
and black soil 
in some areas . 

Sandy and 
sandy loam. 

Sa.ndy loam 
and light clay 
with hard 
black so i I 
below in some 
branches. 

0"42 

Very occasional 
grit up to 2 
mma. and very 
oeeasi o na 1 
gravel from i" 
to i" and l". 

Delta head 
ri'Vcra all 
controlled by 
three separate 
anicute, 

Scattered system 
of embank· 
ments. some 
don ble, nome 
single, some 
continuo u e, 
some inter· 
mittAnt. 

Godavari. 

25 to so 
19 

56 

5'8 

4'25 

Uniform he.rd 
black soil with 
lighter black 
so1l occasion .. 
Rlly. 

Hard black 
soil. 

Hard black soil 
with occasion .. 
al made·up 
silty bank. 

•48 

Occasional grit 
up-to 2 mms. 
nnd occasion· 
a! gravel lil' 
11' and lt"· 

Two main 
branches con· 
trolled at 
bifurcation by 
four anicuts . 

Double rnorgi. 
nd embank· 
men·s to 
within a. few 
miles of sea. 

J. SHAW. 

Kistna. 

24 

15 

86 

ll'O Ia 1908, 
s·o ordi· 
narily. 

7'6 
(doubtful, 

e.vera.ge less). 

Uniform hard 
black soil 
with lighter 
black soil 
occaeicnal!y. 

Hard black 
soil. 

Hard bla o k 
soil with 
oocasi o n a 1 
made up silty 
bank. 

"48 

Ocoae ion a 1 
grit up to ~ 
mms. and 
frequent 
gravel ;l • to 
i" and 1'. 

One an.iout 
across main 
river at delta 
head. 

Doubla mar 
ginal ern 
bankme n t s 
to within a 
few miles ol 
sea. 

E:xecutive Engineer, 
Flood and Drainage Divi8io'fl, 
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APPENDIX V. 

Action taken on the recommendations of tile Orissa Flood Advisory Com· 
mittee as laid down in the Second Interim Report, para. 24. 

1. Channel from Dhanua Right Em~ankment at Siaro to Dal Nadi at 
Tarhana and repairing the Dhanua Right Embankment. 

Two estimates w~re drawn up for the work, viz., one for raising, 
strengthening and breach closing the Dhanua right embankment and the 
other for the construction of the channel from the Siaro to Tarhana. and 
closing the Dal Nadi so as to restrict flow into the Sur Lake only. 
Government approved of the estim>ttes for Ra. 4,064 and Rs. 45,400 
respectively. The approval having been received too late the works 
could not be taken up prior to the 1941 floods. Afterwards there was 
objection from the landowners to give land free of cost and correspondence 
is still going on for obtaining land free. 

Z. Preparation of design for escape on the B hargovi river left bank at 
Gobakund and channel from there to the Sur Lake. . 

Levelling was done and a rough estimate amounting to Rs. 3,17,000 
was drawn up consisting of Rs. 2,62,000 for the channel, a lump sum of 
Rs. 40,000 for the escape or sluice and 5 per cent for contin~rencies. An 
ordinary escape was out of question as the drop in level would be too 
great. After further consideration of the flood details and financial 
aspect of the sohc.me, it wa.s held up until further general investigation was 
conclu?ed. Durmg the 1942 meeting of the Orissa Flood Advisory 
~ommt~tee the Com~ittee have advised preparing an estimate for 
1mprovmg the Kanchi head by construction of a channel from the 
Bhnrgovi ~o t?e Kane~ from near. the 27! mile of Bhargovi left to ! mile 
of Kanch1 rtght. Thts latter Improvement will cost little and the 
Gobakund out is to be held in abeyance. 

3. Construction of masonry sill in the Sur Lake Sea Cut. 

Government sanctioned and finally approved the estimate of 
~s. 20,000 for constructing a masonry sill at R L 7· 0 Th k · 
1n progress there being some d 1 d t · · . ·. . e wor IS 
wagons for carriage of rubble frome ~ar~~s o ~~:-~;~tlabt~~y of. railway 
completed, only flank revetments a d . · h I p~r ton lB nearly 
The Committee have n d . d n. approac es remam to be done. 
at R:· L. 3·00 instead of:t ~."r.e 7·0~avmJ the ?entral ~00 feet <_>f the sill 
portton the remainin an pending des1gn of th1s central 
to be filled up tempor!rn;n~oi~~t%c~~fe ~~;~et of the central 200 feet has 

4(a). Raising and streng:J::ningdKh~llbhadra em~ankments and extending to 
san t s near the coast. 

Executive Engineer South b . . 
strengthening the existin Go ern, au mltted estimates for repairing and 
The estimate for the rigti1, v~rnkent e~bankm~nts in the upper reaches. 
no .a~!otment given. The e:ti~at~e~!r IS sanctiOned for Ra. 32,430 but 
revtston. The rough cost of the . . the left embankment is under 
toRs. 436,700 including Rs 1" O~~fammg works to the sandhills amounted 

. o, or escapes and sluices in the proposed 
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embankments. The Committee have reaffirmed their opinion about 
construction of these embankments in their February 1942 meeting. 
Survey is now in progress for the preparation of detail estimates for the 
work. · 

4(b). Closing the eastern loop of the Kmbhadra near Beiipur. 

This will be taken up along with item 4(a) above. 

5(a). Investigation for confining the ·xatjuri-Debi river to a single channel. 

Cross sections a.nd contours, etc., were put before the Committee in 
theit· February 1942 meeting and after considering the flood situation they 
have now recommended extending an embankment along the Kanda.! 
right bank, closing the Ta.unla. river head a.nd joining up with the 
existing Debi. right embankment and continuing this to the T a.unla 
outfall. 
o(b). Taking over and reconstructing the private embankment on Katjuri right 

bank from Gobiniipur to M anikuniia. 

The detailed estimate ia under preparation by Executive Engineer 
Southern Division. 

o(c). Err.tending an embankment between I B and 2B embankments on the 
. Debi right bank in· Kakatpur area. 

The estimate for the scheme as modified by the Oria~a. Flood Advisory 
Committee. in their 1942 January meeting ha.s since been completed by the 
Flood and Drainage Division and amounts to Rs. 86,000. 

6(a). Olosing the breach at Tirimul on the Daya river and constructing a high 
. level escape. 

An estimate had been drawn up for controlling the breach, consisting 
of Rs. 1,750 for flank embankments and Rs. 16,000 for the escape. A large 
sluice with 3 openings and automatic tipping shutters would cost about 
Rs. 4,000 but would not be so desirable. After further investigation a.nd 
discussion the Orissa Flood Advisory Committee have now advised closing 
or restricting the Tirimui breach and providing a continuous right embank­
ment from above Tirimul to near the Monaguni junction. Before deciding 
the· question whether this breach should be closed totally or simply 
restricted, further study of flood data. is required. 

6(b) .. Restoration of lower Daya left enibankment. 
Estimate for the work amounting to Rs. 15,805 has been sanctioned 

and work nearly completed. 

6(c). Linking the Bhargovi left embankment with the Nuna salt embankment 
at the 0 hilka lake. 

No action has yet been taken on this. 

7. Investigation for flood control of the Brahmini-Kimiria area. 

F~ood ~ata were collected and . recorded. and put up before the 
Committee m the 1942 February meetmg. The1r recommendations are to 
be found ~ that T~ird. Inte~im Report. General i!"vestigations are however 
to be !lQntmued wh10h IS bemg done by Executive Engineer Flood and 
Drainage Division. ' 
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B(a). Cancelling theformilr proposals to remove the Gajaria and Uttilcan 

embankmenbJ. 

The matter has been dropped as recommended. 

8(b). Preparation of comprehensive flood protection scheme for the Brahmini- · 
Kharsua area. • 

Data and the results of further inv~stigations were put before the 
Orissa Flood Advisory Committee and recommendations subsequently made 
in their Third Interim Report. 

8(c). Hansua Creek Investigation. 

Data collected were put up before the Committee in January 1942" 
Investigation is to be continued and put up later. 

• 9. Acquiring statutory powers for levying protection cess. 

The matter of revision of the embankment laws including the realisa­
tion of cess has been discussed with the Civil Department and is under 
consideration by Government. 

J. SHAW, 

February 1942. 
Secreiary, Orissa Flood Advisory Committe 

DGP (PWD) 33-500-8-12-19411. 


