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CONTROL OF THE YELLOW RIVER IN CHINA
Introduction

’River.improvement.is a science of much coumplexity, 1t is
not susceptible of rigid mathematical analysis  which
obtains‘as in the field of bridge construction. There is
no generalization. Laws which hold good in ohe  case
seemingly reverse\themselves in another. Kach river has
its own definite cbaracteristics and presents .its own
equation. ‘ ,

It is then evident that for a definite river the system
of treatmwent must bs so chosen as will be adaptable to
the existing conditions. Such conditions should be
recognized by means of a clear observationand coordinated
with the same spirit of all scientific procedure. So is
the adoptaticn of the reserveir project cn the Colorado
and thsc upper VMississippi, not because the Amrican
engineers want apply such a project to these rivers: but
because they realize the necessity of their adoptation owing
to the demands of these riv rs themselves. Again theearly
German practice on the: Rhine was to give dikes a considerable
inclination downstream.Such dikes, however, had found to
cause a conszderab]c settlement and a caving of banks betwesn
thew. Nowadays, "the practice on German rivers is to give
dikes an inclination upstream of 105°to 11Ceon straight
reaches, 1CC°to 1(2.5°0n concave banks, and 90°to 10¢° on
convex banks. They érerspaced at 5/7 of the channel width
in straight reaches, -at balf the channel width on concave
banks and at the full width on convex banks”:-This simply
shows a better progress: , toward an understanding of this
subject, that has been made by the German engineers. But,by
no means, applications of such a dlspos1t10n will guarantce



their succes elsewhere., Consquently the Yellow Riverproblem
must be studied with a view to revealing those characteristics
which will satisfy the wants of the river.

~Yet, in spite of these considerations, the writer has met
with extreme difficulties in his study, on account of the

lack of data. His endevour therefcre, .in these following pages
will be to collate such which are definitely acceptable and
‘to elucidate as far as'p ossible the way toward the soluticn.
For the solution, the writer does realize his duty, but a
complete representation with regard to the theory and practice
is not allowable with such a limited number of facts within

such a short 1ntcrva1 of time.

e



lf'GCOphysical Features .
Above all things, the Ygllow Rjver is probably the muddiest
in the world. Nor is the fact at all surprising. From the
very~nature'éf the case little else could be exbected, since
the geophysic conditions of the river basin predetermine
it simply as a matter of fact. Starting from ths Inner Mongolia
and,southward'tp the Yantze valley,  bluffs of a quaternary
formation, calle by geologist loess, will be seen scattered

everywhere. The origin of these has lcng been a mooted ques tion
among the geol gists We are not interested here, -however, to
enter a detailed discussion in this respect, The present purpose
is to reveal those facts and their influences upen .which the
Yellow River prablem may be comprehensively studied.

In China proper, loess covers an area of about 63C OCC sq . km.
At the high land of Shensi, its thickness is about 1 8CO m.:
at WuLta-shan, 24CC © and at soce western part, about 3000m.
The head waters of the Yellow Kiver derive their scurces from
those ragions. ,

According to the estimation of V. Richtofen, the greasest
thickness of loess plain. in China is up to 6CCC m. This shows
that loess does not only cover high mountains butfalso fills |
up deep valleys. It leads then naturally to a conclusion that
the origin of loess :is wind. Think of the desert of Gobi :.in
Central Mongolia. There is hothing but a2 boundless plain of
gsand. So 'in case‘a strong wind blows, especially the .north
wind; fine particles of sand were picked up, held .in suspension
and carrisd into the interior provinces of China}-High mountains
and vegetations mould induce sedimentation of sand just in
the same process as silt arresters in a stream, As soon as the
int:ensity of wind reduces, the suspended particles begin to
deposite everywhere. ‘

In the Yellow River valley , heavy raim> usually occure:
during July and August. June and Septimber are also in the



rainy season but generally bring only light rains. Irrespective
- of the retardation of dround vegetation, runoff of rainfall

has been a constant endeavor to erode settled loesses and
transfere them frow high mountain$ toc ravines and from upper
"fields to low ones. Evidently these mobile soils have the $ame
intention as that of the flowing water to approach.the river

or its tributaries as soon as possible.

In the Yellow River va lley fields are usually in a stepped
form. Each or a group of them levels itself, but differs .in
'altitudef“A'heavy precipitation produces such a voldme and
velocity of discharge as to cagate a powerful erosive acticn

which removes surface soils of fields and tranfers them eit her
to the roads and canals, if any, or cverflows over the boundary
of high lands to low ones Owing to the latter overflow,
boundaries. are scometimes cut into gorges

Loess in China has the same physical properties as that in
the Mississippi and Rhine valley 1t is very porous and yel low
in coler and the diameter of ¢ rains varies from 0 05 to C (26
mm. On account of its porous and fime structure, it offeres
little resistance to traveling trames and runnihg horses. So
it has been a notable feature of highways in north China
that the road beds are usually in the bottoms. of canyons of
loess. Often you find yourself travelling some yards below
the level of fields, so that you could see nothing of the
country. At some places such roads lead directly to the river
or .its trloutarles. During dry season, wheels'are usually
burried by a layer of powder of trampled s01l Ih windy days

fine particles will fly and find a new home. After rains, the
" road becomes a silt bearing canel and sometimes, with the
conttibution of flow: from fields, a trrent.

A1l of the eroded soil either from mountains, fields or
roads will find its vay and finally reach the rivar. These
considerations are especially true for the upper basin of
the Yellow River above Lun-ji in Honan. Relow Lun-ji the



river is continuously preotected by dikes.

Yet there is a secondary source of silt contribution to the
river. On account of the tubelar structure of loess, mostof
the river banks are vertical bluffs. 1f no external fcrces
afe applied to them, these bluffs may stand for swer. However
the river course is tortuous, and naturally cross slope would
be created belween concave and convex sides. Ouing to the
cross slope, there .is produced a cross current. But this
current carries energy and m cwentum.lf th banks are so shaped
.and their geological structur is so constituted that they
could adapte the condition of flow, or if we state in a dif ferent
way, the condition of flow is‘simply a result of natural
adjustwent of bgnks, the conditicn of equilibrium between the
water and boundary could then be mainyained and these upright
bluffs would still be able tc stand for ever ~Unfortunately
such cases are very rare ‘@rosion and sliding ar:c unavoidable

as show:n in Fig 1.

Fig 1. '
The silt deposition data as obtained at Lo-ku .in Shantung are

represented in the annexed Table.

1962 June 23&27 : July 17 Aug . 15 Novf28
Stage m 28.76 30.71 2g .57 30.59  2¢.14
Siltig 0.52 .57 2.93 4.¢7 0 65 2.6 2.63 .53 .. "

wt of water



In the year 1898 the river broke the dike at Wang-chia-liang
‘in Shantung. The silt deposites covered an area of about 300
5q. kuw . with a thickness of 0.6m to 2 m.

Conceiving of these facts, every englneer who .is interested
in the Yellow River problem should realize that the question
of silt reduction merits first consideration,

Above Lhnujithe river flows over a steep siope and the
currant is so great that there is practically no sedlmentatlon

Though,: on account of kigh bavk walls , pecple DPlad it
‘d@ifficult to develop irrigation yet they do not suffer from
inundation. But below Lun;ji the river, like the Mississippi,
flows through a bed of .its own creation [Tow bank walls:, '
moderate slope and considerable width cf the PIVGF are found
in this portion Alteraticns of the river course had alsays
been taking place within this alluvial plain. Ibese alterations
are due to the faci that tlhe river has, in the upper stream,
encugh force to carry ity load, put after it enters the plain,
the current becoumwes weaker, deposition occurs and the river
bed raises up day by day. So an engineer would fail to meet
this problew, if he only wants 10 improve the 1lower course
within the delta without paying any attention tojthe uppér
stream. ) N |



2: An Basstern View and the Modern Tendency in River
" Improvement ,

No doubt the first hydraulic engineer of China is Y¥. His work
is supposed to be dependent upon the principle of action of
non-effort (iF 7 3 ¥ ) Ry this we mean Yu carried away the
waters by doing what gave him no trouble, or by doing what
gave him full accomplishment with the least effort. He made
the four seas as the receptacle So at that time waters even
‘of the Kiang, the Hwai, the Ho, and the Ean pursred their proper
‘courses through the country.  There were no inundations for
mwors¢ than one thousand year. Unfortunately at the down fall of
Chou dynasty, the whole kingdom separated into warring states.
Dams and dikes are supposed to be built at the will of these
petty states  Sfil11 worse, they liike Chei-bei led waters to
inundate their enemies - Yu's system was broken into pieces

In the Han dynasty Ciz-jcn pregosed three plars to regulate
the Ho c¢r the Yesllow River The first one is nothing but to
try to rediscover the old channel of the river in Yu's systeunm,
it is the best of all, but not fswasible on account of its
enormous expenses. The second is to develcp ‘the irrigation in
Chee;chow'by means of lateral canals as a method -of fleood
control, This may be recommended even at present. While the
third or th:¢ wost unfavorable cne was to maintaiﬁ a’dike systen
by simply increasing the height where low or the thickness
whers tbln, officers of the present Yellow River Bureau have
acted as a golden rule. They simply built dikes and maintain
them but do not care about the regimen of the river.

Wang—chin during the time of Han-min-ti did wonderful work
about the Yellow River. Although no special records could be
obtained, from the Chinese history we could notice that he
did use sluice gates spaced at a distance of ten li or about
four miles to control floods, embank ravines to secure regimen
and remove obstacles to make flow ease. His work agrees with
the modern practice to a higher degree. So after him till the
begining of Sun dynasty for about thousand year, there were



no floods. .

In the Min dynasty, Pan—chi-suen knew very much about the
principle of dike construction. He utilized the dike not omly
for flood protection, but also for the purpose to confine
water so that it will be able to discharge the charged
sediments His work was continued by Chin-fu with no alteration
either in theo y or in practic .They constructed dikes so wisely

that for hundreds of years: people did not suffer frow any
floods.

~ These few persons menticned above are only the . representatives
whose theory and practice are supposed to be very important to
the Yellow River problem. Cf course there are many others to
whom thes writer pays equal respect, but no space.is here 2l lowed
even to make a Brief account about each

At present both the American ana Furopean engineers have the
comnmon tendency teoward ine nziural theory in river improvemwent .

1t was coriginate by ¥ CGoirsoor and cupri=wented by ¥ Fargue.
"When Lhis methes iz follicwed, the sinuous course of the river
is preserved, so as to render mors stable the location

of the bars. Ko attempt is made to obtain uniforw depth nor
uniform slopes. The bars are permitted to form in the crossings
and their crests to rise with a rise in the: river stags¢, but
during a falling stage the currentssare given such a direction
as to scour a channel of the desired depth across then. "

& x

By so doing it is' supposed to be in harwony with ths: econoumy
of natural forces manifested in the tendency of nature to
accomplish her work with leas:t labor. Sc is the explanation of
the phenomena that though the course of a river , flowing over
an alluvial plain, might be the most sinuous, the banks may '
be found practically free from erosion. Because erosion means
a2 waste of energy and necessitates the river doing more wor k:
it is against the purpose of nature. As a good example ".. the
cours:e of Mississippi for the last seventy or eighty piles
below New Orleans consists almost entirely a seri es of
reversed curves of radii so large that they lengthen very little



the course of stream, and althoiigh thsr banks and bed are of
fine silt, pfacticaliy no ‘rosion takws place...”

%hile the natural theory seems to be favorable, the engineer
must b=y cavtious about the particulars of a river. River and
. bank exiiyt as they are River wants to carry cut its work with
least labor, but bank wants to keep its conditioa of undis—
'turbance.~Tﬁe_¢hange s as shown in Fig 1 are either due te
the inadequate geological constitutioj: and physical configuratiojm
of the stationary bank or due tc¢ thie improper energy and mcuentun
~of the flowing water So in river improvement, hurwan effort
should be spent in such ir way and in such iz manner that these
influences would approach a limit ‘



8. Utility of the Existing plans

1t has been a universal fact thet many of th: western friends
who came 1o China and knere thzc condition of floods of the
Yellow River havic advocated that fores try is the only ‘means
for flood r elief This may be true tc a certzin extent, but
does not give a right attack to thig problem Forestry should
be developed for its ewn purpeses 1t it were devel cped
sorely for flood protection, it 1g quite questionable Cne

. reasen is that thd Yellow kiver valley is thickly populated
"and cultivated lands are maintained if forestry should be

developed to 2 swall extent, itwould be ineffective for protecting
floods but if not , it would do harm to those lands upon which
farmers depend for livirs Anolber reason is that ever the
condition perwissible, forestry is rather a slow process

In the year 1922 ¥r J K Freeman published an interesting
paper under the title" Great Flccd Problew in China " (Eng
News: Record, vcl &€)a 1t may be quoted in the fo liowing way:

" .. .IThe chief cpje2ct in the riveer trazining now proposed is
protectiOn against fl cods ty ultisately ferzineg a thick
flood procf dike by uwezns of silting vp the space between the
present inner dike and 2 new straight dike built to confine
the new straight and narrow channel and hold this from meandering
so that it will henceforth flow everywhere between new banks
protected against undercutting by spur dikes...”
M ... .The river would be compelled to flow in straight courses
5, IC, or 20 mile s in length, laid out nearly midway between
the present inner dikes as may best fit existing condition in
different localities = . The space of from 2 to 3 wiles in
width thus left between the old inner dike and the new
straight dike , . forming tte most fertile kind of agriculture
land, buvt presenting the sreat superiority of having the
admission of flood water always controlled untill growing
crops had been harvested by substantial sluiceways and gdates
built into the new dike "



As a citizen of China the writer appreciate the auther and

his propositior a great deal. This proposition is based upow
the auther's actual observation and also very practicable
for the present conditiov of China. But the could not see
why straight dike and straight channel are necessary. These

of courseAhavé the advantage as stated by the auther " the
necessary works of river training and dike building , although
extensive are of a siwmple character " The question is that

"do the simplicity and reclaimable land Justify t he injurious
effect of straightening a river? An excellent example is
afforded by the imprevement of Mississippi in. front of the
city of St ILouis. "  OCn.account of the commercial iwmportance
.of that city the river was so contstructed as to follow the
Missouri bank, within the city limits This contracting and
straightening has reduced the slope to C 2 foot per mile on
a river which normally has a slope of C 6 foot per mile, and
an excellent channel exists in front of the city, but the
slope on the Chain of Kocks immediately above have been in-
juricusly attfected and annual dredging is reoquired on the
crossings bé]ow the city " Sc should the Yello w kiver be
trained according to the auther's proposition, it would be
equally hard,even worse, to protect the new dike and channel
than the old. Reclaimation may be rendered uncertain. 1t is
suppbsed,that the auther understands this objection and so
he said ". .But all of this is no short or simple task, nor
can the works be designed in their best shape untill after
scientific tests and pains takin observations..." But anyway
his proposition seems to be limited itself to the portlon of .
river below Lun-ji and nothing about the upper stteamw where
the river derives nearly ninety percent of its load.

Mp C M Townsend understands the trouble of the Yellow
River to be the silt from the vast and easily eroded loess
deposites of the provinces just up strean Lun-ji So he
suggests to build levees at Honan to prevent the detritus



which is washed down from hills from spreading over bottom
lands;—as on Lake Biwa, Japan (Townsend: Rive r and harbor
construction. p 112). 1t is a good ideal but not suitable

to the condition of the Yellow River. This unsuitability needs
no explanation, if a comparision will be made between the
qeolo¢1ca] conditions of these two places The writdr should
think that »r Townsend neglects the physical features of the
upper Yellow basin'éntiredy :

For his own consideration, the writer should 'say that the
"solution of the Yellew River problem is governed by the
natural theory and derived from an cperation of an unigue
pethod. 1t would not be unique, if the 1mprovement should be
limited only W1th1n the delta as it has been bh€ case for
thousands of yea rs 1The futu re igproevement wust conside r
the whole basin as a unit While the wmain should present its
peaceful serpentine figure, head waters of the Yellow River
badly need a "thorough cleaning"



4. Importaﬁces in Regulation
The Yellow River protlem is not a problem of reclaiwation but
protection. So ar:c the following propgsed methods rather pro
tective in nature. They are considered to be f ruitful to
investigation either ip a hydrotechnic laborate ry on a
portion of the river itgelf as on the Garonne ;
4 Stability of the river channe 1

According to Mr Taylor's observation, silt deposites of the
Yellow River raises the river bed more than three dinches per
‘year. So it is very hard to predict that the river would not
shiff its course in the recent future. However thene'must be
at least one section on the river where will be found no
sedimentaticn, no srosicn and with encough width and gepth
for navigation I'ris normal tectlion tzache s that the equil i-
brium of the river would be mecured , if the stream should be
regulated in accordance with this sectici 3¢ in the improved
channel, either the width, the depth cr even the curvature cf
the channel must follow thcee in the normal section as close
ax posrible Ry so doing the thre2e elerents: the dis¢harge,
the amount of silt,and the sicpe of river bed would be in a
condition of equilibrium, because they do.in‘theinormal sec tion
and the improved section follows the formwer without any
arbitrary alteratien. ) o
Concering the amount of silt mhich could pass through 2 cross
Sﬁction,'Ffanzius gives the following formula:

G=X (10061 )2 [{t-t) tdx,
where G:amovut of silt carried through in cu. m.

%:a coefficient depending on the=charaéte} cf silt

and on the river ‘
{vslope of river bed
t:depth of water in m which creats a tractive force
9=1CCCit kg per sa © ’
t:1iwit depth in m which makes S=
brtotal width of water surface in @ dxtan elexent of b:



Consquently we. have three cases to be considersda:
(1) When t=te, G=C |
This shows the normal condition and neithrr increase nor
decrease in the value of G
(2) Khen t<te G=m R
This shows that the valu e of G would decrease, or that the
river will no longer be ablsr to carry the amount of silt G.
Jedimentation will necessarily occur. ‘
(3) When t>to G=+
This shows that the value of G would increase or that the
river g not only capable to carry the amouvi of silt G
pbut more Then scouring may happen '
For bank tlepe ; Franzius gives another formula:

Qo SinA=3inp
75, To SINAFSINE
where S, Sgtractive force in k¢ per sg ®w coresponding to
t and tofSﬂpectivelv
A=angle ot repose of earth ;
B=angle betweea the bank surface and the surface

of equilibrium

Evidently when B=(, t=t and it is under the normal condition.
By means of this: squation we could determine thz« bank slope ‘
under any depth of wate r. ‘ '

‘From these consriderations, it is evident that the value of
t is the .important among the all. But we-would not increase
nor decreas:c t-directly. What we could do is to change the
width of the-prcfile-or'to pmodify the curvature of the channel.
This necexsarily calls for a levee project. But the levees .
must be so constructed and so shaped that they wil l satisfy
the wants of the river as claimed in the normwal section If
o, the river would flow as it wishes and not against any
undesirable obstructions done by human forces. Extraordinary
high waters may be controlled by means of xluice dates,
inverted syphones, etc -as may best fit the em&;ting;conditions,



B.  Reduction of silt

Probably the difficult question of the Yellow River probldm

ixg silt.‘Reservoirs and forsstry arasc impracticable. Now
refering tc the firxt paragraph we notice that while the desert
of Gobei is considered to be the sourc:c of loess, the~loéss
plain of the upper river basin and the bank slidesr are the

main sources of the sediwents The prevention of bank slides
follows the normal condition #fven .in extreme cases banks can
'stil]l be protected by mattresses, etc which afe‘quite.ﬁithin
‘thic reach of human power ' :

How to conquer the desert of Gobei? 1t gcems to be a-laughable
gquestion, but the writer should think that although we might
not be able to conguer the giant desedt, yet it is not impossible
to reforestry the lnner Morngclia fhis would ¢give a constant
cretardation to the transportation of loess to China’propernlt
is also impotant for the portion of th: Yellcw River flbwihg
cutside the Great %all

For the protection ¢f the eroded soil from tte lcess plain
te the river thrie meth ods ray be recomnmended:

(1) Plantation of field Osier .

As mentioned before, fields in the loess plain are generally
in a stepped’fbrm.'During a beavy-rain fal 1 runoff over fl ows:
high lands to low ones with its eroded soil and gradually
steps down to the river or its tributaries. But if vie plant
one row of osier along the three boundarie s of the field as
shown in Fig. 2., it will offer three advantages to this
condition. Firstly the rcotx of osier will reinforce the bank
earth and prévent‘it from cutting into small dorges JZA by the
runoff - YHIFXEXY Secondly along each row, the land will
gradually raise up to form a small dike against overflow.
Thirdly boughes of osier are very ithin that they not only

no harm to crops but also good to make buskets, ete



(2) Transverse and Horizontal Ditches
This was really an old wethod and constituted an element of
Yu's system, It was destroyed by Shan-yan .in Chin dynasty.
The arrangement of these ditches may be shovn as in Fig. 3.
They serv:¢ for three purposes: : -
1. As swmall reservoirs, they will reduce the runoff of
ralnfall directly to the river. But they are not so

hard and so .expensive to construct as an ordinary
reservoir. Local labors could do very w ell.

11. They mill collect the erode loess and hold this in there,
"~ According to the investigation of V Riéhtbcfen the
settled lbess .is a kind of very fertile soil and
especlally suitable to the: growth of wheat, corn,etc.
111. At svery spring farmers may take out all of the ’
~ depgsites from digches to increase the fertility of
their lands RBuskets and shovels would de and sieam
dredges are useless
1t is then mvident that thess: ditches will not be able to
facilitate the river control but also to b:mctit the agri-—
culture. If we could the total area of the'dpper basin and
the percentage of cultivated land: the runoff per sq. mile
and the duration of heavy rainfal 1 and other features as :
related to local conditions, the démensions of ditches belong
to one sg. mile, one acre or even oneimoo may be computed
therefrom.’ (
(3) Improvimsmt of Highways
The conditions of hlghwayglln no~fth China has been statzd
before. So #f good roads were madx according to new methods
‘and runoff from road surface carried away by proper ditches
on either side of road bed, each of th:c muddy canals after
a heavy rainfall will bsc a'broadway. Both transportati;n and
river control will be facilitated to a great extent.



C  Feasibility of Navigation: ,

One of thd Chines philosophers,- Chu-31 41l the Sunrdynasxw
suggesxted that river improvement shot ld begin frow the lowest.
It agrees with the modern practice exactly. Should the Yellow
River be regulated , its mowth must then be the starting
poijt. The Szlena Pass on the Danube, the South Pass on the
Wississippi and some of the othems are excellent examples to
be refered. After this has been done, the regulatior is
extented upstream secticili by secviai. Obstacles may be rewoved
. by dynamites or dredges. In the slope is too ste&p a method

of canalization may be introduced.

Now the flood volume of water of the Yellcw River ranées
from 200 CGOcu ft per sec At low water stage, the discharde

is about 37 VCO cu ft per sec For this later case if we
assume the velocity to be ¥H€ 3 ft per sec and the width of
low water surface 160C ft , the average depth of water will
be about 7.85 ft 1n an inland river, even during a storm
the impuet'of wave actiom is insignificant So this depth of
water would be enough for vessels c¢f about 4CC tens capacity.
For ordinary mater stazge it is quite possible to sail vessel
of about 1000 tons capacity or over. | .

1f the Yellow River is regulated in a proper way, it is
‘truely a navigable stream. Consquently Chen-chow in Honan re
would be a great port. The products of the north western pr
provinces may transported out withojt difficulty.

D. Protection from Flood s ,
Floods in the Yellow Rivicr valley have always been due to e
either overflow or break of dikes, But if we give the river
a proper channel and at the same time control the runoff
by means of ditches and high water by means of flood gates,
ip is highly probable that we can be free from floods.

BE. Possibility of Irrigation |
Right below Lun-ji, irrigation has been develcped to a large
extent. The water is distributed through lztexal canals.
There is no reservoir site on thg Yellow as the sites on the



Colorado. But the Aariter should think that flood wateds which
usually occure in each suvmmer may be utilized to develop
irrigatiojr t¢ such an extent that it will not. interfeic navigation.



5. Conclusion

In conclusion the writer has a strong welief that the Yellow
River problem is not too hard to solve. But the solution pr e~
requires several preparations. First of all , young Chinese
engineers must realize their duty. High wind and broadknowl edge
are not sufficient: sound morality and unusual endurance are
indispensible. .

Extensive inve tigation s upon the pr sent conditions and
past records are primsry importances. Labo ratory~belong to
the second stage, | o

However, any engineering projszct is always complicated by
political influences Should this problemr be a naticnal one
or a cocrperatiom betw ee n the provinces on the river? 1t
is a question to be dscided first.
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