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Lroceedings of the Madras Government, Public 17077:"{»’)35;@2{7(”6“’ ‘ ‘ i %
. | ‘ ¢ "" ) ’ 18tk A])ril 1873' . .hl. - - “ ut“"‘.‘.&.{,\; ~ ° i hl";
No. 305. ) Read the fol‘low"ing Circular letter from the'G(')'vGrﬁmén t'.ILL u’t“ . B \i’\
-+ Public Works Department, (Buildings and Roads—Miscellanegus v - dia,

-+ Governments of Madras, Bombay, Bengal, the North-Western ;:f;iito' the
‘ lces,

aid the Punjab in the -Public Works Department; the Cp; ~
sionerg of the Central Provinces, Oudh, British Burl;b.h, andlit[' Commg .

,

ysoreang. . -

>

Coorg ; the Resident at Hyderabad ; the Agents to the Governor-
‘ for Central India and Rajpootana; the Consulting Engineers ¢ Lo
Govgm;nent of India for Guaranteed Railways, Calcutta, Lahor 0 the- L]
- Luckwow ; the Officiating Chief Engineer, Punjab Northern (Stat'e;’:Rax}d S
- way; the Engineer-in-Chief, Indus Valley (State) Railway ; the gy 3:11-
tending Engiricers, Delhi’and Agra Districts, Rajpootana (State) Ra iI;erm.
ITolkar, Neemuch, Northern Bengal, and .West Rajpootana (State) I‘;a'y L
ways ; dated Fort William, 26th February 1873, No, 11 .— aq. ,

»

Geheral R .

I ax directed to forward for information the accompaﬁying Printed papery ’ 1 o
the subject of the flood discharges of rivers, and to state that the Gove,~nor_Gre 8 on _ S
in Council desires that reports may be. furnished in the form annexeq as so mﬂ‘al' S
reliable information of the kind specified has been obtained, . o ag " N

2. These reports should be submitted once a year aftéf e ‘ s \ : o
) p ] A Hhefriig y . L aCh raln}r.SQaSOH. . C

L Lo (Signed) scoTrT, . i:- - o
wed oo | :_:“‘;. " Asst. Secy. to the Govt""flndg'aj Ce

e’

“ Memorandum submitted to Capt_aiﬂ 3." G.‘FORBES, R“E, Qﬂiciating Sdperl-inte ding ' 3
Engineer, Irrigation Works, Oudh, by T. E. HEAFORD, Esq., Lrecutive Eng;‘n:ng i 4
Irvigation Works, Oudh, on a Note on the ¢* Flood disclarges of rivers" by Lie etr_ o .
Coloncl DICKENS, R. A, in No. 7 (Vol. 2) of Roorkeo Profussionsl Papers (Jay 1900, :
and on a Report relating to the *“ water way of the Sye Dridge” by Lieut.-Col, ), , i
IIUTCUINSON, R. E, printed in No. 13 (Vol. 3) of. Roorkee Professiong) P el STy
(November 1566), dated 17th February 1872, . o apers ‘ o Zg

g

3

E

|
N

" No rule, however reliable experience may have proved it to be, should ever be aﬁSOiut'y

relied on in estimating the water-way to be given to a proposed bridge. Nothing, I believe ‘é: 7 B
“ and T am sure nothing should, ever relieve the Eng;neer of the duty of making bimge}f thoro,ugh;)ﬂ R
acquainted with the spetial circumstances of each case in which he has to act. . o y
But it is desirable to have some formula which may be depended on for roﬁgh estimat

' . . * . e, “a, ) R ‘
which may be used as a general check against material error in the detailed design. od .

Colonel Dickens has attempted to make such a formula, and in a Note publishod” in the
Toorkee Professional Papers {May 1865), shows reason for estimating the maximurm discharga =~ - . +. .-
of a river as equal to 825 times the cube of the fourth root of area of catchment basin, 3, g L

M == drainage area of river in square miles. , L

»*
.

Let D = discharge at highest flood in cubic feet per second. e

» 5 . . .

Thea D =825 M%. | - T _ LTy

¥ »

This rule is suggested by its author’ quite as much with a view of in\}ining discussion é.nd
further inquiry, as from faith in its general applicability, and the difficulties in the way of arriving '
at any satisfactory formula, are by no means lost sight of. » ‘ . - g

- ** Remembering,” he very justly says, *° all the differences of éoil, ‘declivity of ‘draina e‘
basin, and rain-fall, it is evident that such a formula cannot be anything befter than a r gh'
approximation.” | ' | S




- o s most important element in the cal
y area as such, irrespective of any other

tions equal. Byt i
: ' I comparatiye] .
Ing a flood dischargs, ¥ small areas it ea

sin of, say, 5 8quare miles, should,
but it is quite inconceivable
I over an area of 500 square miles.

daily rain-fall returns of the Qudh
onda, which appears to be watered by
rn and Central Oudh, the returns show
usually large rain-fall, the remaining
A brook, there

a Yery much larg
POSSib]y have'

fore, dra.ining
er duty to do a

it would
rain-fall

» and using mi as before t'h ient i ‘

! ’ s the co-eflicient )

ram-fall per hour carried off, 1 ot o5 aual o Terage of
Careful observations have been made o

Lucknow by several independent observers,

mum ﬂooii discharge appears to be about 27
Square miles, and calculated ag p ’

nearly % i : ’
arly 1 inch per hour on an average of 24 Lours, . n the Lucknow gauge registered

The Ganges at Cawp 00T drai
Dickens' rule, dischargs POOF draing an greg of about 34

The actua] dis

the co-eflicient ©quals aboyt 92 ;
¢arried off, »

w

nd to be under 530,000

nstead of 825, equal o avcubm feet, or, ir ai

be used as before,
€rage of ‘013 ipch pe

r bour of rain-fall .

-

culation is the areq of catchment basin, that
consideration, and supposing all other condi-
anot be uged directly as a factor in calculat-
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: table, g.x;ld in order of area, we have—

5 "*“z»‘m;q‘ ) - ' P
Eali NS . i
A ~

£ L
Vvt

Thrmey . - -
. . N“m—sw.e f, . . ’ S iwﬁ
P - Al “\ e ) cC T
N o e S 7 Works .Department,
Lroceedings of the Madras ¢ overnment, Pypp 35, e
-7 - o ) ' . > ic ' 41‘ ‘:-.A
: Ty - 18¢% Apr,l 1873, ] Vor""‘bé‘p‘;'
Tabulating the above as under— o
) ’ " Arey, o -
Jumwaree ... - ee . 65 o 1".3 S .
. » - and Suraen .., S . 328 148 M {200 M‘)
© Goomtee . ., e e «. 3,861 eq
Ganges R 84,000 - 92 J
it appears that when Mt s used in calculation, a much larger °°'°ﬂicien-t o -
become smaller, 18 re

. - 3 . o ‘Inireq a8 the ar
This is all the more clear if it be borne in mind that the Jummgreq hag ’ Aregy
fall than the Suraen, and that, if it had the same declivity, the co-efficien

a much R
would b °59 rapiq

quite 200, ‘ : - ,
Colonel Hutchinson, while Chief Engineer of Oudb, had occasion t, apply. th"f
. ) . ) @ orm .
825 mi, N e

e found that it éave a result ‘much in excess of the actdal flood discharge, o, d wa, .
try its application to several other cases in which the discharge was approximate 48 leq ¢4
by using as basis of calculation the water-way of the bridges which had successfully wigp
severest floods. - : o . - -
His note on this matter has been ‘made public in No. 13 (Vol. 3) of the Roorkes _’p,.qkb
sional Papers, and although discharges calculated merely from"water;’v{ ¥ of existing
(which might, of might not, be considerably in excess of actnal requireme:, ,8) and with ap, assumeq
velocity cannot be considered very reliable, they still ghow 1nark¢dly that M does not adequat ely

represent the variations due to extension or diminution of area, and that 825 M} is much toq

large a discharge for Oudh Rivers, ad under. -

1 have not taken into consideration Colonel Hutchinson’s case of the Géomtee ‘at‘Sultanpoor,

- .

a3 there z;ppears to be a considerable error in the data. ‘ .
‘The catchment basin of the Goomtee at Lucknow is 3,361 square miles, it must be therefore

very much more than 3,600 square miles at Sultanpoor, which is some 80 miles lower dowy ‘
" stream, in which distance, moreover, several important tributaries having large catchment basing
* are received by the— Co ,

. Area ' Disoharge

. : ' c in8q. M. . fi. por necond.
River Loneo e o e e e e 120 RUALEN
»» Sye at Bunnee . 240 106 ai
w . at Roy Bareilly ... ... e 960 963 ¢

- Thd co-efficient varying in an ill-defined ratio in':ve'rsely as the area.

) . - 3 . .
But although we find that the discharge varies inversely ag M x, that is to say, a8 M governed

- by some fractional index (whatever it may be) in relatively small areas, it by no means follows

that the same index -3 applicable to very large areas. Indeed, it does mot seem probable.

* Putting the streams I have drawn attentich to; and those mentioned by Co@gnel Hutchinson, in one

NEL .

Area " Discharge,

) . i in 8q. M,
Jumwaree i 65 ) 200 M %
Lones .. .. o i .. 120 “127 0, .
Sye at Bunnee... ... . .. vee - s 240 106 ,, ‘ - ,
Jumwaree and Suraen... ... . .., ... ' 326 148, :
Sye at Roy Bareilly Sl el el 960 9% ,,
Goomtee at Lucknow ... .. .- . 3,361 ‘ 64 ,,
Ganges at Cawnpoor ... . ... .. . .. 84000 92,

The discharge of the Sye aud that of the G;mgeé (the latter having somej:)u'ng like thirty-five :
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“ o T T T , y g - Droceedings of the Madras Government,. Public Wo";‘;%a"ié,; 5
AR e —— 5 — 0 ; e L - 18th April 1873.. : : , o
St T e e —aeugs of the Madras Government, Public Works Dcpartment, I L - ~ ; . T :

“ N _' - “—J*'« "';; — 77 . J '! ' . E - te ‘. V- - “. L . . T - Ak‘.li";u,
RS e 18th /Iprzl 1873. ] ‘1 : ‘, the highest'floods. To take at each of these points a ¢ross section of the riyer OT brook, ], . - '
vl i . . 51 ; dinal :e ction, say, } mile up and down stream, to fixa B. M., for reference ip the mﬁg;xbo :nfxtu- M
L times the drainage ares of the former) seemg ascertainable by the same formula, and to be a ; PR ; i éii:eét’ the Chowkeedar of the nearest village to mark, daring the rainy seagop the poirﬁt W TR
o , ) . L : ) : . . ; ‘ : ' : RN
P . little more than g nt, This may be only a coincidence, and jt were idle to base a conclusion A . i . highest ﬂcfodrea‘c_heggby a r:otch on a tree or by a ftéi.lt peg. ‘ T 0 SRS
e on such insufficient data, but I thipk it probable that the index §, which does not appear f? N ):;. : ‘ P({ssibly, it roay not gves beéhe‘cessary to wazt'tltl;l n:xt; inégh iiotds.bzfore Ccollecting informy_ ;
ek < e, < ‘ . u ei . -
T :de‘l‘:’ftely to represent the variation in small areas, will be found ample in very large once, and [ i"' { tion ; in many cases the. villagers may be able to pon? out gatto which the last higy floca, .
U ' OF this reason we haye seen that, in rivers watered b in-cloud, the flood discharge Lo ’ ; ient accuracy.. .. ‘ o R L e
= ; s Yy one rain-cloud, the floo B rose with sufficient ac P T a
per Square mile dramed decreased rapid]y as the area incrensed, but there must be a limit to 3 - ] . The flood aischarges,(zgn H({Wbe calc_glated, and thet levelﬂs::::: ::; th? Sa,rdah C%D&I PPOject :
the application of the same ratio, whatever that ratio may be.  This limis is the area generally 4o will furnish the watgrgxhed-ljges, angy therefore, correc ar.e;a:x i lelr?f_cat_chm‘?nt basing, ot
. . VY . . . LY : ' e i e ; by collect S
t';:tnt:r:d - h°n° 1'1‘;“1'010‘1‘1 g (rining 100 uate miles will havel e fwe: { . .iglg ’ -A number.of cases collected aga:qmri;}l cost will be avallable ; by ‘&08 them, ¢}, Tatio o4 x 4
nuch smaller maximumy fall of rain per 8quare mile of its whole area than a broo ' § ; iJkbe determined. o S o - oo
- to flood discharge w ¢ ] : all ie ar s . o
draining 5 8quare miles, but the Tmaximum rain-fall drained per square mile may Le the sameon a L ; ares ari n of the result so obtained with streams‘)ﬂ%wfng “:here the rain-fall i Stmilar, by, - T
catchment basin of ) 000 v b tered k ‘ A comparlso' #v different, will lead us to an approximate measure of the inﬂuence e
b ! 1 A 8quare miles and on ope 0f10,000 square miles. The one may be wate s wherotho declivities ave vefy di erent, 19 t0 8 & : ur 7 R
7 one rain-cloud, the other by ten, [ i . . e g the discharge. T . : Co o
, . fo) ;. which slope exercises on with diﬁt‘ficts subject to a much larger or much smaller rain.fa; vould -1
. T have been at some paing to construct, from the very limited data at my disposal, a table which . . A-ful*therf%n?acmmn 'hird factar In the formula. 4 RV L
might be generally applicable, however roughly, and this in severa] ways ; by allowing the co-effi- . 1 g{ﬁde us t&tke value of the tiﬂ’" "’;ce; and levels of most parts of India are either complete or in T
. . . [ rate sur . vi ine 7
cient to remain constapt and altering the index of M, and Ly retaining M i as basis of calculatu_)n . ,{ ) I undemt‘?nd that ac:; established at most stations ; the data of area.,hdeclglxty f:nd rain-fa]] O
anc'l making the co-efficient a variable quantity, dependent on the area, not in any definite ratio (in i progress. « Rain gauge.? ailable 3s area only, and calculations based on these breel c1ms m;“ be - R
which cage, of course, it would only be necessary to modify M's index), but according to a sowewhat i \ are, therefore, as readi y:v d on one term only ; but even now the fesult can be no more than & b
arbitrarytable, giving multipliers for areas within certain limits. R : more reliable tha,n.those .a.se‘ . ‘ B . flood discharge I}; )
: * N £ h approximation. : IR ts the maximum flood dis - ave . ol T
Al thgse attempts have, however, proved but labour lost. As soon ag jt was sought to apply § roug'_[‘h: iature'of the soil, for instance, maigerlally b':ﬁb.c ’ f rain-fall by different soils as furnigheq . = - PR
R ‘ . the calculation o streams differing either jn declivity of catchment basip or in the rain-fall they . heard exception taken to the comparative absqrptmf::lation where the nature of the soil ig e =
SRR R had to carry off from thosg on which the table was based, the results were obviously incorrect, in . z:v;of:ssor Rankine. A corresponding a.llowanf:e u? cale % W | ‘ o N 3
. : some instances absyrd) . : 7 it acy. . : ‘ ’ ' ‘ R
' e . ; . known, would ensure additional accu‘“ 4 d likewise affocts the discharge, not 8o m“‘fh’ h°"?"e"- RS
: A talle, for 1nstance, which gave aresult agreeing very nearly with known discharges of the 1 Difference in the nature of the rxver:bp. ke dle. but there is another consideration which I
Goomtee at Lucknow (area 3,361 Square miles) Suraen Nuddee (area 326) Ool Nuddee (area 324) 7’ as to make it worth noticing in a rough lmp:wal:;h%earing in mind, particularly in cases where .
ey " . . . I’ v . s 8 WO 0 I i ‘, .
Ey t(hho;h Nuddee (area 8:7) and which appears to be tolerably comprehensive, gave, when ajpplied to ,".\'Jp. ¢ ° think will be found sufficiently 1mpo r;:ntdt;ebﬁon of the stream. - If at right angle; t;)t d;l:‘i::’: ;):, I
..3,2 e Jughoora l\'uddee (area 36 square miles), less than } of the known flosd discharge. : i the river valley is & long one. It is the r more comparatively narrow belts SR
R i The reason Jjes on the surface. The average fall of the rivers mentioned is between 2 and 3 { ’
;;, ; feet per mile ; the fall of the Jugboora is nearly 40 fect per mile,

. ; ) . ‘

revailable winds, the rain-clouds will but water (:II; ousual course of the rain-clouds, these' may
: :atchment basin at a given time; if parallel to i(:é to the draining channel, a vast quantity of
. resp

whick gave results withi

In like manner, the same table
of the Suraen Nuddee

ta in many cascs, including that

N -

1al measuremen

. . . . 5 bably . -
S R sweep all up the-valley, dmchargmg{- wm:mu:\irnish the maximum flood discharge, will prob oA
: : 4 : : * ‘purporting to . r.
. » Bave In the case of itg afflyent the Jum warri, a resalt which differs by nearly o _water.- A gex;.etal formzla, ‘I:':-ziﬁcie:t in the latter case than in the forme
; oue-third from the true flood discharge Iere also the discrepancy is no doubt due to diﬂ‘erenc? 3 require 3 consldef'ablil rger R ' .
) it rate of fall of groung the rain-fall over the catchment basin, ang the nature of the soi] being, a9 R
e Z faras I can ascertain, much the same in botl, cases. o : )
’t A .

AR 2 R

Although it is,

oy ) discharge of rivers’fro
S of area, declivity,
I y

LA I

m the area of catchment

o L ‘ . o . ineer, Sardah
o by €aptain J G‘Fonnr.s R. E., Qficiating Superintending Eng |
Memorandum by €4ptain J. G. ’
and rain-fall, which should

‘ 3 ¢ 1871.
. ; dk, dated Srd Augus
. _— " Canal, on Catchment Dasins of Streams n Oudh,
ssible to frame one in terms {0 ; g .

L

a) ’ i d discharges - . )
, i n the catchment basing an R
1 T bis desirable " Ny ’ "1 July 1865 Government'of India called for adrep;);i :de,-ed e gementa o srenm, -
. alue. To attain this desira M ‘. n PO T re according o .
: object, however, it would be neecessary to collect a considerable number of facts, and to proceed 3 . In July 1605 Gorernmont of e o8 —
e - methodically in analysis of them. / y r ) !
A : . The Government, of India having the M

fong is ziven in the actompanying
it : t d the result of their observations is given in the
7 ' ete., and
gteorologic’al, the Survey;
Departments in jtg own handg,

: * formula for -0
, f Colonel Dickens s i )
i  or disprove the correctness o : g the object
! o ; ding to prove or dispro asing (which, apparently, wa Lo e
Engineeri : : reliable was obtained ten . heir catchment basing (which, ¢ Irrigation :
and spread over avery wide fielq hase),;:cgul?az.df:g;t;f;]g;::e::ﬁ . B ! ascertaining the dischzrgfis offr;\;ir:egr??ntd in 1869 the question was ireferred to t)?e ; g .
- R . . . . . - In iasree ‘, - ) ’ } . v
ST ductmg‘such.an mvgstlgatfon. If 1 n.nuht be allowed ¢q 8ugzest the course the investigation b of Governme.nt ofdh a . S of 1870, and an sccurate map S
- should take, it would be this i~Narrowing at first the field of inquiry, anq taking, “for instance, Department in 011_ ’ accordingly taken in the rainy season Iy ',E‘he data thus obtained ~ -
" ;" Oudh (Oudh is suggested ag being better known anq levelled over for the Sardah Ca‘:al project than f“ " é 2. 'Observations :er.e s of the d'i)ﬂ'ereht rivers aad streams in Ont e Ut and the result of tho
< : . . . . , nt basin i . S . Departm N .
g i xx;lost districts of‘ the same size) and reJectmg. nuddecs ﬂowmg‘ In divisions gych a8 Gonda, in which , . made of the catchme d, Executive Engineer, Irrigation Dep
1}# the rain-fall differs in character and quantity from the general avery
L ‘ streams and others having unusual 4

jecti i 7 . 5 23 used by
A X &0 ; rejecting algo all hill ) : ‘ . in - . the co-efficient of 825 23 use
GCthty of catchment, in ; in short. conﬁning the inquiry to N : It was found correct in many insiances nv it will be seen that 4
d rain-fall are a8 much alike as may be, ’ . :

were made over to Mr. Heafor

LR matad

Obsetvatl)l’.s 18 BhOWn in hls m’ omoxandunl fx (0 ¢1] “hlbh
14

2

- ithough .- ° o
: ivers in Oudh, aithough - = o
the Central Provinces: Wy oorrr. Col. Colonel Dickens u;' tbmz1 large for ri
8 (or .an Engineer specially g ointed for the purpose) be ! ' i s with steep dccmmeﬂs o
. ; instructed to fix upon suitable sites near the mouthg of all riverg {)f arx)xl; ixﬂpodrta‘:;e “?he:; P"?‘Cﬁ' : ' > itis fairly sepliesle © e o
o . cable, these giteg should be fixeq at points gt wkich the gty |
; ,.

°ams keep within their bauks, even in
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. he m v . 3 P 3 ras GO’U — n Work D 9
v of riverg ap accompany; e i i E - ‘ ernment, p. ™ s Department, - .

) area 4 .an.l streams jp 0 ying M, Heﬂford'g 3\ - — H i 1844 April 1873 ublie ,,’;*h.\ i . [
N rainod by phe pie L FOM which emorandun ghows {1 i | | : iy ‘ N
P - iverg Sy a .- e a : T ' . , \ : . o i
| % 3 Sye and Goomtes Pthe ful]ow,,,g tabular etat reas of cn!c.lxment basins i i into the Sutlej was calculated by Colonel Crofton d I - \‘*x . ik
L Source near \[; N » 18 prepared :— atement, showing the total i ; formula would give it as 10,966. as ischarging 19 237 R S i

L Inahk irer / : , - . o TR euly ‘ 5

. . (Ioks ot Arey of atchor f'oomlec, [ : Mr. Heaford's Memorandum is very valuable, and all; . 10 feey, Ca i ¢ j
‘ C e ! : 4 : . . o 4 ' . - A
E lz}(:t;e ot basin of river and tributaries i : :‘zmz‘xrts should, I think, be published. But it may be’ dés,g‘gfaiq, Forbey ey - ~ R
S yaiee, tri . o j ; o intention and s . -desrrable. thy 8" a n ki s
_é urelee, lbutary of Kutna. Square miles. E p L : n('i scope of the fprnrula to be pubhshed:ﬁm themthat I‘Should alone) “ S ™
k Kutng, K ! . 118 i ; It was not intended that my formula for the cdiculz;tion f Co édq 3 foy :twén..ﬂ
2 | Kutng . . . 19 ol i measurements. If a”good record, or even reliable traditi of flood diseh, : or on -
o and tribytap: . 50 ! " extr f , ; raditionary 'k Tgan g}, .
g artmar ‘::?gles.:_ e T 1 ¢ eme floods for & sufficiently long series of years exists for an Y knowledgg op oo aug, o
= . . . r i - . . i C St
2 g;’;’", toutary of Surgen — Y : mtll)on of the.extreme flood rise altogether satisfactory, and whizhr’wer' that woy) dt:° he;g;‘:%'ia .
H { Rei{:ﬁi' N .o ey 523 3 { such a dEtermlflatlon were in all cases available, the formula would Zould require no‘; ete,:n"r .
e LR] " cee ... ase sos I % 5 ' ] . .. - N ‘ e . i~
:.. uraen’ . .', " 193 : ; But in the vast majority of cases, the Engineer who has to quite ugelegg. ormyy I .’
g Suraen and p. e 140 g ~ record fox: the'greater part of the streams he has to cross. He has izg UP @ projeet pp. . -
§ Cu"guwan tributay jeg Sgt : ( . - o much, in which.to make his measurements, and oxtreme floods onl T EWO or threq 4 RO Bugy,
; (2 ”golza z;‘lé“tarieg : i ¢ °_" even more years. What he has to do in the master of me"asuring'};;lj> Ccu}- at interyqyy 2?80,,5. it
£ {6 gie oomtee ... e 1 913 . ‘ ‘ :wns ofﬁﬁood rige in regard to rivers near towns and villages, and withe&ls to examing thelO, L
von i vee ' ( . 4 ’ 1 . .
2| e from ahoyg tributarien s 7 5 94 S : o dedute the water-way in these cases. For all the other streams, his me 3id of hig jngy tradi.
\Total of Goopys aries to Lacknow . 7 v e I S  cases absolutely insuflicient. L o easurements arg 3 . :
£ ce a : . . ’ .« & - T R R , : o : . ) mog - X
kS 2 Ket, it od tributarieg to Lucknow . 1.550 : ot Thf! use of the fo/rmula ig to.enable the Engincer to transfer the experien Co . ii
¥ I}’"_ee utary of Goomte .. ;361 ! ) Zn . enticated cases he can find to all the other streams be has to deal Withce of the foy well. . :
g3 Kulianee, maiy a?rf Kuliapee ... =7 e — o ~ (rainaze areas, he gets from these few cascs his co-efficient ; and having éot. ‘IHa"ng got the ¢ - it
5 R ) Kuliay eam 314 . ; b . :treas 11; the other cases, he applies the co-cficient, and gets the extreme 300& ;’i“hthe drainag, ”
K 5. OOmteee?:gnd tributary ; ; :; o . 1 ream from the. formula. 'Then he compares the flood discharges 8o got with Wha:c arge of each . ]
. 35 ight bank, etc';)be't.v;e | - ) i R 1: has, an.d with the knowledge he may have picked up of the relative heaviness oi.ne;s“rements ' ‘
.:.:,H % Toéa] of Goomtes ganq en Lucknow and j‘;‘.;cﬁon of Sve 858 SRR i of any particular storms vompared with average goasons. . - ! .. the rains, or - 3
<] Sy e an : . ’ . AY-J0 et . . : )
. ye .. tributaries from Lucknow v , 1,972 b o, He finally assumes an.extreme flood discharge such as may appear safe and not un '
C::lnhd total of Goomt ".o Junstion of ‘4 ;- irom the combined Aevidence of his measurements and his information as to the fl dl’easonable
ehment bagin of S;e from source to juy t‘. 3,17¢ o © formula. - | S L o0ds, and the
e (4 ion ’ . - o . . o . . L Do X ~ .
G . of Sye oo . . L. . .
rand tota] apeq drained b e J’ e 6.535 . . 'I;hls.!s the way in which the formula is intended to be used ; and I think, if used in h: - '
4. The digehy, ed by Goomtee and Sy 4215 : :yt, ;{t wﬂlfalways be useful and safe. But it is much to be desired that every OPPOX‘tl;nity :shot 11:
= irges co . L e —_— . . aken of testing and amending the f 1 ' rvati u ) , .
wputed by Mr. Meaford are g T A S g tho formula, and that tho obserrations aad results should ]
o followin , : . ’ s o SN o
g n . hEE " 3 ta § . G e ' . ; .
Tumwar ) amely :— ; t_“ bat the formula i3 intended to dois to gupply empirically a law of diminution of the pro‘ xs
Lones .ee Nuddeo ., s M. i ,p°‘('l ion of extreme flood diacharge to actual rain-fall. - This proportion depends on absorption,’ ]
?ze at Bunnge... s | ST ’&‘_ﬂcs- Cubie f. g _and hence on declivity and soil, as well as on the chances, which increase as the area increwses,‘ - -
)Syén:tall‘{:e and s';lmen-.. 128 ’ 26 Oﬁ‘gt. ?vgﬂ-msfz a very heavy fall of rain taking place equally over the whole drainage area. 17 =; ' : 5’4
Goomtee?',, Eal‘eilly v b 240 4,600 320 M3 i | ; impossible to cfxlculgte these causes and their effects, and it is, therefore, right to arrive at a a‘\at‘ém ’ - o’!'
anges at Cy ;ﬁknow A o 325 ;g,ggo = 16(7; . . ‘ Te,S}xlt by getting a3 many instances as ‘possible of their effacts in the gross. The object™¥s to. , . ‘ y
—_— poor .., .~ 3’32? 16:308 =i " ; 2 ;mve at an extreme result so as to be safe in the gtructures which have to carry off waters in ii
5 1 : o 34,000 9 ‘§>7,000 — (ég . ‘ A . 004.2231331;6 the mors instances we can record and compare, the better. ' -
O An addig »30,000 = D ! rd. November 1872." —— ~ ' g 4
d"ama 1ilon to th » Ad i L . . . ‘ . ‘C. II D e
e : e ab . . - 2 3 o ‘ , : ‘ . D. :
g€ area ig 670 g O-VE, the dIBCharge ¢ ] ’ ' . i . ‘ ‘ ‘ ’ :
to 135 3! quare miles, was found of the River Ky i 2 Memor ) . ) o . R - - ¢
: 2 ‘ nd to be 17,753 cubie £ l?ee’ at a spot where the H ' Hemorandum by Consulting Engineer to the Government of India for State Railways S o
[41:] N v N 4 . . - * i
runnisn; Colonel Dickeng' f per second, or equivalent ) c It bas, I believe, always been understood that the formula of Colonel Dickens was not Tl
rung mé: down slopes from (;I;nula of 825 M*.ig, ho ' f ? ) l_ntended' to super.sede measurement or careful observation of Engineers, but to aid the Engineer ‘ ‘ ;
oubis feo the Sardgh 4 dischay to 40 feet per m,’le wgver: fairly applicable ¢ i . ; mn forﬂ:“ﬂg _fOl‘ hlmse_lf. gome approximate guide (based on the experience and recorded results of . - "—x .
disehar ’eb Similarly, fop t},ae of 12,125 cubio f .1; or it gives for the J 0 mountain torrents i L8 dlsh‘lct). in determining the water-way when paucity of local information renders it otherwise sl
$hom at ii by the formul, - lev Rnoepoor and p etﬁ; 28 against & caloglys ’:‘l"gOOTa torrent which : } diffcult to judge of the amount of water-way required. ‘ A , . ;Z
a52 e 4u3 ustree ¢ ate iS iy ‘ . It . . N . - ' . . ’ L
0 and 22,587 cubic 1‘31‘ and 19,965 cubic fe::rents which run mtoc}tl;:rge of 12,975 P : In this respect it is valuable, and in soma districts the recorded results have agreed very >
eet, respectively, * Aga; whereas Sir Proby ¢ © Ganges, the - i - closely with ,both tbe formula-and co-efficient adopted by Colonel Dickens, but it is manifestly ' e
gain, the Kalcekoondusle:: tley estimated o ; VO | lnqpossible that ecither the co-efficient or the general formula can be made universally appliqable'. 1
. orrent running i o Eﬂl districts in which the declivity, the rainfall, and the Geological foatures vary. . . o ;’
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R 18th April 1873. .

Take for example an extreme case, the Riv.er Gugger, where it crosses the Sindh, Pu‘nja,b
and Delhi Railway ; it is of very large volume, spanned by several openings of 100 feet each, and
yet further down, with a largely increased drainage area, its volume gradually diminishes. until
at length it is altogether lost. To such a case the formula is, of course, quite inapplicable ; and
to some of the districts of Rajpootana it would be extremely difficult of application ; but this does
not prevent its general utility, and as a standard to which all information may be reduced, it is
essentially valuable. ‘

In this view I recommend the collection in a tabular form of a mass of information from all
parts of India respecting the flood discharge, declivity of rivers, the drainage area, its rain-fall
and Geological feature. When this has been obtained and reduced to one standard, I think it wili
not be difficult to deduce valuable results from it.

The points to be aimed at are—

1st.—To obtain a general co-efficient for each district ag g rough approximation.
2nd.—To obtain a co-efficient for rain-fall of differing intensity,
3rd.—To obtain & co-efficient for different Geological formations.

4th.—TFor different declivities,

5th.—To deduce the relative proportion of the draina )
th.- r ge area that m i
be effective in areas of varying magnitude. ' 23 be considered to

6th.—To determine the deduction that ma

a porous formation. ' '

Doubtless it will be difficult to do this

to assist us in arriving at conclusions, bu
careful measurements ang obsérvations,

11th January 1873,

taccuratily, but I think we may obtain most useful data
even then the results cannot be expected to supersede

G. L. M.

e )
.I w?uld add that not only the co-eff
modified if necessary on a wider experience,

18th January 1873,

clent but the formula jtself requires to be tested and

C. H. D.

‘-

¥ be made in rivers running through districts of )

-

'y

Proceedings of the Madras Government, Public Works Department,
: 18th April 1873.
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No. 306.

OxrpER THEREON, 18th April 1873, ‘No. 1,132.

to the Chief Engineer

CIVIL WORKS, No. 23.

, . COMMUNICATED ¢ wneet
for Irrigation and Inspecting Enginee!

Pt T T YTy ---'r«

To the CLief Engineer for Irrigation.

9

Exd. E C. Shunker._

for Ports and Communications.

(True Extract.)

Colonel, R.E,

Secret;zry to Government.

Incpecting Engineer for Ports and Communications. \
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GOVERNMENT OF INDIA.
PUBLIC WORKS DEPARTMENT.
BUILDINGS & ROADS.

Miscellaneous.

4

THE CGOVERNMENTS OF MADRAS, BOMBAY,

" BENGAL, THE NORTH WESTERN PROVIN-

CES, AND THE PUNJAB, IN THE PUBLIC
WoRKS DEPARTMENT.

+
Tue CHIEF Comussmxmis oF THE CENTRAL
ProviNCEs, OUDH, BRITISH BURMAH,
:AND MYsORE AND Coora.

TaE RESIDENT AT HYDERABAD,

THE AGENTS TO THE GOVERNOR (ENERAL
rOR CENTRAL INDIA ANXD RAJPOOTANA.

Tug CoxsULTING ENGINEERS TO THE GOvV-
ERNMENT (A)F‘INDIA FOR GTUARANTEED
RAILWAYS, CALCUTTA, LAHORE, AXND
Luckxow.

THE OFFICIATING CHIEF ENGINEER, PUNJAB
NORTHERN (STATE) RAILWAY.

Tue ENGINEER-IN-CHIEF, INDUS VALLEY
(STATE) RAILWAY.

THE SUPERINTENDING ENGINEERS, DELHI

" AND AGRA DisTRICTS, RAJPOOTANA
(STATE) RAILWAY, HOLKAR, NEEMUCH,
NORTHERN BENGAL, AND WEST RaJ-
POOTANA (STATE) RAILWAYS.

Circrrar No. 11 PunLic Works.

" Dated February 20, 1873.

Received M /B . »
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Forwards printed papers on the subject

of the flood discharges of rivers, and calls
Jor reports in the form annexed as soon s
reliable information of the kind specified
has been obtained. :

e ——
P. W. D. Press—28-2.72—~T710.
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