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IX. dn Account of the Ganges and Burrampooter Rivers. By
James Rennell, Efg. F. R. 8.5 communicated by Joleph
Banks, E/fz. P. R. S.

Read January 23, 1781,

HE * Ganges and 4 Burrampooter Rivers, togcﬁl'}er with
‘their numerous branches and adjun&s, iuterfe the
country of Bengal in fuch a variety of direGtions, as to form
the moft compleat and eafy inland navigation that can be con-
ceived. So equally ‘and admirably diffufed are thofe natural
canals, over a country that approaches nearly to a perfe& plane,
that, after excepting the lands contiguous to Burdwan, Bir-
boom, &c. (which altogether do not conftitute a fixth part of
Bengal) we may fairly pronounce, that every other part of the
country has, even in the dry feafon, fome navigable ﬁre’aiﬁ
within 2§ miles at fartheft, and more commonly within a third
part of that diftance.
It is fuppofed, that this inland nayigation gives conftant em-
ployment to 30,000 boatmen. Nor will it be wondered at,
when. it is known, thatall the falt, and a large proportion of the

¥ The proper name of this river in the language of Hindooftan (or Indoftan})
§s Pudda or Padda. It is alfo named Burra.Gonga, or the Great River;: and
Gonga, the River, by way of eminence; and from this, doubtlefs, the European
names of the river are derived.

"+ The orthography of this word, as given here, is according to the common’
pronunciation in Bengal ; -but it is- faid ‘to be written in the Sanfecrit language,,
Brahma-pootar, which fignifics the Son f Brahma,
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88 Mr. RENNELL’s Account of zhe

food confumed by ten millions of people are conveyed by water
within the kingdom of Bengal and its dependencies. To thefe
muft be added, the tranfport of the commercial exports and im-
ports, probably to the amount of two millions fterling per
annum ; the interchange of manufaétures and produéts through-
out the whole country ; the fitheries ; and the article of tra-
velling *. :

Thefe rivers, which a late ingenious gentleman aptly termed
fifters and rivals (he might have faid rwin fifters, from the con-
tiguity of their {prings), exactly refemble each other in length.
of courfe ; in bulk, until they approach the fea ; in the fmooth-
nefs and colour of their waters; in the appearance of their
borders and iflands ; and, finally, in the height to which their
floods rife with the periodical rains. Of the two, the Burram-
pooter 1is the largeft; but the difference is not obvious to the
eye. They are now well known to derive their fources from
the vaft mountains of Thibet 4 ; from whence they proceed in
oppofite direttions; the Ganges fecking the plains of Hin-
dooftan (or Indoftan) by the weft; and the Burrampooter by
the eaft ; both purfuing ‘the early part of their courfe through
rugged vallies and defiles, and feldom vifiting the habitations of
men, The Ganges, after wandering about 750 miles through
thefe mountainous regions, iffues forth a deity to the fuperfli-

* The embarkations made ufe of vary in bulk from 180 tons down to the fize

of a wherry. ‘Thofe from 3o to 5o toms are reckoned the moft cligible for

tranfporting merchandize.
+ Thefe are amongft the higheft of the mountains of the old hemifphere. I

was not able to determine their height; but it may in fome meafure be guefled,
by the circumftance of their rifing confiderably above the horizon, when viewed

from the plains of Bengal, at the diftance of 150 miles.

7
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Ganges and Burrampooter Rivers. 8¢
tious, yet gladdened, inhabitant of Hindooftan ¥, From Hurd-
war (or Hurdoar) in latitude 30°, where it gufhes through an
opening in the mountains, it flows with a fmooth navigable
ftream through delightful plains during the remainder of its
courfe to the fea (which is about 1350 miles) diffufing plenty
immediately by means of its living productions; and {econda-
rily by enriching the adjacent lands, and affording an eafy
means of tran{port for the productions of its borders. In a
military view, it opens a communication between the different
pofts, and ferves in the capacity of a military way through the
country renders unneceffary the forming of magazines; and
infinitely furpafles the celebrated inland navigation of North
America, where the carrying places not only obftruct the pro-
grefs of an army, but enable the adverfary to determine his
place and mode of attack with certainty.

Inits courfe through the plains, it receives eleven rivers, fome
of which are equal to the Rhine, and none {maller than the

* The fabulous accouat of the origin of the Ganges (as communicated by
my learned and ingenious friend c. w. BoveuTon rovse, Efq.) is, that it flows
out of the foot of Befchan * (from whence, fay the Bramins, it has its name
Padda; that word fignifying foot in the Sanfecrit language); and that in its
courfc to the plains of Hindooftan it paffes through an immenfe rock fhaped like
a Cow’s-head, :

The allegory is highly expreffive of the veneration which the Hindoos have for
this famous fiream ; and no lefs fo of their gratitude to the Author of Nature for
beftowing it : for it deferibes the bleffing as flowing purely from his bounty and
goodnefs. '

The rock before mentioned has, I believe, never been vifited by any European ;
and is even allowed by moft of the natives to bear no refemblance to the objet
from whence it is denominated. However, as the effecs of fuperflition do often
long furvive the illufions that gave it birth, the rock or cavern ftill preferves the
name of Gowmooky, or Cow’s-head,

# RBefchan is the fame with Viftnou, the PRESERVING REITY.

Vor. LXXI. N Thames,



90 Mr. REXNELL's Aecount of -the
Thamies, befides as many others of lefler note. It'is owing to
this vaft influx of ftreams, that the Gangesexceeds the Nile fo
greatly in point of magnitude, whilft the latter exceeds it in
length of courfe by one-third. Indeed, the Ganges is inferior
in this laft refpe, to many of the northern rivers of Afia;
though I am inclined to think that it difcharges as much or
more water than any of them, becaufe thofe rivers do not lie
within the limits of the periodical rains *.

The bed of the Ganges is, as may be fuppofed, very unequal
in point of width. From its firft arrivalin the plains at I{urd-

* The proportional lengths of courfe of fome of the moft noted rivers in the.
world are thewn nearly by the following numbers :
Furopean Rivers.

Thames, - - - 1
Rhine, - - - 31
Danube, - - 7
Wolga, . . 9%
Afiatic rivers.
Indus, N - - 2
Euphrates, - - 8L
Ganges, - - 9%
Burrampooter, - 9k
NouKian, or Ava River, . ok
Jennifea, - - 10
Oby, ~ - 10k
Amoor, - - 11
Lena, - - 114
Hoanho (of China), . 132
Kian Keu (of ditto), - 15
African river,
Nile, - - 125
American rivers,
Miflifipi, . 8
Amazons, - ¢l

war,
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war, to the conflux of the Jumnah (the firft river of note that
joins it) its bed is generally from a mile to a mile and a quarter
wide; and, compared with the latter pqrt of 1its courfe, tole-
rably ftraight.  From hence, doWﬁward, its courfé becomes
more winding, and its bed .confequently wider #, till, having
alternately received the waters of the Gogm, Soane, and Gua-
duck, befides many fmaller ftreams, its bed has atteined its
full width ; 'thhough during the remaining 6oo miles of its
courfe it receives many other principal ﬁreams. Within this
fpace it is, in the narrowefk parts of its bed, half a mile wide,
and in the ch left, three miles; and that, in places where no
iflands intervene. 'The ftream within this bed is always either
mcreaﬁng or decreaﬁng, accordmg to the feafon. When at its
loweft (which happens in April) the pr1nc1p41 channel varies
from 400 yards toa mile and a qmrtel ; but is commonly about
three quarters of a mile.

'The Ganges is fordable in fome places above the conflux of
the Jumnah, but the navigation is never interrupted.  Below
that, the channel is of confiderable depth, for the additional
{treams bring a greater acceffion of depth than width. At joo
miles from the fea, the channel is thirty feet deep when the
river is at its Joweft; and it continues at leaft this depth to the
fea, where the fudden cxpanﬁon of the ftream deprives it of the
force necellary to fweep away the bars of {and and mud thrown
acrofs it by the ftrong foutherly winds ; fo that the principal
branch of the Ganges cannot be entered by large veflels.

About 220 miles from the fea (but goo reckoning the wind-
ings of the river) commences the head of the Delta of the
Ganges, which is confiderably more than twice the area of
that of the Nile. The two wefternmoft branches, named the

* This will be explained when the windings of the river are treated, of.

N 2 Coffimbuzar
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Coffimbuzar and Jellinghy Rivers, unite and form what is
afterwards named the Hoogly River, which is the port of
Calcutta, and the only branch of the Ganges that is commonly
navigated by thips #.  The Coffimbuzar River is almoft dry
from O&ober to May ; and the Jellinghy River (although a
ftream runs in it the whole year) is in {ome years unnavigable
during two or three of the dryeft months; {o that the only
{ubordinate branch of the Ganges, that is at all times naviga-
ble, 15 the Chundnah River, which feparates at Moddapour,
and terminates in the Hooringotta.

That part of the Delta bordering on the fea, is compofed of
a labyrmth of rivers and creeks, all of which are falt, except
thofe that immediately communicate with the principal arm
of the Ganges. This tra®, known by the name of the
Woods, or Sunderbunds, is in extent equal to the principality
of Wales; and is {o completely enveloped in woods, and in-
fefted with Tygers, that if any attempts have ever been made
to clear 1t (as 1s reported) they have hitherto mifcarried, Its
numerous canals are fo difpofed as to form a compleat inland
navigation throughout and acrofs the lower part of the Delta,
without either the delay of going round the head of it, or the
hazard of putting to fea. Here falt, in quantities equal to the
whole confumption of Bengal and its dependencies, is made

* The Hoogly River, or wefternmoft branch of the Ganges, has a much
decper outlet to the fea than the principal branch, Probably this may be owing to
its precipitating a lefs quantity of mud than the other; the quantity of the
Ganges water difcharged here being lefs than in the other in the proportion of one
to fix, From the difficulties that occur in navigating the entrance of the Hoogly
River, many are led to fuppofe, that the channels are fhallow. 'The difficulties,
‘however, arife from bringing the thips acrofs fome of the fand-banks, which pro-
je& fo far into the fea, that the channels between them cannot eafily be traced
from without.

4 and
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and tranfported with equal facility : and here alfo is found an
inexhauftible flore of timber for boat-building. The breadth
of the lower part of this Delta is upwards of 180 miles; to
which, if we add that of the two branches of the river that
bound it, we fhall have about 200 miles for the diftance to
which the Ganges expands its branches at its junction with the
fea.

It has been obferved before, that the courfe of this river, from
Hurdwar to the fea, is through an uniform plain, or, at leaft,
what appears fuch to the eye: for, the declivity is much too
{mall to be perceptible. A fetion of the ground, parallel to
one of its branches, in length 6o miles, was taken by order of
Mr. masTINGs ;3 and it was found to have about nine inches de-
{cent in each mile, reckoning in a ftraight line, and allowance
being made for the curvature of the earth. But the windings
of the river were fo great, as to reduce the declivity on which.
the water ran, to lefs than four inches per mile : and by a com-~
parifon of the velocity of the ftream at the place of experiment
with that in other places, I have no reafon to fuppofe, that its
general defcent exceeds it *.

The medium rate of motion of the Ganges is lefs than three
miles an hour in the dry months. In the wet feafon, and
during the draining off of the waters from the inundated lands,
the current runs from five to fix miles an hour; but there are
inftances of its running feven, and even eight miles, in parti-
cular fituations, and under certain circumftances. I have an

~ #* M. pe conpAMINE found the defcent of the river Amazons, in a firaight
courfe of about 1860 miles, to be about 1020 Englifh feet, or 63 inches in a mile.
If we allow for the windings, it comes out nearly. the fame as the Ganges (which
winds about 13 mile in three, taking its whole courfe through the plains), namely,

about 4 inches in a mile. .
experiment
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4

experiment of iy own on record, in which my boat was car-
ried 56 miles in eight hours; and that againft{o ftrong a wind,
that the boat had evidently no progreflive motion through the
water.

When we confider, that the velocity of the ftream is three
miles in one fmfon, and five or more in the other, on the fame
defcent of four inches per mile; and, that the motion of the
inundation is only half a mile per hour, on a much greater
defcent 5 no further proof is required how fmall the proportion
of velocity is, that thedefcent communicates. It is then, to
the impetus originating at the {pring head, or at the place
where adventitious waters are poured in, and fucceffively com-
municated to every part of the ftream, that we are principally
to attribute the velocity, which is greater or lefler, according to
the quantity of water poured i1

In common, there is found on one fide of the river an almoﬁ
perpendicular bank, more or lefs elevated above the ftream,
according to the feafon, and with deep water near it: and on
the oppofite fide a bank, fhelving away {o gradually as to occa-
fion fhallow water at {fome diftance from the margin. This is
more particularly the cafe in the moft winding parts of the
river, becaufe the very. operation of winding jiroduces the
fteep and fhelving banks #* : for the current is alwvays ftrongeft
on the external fide of the curve formed by the f{erpentine
courfe of the river; and its continual a&ion on the banks

* Hence it is, that the fe¢tion of a river, that winds through a loofe foil,
approaches nearly to an obtufe angled-triangle, one of whofe fides is exceedingly
fhort and difproportioned to the other two "=, But when a river perfeveres in’
a ftraight courfe, the fedtion becomes nearly the half of an ellipfis dmded

longitudinally T,
either
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either undermines them *, or wathes them down. In places
where the current is remarkably rapid, or the {oil uncom-
monly loofe, fuch tralts of land are {wept away i the conrfe
of one feafon, as would aftonifh thofe who have not been eye~
witnefles to the magnitude and force of the mighty ftreams
occafioned by the periodical rains of the tropical regions. This
neceflarily produces a gradual change in the courfe of the rivers
what is loft on one fide being gained on the other, by the mere
operation of the ftream: for the fallen pieces of the bank dif+
folve quickly into muddy fand, which is hurried away by the
current along the border of the channel to the point from
whence the river turns off to form the next reach, where the
ftream growing weak, it finds a refting place, and helps to form
a thelving bank, which commences at the point, and extends
downwards, along thefide of the fucceeding reach.

T'o account for the flacknefs of the current at the point, it
is neceflary to obferve, that the ftrongeft part of it, inftead of
turning fhort round the point, preferves for fome time the direc-
tion given it by the laft fteep bank, and 1s accordingly thrown
obliquely acrofs the bed of the river to the bay on the oppofite
fide, and purfues its courfe along 1t, till the intervention of
another point again obliges it to change fides. ‘

In thofe few parts of the river that are ftraight, the banks
undergo the leaft alteration +, as the current runs parallel to

% In the dry feafon fome of thefe banks are more than 30 feet high, and often
fall down in pieces of many tons weight, and occafion fo fudden and violent an
agitation of the water, as fametimes to fink large beats that happen to be near
the fhore. .

+ It is more than probable, that the ftraight parts owe their exiftence to the
tenacity of the foil of which their banks are compofed. Whatever the caufe
may be, the effet very clearly points out fuch fituations as the propereft for
placing towns in, :

them ;3
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them ; but the leaft infleGtion of courfe has the effeé of throw~
ing the current againft the bank ; and if this happens in a part
where the foil is compofed of loofe fand, it produces in time a
ferpentine winding.

It is evident, that the repeated additions madeto the thelving
bank before mentioned, become in time an encroachment on
the channel of the river; and thisis again counter-balanced by
the depredations made on the oppofite fteep bank, the frag-
ments of which, either bring about a repetition of the circum-
ftances above recited, or form abank or thallow in the midft of
the channel. ‘Thusa fteep and a thelving bank are alternately
formed in the crooked parts of the river (the fteep one being
the sndented fide, and the thelving one the projecting )5 and
thus, a continual fluGtuation of courfe is induced in all the
winding parts of the river; each meander having a perpetual
tendency to deviate more and more from the line of the general
courfe of the river, by eating deeper into the bays, and at the
fame time adding to the points, till either the oppofite bays
meet, or the ftream breaks through the narrow ifthmus, and
reftores a temporary ftraightnefs to the channel.

Several of the windings of the Ganges and its branches are
faft approaching to this ftate ; and in others, it actually exifts at
prefent. The experience of thefe changes thould operate againft
attempting canals of any length, in the higher parts of the
country ; and I much doubt, if any in the lower parts would
long continue navigable. During eleven years of my refidence
in Bengal, the outlet or head of the Jellinghy River was gra-
dually removed three quarters of a mile farther down : and by
two furveys of a part of the adjacent bank of the Ganges,
taken about the diftance of nine years from each other, it ap-

peared that the breadth of an Englith mile and a half had been
taken
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taken away. This is, however, the moft rapid change that I
have noticed; a mile in ten or twelve years being the ufual
rate of incroachment, in places where the current ftrikes with
the greateft force, namely, where two ddjoining reaches ap-
proach neareft to a right angle. In fuch fituationsit not unfre-
quently excavates gulfs * of confiderable length within the
bank. Thefe gulfsare in the direftion of the ftrongeft parts of
the fiream ; and are, in fa&, the young fboots (if I may fo exprefs
myfelf ) which in time ftrike out and become branches of the
river; for we generally find them at thofe turmngs that have
the fmalleft angles +. '

Two caufes, widely different from each other, occaﬁon the
meandering courfes of rivers; the one, the irregularity of the
ground through which they run, which obliges them to
wander in queft of a declivity ;- the other, the loofenefs of
the foil, which yields to the frition of the border of the
ftream.  The meanders in the firft cafe, are, of courfe, as
digreflive and irregular as the furface they are projected
on: but, in the latter, they are fo far reducible to rule,
that rivers of unequal bulk will, under fimilar circumftances,
take a circuit to wind in, whofe extent is in proportion
to their refpe@tive breadths: for I have obferved, that

¢ The Count pE sUrroN advifes the digging of fuch gulfs in the banks of
ordmaxy rivers, with a view to divert the cuxrent, when brldues or othel build-
ings are endangered by it. '

4 The courfes of thefe branches at the eflux, generally, if notalways, become
retrograde to the courfe of the river: for, a fand bank accumulating at the upper
point of feparation, gives an oblique dire&tion upwards, to the ftream, which would
otherwife run out at right angles, This fand bank being always on the increafe,
occafions a corrofion of the oppofite bank ; and by this means all, or moft of the
outlets have a progreﬂi:/e motion downwards ; as I have before remarked of the
Jellinghy River, in the foregoing page.

~ Vor. LXXI. 0 when
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‘when a branch of the Ganges is fallen fo low as to occupy
only a part of 1its bed, it no longer continues in the line of its
old courfe ; but works itfelf a new channel, which winds from
fide to fide acrofs the former one. I have obferved too, that in
two f{treams, of equal fize, that which has the floweft cur-
rent has alfo the {fmalleft windings : for as thefe (in the prefent
cafe) are folely owing to the depredations made on the banks
by the force of the current; fo the extent of thefe depreda-
tions, or, in other words, the dimenfions of the windings, will
be determined by the degree of force alting on the banks.

The windings of the Ganges in the plains, are, doubtlefs,
owing to the loofenefs of the foil : and (I think) the proof of
it is, that they are perpetually changing; which thofe, origi-
nally induced by an inequality of furface, can feldom, or never
do *.

- I can eafily fuppofe, that if the Ganges was turned into a
ftraight canal, cut through the ground it now traverfes in the
-moft winding parts of its courfe, its ftraightnefs would be
of fhort duration. - Some yielding part of the bank, or that
which happened to be the moft ftrongly acted on, would firft
be corroded or diffolved : thusa bay or cavity would be formed
in the fide of the bank. This begets an infle®ion of the cur-
rent, which, falling obliquely on the fide of the bay, corrodes
it inceffantly. When the current has paffed the innermoft
part of the bay, it receives a new direGtion, and is thrown

* Tt has been remarked, that the courfes of rivers become more winding as
they approach the {ea. 'This, I believe, will only hold good in fiuch as take the
latter part of their courfe through a fandy foil. In the Ganges, and other rivers
fubje&t to confiderable variations in the bulk of their fireams, the beft marks of
the vicinity of the fea are, the lownefs of the river banks, and the increafing

muddinefs of the tallows in its bed,

obliquely
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obliquely towards the oppofite fide of the canal, depofiting in’
its'way the matter excavated from the bay, and which beging
to form a thallow or bank contiguous to the border of the canal.
‘Here then is the origin of fuch windings as owe their exiftence
to the nature of the foil. The bay, {o corroded, in time be-
comes large enough to give a new direction to the body of the
canal : and the matter excavated from the bay is {o difpofed as
to aflit in throwing the current againft the oppofite bank,
where a procefs, fimilar to that 1 have been defcribing, will be
begun.

The alion of the current on the bank will alfo have the
effe® of deepening the border of the channel nearit; and this
again increafes the velocity of the current in that part. Thus
would the canal gradually take a new form, till it became what
the river now is. Even when the windings have leflened the
defcent one half, we fill find the current too powerful for the
banks to withftand it.

There are not wanting inftances of a total change of courfe
in fome of the Bengal rivers*.  The Cofa River (equal to the
Rhine) once ran by Purneah, and joined the Ganges oppofite
Rajemal. . Its juntion is now 45 miles higherup. Gour, the
ancient capital of Bengal, ftood on the banks of the Ganges.

Appearances favour very ftrongly the opinion, that the
Ganges had its former bed in the tralt now occupied by the
lakes and moraffes between Nattore and Jaffiergunge; firiking
out of its prefent courfe at Bauleah, and pafling by Pootyah.
With an equal degree of probability (favoured by tradition) we
may trace its {fuppoted courfe by Dacca, to a junétion with' the
Burrampooter or Megna near Fringybazar ; where the accumu-

# The Mootyjy! lake is one of the windings of a former channel of the Cof-.

fimbuzar River,
O 2 lation
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lation of two fuch mighty ftreams probably fcooped out the
prefent amazing bed of the Megna *.

In tracing the fea coaft of the Delta, we find no lefs than
eight openings ; each of which, without hefitation, one pro-
nounces to have been in its time the principal mouth of the
Ganges. Nor is the occafional deviation of the principal branch,
probably, the only caufe of fluétuation in the dimenfions of the
Dclta.  One obferves, that the Deltas of capital rivers (the
tropical ones particularly) encroach upon the fea. Now, is
not this owing to the mud and fand brought down by the rivers,
and gradually depofited, from the remoteft ages down to the
prefent time? Therivers, we know, are loaded with mud and
fand at their entrance into the {fea; and we alfoknow, tlat the
fea recovers its tran{parency at the diftance of twenty leagues
from the coaft; which can only arife from the waters having
precipitated their earthy particles within that {fpace. 'The fand
and mud banks at this time, extend twenty miles off fome of
theiflands in the mouths of the Ganges and Burrampooter ; and
in many places rife within a few feet of the furface. Some
future generation will probably fee thefe banks rife above water,
and fucceeding ones poflefs and cultivate them ! Next to earth-
quakes, perhaps the floods of the tropical rivers produce the
quickeft alterations in the face of our globe. Extenfive iflands
are formed in the channel of the Ganges, during a period far
thort of that of a man’s life; fo that the whole procefs lies

¥ Megna and Burrampooter are names belonging to the fame river in different
parts of its courfe. The Megna. falls into the Burrampooter ; and, though a much
dmaller river, communicates its mame to the other during the reft of its

curfe.
within
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within the compafs of his obfervation *. Some of thefe iflands,
four or five miles in extent, are formed at the angular turnings
of the river, and were originally large fand banks thrown up
round the points (in the manner before defcribed) but after-
wards infulated by breaches of the river. Others are formed
in the firaight parts of the river, and in the middle of the
ftream ; and owe their origin to fome obftruétion lurking at the
bottom. Whether this be the fragments of the river bank; a
large tree {fwept down from it ; or afunken boat ; it is fufficient
for a foundation : anda heap of fand is quickly collected below
it. 'This accumulates amazingly falt : in the courfe of a few
years it peeps above water, and having now ufurped a confi-
derable portion of the channel, the river borrows on each fide "
to {upply the deficiency in its bed; and in fuch parts of the
river we always find fteep banks on both fides 4. Each periodi-
cal flood brings an addition of matter to this growing ifland ;
increafing it in height as well as extenfion, until its top is per-
feCtly. on a level with the banks that include it : and at that
perio}d,‘ of its growth it has mould enough on it for the pur~"
pofes of cultivation, which is.owing to the mud left on it when
the waters {ubfide, and is indeed a part of the ceconomy which
nature obfervesin fertilizing the lands in general.

- Whilft the river is forming new iflands in one part, it is
{weeping away old ones'in other parts. ~ In the progrefs of-this
deltrudtive operation, we have opportunitics of obferving, by
means of the fe&tions of the falling bank, the regular diftri-

*%. Accordingly, theé laws refpecting alluvion are afcertained with great pre-
cifion. '

¥ This evidently points out the means for preventing encroachments on a
river bank in the ftraight parts of its courfe, iz, to remove the thallows.in the
middle of its channel,

bution
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bution of the feveral ftrata of fand and earths, lying above
one another in the order in which they decreafe in gravity., As
they can only owe this difpofition to the agency of the ftream
that derofited them, it would appear, that thefe fubftances are
fufpended at different heights in the fiream, according to their
refpeflive gravities. We never find a ftratum of earth under
one of fand; for the muddy particles float neareft the {urface ¥.
1 have counted feven diftinét firata in a {e&ion of one of thefe
iflands. Indeed, not only the iflands, but moft of the river
banks wear the fame appearance: for as the river is always
changing its prefent bed, and verging towards the fite of {fome
former one now obliterated, this muft neceffarily be the cafe.

As a ftrong prefumptive proof of the wandering of the
Ganges from the one fide of the Delta to the other, I muft ob-
{erve, that there is no appearance of wvirgin earth between the
Tiperah Hills on the eaft, and the province of Burdwan on the
weft; nor on the north till we arrive at Dacca and Bauleah.
In all the fections of the numecrous creeks and rivers in the
Delta, nothing appears but fand and black mould in regular
ftrata, till we arrive at the clay that forms the lower part of
their beds. There is not any f{ubftance fo coarfe as gravel
either in the Delta or nearer the fea than 400 miles 4, wherea
rocky point, a part of the bafe of the neighbouring hills, pro-
je&s into the river: but out of the vicinity of the great rivers
the foil is either red, yellow, or of adeep brown.

* A glafs of water taken out of the Ganges, when at its height, yields about
one partin four of mud. No wonder then that the fubfiding waters fhould
quickly form a firatum of earth; or that the Delta fhould encroach upon the

feal

+ At Qudanulla.
I come
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I come now to the particulars of the annual fwelling and
overflowing of the Ganges *.

It appears to owe its increafe as much to the rain water that
falls in the mountains contiguous to its fource, and to the
fources of the great northern rivers that fall intoit, as to that
which falls in the plains of Hindooftan; for it rifes fifteen feet
and a half out of thirty-two (the fum total of its rifing) by the
latterend of June: and it is well known, that the rainy feafon
does 1ot begin in moft of the flat countries till about that time.
In the mountains it begins early in + April ; and by the latter
end of that month, when the rain-water has reached Bengal,
the rivers begin to rife, but by very flow degrees; for the in-
creafe is only about an inch per. day for the firft fortnight. It
then gradually augments to two and three inches before any

* An opinion has long prevailed, that the fivelling of the Ganges, previous to
the commencement of the rainy feafon in the flat countries, is in a great meafure
.owing to the melting of the fnow in the mountains, I will not go fo far as totally
to difallow the fac; but can by no means fuppofe, that the quantity of fnow
water bears any -proportion to the increafe of the river,

4+ The vaft colleétion of vapours, wafted from the fea by the foutherly or
fouth-weft monfoon, are fuddenly ftopped by the 1of'ty ridge of mountains that runs
from eaft to weft through Thibet, It is obvious, that the accumulation and con-
denfation of thefe vapours, muft firft happen in the neighbourhoad of the obftacle ;
and fuceeffively in places more remote, as frefh fupplies arrive to fill the atmo-
{phere. Hence the priority of commencement of the rainy feafon in places that
lie neareft the mountains.

All the rivers that are fituated within the limits of the monfoons, or fhifting
trade winds, arc fubje& to overflowings at annually ftated periods, like thie:
Ganges: and thefe periods return during the feafon of the foutherly wind, that
being the only wind which brings vapours from the fea ; and this being periodical,
the falls of rain muft neceffarily be fo too.

The northerly wind, which blows only over the land, is' dry; for no rain
(except cafual fhowers) falls during the continuance of that monioon.

quantity



Y04 - My, RENNELL's Hicount of the

quantity of rain falls in the flat countries ; and when the rain
becomes general, the increafe on a medium is five inches per
day. By the latter end of July all the lower parts of Bengal,

contiguous to the Ganges and Burrampooter, are overflowed,

and form an inundation of more than a hundred miles in width ;
nothing appearing but villages and trees, excepting very rarely
the top of an elevated fpot (the artificial mound of fome de-
ferted village) appearing like an ifland.

"The inundations in Bengal differ from thofe in Egypt in this
particular, that the Nile owes its floods entirély to the rain-
water that falls in the mountains near its {fource ; but the inun-
dations in Bengal are as much occafioned: by-the rain that falls
there, as by the waters of the Ganges; and as a plom of it, the
lands in general are overflowed to a confiderable height long
before the bed of the river is filled. It muft be remarked, that
the ground adjacent to the river bank, to the extent of fome
miles, 1s conﬁdem‘oly higher than the reft of the country #,
-and ferves to feparate the waters of the inundation from thofe
of the river until it overflows. This high ground is in foine
{eafons covered a foot or more ; but the height of the inunda-
tion within, varies, of courfe, according to the irregularities of
the ground, andisin fome places twelve fect.

Even when the inundation becomes general, the river ftill
thews itfelf, as well by the grafs and reeds on its banks, as by
its rapid and muddy ftream ; for the water of the inundation
acquires a blackith hue, by having been fo long ftagnant

% “This property of the bank)is well accounted for by Count surron, who
imputes it to the precipitation of mud made by the waters of the river, when it
overflows. The inundation, fays he, purifies itfelf as it flows over the plain; fo
‘that, the precipitation muft be greateft on the parts neareft to the margin of the

[y hV(‘.ro
x ameng(t
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amongft grafs and other vegetables : nor does it ever lofe this
tinge, whichis a proof of the predominancy of the rain water
over that of the river; as the {low rate of motion of the inun-
dation (which does not exceed half a mile per hour) is of the
remarkable flatnefs of the country.

There are particular trats of land, which, from the nature
of their culture, and fpecies of productions, require lefs moif-
ture than others; and yet, by the lownefs of their fituation,
would remain too long inundated, were they not guarded by
dikes or dams, from fo copious an inundation as would other-
wife happen from the great elevation of the furface of the river
above them.  Thefe dikes are kept up at an enormous expence ;
and yet do not always fucceed, for want of tenac1ty in the foil
of which they are compofed.

During the fwoln ftate of the river, the tide totally fofes its
effet of counteraling the ftream ; andin a great meafure that
of ebbing and flowing, except very near the fea. It is not un-
common for aftrong. wind, that blows up the river for any con-
tinuance, to {well the waters two feet above the ordinary level
at that feafon : and fuch accidents have occafioned the lofs of
whole crops of rice®*. A very tragical event happened at
Luckipour 4 in 1763, by a ftrong gale of wind con{piring with
a high {pring tide, at a feafon when the periodical flood was
within a foot and half of its higheft pitch. It is faid that the
waters rofe {ix feet above the ordinary level. Certain it 1s, that

* The rice I fpeak of is of a particular kind; for the growth of its flalk
keeps pace with the increafe of the flood at ordinary times, but is deftroyed by a
too fudden rife of thewater. The harveft is often reaped in boats, There is alfo
a kind of grafs which overtops the flood in the fame manner, and at a fmall
diftance has the appearance of a field of the richeft verdure.

+ This place is fituated about fifty miles from the fea,

Vor. LXXI. P the -



106 My. RENNELL’s Aecount of the
the inhabitants of a confiderable diftrict, with their houfes and
cattle, were totally fwept away ; and, to aggravate their dif=
trefs, it happened i a part of the country which iaaxce pre-
duces a fingle tree for a drowning man to efcape to.

Embarkanons of every kind traverfe the inundation: thofc
bound upwards, availing themfelves of a direét courfe and fill
water, at afeafon when every ftream rufhes like a torrent. The
wind too, which at this feafon blows regularly from the fouth-
ealt ¥, favours their progrefs ; infomuch, that a voyage, which
takes up nine or ten days by the courfe of the river when con-
fined within its banks, is now effeted in fix. Hufbandry and
grazing are both fufpended; and the peafant traverfes in his
boat, thofe fields which in another feafon he was wont to
plow; happy that the elevated fite of the river banks place
the herbage they contain, w1th1n his reach, otherwife his cattle
mulft perith.

The following is a table of the gradual increafe of the
Ganges and its branches, according to obfervations made at

Jellinghy and Dacca.

At Jellinghy. At Dacca,
Ft, In. Ft. In.
In May it rofe - 6 o 2 4
June - - - 9 6 4 6
Jul’y C - - 12 6 5 6
In the firft half of Auguﬁ 4 © I
— -

* Although in the gulf or bay of Bengal the monfoon blows from the 8.5.%7,
and S.W. yetin the caftern and northern parts of Bengal it blows from the S.E,

or E,S.E.
H Thele



Ganges and Burrampooter Rivers. 107

"Thefe obfervations were made in a feafon, when the waters
tofe rather higher than ufual; fo that we may take g1 feet for
the medium of the increafe.

The inundation is nearly at a ftand for fome days preceding
the middie of Auguﬂ when it bcmns to run off’; for although
great quantities of ra un fall in the ﬁaf countties, durmg Augu"t
and September, yet, by a partial ceffation of the rains in the
mountains, there happens a deficiency in the fupplies neceflary
to keep up the inundation*, The quantity of the daily de-
creafe of the river is nearly in the following proportion :
during the latter half of Aup'uﬁ and all September from
three to four inches 3 from September to the end of Novembet,

it Gladually leflens from three inches to an mch and 2 half;

and from November to the latter end’ of Aprll, it is only half
an inch pe: day at a medium. Thefe proportxons muﬁ be un-
derftood to relate to fuch parts of the river as are _removed
from the influence of the tidess of which more will ‘be faid
by and by. ‘The decreafe of the inundation does not always
keep pace with that of the river, by reafon of the height of
the banks; but after the begmmng of O&ober, wheén the rain
has nedrly ceafed, the remainder of the inundation goes 6'ﬁ‘
qulckly by evaporatlon, leaving - thc lands hlghly manmed and
in a ftate fit to receive the feed, ‘after the fimple operation’ of
plowing.

There is a circumflance atteﬂdmg theincreafe of the Ganges,
and which, I believe, is little kuown or attended to; becfwufe
few people have made experiments on the heights to which the

# T hiave ftated the middle of Auguft for the period when the waters -begin to
run off; and in general it happens with more regularity than the viciffitudes of the
{eafons do. But there are exceptions to it ; .for in the year 1774 the rivers kept
up for near a month after the ufual time.

Pa periodical
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penodlcal flood rifes in different places. The circumftance 1
allude to, is, the difference of the quantity of the increafe (as
exprefled in the foregoing table) in places more or lefs remote
from the fea. It isa fa&, confirmed by repeated experiments,
that from about the place where the tide commences, to the fea,
the height of the periodical increafe diminithes gradually, until
it totally difappears at the point of confluence. Indeed, this is
perfe@ly conformable to the known laws of fluids: the Ocean
preferves the fame level at all feafons (under fimilar circum-
ftances of tide) and neceffarily influences the level of all the
waters that communicate with it, unlefs precipitated in the form
of a catara&. Could we fuppofe, for a moment, that the in-
cfeafed column of water, of 31 feet perpendicular, was conti-
nued all the way to the fea, by fome preternatural agency :
whenever that agency was removed, the head of the column
would diffufe itfelf over the Ocean, and the remaining parts
would follow, from as far back as the influence of the Ocean
extended ; forming a flope, whofe perpendicular height would
be 31 feet. ‘This is the precife ftate in which we find it. At
the point of jun&ion with the fea, the helght is the fame in
both feafons at equal times of the tide. At Luckipour there
is a difference of about fix feet between the heights in the dif-
ferent feafons; at Dacca, and places adjacent, 14; and near
Cuftee, 31 feet. Here then is a regular flope; for the diftances
between the places bear a proportion to the refpetive heights.
This flope muft add to the rapidity of the ftream; for, fup-
poling the defcent to have been originally four inches per mile,
this will increafe it to about five and an half. Cuftee is about
240 miles from the fea, by the courfe of the river; and the

furface of the river there, during the dry feafon, is about 8o
feet



Ganges and Burrampooter Rivers. 109

feet above the level of the fea at high water *.  ‘Thus far does
the Ocean manifeft its dominion in both feafons : in the one by
the ebbing and flowing of its tides; and in the other by de-
prefling the periodical flood, till the furface of it coincides as:
nearly with its own, as the defcent of the channel of the rivet
will admit .

Similar circumftances take place in the Jellinghy, Hoogly,
and Burrampooter Rivers; and, I fuppofe, in all others that
are fubjec either to periodical or occafional fwellings.

" Not only does the flood diminifh near the fea, but the river
banks diminith in the {fame proportion; fo that in the dry fea~
fon the height of the periodical flood may be known by that
of the bank.

I am aware of an obje®ion that may be made to the above
folution ; which 1is, that the lownefs of the banks in places
near the fea, is the true reafon why the floods do not attain fo-
confiderable a heiglit, as.in places farther removed from it, and.
where the banks are high; for that the river, wanting a bank.
to confine it, diffufes itfelf over the furface of the country. In

% The tides in the River Amazons are perceptible at 600 miles .above its :
mouth ; but at an elevation of only go feet, according to M. DE coNDAMINE. It
e mains to be told what the ftate of the river was at the time-of making the’
experiment ; becaufe the land-floods have the\eﬁ'ec‘:t of fhortening the. limits. of .the
tide’s way. '

4 The Count pE svrron.has flightly mentioned this circumitance attending.
the fwelling of rivers;. but imputes it to the increafed velocity of the current, as
the river approaches the fea: which, fays he, carries off the inundation fo
quick, as to abate its height, Now (with the utmoft deference to fo great an.
authority) 1 could never perceive, that the currént, either in the Ganges, or any
other river, was ftronger near the fea than at a diftance from it, Even if we
admit an acceleration of the current during the ebb tide, the flux retards it in fo
confiderable a degree, as at leaft to c(ountcr.bala‘n..? the effe@ts produced by thé

temporary increafe of velocity, .
anfwer.
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anfwer to this, I {hallobferve, that it is proved by experiment,
that at any gfven time, the quant zty of the increafe in dlﬁcerent
pl“ces, bears a juit _{)101)01{101] to the fum total of the increafe
in cach place refpe@ively : or, in other words, that when the
viver has rifen three feet at Dacca, where the whole rifing is
about 14 feet; it will have rofc upwards of fix feet and a
half at Cuftee, whereit rifes 31 feetin all.

The quantity of water- difcharged by the Ganges, in one
{econd of time, during the dry feafon, 1s 80,000 cubic fect;
but in the place where the experiment was made, the river,
when full, has thrice the volume of water in it ;. and its mo-
tion is alfo accelerated in the proportion of 5 to 3+ fo that the
quantlty difcharged in a fecond at that feafon is 405,000 cubic
feet. If we take the medium the whole year through, it will
be ne'nly 180,000 cubic feet in a fecond.

THE Burrampooter, which has its {ource from the oppofite
fide of the fame mountains that give rife to the Ganges, firft
takes its courfe eaftward (or diretly oppofite to that of the
Ganges) through the country of ‘Thibet, where' it is named
Sanpoo or Zanciu, which bears the fame interpretation as the
‘Gonga of Hindooftan : namely, the River. ‘The courfe of it
through Thibet, as given by Father pu HALDE, and formed
into a map by Mr, D’ANVILLE, thoug}i fufficiently exaét for
the purpofes of general geography, is not particular enough to
afcertain the precife length of its courfe. After winding with
a rapid current through Thibet, it wathes the border of the ter-
sitory of Lafla (in which is the refidence of the grand Lama)
and then deviating from an eaft to a fouth-eaft courfe, it ap-

proaches within 220 miles of Yunan, the wefternmoft province
of
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of China. Here it appears, as if undetermined whether to
attempt a paflage to the fea by the Gulf of Siam, or by that of

‘Beéngal ; but {éemingly determining on the latter, it turns fud-

denly to the weft through Affam, and enters Bengal on the
north-eaft. I have not been able to learn the exact place where
it changes its name; but as the people of Affam call it Bur-
rampoot, it would appear, that it takes this name on its enter-
ing Aflam. After its entry mnto Bengal, it makes a circuit
round the weftern point of the Garrow Mountains ; and then,
altering its courfe to fouth, it meets the Ganges about 40 miles
from the fea.

Father puv mALDE exprefles his doubts concerning the courfe
that the Sanpoo takes after leaving Thibet, and only {uppofes.
generally that it fallsinto the gulf of Bengal. M. p’ANviLLE,
his geographer, with great reafon fuppofed the Sanpoo and
Ava River to be the fame: and in this he was juflified by the
information which. his materials afforded him: for the Burram-
pooter was reprefented to him, as one of the inferior ftreams
that contributed its waters -~ the Ganges, and not as. its equal
or fuperior ; and this was tufficient to direct his refearches, after:
the mouth of the Sanpoo River, to fome other quarter.. The
Ava River, as well from its bulk, as the bent of its courfe for
fome hundred miles above its mouth, appeared to him to bea
continuation of the river in queftion : and it was accordingly
defcribed as fuch in his maps, the authority of which was
juftly efteemed as decifive ; and, till the year 1765, the Bur~
rampooter, asa capital river, was unknown in Europe..

* On tracing this riverin 1765, I was no lefs {furprized, at find-
ing it rather larger than the Ganges, than at its courfe previous
to its entering Bengal. This I found to be from the eaft;
although all the former accounts reprefented it as from the

north :
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north: and this unexpected difcovery foon led to enquiries,
which furnithed me with an account of its general courfe to
within roo miles of the place where buv HALDE left the San-
poo. I could no longer doubt, that the Burrampooter and
Sanpoo were one and the fame river : and to this was added the
pofitive aflurances of the Affamers, ¢ That 7beir river came
¢ from the north-weft, through the Bootan mountains.” And
to place it beyond a doubt, that the Sanpoo River is not the fame
with the river of Ava, but that this laft 1s the great Nou Kian
of Yunan; Ihave in my pofleffion a manufcript draught of the
Ava River, to within 150 miles of the place where pu HALDE
leaves the Nou Kian, inits courfe towards Ava; together with
very authentic information that this river (named Irabattey by
the people of Ava) is navigable from the city of Ava into the
province of Yunan in China *.

The Burrampooter, during a courfe of 400 miles through
Bengal, bears {o intimate a refemblance to the Canges, except:
in one particular, that one defcription may ferve for both. The
exception I mean is, that, during the laft 6o miles before its
jun&ion with the Ganges, it forms a fiream which is regularly
from four to five miles wide, and but for its frefhnefs might
pafs for an arm of the fea. Common defcription fails in an
attempt to convey an adequate idea of the grandeur of this

magnificent object ; for,

Scarce the mufe

Dares ftretch her wing o’er this enormous mafs
Of ruthing water ; to whofe dread expanfe,
Continuous depth, and wond’rous length of courfe,

* The courfes of the Burrampooter and Ganges, as well as that of the Ava
River from Yunan to the fea, will fhortly be defcribed in a large fheet map of

Xindeooitan,
_ Our
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QOur floods are rills e
Thus pouring on, it proudly feeks the deep,
Whofe vanquith’d tide, recoiling from the thock,
Yields to this liquid weight —

THoMsow's Seafons.

I have already endeavoured to account for the fingular breadth
of the Megna, by {uppofing that the Ganges once joined it
where the Iffamutty now does; and that their joint waters
{cooped out its prefent bed. The prefent junétion of thefe two
mighty rivers below Luckipour, produces a body of running
freth water, hardly to be equalled in the old hemifphere, and,
perhaps, not exceeded in the new. It now forms agulf inter-
{perfed with iflands, fome of which' fival, in fize and fertility,
our Ifle of Wight, The water ‘at:ordinary times is hardly
brackifh at the extremities of thefe iflands; and, in the rainy
feafon, the fea (orat leaft the furface of it) is perfely frefh to
the diftance of many leaguesout.

The Bore (which is known to be a fudden and abrupt influx
of the tideinto ariver or narrow ftrait) prevails in the principal
branches of the Ganges, and in the Megna; but the Hoogly
River, and the paflages between the iflands and fands fituated in
the gulf, formed by the confluence of the Ganges and Megna,
are more fubjeft to it than the other rivers, This may be
owing partly, to their having greater embouchures in proportion
to their channels, than the others have, by which means a
larger proportion of tide is forced through a paffage compara-
tively {maller; and partly, to there being no capital openings near
them, to draw off any confiderable portion of the accumulating
tide. In the Hoogly or Calcutta River, the Bore commences at
Hoogly Point (the place where the river firft contracts itfelf)
- Vor. LXXIL Q and
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and is perceptible above Hoogly Town; and fo quick is its
motion, that it hardly employs four hours in travelling from
one to the other, although the diftance is near 70 miles. At
Calcutta, it fometimes occafions an inftantaneous rife of five
feet : and both here, and in every other part of its track, the
boats, on its approach, immediately quit the thore, and make
for fafety to the middle of the river.

In the channels, bétween the iflands in the mouth of the
Megna, &c. the height of the Bore is faid to exceed twelve feet 3
and is fo terrific in its appearance, and dangerous in its confe-
quences, that no boat will venture to pafsat {pring tide. After
the tide is fairly paft the iflands, no veftige of a Bore is feen,
which may be owing to the great width of the Megna, in com-
parifon with the paffages between the iflands; but the effects
of it are vifible, enough by the fudden rifing of the tides.
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