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FIG. 4. LUPAO CONTROL SLUICE COMPLETED. 1924. NORTH RIVER.



*FIG. 1 A RECONSTRUCTED DYKE. EAST RIVER.

FIG. 2. A RECONSTRUTTED DYKE BEING INSPECTED BY THE
ENGINEER-IN -CHIEF.



The West River work would cost H. K. $19,500,000
” North » " I 1’ 'Y 510.900,000
” Eas! " i} ” 1y ” S 4’600’000

H. K. $35,000,000

The total area, including 3,000 sq. miles cultivated land, that
would be saved, extends from Siusang Gorge in the West to Poklow in
the East, and from Felai Gorge in the North to Heungshan in the South.

The cost for eliminating the danger would amount to, in round
figures, $4.60 per mow of cultivated land. Considering that one rice-
crop represents a value of $25 to $30 per mow, a cost for necessary pro-
tection work of £4.60 is insignificant. I have estimated the time for
completion of the scheme at fifteen years, during which time the farmers
consequently should have to pay 30 cents per year a mow for flood pro-
tection-work. Keeping in mind the losses inflicted by one single flood, as
for instance the flood of 1915, when according to a very moderate estima-
tion, property up to ten million dollars was destroyed, the population
would, no doubt, take upon themselves the responsibility of paying a tax,
provided guarantees were given that the tax would be efliciently and well
spent for the purposes intended.

It is to be hoped that the leading corporations and men in this
Province will have their eyes opened to the deplorable state into which the
country has sunk through lack of efficient dyke maintenance, and will be
made to understand the true bearing of the flood problem. What I have
stated in this paper as to the condition of the rivers and their protection
works are facts, and the proposed remedy is based on sound technical sup-
positions. If I have been able to convince the public of the necessity of
immediate steps being taken to straighten what has gone wrong, the pur-
pose of this paper has been attained.

L N 30
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in order to prevent the yearly recurring flooding of the river valleys and
delta.

The present dyke systems along the main rivers should be streng-
thened by substantial earthfill, and protected on the river side against
scouring, Their height should be increased to a level reaching at least 3
feet above the expected highest waterlevel. The highest waterlevel shall
be determined with the assumption that the river carries its total maximum
discharge between the embankments. Where no dykes exist, new ones
shauld be constructed.  Creeks and channels now breaking off the con-
tinuity in the dyke systems should be closed, the smaller ones by ordinary
flood gates, permanenty shut during flood time; the large ones by movable
dams, which will permit the regulation of flow in these channels. By thus
confining the floods to the main rivers, an immense length of dykes, which
now border the innumerable branch channels, will be superfluous. It
must be borne in mind that these dykes, penetrating far into the interior,
must, as conditions are at present, be constructed to the same height aud
strength as the dykes along the main river. In cases where these dykes
should be necessary to maintain, as for instance along a channel in which
the flow is restricted by a movable dam, they do not need to have the same
height as the main dykes, but could be of a much cheaper structure. In
other words, they wounld become of only secondary importance, and would
be needed only for local purposes.

Concentrating the flow in a few channels will paturally increase its
velocity, but this would only be an advantage. ‘The silting would decrease,
and the river bottom be lowered by scouring.

Following the course of the West River, the first dyke system met
with is above Shiuhing. The dykes on both shores should be reconstructed
on the whole length down to Motomun, and the necessary flood gates and
regulation dams erected. In the Dehia 2 number of channels should be
permanently closed by embankments.

The same principle should be applied to the North and East
Rivers.

Regarding the Pearl River dykes, their upkeep will become a purely
local affair, as the proposed regulation dams at L.upao, Sainam, and Shahow
will make passible such reduction of the flow that no danger of Rooding is
expected.

It is evident that the closing up of several channels during flood
dme by means of gates and dams is objectionable if looked upon from the
interests of the shipping; but this nuisance would only last for a short period
every year. The salvation of the people from the frequent inundations
must carry ntore weight than a few weeks’ inconvenience in transportation.
Secure to the people favourable conditions of life, and means will be
found to satisfy other needs !

Finally, a few wotds regarding the cost that would be involved ir
the completion of the scheme,

(11)



silt-carrying stream for the following reason. By dredging the bottom, the
cross section of the bed is made larger than before, which causes a slacken-
ing of the current velacity. Thnis being a fact, the current is not strong
enough to keep the silt suspended. It settles, and the dredged canal is
soon silted again. No improvement can be obtained unless dredging
operations are carried on perpetually. Such work would, in order to ex-
ercise any effect on the flood heights, reach a magnitude and involve such
tremendous yearly outlays, that for economical reasons the method is not
justified. Itis, furthermore, not sufficient to dredge away a shoal here and
there, expecting that such local operations will lower:the floods in general.
The river bottom, along its whole length, must be lowered from the
mouth as far' up the river as to where improvement is desired. Now, there
are other means to keep the current in a dredged canal at such a speed that
the silt is prevented from settling, namely the restriction of the width of
the river bed by the help of cribwork and correctly located dyke systems.
It is a false supposition that the lowering of the river bottom, say one foot,
must effect the same lowering of the water level. The height of the water
surface in ariver dzpends, in its lower course, upon the height of the water
level at its mouth, which in case of the Kwangtung Rivers is the sea level;
and no human being can change that. )

Experiences all over the world show that the lowering of flood
heights is not obtainable, within reasonable costs, by dredging the bottom,
though for navigation purposes it is often resorted to in silt carrying rivers.

Summeary

Summing up what has been said, it is obvious that: firstly,
reforestation, as a means of lowerins the present floods, is not to be relied
upon, but would, even if it should have some influence on the flow, post-
pone the salvation of the country for an indefinite period of time; secondly,
that creating new outlets to the sea is out of the question; thirdly, that
reservoirs, even if possible to construct, would only given a very slight
relief from floods, and would in time lose their storing capacity on account
of silting;. and fourthly, that cut-offs and dredging of the river bottom,
though advisable in some instances, would not alone be effective in lower-
ing the water to a level that would give permanent security against overflow
of the present dykes.

"+ The. previdus 'investigations show that an improvement of the
general flood conditions, falling within limits of available resources, cannot
be derived from ‘efforts to reduce the high water level. The remaining
means to be'taken into considersation agree with the conception of previous
generations that an effective system of dykes bordering the main river as
well as the tributdnes and channels, where adjoined by low-lying land, thus

confining the floods withjii-stable limits, would give the protection needed
against inundation. .

Proposal.{ of the Boardef. Conservancy Works

I will néw give you a short description of the “principal feature of
the work which has been proposed by the Board of Consérvancy” Works,

(10)



In rivers carrying much sediment during floods, reservoirs always
run the danger of being silted, and thus losing part of their storing capacity.
This is naturally a slow process, but it has to be taken into consideration
when the advantages and disadvantages of reservoir systems are compared.

The prospect for introducing reservoirs along the course of the
Kwangtung Rivers, as a preventive against inundation of the plains, is not
especially encouraging. Nao site for a reservoir can be found below the
gorges, without encroaching upon the rights of the rural population, by
putting large and valuable cultivated regions under water. Above the
gorges the land is less valuable, but here the valley of the rivers and its
tributaries are generally so narrow, and of such steep pradient, that the
construction of reservoirs of sufficient capacity is scarcely possible. Let
us, however, for argument’s sake presume that this is possible for the
North River, and that we wish to store so much water as to keep the
water level 1 foot below the crest of the dykes in the Tsingyun region.
‘This means at least a reduction in flood height of 5 feet below the high-
water level of 1915, which is the highest observed. It would then be
necessary to store at least 23,800 million cu. ft. of water to gain the desired
reduction at Tsingyun. A reservoir of that capacity wculd, if filled say to
a height of 16 feet, cover an area of 52 sq. miles or 236,000 mao. Storing
this volume would not produce a lowering of the flood height at Lupao of
more than about 2.3 feet, and still less further down.

Independent of the success or failure of.introducing reservoirs, the
dykes in the lower course of the river must still remain as a defense against
inundation, since we must keep in mind the fact that only a slight lowering
of the extreme flood height would be attained by storing.

Cutting off Bends and Dredging of The River Beds

A method suggested for reducing flood height is the straightening of
the river by means of cut-offs. It is believed, that by cutting off one or
several bends, the discharge of water will increase at such a rate, as to
produce a lowering of the flood level in general. Theoretically, an
acceleration of the flow will follow, since shortening of the river gives to
it a steeper slope. This change of condition, however, will only result in
a lower flood level immediately above, and in the upper end of the cutting,
while, at the lower end, an increase in flood height will take place, because
the water rushes through the improved section much faster than the lower
part is able to carry it off. The fact is, that cut offs have been repeatedly
tried in rivers as a means of reducing floods, but generally with unsatis-
factory result. They afford relief in one Jocality, but only at the expense
of other localities. Cut-offs are justified in case a higher flood level does
not cause any inconvenience to the surrounding lands at the lower end,
and even then, only when the benefit derived balances the cost of the
construction of the canal. For shipping purposes, on the contrary, the
straightening of a river may be in many cases advantageous.

Dredging of the river bed has often been held forth as the anly
means that would Jower the flood level. And so it would, if only the once
dredged canal remained open. This is, however, not to be expected in a

(9)



No léss than six different passes in the mountain ranges south of the
West River have been examined, between Nanning and the Ling Yang
Gorge, in order to ascertain if any possibilities exist to cut a canal big
enough to lead off sufficient water, in order to prevent overtopping of the
present dyke systems. Not in one single instance did the topographical
aspect warrant such a possibility, and I am positive in my opinion that the
idea of creating a flood discharge from any point between these places to
the open sea, through a canal, must be entirely and finally abandoned.

Storing The Flood In Reservoirs

The plan of controlling the floods by means of reservoirs, in which
part of the water is held back during the flood season, again to be released
at a lower stage in the river, appears to have met with much popular
approval. To the hydraulic engineer, this way of controlling floods is no
novelty; its advantages have been thoroughly studied and its limitations are
also well known. The very function of reservoirs, that of filling, holding,
and emptying their supply of water as requirsd, abstractly renders them
particularly adapted to serve to reduce the natural luctuations in the volume
of rivers. This influence is similar in kind to that of natural lakes, but is
theoretically even more effective, because the release of the water of a
reservoir is wholly under control, while that of lakes is relatively unrestrain-
ed. But there are two practical considerations which limit their employ-
ment; these are, the storage capacity required for efficiency, and the ever
present question of cost. ‘Only where the natural conditions are favourable
can the reservoir system for preventing floods be adapted with advantage.
As its value rapidly diminishes with distance, it must be close to the locality
which is to be benefited.

Generally from a constructive point of view, the best sites for
reservoirs are found in the upper courses of the river system, and con-
sequently the run-off in that part of the drainage basin only is regulated by
the reservoir. The rest of the basin, in most cases the larger part of it,
continues as before to feed the river, and the beneficial influence of the
storage in the upper.courses is only slight in the lower ones.  Great floods
do not arise from average conditions, but from exceptional variations, such
as are caused by a series of heavy rains rapidly succeeding each other.
Each rainstorm produces in the river a flood, the volume of which may be
absorbed by a reservoir or a system of them. Should z secand starm sweep
over the valley, a short time after the first, the reservoirs to be effective
must be emptied, or their capacity doubled. To hold all the excess rain-
fall until low water, would require reservoirs of enormous capacity.
Therefore, as soon as a reservoir is filled, and has for the time played its
part as a reducer of floods, it should be emptied in order to utilize the same
space for a second rainfall.  'While reducing the flood crest at a piven
locality, the reservoir necessarily prolongs the period during which the
river remains at a high stage. This condition is not desirable from an
agricultural point of view, as it prevents the drainage of the lowland in the
lower region of the river. A high but short flood may be preferable.
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be prevented from flowing down ‘the plass square for a certain period of
time ; but, when thé paper has exhausted its capacity to absorb more water,
the surplus water will begin to flow down the square as freely as if no
blotting paper were there at all. This illustrates what happens in nature
when heavy precipitations discharge over a mountainous country covered
with vegetation.

From another point of view afforestation would play a part in the
future regime of the river. Through lack of cover by vegetation, the
mountains are now freely exposed to erosion, and, besides, their surfaces
are brought to a state of decomposition. Heavy showers, which are
frequent in these regions, carry quantities of decomposed matter down into
the iver valleys, and this accounts for the silt deposits met with in their
lower courses. Afforestation on the mountain slopes in the vicinity of the
rivers would keep the soil in place and would be justified for that purpose
only. A much more important circumstance to be considered is, however,
the general economical benefit for the whole country, derived from forest
cultivation, This speaks in favour of the adoption of an afforestation
scheme throughout the drainage basins, worked in a scientific way and
supported by the authorities as well as by the country people themselves.

As the only, immediate, or principal remedy against. floods,
afforestation is not to be recomme

Creating New Outlets tc the Sea

A scheme which has been much ventilated among laymen is that of
creating an additional outlet for the West River, either to the Tongkmg
Guif or the South China Sea. In the first case, an outlet for the main
river should be sought for between Wuchow and Sunchow or, for the Yuh
Kiang, between the latter place and Nanning. In the second case, an
outlet to the sea from any suitable point between Wuchow and the Ling
Yang Gorge would have to be constructed.

The West River valley, above Ling Yang Gorge as far as the
junction of Yuh Kiang, is separated from the sea coast by huge mountain
ranges, their main direction being from East to West, with a number of
branches stretching to the North and to the South.

The Yuh Kiang valley is in a similar way isolated from the coast
of Tongking Bay. The branch mountains sometimes form between them
gently declining valleys, those sloping to the North being separated from
those sloping to the South by an apparently low saddle, which, for the
layman seem to be easy enough to overcome, but, when inspected by the
engineer, form unsurmountable obstacles for the construction of canals.

A study of available maps, and the general geographical conditions
of the country, together with information collected from different sources,
led to the conclusion that an attempt to- cut through the water-shed to the
south would prove impossible. Nevertheless, investigations have been
u‘r;dertaken with the principal object of climinating this scheme once for
all.
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1.  Adorestation of the drainage basin.

2. Creating new outlets to the sea.

3. -Storing the floods in reservoirs.

4, Cutting off bends and dredging of the river-bed.

I will examine the effectiveness of each of these means in their
preper turn, and ‘also state their influence upon the floods, if applied on
the Kwangtung Rivers.

Afforestation of the Drainage Basin

There exists in the public mind an impression that the prime cause
of the floods has been the destruction of forests in the river valleys, and
that the surest way to prevent them is by reforestation. This conception
is held not only by laymen, but also has been advocated by hydraulic
engineers, though more as a matter of theory than founded on actual
observations. Recent investigations, based on facts collected during a
long sequence of years, have so far, in a measure, changed this corcep-
tion amongst the experts on hydraulics.  Still there is a great diversity of
opinion on the subject, some maintaining that the cutting down of forests
will ultimately convert a country into a desert, while others claim that a
moderate cutting down of the forest even increases the rainfall.

The fact remains that in Europe as well as in America remarkable
series of great floods, in land covered with woods, have not occurred more
frequently a/ler the forests were cut down. It is also argued by some,
that with reforestation, if the floods occasionally were high, they would
not be as frequent. However, where long periods of records are available,
they do mot always verify this apprehension,

Itis generally accepted by both sides that the leaves falling from
forest trees, as they decay, form a humus which has a capacity to absorb
water. However, after this capacity is utilized, a condition which soon
will arrive in countries subject to heavy rainfalls at short intervals, the re-
tarding influence of humus on the run-off is more or less lost. It will
require tens of years to produce a good forest growth within the drainage
basin of a river.  After that half a century will probably be required for
the leaves to decay in sufficient quantities to produce a layer of humus thick
enough to absoib the rainfall.

Under the assumption that reforestation would reduce the flood dis-
charge of a stream to one-half, I have made an estimation of the forested
area that would be tequired to lower the flood heights in the North River
to an elevation of 1 foot below the present dyke crests at Tsingyun. [
have found that at least 65 per cent of the total drainage basin, amounting
to about 12,000 sq. miles, would have to be covered with forest to bring
about such effect. Even with the best organization, and unlimited
resources, it is doubtful if the government or the communities would be
able to inaugurate such a scheme,

The following illustrates what happens when a heavy downpour
drenches a wood land.  If we take a piece of blotting paper and place it
on a glass square, and give to that square an inclination, and then pour
water over the blotting paper, the water will be absorbed by the paper and
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higher ground, and construct an artificial water supply, rather than to run
the risk of having them spoiled by floods year after year.

Another circumstance which causes serious damage to the dyke is
the custom of laying the slopes under cultivation. As the durabili(y of an
earth-embankment depends on the. protection given to its slopes, this
durability is imperiled as soon as the cover is injured or taken away. The
yearly ploughing of the slopes spo:ls the cover and exposes the soil to the
erosion of the heavy summer rains.

But not content with the use of the dyke-slopes for agricultural pur-
poses, the country people do not hesitate to carry on excavations in the
dyke body itself in order to gain a few addmonal square feet of land for
thexr adjacent rice-fields.

In other words, the dykes seem to be considered as ‘‘ no man’s

Jand”’, which every one has the right to use for his own selfish purposes,.
instead of being looked upon as the common property of the whole popu-
lation, for the safety of whose life they are provided.

It is not sufficient to construct a dyke, however strong, if the future
upkeep is neglected and damage left without immediate attention. A cut
out of the slope, which at the beginning may be of inconsiderable
dimension, increases in the course of time, until the strength of the
construction is so diminished that, when the floods occur, a catastrophe is
certain to happen. The strength of a dyke system is determined by its
weakest and lowest section, and it is useless to give to one part of ita
strength which is not shared by the rest.

There are, it is true, committees for every dyke district, formed by
delegates from the different communities within the protected area, whose
function it is to supervise and carry out necessary repairs, In most cases
these committees have no aptitude for dealing in a thorough way with the
problems which arise, and their oversight is Jimited to only their part of
the dyke-system. A district surrounded by a continuous embankment on
whose solidity and maintenance the safety of the whole enclosed area
depends, is often kept under supervision by several committees, each work-
ing in its own interests, without any cooperation whatever. The result s,
that one part of the embankment may be well kept up, while another is
left to its fate, one committee being well supplied and the other ill supplied
with funds. The dyke is like a chain ; if one link breaks the chain fails
to do its duty.

It seems, therefore that one homogencnus organization, with suf-
ficient power, mdepcndent of local influence, and possessing the requisite
qualifications to overcome technical obstacles, is the only suitable corpora-
tion to conduct the dyke supervision.

I have now given you a general conception of the condition of the
rivers, and of the means which have hitherto been applled in trying to con-
fine the floods to the river-bed. We wiil now investigate if there are any .
any other ways to prevent the flooding of the low lying country. The
principal means suggested as remedies against the violating floods may be
classified as follows : —

(s)



If a river is confined within dykes, as is the case with the Kwang-
tung Rivers, no rise of the land surface by silting is to be counted on, as
lony as the dykes are intact.  Following the growth of the river, towards
the sea, the gradient must be maintained, and a risc of the bottom follows.
The most effective means to stop the growing divergence in level, between
the river bottom and the land, would be to give free access to the water to
$pread out over, the land, there to unload its silt, and raise the river banks.
To keep the bottom low by permanent dredging only is a very expensive
Speration, which can scarcely be resorted to in rivers of such magnitude
as those-of Kwanptung. As an example it may be stated, that deepening
the river bed only 3 ft. on half its width, between Samshui and Tzetung,
would cost at least 3.5 million dollars, whereas raising the dykes on both
sides 3 ft.,- and giving them sufficient strength, would cost only about
400,000 dollars.

During a period, covering probably at least 800 years, the popu-
lation in the south of Kwangtung has protected their low lying land against
inundation by means of extensive embankments, running along the bank of
the rivers, and their tributaries, also following the innumerable creeks,
which are in communication with the main rivers.

At the time of their construction, the dykes were undoubtedly raised
to a sufficient elevanon, to prevent over-flow from the then prevatlmg hxgh
water. But in time the flood level has become higher, necessitating an in-
crease of the height of the dykes. Where this has been done, successive
additions of earth to the top have been laid, without regard to the necessity of
proportionately increasing the width of the base. The consequence of
this inadvertence is too steep gradients, and insufficient width of the base
of the dyke section. The earth required for the work has often been pro-
cured from the lower part of the dyke itself, or dug out from the natural
ground in the immediate vicinity of the base, thus weakening either the
embankment itself or the foundation upon which it rests. For years this
procedure has been catried on, and considerable quantities of earth have
been removed from the lower part of the dyke to its top. The result is
that the top width, as a general rule, has how become unnecessarily large
as compared with that of the base.

Where the material for repairs has been taken from the ground
near the dyke on the landside, more or less deep excavations now remain,
being of considerable width and running paralled to the dyke It is evident
that if a part of the soil on the landside, close to the base, is taken away,
the load which has to counterbalance the water pressure on the riverside is
decreased. [n this case the resistance of the foundation is weakened, and
the danger of undermining 4drises. This phenomenon has been of common
occurrencé during recent floods.

‘The erection of houses on the tops and slopes of dykes isa common
practice among the people and should be condemned. The excavation or
driving of piles for foundations weakens the dykes, and the presence of the
buildings interferes with proper inspection and repairs. The probable
reason for building on the dykes is the desire to be near the riverasa water
supply. But it would pay in the end to move the houses further inland to
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The Pearl River

The Pearl River, or Chu Kiang, is only a small river, compared with
other rivers of Kwangtung province. It may even bz open to guestion
whether the Pearl River, should be considered as an independent river at
all, or only as a branch of the North River. Furthermore, it has more
the character of a tidal channel than that of a river proper. A study of
the map gives the impression, that the river is principally fed from the
North River, and also, via the Samshui junction, from the West River.
This is, indeed, the fact during the wet seasen. In the dry season the
Canton River drains the country situated between the basins of the North
and East Rivers, and has the characier of an independent river.

The East River

The East River, or Tung Kiang, forms a water system of its own,
entirely separated from, and independent of, the other systems. 1t drains
the land to the East of the Canton-Kowloon railway and comes from the
mountains on the boundaries of Kwangtung, Kiangsi, and Fukien.

All these four rivers have together built up the Canton Delta, a vast
plain of alluvial soil which covers an area of about 3,100 sq. miles, situated
to the South of Canton and to the West of Sheklung. This area has a
population of 8,000,000 to 10,000,000 people.

The Delta

The Delta is penetrated by an immense number of channcls, formed
partly by nature, and partly by man, and in places dotted wuh isolated
mountains. In ancient times, these mountains evidently fonmed parts of
the archipelago, which surrounded the continent. In prehistoric times
the seashore seems to have reached as far as the Ling Yang Gorge, form-
ing a large bay where now the Kwangli enclosure lies, and extending to
the White Cloud Mountains north of Canton. In this bay the West and
North Rivers meandered between the islands out to the open sea, deposit-
ing their silt, and successively building up the plains now known as the
Canton Delta. Simultaneously the East River approached from the East,
building up Jand in the same way.

Every alluvial river is bound to extend its delta further out into the
sea, as long as the littoral currents do not prevent its_extensian, -by carry-
ing the silt laden river-waters out to the deep sea.” The West and North
Rivers debouch through several channels into the sea, where the silt settles
along the coast. Year after year the setling continues, resulting in an
extension of the river bottom outwards. As.the n\cr-bed lsthue extended,
the slope of the river becomes miore gentle, causing a slacking of the
current, and silting of the bcd further up the river. A rise in ‘water level
is then bound to follow, giving to the flow a velocity sufficient tv carry the
silt out to the sea,
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In old days this canal was the connecting link between the Kwang-
tung and the Yangtze River systems, and made it possible to ship tribute
rice and merchandise, inland, from Canton to Peking.

At flood time the rivers rise tremendously. During the big floods
of 1915 the water at Wuchow rose 82.3 ft. above the lowest water level
on record. That is to say, if we should mark this height on the Sun
Company’s Building on tht Bund, the water would reach to the fifthfloor.
The average rise is about 61 fr. above the lowest low-water mark, and
such floods are generally not dangerous to the dykes along the river.
Still, even moderate-floods may cause inundation, not by over-topping the
dykes, but by washing out those dykes which are not of a sufficiently strong
construction. During the year 1915, the quantity of water passing Wu-
chow at the highest stage was 2,100,000,888 cu. ft. per second. That
means, that if this quantity had been confined within the old city walls of
Canten, the water would have risen, in one hour, to a height of 157 ft.
above the ground, and would have entirely covered the Sincere Building. I
-will give another example. ~ If the river had, at that time, been led into
the Shuritak district, arid that district had been surrounded by a wall, 13 ft.
in height; this basin would have been filled up to the top of the wall in 24
hours. The highest rise in 24 hours at Wuchow was 22 ft. during the
summer flood of 1924,

“Tive North River

The North River, or Pei Kiang, is next in size to the West River,
but comparatively a small one, having a drainage area of only 1/7 of that
for the West River. The North River also has a great number of
tributaries. The most important of them are the Wushui, the Yungkiang,
the Linchowkiang, and the Sui Kong or Bamboo River. This river rises
in the northern part of the province, having its sources on the southern
slopes of the Meiling range, which latter separates the Kwangtung and
Kwangsi provinces.

The North River is in communication with the Canton River
through the Lupao Channel, the Sainam Channel, the Fatshan Channel,
and, south of the latter, through several channels above and below Chan-
chuen. It is.only during the flood season that water flows from the Lupao
and Sainam channels to the Canton River. Sandbanks formed in their
openings cut off water communications during the dry season. In the
other channels the water flows both ways, accerding to the ebb and flood
in the sea.

The North and the West Rivers are in permanent communication
through the Junction Channel at Samshui.  Any variation of flow in the
one river, therefore, exercises a certain influence upon the flow in the
other. During the wet season the West River is the dominating one, and
the water flows from that river into the other; but in the dry season the
reverse frequently occurs so that the water in the North River goes into
the West River.
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THE FLOOD PROBLEM OF KWANGTUNG
. by -
Major G. W, OLIVECRONA
Engineer-in-Chief,

Board of Conservancy Works of Kwangtung

[A lecture given at Canton Christian College]

In the following paper I wish to put before the public the Flood
Problem of Kwangtung, such as it appears to the hydraulic ‘engineer, but
in such a way that the layman will also be able to grasp the purport of the
problem and to form, for himself, an idea of its magnitude. Here I will
give, in a_ concise form, a brief statement of the condition of the rivers.
‘This statement is based upon comprehensive investigations of the causes
that rule the flow. I will also outline the methods that mustbe applied in
order to control the floods.

On a stretch of coast, 60 miles in length, no less than four rivers
debouch into the sea, viz, the West, the North, the Pear], and the East
Rivers, discharging during the rainy season about 2,800,000 cu. ft. of
water per second.

I will begin by giving- you a general -brief description of the
geographical and the hydrographical features of these four rivers. The
Han or Swatow river, draining the extreme north-eastern part of the
Kwangtung province, will not be dealt with in this context, as it forms a
river system of its own, entirely separated from the four rivers under dis-
cussion.

The West River

The IWest River or Sikiang, with its tributaries, drains, broadly speak-
ing, the whole province of Kwangsi, the eastern part of Yunnan, the
southern part of Kweichow, but only a small part of Kwangtung, or about
1/10 of the whole province. Its drainage basin covers an area, within
which could be placed the whole of Great Britain and Ireland, together.
with the Kingdom of Denmark.

The river is navigable, even during the dry season, as far as
Wauchow, for craft having a draft not more than 6 ft.; but beyond this
place only for native boats and flat-bottomed motor-boats, as several rapids
form obstructions difficult to overcome. Small boats may proceed with
certainty up to Hingi in Kweichow, a distance of about 530 miles from
Wuchow.

A river of this magnitude naturally receives a great number of
tributaries, but I will restrict myself to mention only the two largest of
them, the Yuh Kiang and the Kwei Kiang. ‘The latter, which also. is
called Fu Ho, has in its upper course a canal built in 214 B.C. This
canal is connected with the river Siang Kiang, belonging to the Yangtze
River system. Siang Kiang debouches into the Tung Ting Lake.
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