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PREFACE

The project of the regulation of the Huai River, which embraces
large parts of Kiangsu, Shangtung, Anwhei and Honan, destined to
exercise a profound effect upon the livelihood of millions of people.
After the Central Executive Committee of the Kuomingtang passed,
during the Second Plenary Session, the resolution to eomplete in five
years the necessary work which is based on the data and maps
proeured in the past eighteen years, the National Government took
to 2ppoint the Husai River Commission and set forth basic prineiples
and instruction with the purpose of earrying out the plan within the
allotted time limit. The anxiety of the Central Government over the
living conditions of the people dwelling in the Huai River valley should
be honestly appreciated.

In order to make a good beginning no effort was spared in the
elaboration of a working plan. With the general schemes as hitherto
outlined by scholars and engineers becoming more or less out of date,
resurveying work had to be undertaken.  Specilists were therefore
enlisted and in due course of time, two surveying parties were organized
and sent ouf to the fields. Under the direction of the Clief Engineer,
an inspection party traversed many localities in the valleys of the Huai
River, the Grand Canal, Yi Ho, Shu Ho, Wen Ho, Sze Ho and the
Yellow River. After one yem’s continuous effort and steedy working,
the Chief Engineer was eventually alle to drzw up the report No. 1
which gives projecis of flood control, navigation, snd irrigation for
the Huai River System, end is illustrated profusedly with diagrams
and drawings. ‘The Commission then decided to convene a2 special
conference to give a final fouch to the gigantic project and to this
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conference come representatives of the four Provincial Governments,
the National Regonstruction Commission, the Yangtse River Commis-
sion, the Famine Relief Committee, and several specilists particularly
interested in the conservaney problem of the Huai River, together with
the members =nd engineers of the Commission. After a lengthy
diseussion the report was formally adopted whereupon the Commission
submitted it to the National Government. As soon as necessary fund
is raised, the work will be carried out.

To sum up, the fload problem of the Huai River Valley has long
been = souree of serious eoncern 2nd inueh has been said to solve if,
but due to finaneial difficulty solution work had to be postponed from
time to time. Moreover, the “Easier =2id than done™ attitude of certain
people has always worked as a handieap. In this connection we believe
in Dr. Sun Yatsen’s statement “Harder fo know thantodo”. Now
with the scheme having Deen duly prepared we shall endeavour to
follow teachings in Dr. Sun's book on “International Development of
China’ and hope in the immediate future enough fund could be obtained
to earry the great project to success, thus relieving forever the anxiety
of the people in the Huai River Valley. On sending the report to
press, I toke the liberty to add these few paragraphsin the hope that

my countrymen would give their hearty approval.
Chisng Kaishek

Nanking, January, £931.



Dietter of Transmittal

Huai River Commission, Engineering Bureau,
Huaiyin, Province of Kiwngsu,
AMay 31, 1930.

President Chiang, Kai-shek, Chairman,

and the Honorable members of the Cominission,
Nanking.

Sirs:

T have the honor to submit herewith the first number of official
Technieal Reports on the prejects to efiect the flood conirol and the
improvement of navigation and irrigation of the whole Huai River
system.

In last June, by the order of the Nationasl Government, I was
appointed concurrently the Chief Engineer of this Comimission and
Commissioner of the Engineering Burean. Seeing the heavy duties
thus imposed on me, and the Government’s anxiety in the Nation's
Reconstruction, I made every effort to enlist the services of the
engineering specialists from different parts of the country. The office
of the Buresu was suceessfully esteblished in July in the Capital.
Then I proceeded to Huaiyin o organize there the Chief Engineer’s
Office with its ftwo departments, engineering and surveying. Two
surveying parties were zlso subsequently formed and sent to the field.
Afterwards, I went on an inspection tour with several engineers to
examine at closehand the different rivers, including the Yangtzekiang,
Huai River, Yellow River, Grand Canel and the Yi, Shu, Wen, Sze
river. In the meantime, the available topographieal and hydrologieal
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data and records were carefully collected and analysed.

After grasping the general characteristics of the region under
question, and the hydraulics of the Hungtze Lake, comparative
estimates of different projects to send flood water of the Huai River
either to the Yangtzekiang or the ses, were made. Surveying perties
were also instrueted to malke surveys along the most possible routes

contemplated.

On Nov. 20, 1929. Prof. Oito Franzius of Hannover Universii;y,'
the Consulting Engineer of the Commission, arrived at Nanking.
T went with him to the important rivers and loealities, and showed
him all available maps and records.  Affer holding conferences with
our engineers, and carefully studied the problem, he was finally. able
to state his opinion as fo the most economical and practical projects
to effect the solution of the problem in his report. Based on his
suggestions and the field data, the surveying work being finished in
due course of time, and then further investigation and designs were
made by my engineering staff. The result of the study is contained

in the present report.

Part of the schemes ave hased upon the former records and maps,
therefore they are subjeet to change when complete surveys are made.
With the zccomplishment of surveys and records of the far-sighted men
in the past decade and the experiences of the foreign and native
engineers, this report, it is hoped to set forth a right way to the
solution of the problem on hand.

Respectiully submitted
H. Li (signed)
Chief Engineer and Commissioner.
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Ghapter 1. General Statement

Asticle I, Introduetion

The deterioration of the natural lower course of the Huai River
was not begun as commonly believed with the year 1852 when the
Yellow River broke through its bank at Tung-wa-shian in the Provinee
of Honan and migrated to the north. Tt was really due to, the gra-
dual siliing-up of its bed irom the Hungize Lake down to the sea
and the admission of the Yellow River into it long ago. During the
BMing and Ching Dynasties, nearly all the river authorities were busily
engaged in elevating the water surface of the lake in order to reserve
enough water to help the dilution of silt-burden water of the Yellow
River, for if the lake were not elevated no water of the Huai
River could enter the Yellow River at its outlet near Huaiyin. In
the meantime the Huai River had, howevar, already made the San
Ho down io the Yangizeliang its main course of flood esecapeway.
The abandoned bed proved to be useless as soon as the migration of
the Yellow River happened, as no single drop of water could ever pass
through it at that time.

The first man called to public attention to regulate the Huai
River was Mr. Ting-hsien of Sanyang. He did nof succeed to get any
support. The late Mr. Chang Chien was the most ouistanding man
to pay aitention to the question. He established the Kiang Huai
Conservaney Board, which was subsequently reorganized into the
Huai River Surveying Board. This board lasted from 1912 to 1926,
and had accomplished most of the surveying work. Besides this, the
Huai Region has been surveyed to certain limit by the different or-
ganizations, such as Kiangsu Grand Canal Board, Huai-Yang-Hsu-Hai
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ToPographie Surveying Board, Anhwei Conservaney Board and Shan-
tung Grand Canal Board. For these reasons, the number of maps
ane records in this region is most abundant in comparison with other
rivers of the country. It is the result of the continuous effort of the
late far-sighted men, to whom we should not pass without mention-

ing a word.

Many schemes have been drawn up by the engineers either in
this country or abroad, such as the Red Cross Engineers’ Report of
1914, John R. Freemsan’s Report of 1920, Kiang Huai Conservancy
Board’s Report, Anhwei Conservaney Board’s Report and the former
National Conservaney Bureaw’s Report. Mr. Wu Tung-chu of Kwan-
yung District wrote a great deal about the problem. His “Table of
Annual Events of the Hual River Systems” is a piece of very labori-

ous work.

Tt is due to the confinnous fightings of the mnoiorious gemerals
in the country since the establishment of the Repuhlic that the con-
struction works of the regulation of the Huai River has not been able
10 carry out, inspite of the atteniion has paid to it. In 1928, the
National Reconstruetion Commission appointed a committee fo make
a eollection of the literature and records of the Huai Regulation
problem. A pamphlet ealled “Report on the Records and Maps in
Connection with the Huai River Problem™ was issued afterwards.
The National Government finally paid its attention to this matter,
and appointed in succession, in January, 1929 twenty members, to
organize the Huai River Commission, with the President as the chair-
man. The three buresus under the Commission, that is, the Bureau
of General Affairs, the Bureau of Finance and the Bureau of Engine-
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erinig, were establishéd suceessively. Prof. Otto Franzins of Hannover
University was invited to act as the consulting engineer, with 2 six
month contraet, and he arrived at Nanking on 20th, November of
that year. Although rebellions have been broken out from time io
time sinee the organization of the Commission, the Government has
meanwhile spared ne effort to the Nation’s reconstrnetion work. The
Commission was encouraged to push on ifs work for- the Nation’s

benefit.

Tentdtive tochnical reports have been drawn up dealing with

cerfain aspeets of the problem, such ast

The Hydraulic of the Hungtze Lake,

Water Requirements below the Hungtze Lake,

Hungtze Lake as a storage and also a Flocod Detention
Reservoir,

Frequency of Floods of the Huai River,

Project of Escapeway thirough the Kao Pao Lakes for
the Huai River, ‘

Bstimate of Excavation for a Channel in the Old Yellow
River Bed,

Preliminary Estimates of Exeavation of the Outlet to the
Sea for the Huai River,

Project of Diverting Flood Water through the Sheyang
Hu to the Ses,

Memorandum on Shantung Grand Canal Project.

In each tentative project, paper location of different routes was
made in orderto compare tlie quantity of earthwork for the final
selection. On seeing that the most possible routes to divert the flood
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water of the Hual River are those by way of the Kao Pac lakes
and Kwan Ho, surveying parfies wers sent to those places.  Topo-
graphic maps of 1:2,500 and 1:10,000 scales were made. Beside
$hese, detail surveys of the sites for regulators and locks at Chiangpa,
Shaopai, Yangchuang ete., were alzo made.  Borings were taken at
each site of the contemplated structures to reveal the underground
conditions. All those matters are connected to the final makeup of

the scheme.

Prof. Franzius has also exerted all his effort and time in working
up different projects, going along harmoniously with our engineers
for the whole period of his staying in China. Even though he was
prevented from visiting all the places in the Huai River territory on
account of the disturbance of the rebellion, nevertheless, with the aid
of the abundant maps and records of the region under question, and
also the explainations of some of our engineering staff who are guite
familiar with the loeal conditions, he was able to draw up a lengthy
report, which is very complete in its nature. In his report, the flood
control measures of the upper and middle Huai River together with
the tributaries, the utilizations of the Hungtze and the Wishan Lakes,
the construction of the outletschanmnel of the San Ho, the regulation
of the Grand Canal, Salt Canal and Kwan Ho, the improvement of
the Wen, Sze, Yi and Shu Rivers, and the schemes of navigation aud
irrigation, are all deliberately dealt with. Doreover he also wrote an-
other report on the regulation of the Yellow River from all available

data and records.

The principal part of the sehemes in this report is the same as
in his, sinee in working up the plan, much investigation and delibera-~
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tion were exercised by our engineers in reaching the most economieal
and effective solution for both purposes. The only difference in the
two reporfs consists in some numerieal assumptions in calenlations.
As soon as the principle of the scheme is worked out, designing work
begins accordingly, such as designs for the flood channel, movable
dams, shiplocks, ete., each being designed in different types and ma-
terials for comparison. For these reasons, as soon as this reporf is
approved and adopted by the Commission, and fund available, con-
struction work ean start without delay. The main points of the
schemes will be summarised in next article.

HArtiele 2. Outlines of the Project.

The main purposes of the regulation of the Huai River systems
are for flood control and improvement of navigation and irrigation,
while the development of water-power is a secondary one. Flood
problem should be solved, before utilization of the water resource is
possible, Here we should pay attention to the value of two Ilakes,
the Hungtze and Wishan, on the Huai River and Grand Cansl res-
pectively, The same Iakes that have roused continuous conflicts be-
tween the people living on the opposite shores should also be duly
considered in this connection. Any one iz concerned with the pro-
blems of Hood detention, navigation, irrigation and water-power, should
at first think of the possible reservoir sites. Only through existence
of them their solution becomes possible. Hence the key of solving
the problem of Fluai River regulation lies in the well utilization of

these natural reservoirs.

The benefit of water in hirigating land to increase its productive
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power is well-known to all, another important faetor in its power of
production is often neglect, that is fransportation. In the Huat
region, the only thoroughfare eﬂsted is the Tlentsm-pukow Railroad,
which is natumlly insufficient in serving such a vast area and popula-
tion. The under-development of 1ndustry and commerce, the poverty
of the general publie, and the bandit disturbance are all due o the
sad conditions of communieation. It is only through the regulation
of the Huai River system that all these reverse conditions can be
mended. With the supply of cheap water power and low rate of
water freight, which is counted to be only from one-fifth to one-fenth
of that of railroad tramsportation, industry can be flourished. The
projects contained in this report include the flood control, the improve-
ment of navigation and irrigation, each being dealt with somewhat
in detail, while water power being left for further investigation. The

main items are summarized as follows:-

1) Tt is to provide for the Huai River a principal flood ehannel
through the San Ho, Kao-yu Lake, Shaopai Lake, Liochiakou River
to the Yangtze Kiang. The flood discharge through this channel is
regulated so that it will not make the water surface of the latter river
higher than the H. . W. L. of 1921. At its head, near Chiangps,
movable dams will be constructed as the regulator.  As soon as the
water level of the Yangtze increases to the H. W. stage as in 1921,
part of the gates will be closed so as to limit the dizcharge down to
6,000 m¥sec. and as soon as the Yangtze river receeds, the discharge
can Dbe increased up to 9,000 m¥sec. whickh is the highest limit the
regulator and flood channel are designed for.. By this means, the
dlsehar"e of the Husai to the Yangtze Kiang will be regulated at will
and will not endanger the latter by discharging as much as possible,
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which is the condition existed at present. Hence the flood condition
of the Yangize will be 1eluced too. The cost of construction for
this channel is very low, sinee most part of it lies in the lakes and
low land, and it requires only two dikes on both sides to create the
needed channel. Land amount to more than 1,000,000 mou in the
Tegion of Kao Pao Lakes (Kao Yu and Pao Ying) can be reclaimed
after the dikes are built.

2) After the Chiangpa regulator is eonstrveted, the water surface
in the Hungtze Lake ean be maintained at 13.60m in the ordinery
time, and not lower than 11.00m when extremely drawing down for
the sake of maintaining navigation. The lake in this way can furnish

enough water for irrigation use, with sufficient slope.

3.) The Hungtze Lake will be used as detention basin for flood
water. Before a flood is set im, the lake will be emptied to the eleva-
tion 12.50m. If by thet time the Yangtzekiang is not at a danger
stage and the Huai River flood is moderate, the inflow to the lake being
less than 9,000 m¥see., then the regulator will be open to discherge
as mueh as possible. As soon as the inflow is inereased fo and over
9,000 m¥zec., then part of the gate will be shut down to limit the
outflow to 9,000 m¥sec. while the excess quantity of inflow will be
retained in the lake. Based on the standard flood peak of 15,000
msee., the necessary time of retaining the inflow water is about 25
days with an amount varies from zero up to 6,000 m¥see. The lake
surfzce will be increased to 15.60m. If the H. H.W. of the Huai
River and the Yangtze Kiang meet together, then the discharge of
the flood channel to the latter will be limited to 6,000 m¥sec. in the
eritical moment, and the lake surface will be likewise higher, that is
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16.10m. This will be the rarest happening, and will not be met
with oftener than onee in 1,000 years. If another outlet to the sea
i3 provided in the future for the Huai when fund is svailable, this

condition will stili be improved.

4.) It is necessary to dike the Huai River above the Hunglze
Lake, and its principal tributaries, since with the flat fopographie
featwwe of those rivers, no other method than the dikes will be prae-
tieal for controlling the flood water.  The Huai river propar will be
strongly diked from Hunghokow to Shuangkou, while the tributaries,
sueh as Hung Ho, Yin Ho, Pei Ho, Shih Ho, Hsifei Ho, Chien Ho,
Kwo Ho, Kwei Ho, To Ho, and part of Peifei Ho should also be diked.
Channel correction will be efiected at such places as the points of con-
fluence of the Huai with Yin Ho and Hsifel Ho. Several fzibutaries
such ss Chien Ho, Peifei Ho will be combined into the KXwo Ho
before they join with the Hual River. Several cutoffs are also necessary
at Kotaitze, Sanhoehien, Ghaochiachih and Fengtai city. Near Shuang-
kou, the Huai River will be conducted to the Hungtze Lake at Li-
howa through a short cut in the hills. Several places, where the eross-
seetion of the Huai River is not broad enough will be widened, such
as Hunghokow, Fengiaitze, Fengtai, Pengpu, Meihokow, Anhuaiehi,
ete. The bridge of T. P. R. R. at Pengpu will be provided with ad-
ditional openings.

5.) Many lakes and swamps are existed near the banks of the
Middle Huai River and its tribufaries. They ecan be wused to retain
temporarily the execessive rainfall. Thoze places where no drainage
work by gravity is possible, are to be drained by means of pumping.
Either wind power or other source of energy can be used for pumping.
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6.) It is to provide seven locks in the Grand Canal from its june-
tion with the Yangizekiang up to that with the Yellow River. The
locks in the order will be Shaopai, Huaiyin, Liulauchien, Wutingehai,
Teshenchai, Chunchiakow and Chiangehiakou on the Yellow River.
The locks for immediate use will be designed for ships of 900 tons,
but spaces will be reserved for future extention for ships up to 2,000
tons. The shallow places between each pair of locks will be dredged,
and some repair work is necessary for the dikes. The portion of the
Canal below Shaopai loek will he open, and conneeted with the Yang-
tze Kiang by ways of Kuachow and Sankiangying. The lock at
Huaiyin will be used for the inter-communication of ships from four
directions, that is the Changfu Ho, the Salt Canal and both directions
of the Grand Canal. The old Chai’s at Huaiyin will be abandoned.

7.) From the Changfu Ho up to the middle portion of the Fluai
River, no more lock is necessary. A mnew channel to connect with
the Salt Canal for the Changfu Ho will be construeted near Huaiyin.
In the Salt Cznal, two locks, one at Teaikungtu, and another at
Hsinpu will be provided, while in the Kwan Ho, one lock is slso
necessary. They are all to be designed to accommeodate ships of 900
tons, and spaces reserved for future extension. The shallow places
will bs dredged.

8.) In the eastern bank of the Grand Canal at Liulauchien, a
spillway will bs provided to discharge the flood water of the Sze River
into the Yi River. At the sides of locks above Linlauchien, movable
dams will be attached for passing flood water. The Wishan Lake
will be used to retard the flood water coming from its upstream.
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9.) The Wishan Lake will be used as a veservoir. Its W. L. will
be maintained between 35.1 and 30.6m. In this way the maximum
ontflow from the lake will be limited to 1,000 m¥sec. The storage
will be used for navigation and irrigation.

1.} The closing dam at Lukowpa on the Yi River will be rebuils
into a movable structure so as to confine the lood water of the Yi
River running southward across the Loma Lake, and at the sametime,
part of the water can be diverted into the Grand Canal in case of
need. Other branches are to be closed, so the Yi River can be sepa-
rated with the Grand Canal. Tt runs down 1o Sanchatn where it joins
with the Sze Ho coming from Liulauchien on the Grand Canai, and
thence to Kwan Ho by way of the Peilintang Ho.

11.) The Shu Ho will be conducted in the original channel to
Shuyang, and entering the sea at Linhungkow,' by way of Chienshm
Ho, and Rose River. It is to be separated with the Yi River. The
sites for detention basins on the Yi and Shu for retarding the flood
peak are to be investigated further on.

12.) A small lock is to be built at the side of the Chisngpa
movable dam for the convenience of small junks running up and
down the San Ho.

13.) The Hsun Ho will be wsed #s a canal for condueting water
in the Hungtze Lake to the Grand Canal, Ching Ho, Shejfang Hu
and Chuangchang Ho at Kaoliangehien. A lock will be put on the
Ming Dke at Kaoliangehien, another be put at the junction of the
Grand Canal and Ching Ho. The firigation water required by the
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land on both sides of the Grand Canal and up to the Fankung Dike
will be supplied by this canal. The flow at Ching Ho will be
diverted into three directions, north to Huaiyin, south te Shaopai, and
east to the Chuang-chang Ho. The tofal area irrigated will be
15,000,000 mou. This eanal will also be used for the junks in the
Grand Canal to go through the lake to the upstream of the Huai
River.

14} A new canal will be built from a place at the upstream side
of Tsaikung Lock on the Salt Canal southward to join the Chuang-
chang Ho, so as to supply irrigation water to the land at the east of
the Fankung Dike, and also for navigation. The sites of locks in
the Chuangehang Ho and Hsinyangehiang will be settled after defail

survey is made.

15} A loek and movable dam will be provided on the Huai River
between Fushanshia and Hunghokow for extending the navigation
route far upstream.

16.) A sea harbour will be placed at the mouth of the Kwan Ho
as the terminal for inland and outbound ships. -It is pending for
further investigation.

17.) A water-power station of some 50,000 H. P. capacity will be
built near the Chiangpa movable dam. Fushanhsia on the Fuai
River and Wishan Hu on the Grand Canal have also possibilities for
developing water power, though at a smaller seale. Further investi-
gation is under way.
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The order of earrying on all the works stated above will be

discussed in next section.

Hrticle 3. Gonstruetion Program and Costs,

The order of earrying out all the projeets of floed control, Irrigation
and navigation in the valleys of the Huai River system is worthy
for consideration. The construction program should be so arranged
that it will be consistent with the present financial condition, the impor~
tance of work and the benefit resnlted. Take the whole into con-
sideration, the project of flood control must be exeented before the
irrigation and navigation works, beeause the harmful elements should
be removed at the very start. As to the individual projects, the
regulation of rivers should be started from downstream side up so as
to serve the purpose of a gennral relief to the wheleriver. The cana-
lization of waterways must be started in those rivers where the
improvement for water transportation is wrgently needed. The irri-
gation water must first be applied to the most important agricultural
distriet, and then to the mowly reclaimed ares in turn. With these
points in view, the construction progfam and the yemly budget are
set forth as follows:
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‘Tuble 1. Conetraction Program: snd Budget for Project of Privsary Imporiaace

The Firat Stage of Development.
1931-1938

Yesr

Division of Works
st yeor | 2ad.yesc | axd. yeas | gth yer | Gth. year | Totsl Cost

Flood Contral Projecta 8.218.200| £.28,200] 7,718.200] 7.a18,200] 600,000f 432,572,600
1) Gonetruction of the Civisngps
Movehle damms and Jock 1,000,000 | 1,069,000 2,000,000

{?) Construetion of the Flood
Chsnnel throvgh the Kao-Peo | 7,218,200 | 7.215,200 § 7,215,200 § 7,216,200 23,872,500

Takes
(3} Reparstion of the dikes s
round the Hungtre Loke and 600,000 ©05,000| 1,200,000
providing deaimape outlets
(4} Construetion of 3 mouvable

dsms i the Middle Grand 500,000 500,000
Cansl
Trsigation Projets o000} 750,008 ] 3,650,000 | 2,200,000 | 3,350,000) 9,800,600
(I} Invtatintion of New beod gates
in the dikes of Inner Grsnd | 190,000 109,000

Consal for the irrigation Iater—

s
(2] Beronatrnction of the head

ork ot the west end of the 50,000 50,000
Tonpyany
(3) Constrectfon of the Inrigation
i Cael betwoen fho Hung-| 750,000 | 750,000 1,500,600
tz2 Take ond Ch
) Redamtion of the Keo Pao 2,300,000 | 2,300,000 4,600,000
) Constrpeion ol T ot
asal beteean the Sulf Cozsl Li0.000] 1,130,000
, and -
) (.on~lmctmnﬁ!tba]ng.lhm
Gesal between Chinghocha 2,210,000 ] 2,210,000
and the C Ho
Kavigstion Projcts 1,925,200 1,030,000 ] 1,651,607 2,000,000 160,000 { 7,867 700
(e8]} Ccnstrnrunn of Haai ¥ia sad =
o T 7,000 750,000
{2} Improvement of the Channcls
from Lickochlen toSackiang= {  gr5.on0, 500,000 160,000 | 1,895,200

ying, and Husigean to Tsai-

kongtn

(3} Construction of 3 logks st
Testkuogtn, Hsinpuasd Loag= 300,000 600,600
Eou

\9)~ Constriction of the Siwdam
aod movzhle dams 8¢ Laog- 200,000 - 200,000
kou

) Jmprovement of the chnnnel
between Tesikungtu and 30,900 20,900
Hsinpu

(6) Constroction of 3 Jocks at
Liclanchien, Hotiogehai and 1,100,000 1,100,000

() Imnmmnthuga the chanoel 7]
Chunchiskow to Livlan-

, 82l Teconstruction of 551,600 2,000,000 2,551,600

lhe mkwny bridges and trscka

Teta) for each yex: 10,295,400 | 10,533,100 | 12,419,800 | 12,118,200 | 4,110,000 449,540,500




Tsble 2. Construction Program and Estimates for Projects of Secondary Importance.

Second and Third Stages of Development.

To be Exccuted after the Completion of the Works shown in Table 1.
Period Items l Division of Works Cost
e [ (Y Regulation of the Yi Ho $U.555,900°
Conirol {2) Regulation of the Sze Ho 372,200
Projecs {3) Regulation of the Shu Ho 7,759,200
i (1} Rerulation of the Upper Hua' River 70,600,000
(1) Decpening the channpel of the Inner Grand Canal
betweern Fan~shoi and Kao-yu, and mising the 757,600
Pirst Trrigation dikes of the same between Huai-an and Fan-shui
& {2) Construction of the locks of the omtlets of the o b
Project Chuangehang Ho to the sea and the Tungyang _ﬁo f a
| ¥rejects Canal to the Yangise River esumate
Period ! (8) Construction of the locks snd canals oleng the
: __ _Middle Grand Canal and Pelao Ho i
" (1)~ Canalization of the Southern GracdCanalinShartung] ..
(2
Navigati %) Congtruection ¢f the Jeck and movable dam at
avigation Fmnai-ynan for the eanalization of the wupper | ,
N Huoai River
Projects {3Y Consiruction of the jstties at Linhungkow and
o ~__ Kwanhokow ' e
i (1) Regulation of the tribeéaries of the Urper Huat
Flood River e
| Control = 0 n
P?Ej::fs ) Sﬁisézgonrge:bo upper portions of the Southern -
—_— g Tivers
: Trrigation (5] Trrigation and Drai age along the fouthern Shan— .

Second | Projects —

_tung rivers

(1} “Construction of the locks for intercommunieation |

12) Irrxgatmn and Drainage along the Upper Huai Rive | _

T

of the Wishan Take

Navigation of the Salt Cangl, Chuargchang Ho, snd Inner | +
Period ,, Grand Canal
Projects ('3) Teepening all the channels nnd adding new
navigable locks fer ships up to 2.000 tons >
| Water v (L} Consiroction of the power plant at Chiargps, on \ N
Power - the Hnnv_xze nf'ﬂ\!’i‘ : : -
‘devclcrpment‘ 12} Construciion of the power plant at the outlet




The projects contained in Table 2. will be further investigated in
order to reduce their costs to & minimum.

After the completion of the primary works, the land which is
relieved from floods and well irrigated will amount to 20,000,000
mou (one mou is equal to 6.87 are or 0.132 acre). If an annual
water tax of $0.10 per mou be imposed, we ean have $2,000,000 per
year. The navigable distance thronghout the yesr will be 913 km.
If it is assumed that the yearly transportation for the first few years
be 2,500,800,000, ton-km., and 2 tax of $0.003 per ton-km. be im-
posed, we can have 2 total eannual income of $7,500,000. The re-
claimed lands, in the Kao Pao Lakes will be 1,000,000 mou, while
the public land within the dikes of the Ol1 Yellow River will be
950,000 mou. After improvement of the Huai River, since no flood
water would pass through the Old Yellow River bed, it can be offered
for cultivation. Suppose the priee of new land in the lakes to be
§40 per mon, and that in the Old Yellow River bed to be $10 per
mou, the total price of land will worth more than $50,000,000.
With these sums of money, the secondary works can be earried out
without any finaneial trouble.

Hrticle 4. Benefits

1) Xand Protected from flood:
In the Huai River valley above the
Hungtze Lake 20,009,050 mou
On both sides of the Inner Grand Canal 18,000,000 mou
In the drainage areas of the Yi, Sze
and Shu Rivers 12,000,000 mou
Total..eesennrervenernns.5,000,000 mon

(1)



2.) 'Land to be reclaimed; ~
Between Shuyi and Wuho on the Huai River 500,000 mon

In the 0ld Yellow River bed 950,000 mou
" In the Kao-Pao Lakes 1,000,000 mou
Totaluvienririiinanennns 2,450,000 mou

At the average price of $25/mon, it will worth approx. $60,000,000:
3.) Land to be irrigated with sufficient water: :
Around the Kao-Pao Lakes 2,250,000 miou
‘Between the Inner Grand Canal and
Fankung Dyke 11,740,000 mou
Along the Tung-yang Canal 2,500,000 mou
Along the sea coast at the east of
Fankung Dyke 5,000,000 mou
At the South of the Wishan Lake 20,000,000 mou

Total..civieressasnsene... 11,490,000 mou

Arnmual tax upon lands @ $0.1/mov, it is §4,149,000 per year.

"4} Total navigable distance will be 913 km. Assume yearly
transportation to be 2,500,000,(00 ton-km. within the first
few years, and a tax upon merchandise to be $0.C03jtonkm.,
it will give a total som of $7,500,000 der year, charges of
foekage and wharfage being not included.

(1)



Ghapter II. -Frojects of Flcod Gontrol

Hrtiele 1, Flood Magnitude and Frequeney
of the Huai River.

The Flood Magnitude

The Husi River takes its rise in the Tungpai mountains in the
Provinee of Honan, collects the waters of its meany iributaries, as the
Hung, Ju, Kuan, 8 :in, Pei, Ying, Fei, Kwo, Kwel and Tse of the
Provinces of Honan ahl; Anhwei and empties fo the east into
the Hungtze Leke at Kweishan.  After issuing from the lake, it
divides into two courses, the San Ho and the Changfu Ho, and
dissipates its water into the Yangtze i{iang and the sea through
different channels. The total quantity of inflow of the Hunglze Lake
therefore represents the total guantity dcained by the Huai River.
But owing to the diffieulties of making stream gaging near the junc-
tion of the Huai River and the Lake, the principal gaging station has
been established at Pengpu. From the authentic maps, the drainage
area of the Huai River abcve the Hungtze Lake and Pengpu was
found to be 166,100 and 124,610 sq. km. respectively. If the flood
discharge is proportioned to the drainage ares, then the discharge at
Pengpu represents only 759 of the total. It is approximately eorrect
to count for the flood discharge of each triEutary by the rate of run-
off per unit area based upon the data obtained at Pengpu gaging sta-
tion, as the meteorologieal, geological, and topographical character-
isties of those tributaries are mueh the same. - By this means, the
maximum rates of discharge for successive years are computed as fol-
lows:-
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‘Table 1i. Fax. Discharges of the Huai River

Year |m3sec.| Year |mifsee.

1915 | 2,100 § 1920 | 1,600
1916 {12,900 | 1921 | 6,200+
1917 | 3,300 | 1922 | 1,570
1918 | 2,400 | 1928 | 4,250
1910 | 3,350 | 1921 | 3,900

*Part of the flood flow eseapes through the dike-breaks above
Pengpu in that year. ’

Trom the ahove table, we can see that in two years, the flood
flow happens between 1,000 and 2,000 m¥sec.; another two years,
between 2,000 and 3,000 m¥sec.; three years, between 3,000 snd
4,000 m¥sec.; one year between 4,000 and 5,000 mYsee.; and two
years, above 5,000 m’sec. Among them, the flood of 1916 is the
maximum. Bub as part of the flood flow was eseaped through the
dike-breaks in 1921, the record of that year is not reliable. As to the
gage Teadings at Pengpu it reached 18.84m in 1921, and 19.825m
in19186, that of 1921 was sctually higher. In comparing the maxi-
mum discharges of the San Ho, the main outlet of the Hungize
TLake, we find 14,600 m¥sec. in 1921 and 8,400 m’sec. in 1916,
and it again gave a higher ﬁgurei.n 1921. It is not disputed that
the floods of 1916 and 1921 both show a high record. The
maximum discharge of 1916 is 12,900 msec. as stated above,
while that of 1921 is to be found out by other means.

The total discharge of the Huai River can be reckoned as the
sum of discharges of the San Ho and Changfu Ho, plus or minus the
depletion or storage of the Hungtze Lake at any time. The records
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for diseharge of the above two rivers in 1921 are available, while the
storage or depletion of the lake for that year can only be approxi-
mately known from the gage readings at Chiangpa. Affer removing
the irregularities on the resulted curve, the flood peak of that year
is obtained as shown in Figure 2.(The storage eapeeity cmve of the

Hungtze Lake is shown in Figure 1.)

From this figure, we can see that the maximum inflow of the
Hungize Lake, or the discharge of the Huai River for that year, was
15,000 m3see. It exceeded that of 1916 by 2,100 misec. Hence
it can be assumed as the highest magnitude of flood discharge for
the Huai River. (This value, in the opinion of Prof. Otto Trranzius,
is rather too high, but for safety it is still to be adopfed.)

If channel improvement be used as the sole means of flood
control, the highest flood peak of the river is the important basis for
designing. But when retarding or storage reservoir be also wused,
then the duration of different rates of the flood discharge should alse
be taken into consideration. As in the above figure (Fig. 2) the
discharge sbove 10,000 m¥sec. lasted sbout 30 days; above 12,000
m’fsec., 28 days; above 14,000 mYsec. 18 days. It is quite different
from asnother flood peak with the same quantities of discharges but
with one half of their duration, since the storage required for above
any quantity of diseharge will be only one hali of the former one.
The required capacity of storage reservoir will be correspondingly

reduced.

The simplest way to show the magpitude and duration of differ-
ent stage of flood discharge ab the same time is by means of flood
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hydrograph, as shown in Fig. 2, in which the ordinates represent the
quantity of discharge, while the abseissa, the corresponding time of
cceurrance. ‘This kind of hydrograph, while construeted directly
from field data, will represent actually the condition of flood flow,
otherwise, it will be only an approximation. In the opinion of Prof.
Franzius, this constructed hydrograph of 1921 will not be 2 normal
case, and would hardly be taken place ever since aecording to his ex-
perience.  His reasoning is that due to the dike-breaks, and as the
flood flow was not in the ordinary form, therefore the derivation of
such & eurve with the ordinary method will not be correct. Also the
computation of depletion and storage of the Hungtze Lake was based
only upon a single gage at Chiangpa it is likely in error in consider-
ing the bigness of such a lake which is subjeet to winds and seiches.
Hence the resulted hydrograph, when adopted, will be safe enough
for flood of any magnitude, but will require too big an engineering
work and expense which are really unneeessary.

The hydrograph at Pengpu in 1921, though it was modified by
the result of dikebreaks, still represents the actual eondition of stream
flow, except that the duration or time scale of the curve is somewhat
lengthened. This is because the flow running out from the dike-
breaks is usnally slower than that in the river channel, and lags
behind the flood peak. This condition is best represented in Fig. 3.
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Phe full line represents the hydrograph’ when the dike were not
broken, and the dotted line, the same hydrograph resulted by the
dike-breaks. The quixntity of water represented by shaded ﬁorﬁon
A in the figure must be larger than that of B, for a part of it must
have lost due to evaporation, percolation, or eseaping info other
rivers, before coming back to the original channel. For safety, when
we azsume the total Iosses numerated above to be one-half of fhe
quantity of water escaped through dike-breaks, and also the highest
rate of flaod flow to be 15,000, we can construct the probable hy-
drograph of the Huai River for 1921 without dike-breaks by making
the area A equal to twice B. The bounded line around A should be
rregular instead of 2 smooth one, but owning to lack of record, a
straight bonnded Iine is used. A flood peak with straight bounded
line is of course one of the worst. With this method the standard
flood peak of the Huai River, as shown in Fig. 4, is constructed.

Frequeney of Floods

It is evident that the average flood to be expected every yearis
exceeded by floods of less frequeney that may occur at intervals of &
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and 10 years and that these will be considerably exceeded by greater
floods which may oceur at intervals of from 20 to 50 years, and that
still greater flood will be expected even in thousand years. In order
to predicate the frequency of floods of any stream, it is a matier of
eertainty that the longer the records, the more accurate the predica
tion. But within the drainage area of the Huai River system, only
a few goging stations with records of one half a decade are available.
Tt is far from being sufficient. Yet the frequency of a flood like that
of 1921 which is adopted as the standard maximum flood for all de-
signs of flood control works must be investigated by all means before
going on further.

As flood originates in excessive precipitation, its amount and dis-
tribution are of primary importance. If when the rain-storm ecover
the whole area of river valley, and the duration of storm i just ss
long as the time required by the remotest rain drop reaching the
gaging station, and also when the ratio of run-off to rainfall is 2 maxi-
mum, (that is when the evaporation, percolation, natural storage in
the lakes and ponds, ete. are reduced to minimum) then the maxi
mum quantity of flood peak is originated. Hence if the frequency
of rain-storm ean be known, the frequency of flood can he approxi-
mately known too. It is unfortunate that the rainfall records within
the valleys of the Huai River are as short and ineomplete as the dis-
charge records, so they cannot be used for our purpose. Buton the
other hand we ean obtain rainfall records lasting more than 40 years
of the places in the neighboring valley of the Yangtze Kiang as kept
by the Ze-Ka-Wei Observatory, Shanghai. The adjacent valley of
the Yangtze Kiang has much the same meteorologieal conditions as
that of the Hual River. Besides, when the typhoons, which is always
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accompanied with excessive rainfall, as oeeurred in the months of July
and August, strikes aeross the lower Yangize Valley, i will also hit
the Huai River basin. Hence the great rain-stoxrm that oceurred in
the Vangtze Valley would also have ocewrred in the ¥uai River
Valley. By the mainfall data of Ze-Ka-Wei Observatory at Chinkiang,
Wuhu, Kiukiang, Hankow, and Ichang, all being lasted from 1830
to 1924, more than 40 years, the frequencies of maximum monthly
and maximum daily precipitation are computed and plotted in Fig.5,
By sssuming that five days be mneeded for the remotest rain drop
to rezch the Hungize Lake, and also the ratio of yun-off to rainfall
during the ordinary flood period to be 205, and during extraordi-
nary one, 25%, the frequencies of floods ean be determined with the
aid of values obtained from the ewrve of maximum daily precipitation

in Fig. 5, as follow;

Table I¥. The Fredqueocies of Floods forr
the Huai River.

Based on rain-storm records.

day | precipitation| daily |Run-—cif ; discharge
precipi~ on whele | precipk ° | dise!

tation aren tation | Rainfall 24 hoursy m/see.
Once o 10 yes: | 10 mm 172 mm | ShAmm 205 | 6.8%5mm) 10,000

Frequency

Max. oneAverg 5617 Mean Batio of oo orel  Flood

Once in 25 yra 1200 | I8F.5 (816 0% | 1.52 1,600
Once 1n 50 sve. | 235 | 398 | 996 | 25% | 9.90 13,400
Once In 100 yrs. | 800 | 2145 {430 ' 959 10.75 15,500

Although the values in the above table are indireetly computed,
Dbut they offer a safe basis of comparison sinee all the steps of com-
putation are very eonservative. It is mo doubt that the flood of 1921

will not eecur more often than once in 100 years.
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Mr. Weston E. Fuller has tabulated the matios of different maxi-
mum Hood How of various streams to their average annual flood in
the order of mognitude, and obtained the relation between floods to
be expected in a series of years and the average yearly flood in the
formula;

Q=Qav(1+08log T)
Where
Q =maximum (24 houss average) flood in m?see.
Qav =average yearly flood in msec.
T =number of years in which the maximum flood is likely to

oceur.

From Table IIL (P. 16)of the maximum yearly flood discharges
of the Huai River, we see that the flood or 1923, 4250 m¥sec. is
the third largest one besides those of 1916 and 1921. For safety,
we substitute this value into the above formula as the average yearly
flood, the following table is resulted;

Table ¥. Frequencies of Floods of the Huai River.

Based on Fuller's formula.

Frequency (once in years) T0 | 25 | o0 | L0 | 50U ]
Flood discharge m¥sec. | 3,100 9,530(10,500,11,70014,200]

The values of flood discharge are the average in 24 hours, while
for the maximum flood discharge they may be inecreased by 10 to
202%.

The results obtained are similar but 2 little smaller than those
given in Table 4. Anyhow the flood as that in 1921 must have a
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frequency of more than once in 100 years. Even the greater floods
may be expected in the future, ithe rate of increasing must be very
small.

Furthermore, it ean be proved by the historfeal records. In
the 1921, inundation covered an area of 11,740 sq. km., to a depth
of 1 to 4 meters, inclading the following cities;  Houchiu, Ying;
shang, Fengtai, Shoubsien, Huaiyuan, Hsuhsien, Lingpi, Wuho,
Srebsien and Shuyi.  From Mr. Wu Tungchu’s “Table of Annual
Events of the Huai River System”, we find that there were three
great floods which were comparable to that in 1921 during the
lest 300 years: One of them oceurred in 1649, and covered the dis-
triets Sihsien, Yingehow, Houchiu, Wuho and Szechow with a depth
of more than 3 meters; another one cecurred in 1741, and covered
the distriets Yingchow, Taiho, Yingshang, Hovchiu, Pochow, Meng-
chen, Hsubsien, Lingpi, Wuho, Szechow and Shuyi; stiil another ore
occurred in 1879, and covered the districts Yungehen, Hsuhsien,
Szechow, Fengyong, Wuho and Shuyi. Besides those floods, the usu-
al inundation only covered from 3 to 4 districts and certainly not
to he compared with that in 1921. FEven for the sbove said floads,
the inundation areas were not so broad as that in 1921.  Therefore
it ean be concluded that the frequency of the 1¢ 21 flood, even it may
happen, must be more than once in 100 years. From shove diseus-
sions, it is doubtless with great safety to adopt the 1921 flood as the
standard basis for designing the regulation works of the Huai River.

Hrtiele II. Regulation of the louwer Huai Rivet.

The Hungize Lake, being g natural detention reservoir receives
all the flood water of the Huai River which drains most part of the
(23)



provinces of Honan and Anlrwel.  After issuing from the lake, the
flood water runs through the Changfu Ho and €an Ho and finds ifs
way either into the Yangtze River or directly to the ses by passing
through the Hood eseapes built in the eastern dike of the Grand
Canal. The way leading the flood water from the Hungize Lake to
the Yangtze River passes through the San Ho and Kao-Pao Lakes,
and the food eseapes near Liuchai thence discharging into the Yang-
tze River at Sankiangying. It Is the principal ontlet of the Huai
River. Owing to the high stage of the Yangize River, and the in-
sufficient capaciiy of the outlet the discharge of the flood water of the
Huai is usually limited in quantity and in consequence the outflow
of the Jake 35 always much less than the inflow. As to the channels
leading to the sea from the so-called five flood eseapes in the eastern
Dank of the Inner Grand Canal, they are usually too smell in capacity
that no great smount of flood water can ever be expected to discharge
through them. Moreover, since the land level at the eass of the
Grand Canal is very low, so even it is possible to open these eseapes
in time in order fo protect the valuable land up-stream or west of
the Grand Canal, severe damages will surely be resulted. According
to the past experience, whenever there is an extraordinary flood, the
people on hoth sides of the Grand Canal will struggle hard for deei-
sion whether the flood eseapes are going o be taken away or not.
In consequence it is usnally too late for the urgently needed protec-
tion. Fnormous qum-xtity of flood water must have already accumu-
lated in the Hungtze and Kao-Pao Lakes so that the regions ad-
jacent to the lakes and the upper Huai River are almost ahways subject
to inundation. At the last moment, when the escapes ave finally
opened the inundation spreads out all over the couniry no matter
where it 3. Thus whenever a great flood happens, it makes no ex-
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ception on both upstream and downstream lands in suffering flood
losses.  According to the actual messurement of 1921 flood, the
total maximum diseharge from the Hungtze Lake in the Changiu Ho
and San Ho was 15,158 cubie meters per seeend and the maximum
total discharge both leading to the Yangtize and directly to the sea
was 13,700 cubic meters per second. The difference of the above
two values gave a quantity of flaod water 1,458 cubic meters per
second to be reserved in the Kao-Pac Lakes, If the condition like
that Leeps on for 2 certain period, the water surface of the lakes will
inerease higher and higher so as to make fhe land upstream and near
the lakes suffering much in fcod damage. In case the eapacity of
the lakes reaches its maximum lmit for reserving flood water, over-
flowing over the eastern dike of the Grand Canal is then apt to hap-
pen. It will he more dangerous fo the land east of the eanal. There-
fore with the present condition of the lakes and Grand Canal, even
the flood eseapes leading to the sea are removed at the proper time
in case of flood as in the year 1921, it will give no appreciable bene-
fit in relieving from flood. Furthermore by this way it is simply to
iransfer the harmfal flood water from the upstream land to the region
east of Grand Canal. This is certainly not a good and proper
policy. Now we meet with the difficolties that on one hand the
present passages leading to the ¥angtze can not carry an enormous
quentity of the flood water of the Huai and on the other hand the
capacity of the Hungtze and Ka20-Pao Lakes has its limitation for
reserving the flood water. A better solution of the problem for dis-
sipating the flood water of the Huai must be made.

Alany projects for the flood channels of the Huai River have
been proposed by different authorities in the past decade.  After hay-
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ing taken sll the proposals into consideration and compared their
relative econorny by our engineering staff, it is concluded that the
scheme of leading the flood water of the Huai to the Yangtze River
is eomparatively much more economieal than any other channel lead-
ing directly to the sea. Also in the many schemes of leading the
FHuai direetly to the sea, the way through the Changfu Ho, Yen Ho
and Xwan Ho will cost least. Hence so for as flood control is con-
cerned it is advisable to make the way leading to the Yangtze River
as the prineipal outlet for the Huai River while a part of flood water
may be discharged directly to the sea if preferred. The Hungtze
Lake is a natural reservoir, the detention capacity of which must be
fully utilized so that the construction cost of the ouflet channel ean
be economized. During the dry seasons the discharge of the Hual
and that in the Grand Canal are very small in quantity, hence a
storage reservoir is also needed to meet the demand of irrigation water
to the land on both sides of the Grand Canal. Owing to its elevated
position, the Hungtze Lake ean serve very well for the purpose.

After a thorough investigation of the question, and with due
balancing of the flood control, irrigation and navigation problems, three
general principles are formulated as the basis for the solution, and
they are as follows:

1.) The flood water of the Hual River is to be conducted into
the Yangtze River within a safety limit so as to make no
appreciable effect on the latter.

2.) The Hungize Lake is to be utilized as a flood detention
reservoir to retard the flood peak so as to minimize the
cost of outlet channel.

3.) The Hungtze Lake is also to be used as a storage reservoir
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for the development of irrigation.
These will be fully discussed in the following pages.

Determination of the Hmount of Fleod Water to be

Diseharged into the Yangtze River.

According to the record of the former Kiang Huai Conservaney
Board, the greatest amount of flood water of the Huai River dis-
charged into the Yangize River was 8,000 m¥sec., as oceurred on
September 19, 1921. On that date, the gage reading at Chinkiang
was 22.90 ft. above W. H. Z. On August 21 of the same year, when
the Yangtze River attained jts highest stage of 24.50 fi. 2bove W. H.
Z. at Chinkiang, the amount of flood water of the Huai River received
was about 6,000 m3%sec. Therefore the amount of flood water of the
Huei River that ean be discherged into the Yangtze River without
appreziably affecting the latter during the flood season ought to be
from 6,000 to 8,000 m¥sec. Suppose there are no lakes serving as
detention reservoir for the Huai River, then the safe amount of flood
water flowing into the Yangtze River will he limited to 6,000 cubic
meters per second. But in our ease, with the Hungfze Lake as a
ejualizer, it is possible to cut down the amount of flow to 6,000
m’see. when the Yangtze River is at a dangerous stage but graduslly
increase as the Yangize River receeds: In this way, the Yangtze
River stage ean be maintained not over the H. H. W. L. of 24.50
ft. above W. H. Z. The duration of H. W. is also mnot to he too
much prolonged. It is the best solution of the problem that not
only the flood of the Huai can be relieved, but also that of the Yang-
tze River is greatly lessened. In order to find out the maximum
daily flow of the Huai which ean be safely discharged into the Yang-
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tze without doing any harm during the highest food period of the
Iatter, we have first of all, fo investigate the relation of the water
stage and its discharge, and also the present condition of flow of the
Yangtze River from Nanking to Kiangyin.

Aceording to “The Report on Hydrography of the Yangtze
Estuary” by the Whangpoo Conservaney Board, the maximum dis-
charge of the Yangize ot Nanking on July 9, 1915 was 72,000 cubic
meters per second. Since there are no great tributaries emptying
into the Yangtze River between Nanking and Chinkieng, it will be
approximately correet to assume that the same amount of discharge
would have passed through Chinkiang the next day. The gage read-
ing corresponding to this discharge was found to be 20.65 ft. at
Chinkiang. But we have already stated that the H. H. W. L. at
Chinkiang to be 24.50 f&. in 1921, the discharge corresponding to
this stage must be mmeh greater than that in the year 1915. Since
we have no record of the actual measurement for this maximum dis-
charge at Chinliang, it can only be roughly estimated by the follow-
ing methed:

By Forchheimer’s Formula,

e s
Q = TAt J

1
Q = —AgMTP

In whieh, Q is the discharge in cubic meters per second; n, the
Kutter’s coeffieient of roughness of the river; t, the average depth of
water in meters; J, the slope of water surface of the river. Since
the variation of the slope is very small with respect to the change of
discharge, we can assume “J” to be constant. Then

{28)



1 5
AT pa

A

Qe _
Q 1 s
TA R A
A t
Q = (I,)' (t—l)""‘Q. (WJ"( ’)'” @
where W Dbeing the average width of the river in meters. In case
of a wide river as-the Yangize, the change of average width will be

comparatively small during the rising river. Assuming W = W, we
have

Q= (%‘)'-7- Queeerrrrreseseensressermesvenmenene(1)

Now sinee we know the cross sectional area A, of the Yangize
River being 84,175 square meters corresponding to the discharge
T2, 000 cubic meters per second in the year 1915 at Chinkiang, and
its eross sectional area A, being 36,315 square meters corresponding
to the highest stage on Aug. 21 in the year 1921, the maximum
discharge on the latter date can be found by applying the above
formula.

—(38.315,.0,
35175

72,000 = 79,800 m?sec.

Af the time when the maximum flow of the Huai discharged
into the Yongtze on Sept. 19, 1921, the eross sectional area of the
Yangize is found to be 35,413 square meters. In like manner we
find the discharge of the Yangtze at Chinkiang on that date be'mg
76,500 cubic meters per second. Based upon the above calculations,
the relation of the water stage and the discharge at Chinkiang can
be shown in the following table;
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Table YI. The relation of Water Stage and Its
biseharge of the Yangtze River at Chinkiang

Cros3
. Py "
Date W. L. (W.Hz) Seconl | Dgg/hs:ife
(m?)
Ang., 21, 1921 | 24,50 f.(7.4Tm})] 35,315 79 800
Sept. 19, 1921 22.90 .(6.98m)] 35,413 76,500
July 20, 1915 | 20.65 ,-6.29m)| 34,175 72,000

From the above table, we can see that generally, every i;mrease
of 1,000 cubic meters per second in discharge, corresponds to & rise
of 0.15m of the water surface elevation. This can be proved in an-
other way.

By Forchheimer’s formula

. 1 0,7, 70.%
Q = At

Since A=W-t

therefore Q = j.:.t", Jos
nQ

or = \v-.‘]ﬂ.s

By differentiation, and treating n and W as constant,
‘ a ,JAQ-0.5Qal

dt = I.TW't“‘T ( Jl,s )
But _‘_]]‘_{-P-’ + J%5 = V (V being the mean velocity)
dt= JaQ — 0.5QdJ

LTWVI

When the discharge is inereased by d(Q, the value of the inere:
ment of the slope 47 is very small. For simplicity let dJ =0, then
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b = dQ  _ A4y

Rl S @

We have already found that dwing the highest stage of the
Yangtze River or 24.42 feet ashove W. H. Z. at Chinkiang, the corre-
sponding maximum discharge was 78,500 cubic meters per second.
Also the cross sectional area at that time was 36,175 square meters
and its average width was 1,800 meters. Substituting these values
in formula(2), the risg of W. L. for every increase of 1,000 eubic
meters per second of discharge will be

1,000 x 36,315
1.7 x 1,800 x 79,300

This checks with what we have found before.

dt = = 0.15 meter

After having determined the relation of the increment of water
stage of the Yangtze River due to the additional discharge of the
Huai River, we can next come to the problem of how much of the
flood water of the Huai can safely be conducted to the Yangtze with~
out serious effect on the flood condition of the latter. From the gage
records of the Yangize River at Chinkiang, we find that the flood
condition of 1921 is the highest one on record. It can be used as
the basis of our investigation. An hydrograph of the Yangize River
at Ghinkiang for the months of August and September is first made
as shown by the heavy line in Fig. 6. The corresponding daily dis-
charges of the Huai River info the Yangize River are obtained
approximately from the record kept by the former Kiang Huai Con-
servaney Board, and are recorded at the lower portion of the hydro-
graph. The safe amount of discharge of the Hual River info the
Yangtze is then determined day Dy day, and the probable hydrograph
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in the future is constructed by the already established relation, 13
shown by the light line in the same figure. The safe amount thus
found vaies from 6,000 m¥sec. during the highest flood erest of the
Yangize River, as in 1921, upto 9,000 m’sec. when the Hood of
the Yangtze River is receeding. By this way, the future W. L. of
the Yangtze River, after the Huai River is regulated, will never rise
above the original H. H. W. L. Hence so far the Yangtze River
is concerned, this method of regnlation of the Huai River will not
only be of no harm, but also benefieial. Sinee if the Husi River is
left as it s, it will naturally endanger the Yangtze River by the uneon-
trolled flood water. Were the stage of the Yangize River at its high-
est as Sept. 19, 1921, the discharge of 8,000 m¥see. of the Huai into
it would aise the Yangize River 0.3m higher, the flood condition
will be much more considerable. No bcdy can assure that this
worst condition will never happen if the Huai River is not regulated;
but on the other hand, as soon as the Husi River is under control,
this condition ean be completely eliminated. That is why we say
it is Lencficial to the Yangtze River too.

The foregoing computations are hased on the worst condition,
that is, when both the maximum flood pesks of the Huaiand Yang-
tze occurring at the same ime. It they do not occur simultaneously
or one of the flood peaks has less magnitude than that of 1921, the
resulted hydrograph showing the variation of water surface elevation
of the Yangtze after the admission of the Huai River will be still
much lower. Therefore it is safe to take the amount of 9,00 cubic
meters per seeond as the lmiting value for sending the flood water
of the Huai into the Yangize River. -

i)



The Detention Capaeity of the Hungtze Irake.

The maximuwn flood discharge of the Huai River is found to
be 15,000 m¥see., while the safe amount which can be emptied into
the Yangtze River is only from 6,000 fo 9,000 m?sec. Their differ-
ence is great, and so it is necessary to find some method to provide
for. As stated above, through past experience, we have already
Lknown that the flood condition of the Huai River, which has insuf-
ficient. channel capacity at its lower course, has been greatly reduced
1y the presence of the Hungize and Kao Pao Lakes. With the vast
area and capacity of the Hungtze Loke, it can serve for our purpose
as o detention reservoir to hold the excessive diseharge of flood water
that can not be sent down to the Yangize River in a short time.
This is considered as the most economieal arrangement in the scheme

for the regulation of the Huai River.

Before taking up the method of how to operate the Hungfze
Lake for flood control, let ns briefly consider the prineiple of a deten-
tion reservoir in general. The flood flow of a river as shown by ifs
hydrograph takes usually a sudden rise and fall in certain shoxt
period. It forms a flood pesk. Iis duration is usually not over a
seore of days. However, most of ifs flood damages, such as washing
away dikes and homesteads, and overflowing over fields, are made in
this short period.

Therefore one who is concerned with the regulation of a river
must pay attention on this fact. Now if only the channel improve-
ment is depended upon for flood eontrol, it will be necessary to pro-
vide a channel of very biz ecrosssection to cope with the highest
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flood discharge of the flow. For instance, the channel muast have a
eapacity of 10,000 cubic meters per second if the highest value of
the flood peak is 10,000 cubic meters per second, while the channel
must be capable to discharge 20,000 cubie meters per second in ease
its maximum flood pea¥k reaches such g high value, and so on, not-
withstanding whether the duration of the flood peak lasting several
weeks or few days or even only a few hours. In this way the cost
of the regulation work mmst be very expensive on account of the
tromendons quantity of earthwork. I, on the other hand, reservoirs
are availuble for the purpose of detention, the ease will be changed.
Once the flood flow is albove a certain limit of the channel capacity, a
portion of it ean be temporarily reserved in the reservoir and gradually
discharged at future time when the flaod getiing lower down. In this
manner, although the Inflow may vary to a great extent or atfain to its
highest peak, the dischawge of the outlet channel will nevertheless be
much smoller than tlae maximum value. This will render great
economy in the expenditure for improvement of the outlet channel.
Hence whenever there is a reservoir site which ¢an be economieally
developed, one does nok hesitate to use it for the regulation of a river.
The Hungtze Lake is & good example for this case.

The maximum discharge of the Tuai is 15,000 cubic meters
per second, of which only 6,000 eubie meters per second can be dis-
charged into the Vangtze when the latter is in its highest stage. . If
the Hungize Lake is not existed, it will be further necessary to pro-
vide a large channel leading to the sea for the excessive capacity of
9,000 eubic meters pex second. This will eost roughly not less than
two hundred million dollars. On the other hand, if we use the
Hungtze Lake as a detention reservoir not only the outflow into
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Yangtze can be regulated consistent with the ‘water stages of the
latter, but also the surplus water which eannot de discharged in the
same time ecan be temporarily stored in the lake. Even another
channel leading water to the sea is preferred jts expenditure would be
reduced on account of the detention ability of the Hungtze Lake.

The operation of the Hungize Lake as a detention reservoir
will be like this. Before the flood season, the lake swrface will be
lowered down from ifs ordinary stage (see Chapter on irrigz\tion-) to
12.5m suppose a flood like that in 1921 is set in, the regulafor at
Chisngpa will be open to discharge as much as the stage of the
Yangtze River is not endangered. YFor the sake of reducing the
cost of construction of the regulater and the flood channel, they are
designed to discharge snd carry the maximum flow of 9,000 until
the elevation of the W. L. in the lake heeomes 13.50m. Tence during
the first stage af operation, the discharge through the regulator
is less than 9,000 as fully finstrated in Tig. Ta and Th.  Assoon as
the flood inflow to the lake exeeeds its outflow, the Iake surface will
raise, and its outflow is correspondingly increased due to the incressing
of head of water. In case of the worst condition of flood that the
flaod peaks of the Yangtze and the Huai Rivers meeting at the same
time, the regulator should be partly closed so as to insure that it
would not do anyA harm to the former, as shown in Fig. 7a. Ifthe
flood peak .of the Yangtze does not meet with that-of the - Huai, the
condition will be better as shown in Fig. Th. In either case the
maximum outflow will be limited to 9,008 m3sec. TBIough the
computation of the effect of the W. I. in the lake by the step
method for routing flood, the resulted hydrograph of the lake surface
are 'shown in Figures 7a and Tb. The highest W. L. attained will
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be 16.10m and 15.65m in both cases respeetively.

Suppose it is designed to discharge another 1,000 cubie meters
per second direetly to the ses, the maximum allowable outflow of the
Hungtze Lake is then 10, 000 cubic meters per second. Treating
in the same manner as before, the highest water level of the lake
will be only 15.3 meters (see Fig. 81, 8b). With the building of
small levees surrounding the lake, then all the land above the level
14.5 meters can be protected from flood. Also the Bfing Dike of
the Hungtze Lake can. be safely depended for protection. This is, of
course, the best and safest measure for flood eontrol. However the
channel leading to the sea will involve a big quantity of earth exeava-
tion, that at least ten million doliars will be necessary. Besides, the
maximum water level of the lake of 16.10 meters can only be oeeur-
red when both the maximum floods of the Huai and Yangize oceur
at the same date. The probability of such an oceurrence will be very
rare. Even it happens, the duration of the high water stage is not
very long. Hence it is not necessary to care for any great loss due
to inundation. 1n conclusion, the primary important step to be
taken for regulation of the Huai is to provide 2 channel to the Yangtze.
And levees surrounding the lake must be also repaired and added
for additional safety, so as to make the fand above 145 meters in
elevation around the lake good for agricultural use. The work for
the channel to the sea may be postponed to the future time when
there is a better finaneial and social condition and also in pressed
requirement for further development of that country.

The Gourse of the Flood Channel
From the Hungtze Lake to the Yangtze River.

The present course of flood water of the Husi River follows
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naturally the San Ho and the ehain of lakes such as Kao-yu, Pao-
ying, ete, and merges into the Gyand Canal st Linchai. By passing
through the flood escapes in the cdikes of the Grand Canal, it follows
the Tongehiakou, and Liochiakow, to join the Yangize Kiang at San-
kizngying. Let us first examine briefly the local conditions of the
different sections of the course. The San Ho is the first section of
this natural eourse, lying between the Hungtze and Kao-Pao Lakes,
Tt has & narrow channel but of great depth at its upper portion from
the Hungtze Lake to Senhowei and a shallow channel but broad one
at its lower portion from Sanhowei to Kao-Pao Lakes. Its channel
is so irregular that it has a minimum breadth of three hundred
meters only up to more than two kilometers in some other places,
The channel capacity of the San Ho is comparatively high; it dis-
charged 8,400 m¥sec. in 1916 when the lake W. L. was at 18.70m,
and 14,600 m3¥sec. in 1921, when the lake was at 15.77m. Due
to its high velocity, the loss of head in the short distance was con-
siderable. But in our case, we are going to let this section of the
course to convey 9,000 m¥zec. only when lake W. L. is ot 13.50,m
very little enlargement of its river bed is necessary. The next sec-
tion is in the chain of lakes. Beeause the flood escapes in the eastern
dilke of the Grand Canal can not be put into operstion on the right
time, those lakes have been called for reserving = part of the flood
flow. On the other hand, even those lukes are separated from the
Grand Canal by the western dike, yet they are actually not by the
existence of many breaks in the dike. Once the W. L. in the lake
rises, that of the Grand Canal follows too. This condition ealls for
more flood eseapes leading water to the sea for the safeguard of the
eastern dikes of the Grand Canal. In the present scheme, however,
sinee part of the flood flow of the Huai River can be detained in the
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Hungtze Lake, and else can be sent down to the Yangtze, these
Iakes and flood eseapes are no more needed. Only two parallel dikes
are to be built in the chain of lakes to serve as 2 definite channel
for food water, while the remaining area ean be used for reclamation.
By utilizing the depth of the lake and the cheapness of the boltom
land, 2 deep and wide rhannel ean be economieally construeted. At
the same time, by selecting the shortest and deepest route, not only
construction cost can be greatly reduced, but alse it is possible to
save for the loss of head. The proposed channel is to meet with the
Grand Canal at the downstream side of the proposal Shaopai Lock
(See Chapter on Navigation Projects), it does not interfere with the
navigation of the Grandl Canal during the flood season. The Tung
Yang Canal will be separated from the flood channe} by closing dams
built in the original head bay 2t Liuchai and conmected with the
upper poal of the Shaopai Lock.  New loek and sluiee will be provided
for at the head of the Tungyang Canal for navigation and irvigation.
To the south of Linehai the flood chanmel will be led through the
five oxisted channels, mamely Kingwan, Tungwan, Fenghwang, Sin
Ho, Piliy and then cornbined into two main courses, Tongehiskon
and Liochiakou and finally discharging into the Yangtze River at
Sanldangying. The existed flood escapes in the five chanmels will he
entirely taken away. When the gage reading at Lijuchai wae 841m
in 1921, the discharge through the five chaunels was found to he
7,841 m¥see. In order to increase its capacity to 9,000 m¥fsee., even
with a lower stage, it will not involve i6o mueh earthwork. The
annual cost for operating these flood eseapes can also be saved for-
ever. The proposed course of the flood channel is fully illustrated in
Figures 9a and Sb.
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" General Remarks on the Design of the Flocd Gharne.l

1) ALIGN: MENT The general course of the flood way has been
deseribed in the last article. Since the crosssection of the ®an Fo
adjacént to the Hungtze Lake is not suificient to discharge the whole
quantity of water without too much loss of head, a new channel of
5.8 kilometers long must be excavated to the north of Chiqngga and
joining the San Ho near San Ho Wei (See Fig. 9b).

The Hood flow from the Huugtze Lake will be regulated by
means of two movable dams to be consiructed in the San Ho and
the new channel. The eombined flow follows the original course of
the San Ho till Paichiawan, east of Kingkouehen, where it is to be
deviated southward to Paichischien and then southeasterly to join
the river Hsin Ho. Although the land travelled is generally high
from Paichiachien to Hsin Ho, yet it is taken because it is the short-
est way for the Huai getting to the Yangtze. At this place, for the
sake of seeking a minimum saerifice of the small villages and farm
lands its course is made in a reversed eurve. Vet it will make no
obstruction to the flood discharge. Starting from this cutf i runs in
a southeastern direction through the Kaoyu ILake directly to the
Tangehia Lake. It meets with another high land in the region be-
tween Tanehiachien and Huchuangwei where the channel is also
located with several short turns in its way. After passing Huclhuang-
wei, it Tuns througl the Nanhu to Shaopai Lake and thence to Liu-
chai where it joins with the five channels to the Aneient Canal, and
combines into two main courses to the Yangtze River. The total
length of the whole course is about 153 kilometers,

2.) DISCHARGE The channels at different seetions aong the
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course are designed for the maximum discharge of 3,000 m¥see. The
two courses leading water from the Hungtze Lake are designed to
pass 4,500 enbie meters per second in each. From their junetion
to Linehaj, there is only one main channel, which iz hence designed
for 9,000 cubic meters per second. From Liuchai fo the Ancient
Canal, the flow is again divided into five paralled channels. Its dis-

tribution is as follows:

the Kingwan Ho 1,500 m3sec.
the Taiping Ho 2,500 ,,
the Fenghwang Ho 2,000 ,,
the 8in Ho 2,000 ,,
the Inner Grand Canal 1,000 ,,

The sum of the discharge in the above five canals is still 9,000 cubic

meters per second.

From the Ancient Canal to Pakiangkow, the flow is divided
into two passages.  One is Montzo Ho fo discharge 1,500 enbie
meters per seeond, and the other is Liochiskou to discharge 7,500
cubie meters per second. Below Pakiangkow, it is designed to pass
the total maximum discharge thrqugh Shatou Ho into the Yangize.
That the quantity discharged from Kuachowkow into the Yangize
being very small is not token into consideration for safety.

3.) GRADIENT The enitre course of the flood channei from the
Hunglze Lake to the Yangtze River iz about 153 kilometers. The
water level just below the movable dam is at 13 meters when lake
elevation is st 13.50 meters, while the F. H. W. L. of the Yangtze
is 4.3 meters. The total available drop along the eourse is therefare
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found to be 8.7 meters (See Fig. 10). Different drops in water
Ievel are assumed for different sections slong the course. From the
place just below the movable dam at Chiangpa to Paichiachien being
34.89 kilometers in lengtl, its drop is 1.6 meters. From Paichiachien
to Tiuchai, the distance is 77.51 kilometers while its drop is assumed
to be 3.9 meters. The section from Liuchai to Sankiaugying Deing
40.27 kilometers long is designed with a drop of 8.2 meters. The
variation of the slopes of the water surface for different sections is
clesrly shown in Fig. 10. In general, it is so arranged that In case
the original channel is large enough to pass the flood, its natural slope
of flow is taken; that when the channel must be exeavated through
high land,the drop in water level is assumed comparatively greater;
and that when the channel passes through low land or lakes, it is
then designed to consume a smaller drop. This will render the cost

of excavation and dredging to be most economical,

4.} THE REGULATORS The regulators to be constructed ot
Chisngpa are designed to pass 9,000 cubic meters per second when
the lake elevation is at 13.5 meters. The floor of the movable dom
is averaged at 8 meters in elevation, and the drop of head in passing
the dam is assumed 1o be 0.5 meter. By the following approximate
estimation, the length of the clear opening of the movable dam must
be 600 meters.

Q=096L (H - h)/om
Q = 9,000 m/sec.
= fm
h = 0.5m
L = 600m
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Many types of movable dams such as stop logs, needles, Tainter gates .
and Stoney gates have Deen investigated and designéd. But which

one is the Lest to be adopted can only be decided after the actual

{est of the soil condition: at the site of construction is made. o far

as the cost is concerned, it will make no great difference in the choice

of types. Apporximately it will cost about three thousind doliars

for every meter in length of the movable dam. Therefore the esti-

mation for the movable dam is about $2,000,000. '

5.) DIKES As for the standard section of the dike, the top width
is assumed to be four meters and slopes on both side, 1:3. This may
subject to correction when model experiment on dikes is performed.
The top of the dike must be 1.5 meters higher than the highest
water level to be expected. In those places where excavation is
necessary, the exeavatecl material will be used for dike construetion.
In this case it needs omly to pay the additional cost for tamping. In
case no exeavated maferial can be utilized, it is then neeessary to pay
for both hauling and tamping. For dikes along the flood chanuel
from Chiangpa to Paiclaiachien the earthwork whieh needs to pay
for both hauling and tamping amowunis to 5,551,570 cubic meters,
and that portion where exeavated material is available and only tamp-
ing & required is 2,024,590 cubic meters. From Paichiachien to
Livehai, the earthwork for dike construetion which needs both haul-
ing and tamping is about 17,020,500 cubie meters and that whieh
needs tamping only is about 7,381,500 cubie meters. From Liuchai
to the Ancient Canal due to high lands on both banks, only repair-
ing work for the existing dikes is needed. Moreover excavated
material is obtainable for dike construetion évery\vhere along this
section. The earthwork in this section, which needs tamping only
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is about 56,200 cubic meters. Below the Ancient Canal no exca-
vation or dredging is to be performed. The earthwork for dikes from
the Ancient Canal to Pakisngkow is 1,591,000 cubic meters and that
from Pakiangkow to Sankisngying where the channel joins with the
Yangtze is 1,113,900 cubic meters. As to the whole system of the
flood channel, for dikes along both banks, the total earthworlk which
needs both hauling and tamping is approximately 25,309,070 cubic
meters and that needs tamping only amounts to 9,462,200 cubic
meters (See Fig. 10).

6.) EXCAVATION OR DREDGING  Side slopes of 1:2 will be
adopted for the excavated portion of the channel. For the new ex-
cavated channel at Chiangpa, tle width of its highest water smface
is 450 meters, and it has an average depth of 6.4 meters and a slope
of water surface of 0.000078. ‘The excavaiion needed for this canal
is 30,225,000 cubic meters. From the Hungtze Lake to Paichiachien
along the San Ho the width of the channel abt its maximum stage
is from 523 to 1,400 meters; its average depth is from 5.9 to 8.22
meters and the stope of water surface is from 0.00005 to 0.000072,
Phe earthwork of exeavation for this seetion is 17,851,000 cubic
meters. From Paichiachien to Liuchai the width of the channel at
the highest water level is from 1,488 to 2,186 meters, its average
depth from 4.5 to 6 meters, its slopes from 0.00003 to 0.00009 and
the earthwork of exeavation is 31,330,000 cubic meters. From
Linchsi to the Ancient Conal there are five channels in paraflel which
will maintain their original width and will be deepened only by
dredging. The average depth is from 5.7 to 122 meters, and the
slope from 0.0000816 to 0.00009L. The earthwork for dredging is
13,378,000 cubie meters. From the Ancient Canal to Sankisngying
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whenee the flood water fows into the Yangtze, the original channel
is enough for discharging the maximum flood. Hence mno dredging
work is needed for this last section. The compuiation is partly based
on the topographieal maps surveyed by the Huai-Yang-Hsu-Hai Topo-
graphic Swrveying Board.  Proper corrections will e made after

the final survey is completed.

7.) ESTTMATES The approximate estimate for the cost of the

flood channel of the Huai is summarized as follows:-

(a) Movable dams $ 2,000,000
(b) Excavation and. dredgin 22,960,345
{c¢} Dike construetion 4,295,592
{(d) Land compensation 1,566,800
(e} Clearing the head bay above the movable
dams 50,000
{f) Other miscellenious and administrative
expense 3,000,000
Totaleeeteerinenrcrrennnnenness $33,872,737

Dike Gopstruetion Surgounding the Hungtze Dake.

Befora another food channel is provided to discharge the water
into the sea, the land surrounding the Hungtze Lake will suffer the
danger of inundation because of the high surface elevation maintain-
ed in the lake. For this reason, dike construction is then neces-
sary. The old dike with stone-facing on the southeastern shore of
the lake known as “Ming Dike of the Hungtze”, if duly repaired,
ean be well used for protection of the land. Construction of new
dikes will be condueted in both directions to connect with the two
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extremities of the old dike. On the eastern side of the lake, it starts
from Jenhoehil to go around the Chentzewa along the contour line
of elevation 14.5 meters and terminates at the high land west of the
Anhowsa. On the west of Sanhokow, in the same manner, a dike
from Malangkang to Sankangehih is to be constructed. The total
length of the dike to be built amounts to 180 kilomefers. As to
the section of the dike, the width on the top will be 3 meters and
slopes on both sides will be 1:3, and it will be built 1.5 higher than
the highest water level. The earthworlk amounts to 6,500,000 cubic
meters, while its cost will be approximately $1,000,000. Sluice
gates along the dike must be provided, when necessary, for the drain-
age of the land at different places adjacent to the lake. They will
cost about $200,000.

Hrtiele 3. Redulation of the Upper and
Middle Huai River and its tributaries.

Much of the flood damages on the upper and middle Huai
River have been caused by the insuificient copacity of the river
channel which is ealled upon to pass an enormous quantity of water
eollected by the many tributaries below San Ho Chien. Besides that,
the narrow canyon-like gorges at Fengtai, Huaiyuan and Fushan play -
a preat deal of obstruction for the discharge of flood water. Most of
the tributaries are as a rule shallow and narrow that local overflow
is & common occurrance. According to the topographic map published
by the Anhwei Conservaney Board, the inundated area in 1916 was
8,000 sq. km., while in 1921, was 13,700 sq. km. The extensiveness
of the flooded area is worthy of ouxr notice.
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. Flood Flow

Phere is no actual record about the intensity of floods of the
upper Huai River and its tributaries. Rough estimates can be
made by referring to the broken records of former Kiang Huai Con-
servaney Board of the gaging stations, eslablished at Hunghokow,
Sanhoclien, on the Huai River and also on the Shih Ho asnd Yin
Ho. It is tabulated as follows: i

River . FI,OOd JFIOW Remarks
in m¥see.

Huai River{ Hunghokow) 3,000 Surveyed at July 11,1921

» »  (Shanhochien) 3,310 N v o 13, .
Hung He(Ju Ho included) | 1,600 ] .
Shih Ho (KXwan Ho included), 3,200 S no» 13 .
Yin Ho | 3,100 | . » w20, 5
Pei Ho | 1,600 i
Hsifei Ho [ 800 |
Ko Ho [ 1,250 |
Chien Ho 4210 |
Peifet Ho T 330
Kwei Ho ' 600 |
To Ho | 250 |
Tse Ho j ESE
Shui Ho 1 1,400 |

The shove tabulated values are only the probable maximum
discharges of the various tributavies, but not necessary occur in the
same year, or even so, they must not be discharged to the main river
simultaneously. Therefore it is obviously that the discharge of the
Huai River at any point should be smaller than the sum of the max.
diseharges of all its tributaries above that point. The probable flood
flows of the main Hual River below the mouth of any tributary are
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lelt to be determined.

It is assumed that the max. inflow of the Hungtze Lake; for safety,
being 15,000 m¥sec., while the cofresponding discharges of Shui Ho
and others -which are to be discharged directly to the Hungtze Lake
being 1,500 m3see. Hence the maximum flood flow of the main
Huai River just above the Hungtze Lake ¢an be assumed as 13,500
m¥sec. That above every tributary upward should be deducted a
certain amount of discharge due to that tribwtary. From this, we esti-
mate the maximum discharge of each section of the main Huai River

as the following table;

Sections Flood
ses Mouthes Flow
Localities of tributaries
From To From To _in ‘m¥/sec.
Kiveishan Fushan Hungtze Lake | Tse Ho 13,500
Fushan Wo Ho Tse Ho Kwei Ho | 13,000
Wu Ho Husiyusn Kwel Ho Kwo Ho 12,000
Hugiyuan Fengtai Kwo Ho Hgifei Ho | 10,000
Fengtai Chenyangkwan | Hsifei Ho Pei Ho _9,59}3
Chenyangkwan | Shuil hit Pei Ho Yin Ho 8,500
Shuaik hi Sanheehi Yia Ho Shih Ho 6,000
Sanhechien Hunghokow Shih Ho Hung Ho 4,500
The actual record in the year 1921 tells us that the flood flow

of the Huai River at Sanhochien only reached 3,310 m3¥zec., while
at Tukow, a short distance below Chenyangkwan, it Teached 6,000.
m?sec. only. The reduction of overflow affer regulation will inerease
the flood flow of the main while the separation of the occurrances of
Owing to the
lack of complete records, the probable future flood is still wncertain.

the flood peaks of various fributaries will decrease it.

But at any rate the above tabulated values ¢an safely be used since
they are onefifth to one-third greater than the recorded maxima.
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Regulation of the Main River

The present main channel of the Huai River below Hunghokow
can earry only one-half the amount of maximum discharge due to its
contraeted and small cross-sections and flat slope.  The dikes, also,
are so low and incomplete that no protection from overflowing ean
be offered by them. Thus inundation roust happen as soon as there is
a food of considerable mmagnitude, and in 1921, it was seen that the
flood channe] beeame as wide as 15 km. ‘The cost of earthwork makes
it impossible to excavate a large chanmel that will discharge all the
amount of flood flow which may occur. The only way we can do is to
consiract two long levees along the course of the main channel.
Prof. O. Franzius, has the seme idea too. In some localities, never-
theless, ehanmel improvement should also be exeeuted in order to ar-
rive at a satisfactory solution. Hence several sharp bends of the
channel should be eliminated by cut-ofis, and insufficient eross-sections
should be enlarged by resorting to dredging. The distance bebween
levees is to be Lkept as umiform as possible, sudden changes are to he
avoided. The height of levees should be such that the sum of the
construction cost and value of flooded area included within the levees
is a minimum. Tpon the foregoing principles the regulation work
of the main Huai River is designed and will be briefly described in
the following paragraphs.

Cut-offs are to be exeented at Kotaitze, Sanhochien, Chiaochia-
chih and Fengtai with an aggregate lepgth of 18 km.  For keeping
the current in equilibrium, the new cross-sectional aveas along each
cut-off should be as near the original ones as possible. The average
value of these areas is computed to be 2,800 sq. m. approximately,
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making fot2] earthwork of 50,000,000 cu. m. for thewhole. Atthe
following localities the channels are to be enlarged by excavation: from
Hunghokow to Chisngpskaintze, from Paifangtoitze to Fengtaitze,
from Fengtai cut-off to Yenwotze, from Lunghochth to Meihokow,
from Anhuaichih to Chichih, and from Pouchiztu to Fushan. The
sectional aress to be cub are from £00 to 2,500 sq. m. Total earth-
work will be 90,000,000 cu. m. It may be concluded that the
total quantity of excavation work of the main Huai River between
Hunghokow 2nd Fushen amounts to 140,000,000 eu. m. The cost
of doing this will be about $30,000,000. Besides this, new openings
must be added to the railway bridge at Pengpu since the water
passage under that bridge seems too smalk.

A new chonnel is desired to be exeavated from Fushan passing
directly through the high land at the southeast of Shuangkou and
the Lihows, to the Hungtze Lake. A small steepsloped chanmel
will be eut through at the starting. By means of the strong current
it will be enlarged naturally to the desived capacity. By that time
the dikes should be constructed so that reclamation of swrrounding
lands ean be carried out. It is advantageous both to flood control
and navigation since the length of the channel will be shortened by
about 60 km. Tn the new cut-off, which has a total length of 18
km., 15 km. will be marshy land and 3 km. will be high land.  Let
the base width of the artificial channel be 100 km., side slope 1:1,
mean depth 10 meters, then the excavation along marshy lend will
be 11,500,000 cu. m., and that slong high land will be 6,800,000
eu. m. The cost of excavation, including a narrow channel in the
Lihowsa, will be about $5,000,000. The possibility of this kind of
work may be determined after the soil investigation of the high land
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southeast of Shriangkeu is made.

_ The total length of the leves of the main Hual River, from
Hunghokow to Shuangkou, will be 410 km. According to our con-
sulting engineer, Prof. O. Franzius’s study, the most economical type
of levee will be 5 to 6 m. in height, and average 3.5 km. apart.
From the cross-sections talen by the former Kiang Huai Conservancy
Board and the discharges at various sections as above computed, it
is found that the requived distance bhetween levees at the portion
from Shuangkou to Huaiyvnan will be 4 km., that from Huaiyuan to
Liutzekow, 8 km. upstreamz of Chenyangkwan, will be 3 km., that
from Lintzekow to Sanhochien will be 2 km., and that from Sanho-
chien to Hunghokow will be 3 km. The height of levees will be
between 4.5 m. to 6.5 m., only at certain place with very short
distance the height reaches to Tm. The freeboard is taken a3 1m. and
side slopes at both sides 1:3. The top width of levee is taken as 6m.
so as to serve as 2 public highway at the same time.  Banquette is
to be constructed at the place where the height of levee is more than
5m. ‘The top of a banquette is 2m. below the top of the levee, and
is 10m. wide. The total quantity of embankment amounts to
100,000,000 en. m. and it costs about $18,000,000. The private
land arvea occupied by the levees, the borrow-pits, and the berms De-
tween amounts to 164 sq. km., or 266,000 mou. At an average
price of $40, per mou, it costs $10,640,000. Besides the above, the
costs for sluices, pumping stations, ete. should also be added in. The
total cost of levee construefion, therefore, will be $35,000,000.

The land area of the proposed flood channel is estimated at
2,000,000 mou. It is still able to be used for cultivation, as its
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subjection to flood will not be oftener than before, except that if it
does occur, the depth of water on it will be deeper. On the other
hand, after the improvement is completed, the duration of inundation
on the above mentioned land will be shorter for flood +ater of the
Huai River can quickly be discharged.  Hence the benefit and dis-
advantage are still balanced. It is only necessary to exempt the land
fax or giving a small sum of money as compensation, without amount-

ing to a big expenditure.

The valley of the main Huai River is usnally flat, its steepest
slope is not more than 1:50,000. With this vaine and the mean
depth of water of the flood channel, we found that the W. L. ele-
vation at Hunghokow will be 28m., at Fushan, will be 20m. Below
PFushan down to the Hungtze Lake by way of the proposed 18 km.
short eut at Shuangkou the available drop of head is 3.5m., enongh
to ereate sufficient velocity to help the formation of the channel by
nakural erosion. The flood W. L. above Fushan was thought rather
too high, but on aceount of the great expenditure involved in the en-
Jargement of channe] by dredging, there could be no other alternative
than what proposed. The H. W. L. will be lowered naturally year
after year as the erosion of the channel bed progresses. The total
cost of the whole project for the main Huai River is estimated at
$70,000,000.

Regulation of the Tributaries

Different methods of flood control should be applied to the
tributaries of the Huai River of different characteristics. But for their
lower courses, the backwater effect of the flood flows of the diked
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main river will be higher than their botlom lands, so the construe-
tion of levees is also necessary. For economical reasons the small fribu-
taries should be combined with the larger one.  Also if the tortuous
channels of the tributaries be found near fo the main river, they ean
be shortened by providing cut-offs to the main river. Besides these,
hill-sicle terracing at their head waters and cut-off along the chanmels

may be provided if found economieal and effective.

The Pei Ho, Shih Ho and Kuan Ho are all of mountainous slreams,
so retarding Dbasins may be built to control the Hood. But owing
to the lack of actual data, this is left for funther investigation. IF it
is found necessary to provide levee system, then the reguired length
of levees for the Shih Ho, from Sanhochien to Shintukow, just above
the mouth of the Kuan Ho, is about 70 km., that for the Kuan Ho,
from the river mouth to Liushupang, is sbout 40 km., and that for
the Pei Ho, from the river mouth fo Siacleechil, is about 95 km.
Nine cut-offs will be required fo eliminate the sharp Lends of the
Hung Ho bLelow Sanchakow, the junction with the Ju Ho, at a total
length of about 1{ km. The required length of levees for the Hung
Ho is about 140 km. A new channel will be excavated for shifting
the river mouth of the Yin Ho from Chenyangkwan fo Shuikangehih
of a total lengths of about 6 km.  The length of levees for the Yin
Ho, from the new river mouth to Huiliuehilt is about 70 km. The
length of levees for the Hisifei Ho, Hei Ho and Chiang Ho, iz about
70 km. New channels will be excavated for the Peifej Ho from Kao-
tzutze to Yinsiazochih and then combine with the Xwo Ho, same for
the Chien Ho from Tseolingehih to Shakouchih and then combine
with the Kwo Heo, and alse for the Kwo Ho, from Shakouchih to
Changehuang downstream of Huaiyuan, and combine with the main
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Huai River. The levees for the above rivers, the Kwo Ilo up to
I-tsenchih, the Peifei Ho up to Hsiangehizochik, and the Chien Ho
up to Wanfuchih have a total length of about 90 km. The To Ho
and Peito Ho will combine with the Kiwei Ho at Wuhohsien and dis-
charge into the HMuai River. The lakes along +their lower courses, like
the Hsiangehien Hu, To Hu, ete., will be preserved as the storage
reservoirs.  Around the lakes, levees will be construeted and extend-
ed up to Chungyichih for the Kwei Ho to Tsingechungehih for the To
Ho, and to Loehiaochih for the Peito Ho. The total length of levees
of these three rivers will be about 200 km. The small streams at the
northern part of Szehsien, Lingpi and Hsuhsien will be conducted to
the Flungtze Lake by way of the Pien Ho and Shui Ho. The channel
bed of the Shui Ho seems too high, hence dredging as well as
levee construction are necessary. ‘The total length of this river to be
regulated is about 90 km.  Other than these, the excavation and
embenkment of the various small streams will not be considered here
for they wonld not involve large sum of expenditure. Drainage sfrue-
tures such as eulverts and pumps, should also be provided for drain-
ing away rain water collected on the bank sides of the levees during
the IL. W. period of the HuaiRiver. Numerous lakes and swamps
should be preserved as valley storages and at the same time to reduce
the cost of dmiﬁage structures. The total cost of the whole project
for the tributaries of the Huai River is estimated at $30,000,000.

It is found that the total area which will be protected under the
present scheme amounting to 20,000,000 mou. While the total cost
of the project is estimated to be about $100,000,000, it shows that

it averages only $5.00 per mou.
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The foregoing tells only the general feature of the secheme. De-

tail study will be made only after snfficient data are at hand.

Hrticle & Regulation of the Shu Ho.

The Shu Ho takes its rise in the Aengyi mountains in the
provinee of Shantung. It has different local names along its eourse. Tt
is called the Tasha Ho or Great Sandy River after it passes the town
of Hunghwapu down to the border of the provinee of Kiangsu. Tis
course is divided into fswvo branches at Shin Ho Chen in the district
of Shurang. The main course runs eastward, through the Tsingyi
Lalke (diied) and Rose River to the sea at Linhungkow. The other
branch divides itself into two, called the Front and Rear Shu Ho, and
again divides into Kwantien Ho and Chaimee Ho. The Rear Shu
Ho empties into the Tsingyi Lake too, while the Front Shu Ho and
Kwantien Ho combine into one course, ealled Chiang Ho, and empty
into the Rose River. The Chaimee Ho runs southeastward into the
Yi River, and 1hen finds its way fo the sea. Since the valley of the
upper Shu Ho is very steep that no natural storage can be offered
by it, Daring the winter and spring seasons, the river bed is usually
dried onut, but in the summer season, the flood comes with such ra-
pudity that the ehannel is unable to hold, and overflowing is usually
oceurred. In the former days such swamps as the Shuhsiang, Tsingyi,
Sangehu, ete,, at its downstream side were still in existence, and could
have offered as detention basins for the flood, but they are now all
silted up, somewhere is even higher than the river bed, they ean do
more evils than good. This tells why the land traveled by the
Shu Ho is always subject {0 flood, and many times, the flooded area
merges into that of the Yi River to form a sealike water body. The
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rivers, such 4s the Chaimee Ho and Shakiang Ho, ete.,, are always
subjeet to the flood of Loth rivers and the condition of flood beeomes
worst if both rivers have an enormous flood meeting at the same time.
1t is plainly, therefore, in order to reduce the flood damage it is
necessary to provide definite channels for the Shu Ho and Yi He
separately going to the sea.

The Flood Magnitude.

According to the record of the former Xiang Huai Conservancy
Board, great fleods of the Shu happened both in the year 1921 and
1924. On July 15, 1921, the maximum flood discharge was found
to be 2,555 cubie meters per second at Maotsechuang, while on July
15, 1924, messurement at Shinanchen indicated the maximum value
to be 4,470 cubic meters per second, which is the highest reeord for
resent years. It was confirmed by the people in the valley of the
Shu Ho, that such a great flood had never been met with during the
last several decades. By comparison with other rivers which have
similar topographical conditions and nearly equal drainage areas, it is
also shown to be arare flood. Therefore the maximum flood discharge
of the Shu Ho by whieh the schemes for flood control will base upon,
is assumed to be 4,500 eubic meters per second.

General Scheme

Owing to incompleteness of the record of discharge measurement,
no definite information can be obtained on the eapacity of the channel
of the Shu Ho at its lower course. By means of the maps and
cross sections of the river, surveyed by the former Kiang Huai Con-
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servancy Poard, an approximate estimation was made, showing that
the channel of the Tasha River near Yenchiachil to be eapalile to dis-
charge 880 cubic meters per second and that of the Rese River at
Shachiafong being capable to discharge 180 cubie meters per second
only. The capacity of the ehannel at the former place is only one
fifth of that at the latter place, heing still smaller, even not more
than one twenty-fifth of the total maximum discharge of high flood.
It is evident that the chanmnel along its lower course is quite inade-
quate to carry the maximum flow and certainly inundation of the
lands ean by no mesns be avoided. But it is the fact that the rise
and fall of the flow even during & high flood, are so sudden that its
duration of Hood pesk lasts enly a short period. Taking the high
flood of 1921 for instanse, on July 12 the discharge was found to be
39 cubie meters per second only, bub three days after, that is, on July
15, it increased suddenly to 2,555 cubic meters per second. After
that date it dropped very quickly lo 505 cubie meters per second on
July 19. Again in the year 1924, on July 13, the discharge was 20
eubie meters per second; on July 15, it ineressed to 4470 cubic
meters per seeond; and deereased again to a value of 2,470 cubic meters
per second on the next day. And it was found to be only 247 cubic
meters per second on July 17. After its high flood of short du-
ration passes away, the chanmel often immediately redueces its flow lo
its minimum quantity or even wholly drying. In spife of its flood
damage, it is equally not advantageous for both navigation and iri-
gation purposes, Moreover, whenever the terrible flood eomes, it always
carries down with it from the mounstinous valleys much quantity of
sedimentary materials whieh will silt up the channel at its lower course,
cansing the condition from bad to wowse. In order to solve the
problem of flood prevention of the Shu Ho satisfactorily, it is neces-
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sary to provide detention basins and a system of ground sills at its
head waters. In this way ifs flood peak ean be depressed, velocity
be checked and quantity of silt be reduced. But the region at the
head waters of the Shu Ho has never heen cavefully surveyed. Fi-
naneial diffienlty and time limitation together with disturbance due
to bandits at that region had prevented us to carry on the survey.
Therefore no definite scheme for the detention basins or system of
ground sills can be made for the time being.

As to the lower course of the ShulHo, the channel must never-
theless be improved for flood discharge whether regulation work is
provided on its upper pat, or not. The best way, as already stated
before, is to separate the Shu Ho from the Yi Ho. The main channel
of the 8hu Ho is proposed to go along the Tasha Ho from Hunghwapu
through the Tsingyi Lake and Rose River to the sea at Linhungkow.
(See Fig. 11) It is the shortest way with sufficient slope for dis-
charging the flood. At its junetions with other existing rivers, sluice
gates will be provided to facilitate drainage and also to divert water for
irrigation and navigation. As it has already been explained that the
detail design can only be made after the survey is completed, hence
for the present, based on _the maps of the former Kiang Huai Con-
servancy Board we can only estimate the cost of channel improvement
with the assumption that it is required to discharge the maximum
flow of 4,500 cubic meters per second. This will give the maximum
limit of the cost for regulation of the Shu Ho. It is known that the
cost will be expensive if the channel is designed to discharge the
maximum value of the flood peak without any mesns for detaining
the flood. This has been fully diseussed in the foregoing seetion in
connection with the flood control of the Huai River. The cost of

¢57)



the final project, which is fo be -proposed after completion of the
survey, must be far within the maximum limit.

The Cost of Channel Improvernent
for Diseharging the Maxt. Flood Flow.

The present estimationn is based on the assumption that the
chanmel is called to discharge the maximum flood flow of 4,500 eubie
meters per second. Ifs alimment is shown in Fg 11. From
Linhungkow up to the Tsingyi Lake the channel is 65.2 kilometers
long, while its slope of water Jevel is designed to be 1:10,830. From
the Tsingyi Lake to Shuhokow it is 39.46 kilometers iong apd its
slope is designed to be 1:7,900. From Shulckow to Hunghwapu,
its distance is #2.66 kilometers and its slope is 1:3,210. The channel
at different seetion is designed accordingly. The cost of this project
is summarized as follows;

Toit
Ttem Quentity | Cost | 9 | Remarks
$ $
I Hauling
Earthwork for dikea 36,112,400 m® | 0,36 ; 5,777,98f | Distance
i 100 1.
Earthwork for closing -
thwork ! 70,000 m? | 0,16 J 11,200 s
Sluafees ; 200,600
Land Compensation 177,000 mon 10,00 ‘1,770,000
Total,eerueerrennsss $7,759,184
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Hrticle 5. Regulation of the Yi River,

The Yi River, being also taken its rise in the Mengyi mountains
in the provinee of Shantung, enters the boundary of Kiangsu Provinee
at Tanchen. After it passes Koushangehih, it divides into two eourses.
7 The main eourse runs southward to Chowehiakow, turns in the south-
eastern divection to the Loma Lake, and then flows eastward to Tashihtu
to join the southern and morthern Liutang Ho up to the towns,
Wuchang and Lungkon, where it goes across the Salt Canal and finds
its way to the sea throngh the Kwan Ho. The branch course was
formerly regulated at its head by a movable dam called Iukowra.
Its water runs westward to the Middle Grand Canal in three different
channels, their junetions with the Grand Canal being Shutangehih,
Shachizkow and Ertackow. Small part of the flow in the main course
is also diverted to the Grand Canal by way of the channel at Yaowan.
Owing to the limited eapaeity of the channel of the Giand Canal,
only 2 small part of the combined flow does run to the Inner Grand
Canal. Main part of water rethwmns again fo the Liutang Ho through
several cufs in the eastern bank of the Grand Canal, namely,
Chinfungmiso, Wuhwachiao, Liulauchien, ete. During the high flood
of the Huai River, paut of the flood flow also finds its way to the
Liatang Ho by way of the Changfu Ho and Salt Canal.

Formerly, regulators were constructed at Lukowpa and Yaowan.
They were all destroyed. The former was used o regulate the flow
in the branch course and as a safegnard to the Grand Canal. But
after it was destroyed, the main eurrent has found its way through
the branch instead of the main course. Same is at Yaowan, where
there was a regulator ealled Chulopa.  After its destruction, the fow
of the Vi runs freely into the Grand Canal.  About one mile upstream
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of Chulopa, an eseapeway of the Grand Canal was construeted to dis-
charge surplus water info the Loma Lake. As the lake is entirely
silted up, the flow from the eseapeway Tuns at present direetly south-
ward to the Liutang River. INwing the high Hood of the Yi Ho, a
pat of flood water finds its way through Shakiang Ho to the Slhu
Ho. The regnlatur ot Liwlsaclien, which acted formerly as an
eseapeway for the Grand Canal, Is also not existed,

Ficod Diseharge

According to the recoxd of the former Kiang Huai Conservancy
Board, great flopds of the Yi. have been also found in the year 1921
and 1924,  Tn the year 1921, the maximum dischorge was found at
Lichyang to be 2,310 cubie meteys per second, while in 1924 it was
found at Lukéwpa to be 2,130 cubic meters per second. So far as
the result obtained by actual measnrement is concerned, the maximum
flood discharge of the Yi Ho may be assumed at 2,310 eubic meters
per second.  But in comparing the valley of the Yi Ha with that of
the 8l Ho which resemble almost in every respeet to each other,
this assumption seems to be 2 little bit toa low to Lie adopted for design.
Their topographical conditions are similaw, and the rafall in the two
valleys are also not much in difference. Moreover they bhave the
same torrential nature of the flood flow.  Although the drainage area
of the Yi Ho iz comparatively larger, but its slope of the flow is less
than that of the Shu Ho. Judging by these facts the probable mexi-
mum diseharge of the Yi Ho can be by no reason less than that of
the Shu Ho. Therefore for the sake of safety, it is assumed that the
maximum dischorge of the Yi Ho is also 4,500 cubic meters per
second,
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General Scheme

Since the main course of the Yi has been silted up, a large portion
of its flood water below Chitseng hes to find its way to flow into the
Middle Grand Canal.  As in the year 1921 the discharge at its up-
stream was found to lLe 2,310 cubiec metfers per second, while that
portion whieh discharged to the Grand Canal by passing through
Lukowpa amounted at 1,900 cubic meters per second. The other
portion which went southward along its main route was still partly
diverted to the Grand Canal from Chulopa. Bub owing to the limited
eapacity of the silted channels leading 1o the Grand Camnal and the
worse condition of its main cowse, the flood water usually causes the
inundation of the Yi Ho valley. As fe the Middle Grand Canal
which is also limited in eapacity, the outlets at Chinlungmiao, Wuhwa-
chiso and Linlauchien ean not divert all surplus water eastward to
the Liutang Ho on sccount of its silted condition. The combined
flow of the Sze Ho and the Yi Ho usunally has to overflow on both
banks and causes the flood damage in the region of the Middle Grand
Canal. Again the channel which discharges the flood water of the
Yi Ho to the sea from the Main Liutang Ho along the northern and
southern Liutang Ho to the Wuechang Ho and Lungkou Ho has its
capaeity gradually dintinished 2s it flows toward downstream. That
is a very bad eondition for Hood discharge. AfSanchatu on the Main
Liutang Ho the eapacity of the channel is about 1,300 cubic meters
per seeond, while at the place near the upstream of the junetion of
northern and southern Liutang Ho, it is only 750 cubiec meters per
sesond approximately, and the total discharge in Wuechang Ho and
Lungkou Ho is also only that much. Since the flood fow ean not
entirely pass away to the sea at its downstream, the land in the valley
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of the Tintang Fo is surely subject o nundation. In case a part of
the flow passes eastward to Shakiang Ho, that will make the case
more severe in the flood area of the Shu Ho valley. In aword, since
there is not & proper channel of adequate capacity to pass flood water
of the Yi Ho fo the zea, it offen causes great damage in ease of flood
to the region north of the Old Yellow River. The first thing o be
done for the regulation of the Yi Ho is then to provide 2 chamnel to
the sea.

The Middle Grand Canal, led waler from the Wishan Lake, is
the only waterway for the drainage of water in the southwestern part
of the province of Shantung. For the sake of flood conirol jn Shan-
tung and also the valley of the Middle Grand Canal, only the Sze Ho
will be permitted to fow through the Grand Canal.  Floed water of
the Yi Ho must be separated from it. The course of the foad channel
of the Yi Ho is proposed tos pass along its original main course from
Koushangehih to Chowchiakow and then to flow southward through
the Loma Lake to Sanchati, whence by combining with the portion
of flood water of the Sze Ho whieh is to be diverted from Liulauchien
{See next Seetion op Regulation of the Sze River) it yuns eastward
along the Main Liutang Ho to Chienchiachih. Then by the passage
through the Northern Liutang Ho, Lungkou Ho, and Kwan Ho, it
discharges into the sea. Al the channels which Jead its flood water
to the Grand Canal, are to be closed except one which i3 to be re-
tained for supplying of the Girand Canal in ease of drought. Since the
discharge capacity of the flood channel except the Kwan Ho section
is everywhere much less than the maximum value to be provided, its
channel section must be Increased either by excavation or by con-
struction of dikes.
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The probable maximum discharge of the Yi Ho is 4,500 cubie
meters per second and that actually measured in the year 1921
amounted to not less than 2,300 cubie meters per second.  But the
condition of the Yi Ho is just the same as that of the Sha Ho that
it has a steep valley at its upstream without a place for detention.
Although its flood peak is high, but its duration is rather short. For
instance in the year 1921, on Aug. 2, its discharge was found to be
63 cubic meters per seeond only, on Aug. 7, it suddenly increased to
2,3lb cubic meters per second. But on Aug. 10, it decreased again
to the amount of 830 cubic meters per second. Also in the year
1924, the discharge amounted to 19% cubic meters per second only
on July 24, but it raised to its maximum 2,130 cubic meters per
second on July 26. Then the flood lowered again fo the amount of
977 cubie meters per second on July 30. Therefore for the regulation
of Yi Ho, same as in the ease of the Shu Ho, not only it is necessary
to improve its channel at the downstream side, but also it is required
to provide detention reservoirs and ground sills at its upstream side;
By this way flood water will be partly stored up and its velocity,
checked. The cost of the channel improvement will be minimized
and at the same time, Irrigation can be developed. But fhe survey
at its head water is not yet completed. No defmite scheme can bLe
laid down for the loeation of delention basins and system of ground
sills ab present. For estimating the maximum Hlmit of the cost of
regulation work, as in the case of the Shu Ho, it is designed to pass
the meximum discharge for the chaomel improvement. For this
computation, the topographical maps and eross sections of the channel
at its downsiream side surveyed by the former Kisng Huai Con-
servancy Board are used.
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The Gost of Ghannel Improvement
For diseharging the Maximum Flood Flow.

The course of the flood channel for this estimaiion is shown in
Fig. 12. Tt is designed to pass the maximum flesd peak value of
4,500 cubic meters per second. For simplicity of deseription, we may
divide i into three sections. The fist section is from Chitseng to
Canchatu. Tis discharge eapacity is designed for 4,500 cubic meters
per sevond, its slope of flow is from about 1:3,700 to 1:7,300 the
width of the channel between dikes is from 600 to 790 meters,
the height of dikes is increased on the average 0.4m., and its depth
of flow is from 5 to 6 meters. The second section is from Sanchatu
to Lungkou. With the additional flow of 1,000 cubic meters per
second from Liulauchien (See next secﬁon), the maximum discharge
for this section and its downstream amounts to 5,500 cubic meters
per second. ‘The slope of flow for this section is about 1:10,500, its
average width between dikes is 916 meters, the height of dikes is
‘from 3% to 6 meters, and the depth of water is from 5% to 8 meters
at its middle portion of the channel and from 2 to 5% melers near
ihe Lanks. The lost seetion is from Lungkou along the Kwan Ho
to the sea. Hince the existing channel of the Kwan Ho is large
enough, not much money will be spent for this section. The average
width of the chennel in this sestion is about 1,400 meters; the height
of dikes, from 1 1o 5.3 meters, and its depth is from 7 to 11 meters
at the middle snd from 0.5 to 3.8 meters near the banks. The total

cost s summarized es follows:
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Unit

Titem Quantity Cost Cost Remarks
$ 3
Hauling
Barthwork for dikes | 43,540,000 m3 | 0.16 6,966,400 distence
m.
Rarthwork for closing| 500,660 m3 | 0.16 80,000 ”»
branches ' ’
4 sluices 200,000
Land compensation 235,000 mon {10.00 2,350,000
Total..........ccev.......59,596,400

Hrticle 6. Regulation of the Sze Ho

and the Rivers and Irakes in the Scuthern Shantung Frovinee

The Bouthern Grand Canal in the Provinee of Shantung receives
all the streams from the mountain ranges of Tai Shan, such as the
‘Wen, Sze and other small streams in the districts of Teng and Chow.
The Chu, Wanfu and Shungti rivers in the district of Tsaochow alsc
drain into it. The outlets for the Grand Canal are the Yellow River
in the north and Yangtze River in the south. Ifs northern outletis
zot an efficient one for the Yellow River bed is silted up higher and
higher that its dike is at present four meters higher than the bottom
land. In conseguence, the trisngular shaped region enclosed by dikes
of the Grand Canal, old and new Yellow Rivers resembles a water
basin, with only one outlet through the Wishan Lake. Nine districls
in the west of the Grand Canal are always subjects to inundation,
and mueh more severely damaged in the year of bigger flood. The
land on the east of the Grand Canal, on =2ccount of its higher
topography, is in a befter condition exsept the distriet of Tungping,
which is permanently inundated by the Wen Ho. The people of the
provinte of Kizngsu, being on the downstream side, are constantly in
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fear of the rivers and lakes in the province of Shantung being improved
and drained into their region. In the present seheme, it i proposed to
regulate the Fruai and Yi Rivers separately, the Middle Grand Canal
will only be used to discharge flood watér fr:)m the Shantung province
#ll Linlauchien where it finds its way to the sea by the Yi Ho. By
this means, the flood problem in the province of Shantung can be

hopefully solved.

All the streams running southward from the provines of Shantung
are all temporarily defained in the Wishan Lake. According to the
topographie map of 1:100,000 scale, it is roughly estimated that the
lake area is 370 sq. km., enclosed by the 31m contowr line, and is
870 sq. km., enclosed by the 35m contour line. ‘The general elevation
of the lake bottom is about 30.6m. Hence the capacity of the leke
between 31 to 35m is approximately 2,480 mill. cu. m., which is
quite sufficient to be utilized for flood control and storage purposes,
as in the case of the Hungtze Lalke.

The Flood Magnitude

The present channe} leading to the Yellow River for the Wen
Ho will be maintained. The inundation of the district of Tungping will
be relieved by another way. Hence the flood quantity of the
‘Wen Ho is not included in the estimation of flood magnitude for the
Southern Grand Canal in Shantung. The exact value of inflow to
the Wishan Lake is not known for lack of data. The stream
measurement made by the Shantung Grand Canal Board shows thaf
the largest discharge of the Sze o in the period from 1913 to 1916
was 748 en. m. per see. Since the drainage area of the Wishan Lake
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is approximately 30,000 ‘sq. Km., while-tliat ‘of thé Sze Ho' is about
4,060 sq. km., so if the same rate of fiood flow as that of the Sze Ho
Be applied to the whole area then the maximum flood inflow of the
lake would be 5,500 cu. m. per sec. However, because of the hilly
topography of the Bze Ho valley, the discharge on unit area must be
high, so a general application of its rate to the whole area will give
a value too large for use. Moreover, this maximum flood of the Sze
Ho is shortdurated, lasting only one day. Now, with the big storage
eapacity of the Wishan Lake, it is enough to detain the flood flow.
Only the total inflow or the average outflow of the lake during the

flood period wiil be faken into caleulation for regulation work.

According to the report of Ze-Ka-Wei Observatory, the precipi-
tation of the drainage area of the Wishan Lake during flood sesson is
nexly the same as that of Tsingtao. From the records of that station;
the maximum preeipitation ocemrred always in the months of July
and August. The maximum values recorded were 295.3 mm. and
280.5 mm. respectively, Lence the total value of these two months
was 576 mm. Also there s no record upon the relation between
rainfall and run-off in this drainage area to be studied, we can estimate
the ratio only by experience. For safety, this is assumed to be egual
to 402, as that is the mdximum ratio ever occurred. Since the
drainage area of the Wishan Lake is abont 30,090 sq. km., the total
discharges during these two months will be 30,000,000,000 x 0.576

x 0.4=6,900,000,000 cu. m. or in average 1,330 msec. The flood
peak of maximum discharge is still unknown, but we ean make that
the outflow of the lake will not be affected by the inflow directly sinee
the Wishan Lake can detain a cérfein amount of flood discharge.
Suppose we fix the highest lake level at 35m, that in 1921 betng

(67)



35.56111, then we have a storage capacity of 2,480 million eu. m-
between the lowest and highest lake levels. The total outflow dis—
charge during July and August will be 4,420 million cu. m. or 853
mifsee. For safety, we take 1,000 mifsee. as the outflow discharge-
of the Wishan Lake.

Flood Gontrol Frojeet

There are two outlets for the Wishan Lake. Oneis at Chang-
koshan, where it is confrolled by & dam ealled Lingehispa. Below
+that, the Pelan Ho conveys water to the Middle Grand Canal in Kiang--
su at Shatangehih. The other outlef is ab Hanchuang, where there
is a regulating structure of 14 openings for regulating the inflow and
also as a cheek dam in the main canal below the regulator. The
- former chanmel has been very much siited up, the maximum disecharge-
in the year 1921 was only 135 m?sec. while the lake level reached
to 35m. Also iis distance between the Iake and Shutangehih is longer
then that of the Middle Grand Canal, hence it has a flatfer slope.
The latter channol, from Hanehnang down through the Middle Grand
Canal, therefore, is selected as the flood channel for the Wishan Lake.
But as the Middle Grand Canal will also be used as a navigable
waterway. the navigable depth and diseharge should also be considered
in the flood eontrol project. "For the navigation in dry seasons, we
shall construct locks at Teshenchai, Hotingehai. Liulauchien, ete. as

will be deseribed in the ehapter on navigation projects.

The flood flow of the Wishan Lake will be discharged from Han-
chuang through the Middle Graed Canal, Yi Ho, Lintang Ho, Kwan
Ho, snd then to the sea. From a study of the topography of the
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Yi Ho and Grand Cangl, the Lest way is to divert flood water from
the Grand Canal 2t Linlauchien. A movzble dam to discharge 1,000
n¥sec. is proposed to Le constructed on the eastern dike of the Grand
Canal jost npstream af Liulauchien Lock. Relow that dam, the flood
flow will follow the old chanmel esstward and meet with the Yi Ho
-at Sanchatu. The regulator and other Chai's at Hanchuang and along
the Middle Grand Canal should all be demolished as to be convenient
both for flood flow and navigation. Moveble dams should be eon-
-structed at the sides of the locks at Teshenchai and Hotingehai 2s to

regulate the flood flow.

The highest water level of the flood channel of the Yi Ho at
-Sanchatu will be 18m. Tet the total loss of head dae to the mova-
ble dam at Linlanehien and in the chennel between Liulauchien and
‘Sanchatn to be Lm, then the water level just above that dam will be
19m_ The distance between Linlauchien and Hotingehsi is 97 Ton.
“The slope in this portion is used as 1 in 13,300, which is the most
-economical slope obtained as it will utilize most of the existing chan-
nels. Then the water level just helow the movable dam ot Hoting-
-chai will be 26.28m. Let the loss of head due to this dem be Im,
the water level just above the dam will be 27.28m. The distence
between Hotingehai and Teshenchai is 45.5 km. By the same reason
let the slope In this portion be 1 in 9,000 2nd loss of head over the
dam be 1m, then the water level below that dam will be 32.38m
and that above the dam will be 33.33m. The distance befween the
“Feshenchai and old sluice gate at the lake mouth i 11.63 km. Let
-the slope in this portion also be 1 in 9,000, then the water level ot
the lake mouth will be 34.62m. This means that when the lake
‘level reaches the above vslue, its outflow discharged will Le 1,000
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m¥see. This is on the safe side, otherwise if the outflow reaches ifs:
maximum value until the lake level has raised to the highest gage,
then the great amount of storage water in the lake will cause-

inundation in is upstream side.

For safety to navigation, the veloeity of flew should not be more
than 2 mfsee. with the maximum discharge of 1,000 mfsec.  With the
above mentioned slopes being used, then the minimum eross-seetion
for the portion between the lake mouth and Hotingehai secording to-

Prof. Forchheimer’s formula, will he:

Dottom width 50m
top width 82m
mean depth 8m
side slopes 1:2

That from Hotingebai to Liulauchien will be:

Dottorn width 64m
top width 96m
mean depth 8m
side slopes N 1.2

Aceording to the existing cross-sections of the Grand Canal, not-
much dredging work is required except the width of the poréion be-
tween the lake mouth and Teshenchai and the depth of the portions
just below Teshenchei and Hotingehai should be inecreased. Sinece
the highest water level will be higher than the ground surface, them
the height of levees should be inereased aeéording to the highest water
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level along the Grand Canal as shown in Fig. 14. Let the top width
of the levee be 4m. its freeboard be 1.5m, and its side slopes be I
to 3.

From Liulauchien to Sanchatn, for economieal reasons, the old
channel should be fully utilized. The distance in this portion is 11
km., max. discharge will be 1,000 m¥fsec., and let its slope be 1 in
20,000. According to Forchheimer’s formula, its standard cross-

seetion will be:

bottom width 80m
top width 112m
mean depth 8m
side slopes 1:2

In this portion, excavation and embankment should be provided
from Livlauchien to Yangtu of a length 437 km., and only embank-
ment should be provided from Yangiu to Sanchatu of alength 6.63
km. The levee section will be the same as that for the Middle Grand
Canal.

The Pelau Ho will not be closed. It will be used for water
supply purpose along its course. "We shall construet & sluice gate at
its mouth for regulating its flow. Also a sluice gate in the Aliddle
Grand Canal should be constructed adjoining the lock at Lintanchien
for regulating the irrigation water downstream. These two sluice gates
cost about $150,000.

The tolal cost for three movable dams ai Teshenchai, Hotingehai,
(1)



and at the eastern dike at Liulauchien is estimated to be about
$500,000.

The costs of the flood control project on the Sze Ho and Southern
Shantung rivers are summarized as follows:

Excavation between Liulauchien

and Sapchata 973,600 m® @ $0.135=5$131,436
Embankment on the same 526,200 m* @ $0.16 =% 84192
Execavated material used for

embankment on the same 261,300 m* @ 80.025=% 6,533
2 sluice gates at the mouth of the

Pelau Ho and Liulauchien $150,000
3 movable dams at ‘Teshenchai

Hotingehai and Liulanchien . $500,000

Total.c.oieeensrenraennd $872,161

This project is mainly for providing the flood outlet of the
Sonthern Shantung rivers. Other schemes as to improve the rivers

for drainage and irrigation are not included for lack of data.
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Chapter. III. Navigation Projeets.
Artiele 1. Introduetion

Canalization of Rivres.

Within the district of the Huai River and Grand Caznal, streams
=nd water bodies are so numerous that navigation by small junks
are very much generalized. The well-known rivers and lakes are the
Grand Canal, 8alt Canal or Yen Ho, Changfu Ho, Hungtze Lake,
Kao Pzo Lakes and the Huai River proper. They are the importent
waterways for the transportation of mative goods, and small boats are
to be seen everywhere.  Buf they are all of natural water courses,
so that their navigable depths are subject to the fluctunaticns of
‘the water surface. In the wet season they are of course deep enough
for the comparatively big boats; but during the dry season, since the
source of water supply is greatly limited, and at the same {ime the
flow is not In any way checked from running into the Yangtzekiang
-or the ses, they seen Lecome too shallow for navigation. This is
the reason why navigation in this district are searcely developed toa
great extent.

In the former days when the Grand Canal wes calied upon to
transport the rice tribute for the Royzl family, it weas Luilt many
Chai’s (movable dams of the stop log type) in the canal to raise the
water surfaee in the different pools. such as Yunliu, Hoting and
Weichi, etc.  Up fo the present, even such Chai’s are still in ex-
istence, but they are nesmrly all out of repair that the stop logs
are not to be put down even in the diy season. They ¢an serve no
purpose.  Besides those Chai’s, we have the Sanhopa at the southern
-end of the Ming Dike on the Bupgtze Lake. 1t is buils every
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year as soon as the flood season is over in order to compel water of
the Huai River to How into the (3rand Canal by way of the Chang-
fu Ho. At the lower end of the Grand Canal, there are several
flood escapes with fash boards made of weeds and earth to check
the flow of the Grand Canal from being lost into the Yangtze Kiang
or the sea after a flood season is over. Temporary earth dams are
£lso to be found in the rivers to check the flow during dry season,
such as near Tsematou on the Salt Conal.  All these means are for
the conservation of water quantity for the use of navigation. Never-
theless, they are all erude in form and sometimes contracting the
channel so mueh as to cause tumultuous flow «af the opening that
hoats are to be towed up and down with great difficalty. In meny
cases the navigation routes are entirely cub awsy, that transshipping

is mecessary at there places.

For navigation purpose, in order to prevent the intexrruption of
traffic a river should have a sulficient depth of water for the whole
year to be consistent with the dreft of the biggest boats. But for
the natural water courses, the variation of water level is very great,
and it is quite vmeertain as to the duration of time when there is a
safficient depth of water for navigation. For example on the Middle
Grand Canal at Yaowan (see Fig. 17) the dnration of time for the con~
tinuance of water level is different thronghout the year. On this
portion of the eanal the deepest partis 15m in elevation. In average
there are 77 days (21% of the year) when it is three meters in
depth; 118 days (3255 of the year), when i is 2} meters in depth;
186 days (51% of the yesr) when it is 2 meters in depth; and 57
days {151% of the year) when the water level ever reaches the
record of 19.7 meters. Hence it is quite elear that waofer is deficient
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for the navigation of big boats throughout the year. But the way
to increase the depth of water by deepening the channel is not
possible, beeause during the dry season, the water source is quite
limited, and if the channel is excavated to a steep slope, the velocity
thus acquired will soon cause the wafer level to be quickly lowered.
It is true that a river can be exeavated to increase its tidal effect,
but it should be quite near to 2 tidal river or the sea, and it is an
impossibility to excavate a river of several hundred miles long such
as the Granal Gaznal to such a depth that the channel will be below
the mean water Ievel of the sea to fetch the tidal effect. - Hence the
way to preserve sufficient depth of water for navigation is to canalize
the river by building locks and movable dams along its cowrse to

regulate its flow.

For example, if 2 lock and a movable dam are constructed on
the Middle Grand Canal at Yeowan, what is formerly considered as
the highest water level to be occurred only 57 days of the year can
easily be changed to be the lowest water level. According to the past
records (sez Fig. 23) the lowest water level ot some parts of the
Aliddle Grand Canal nearly coineides with the eanal bed, that is at
those parts the eansl is wholly dried up dering the dry sesson. Bnt
after proper improvement is given, the minimum depth of water will
rezch 3 meters, so that boats with 900 fons of freight can easily

navigate throughout the year.

A movable dam is so constructed that it can be opened and -
shut 2t will. When a river is controlled by movable dams, sufficient
depth of water can essily be preserved for navigation during the dry
season. By the side of the movable dam, a lock is built. It has
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4wo sets of gates at the upper and lower ends of the Jock chamber.
When 2 boat is decending from the npstrezm, water is first conducted
inte the chamber till the water surface is even with that of upstream.
Then the gates at the upstream side is opened for the boat and shut
as soon as it has reached the chamber. The water in the chember
is then led out to the downstream, so that the water surface in the
chamber and that of the downstream will be on the same level.
The gates at the downstream end is now opened for the boat to
pass. The process will be similar when 2 boat is aseending from the
downstream. During the Hood season, both the movable dam and
the lock are opened for flood discharge, so the condition of the natural
water course is resumed.

The Mavigation Systzm

Before dezling with the individual navigation projects, let us

deseribe the navigation system 2t fist.  (see Fig. 19)

The Grand Canel ramning from the northwest to soitheast and
terminating at the Yangtze River forms one of the main navigation
routes of the system. In the first period of construction, five locks
are to be built along the course from Chunchizkow on the Wishan
Lake down to Husiyin, Shaopai and Ssnkisngying which is on the
Yangtze. In future, when the Yellow River in the Provinee of
Shantung is improved, two more locks, one at Chunchiskow and
another at Chiangehiakoun on the Yellow River, will be constructed
to extend the navigation up to the Yellow River. Moreover, after
a lock is constructed at the junction of the Chuangehang Ho and
Tungyang Canal, and another on the proposed irrigation canal between
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Yenchen city and Chinghochai, the boats on the Grand Canal and
those latter streams can be made intercommunicable.

Another mein navigation route will run from the southwest to
portheast and terminate at the sea. Ii consists of & series of rivers
and lakes, namely, the Huai River, Hungize Lake, Changfu Ho, Saly
Canal and Kwan Ho. Besides the Huaiyin Jock, which is used for
the both main routes of navigation, three more locks will be Dbuilé
during the first period of construction, one is at Tsajkungtu and
Shinpuchen, on the Salt Canal and at Lungkou on the Kwan Ho.
In future, if another lock be built a8 Fushan or Huaivnan on the
Huai River, the navigation route can still be extended further
upstream. At Kaoliangehien, the proposed frrigation eanal from the
Hungize Lake to Chinghochai, one lock is needed in order to
shorten the navigation routes from the upper Huai River fo the
Yangize River. During the flood season, boats can directly pass
through the Sxn Ho to the Yangtze by means of the lock at the
proposed regulator at Chisngpa.

Thz Predication of Future Transportation

When the navigation system is well developed, transportation
and commerce are sure to prosper. According fo Prof  Franzius’
estimation, the Grand Canal after improvement for 5 years, will have
an annual freight of 5,070,000 tons, and after 25 years, will increase
to 20,000,000 tons, beeause its vast collecting and distributing ares,
the snitability of the location, and cheapness of Iabor will make the
development quicker than usuzl. If the navigation between the Huai
River and Salt Canal is to be connected, same development will be
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oceurred. Hence we can expett that after the 5 yewrs since the
eompletion of the work, annual freight of 10,000,000 tons will be
rezched. There is no accurate statisties of the present transportation
on thase rivers, but from 2 eopservative estimate, it is about 1,000,000
tons. That mesns, after 5 years, the {ransporistion will increase

ten-folds.

The Iv‘ﬁnifnum Cross-seetion for the Ganalized Rivers.

The size of 2 navigation cansl should base on the size of boats.
During the Ching Dymasty, when rice tribute were transported on the
Grand Canal for the Imperial family, Chai’s were constructed to
preserve a sufficient depth of water for the navigation of Jarge Dloats.
But with the suspension of imperial serviee the Grand Canal is lack of
eare, 50 very few big boats are now to be seen. As the Inner Grand
Canal is comperatively much deeper, boats with 150 tons are still in
use, but they can only resch Shaopai because beyonrd that place, the

canal becomes shallower.

Now the design of a navigation camel should base on the
necessities of the immediate future, and should not be oversized.
Sinee the big freight ships ean not be introduced until there are dense
net-works of railroads, highways and waterways at the prineipal centers
of freight. By this way, the freight can DLe greatly centralized, and
the use of big ships ean be found profitable.  But for the present,
even the milage of public roads is rapidly increased, yet still there is

time before the completion.

In the present scheme, the largest s]ﬁp we assume for future
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use is ‘T2 meters long, 9 meters wide and 2 meters of draft. Assuming’
ihe ratio of fineness (Voelligkeitsgrad) to be 0.88 and ratic of tonnage
(Tragfachigkeits ziffer) to be 0.80, then its tonnage will be T2x9x%x’
2 x 0,88 x 0.80 = 910 metric tons or 900 long tons. The design of
the channel for such 8 eanal js to admit two boats to pass side by
side. Henee-the width of the canal bed should be 20 meters, and
the minimim depth of water, 3 meters, with one meter clearance
between the bottom of the canal and that of the ship. -~ The typieal

erosssection is shown in the following figure (Fig. 18).
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Near the entrance and exist of a lock, the eanal should be widened
for the anchorage of ships, and aiso these must be a straight stretch
as to give a clear view for the shippers. In the first period of
development, we 2dopt the lengih of the streteh to be one kilometer,
and the width of the canal bed, 40 meters.

The Dimensions of Locks

The lock of the first period of development will be designed for
the necessities of the immediate future. In future with the inecrease
of size of ships and freight it will naturally eall for locks of larger
size to be installed. Here we adopt the length of the lock chamber
0 be 85 meters, the width of the lock cliamber, 12 meters and the
minimum depth of water at the sill, 24 meters. One of the largest
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‘boats esn pass through it at one time; for boats of 5 meters wide, 32
meters long and 2 meters of draft with atonnage of 225 metric tons,
four of them can pass at one time; for boats of 3 meters wide, 20 meters
long, and 1% meters of draft with a tonnage of 60 metxic tons, six
of them can pass at one time; and for the common sized and small
boats, more than ten of them can pass at ome time. Affer the
introduction of larger sized locks in future, they can still be in use
for small stenm-boats and passenger boats, beeause at each operation
they require very little volume of water, and are easy to be ma-
nipulated.

Tocks are to be opened onee ezch hour. For a navigetion
canal, the water for Jockage at each operation of the locks ineluding
the seepage and evaporation of the canal is estimated to be 20 cubie
meters per second. This volume of water is neglected during the
flood season, but even during the dry and irrigation season it cam
easily be snpplied.

Wavigation during the Flood and Irrigation Seascn

Although the flood channel of the Husi Ho below Hungize
Lake is separate from the navigation chennels, yet all other prineipal
yivers within the district of the Husi Ho and the Grand Canal are
so regulated that the flood of one river is conducted to the other
during the flood seascn. Thus the Hood of Sze Ho is conducted to
flow down the Grand Canal as for es Liuleuchien; the Hood of ¥i
Ho, to Kwan Ho; the flood of Shuz Ho, to Yen Ho below Shinps;
and the flood of the Huai Ho to its main channel above the Hungize
Liake. Hence during the flood season all Iocks and movable dems
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should be opened to discharge the maximum volume of waier, and
at the same time to maintain a favorable condition for navigation-
Even if pavigation is suspended by floods, little harm is done, because
+he duration of flood season is rather short.

During the irrigation season, the Changiu Ho, the Middle Grand
Canal below Linlauchien and the Inner Grand Cansl are used both
for irrigstion and navigztion purposes. A% that time with the sudden
inecrease of water, the water level at some portion of the river will
rise, while that at the other portion will foll. Hence in order to
avoid inconvenience to mnavigation, the shallow portion should be
excavated so that the minimum depth of water will be three meters.

The GCorrection of Curvature.

TFor a natural water course, there are usually some sharp bends.
Even if the river has been ecanalized and the velocity of eurrent
controlled, they will still give much inconvenience to mnavigation, so
they should be corrected, and the radius of curvature should not be
less than one kilometer.

‘The General Design of Ioek and Movable Dam

Locks adopted for the navigation canals and rivers are similar
with each other, and the sites selected for their ipstallment will be
diseussed latter on. Now since the topographical features of those
sites have not yet been carefully surveyed, detail plans of each Jock
for the particular site cannot be made, so only two typieal designs
are shown in Figures 20 and 21. 'The maximum lift for one lock
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15 9.2 meters, and for the other, 6.7 meters.

The lock foundation is for the most part of sand sed elay. Ifs
bearing power Is to be investigated at the site of construction. Now
assuming the bearing power to be 4,000 pounds per square foot,
the dead load of the lock should be reduced so as to decrease the
expense of the foundation construction. So reinforced conerete is
used, the lock walls have been designed with countetforts on the
back, and its floor reinforced with rib heams in one cage. In order
to increase the safety of thwe structure, cross beams are added between
the counterforts and rib beams perpendicular with each other, so that
the earth and water pressmre can be equally distzibuted among the
beams, and if there is any accidenial eollision due to ships, the force

can be speedily fransmitted to all parts of the structure,

As the Jock walls are emsily subject to impact, so in the ealeulation
of stress the water pressures is inereased by one third. The protection
of the reinforcement is made with extra thickness, so that any
breakage cansed by accident can be easily Tepaired.

The lock has two pairs of miter gates made with structural steel.
Hand manipiiaied machines are nsed for the operation of lock gates
and water passages.

When s navigation eanal is used to discharge the flood of another
river, the movable dam which i installed by the side of the lock
should be larger than usual. But if it is only used to discharge rain
water or to control water {or naviggtion, 4 sluice or a dam smaller

in size will egually serve the purpase.
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HBrticle 2. The [avigation Project of the Grand Ganal

In our first period of navigation development for the Grand
Canal, works of improvement will be done beginning from Chunehia~
kow on the Wishan Lake of the Shantung Province to Sankisngying
.on the Yangize River for a total length of 430 km. Along its course
five locks are to be constructed, namely Teshen Lock, Hoting Lock,
Linchien Lock, Huaiyin Lock and Shaopei Lock. From Chunchia-
Low to Liuchien Lock, water is supplied by the Wishan Lake, and
from Liuchien Lock to Shaopai Lock, water is supplied both by the
Wishan Lake and Hungtze Lake.

As the Grand Cangl from Chunchiakow to Chiangehzikon on
the Yellow River for 2 length of over 150 kilometers has not yet
Deen carefully surveyed, no schemes of improvement can be made,
but generally the construction of two locks 2t the twwo places alove
mentioned will suffieiently accommodate fhe navigation between
these two rivers. Afer the completion of these fwo locks the inter-
communieation between the Yangtze River and the Yellow River
will be possible. It will be done after the first period of navigation

-development.

Below Shaopai there are two water channels flowing towards
the Yangtze River: one is used for $he proposed flood channels of
the Huai River beginning from Liuchai, and passing through the
“Taiping Ho, Liochiskou and Shatou Ho to Sankiangying, while the
.other passing through Yangchow to Kuachow to join the Yangtze
River. After the completion of the flood channel, the water depth
-pelow Liuchai will be enough for the navigation of large boats and
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further exeavation is unnecessary. The other channels to Kuachow
may be too shallow fo accommadate the navigation Dletween the
Grand Canal and the Yangtze River during the dry season, yet it is

of minor importance, so the scheme for its exeavation is omitted.

In deseribing the proposed schemes, the portion of the canal
below each lock is considered to be a section, and the engineering
works of the six seetions will be discussed in detail in the following

pages.

The First Section: from Chunchiskow to Teshen Lock
For navigation purpose the portion of the canal from Chunchia-
kow to the ouflet of the Wishan Lake should be exeavated, while
below the outlet excavation is aiso in need, as the canal is used for
flood discharge. A lock will be constructed at Chunchiakow in future

$o be named Chunkow Lock.

As the Grand Cansl meets the Tienisin-Pukow Railway line at
Hanehuang, this town will be expeeted to beeocme & eommereial centre.
The bridge and rafls at the cressing should be reconstrueted and

raised five meters higher in order to make room for the canal boats.

The length of the canal from Chunchiskow to Teshen Lock is
37.5 kilometers. The estimate of the total expenses including the

exeavation of the channel for flood discharge is given in the following.

Txcavation of the channel 7,168,188 cu. m. $967,705
Dike construction with excavated earth,
ramming only 1,102,048 ca. m. 27,551
Dike construction with borrowed earth
ramming ineluded. 57,55cu.m. 9,209
Reconstruetion of rails and bridges - 50,000
Totalvveemreensarnereeerrenen. 31,005,465
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The Second Section: from Teshen Lock to Hoting Lock.

The railway constructed by the Chung Shing Coal Mining Compa-
ny meets the Grand Canal at Taichuang.  Affer the canalization
-of the Grand Canal is completed, Shantung coal will find the markets
in all the towns and cities in the regions of the Huai Ho, the Grand
Canal and the Yangtze River. This portion of the canal should be
so regulated that the variation of water level for the whole year will
be 0.5 meter, that is, the hizhest water level will be 28.9 meters and
the lowest water level, 28.4 meters. The maximum lift of the lock
wiil be 6.7 meters and the minimum 1ift, 1.7 meters. During the
flood season, the difference of water level is to be reduced to one
‘meter.’ The length of the eartal from Teshen Loek to Hoting Lock
is 45.5 km., and the estimate of the total expenses including the
.eonstruetion of Teshen Lock is given in the following:-

-Construction of Teshen Lock $300,000
Excavation of the chanmel 3,300,262 cu. m. 445,535
Dike construction with excavated earth,
ramming only 555,844 en. m. 13,896
Dike construetion with borrowed earth,
ramming included 2,015,856 cu. m. 322,537
Total.ereeeeeererensoeeen-S1,081,968

The Third Section: from Hoﬁng Lock to Liuchien Lock
At this poriion of the canal much difficulty is felt for navigation
-during the dry season, because for the whole year there are cnly a
few days when there is o sufficient depth of water for the navigation
.of large boats. Figures 17 and 23 will clealy show these difficult
‘features.
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_ The Pelau Ho which joins the Grand Canal at ‘Taichuapg also
unites with the Wishan Lake at its west bank. Though this river
is now quite shallow, yet when the water level of the Grand Canal
has been raised, it is easy to be improved for navigation, so as to:

accommodate 1he communieation with inferior fowns and cifies.

The Luag Hoi Railway line crosses the Grand Cansl at the south
of the Pelau Ho. Though there are now no imporiant towns in the
neighborhood, yet when the navigation system of the Grand Caznal
has been developed, it will be the linking place for communications
Dby land and by water, and the bridge and rails at the junction of the
canal with the railway line should be raised six meters higher i

order that ships may be able to pass,

This portion of the eanal should be so regulated that the variation
of water level for the whole year will be 0.5 meter, that is, the highest
water level will be 20.2 meters and the lowest water level, 19.7
meters. The maximum lift of the lock will be 9.2 meters, and the
minimum lift, 8.2 meters. During the food season, the difference of
water level is fo be reducedl to one meter. The length of the canal
from Hoting Lock to Licchien Lock is 104 kilometers, and the

estimate of the total expenses including the construction of Hoting

Lock is given in the following-

Constraction of Boting Lock $100,000
Excavation of the channel 2,476,974 cu. m. 334,391
Dike construction with excavated earth,

ramming only 569,950 cu.m. 14,249
Dike construction with borrowed emth,

ramming included. 1,978,120 cu. m. 316,499
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50,000
Totaliuerrseenen$1,115,139
The Fourth Section: irom Liuchien Lock to Huaiyin Lock.

Since the water of the Hungtze Lake flows to the Grand Canal
through the Changiu Ho, so for this portion of the eanal the variation
of water level is very great, the highest water level being 16 meters
and the lowest water level, 11 meters. The maximum Bf§ will be
9-2 meters and the minimum 3.7 meters. From Liuchien Lock fo
Chungshin the chapnel needs little excavation, but below Chungshin
the existing channel of the canal is so crooked that a new channel
to connect with the Inner Grand Canal is necessary (See Fig. 26).
With the completion of this new channel and the improvement of
the Changfu Ho, boats from the Grand Canal ean easily navigate to
the upper part of the Huai Ho and one of the three Chai’s near
Matou, namely Weichi, Tungehi and Fushing Chai’s can be recon-
structed and used as sluices during the flood season. The length of
the eanal from Liuchien Lock to Huaiyin Lock is 57.5 kilometers,
and the estimate of the totsl expenses including the construction of

Liuchien Lock is given in the following:-

Reconstruction of a bridge and rails

$400,000
2,207,082 cu. m. 297,956

Constreetion of Liuchien Lock

Excavation of the channel

Dike construction with excavated eaxth,
ramming only 170,020 cu.m. 4,250

Dike construction with borrowed earth,

80,674 cu.m. 12,908

Total.....crerees 5715114

ramming included

The Fifth Section; from Hualyin Lock to Shaopai Lock
This portion of the eanal is Jongest among the six sections. At
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its north extremity is Fluaiyin, which will be the communication
centre for the surrounding towns and cities. The Grand Canal
communiceates with the Yangtze Riverin the south, and the Shaniung
Province in the north conneets with the Tientsin-Pukow and Lunghei
Railroad lines, flows to the sea through the Yen Ho and Kwan Ho
at the east, and joins with the Hungize Lake through the Changfa
Ho at the west. Along its course there are many important towns
and cities. Hence after it has been regulated ond improved, the
development of commeree and communication and also the improve-

ment of living conditions of the surrounding towns and cities can be
predicated.

There are now small steam-boats running between Huaiyin and
Chinkiang. The portion of the eanal below Kaoyu is quite deep for
navigation throughout the year, but from Kaoyu to Huaiyin there
are only a few months out of the whole year when there is sufficient

depth of water for navigation. But after the improvement, there

will be mo more of such ineconvenience.

The variation of water level for this portion of the conal is 0.5
meter, that is, the highest water level will be 7.3 mefers and the
lowest water level, 6.8 meters. During the irrigation season, the
water surface will acquire 2 natural slope as the water level near Huai-
yin Lock will be 10 meters, while that mear Shaopai Lock, 5.87
meters. The maxiraum lift of the Huaiyin Lock will be 9.2 meters,
and the minimum, one meter. The chaunel between Huaiyin and
Huai-an is to be enlarged. The length of the canal between Huaiyin
Lock and Shaopai Lock is 145 kilometess, and the estimate of the
total expenses including the construction of Hualyin Lock is given
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in the folowing:-

‘Construction of Husiyin Lock $400,000
“Execavation of the channel 666,074 cu.m. 89,920
Earth filling on the western Dike 80,000 cu.m. 12,800

b7 7Y DO TOURN $502,720

The Sixth Section: from Sheopai Lock to the Yangtze River.
Between Shaopat and Liuchai o new channel is exeavated to join
with the flood channel of the Huai Ho at Liuchai and to flow through
the Taiping Ho, Liochizkou and Shatou Ho to Sankizngying on the
Yangtze River. The old channel wiHl be used as the headbay for the
Tungyeng Cansal.

A% the upstream of Shaopei Lock, the woter level at normal
times is from 7.3 to 6.8 meters, the variation of water level being
0.5 meter. But during the irrigation season it will be reduced to 5.8
meters. As to the water level at the downstream of the lock, it )
cannot be aseertained, because the rise and fall of water level has an
intimate relation with the tidal effect of the Yangtze River and
the volume of water coming from the flood discharge channel of the
Huai Ho. But when the water Ievel of the Yangize River is at its
lowest, the water level of this seetion will be -0.4 meter. The maximum
lift. of the lock is then 7.7 meters, and during the maximum discharge
-of the Huai Ho, the highest water level at the downstream of the
lock will be 7.5 meters, being 0.2 meter higher than thet of the
upstream. At that time the loek should be opened so as to give a
free passage for hoats.
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Taiping Ho when used for flood discharge should be so excavated
that the elevation of the camal bed will be -4.0 meters.  Liochiakou
and Shatou Ho are very deep that at the lowest water level of the
Yangtze River, the depth of water is over three meters, ond normal
times it may be six to seven meters, so steam-hoals ecoming from
the Yangize River can directly resch Linchai. So no dredging works

for its improvement is necessary.

The portion of the canal which passes through Kuachow s 2b
normsl times about 3 meters in depth. Wit s little dredging work
to remove the shoals it will facilitzie the navigation Letween Chin-
kiang and Yangehow. The estimate of the total expenses for this
sectior. of the canal including the construction of Sheopai Lock is

given in the following:-

Construetion of Shaopai Loek, 350,600
Excavation of the channel 888,790 cu. m. 119,986
Dike constroction with excavated earth,
ramming only 1,990 cu. m. 50
Dike construction with borrowed earth,
ramming neluded 39,020 cu. m. 6,243
476,279
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Total Cost of Mavigation Project

for the Grand Ganal

The total cost for the first period of development are:

Like [} Dire
Constraciion Construction
e with with fec;;:
- Lock EX:;';I;W excavated | borrowed so;umnsn
. {Section 'Ognstraction! ot 1 earth, arth, and
ramz iagZ yamming bridges,
ouly included
S & $ $ $ $
1st | 67,705 . 9,203 | 27,551] £0,000 |L,051,485
and | 300,000 245,535, 322,597 18,89 1,081,968

3rd | 400,000 384,391 | 316,499[ 124,209 30,000 1,115,139

4en | 400,000 297,956 | 12,908 4,2501 ! 715,114
5th | 400,000 89,920 { 12,500 ' ' 502,720
Gn | 230,000, 119,98 ] 6,213 50 ; | 4in 079

Grand \y 50,000 ‘2,255'495 i 680,195 59,996‘ 100,000 4,915,685
Total ! !

Erticle 3. Ganalization cf Rivets from Huaiyuan {o the Sea.

The object of this project is to have direct navigation from the
Upper Huai River to the Yellow Sez, by way of the Huai River,
Hungtze Lake, Changin Ho, Yen Ho and Kwan Ho. In the first
period of development, it is rtoposed to start from Husiyuan down
the Hual River, passing the towns and cities such as Pengpu, Shuyi,
Kaoliangehien, Matou, to Huaiyin, where it passes through the lock
and through a new cut to Hsipa to join the Yen Ho. Another lock
will be situated at Tsaikung on the Yen Ho. At Lungkou mnot far
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downstrezm of Tsaikung the navigation route divided iiself into two
courses, one passes over the Lungkon Lock to the Kivan Ho and find
its way to the sea; another goes along the Yen Ho in the northern
direction to the Shinpu Lock and then joins with the sea estuary of
the Shu Ho. The total length of the navigable rivers will be 483
%m. Besides the Huaivin Lock, which will serve both the navigation
of the Grand Canal and that of the present river system, three more
locks will be constructed, i.e., Tsaikung, Lamgkon and Shinpu Locks.

The Kwan Ho is exceptionally deep and wide, able to be direcily
navigated by coastal steamers of five-meter draft, up to Shiangshuikow.
In fature, if improvement work be executed, and jetties be constructed
at the estnary to deepen the southern pass near Kaishem, it is possible
40 be navigated by ocean ships, and Shiangshuikow will be developed

as a seaport,

Tn the Yen Ho near Lungkou, two movable dams will be con-
straeted to prevent flood water of the Yi Ho from entering info it.
These dems can be taken away afier the levees along the portion of
the Yen Ho from Tsailung to Shinpu being raised to the required
height. But for the time-being these dams will be closed when there
is 2 high flood of the Yi Ho.. Sinee the flood of the Yi Ho is short-
Jurated, it would not be a tedious obstruction to navigation. At the
side of the Lungkou Lock on the Xwan He, 2 larger movable dem
is needed for preventing water of the Yi Ho from eseaping into the
Kwon Ho during the dry season. Owing to the project for
improvement of the Yi Ho is not definitely determined, it isnot wise to
construet & permanent structure for this dam, because, in case defention
hasin ean be cconomically constructed at its headwaters, the flood
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flow passed through this dam will be greatly reduced. Hence im
the first stage of development, only earth-weed dam of the types
commonly used as the flood escapes on the Immer Grand Canal will
be built there.

Ths southern Liutang Ho is comparatively deeper than the Yen
Ho, =nd with the completion of the Shinpu and Lungkou Locks,

navigation will extend to the town of Kaokou on it

For irripation purpose 2 cansal should be constructed between
Kaoliangehien end Ching Ho Chai with a sluiee st the mouth of the
outlet, snd in future a lock is to bLe built by the side of the sluice
gate, so that Loats coming from the upstream of the Huai River can

sail to the Inner Grand Canal through this new course.

As to the iributaries of the Huai River excavation and jostal-
lation of locks will further facilitate the navigation.

In fature during the irrigation season the elevation of water
surfoce of the Hungtze Lake may be reduced to 11 meters, but before
the time when the consumption of water for irrigetion purpose is
at the highest degree, the lowest water level may be higher than 11
meters, so the excavation of the Hungtze Lake czn be temporarily

left undone.

Figures 24 and 25 cleary si1ow the plan and profile of the scheme
to be done during the first period of improvement for the Huai River
and Figures 19 and 26 show the woy of connection of the Huai
River with the Grand Canal.
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First Section: from Husaiyuan to Huaiyin Lock

Along this section of the Huai River there are many large cities
such as Huaiyuan, Pengpu, Wuho, Shuyi and Huaiyin. Tts importance
of communication and benefit to iraffic is known to 2ll. At the
upper part of this section, which is the middle part of the Huai
River, the channel is both deep and wide, so a little excavation work
will sufficiently secommodate the navigation of the biggest standard-
sized boats. At the railway bridge of Pengpu where the Tientsin-
Pukow Railway line runs across the Huai River, the elevation of the
abutments is mueh higher than the assigned high water level, so no
reconstruetion is necessary. From Kiveishan to Kaoliangehien is the
Hungtze Lake. It is quite shallow; so a new navigation course should
be excavated. From Kaolinngehien to Matou is the Changfu Ho,
where works of excavation are quite limited, and below Matou there
will be two new courses to join the Changn Ho with the Huaiyin
Leck and Middle Grand Canal (See Fig. 26). The length of river
for this section is 265 kilometers and the estimate of the total expense

is given in the following;-

Excavation of a new channel in the

Hungize Lake 1,000,000 cu. m. $160,000
Exeavation of the channel . 3,394,602 cu. m. 458,271
Dike reparation with excavated earth,

ramming only 993,310 cu.m. 24,833
Dike reparation with borrowed earth,

ramming included. 2,256,950 cu. m. 360,952

Total....ceveerreenen.o..$1,004,056
The Second Seetion: from Husiyin Lock to Tsaikung Lock
There is no means of direct communication between the Grand
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Canal and the Yen Ho at present. Any cargo coming from the Yen
Ho are to be unloaded at Hsipa and transported to Huaiyin or
Yangehuang for further eonveyance on the Grand Cansl, and any
eargo coming from the Grand Canal are to be unloaded 2t Huaiyin
or Yangehuang and transported to Hsipa for further conveyance on
the Yen Ho. But Hsipa, Husiyin and Yangchuang are several miles
away from each other, so the unnecessary removal of eargo among
those places not only wastes money and time but also causes much
inconvenience. Now from the west of Huaiyin to the east of Isipa,
a new navigation ehannel for a length of 5.34 km. is proposed to be
excavated to connect the Grend Canal with the Yen Ho.

Since the old channel  Yen Ho below Hsipa is quite deep, it
is still adopted for navigation and no more excavation. is needed, buf
during the iirigation season, the water surface of the Yen Ho between
Huziyin Loek and Tsaikung Lock will be raised higher than usnal, so
the dikes along this portion of the river should be strengthened and
repaired. The expense for dike reparation whieh is to be included
in the cost of irrigation project and the construction of Huaiyin Loek
on the Grand Canal is also exeluded from the present estimate.

The lowest water level at this section is 6.8 meters and the
highest water level, 7.3 meters, and during the irrigation season the
water surface below Huaiyin Lock will be raised to 10 meters and
above Tsaikung Lock, to 9.9 meters. Below Tsaikung Lock the water
level will be from 3.0 to 8.5 meters, so the maximum lift at Tsaikung
Tock i3 6.9 meters and the minimum, 3.3 meters. The length of
tiver for this section is 61 kilometers and the estimate of the total

-expense is given in the following:-

(95)



Construction of Tsalkung Lock 300,000

Excavation of new channel 2,125,680 cu. m. 286,967
Dike construetion with exeavated earth,
ramming only 4130 cu. m. 103

Total....ocervveeennnnn.....5587,070

The Third Section: from Tsaikung Lock to Shinpu Lock

The variation of water level for this section of the river is 0.5
meters, that is, the highest water level is 8.5 meters and the lowest water
level, 3.0 meters, but at Lunglkou where Yi Ho flows to the Yen Ho
throngh the Northern Liuteng Ho, the highest water level of the Yi
Ho is 8.0 meters, end the lowest water level gives an insufficient
depth of water for navigation. At Lungkou, two small movable
dams should be built across the Yen Ho to keep out the flood water
of Yi Ho and on the Kwan Ho a large movable dam made of weeds
and earth should be construeted. A% normal times this movable dam
is closed to prevent the Yen Ho from flowing ouf, and during the
flood season it is opened to discharge flood water of the Yi Ho. In
fnture when Yi Ho is under improvement, a permanent movable dam

is to e constracted repiace this temporary sirneture.

The water level above Shinpu Lock is from 3.0 to 3.5 meters
and below it is from -2.2 to 3.35 meters, so the maximum lift at
Shinpu Lock is 5.7 meters, but during the flood period of the Shu
Ho, the water level below Shinpu Loek will be raised to 3.8 meters,
being 0.3 meters higher than the high water level of this section.

At that time Shinpu Lock is to be opened to give s free passage of
the flow.
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With the completion of the navigation works for the Huai
River, Kwan Ho Kow and Linhungkow will become the important
sea ports both for the ocean steamers and for the franspertation of
freight to inland towns and cities. As to seaward bound ecargo coming
from those inland towns and cities, they can also be directly conveyed
to either Kivanhokow or Linhungkow.

The length of river for this section is about 77 km. and the
length of Kwan Ho from Lungkou to Kwanhokow is about 73
kilometers. The estimate of the total expense is given in the follow-
ing:-

Construetion of the Shinpu Lock $300,000
Construction of lock on Yi Ho at Lungkou 300,000
Construction of 2 movable dam on Yi Ho ab Lungkou 100,000
Construction of two movable dams on Yen Ho at Tungkon 100,000
Exeavation of the channel 189,042 cu. m. 25,521

Dike reparation with excavated earth,
ramming only 20,205 cu. m. 505

Dike reparation with borrowed earth,
ramming ineluded 30,469 cu. m. §i75
Total..ceereeeerenenrecnnas $830,901

Total Gost

The total expenses of navigation projects for the Huai River to
the sea are given in the following -
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Diko Ra- | Dike Re-
paration paration
Canstn_xction and and
Nember Gontraction| movaste [(BFTOremEnt SR ORI goi
section of lock dam ¢ oxcavated borrowed
aarth earth
ramming | rasmming
only incladed
8 8 $ $ 8 8
. ] 618,271 | 360,952 24,533 [1,001,056
2, | 400,000 985,967 | 103 | 587,070
|
2 ] 600,010 | 200,000 | 25,521 4,875{ 505 830,901
g;:;dl ano,ooof 200,000 | 930,759 | 365,827[ 25,441 }2,422,027

Phe excavation of a new navigation channel in the Himgize
Lake is to be postponed until the time when the consumption of
water for irrigation purpose is increased and the lowest water level
of Hungize Lake is reduced to less than 12 meters. The expense o
excavation which amounts 105160,000 should be reserved for this item.

(9)



Chapter 1V. Irrigation Projeet

The region on both sides of the Old Yellow River and the Grand
Canal ecomprises a large arex of fertile land with temperate climate
quite suitable for cultivation. It is really one of the important
sections for agricultural production in our country. But so long ss
the flood problem of the rivers, such as the Huai, Yi, 8hu and Sze
which drain in that region, remains not solved, the inundation and
drought will constantly oceur that famine ean never be prevented.
Henee as soon as we have proposed the projects for flood control in
order to remove the harmful elements of that region, we are able to

propose the projects for irrigation.
Erticle 1. Estimaticn on Requirement of Water

On account of the difference in soil characteristies, climatic
conditions and customs of the people, the crops raised on Loth sides
of the Old Yellow River are not identieal. On the northern side the
common crops raised are those which need less quantity of water for
their production. In case of an extraordinary drought, it will
nevertheless still subject to fomine. Ilence irrigation is also iIn
dispensable. On the southern side, ries is probably the only prineipal
kind of crop to be raised, especially in the distriet east of the Inner
Grand Canzl. It needs much water for the production. During
the irrigation season from later spring to summer, when the
precipitation is small in magnitude, it depends wholly upon the Grand
-Canal for the supply of water. In case the supply of water in the
Grand Canal from the Husai fails, it is usually nof sufficient for
supplying the whole distriet. Hence the development of irrigation
system is eryingly needed especially in this part of the country.
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CROPS RAISED In the region at the zouth of the Old Yellow
River the principal crops raised are rice, eotton, bean, wheat, sesame,
pes-nut, potato, ete. The first mentioned two are +he principal erops-
which need irrigation during the dry season from later spring to-

summer.

PRECIPITATION  Long record of precipitation in the irrigation
distriet is mot available. Based wupon investigations on monthly
maximum, average and minfmum precipitotion from the reecord of”
short period at difierent places, it is indieated that in the year of
average precipitation the water is just sufficient for crops, and that i
dry yesr the precipitation amounts only to 4 inches (or 10 em)-
from the middle of April to that of July. In the latter case, rain
water is not sufficient for production of erops and henee irrigation:

is necessary.

NET QUANTITY OF IRRIGATION WATER XEEDED In spite-
of the minor products in the winter, the only prineipal erops whick
need irrigation are rive and cotton. The irrigation seazon for riee is
generally from the middle of April to that of July, while cotton needs
muel water in the months of April and May. In order to obtain.
the maximum yield of rice, it will conswme enormous quentity of
water. But for average praduction, the amount of water needed for
irrigation will not be mueh. Now let us take the case of 1922 for
instance. ‘The yield of rice in the Hastern District of the Toner Grand:
Canal in that year was on the average more than two pieuls per moun
(30 kg. per are or 3,000 Ibs per acre}. A portion of land whieh:
is comparatively low in elevation was irrigated by the supply of water
from the sluices located in the eastern dike of the Grand Canal, while
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+£he remsining portion in this region had its supply of natiuzal
precipitation only. During the period from the middle of April to
that of July, the precipifation amounted to 8 inches (20 cm)
approximately, and the water supplied by the Grand Cansl according
to our investigation was about 85 cubic meters per second, amounting
to a tota} quantity of 735,000,000 cv. m. The acreage of rice field
4n this distriet 2ecording to the Kiangsu Grand Canal Board is chout
10,000,000 mou. Asswne one third of the land was rrigated by
water of the Grand Canal; then its average supply including all losses
was about 14 inches ({85.5 em). The total consumption of water
jn that year was therefore, from 8 to 22 inches (20 to 56 em).
“The yield of rice per mou was from 1.5 to 8.5 pienls. Based on
+this investigation, if some one foot (30.4 em) of water be supplied
by irrigation system, it would be suificient to prevent famine even
in case of extraordinary drought. Tts production will naturally
inerease during the wet year. Hence 2 quantity of 18 inches (45.6
.em) of water may be considered necessary for rice production and
hall the value or 9 inches (22.8 em) will be quite sufficient for cotton
-and other miscellaneous erops. Duxing the irrigution sesson even in
the dry year there is at least 4 inches (10 em) of precipitation.
Therefore the amount needed to be supplied by irrigation system is
-about 14 inches (35.5 em) for rice field and 5 inches (12.T em)
for eotton and others. The total amount of irrigation water czn
then be estimated on this basis.

-CONVEYANCE The water carried in irrigation canals will be
-partly lost due to seepage 2nd evaporation. The losses vary widely
-vith local climatic conditions and the character of the bed of the
canal. The quartity lost by evaporation is much less than that lost
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by seepage, while the loss in old eanals is always smaller in comparisom
with the ease of new canals. Now in the present irrigation distriets,-
the amount of losses is assumed to be 15% for old eanals and 30%

for new ones.

IRRIGATED AREA In the region 2t the south of the Old Yellow
River, the land to be irrigated may Le divided into four districts,

namely;

1.) the Eastern District of the Grand Cenal

2.) the District of the Kao Pao Lakes

3.) the District of the Tungyang Canasl, and

4.) the Coastal District
The Eastern Distaiet includes all the land belong to the Hsiens of
Kiangta, Kaoyn, Paoying, Shinhwa, Tungtai, Taihsien and Yenchen.
According to the estimation made by the Kisngsn Grand Canal
Board, the area of this distriet, not including the land east of Fankung
Dike, is about 11,740,000 mou, 86 of which is used for rice pro-
duction and the remaining 115 is for other miscellaneous erops.  The
Distriet of Kao Pao Lakes includes 21l the low Jend on the southeastern
side of the Hungtze Loke and the west of the Grand Canal, that is,
the land surrounding the Peims, Paoying, Kaoyu, Fankwan and
Chiehshou Lakes, together witix the reclsimed land. Aeccording to
the estimation by the Kiangsu Grand Canal Boord, there is approxi-
mately 1,840,000 mou of land between the highest stage and the
ordinary water level of the lakes, and in addition another 1,000,600
mou of lake area can be reclaimerd.  After regulation of the Huai
River, assume 209 of the total area to be occupied by villages and
towns, highways and eanals, and then ithe land available for cultivation
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will be 2,250,000 mou (see chapter on flood contral). But for
euitivation of the land in this distriet, not only frrigation eanals are
indispensable, but drainage systems must also be taken into eon~
sideration. Since the land is very low, the accumulation of rain
water will cause much trouble. For this reason drainage eanals and
pumping stations must be provided (See Fig. 29). Judging by its
loeal conditions, there will be probably 80% of the land to be used
for rice planting and 20% for other crops. The District of Tungyang
Canal partly overlaps with the Bastern Distiiet and the Coastal
District, and partly depends its supply from the Yangitze. The
additional land to be irigated by the Grand Canal is about 2,500,000
mou, 30% of the land is of rice field, and 70% of it is for cotton
and other erops. The Coastal Distriet has an area o 15,000,000 monr
approximately. During its progressive development in recent years
cotton is almost the only kind of plants raised in this distriet. It
demands less quantity of warer for its production. But irrigation will
be still necessary in ease of drought dnring the months of April and
May.

TOTAL AMOUNT OF WATER REQUIRED Based upon the
foregoing diseussions, the total amount of irrigation water needed
for different districts may be roughly estimated. The Eastern District
will demand a quentity of 2,670,000,000 cubic meters of water for
irrigation in one year; the District of Kao Pao Lakes will demand
570,000,000 cubic meters;the District of Tangyang Canal, 351,000,000
cubic meters; and the Coastel’ District 512,000,000 cubic meters.
The total snnual demand for the land at the south of the Old Yellow
River will then be 4,094,000,000 cubie meters.
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“Hrtiele 2, The Gapaecity and Elevation

of the Hungtze Iake.

" For the irrigation of the land south of the Old Yellow River,
the flow of the Huai River will be the only souree of supply. The
natural flow of the Huai is very small in ecase of dry year. For
instance in 1917, it almost entirely ceased to flow during the months
of May and June. For meeting the demand of irrigation, the Hungtze
Lake must be converted into a storage reservoir.

According to the record of the Huai, the year 1917 was the
driest (see Fig. 2T). The total amount of discharge during that
year was still much greater than the demand of irrigation. Therefore
if a portion of the flow during the flood season is stored up in the
Hungtze Lake, it will be sufficient to meet the need in the dry season.
In solving the problem of storage, two points must be taken into
-consideration. Firstly since the natural flow during the irigation
season can be directly utilized for partly supplying the need, the
amount of water necessary to be stored in the lake will he somewhat
less than that of the total demand. And secondly, beeause the lake
has a large surface ares, the quantity lost by eveporation will be
considerable. Now for our case the toial demand for irrigation is
4,094,000,000 cubic meters. Deducting the guantity of 1,370,000,000
eubie meters which ean be supplied by the natwral flow during the
irrigation season, it amounts to 2,724,000,000 cubic meters. Assuming
another 1,000,000,000 cubie meters lost through evaporation, the
total amount of storage will be 3,724,000,000 cubic meters. If the
allowed lowest lake surface elevation be 11 meters, then from the
capeeity earve (Fig. 1) it is found that the lake surface must be
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maintained at 13.2 meters afier the flood season in order to meet
the dermand. For additional safety, let it be mainfained at 13.6
meters after every flood season is over. '

The Hungtze Lake is used as storage reservoir for irrigation, as
well as a detention basin for flood control. In order to utilize its
full eapacity for detention so as to reduce the cost of the improvement
work for its flood channel, the lower the surface elevation of the lake
kept before the flood season, the better would be the case. But
as for irrigation, the elevation of the lake surface must have a certain
lowest limit so that the storage ean be surely acccumnulated to the
required quantity before the frrigation season. Considering the worst
case of 1917, the amount of storage, which could be supplied by the
flow of the Huai during the period after the flood and before the
next irrigation season, was found to be 2,500,000,000 cubic meters.
As the eapacity of the Hungtze Lake between the elevations 13.6
and 12.5 meters is 2,200,000,000 cubic meters, it is concluded that
the lowest allowable limit of the surface elevation of the lake during
the flood season may be as low as 12.5 meters, This will render
great efficiency in flood control and at the same time no obstruction
for frvigation.

In coneclusion, for purpose of both irrigation and flocd control,
the W. L. of the Hungize Lake before the flood season must at least
be higher than 12.5 meters, 2and it must reach the clevaiion 13.8

meters before the next irrigation season.
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Artiele 3. Distribution of Water for Irrigation

The topographical features of the land within the irrigation dis-
triets have a general tendeney to slope down from north to south.
The Inner Grand Canal and the Chuangehang Ho are also fowing
in this direction, and their water surface is generally higher than the
surrounding countries. Fence for the eonvenience and distribution
of water during the irrigation season, they can Dbe utilized as the main
irigation eansls, but the way of supplying water to them from the

Hungtze Lake is a problem worthy to be considered.

The Changfu Ho, an outlet of the Hungize Lake, is used to supply
water to the Grand Cansl from the lake. At its mnorth extremity
where it joins with the Inner Grand Canal, its water surface is higher
than the surrounding countries, so it may be utilized as a main
irrigation esnal. But its channel is very narrow and the land along
the two banks is very high.  After the installation of a lock 2t Tuaiyin
for the navigation of the Huai River and the Grand Camal, the
discharge of the Changfu Ho, during the time when the water level
of the Hungize Lake is 12 meters, will be about 50 cubic melers
per sacond, and when it is raised to 13.6 meters, will be about 140
ew. m. per second. But in average the total volume of water needed
for all the irrigation distriets is 475 eu. m. per second.  In order to
supply the necessary volume of water, the Changfu o should be
deepeneil and widened, but the narrowness of the chennel and the
elevation of the two banks will vender the excavation works too
expensive to be executed as the main irrigation canal.  According
ta the opinion of Prof. Ofto Franzius, a great portion of water needed
for irrigation should be conducted to flow from Kaoliangehien passing
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through the old channel of Hsun Ho to Chinghochai on the Grand
Qanal. Though the old chanmnel of Hsun Ho is also quite narrow,
yet the land along its two banks is very low, so exeavation and
dike construction with exeavated earth can be done at the same time
and the expense will be much cheaper.  As to the Changiu Ho, its
existing capacity can still be utilized for jrrigation.

The volume of water necessary for the cultivation of crops at
each of the irrigation districts during the hundred days of irrigation

season is as follows:-

For the Eastern Distriet 310 cu. m. per sec.
For the Kao Pao Lake Distriet 65 cu. m. per sec.
For the Tungyang Canal Distriet 40 cu. m. per see.
For the Coastal District 60 cu. m. per sec.

The totel volume of water consumed by the cultivated farms of
the above distriets amounts to 475 cu. m. per see. But during the
month when water is most needed for the fully cultivated distriets,
the volume of water actually eonswmed may be greater thon this value.
This condition will, however, not be oceurred until after 10 or 20
years, and during that time further improvements will be made. At
present the estimate for the discharge of the main irrigation ecansl

ean base on the average rate.

Now the discharge of the main firigation canal which flows
from the Hungtze Lake to the Grand Canal through the Ching Ho
Chai is assumed to be 425 eu. m. per seeond, and a small volume
of water equal to 50 cu. m. per second is conducted to flow from
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+the Changfu Ho fo the Chuangehang Ho passing through the Yen
Ho to Tsailungtu and crossing the Old Yeflow River to its sauth.
As to the portion of water flowing to the Grand Cansl at Ching Ho
Chai, & volume equaf to 25 cu. m. per second is ceonducted to flow
northward to irrigate the caltivated farms situated along the northern
bank of the Grand Canal and another volume egqual o 100 cu. m.
per second is conducted to flow eastward to Chuangehang Ho passing
through Ching Ho and erossing Sheyang Lalee 1o irrigate the cnltivated
farms along the two banks of the river and to supply the Chuangehang
Ho with remaining water, while a great Dortion of water equal to 300
cu. m. per second is condueted to flow southward fo irvigate the
cnltivated farys of the Kao Pao Lake District and the Eastern Distriet
at the south of Sheyang Lake with the remaining water equal to 40
¢u, ™. per second flowing to Tungyang Canal through Shaopai to
irrigate the cultivated farms of the Tungyang Cinal Distriet. ‘The
volume of water which flows from the Changfu Ho to Chuangchang
Ho through the Yen Ho s used to irrigale the cultivated farms
situated between the south of the Old Yellow River and the north
of Funinghsien with remaiming water flowing to Chuangehang Ho
to join with the csnal coming from Ching Ho and to jmigate the
Coastal District.  This is the method of distributing water to the

irrigation distriets in our irrigation project.

Hrticle %. Irrigatico Cansals

During the irrigation season, the Water surface of the Hungtze
Take will be drawn down from the normal elevation of 13.6 meters
4o the lowest level of 11 meters. This lowest water level will be
yeached only during the most arid season and in a very short duration
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of time, and moreover the time of its occurrence will be mostly at
the closing period of the irrigation season. During that time the flow
of the irrigation canal will be left to itself, that is, drawing down to
its Yimit, for otherwise, it Tequires expensive construction work in the
sluices and canals. Tt is 2lso very expensive to make all the irrigation
canals used at the same time as navigation eanals as in the case of the
Tnner Geand Canal. Moreover during the dry season, the water
surface will be lowered, so even there may be plenty of water in the
channel, yet it is very difficult to distribute it to the frrigation districts.

The irrigation canals are to be so designed that during the time
when the water surface of the Hungtze Lake is at an elevation of 12
neters, they should give the maximum discharge for irrigation, end
when the water level is lowered, the discharge is allowed to be less
in quantity. At normal times the water level of the Grand Canal
at Ching Ho Chai is 6.8 meters, and during the irrigation sensom, it
will he roised to 10 meters. The length of the chanmel from the
Hungtze Loke to Ching Ho Chai is 40 kilometers, and the slope of
the water surface is 1:20,000. Now 2 chennel to discharge a volume
of water egual to 425 cu. m. per second can be desizned by the
Forchheimer’s Formula with & coefficient of roughness of 0.0225.

The resulted cross section is as follows:-

Width of water surface = 75 meters
Width of canal bottom = 45  ,,
Depth of water = 8
Side slopes = 1.2

The best crosssectional design of the channel is to malke the cut
and §ill in balance, that is the quantity of excavated earth is just
(109)



enongh for dike construction. The quaniity of excavated earth used
for dike construction is 7,500,000 cu. m. and the expense for both

exeavation and dike construetion is about $1,200,G00.

As the quantity of water in the Grand Canal which flows north-
ward from Chinghochai is only 25 cu. m. per second, the existing
width of the channel is quite enough for iis discharge and amnocther
volume of water equal to 300 cu. m. per second fows southward in
the Grand Canal from Chinghochai with a remaining quantity of water
eqnal to 40 cu. m. per second flowing to Shaopai The water level
of the canal at Shaopai Lock can be reduced to § meters, so there
will be no obstruction for navigation. As the length of the chapmel
from Chinghochai to Shaopai is about 100 km. and the difference of
water level is 4.0 meters, the average slope of the water surface will
be 1:25,000. Now with the diversity of discharge and different size
of channel at each seetion of the irrigation chanmels, it will Le
economical to make the slope of the water surface steeper at those
places where the eross-section of the channel is small, and to make
the slope of the water surfzce flatter at those places where the cross-
section of the chonmel is large s as to save the laber of exeavation
to its utmost limit. Aceording to the cross-sections of the Inner
Grand Cunal surveyed Ly the Xiang Huai Conservaney Board, the
channel from Fanshui to Kaoyn is both narrow and shollow and needs
1o be exeavated, and for the rest of the canal the channel is wide
enough to caxry the allotted quantity of discharge. With the rise of
water surface due to the construction of locks at each section of the
canal, the top of the dikes from Huai-an to Fanshui should be raised
about one meter liigher. Now the quantity of earth for dike reparation
is 472,500 cu. m., and if the labor of ramming for one cu. m. of
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earth is $0.16, the total expense for dike reparation will be $75,600.
The quantity of excavated earth is 2,527,600 co. m. and if the labor
of excavation for one eu. m. of earth is $0.27, the total expense for
exeavation will be $682,000. The summation of these two items will
be §757,600.

Water in the Grand Canal flows eastward from Chinghochai to
Chuangehang Ho and the height of water surface at the eastern
extremity of the irrigation ehennel which joins the Grand Canal
with Chuangchang Ho depends upon the volume of water Howing
southward from Yen Ho to Chuangchang Ho and the height of water
surface ab Chusngehang Ho necessary for irsigation. Now if the height
of water surface at the eastern extremity of the irrigation channel is
assumed to be 5 meters, and that at the down-stream side of the
Chinghochai, 7 meters, that is, the difference of water level Dbetween
the upper and lower pools of the Ghinghochai is 3 meters, the difference
of water level in the irrigation channel will be 7.0~—>5.0=2.0 meters.
The length of the channel is about 8! Lilometers, so the slope of

water surfrce will be 1:42,000. The most economieal eross-seetion is

as follows:-
Width of water surface =40 meters
Width of channel botom=12  ,,
Depth of water =7 ,
Side slopes = 1.2

The quantity of exeavated earth is 14,000,000 cu. m. and the
cost, $2,240,000.
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The Changfu Ho and Yen Ho are not to be exeavated and with
their existing discharge capacity, the discharge of Yen Ho above the
proposed Teatlkung Lock will be about 50 cu. m. per second during
the time when the height of water surface at Hungtze Lake is 12
meters. 'When the water level at Huaiyin Lock is maintained at 11
meters, it will be reduced to 9.93 meters at Tsaikung Lock, and such
height of water surface gives no obstruction to navigation. The length
of the irrigation channel starting from the Yen Ho at Tsaikung Lock
and crossing the Old Yellow River to Funing to join the Chuangehang
Ho is sbout 48 kilometers. If the water level of Chuangehang Ho
at Funing is 6.0 meters, the slope of the water surface will be 1:12,200.

The cross seetion best adopted for the irrigation channel is follows:-

Width of water surface =25 mefers
Width of channel bottom= & ,,
Depth of water =5 .,
Side slopes 12

The total amount of excavated earth snd earth used for dike
construction is 6,940,600 cu. m. 2nd the cost will be $1,110,000.

At Sheopei the volume of water in the Grand Canal is only 40
cu. m. per second, which flows from Shaopai to Liunchai to join the
Tungyang Canal. At Liuchai the old structure should be recenstrueted
and the cost is estimated to be $50,000.

The dimension of each irrigation channel is based on the plans
prepared by the Kiang Huai Conservancy Board, so after an accurate-
survey is completed, the design is likely subject to change.
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The diversion and distribution of #rrigation water are effected by
regulaters and sluices, their locztions can only be ascertained by the
local conditions and requirement. This is left for further investigation.
In the sea outlets of the Chuangchang Ho and the bypssses to ihe
Yangizekiang on the Tungyang Canal should also be controlled by
movable dams or gates. They will be dealt with after caveful survey
is completed. Besides these, there will be five head-zates to be con-
structed for the irrigation channels and the costs are estimated to be
$600,000.

Brticle 5. Irrigation in the Middle Grand Ganal Distret.

At the north of the 0ld Yellow River and both sides of the
Middle Grand Canal, most of the crops such 2s wheats, beans, holeus,
‘potatoes and other grains do not require much water. At these
places, irrigation is unknown to the favmers. It is mostly eaused by
natural laek of water supply.

‘When the Huai River, Yi Ho, Sze Ho and Shu Ho have been
controlled and improved, the Wishan Lake will be converted into a
natural reservoir. Its storage of water amounting to some 2,400
million cubic meters will be used to irrigate the arid regions covering
an area of 20,000,000 mou in the districts of Hsuchow and Haichow.
Now the Middle Grand Canal and Pelao Ho ean Le utilized as the
irrigation channels. The discharge of the Pelao Ho with a high
water level at the Wishan Lake is about 100 eu. m. per second, and
the remaining quantity of water necessary for irrigation is fo be
conveyed by the Middle Grand Canal. As the canal is also used for
flood discharge, so its capacity is ample enough for conveying irrigation
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water. At Teshenchai and Hotingehai, there are movable dams for
the regulation of flood dizcharge, and at Liulauchien a movable dam
should be eonstructed to disecharge the mnecessary quantity of water
for the cultivated farms situated at the lower course of the eanal
The cost is estimated to be $25,000.

HArticle 6. Works for the First Stage

of Development.

Due to the vasiness of irrigotion distriels, all irrigation works
cannot be done at the same time, and as the engineering works for
flood diseha_;'ge, navigation erd irrigation bear intimate relations with
each other, so any work for the benefit of one thing should keep
pace with that of the other. When the engimeering works for
controlling the Hual River to flow to the Yangtze River are in
progress, some improvements should be made for the urigation
distriets at the south of the Old Yellow River as the foundation of
development. The most important region under consideration is the
Tastern District of the Inner Grand Canal, where there are numerous
lateral head works built in the eastern dikes, but due to improper
management, much water is wasted. Henee at each of the lateral head
works, a proper sluice-gate should be fitted. The methotl of its operation
and the allotted amount of water should be ecarefully determined
according to the commanding ares, kinds of crops, and the nature of
soil. There should alse he patrdl men to take charge of these duties,
and give assistance to the farmers in using hrigation water. With
the assistanee of the general publie, the distribution system is expeeted
to be finished in a few years. But in the Tnner Grand Canal at the

time of preliminary development, no harm is done if the discharge
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of the eanal is smaller than the total volume of water needed for
frrigation, so the dredging of the chonnel between Fanshui and Kaoyu
can be temporarily postponed, and improvement is done simply by
the installation of 50 sluice-gates, the cost being estimated to be
8100,000. This is the preliminary project for the irrigation of thé

Tuner Grand Canal distriet.

At the Kao Pao Lake district, if frrigation and drainage works
are built after the improvement of the Husai River, about 1,000,000
mou of marshy land can be reclaimed. If the cost of one mou is
$40, $40,000,000 will be obtained from reclamation, which will nearly
pay for the expense for the preliminary engineering works of the Huai
River system. If the irrigation and drainage channels of that distriet
are constructed at fthe same time, the excavated earth from the
drainage chanmels eon be used for dike construetion along the irrigation
channels. The arrangement of the frrigation and drainage channels
are shown on Fig. 20. Their discharge eapacities, cross-sectional
aveas, and excavation have been earefully investigated, and the expense

of the engineering works is given in the following:-

Dike construetion with 3,341,000 cum. @ $0.16jcu.m. § 585,000
exeavated and borrowed

earth, ramming included
Txcavation of chanmel 17,863,000 cu. m. @ $0.135/cw.m. 2,412,000

Land occupied by channels 9,500 mou @ $20mou 190,000
to be purchased '

Lock and sluice construction 460,000

Installation of five pumping plants 1,000,000

TOHL v sesnesraeaenneansn $5,59T7,000
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The irrigation chenmel which is nsed to eonvey water from the
Hungtze Lake to the Inner Grand Cznal is one of the most important
eanals and its exeavation will atiract our first attention. For the sake
of ;werlastiug safety, the channel should have a discharge capacify of
423 en. m. per see. ‘The new outlet of the Tungyang Conal should
also be excavated so as to give no obstruction to the water source.

Their designs and costs of excavation have been alveady discussed.

The following table is 2 summary of costs and works for the

first stage of irrigation development.

Table 7. Estimates of Costs for irrigation Projeets.

Fstimates of Cosis.

Trems yﬁcwnﬁon Purchasing | 1nstallation] Grand
of Structure of of p’umpinq
channel land plants Total

Irrigation channel

Sﬁ;“ﬁg’;ﬁ‘go_smﬂmow 5300,060 31,500,000
chai)

Installation of

sluice-gates on
the Toner Grond 100,000 303,000

Canal
Trrigation and

drainsge works In} 9 947 00 460,000 | $190,000 51,000,600 4,597,000

Kao Pao Lake
District

Qutlet for the
Tangyang Canal 50,000 50,000

135 247,000

The benefits of irrigation towards agriculture is so great that be-
sides the $10,000,000 obtained from the reclamation of the XKao Pao
Lake District, the value of the yemrly crops at that distriet will be worth

(116)



about $10,000,000. At the Eastern District, the avea of the land to
be irrigated is approximately 10,000,000 mou. I 5,000,000 mou
are under irrigation at the beginning and the minimum return of one
mou is $2.0, then $10,000,000 will he gained yearly from that distsict.
Hence the benefit of the preliminary engineering project towards the
wealth of the people is so great that its accomplishment should net
be delayed.
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Ghapter W,
Works to be Performed

Constraction works of flood control, navigation and irrigation for
the whole system of the Huai basin are numerous. For those which
i of primary importance, general sechemes have been already lsid
down; and for the others, it remains to e investigated. The Engi-
neering Buresu is preparing on one hand to carry out the construetion
works of the primary importance, and on the other to work out the
definite projects, at the same time, for the construction works to be
performed in the following years. Further investigations on economieal
selection and detail design are also neceszary for the works to be
earried out in the first few years. According to the general schemes
laid down in the foregoing chapters, a list of works to be performed

for surveying, designing and experimenting is seheduled as follows:-

(A) WORKS FOR SURVEYING:
1. The upper valleys of the Yi and the Shu River;
2. The Wishan Lake and the Grand Canal in the Province of
Shantung;
Lakes in the upper valley of the Huai River;
Preeize levelling along the Grand Canal and the Huai River;

A

Topographieal survey of the different sites of the proposed

straight cuts on the upper Huai and its tributeries;

6. The proposed navigation channel to connect the Inner Grand
Canal fo Hungtze Lale from Kaolisngehien to Chinghoehai;

7. The proposed navigation channel between the Yen Ho and
Chuangchang Ho; i

8. The proposed nevigation channel from Chinghochai on the
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Toner Grand Canal east to the Chuangehang Ho;

9, The sites for locks and sluices on the ountlets of the Chusng-
chang Ho to the sea and onx that of Tungyang Canal to the
Yangtze;

10. The sites for loeks on the Middle and Southern Grand Canal
in Shanfung;

: 11, Topographieal survey of the Tihowa and the proposed culoff

of the Huai at Shuangkou

12. The sites for lock 2nd dam on the Huai River at Foshan;

13. To establish more hydrological stations on different rivers in
the Huai basin; and

14. To connect the levelling lines on both banks of the Yangtze
TRiver.

(B) WORKS FOR EXPERIMENTING:

Soil exploration on the propased sites of structures;

‘Test of bearing eapacity of soil zut the different sites for stractures;
To establish the hydraulic laboratory for the experiment, by
models, to predict the conditioms of structures after eonstruction;
Experiment by models the stability of the proposed river
course and chonnel sections;

w =

[

Experiment by models the percolation in earthern dikes;
Inspeetion and test on building materials; and
Actual measurement for determing Kutter's coefficient of

Se o

voughness of river bed.

(C) WORKS FOR DESIGNING:
1. Selection and design of construction plants and equipment;
2. 'The field layout of construction;
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- 13.

14

15.

Regulation for field offices and specifiestions for structures]
Provision of means of eommunieations for different construction
camps, and eare for the living of laborers;

Detail designing for locks and movable dams;

Project on the systems of detention basins on Yi and the Shu
rivers;

To design the navigation eanal from the Wishan TLake to
connect with the Yellow River;

Project for- the improvement of navigation system in the
Tungyang Canal;

Projects for regulation of the sources of the Huai River in the
niountzinons valleys;

Projects of local systems in drainage, irrigation and reelamation
of lands for different distriets;

Designing highways and bridges;

Different city-plans and harbor-plens such as Huaiyin, Shiang-
shnikow, Kwanhokow and Seakisngying; '
Planning of machine shops for repairing instruments and
equipments used for construction;

Further investigetion on the operation of the Hungtze Lake
50 as to reduce its maximum surfoce elevation; and

Rules and regulations for administration and maintenance of

the completed structures.
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Geographical Names in English and Chinese

A
Ancient Canal, the
Anhowa
Anhuaichih

Chaimee Ho
Changchrang
Changfu o
Changlushan
Chaochiachih
Chentzewa
Chenyangkwan
Chiangehizkou
Chiang Ho
Chiangpa
Chichih
Chichshou
Chienchizehih
Chien Ho
Chienshu Ho or
Tront Shu Ho
Ching o
Chitsung
Chiulungrmiao
Chowehizkow
Chowhsien

Chuangehang Ho
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Chu Ho
Chulopa
Chunchiskow
Chungshin
Chungyichih

Eriackow

Fankung Dike
Fankwan Hu
Fanshui

Fei Ho
Fenghwang Ho
Fengtai
Tengtaitze
Fongyang
TFront Shu Ho
Juning
Tushanchia
Tushingehai

Grand Canal, the

Haichow
Hanclwang
Hei Ho
Hotingehai
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Houchin
Hsiangehiaochih
Hsiangehien Hu
Hsifei Ho
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Hsin Ho i (A HEE)

Hsinhochen
Hsinpn
Hsintukow
Hsinyangehisng
Hsipa

Hsuchow
Hsuhsien
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Hsung Ho (Shvn Ho) & by

Huai-an
Huai River, the
Huaiyin
Hueiyuan
Huchuangwel
Huilinchib
Hung Ho
Hunghokow
Hunghwapu
Hungize Lake, the

I
Inner Grand Canal
Itsenchih

J
Ju Ho

X

# %
#
T
%M
# 5
W %
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% EFE W
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Kaishan JH il
Kaokou 5 bo
Kaoliangehien S R W
Kao Pao Lakes, the 3 4§ 1)
EKaotzuize el
Kaoyu 5 #
Kaoyu Lake, the o EH W
Koushzngehih 1 i
Kiangtu B
Kingkouchen &

Kingwan Ho

I 2% %
4

Kotaitze

Kuachow
Kuan Ho R GEEZ )
Kwan o ﬁ%i’ﬁf (ﬁE%-F%}

PEBPH MR

Kwantien Ho =)
Kwei Ho i i
Kweishan &% 1]
Kwo Ho i b
L
Lichuang Z i
YLienshui BOOK
Tihawg oo &
Lingehiape oK H
Linhungkow BE ¥ O
Lingpi B B
Liochiakou E X
Liulauchien LA ]
Liushupang W B
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Liutzekow b b
Lochiaochih I A% 4R
Loma Hu Bs 5 W
Lukow o o
Lukowpa En
Lunghochih #E
TLungkou t
M

Main Lintang Ho  ZAAIERT
Malangkang hic (A
Maotsechnang o
Matou - 7E [t
BMeihokow WD
Mengchen 2 4
Mengyl mountains  SET IR

Middle Grand Canaltherft 3l
Ming Dike PEFIAIE

Montao o il
N
Nan Fiu B

Nanliutang Ho or
Southern Liutang HoFg 3
Northern Liutang Hodb AT

0
Old Yellow River, the f T ¥
’ P
Paichiachien p ol ]
Paichiawan R
Paifangtaitze e

Pakiangkow

Peifei o

Peil Ho

Peiliutang Ho or
Northern Linfang

Peima Hu

Teito Ho

Pelao ITo

Pengpu

Pien Ho

Pihu Io

Tochiatu

Pochow

Rear Shu Ho
Rose River, the
5
Salt Canal, the
or Yen Ho
Sanchakow
Sanchatu
Sangehu Lake
San Ho
Sanhochien
Sanhokow
Sanhopa
Banhotou
Sanhowel

Sankangehih
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Sankiangying =il #
Sanyang = B
Shachiafong gz | B
Shachiakow wED
Shakiang Ho W
Shakouchih W
Shaopai i |
Shaton Ho ¥ oE W
Sheyang Hu 5 B
Shiangshuikow g vk 1
Shih Ho 1] 3

Shinanchen B Y e
Shinhwa 514 14
Shinkangchih E B4
Shouhsien = ne
Shuangkou e HE
Shu Ho w i
Shubsiang Hu 7B OIE W
Shui Ho T i
Shungti Ho i
Shunhoehih JE W 4
Shutangehih B ok A
Shuysng ‘bﬁ i3]
Shuyi 15 S
Siacleechih oA
Sihsien =X 1

Sin Ho FHm CNW T )
Southern Grand

Canal Mg Uit

Southern Liutang Ho .

Gze Ho b
Szehsien |
Taichunang =
Tai Ho p.
Taihsien F
Tanchen 8
Tanchiachien %
Tangehia Lake 1E
Tasha Ho R
Tashita x
Tenghsien fi
Teshenchail =
Te Ho Tk
To Hu Y&
Tongehiakou #H
Tsaikungta 2%
Tsacchow k]
Tsaolingehih 3
Tse Ho i
Tsemsaton i
Tsingechungehih i
Tsingtao H
Tsingyi Lake o
Tungehichai i
Tungpsi il
Tungping h: 3
Tungtai j:1
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Tungwan Ho i ¥ . Yangtaekiong Hooe I
Tungwashian & FL JE  Yzowan e b
Tungyang Canal iigsEr Yellow River iy bl
w - Yenchen 3 b7 4
Wanfuchih ¥ 78 3£ Yeaehischih B8t 1
Wanfu Ho I 78 3 Yenweichiang B W
Weichichai B oo i Yenwotze BE T
Wen Ho b i Yi Ho iF by
Wishan Lake iy ®  Yin Ho = by
Wucheng Ho % B | Yinshang E 1
‘Wuhohsien F i Bz Yinsizochih ) A N
Wulwachizo o3 i Yungehen 7K k17 A
Y Yunlinchai o IR |
Yangehow k2= M Z
Yangehuang B HE  Ze Ka Wei %5 [E
Yangtu 15 i '
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Iist of Drawings

General Map of the Huai Region, Including the drainage
areas of Huai, Yi, Sze and Shu Rivers.

Fig. 1 Storage Curve of the Hungize Lake

Inflow Carve of the Hungtze Lake in 1921

Fig. 3 Diagram showing the method of restoring flood pesk (in
the text)

Fig. 4 Hydvograph of the Hnai River, 1921.

Fig. 5 Freguency of Max. Monthly and Daily Precipitation

Fig. © The present and expected H. W. L. of the Yangtze River.

Fig. Te Variotion of W. L. in the Hunglze Lake when both the
flood peaks of the Hual and Yangtze meet ab the same time
(9,000 m¥sec. max. outflow)

Fig. Tb Variation of W. L. in the Hungize Lake when only the
Huai attains its H. H. W. (9,000 msec. max. outflow)

Tig. 8a Variation of W. L. in the Hunglze Lake when both the ficed
peaks of the Hual and Yangize meet at the same fime
(10,000 mijsec. max. outllow)

Fig. 8b Variction of W. L. in the Hungize Lake when only the Huai
atteins its H. H. W, (10,000 m¥zee. max. outflaw)

Fig. 9a Flood control Project of Huai River—Flood Channel to
Yangize Kisng, general plan.

Fiz. b Flood Control Project of Hual Ho—Chiangpa Regulators and
New Channel, detail plan.

Fig. 10 Flood Control Projeeb‘oi Huai River—Flood Channel to
Yangtze Kiang, profile

Fig. 11 Tlood Control Project of Shu River, general plan and profile

Fig. 12 Flood Control Project of Yi Ho, general plan
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Fig.
Fig.
Fig.

Fig.
Tig.
Fig.
Fig.
Fig.
Tig.
Fig.
Fig.

Fig. 2

Fig.
Fig.

Fig.
Fig.
Fig.

Ditto, profile

TFlood Contiol Project of Sze Ho, general plan and profile
Flood Control Project of Huai River—upper River and
Tributaries, general plan.

Flood Control Projects, Huni-Yi-Sze-Shu, general plan

W. L. Duration curve of the Grand Canal at Yaowan,1917
Typieal eross-seciion of navigation canal (in the fext)
Navigation Projects, general plan

9.2 Meter Lock, Plan end Seetions

G.7 Meter Lock, ,, ., "

Navigation Projeet of Grand Cuansl, generai plan

Ditto, profile

Navigation Project—Canalization of Rivers from Huaiyusn to
ses, general plan

Ditto, profile

Navigation Project—Huaiyin Lock site and Proposed Chan-
nels, general plan

Hydrograph of the Husi River, 1917

Irrigation Projects, generzl plan

Trrigetion Trojects, Reclamstion of Keo-Pao Lalkes, general
plan
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HYDROGRAPH OF HUAI RIVER, 1921
THE INFLOW OF THE HUNGTZE LAKE
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