WE’(W B?kﬂ?ﬁ’%’
—il:‘.ﬁf“(n'zfi"fiﬁz

THE ABRIDGED REPORT
"~ :oon
THE RADICAL IMPROVEMENT SCHEME
» o f<>r_j‘ .
THE YUNG TING HO

Prepared and PuBlished ’
by
The North China River Commission
Ministry of Interior

Tientsin
- 1934



e e e P e

1
|

: be 6£;‘Exs‘0f' nm%‘
FAORFZEG L L
2t}

THE NORTH CHINA RIVER COMBISSION

Executive Members :

Mr. Pan Tchi-tcﬁung,
President;

Dr. Li Shu-t'ien,
Executive Member and Chief Secretary;

Mr. Hsu Shih-ta,
Executive Member and Chief Engineer;

Mr. Lin Cheng-Shiu,
Aecting Exeentive Member, Commissioner of Construction
of the Hopei Provineial Government;

Members:

Mr. 1i Yi-tze, President of the Yellow River Commission;
. Mr. Chow Zian-yien, formerly President of the Yangtze River

Commiission;

Mr. Chen Mao-kai, Chairman of the Great Eastern Port Deve-
lopment Commission;

Mr. Chen Tsan-en, Chief of Conservancy Division of the Ministry
of Interior;

Mr. Wang Chi-lisii, Professor of the National Peiping University;

Mr. Chu Xwang-chai, Research Professor of the National
Academy of Peiping;

Dr. Chang Po-ling, President of the Nankai Uriversity;

Mr. Yang Pao-ling, Consulting Engineer of the Hai Ho Improve-
ment Engineering Bureau;

Mr. Wei Chien, Commissioner of Civil Affairs of the Hopei Pro-
vincial Government.

Mr. Chang Hung-lieh, Commissionsr of Construction of the
Shantung Provineial Government;

Mr. Chang Ching-yu, Commissioner of Construction of the Honan
Provincial Government;

Mr. Lu Chin-li, Commissioner of Construction of the Shansi
Provincial Government;

Mr. Chang Wei-fan, Commissioner of Construction of the Chahar
Provincial Government.



7/000399

REREELLIANEZERF
kWi AR R E

THE ABRIDGED REPORT
on _
THE RADICAL IMPROVEMENT SCHEME
for
THE YUNG TING HO

Prepared and Published
by
The North China River Commission

Ministry of Interior

" Tientsin
1934



PREFACE

This Abridged Report on the Radical Improvement Scheme for
the Yung Ting He is prepared, especially for the English speaking
engineers. It sets forth, in a concise and yet clear manner; the evolu-
tion of the Yung Ting Ho Improvement Problem and the status of
this problem under the present light of information. It enunciates
the elements of the scheme and reflects on the balanced consideration
given to flood prevention, navigation, agricultural and other interests.
‘While estimates of cost complete the scheme quantitatively, the
section on “benefits to be derived” concretely proves the project to
be one very sound economicly. Finally a Nine-year Plan and another
Five-year Plan are appended to show different working programs so
as to suit different schedules for financing the project.

Those who desire to read the Full Report on the Radical Im-
provement Scheme for the Yung Ting Ho are advised to consult the
Commission’s Report therefor in Chinese which consists of two
volumes of descriptions and discussions and two volumes of plans
and drawings. This Full Report is composed of 7 Chapters, 3 Ap-
pendices, 4 related Documents, 78 Tables, and 123 Plans and Draw-
ings. The body of this Full Report begins with Chapter I on the
Characteristics of the Yung Ting Ho and its Catchment Basin, then
Chapter IT on the Floods of the Yung Ting Ho and the Evolution of its
Regulation, Chapter III on the Hydrologic Basis for the Radical Im-
provement Scheme, Chapter IV on Detention Basins, Chapter V on
Regudation of its Lower Course, Chapter VI on Disposal of Silt, and
finally ends with Chapter VII on Conclusions.

The North China River Commission is indebted to the members
and engineers of the former Chihli River Commission for the data
they collected from 1918 to 1928 and for its Grand Scheme issued
in 1925. Credit is due to those engineers of the Commission who
conducted the extensive reconnaissance into the upper course of the
Yuuz Ting Ho and its tributaries, who surveyed the mountainous.
regions of the river, and especially to those who have painstakingly
worked on the preparation of the present radical improvement scheme
during the past few years. In the course of preparation of this
scheme, the Commission’s engineers freely drew information from
all possible sources to which the Commission is much obliged. The
Commission desires to express here ifs deep appreciation to those
Hydraulic Experts in China who were present at the Conference to
discuss the scheme and who freely expressed constructive criticisms.
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To the League of Nations’ Hydraulic Engineering Mission +0%China
the Commission owes much for their valuable suggestions.-The ag--.
proval of the scheme by the Conference of Hydraulie Experts id’
China and again by the T.eague of Nations’ Hydraulic Engineering
Mission to China has established the fact that the scheme is not only
an exceedingly sound engineering project but also a most economic
undertaking of the present day in China.

The preparation of this scheme was started when Mr. Li Yi-
1ze was Chairman and Chief Engineer and Mr. Hsu Kai was Deputy
Chief Engineer of the Commission, however the entire revised scheme
was worked out by the Commission’s engineers under th able direction
of its Chief Engineer, Mr. Hsu Shib-ta.

The Commission will heartily welcome eriticisms and sugges-
tions on the Radical Improvement Scheme for the Yung Ting Ho
from all expert hydraulic engineers before its execution . And any
helpful effort toward the financing of this project will be greatly ap-
preciated by the Commission on behalf of all interests of the Yung
Ting Ho valley and the Port of Tientsin.

LY SHU-T'IEN
Executive Member
and Chief Secretary of the Commission.

Tientsin, China, March, 1934.
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THE ABRIDGED REPORT
on
THE RADICAL IMPROVEMENT SCHEME
for
THE YUNG-TING HO.

1. Introduction

The Yung Ting Ho which is the largest river in North China
has been the cause of greatest catastrophe for centuries. Iis
catchment basin above Kuan Ting which is some 266 kilometers from
its mouth embraces 47,000 sq. kms. Its main tributaries are the
Yang Ho draining the Inner Mongolian Plateau along the Peiping
Suiyuan Railway, and the Sang Kan Ho, deriving its source from
the Wu Tai Shan Mountain Range. These two tributaries join at
Chu Kuan Tun. Thence the main river flows southeastwardly to
Sze Chia Tsai where another confluent, the Wei Sui Ho, enters it.
Shortly after this junction the river cufs through a rocky gorge for
about 100 kms. until it reaches San Chia Tien where the flood plain
widens. About 10 kms. below San Chia Tien dyke work commences
down to the river mouth. Thus the river flows between two dykes
until east of Shuang Ying where the dykes diverge to form a wide
food basin, called San Chiac Tien (Yung Ting Ho Delta). The east
boundary of this flood basin is the west dyke of the Pei Yun Ho which
takes the Yung Ting Ho and finally discharges into the Hai Ho.

All the tributaries of the Yung Ting Ho drain bare moun-
tainous regions richly covered with Huang-tu (lcess), Hung-tu, and
other alluvial deposits. The bed slope of the river is rarely flatter
than 1 in 500. Thus a tremendous amount of silt is carried down
annually by the river to its lower reaches. Because of the sudden
flattening of the bed slope, the silt deposited in the river bed between
the dykes, in the Delta, and in the Hai Ho is enormous, unless flood
water breaks the dyke. Because of its treacherous nature, this
river was formerly called the Wu Ting Ho, (that is, “Never Settling
River”).

In the old times though it was unavoidable that the river
breached its banks quite frequently yet its effect was not felt so
much as it is at present, for a great flood in one year might be com-
pensated by a good crop in another and what was lost in this year
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might be made up in the néxt. But since .the seat of government
was located at Peking from the time of the Ch’in dynasty, about a
thousand years ago, as the metropolitan districts were often visited
by floods it was necessary to devise preventive means, resulting in the
construction of dykes. Again for transportation of grain from the
southern provinces to the capital the Grand Canal must always be
kept navigable by all means and the fact that other rivers including
the Yung Ting Ho could not flow into the sea in regulated channels
was entirely disregarded. The five large rivers in North China,
namely, the Yung Ting, the Pei Yun, the Tse ¥Ya, the Ta Ching and
the Nan Yun, have only one outlet, the Hai Ho, into which they all
discharge their waters, causing great floods in the auturon, while
during that time of the year there are high tides. History shows that
floods had oceurred during the Ming and Ching dynasties (1368-1911)
much more frequently than those before that period of time. In the
Kang Hsi and Chien Lung regimes (1662-1796) when the treasury
was in possession of enormous wealth, dykes were built along the
banks in the lower course of the Yung Ting Ho. From that time on,
the cuitivatable land ceased {o take advantage of the silt deposits
while the river bed has become much elevated. Since the middle of
last century the government has always been so fully engaged in
‘affairs more important than river conservancy and the price of com-
‘modities so rapidly raised that the old dykes were left to themselves
causing great damages fo fthe people and property on account of
frequent breaches which happened almost every few years.

1. Report by the Former Chihli River Commission

In the year 1917 Tientsin was inundated. As a measure to
prevent further occurrence, both Chinese and foreigners petitioned
the government with the request that a Chihli River Commission be
organized, whose duty was to study ways and means to effect a
radical improvement. As a result of this institution topographic and
hydrometric surveys of the rivers in North China were made and
taken as a basis of the projected scheme. Amnother disastrous flood
occurred in 1924, and the people were greatly alarmed. The former
‘Chihli River Commmission then in 1925 made a general report on the
radical improvement scheme for the Chihli rivers. With regard to
the improvement work for the Yung Ting Ho this report confains
“two slternative plans, one for the river to take the northern course
-via the old Delta to the sea and the other to take the southern eourse
‘via a-new delta. In either of these plans the identical points are (a)
the construction of detention basin at Kuan Ting and (b) the regula-
tion of the main channel between-Lu Xoun Chiao and Chin Men Cha.
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In the first plan it is also proposed that the channel between Chin
Men Cha and Shuang Ying shall be regulated, that a new channel
shall be cut through the Delta and that a new leading channel to the
sea shall be excavated north of Tientsin, at a total estimated cost
of $45,760,000.00. The second plan involves expenses concerning the
regulation of the channel below Chin Men Tha, the purchase of land
‘for a new delta and the construction of & new leading channel to the
seq, at a total estimated cost of $32,790,000.00.

It is evident that the second plan which the former Chihi
River Commission finally decided to adopt is cheaper by
$13,000,000.00. “This plan”, the report says, “may rvesult in the
distribution of flood waters in a more natural manner and in the
diversion of the silt-laden water of the Yung Ting Ho to a course
south of the Hai Ho, which course is far better than the one north
of the latter river”. Although the new delta would require an area
of 580 square kilometers, the elevation of nof an insignificant part
of it amounting to 240 square kilometers is less than 7 meters above
the sea level at Taku. This region is, therefore, always under water
in times of flood, as was the case in 1920 when the inundated area
embraced 400 square kilometers. The Commission was of the opinion
that since the upper part of the existing Delta was now from
6 to 8 metters higher than the adjacent lands and was rendered
almost useless as a setiling basin, a new course must be found for
the Yung Ting Ho to flow into the sea. This is another reason for
the choice of the second plan.

Regarding the channel leading the Yung Ting Ho to the sea
the Commission’s Report says, “After flowing over the new delta the
river should join its two affluents, the Ta Ching Ho and the Tse Ya
Ho. Part of the water from these three rivers should go to the Hai
Ho and thence to the sea while the remaining part should flow in a
new channel to be excavated from Ti Liu Pu (near Tu Liu Chen) to
the sea. At Ti Liu Pu diversion works are to be built so as to regulate
the flow and maintain the navigability of the Nan Yun Ho and the
Hai Ho”. This new channel shall be located at some distance to the
north of Hsiao Chan ricefield.

Owing to the unsettled political conditions the plan announced
officially in 1925 as referred to above has not been carried out.
Expert critics all agree that it is necessary to build a detention basin
" -at Kuan Ting though they are of different opinion as to the advantages
and disadvantages of a new or old delta as well as of a southern or
northern channel to the sea.



III. Proposal Made by The North China River Commission

While the plans of the former Chihli River Commission con-
cerning the regulation ¢f the Yung Ting Ho were held in abeyance,
its only outlet, the Hai Ho, had, since 1926, become shallower and
shallower as time went on, because of the deposition of tremendous
amount, of silt. In the year 1928 Tientsin was not accessible to
steamers of over 10 feet draught and almost became a dead port.
Chinese and foreigners alike, who had formerly been anxious to
have the Yung Ting Ho improvement plans carried out to prevent
further great floods, now turned their attention to the same question
with a view to removing the silt. However as the regulation of
the whole Yung Ting Ho requires both time and money,-the palliative
scheme for the improvement of the Hai Ho could temporarily solve
the problem.

In the autumn of 1928 the North China River Commission
which was entrusted with the conservancy work of all rivers in North
China took up the problems left unsolved by the former Chihli River
Commission and spared no efforts in carrying out wherever possible
the schemes for the improvement of both the Hai Ho and the Yung
Ting Ho. On the 14th day of December of the same year at the
2nd plenary meeting of the members of the Commission the follow-
ing was proposed and approved:

(1) To construct a detention basin at Kuan Ting for regulat-
ing the flood flow and the storage capacity for irrigation purposes.
A further comparision of all available plans should decide whether
the overflow dam with six culverts underneath as proposed by the
former Chihli River Commission or the high dam with side tunnels
and regulator gates should be adopted.

(2) To discard the project of a southern channel with a new
delta as proposed by the former Chihli River Commission. As to the
Tu Liu to sea flood escape channel which is necessary to accommodate
the flood waters of the Ta Ching Ho, the Tze Ya Ho, and the overflow
of the Yung Ting Ho, it was decided that this channel should be
included in the new plan.

(3) As an emergency measure of reducing the silt deposit in
the Hai Ho, to build a new channel starting from San Chiao Tien
(The Yung Ting Ho Delta), across the Pei Yun Ho to the Ta Ho Tien,
via the Chin Chung Ho and thence to the sea. The silt depositing
distriets may, in the future, be made larger in area than originally
planned, extending to the alkaline land to the east of the Chin
Chung Ho. - . -
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(4) 'To utilize the Yung Ting Ho by diverting part of the
water upon the lands on both south and north sides of the river, for
irrigation as well as silt-deposition purposes.

(5) To apply to the National Construction Commlsswn at
Nankmg for approval of the scheme as proposed and adopted at
this meetmg. The construction work in this connection should be
underfaken jointly by the North China River Commlssmn and the
Hopei Provincial Government.

(6) To petition the National Construction Commission with
the request that the National Government be pursuaded for the
issuance of a loan of $3,600,000.00 with customs surtax as security.
In the meantime the China International Famine Relief Commission
should be asked fo contribute $1,000,000.00 as a famine relief fund for
the Hopei Province. With these funds the work for the Kuan Ting
detention basin and the Ta Ho Tien seitling basin might be com-
menced. Necessary funds should also be raised elsewhere for the
construction of a flood escape channel from Tu Liu fo the sea.

Based on the above resolutions the whole scheme together
with an estimate of the expenses involved as well as a suggestion
on methods to raise the required funds was submitted to the National
Construction Commission on the 19th of December, 1928, with the
request to transmit the same to the National Government for consi-
deration and approval so that work might be started at once, thus
making it possible to prevent the Yung Ting Ho plain from further
foods, to utilize the Yung Ting Ho water for irrigation and to main-
tain the navigability of the Hai Ho. At about the same time the Hopei
Provineial Government and the Tientsin Municipal Government, jointly
organized the Hai Ho Improvement Commission with a view to
starting work for the diversion of silt-laden water from the Yung
Ting Ho to a new settling basin. In April, 1929, the National Con-
struction Commission appointed additional members to the Hai Ho
Improvement Commission, while the Legislative Yuan approved the
regulations governing the issuance of the “Hai Ho Short Term Bond”.
However, the Hai Ho Improvement Commission had not been formal-
ly organized until September, 1929. For various reasons the Bonds
mentioned above had not been issued until the early summer of 1931.
On account of these delays the work could not be carried out as
originally planned.

IV. A Revised Scheme

In July, 1929, heavy rain fell in and near Peiping. In the
afternoon of the 18th a dyke breach of over 700 feet occurred a
short distance above Chin Men Cha along the Yung Ting Ho, in-
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undating a score of villages nearby. Subsequently this breach was
extended to a length of about 1800 feet. The North China River
Commission was ordered by the National Construction Commission
to send engineers to the spot and investigate how to draw up a plan
for closing the breach. As a result of the joint invistigation con-
ducted by engineers of this Commission and of the Hopei Provincial
Construction Department and the Yung Ting Ho Bureau a breach-
clasure scheme together with an estimate of the expenses concerning
this work was submitted to the National Construction Commission
for transmission to the Executive ¥Yuan which in turn should, after
due consideration, order the Ministry of Finance to provide funds
for relief purposes. In the meantime observations were made as
to the maximum and total discharge at several important stations
along the river, to be compared with those of the 1924 flood. The
records are as follow:—

Drainage Arez Maximum Discharge ‘Total Discharge
Cubic Meters per Second Million Cubic Meters
1924 Flood (July 11-13)
Above Kuan Ting 4,300 360
Between Kuan Ting
and San Chia Tien 2,600 180
Above San Chia Tien 5,200 540
At Lu Kou Chiao 4,900 425
1929 Floed (July 16-18)
Above Kuan Ting 2,100 150
Between Kuan Ting
and San Chia Tien 2,000 30
Above San Chia Tien 2,000 ' 30
At Im Xou Chiao 2,650 . 205
1929 Flood (August 1-3)
Above Kuan Ting 1,200 207
Betiveen Kuan Ting
and San Chia Tien 3,700 183
Above San Chia Tien 4,200 390
At Lu Xou Chizo 4,000 400

The foregoing maximum discharge between Kuan Ting and
San Chia Tien is the maximum difference between the hydrographs
of these two places allowing time for the Kuan Ting flood to reach
San Chia Tien. From the above data it may be asserted that the
reducing of flood peak above Kuan Ting can only partially relieve
the Yung Ting Ho flood. .

The flood records of the Yung Ting Ho are available for such
2 short period that they can hardly serve the purpose for determining
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the maximum flood discharge. Water depth records at Tu Kou Chiao
have been kept by the Yung Ting Ho Bureau for a period of over
100 year, yet thoge data are uncertain and discharges are unknown,
therefore, any estimate can only be based upon maximum rainfall
records compared with those rainfalls which caused the recorded
floods. The Lin Min Kwan storm is taken as a basis, with the center
of storm transferred to the region between Kuan Ting and San Chia
Tien. From this storm and the maximum percentage of run off,
the estimates of maximum flood discharges are as follow:

Estimated Meaximum ¥Flood | Estimated Maximum

Drainage Area Discharge Cubic Meters per Flood Discharge,

Second Million Cubic Meters
Above Kuan Ting 8,000 870

Between Kuan Ting

and San Chia Tien 4,900 350
Above San Chia Tien 16,200 1,020
At Lu Kou Chiag 9,800 1,070

With the above investigations and estimates and all other
available data on hand the following principles were adopted at the
6th plenary meeting of the members of the North China River Com-
mission, held on the 6th of October, 1929:

(a) To construct two detention basins, one at Kuan Ting
and another at Shih Hsia Li.

(b) To build several artificial lakes at proper places between
Kuan Ting and San Chia Tien.

(c) To regulate the main channel.
(d) To excavate leading channels.
(e) To repair and sftrengthen the dykes.

After this scheme was approved, the Chief Engineer of the
Commission was at once instructed to make further studies at the
spot and draw up a definite working plan for ecarrying out the project.
In the spring of 1930 field work was commenced and engineers were
sent out to make a river survey from Kuan Ting to San Chia Tien
and to make foundation borings at Kuan Ting and other dam sites
between Kuan Ting and San Chia Tien. At the same time, in the
office, studies were made of the various types of dams, to ascertain
which would serve the best purpose at least expense; also the ways
and means for regulating the channel in the lower course were
discussed. But a little time afterwards on account of political unrest
this Commission was unable to carry out its work as planned, for its
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ﬁnanclal supply was practlcally exhausted. However, as a result of

fh efforfs exerted by ‘the members of’ ﬁus Comnussfon 'sﬁrveymg

wWork %vas completed in'a comparatlve]y shorter penod of time~ -and

hree bormgs into t‘he dam’ sife were made at Kuan ng where it

%vas found tpat the bed rock was much farther {:han Was ﬁrst expf&red
the former Ciuhﬁ Rlver Commlssmn

It may be sald in passing that in connectign with the improve-
ment scheme for the Yung ‘l‘mg' Ho most people mamtamed that
all the calamity caused by this river was due to the treacherous nature
of its lower course while the upper course had nothing to do with it,
hence no observations whatsoever were recorded of its upper valley.
But this Commission was of firm opinion that all the t{rouble in"the
lower course was simply caused by the flood flow from the upper
valley, and that it was absolufely necessary to make a careful study
of the conditions therein. As early as November, 1928 when '[;hls
Commission was first organized technical experts were dlspa.tqhed
to the upper regions, to conduct actual investigations. After travel-
ling over a distance of 600 kilometers within three months' time
they returned to Tientsin with a comprehensive report on the con-
ditions of the upper tributaries, of the regions drained by them,
of the sites for detention basins and on the possibilities for irrigation
and water power development, etc. Besxdes, a eareful observatmn
was made of the sources of silt carried down by the Yung Ting Ho.
All these data furnish this Commission the basis of the present
sScheme.

Furthermore, in the early days those to whom the work of
improving the Yung Ting Ho was entrusted counted on the dykes
as the sole means to check flood, being entirely ignorant of the fact
that flood water could be utilized for improving adjacent lands. If
there were no dykes along the lower course there might be alternate
years of flood and crop and it would be much easier for us to harness
the river to-day. To construct a new channel of a considerable length
would also involve heavy expenditute and great difficulties. There-
:fore, ‘this Commlssmn would rather have the sﬂt settled in ]ands
ngacent to the nver than carry it all to the sea.’ Tn this Way “fhe
}ands a}ong the banks are raised higher, thus preventing the flood
from inundating the nelghbonng villages. A scheme to that effect
was submitted to the Natxonal Construetion Commxssmn early in
July, 1929.

V. The Yung Ting Ho Silt

The amount of silt carried down by the Yung Ting Ho was
determmed in comunctxon with the dlscharge, but the data are ‘more
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or less scattered The maximum silt record is 38% hy wexght. The

ota‘l amount of s:lt carnec} down to the Deltﬁ has been estxmated to
be 175 null}on ‘cubic meters durmg a penod of 7 years, accorgmg‘ tq
Tecord from two topographxc surveys made in the Delta, one in 1921
and another in 1927. Includmg the silt deposﬂ: in the nver bed
and on the flood plain of the Ta Ching Ho, the amount of silt carried
annually by ‘the Yung Ting Ho is estimated to be from 27 to 80
million cubic meters. The Hai Ho Conservancy Commlssmn estimated
that an average of 1 million cublc meters of siit is carried down
annually by the Hai Ho, of which four-sevenths is from the Yung
Ting Ho, and that in 1927 about 6 to 8 million cubic meters of silt
was carrled to the Hai Ho from the Yung ng Ho. o

Vi The Twofo]d Problem.

The problem, then, to be solved is twofold: first how to re-
gulate the flood flow in order to relieve the suffering of the farmers
of the Yung Ting Ho valley and secondly how to dispose of the silt
in order to ameliorate the silting of the Hai Ho and fo increase the
prosperity of Tientsin.

There are three methods to reguiate the flood flow and to -
prevent dyke breaches; viz. to reduce the flood peak, to divert the
flood flow into other channels and to increase the flood channel
capacity. So far as the Yung Ting Ho is concerned, the first method
will be the most satisfactory, because there are suifable places
upstream for detention bdsins. Moreover, the Lu Kou Chiao weil
and the Chin Men Cha weir shall also be utilized to divert a part of
the flood fiow of the river into the Hsiao Ching Ho. The flood channel
capdcity of the Yung Ting Ho below Lu Kou Chiao is only from
1,000 to 2,700 cubic metérs per second. If the river is divided into
three sections, the capacity of each section will be as follows:

Between Lu KQu Chiag and

Chin Men Cha 2,700 cubic meters per second,
Between Chin Men Cha and

Shuang Ying 2,000 ,, » P
Below Shuang Ying 1, 000 ” ” 3 » -

At Lu Kou Chiao and Chin Men Cha there are diversion weirs,
each discharging part of the flood, thus:

Lu Kou Chia.p Weir 1,000 to 1,400 cubic meters per second,
Chin Men Cha 200t0 600 ,, »” ” » .

Obvmusly a flood discharge of over 3,000 cubic meters per
second is dangerous and a discharge of 4,000 cubic meters per secoud
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will certainly cause dyke-breaches, The .sclution is therefore to.
reduce the flood peak in such a way that during floods similar to
those of 1924 and 192% no overflow would result in the Delta below
Shuang Ying and during maximum flood the channel capacity above-
Shuang Ying would not be exceeded. Of course it is out of question
to increase the height of the dykes, which are already high enough,
to any considerable extent or to form a new course for the river below
Lu Kon Chiao on account of local opposition.

In order to ameliorate the silting of the Hai Ho, the best
solution would be to divert the Yung Ting Ho away from the Hai Ho..
Limited by topography, the only alternate outlet for the Yung Ting-
Ho beside the Hai Ho is the Chi Yun Ho which discharges into the
sea at Pei Tang not very far north of Ta Ku. It would be transferring
an evil from one place to another, should the Yung Ting Ho be allowed
to silt up the Chi Yun Ho. Furthermore, the Yung Ting Ho is 2
complement of the Pei Yun Ho, the comparatively clear water of
which is beneficial to the Hai Ho. To provide a satisfactory outlet.
for the Yung Ting Ho, it is proposed to drain the river into the sea
through a settling basin wherein its silt load will be discharged. A
part of the clear water in the settling basin may be returned to the.
Hai Ho.

An evident result of the Yung Ting Ho silt beside the shoaling:
of the Hai Ho is the raising of the river bed and Delta, which are now
from three to six meters higher than the adjacent lands. This causes
frequent overfopping and breaching of dykes. The capacities of the
detention basins and the settling basins are limited and can not:
possibly last forever. The fundamental solution of the silf problem
would therefore be the prevention of ifs being carried down the river..
This can be partially accomplished by building check dams to flatten
the slope upstreams and by afforestation. The residual portion that
will still be carried down the river can be disposed of on the lowlands-
adjacent to the river, as this silt may be utilized as fertilizer.

VII. The Radical Improvement Scheme

The Ralieal Improvement Scheme consists of the following
works:

(1) Flood detention which requires the building of detention
basins (a) at Kuan Ting to reduce the flood peak coming from the
drajnage basin above Kuan Ting, and (b) at Tai Tze Mu for the
drainage basin between Kuan Ting and Tai Tze Mu.

(2) Flood diversion which includes (a) reconstruction of the
Lu Kou Chiao weir into a regulator, and (b) repair of the Chin Men.
Cha weir.
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(8) River regulation which consists of repairing the dykes,
smoothing the low water course to prevent undermining, protecting
the banks by revetment and spur dykes, and regulating the channel
to prevent further raising of the bed.

(4) Improvement of the outlet which includes the dredging
-of the Pei Yun Ho below its confiuence with the Yung Ting Ho, the
dredging of the Chin Chung Ho and the repairving and raising of
dykes.

(5) Reduction of the silt-load of its upper tributaries by
Jbuilding check dams at proper places along the Yang Ho and Sang
Kan Ho and their confluents.

(6) Disposal of silt on the alkaline lands along its northern
.and southern banks, together with the construction of a regulator
.on the Lung Feng Ho and the dredging of the Pei Yun Ho above its
«confluence with the Yung Ting Ho.

Kuan Ting Detention Basin.—The Kuan Ting detention basin
s situated just above the Kuan Ting Gorge in the Huai Lai District
-of Charhar Province. There is a comparatively wide valley where
the Yung Ting Ho and the Wei Shui Ho join together. An overflow
dam of 27 meters high (measured from the river bed) and 90 meters
-crest length (the total length of the dam being 111 meters) is to be
Dbuilt at the upper mouth of the gorge and will have a storage capacity
«0f 330 million cubic meters up 1o the crest of spillway, which will
reduce the flood peak such as that of 1924 from 5,700 (inflow) to
1,200 (outflow) cubic meters per second. The outlet consists of
three open culverfs, each 6 meters wide and 414 meters high, the
upper portion of which being semi-circular. Gate seats will be
provided for the full use of the basin as a storage reservoir, if the
silting condition in the basin is found to be favorable. Floods higher
-than the 1924 flood will flow over the top of the dam and the overflow
would be 8 meters above the dam crest (then the storage capacity
of the dam would be 460 million cubic meters), should the estimated
‘maximum flood occur.

The estimated cost for this work fogether with the acquisition
of Iand will be $2,440,000 approximately.

Tai Tze Mu Detention Basin.—This basin is located in fhe
neighborhood of a village of the same name in the Wan Ping district
«of Hopei province, and 60 kilometers below Kuan Ting. An overflow
.dam of similar design as that at Kuan Ting will be built. It will

" be 48 meters high with a spillway of 150 meters (fotal length of the
idam being about 189 meters). The culverts will also be of same
«design.as those at Kuan Ting, but no gafe seats will be provided for.
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The regulated flood flow from Tai Tze Mu, due to the overfiow-
dams at this point and at XKuan Ting, combined with the runoff from.
the drainage area between Tai Tze Mu and Lu Kou Chiao will resulf.
in flood discharges at Lu Kou Chiao as follows:—

Flood Unregulated Max. Discharge| Regulated Max. Discharge
{Cubic Meters per second) | (Cubic Meters per second)
1924 4,900 3,040
1929 4,000 2,230
Estimated
Maximum 9,800 3,700

With one dam built at Kuan Ting but none at Tai Tze Mu the:
effect would be that the maximum discharge of the 1929 ficod would
still remain at about 4,000 cubic meters per second at Lu Kou Chiao.

i This dam is estimated at a cost of $4,440,000.00.

Reconstruction of Lu Kou Chiao Weir.—The existing weir at.
Lu Kou Chiao can discharge from 1,000 fto 1,400 cubic meters per-
gecond. It is an open weir and will overflow whenever the water
level above Lu Kou Chiao is higher than the crest of the weir. If.
reduces the low water flow in the main channel, yet its maximum
capacity is restricted only in one direction, that is, the head over the
weir.  To make the weir a more effective structure for flood diversion,
it shall be reconstructed as a regulator with gates to regulate the.
flow. Fourteen openings of 8.2 meters each will be provided, the
sills lowered about 8 meters below the present weir creat. This re-
gulator will be operated by eleciric power. When the flood flow
reaches 1,150 cubic meters per second, ten gates shall be raised until
the flow is over 2,200 cubic meters per second, then the remaining-
gates shall be opened. The maximum regulated flood flow above Lu
Kou Chiao is estimated to be 3,700 cubic meters per second, of which
2,200 cubic meters per second will go to the main channel and 1,500
cubic meters per second will be diverted through the regulator to
the Hsiao Ching Ho and thence to the Ta Ching Ho. The damages
thus possibly to be done to the lands along the last named two rivers
will be comparatively lighter than they are under the present cir-
cumstances (i.e. without a regulator), because the amount of water
discharged through the regulator will consist of only the peak in
times of flood.

The cost of this work is estimated at $450,000.00.

Repairs to the Chin Men Cha.—The Chin Men Cha or Golden
Gate Weir is comparatively in good condition except that its apron
was partly destroyed. It was provided with gate openings, but no
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gign of gates can now be seen. The reﬁair work will be limited
to the provision of new gates and the repairing of the apron.

This work will cost about $50,000.00.

Regulation of Main Channel.—The present channel of the Yung
Ting Ho is in such a poor condition that during high water many
sections of the dykes are subjected to overtopping, and during low
water the flow is divided and crooked. This divided and crooked flow
is counstantly attacking the foot of the dykes, resulting in caving and
breaching during floods. To improve the river the dykes shall be
repaired and wherever necessary raised 1 meter above the highest
flood level estimated and the crooked channel shall be changed to
straight stretches and gentle curves, the radius of which shall not
be less than 2,000 meiers. This will be accomplished by cut-offs
(leading channels only) and building low water spure dykes. Concave
banks shall be protected either by low water spurs or by revetment
of concrete and riprap. The channel in the San Chiao Tien (Delta)
shall be regulated by building new dykes with suitable provision of
culverts for discharge of water and disposal of silf.

This channel regulation work will cost about $8,200,000.00.

Coniraction of Main Channel.—Some portions of the channel
are too wide. Shallow water hastens the deposition of silt and
yesults in frequent shift and division of low water course. Consider-
able area of cultivable land has been rendered useless. The river
channel shall therefore be contracted to such a width that further
raising of bed shall be prevented. The contraction shall be done by
building permeable spur dykes, or earth spur dykes protected with
riprap, or closing dykes, or willow banks as circumstances may justify.

The estimated cost of this channel contraction work is
$3,300,000.00 approximately.

Improvement of Outlet.—The work for the improvement of
the Yung Ting Ho outlet which was undertaken by the Hai Ho Im-
provement Commission consisted mainly of the construetion of a re-
gulator and a boat lock across the Pei Yun Ho, a sluice to the leading
channel, a leading channel to the settling basin, an outlet sluice and
an outlet channel. The flood water finally goes to the Chin Chung
Ho and thence to the Chi Yun Ho. A part of this water, being
clear and siltless, will be led back to the Hai Ho for scouring the
existing bed, thus making it deeper and navigable by larger boats.
- "The scheme is, in general, satisfactory, except that it was based on
“the flood condition of 1922, with the eonsideration that floods similar
1o those of 1924 and 1929 would cause breaches in the dykes above
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Shuang Ying, and would not affect the scheme. To conform the
resulted flow with this radical scheme the new channel. dyke shall
be partly raised and the section of the Pei Yun Ho above the regulator
shall be dredged so as to provide capacities of 800 and 1,20C cubic-
meters per second respectively. The section of the Chin Chung Ho-
above and below the Ching Lung Wan Ho mouth shall also be dred-
ged to a capacity of 300 and 500 cubic meters per second respectively.
A regulator shall be built at the junction of the Lung Feng Ho and
the Pei Yun Ho in order to prevent the back water from overflowing-
the lowlands of the Lung Feng Ho valley.

The settling basin provided at present would be silted up in
10 or 15 years, should the amount of silt carried downstreams not
be checked otherwise. But the life of the settling basin would be
limited even if the silt in the river could be reduced to its minumum.
Further extension of the settling basin is, however, practicable along
the Chin Chung Ho and an estimated life of about 100 years may be
attained.

The areas and capacities provided for settling of silt are listed.
below:—

‘Arvea up to ElL & m. TD.
Square Kilometers

Capacity 3illion
Cubie Meters

District

North of Tah Ho Tien 182 365

(present basin) 96 243
Tah Ho Tien 196 421
Kuang Erh Kang 40 560

Sounth of Chin Chung Ho

(up to EL 45 m. T.D.)

The estimated cost of this work for the improvement of outlet
is about $2,220,060.00.

Check Dams.—Check dams of from 3 meters to 15 meters
high shall be built on the upper tributaries of the Yung Ting Ho
in order to reduce the bed slope and hence the velocity, thereby also
diminishing the amount of silt to be carried downstream. Under
these circumstances the deposition of silt in the lower course will be
much reduced, while the dry regions in the upper valley may be
irrigated by the excessive water thus stored due to the existence
of the dams. These dams shall be built of loose rocks quarried from
nearby mountains. It is planned at present that five dams shall be
built on the Yang Ho and its confluents and six on the Sang Kan Ho
and its confluents. Im case these dams prove satisfactory more dams.
will be constructed later on.
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The cost of the eleven theck dams is eStithated to be $1,090,-
400.00 approximately.

Silt Depositing Districts.—Along each dyke of the Yung Ting
Ho there is a strip of land about two to three kilometers wide, mostly
.alltaline, sandy, or swampy in character. Except in a few places, only
willows and weeds-are the prominent plants that grow. The said
land is two to three meters lower than the river bed. In order to
-dispose of the silt of the Yung Ting Ho and at the same time to
dmprove he adjacent land it is. proposed that diversion sluices shall
be built along the dykes to divert flood waters thereto. The depth
«of water on the land shall be limited to one meter and the velocity
0f water to flow down the land to not more than one centimeter per
-gecond. Finally the water diverted from the left dyke will drain
to the Feng Ho and thence to the Pei Yun Ho, and; that from the
right bank to the Chung Ting Ho and thence to the Ta Ching Ho. In
-course of settling, almost all the silt contained in the diverted water
.ean be deposited and the land gradually raised. The land will dry
-ip- before the end of September, enabling the planting of winter
-wheat, which will increase considerably the value of land. . The
following list shows the areas and number of sections into which
‘these silt-depositing districts are to be divided:

No. of Sections Length } Av. Width | Area Square

» District to be divided Kilometers | Kilometers | Kilometefs
‘Left Bank

(from 1Li ¥Fa to

Hsiao Chin Fa) 12 65 2.9 189
‘Right Bank

(from Chin Men
«Chao to Shuang - .
Ying) 8 55

3.2 176

The works for the disposal of silt consist mainly of the con-
-gtruction of diversion sluices, diversion canals and openings, dykes
and outlet sluices.

The estimated cost for silt-depositing works will be $2,240,-
1000.00.

In addition to the figures given above the sum of $720,000
-ghould be included in the estimate for a construction plant; making
a grand total of $20,668,000.00 approximately (see the Nine-year
Plan and the Fiver-year-Plan appended hereto).

The above figures already include 10% for engineering and
20% for contingencies.
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VIH. Benefits to be derived. .

The Radical Improvement Scheme for the Yung Ting Ho
involves an expenditure of over $20,000,000.00. According to the
present day rate of interest in China the investment should yield
an annual profit of $2,000,000.00. Let us proceed to find out
the direct and indirect benefits to be derived from carrying out the
above stated scheme, in order to asecertain whether or not this project
conforms with economic prineciples.

(1) - The amount of flood water discharged from the Yung-
Ting Ho to the Ta Ching Ho valley (that is, the right bank of the
Yung Ting Ho) was 1,300,000,000 cubic meters in 1924 and 1,000,000,~
000 cubic meters in 1929, Had this scheme been carried out, 673
square kilometers (or 1,100,000 mou) would have been saved from.
the flood of 1924, and 387 square kilometers (or 630,000 mou) from
that of 1929. As such kind of flood may occur once every seven -
years the average area of land fo be saved will, after the completion
of this scheme, amount to above 128,000 mou annually. Calculated
on a basis of minumum damage, say, 7 dollars per mou, this annaal
gaving of land from imundation will recover $860,000,00.

(2) Another large area subject to flood is the fertile land
within the Yung Ting Ho Delta on account of the small capacity of
the channel. This Delta has an area of 600 square kilometers, of
which a small part is overflowed yearly, and 90% is flooded once every
three years. This scheme will protect the land from being overflowed
except by flood much greater than those of 1924 and 1929. Such
protection will recover nearly $1,000,000.00 annuaily.

(8) As dyke-breach ocecurs once every SiX Or seven years,
the expenditure requred for its closure is enormous. It was recorded.
that $3,400,000.00 had been spent bebween 1912 and 1932 or
$170,000.00 per year for the aforesaid purpose. This expenditure:
might be entirely eliminated after the completion of this scheme.
. It will be seen that the direct benefits to bhe derived from
protecting the vast area of land along the river from periodic floods,
as stated in the above three items alone, will amount to something:
over $2,000.000.00 a year, disregarding such amounts of money as
may be involved in famine relief work and in the loss of life and
property due to occasional floods.

Other benefits to be obtained affer this radmal 1mprovement
scheme is carried out may be ennmerated as follows:—

(1) The present swampy and sandy land within the dykes:
of the Yung Ting Hs, amounting to 127,000 mon, may be reclaimed
for agriculture with a suifable amount of silt ‘depdsited therein after-
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the river channel is regulated according to thié scheme. - Taking a
minumum increment of land value of $10.00 per mou, & sum of
'$1,270,000.00 will be added to the wealth of the country.

(2) The silt depositing districts along both banks of the
Yung Ting Ho cccupy sitrips of land to the extent of 590,000 mou,
which are alkaline and sandy and of very little vahie. After the
Iand is’' improved by the deposition of silt autumn wheat may be
planted with good prospect of a plentiful harvest. Assuming a
minumum inecrease of land value of $10.00 per mou as in the previous
case, we may have an additional direct benefit of $5,900,000.00.

(8) The Lung Feng Ho valley, which is flooded almost nine
out of ten years, will also be benefited by reducing the fiood in volume
as well as in duration. After completing this scheme the land will,
except during times of maximum flood, become dry before the end
of September. This covers an area of 130 sqguare kilometers (210,000
mou), if the land elevation is taken at 7.5 meters or lower. Con-
sidering an increase in value of $5.00 per mou a sum of $1,050,000.00
will be effected.

The total amount of the benefits from the above three items
will be $8,220,000.00 approximately.

Most, of the adjacent lands of the outlet channel which have
been alloted to future settling basins are at present alkaline and
sandy. An area of 180 square kilometers (300,000 mou) in the first
section and of 670 square kilometers (1,100,000 mou) in the other
four sections will finally become fertile farm-land for raising crops.
The profit thus derived will amount to $14,000,000.00 if the incre-
ment of land value is taken at $10.00 per mou. This part of the
scheme, however, is not included in the estimate, as a part of the
work has been done by the Hai Ho Improvement Commission while
the extension work will not be started until ten or fifteen years later,

The first evident indirect benefit to be derived from this Radical
Improvement Scheme is the improvement of the navigability of the
Hai Ho. After the navigable channel becomes deeper, freight
transportation will be greatly increased. This indirect benefit can
hardly be expressed in figures, According to the 1929 Report of the
Hai Ho Conservancy Commission, the number of vessels with draught
of over 13 feet passing over the Taku Bar and arriving at the
Tientsin Bund during the two years, 1925 and 1926, averaged about
1,000 and that of vessels with draught of below 13 feet was about
630, giving the highest record for the port of Tientsin. From 1927
on the Hai Ho has gradually become silted, resulting in only 688
vesselg of below 13 feet draught coming to Tientsin in 1928 and only
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544 wessels of below 13 feet draught coming to Tienfsin in 1929
‘(inclnding 6 vessels with a maximum draught of 13 feeft). The
silting condition of the Hai Ho certainly has a tremendous effect
upon the-prosperity of Tientsin. If is, then, evident that the problem
of ameliorating the silting of the Hai"Ho and its further improvement
depends much upon the completlon of the proposed scheme. The
prospenty of Tientsin as'in 1925 and 1926 may, at least, be restored.
It is beyond our imagination what a great benefit this scheme will
confer. )
Again, the solution of the problem of the silting of the Hai Ho,
*hereby increasing the discharge egpacity, will enable its tributaries,
viz, the Ta Ching Ho, the Tze Ya Ho and the Nan Yun Ho, to discharge
their flood water at a more rapid rate. Although there are no avail-
able data to estimate the exact amount of benefit from this source
yet it cannot be denied that such benefit can only be derived after
the ‘carrying out of this scheme,

Finally, let us consider the check dams to be built upstream.
The main object is, as aforesaid, to reduce the bed slope and hence
the velocity, thus preventing the silt from being carried down. But
the greatest facilities that such constructions will accord at the
same time congist in the draining of the sandy, alkaline, and dry
lands of.'the upper regions through which the Yung Ting Ho and
its tributaries flow, These lands which are now laid waste will
ultimately become fertile and cultivable. The benefit out of reclaiming
these lands may be expressed in terms of dollars and cents when
surveying work is completed. .

To sum up, although it seems thiat the Radical Improvement
Schemie for the Yung Ting Ho involves large expenditure the direct
and indirect benefits to be derived therefrom are t6o endrmous and
will far exceed the amount invested. During the present time when
public construction program in China is just in'its beginning, sach
an undertaking as the Yung Ting Ho Improvement Scheme should
be the first to be considered, even if foreign .capitalists are to he
invited to -invest their monies therein.
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APPENDICES
A. — A Nine-Year Plan
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Estimated
Year Work to be done Amount Total
of cost
First Acquisition of land and materials for Kuan
Ting Detention Basin .......c.ciuiaen $1,000,000,
Purchase of Construction Plant ....... . 720,000
Dredging the Chin Chung Ho ........ e 600,000} $2,320,000
Second Construction of XKuan Ting Detention Basin. 900,000
Dredging the Chin Chung Ho ........... 1,233,000
Acquisition of land for Tai Tze HMu Deten-
tion Basin .l..eviiiiiininiiiiiiiianns 196,500] $2,329,500°
‘Third Completing the Kuan Ting Detention Basin. 542,100
Construction of Tai Tze Mu Dctention
BaSIl sureinireieiaierianeainnssinnannas 1,900,000 $2,442,100
Fourth Construction of Tai Tze Mu Detention )
Basin ..cuceveriianorcnnonean rennanan 1,800,000
Improvement of Dykes ........ccvveiennnn ~ 600,000| $2,400,000
Fifth Completing the Tai Tze Mu Detention
Basifl cecvcerencnsmcrosracosronsannnes 544,700
Reconstruction of Lu Kou Chiao Weir and
Repairs to Chin Men Cha 505,000
Improvement of Dykes .... 1,300,000f $2,349,700
Sixth Improvement of Dykes ........ 1,254,300
Dredging the lower part of the Pe1 Yun Ho
and Raising the dykes of the New
Channel ....ccveviiininnnensveceannsnas 390,000
Construction of Spur Dykes and Permeable|
Spur Dykes .....ceeieiieieionaneaii, 700,000f $2,344,300
Seventh Construction of Spur Dykes and ‘Permesble
Spur DyKes ...iviecvvinavecnaccananens 1,500,000
Silt Disposal along the 1eft bank ........ 810,000} $2,310,000
Eighth Construction of Spur Dykes and Permeable, .
Spur Dykes .oeivuviiieniinionnrenans 880,000,
| Construction of Lung Feng Ho Regulator
and dredging the Pei Yun Ho ........ 619,500,
Construction of Check Dams Upstream .. 620,600f $2,120,100
Ninth Construction of Spur Dykes and Permeable
. Spur Dykes .cicvenvnaracicnncenans 766,300,
Constraction of Check Dams Upstream .. 472,000
Silt Disposal along the right bank ...... 814,600} $2,052,900
Grand Total | $20,668,600




B, — A Five-Year Plan

. Estimated
Year Work to be dome Amount Tots!
of cost
First Construction of Kuan Ting Detention Basin
including acquisition of land .......... $1,600,000
Improvement of Qutlet .............. 1,333,000
Purchase of Construction Plant ......... 720,000] $4,153,600
Secord Completing the Xuan Ting Detention Basin. 842,100
Construction of Tai Tze Mu Defention]
Basin ......... aremeasurerrerannanaes 2,400,000
Completing Outlet Improvement Work .... 390,000
Regulation of River Chammel ........ caee 500,000| $4,132,100
Third Completing the Tai Tze Mu Detention Basin. 2,041,200,
Reconstruction of Lu Xou Chiao Weir and
Repairs to Chin Men Cha ............. 505,000
Regulation of River Channel ............ 1,600,000; $4,146,200
Fourth Silt Disposal . .oiviiiinniiiiiiieiainans 1,434,100
Regulation of River Cnanmel .......... .- 2,710,000 84,144,100
Fifth Cheek Dams ........... hetdacavarararaas 1,092,600,
Regulation of River Chamnnel . . 2,190,600
Bilt Disposal ..eeeveirnrninneneaeans veun 810,000f 34,093,200
l Grand Total $20,668,600
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