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A JAPAN...SL*.. PLAN FOR HYEROELECTRIC DuVﬁIp'PM"‘m d

TTHE ) IVER ‘.‘L\I"CHINA s

«Far Eagtern Research Sbctlon '
" Survey Comnittee Xo'2
"North China Committee
Subcommittee No 4
uay 1941

%} Note: This report comprises transldtlons of four documents
. as follows:
R N ' 1. Document 252519 is the basic report contdinlng the
2 ' ' - plan for the hydroelectric development of the Yellow
| IR : e ~ -River. It was issued by the Far fSastern Research
peTE . ' - Section in May 1941 and is made-up of 10 parts.

. iﬁ1,a o o 2, Document 252533 is a revision of Part 1 of the ,
P ' basic report issued by the North China Electrie Works

" in august 1941, The corrections, amendments and re-’
visions contained in this document have been incor-
porated in Part 1 of this report wherever applicable.

3. -Document 252536 is a further revision of other

parts of the basic report issued by the Far Eastern

Research Section in August 1941, The corrections,

amendments and.revisions contained in this document

have been 1ncorporated in the report wherever appli- :. .
© cable, -. .

4. Document 252528 is an addendum to the basic report ‘
-~ +:issued by the Far Bastern Research Section in May 1941,
. It contains four sets 'of tables and graphs giving a
detailed analysis of the flow of the Yeéllow River at
Shan. .

A table of contents for the éntire repéfﬁ is
given on the page immediately following."”
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PREFACE

This is a repart on a plan for the hydroelectric develepment
of the Yellow River in North China, and the use of the power thus
produced by electrochemical and similiar industries. The report
' includes data on the area's subsurface resources, industrially
usable water, etc,

 The hydroelectric developments have been designed to con—
tribute to river control and to activities which depend on water,
excluding water transporation, If inclusion of the latter should

be deemed necessary, the present_plan will reguire revision to
increase the' heights of the dams, etc, but the parts dealing with the
generation of electricity will not be arfected., It was felt that

the production of electricity is fundamental to the utilization

of the water of the Yellow kiver. When its problems are solved,

all other problems will solve tnemselves.

MEN WHO PAKTICIPATED IN THE SUnVEY

Chairman OCHIAI Kaneyuki North China Electrical
: Industries Co Ltd v
Secretary AKIYAmA Masao "
Members OTA Asakura wos
MORITA Fukuiehi n
ISAWA Kiwisachi _ South Manchurian Railway,

¥ North China Economic
hesearch Dept
ISHIKA=A Nagatoshi 1
TAKEYAMA Toohio "
SAKAGUCHI Tauashi "
HORIUCHI Kazuo . "

ARAT Yuzuru n
QRAI Sabure East Asia Development Co
ARTSAKA Masayoshi Main Constructisn Office
YANO Katsumasa "
AKIGUSA Isao "
HARAGUCHI Yoshimasa North China Development
h Co Ltd
Special OCHIAI Kushiro North China Electrieal
Member Industries Co Ltd
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SUMMARY OF CONTENTS

A Japanese Plan for Hydroelectric Development of the
Yellow River in China

(WDC Doc 252519, =33, =36, =28)

This is a translation of four documents prepared by
the Japanese Far Eastern Research Section in 1941. They
constitute a broad survey of the possibilities of hydro-
electric development of the Yellow River in China, indi-

AT cating eleven sites where power generating stations might
be advantageously constructed,

i

The translations are published in three volumes,
The basic document, WDC No 252519, containing ten parts,
has been divided. Parts 1 - 5 are in Volume I, and Parts
6 ~ 10 are in Volume II, Two documents, WDC 252533 and
. 252536 include revisions and corrections of material con-
tained in the basic report, 252519, The material from
them has been incorporated in the main body of the report,
“ : wherever applicable, rather than being presented as
separate translations. Volume III contains the complete
translation of WDC 252528, which constitutes an addendum
to the basic report and gives a detailed study, in
graphs and tables, of the flow of the Yellow River at
Shan. )

The basic document deals with such topics as a
basic survey, plans for the generation of electricity,
economic factors, relation of the hydroelectric develop-
ment plan to flood control and water conservation,
industrial potentialities of the Yellow River, geology
and subsurface resources of the Yellow River basin, the
trend of supply and demand for electric power, plans for
extensive industrial development, and plans for the
hydroelectric site at the San-Men Gorge. These are
supplemented with numerous tables, graphs and maps, in-
cluding a large map of the entire area under study and
detailed maps of the eleven projoected hydroelectric
development sites. :

These are from a series of documents on economic
and industrial subjects which were acquired by a US
government mission to Japan and China in the Fall of -
1945, and which are being translated by WDC.

Pages 1 throughleQ
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J ’ I Potential Water fower

I1 lMain Considerations in the Development of
the Yellow River
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111 Methods of Utlllzlng and Transmlttlng
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I Potentlal Wéter Power
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Although in anclent t:Lmes the Yellozr Rlver was known on‘iy

as the River of Sorrow, 1t "was said that he who controls ﬁhls

’ T T N IEEENEP S

river has control of the country. Its tremendous potentldi value

1

b -4 N IR

has beCome evldent w1th ‘the development ; of modern englneerlng.
East A31a, faclng the modern world 51tuatlon, cannot aflord to
overlook tﬁls natural resource. Although the present invest—
igatloo was llmlted to those parts of the ‘river which were be— AR I
lieved to be valuable for water power, it disclosed eleven sites'n =
for hydroolectrlc power plants in the approxlmately lOOOékllometer
strebch between Pao~t'ou and Meng—chin. This stretch couid S
. produce more than eight million kllowatts per day ( at 60 per '
cent load factor) and in an average year supply over 40,000, 000,000

kilowatt-hours of electric power, as is shown in the table on

the following page.
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NOTE
RED LINE INDICATES
BOUNDARIES OF THE
SEVERAL DRAINAGE
AREAS
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The Iollowing table shows the basic cost of electric power,
calculated,as 12.5 ber>cent of the total coéstructio; cost per
kilowatt-hour of output. This latter figure includes interest,
operation énd maintenance costs, taxgé, eéc;, and ié calculated
on the assumption of total consumption of electric odtput. The
rough estimate of engineering costs is based on present commodity
prices, and assumes that the methods used on the Yalu'River, which
has a considerable larger flow, can be utilized here. It incl:udes
costs of construction, railways and other temporary installations;
For each kilowatt of output the construction cost is absut
AABO yen and the average basic cost of electric power is 1.1 sen,
at the coal mineé. The construction costs are calculéted accord—
ing to the stapdard costs in 1935, and, although théy may be iow,
-conditions for the project are ideal; (See table'on fgllowing

" page.)
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‘4 I1 Mein Considerations in the Eydroelectric Developments of
i ‘ : o the Yellow River

The following are the main points which should be kept in mind
_— when considering the hydroelectric potentialities of the Yellow
© . River:

A. §gp§lementarz Sources of Electricity Unnecessary

"~ One plan of power development would, it is calculated, pro-

" duce a maximum of &,000,000 kilowatts (at about GO per cent load
factor). According to this plan, the largest reservolrs which could
be produced by building the Ch'ing-shui-ho and San-men Gorge dams
would compensate for the enormous sacrifices involved by securing
definite control of the erratic water volume of the Yellow River
and thus insuring an even flow. Supplementary sources of electric
power would therefore be necessary. This is a great economic advan-
tage.

B, lmportant Subsurface Resources Located Glose at Eand

Fortunately, inexhaustible coal and 1limestone deposits are
found aleng both banks of the river in the stretch where dam pro-
Jects are contemplated. Over 1,000,000,000 metric tons of gypsum
are buriled near Tlai-yuan, and electricity could be transmitted
economically to the alumina deposits in Shantung. Zlectricity
could thus be supplied to many electrochemical industries.

C. Low Basic Cost of Producing Blectricity and Small Quantity

of liaterials Keeded for Construction Work

The Yellow River offers hydroelectric generating sites which
have few equals anywhere in the world. This makes the amount of
construction material required per unit of power output exception-
ally small and the construction cost correspondingly low. Con-
structlion costs which allew for more than enough material at the
present high commodity cost prices would, as shown in the section
on construction costs, still allow electricity to be delivered
at the coal mines at an average rate of 1.l sen per kilowatt—hour.
This construction cost may perhaps be higher than that of previous
projects, but this is due to the present high cost level. It ig
believed that this project would actually cost less than any other
project if constructed during the same period,

1t would be profitable to compare this project with one to
produce electricity by coal in North China. North China is short
of industfially usable water. Whatever vater is available is
hard water and would require comsiderable additional labor and
necessitate a rclatively high unit cost. The construction cost in
kilowatts of cutput would be about the same for the Yellow River
project and a steam-generated project. There are rich coal deposits
but mining them would require extensive eouipment, cavital, and labor,
- and in time, progressively less economic veins would have to be worked,
80 that the cost of the cool would certainly not decrease talow ‘its
present figure., Eleetricity o produced would not bocome much more
economic than it would be at first. Hydroelectric power on the other
hand would beocome progressively cheeper, It would nrobably require
less and certainly no more iron and stcel than a steam-generated
electrie project which would require a large quantity of special steels,

-10- 4
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:T'Thus, even from thlS v1ewpoint the hydroelectrlc prOJcet
HWOUld be ‘more econouical Lo

gllgw hlvgr Flood ngtrgL

] Water powsr sites on the Yellow ftiver would all requlre
‘“'large,dams. .Those at Ch'ing-shui-ho and San-men Gorge would:
,1'1mpound especially large volumes of water. The cumpletlonaof
© the" dam gt San-men Gorge and use of its enormous reservoir would
"Jélone ‘make possible the control of the floods which have raged

"‘“ror 45000 years.

Egnef;t tg_§gigg;ng ang Irrlggt;gg in the Lower Rlver

and to Food Production
The construction of the San-men Gorge dam alone would make

possible an equalized flow of the Yellow River throughout the
year, It would help down-river shipping when the Hsiao-hen-ti
(eng-chin) irrigation dam draws off water for the canals and
farm 1dnd and it would also greatly incressc agricultural pro-

. duction.  Diverting part of the Yellow River into its old

'lcanals would also make its water available for irrigation any~
whére along these canals, and would produce a very great increase’ :
in agricultural production in those areas. :

F. Problems Invelved in the Water Power Development of ﬁhg

e River
As shown abova, hydroelectric development of the Yellow

River would bring great benefits, but its negative aspects must
also be considered. Mpst points where electricity would be
generated are far inland. all sités except the San-men

Gorge and the two dams below it have pboor communications., The
reservoirs in the Ch'lng—shui—ho and San-men Gorge areas would be
very large and flood an enormous area of farm land, (about 1560
and 780 sguare miles respectively), The latter encompasses an-
cspﬁclally important and densely populated agricultural area.
However, these disadvantages are not insurmountable, Although -
8jtes are. far inland, industrial products can easily be trans-
;Qorted to the- coastal reégion by train or canal, and with modern
techniques it is not impossible to transmit electrlclty as far
a8 thg coast. - Since each site would have a large. power output -
(averaglngl750 000 kil éwatts), extensive railroad construction
is economically very feasible. .

Finally there-is: seepage from the still water, but this
problem could be solved wi.h a llttle work and study. When one
considers how many times thi§" area would be saved from floods
and how greatly agricultural production would be- increased,
the water loss by seepage is relatively unimportant. Fortunately,
the sites are all exceptionally favgrable, so that even if -
extensive - counterneasures were taken, the basic. cost of el»ctric
power would °tlll be very lm~. e S
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In this connection it must bYe remembered that although the stegnant
reservoirs at Ch'ing-shui~ho and the San-men Gorge would have very
large losses from seepage because of their size, the dams there must
be built to the calculated height or the other sites will suffer.
Should they not be built to that height, the volume of flow of the
Yellow River could not be egualized; the other power sites could not
produce. the calculated’ amount of electric power throughout the year,
and maximum output could n'ot be maintained during the dry season.
This weuld necessitate supplementary steem electric power stations.
To avoid this waste and to utilize completely the full natural value
of the Yellow River, it is clear that the dams at Ch'ing-shui-ho
and the San-men Gorge must be at least 60 and 70 meters high respec-
tively (distance between normal river level and the lake surface
when full).

III lMethods of Utilizing end Transmitting Zlectric Power

As mentioned above, the Yellow River area has very rich deposits.

Coal deposits along the river in Shansi, Shensi and Honan are almost
inexhaustible and limestone is found all along the Yellow River,
“} Industries which use coal, limestone, weter and air as raw materials
can be established anywhere along the river as the hydroelectiric
project is developed. If locations are selected where industrially
useble water is available, the unlimited supply of air could be

utilized to produce artificial fertilizers (ammonium sulphate and
ammonium nitrate) and synthetic gasoline, as well as carbide and
finished products made with carbide, This region could thus preduce
a large quantity of the raw materlals needed for the defense and
national development of China, With the modern technique of high-~
tension transmission, all of North Chinas could be supplied with
electricity, which could be utilized for the refining of aluminum
from alumina shale. It could also be utilized in the production of
steel.

Areas where a large consumption of electricity by future electro-
chemical industries may be expected were determined from consideration
oft (1) proximity to sources of electricity, (2) proximity to rich,
usable mineral deposits, (3) abundance of industrially usable water,
and (4) transportation facilities. These areas are as follows:

Ta~t'ung Area

T'ai-yuan — Shih-chia-chuang Area
Hein-hsiang - Chang-te Area

T!'ien-ching ~ T'ang-ku - Pei-n ing Area
Chieo - Chi-nan Area ,
Han-k'ou Area

411 these districts are situated from 250 to 600 kilometers from
hydroelectric sources and could therefore be supplied with the large
amounts of electric power required. However, it must be assumed that
if the 220,000 volt transmission cables, as used in Japan and Manchuria
in the past, ware used, it would present many difficulties. In order
to transmit such high voltage it will be necessary to study the direct
trensmission of 400,000 volts research on which 1s at present dbeing
undertaken by Germany, Russia and the United States.

-12- P
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The table on the next page shows those produc@s'vital
to Bast Asia which would be produced and the quantitics in
which they could be produced if thess contemplated developments

were near completion, *

(Table follows on next page)
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el IV Sequence of Developments

The water power development of the Yellow Biver could begin
at eny point dictated by electric Ppower needs, dbut for flood control,
the San-men Gorge dam should be developed firet., This should be
followed by. the dam at Ch'ing-shui~-ho, Further developments should
be determined by the demand for electric power and the problems of
establishing construction railrosds., This report . arrangee the other
dems in the follewing order: Chi-k'ou-chen, Fo-~ch'u, Esiso-hen-ti
(Meng~chin), Tien-ch'iao, Pa~li-hu~t'ung (Yuan-ch'u), Hu~k'ou, Ya-
men~k'ou,. Yén-shui-kuen, o : L

Following is a comparative list of electric povwer installations
of the-leading world powers (total production of hydro- and steam—

electric power)., - —

United States. . . . . . . .., 37,466,000 kv (1837)

. Germany,.. . ., ., . . ..., . 15,270,000 kw (1937)
France . . . .. . ... ..., 11,268,000 kw (1937)
B,lssia. M AL I N N I N Y ) 8'1160000 k“r (1937)
Japan; (Proper) . v o 4 4 0 o . . 6,977,000 kw (1937)
Japan (Total) ® o % & s 9 e s e 7.930,000 kW (1937) ‘
England LA I B A R I T 8!91}’000 1{‘”(1937)
. Canada A L e I I TP 60308l000 kw (1937)
dtalye o v v w00 0L L 5,618,000 kv (1938)
China L] * » * o L] *» e 9 l.‘ L d 1.006.000 kw (1938)

This shows that the United States occuples the top position,
and that Japan follows after Germeny, France and Russia. Next in
order is Znglaad; but if the outputs of England end Cansde are
combined, it can be seen that Japan cannot be called a first rate
power. Since i% is generally acecepted that & nationis industrial
Power 1s reflecied in its volume of iron, coal and elccivic power,

. the expansion =f Japan's electric power must be considered e serious
problem. In the present war, it can be sald that Germany's induse
trial strength is due largely to 1ts great electric poewer.

. In order to be a true leader in the Far East, Japan must expand
its industrial production; and in order to provide sufficient electric
power for this expansion the development of the Yellow River basin
is very rromising.

World hydroelectric pPower development is as follows (statistics
for 1938): . ‘

North Anerica 20,100,000 kw

South America 1,000,000 kw

Furope 20,900,000 kw

Asia - . ‘ 4,550,000 kw

Africa ' ‘ ~ 140,000 kw

Occania , 600,000 kw
Total. = 47,330,000 kw [3ic]

Eydroelectric productién has been inereasingly merkedly in recent
years. Zven North America, where coal is abundant, generates a- large
amount of electricity from water power., It will be shown later that
even in Northern China, which is also rich in coal, hydroelectricity
enjoys a definite advantage over steam-generated electricity.

. :
A
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But the importance of electricity to Japan makes it imperative
that the Yeilow Kiver basin be developed.

-

V. Investigation of Terrain and Soil at Dam Sites

_This is chiefly a theoretical plan based on existing. -
publications and maps, and the sites are not rigidly fixed.
The only actual field investigation made by the survey
committee, since it began work in 1939, was on the Ch'ing-
shui-ho dam site in late 1940,

According to this investigation, the Yellow River above
Ho-ch'u is approximately 300 meters wide and flows through -
a continuous gorge of precipitous cliffs (about 60 degrees),
which in some places are 200 meters high. The rock is nostly
limestone, and suitable for dam construction,’

The investigation by North Cnina .rea army in early
June 1941, of the dam site at the San-men Gorge, showed that
a stratum of diorite-porphyrite several thousand meters wide
cuts across the river there., Moreover, the lower resches are
psammite and psephite. " This geology favors the construction
of dam some 1i0 meters in height, Thesé investigations have
yeilded practically the'same results as our theorectical
planning. '

Untal. further field investigations are made, the feasibility
of builaing daws at other points is uncertain. Maps and tech—
nicel piblicutrons give the width of the river betwsen Ho-k'ou—
chen and Tu men-k ou as 300 to. 500 meters. st the points selected
for projecteo dam sites, the river seems to be nacrow and flows
between ctecp clift's, We cannot tell, without as.G:l examination,
whether ths rock structure at all the sites is sui%ed to dam
construction, but according to surveys made by the Chinese there
are at least two or three suitable locations. Deductions from
maps about the other sites would probably be largcly sorrect.

It can be assumed from the surveys by the army and thz Chinese
that there is definitely a dam site near Yuan—ch'u, onc of the
. two possible sites downstream from-the San-men Gorge. The
sites chiosen in the present survey may not be the best, but
the best ones are certainly located somewhere near them, The
sites farthest downstream should be investigated within the
next few months. .

!

®. Ta. Spon-msp Gorge Hydroalectric Site

. As has beon explained, the site at the San-men Gorge should

be the first one developed because of the enormous quantity of
electric power it would produce and its great effect on flood
control and irrigation downstream, Following is a summary of
data concerning ihe San-men Gorge project:

~ 15 — jf
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Ae  Dam
- .Location _ approx 25 km downstream from P’ing—iu;v'

Shansi Province, - -

Helght ' Approx 70 m (the difference between the
normal water level and the level of the
reservoir-lake when full).

Length Base: Approx 300 -m

Crest: Approx 500 m
Conciete Approx 1,400,00 cu m-
Kequired

B, neservoir

vaximum ‘Water 350 m above sea level

Level

Thaximum ‘

Length Approx 200 km

Area B

Inundated Approx 2,200 sq km (including river bed)

Total Volume
of heservoir

Water Approx 40,000,000,000 cu m
Reservoir

Water Available :
for Water Power Approx 27,000,000,000 cu m

Time Required
to ¥ill neserveir
with Sediment over 4O years

C. Yolume of Flow

Average Total
Annual Flow approx 43,000,000,000 eu m (1,350 cu m per sec)

Maximum Flow

Available for
liater ¥Yower 2,100 cu m per sec

D. Electric Power
siaximum Capacity 1,123,000 kw (60% load factor)

Annual Qutput " Before development of Cing—shmi~ho site
. . - APProx 4,720,000,000 kw=hr

after development of Ch'inge shui-ho site
5,410,000,000 kw-hr,

- 16 - /4
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Total Cost

Construction
Cost per kw

Construction
Cost per kw-hr

Basic Cost of
Electric Power
per kw-hr
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E. Hough Estimate of Construction Cost

442,000,000 yen (Includes cost of construction

of railroads, cement manufacturing plants, steam-
electric power plants and compensation for flood-
ed land) .

394 yen
8.2 sen

1.0 sen

(12.5% of construction cost)

It was decided to charge the entire cost to electric power,
However, since the project would contribute directly to flood
control and irrigation, these could reasonably be assigned part
of the burden, This cost distribution would greatly reduce the
basic cost of electric power and make it the cheapest electricity
available in East 4sia.
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‘A JAPANESE PLAN FOR HYDROELECTRIC DEVELOPMENT QF THE ,
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Far Eastern Research Se@tiéﬁ o
Survey Committeée No 2 =
North China Committee
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‘ ‘." ; May 19101

PART 2. BASIC SURVEY

ARISAKA Masayoshi
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- II Descfiption of the Yellow River and
its Drainage Basin

'~ III Climate

IV Relation between Rainfall and Volume
: of Flow

vV Silt Content
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I. Introduction

The Yellow River is over 4,550 kilometers in lcngth and drains
an area of 760,000 square kilometers. The stratch of over 1,000
kilometcrs between Pao-t'ou and Cheng-chou is a succession of gorges
and gives the river great possibilities as a source of water power.

This part of the report formulates the plan for developing this
water power and takes up the basic natural factors which affcet its
potential value. The water povier of a river is proportional to the
volume of water times its fall. These two factors must first be de-
termined.

The fall in the Yellow River cannot bs utilized without damming
up the water at topographically suitable places where the mountains
‘press in the river valley. It is necessary to ascertain the river
profile at dam sites. This determines reservoir capacity, the main
factor in utilizing water power. The usable volume of water is then
calculated from the natural flow and the size of reservoirs.

The flow of a river is determined by the area drained, the rain-
fall in that area and the percentage of runoff. Thesc factors can be
determined by actual field survey. The character of the flow must
be determined from such climatic factors as rainfall and evaporation,
and from the percentage of runoff. The capacity of potential reser-
voirs, which depends on topography, determines the percentage of
natural flow that will be usable. However, the area of these reser-
voirs affects their volume of cvaporation and thus somewhat reduces
their value.

In addition, reservoirs precipitate the silt held in suspension
in the river. In the course of several years or decades this sedi-
ment becomes a factor in determining the usable volume of water.

The subject of reservoirs is taken up in Part 3. Part 2 deals
with such other factors in the problem as terrain, climate, amount of
silt in the current, etec.

Following is a list of the chief sources consulted in the prep~
sration of Fart.2::

[4

HU Huan-Yung, editor: '"Thoughts on the Yellow River" (Huang-
ho Chin), 3 volumes :

CHANG Han~Ying: "Yellow River Problems" (Huang-ho Ven-t'i),
Volume 1 of "Vater Supply Problems in China® (Chung- kuo
Shui-1i ¥en-t'i), edited by CHI Shu-T'ien

League of Nations, Technicél Committee on Transportation and
Communication: "Research Material on Improvement of the
Yellow River," by YOKUDA, an engineer.

(Note: Much of the material in the text of this translation is
covered in another publication of the League of Nations,
Cooperation between the Organization for Communications
and Transit of the League of Nations and the National
Government: of China: "Report by the Committee of Experts

. _’fﬂ
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- " ‘9n Hydraulic and Road Questions in China." Geneva, 1936.
ibrary of Congress TClOLl.L4 1936.) - ‘

ELIASSEN S: 'Flood Control of the Yellow River through Deten-
tion Basins," translated into Japsnese by MONUBE, Ph D;
from the monthly publication of the Chung-mei Kung-ch'eng-
shih Hsieh-hui, No 4, Volume 17, 1936

TODD Oliver J & ZILIASSEN: ‘WYellow River Problem," in' Amer-
fcan Socisty of Civil Inginssre megazinc, Decembor 1038
JUoL 6L, No 10, pp1921-91. Library of Congress TAL.A52/

QOKOSHI Hiraoka: "Treatise on Control of the Yéllow River?
‘ (Xoka Chisui Ron) -

WATANABY Kinzo: '"Iresatise on Flood Control of the Great Yellow
River" {Dai-Koka Chisui Ron) (IN: His "Plea for the Yellow
River Flood Control Plan (Koka Chisui Keikaku Sokushin No
Kengen ) is available in WDC Library)

Committee on National Economics (Chuan-kuo- Ching-chi Vei~yuan-
hui): "National leteorological Reports" (Chuan-kuo Ch'i-
hsiang Pao-kao), 1933 and 1934

Jame: MKational Eydrological Reports"(Chuan-kuo Shui-wen
Pao-Kao)

CHANG Han-Ying: "Discussion Series on River Control" (Ch'ih-
ho Yu-yeh)

LU Jo~Yu: "Survey on the Acceleration of Gravity in North
China" (Hua-pei Li-1i Chia-su-tu Chih Ts'e-ting),
Pei-p'ing National University, Physics Department, 1933

CHANG Hung~Chi: Same (1935)

TODD: '"Hydroelectric Survey of Shansi Province and Preli-
minary Plans [fbr Its Developmen£7" (TN: Probably
incorporated in Todd: "A Study of Shansi's Rivers," in
Association of Chinese and.American Zngineers Journal,
Vol 15, No 1, Jan 1934, pp 7-14. Library of Congress
TAL.87.) _ .

The following were the principal maps used:

Land Survsy Department (Lu-ti Ts'e-chih Pu):
"East asia Maps," 1:500,000 (Tung-ya “u-shih-wan-fen Chi
ITi) '

Same: ‘'‘Asrial~Photograph laps of tﬁe Yellow River area,"
1:50,000 (Yu~wan-fen Chih I Huang-ho Yen-an K'ung-chung
Hsich-chen Yao-t'u)

Same: Milmeographed lizp Series," 1:50,000 (Chia~chih Yu~-
wan-fen Chih I Ch'ieh-ho Ti-t'u)

-20 -~ /*
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Same: "Large Scale ..aps of Shansi and Honan Prov1nceb n
1:1000,000 (Shu-chih Shan-hsi-sheng Chi Ho~nan-sheng Shih=~
wan-fen Chi I Ti-t'u)

Same: M“ierial-Photograph Maps of Inner dMongolia," 1:100,000
(Shih-wan-fen Chih I lieng-ch'iang K'ung-chung H31eh—
chen Yao-t'u)

drmy Staff of Suiyuan Province, China: "Suiyuan Province Maps, "
1:100,000 (Sui-yuan-sheng Shih-wan-fen Chih I Ti-t'u)

Army Staff of Shansi Province, China: "Shansi Province Maps,"
1:100,000 (Shan—h51—5hung Shih-wan-fen Chih I Ti-t'u)

Commlttce on Yellow River Water Supply (Huang-ho Shui-1i Wei-
yuan-hui), 1936: "Survey Maps of Yellow River near San—
men Gorge," 1:50,000 and 1:5,000 (San-men-hsia Fu-chin
Huang~ho YWu-wan~fen Chih I Chi "u-ch'ien-fen Chih I
Shih-ts'e-t'u)

Same: "Survey Mﬁps of Yuan-ch'u," 1:50,000 and 1:10,000
(Yuan-ch'u Vu-wan-fen Chih I Chi I-wan—~fen Chi I Shih-
tste=t'u)

North China Transit Company, (Hua-pao Chiao—t'ung Hui-she
So-ts'ang): M"Profile of Lung-Hai Railroad Llne“ (Lung-
hai-hsien Tsung Tuan-t'u)

Same: "Profile of Ta-t'ung - Feng-ling-tu Railroad Line"
(T'ung-p'u-hsien Tsung-tuan-t'u) \
Same: "Profile of Pei-p'ing - Suiyuan Railroad Line"
' (Ching-pao-hsien Tsing-tuan T 'u)

krmy Staff of Shensi Province, China: "Shensi Province Maps,"
1:50,000 (Shan-hsi-sheng ¥u-wan-fen Chih I Ti-t'u)

-2l -
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II Des¢ription of the Xalloﬁ River and its Drainage
: e Basin 0 T

¥ *

4. Introduction

. The Yellow River is, next to the Yangtzs, the largest river
in China. It is 4,670 kilometers in length ("Thoughts on the
Yellow River"). Its drainage area above the Pei-p'ing -
Han-k'ou railroad bridge is approximately 760,000 square kilo-
meters. If the downstream alluvial plains are included, its-
drainage basin is 1,260,000 square kilometers. One hundred
and forty million people live in this area.

The river rises in Ch'ing-hai, in the Pa-yen-k'o-la
liountains ‘and in the Kuen-lun liountain. It flows through Kansu
and along the Hingsia - Suiyuan border, makes a great circuit’
around the Ordos Platecau through Inner Mongolia and then flows
southward through the gorge forming ths boundary between Shansi
and Shensi, taking in many tributarics on the way. At T'ung-
kuan, wherc it joins the Wei River, it makes a right anglec and
flows east through a second gorge to meng-ching, where it enters
open country. Below the Pei-p'ing - Han-k'ou railroad bridge,
the Yellow River is confined within dikes and meanders across
relatively level land, so thst not a single tributary joins it
until it reaches the foot of the Shantung Mountains.

_ The drainage basin of the Yellow River is shown on Map II-
/"at the beginning of this report/.

p}
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B. Gradient of the Yellow River

The Yellow River falls from an elevation of 4,120 meters
at O-ling Lake to 2,440 meters at Kuei-te in Kansu, 1,590
meters at Lan~chou, 1,066 meters at Ning-hsia, 995 meters at
Pao-t'ou and 321 meters st T'ung-kuan. it the Pei-p'ing - Han-
k'ou railroed bridge it enters the alluvial plain at 92 meters
above sea level. This gradient is shown in greater detail in
the table below, and in the profile chart of the river which

follows.,

. Gradient of the Yellow River
Section Distance | Fall |iean Gradient| Upper Eleva- |
I (kilometers) (meters) (m/km) tion (meters) |
iO—ling Lak; to Kuei;;;"‘ ééO —'1,680 - _1.75 o 4,120 1
gKuei—te to Lan-chou - 382 850 2,225 ‘ 2,440
gLanchou to Ning-hsia 3,85 i 521, 1,506% ; 1,5%0

| iNing—hsia to Pao-t'ou 650 | 71 0.109 1,066

: ;Pao—t'ou to T'ung-kuan 1,038 675 0.654 995
;T'ung—kuan to Shan 87 28 0.322 320
;Shan to Meng-ching 188 177 0.941 292
!Meng-ching to Yao-ch'i-
i Ying [ “sic_/ 97 20 {  0.206 115
%Yao—ch‘i—ying to mouth T24% 95 0.131* ; éh

(TN: 4sterisked figures in the above table are inconsistent
with those in the profile which follows. Presumably the
figures in the table are correct.)
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C. GQradient of the Yellow River in the firea covered by the Water
Power Project
A detailed profile of the Yellow River between Pab—t'ou and Meng-
ching, the area of potentisl water power, was compiled from various
sources. The ‘elevations -of important points in this area are indicated
below: -
Elevation ’ Exact Remarks ;
: Position ‘
| S— : : _..1 !
Pao~t'ou 1,005 Pao-t'ou * | Zlevation above Pei- | :
Railroad p'ing - Suiyuan - i i
Station Railroad Line datum.
(from "Profile of |
Pei-p'ing - Suiyuan i
Railroad Line") ]
Ho-ch'u ! 945 LU Jo~Yu: "Survey on ’
i © | the icceleration of
Gravity in North
China" (Pei-p'ing
National University,
Physics Department)
1933
Pao-te 823 CHANG Hung-Chi: Same,
(1935)
Tu-p'u , 518 ‘ M
Hu-k 'ou : 450 Todd: "Hydroelectric
Survey of Shansi Prov-
ince and Preliminary
Plans [for_;[ts
Development_M
Yu-men—k'ou 365 "
P'u~chou 349 - ' n
T'ung-kuan -+ 320 Mean ’ "Fiald Survey by the
» ~ - river ‘Yellow River Water
level . Supply Committee !
; (Elevation -above |
T'ang~-ku datum)
Shan : 292 . oo !
San-men Gorge : 280 - "
- Yuan-ch'u S 196 . w° ‘ U
Meng-ching ’ 115 It '
B . !
Cheng—-chou 93 n "
- R . . . Lo : -~ hi
b0 L. 2.6 -/
RESTRICTED
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The figures in the tablc (preceding page) for T'ung-kuon and below give the
mean river level as destermined by the survey of the Yellow River Yater
Supply. Committse, and may be considered accurate., The other figures
do not represent mean water level and are based on various datum points.
They are not accurate and many serious problems zrise in trying to
enter them on the profiles. They must be corrected from the contour
lines on the 1:100,000 sczle maps of Shansi and Shensi.

For example, "Thoughts on the Yellow River" gives the elevation of
Pao-t'ou as 914 meters, while many other sources give figurss of over
1,000 mcters. Allowing for the difference between these figures and
the water level of the Ysllow River there, the mean river lavel at
Pao~t'ou may be. figured at 995 meters.

The following tible showis the number of 20-meter contour lines
cut by each section of the Yellow River on the 1:100,000 maps of Shansi
and Shensi: L .

; T —
Section Contour Total Fall
: Lines Cut

Pao-t'ou to Ho-K'ou—chen 1 .20 m
Ho~k 'ou—chen toiCh‘ing—
Shui-ho : 1 20 m |
Ch'ing-shui-Rivar to Ho-ch'u 6 120 m
Ho-ch'u t? Pao-te 6 120 m
Pao-te to Lh—plﬁ 8 160 m
Wu-p'u to Hu-k'ou L 80 m

— e = s i o PO URSUISERSRpI— |

This table shows sight contour lines between Pao-t'ou and Ho-ch'u,
a £all of 160 meters] whereas the previous table gives the fall as only |
55 meteors. Allowingifor the location of Ho-ch'u on top of a rather
high cliff above thejYellow River and the difference in datum points,
the estimated clevation of the normal water level of the Yellow River
at Ho-ch'u should be reduced 100 meters, to read 845 meters. Pao-te is
an exact parallel, and its water-level estimate should be rzduced to
723 metcrs. Those figures keep the 120-meter fall from Ho~-chu to Pac-
to which those sources give, and also agree with the number of contour .
lines cut. There arg eight contour lines between Pao-te and Yu-p'u, 2
fall of 160 meters. ,This would yield an clevation of 560 metcrs for
Wu—-ptu, which is quite different fraom the 518 meters in the previous
table. The latter figurc would, with Yu-men-k'ou at 450 meters, give
a gradient of 1:4,60&, which is too gentle for this stretch. The
elevation at "u-p'u was thereforec assumed to be 570 meters.

Todd's calculated elevation for Hu-k'ou, 450 meters, yields a
mean gradient between Vu-p'u and Hu-k'ou of 1:2,300. Todd's clevation
figures were used for the stretch between Hu-k'ou and Yu-men-k'ou but

the distances were czlculated from aerial photographs.
|

é ~ 27 - ;ﬁi
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: ' From Yu-men-k'ou to the PCl -p'ing - Han-k' ou railro;d :
‘bridge, thé elevation figures of the Yellow River Vater Supply
Committee survey were prlnc1pnlly used, while Eliassen's: o
report was used for refsrence. Th@ distance of 609 kllometars
between Pao-t'ou and T'ung-kuan given in MThoughts on the. ..
Yollow River" is much shorter than that calculated from the -

+ 1150,000 and 1:500,000 aerlal-photograph maps of the Land
Burvey Department, or given in OKOSdI‘s "Koka Jisui'. '

<17 Here the ‘distances were estlmated principally from the

1:50,000 aerial-photograph maps, with Eliassen's "Flood Control

of the Yellow River® and OKQSHI's MKoka Jisui® as reference. )
' These gradient calculations were used to construct the detailed p
" profile between Pao~t'ou and the Pei-p'ing - Han-k'ou raillroad

bridge. The plan for water-power development is bssed on this

profile.

D. The Drainage )reé

Varying figures were found for the drainage area of the
Yellow River above the Pel—p ing - Han-k'ou railroad bridge.
The principal onss are as follows:

PAiT Mei~-Ch'u; . "Introduction to the
Topography of China" (liin-kuo.Ti-chih

t

530,000 sq km

Tsung-lun)

‘ Yellow River Water Subpl& Committee - 730,0CO> " "t
"Thoughts on the Yellow River Problems" - 756,000 won a
Todd & Eliassen: "fellow River Prob- - 756,000 "
lems"
Eliassen:‘ "Flood Control of the - 756,000 "

Yellow River through Detention Basins"

- From these sources, the -drainage area of the. Yellow River
may be taken as 756,000 square kilometers. Breaking this
" down, we find that the arsas above Kuei-te is 172,500 squere
kilometers, the largest tributary in this sector being the
. T'ao River, with an area of 29,200.square kilometers. The tot*l
~ drainage basin above Lan-chou is 216,180 square kilometers
and that above Pao-t'ou is 394,780. square kilometers in drea.:
However, most of the 178,600 scuare-kilometer drainage area
between Lan-chou and Pao-t'ou consists of the basin of the
Ch'in River and alluvial plains similar to those farther down—
stream, and does not increase the volume of flow, ' :

Between Pao-t'ou and Yu-men-k!ou 120,528 squars kilomsters-
of drainage area are added to the river, and many tributaries
join the river from Shensi and Shansi. The principal- ones
are the Ta-hei River with 12,080 square kilometers, the .
Wu-ting River with 23,152 square kilometers, the Shen-mu River
with 9,052 square kilometers and the Yen River with 7,160 ..
square kilometers, - - . . i
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From Yu-men-k'ou to T'ung-kuan the Yellow River is joined by
tributaries bringing the totgi[arainage area/to 712,588 square kilo-
meters, These include the Lo, the Wei and the Ching Rivers from
Shensi, and the Fen and Su-shui Rivers from Shansi. There are
only small tributaries between T'ung-kuan and Meng-ching, but a
little below this point, the Ch'in and Ten Rivers [—sié—see Map II
at beginning of this publication_/ join from the north, and the Lo
and I Rivers from the south,

The following table shows the drainage area of sections of the
Yellow River, as given in "Thoughts on the Yellow River":

YELLOW RIVER DRAINAGE AREAS

Lbove Lan-chou , - ! 216,180 sq km

Lan~Chou to Pao-t'ou 178,600 sq km (Total area above Pao-t'ou
394,780 sq km)

Pao-t'ou to Yu-men-k'ou 120,528 sq km (Total area above’ Yu-men-k'ou
515,308 sq km)

Fen River \ 40,240 sq km

Su-~shui éiver 5,320 sq km

Wei River g 144,760 sq km

Above Ta~yin 59,880 sq km

Ta-yin to Hsien—yang 18,140 sq km

Ching River 58,930 sq km A

Lo River (Shensi) | 27,020 sq km

Tributaries between
Heéien~yang and T'ung-kuan 10,790 sq km (Total area above T'ung-kuan
712,088 sq km) :

TN: Blank - possibly

| T'ung-Kuan to Shan ; 16,960 [or 6,960/ sq km

{ Lo River (Honan) | 13,028 sq km
I River ‘ 7 lh,?éo [or A,960;7 sq km |
Ch'in River 10,500 sq km
Fon—shul / sic_/ River 1,820 [or 8207 sq ka

Other tributaries between ! - .
T'ung-nuan and Creng-ciou 14,788 [ or 4,786_] sq km

Total above Pei-p'ing - _
Han-k'ou railroad bridge 756,68l sq km / sic_/

-29 «.”
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4. Introduction

The Yellow River basin is in North China. It has an
~ oceanic temperate monsoon climate except in the north-

western part, which is continental with extreme tem@éfature
variation and especially cold winters. In Pei~p'ing, for
instance, the average January temperature is =4.7°C while
that at T'ai-yuan is much colder (-8°C), although their
annual average temperatures are nearly the same. The con-
tinental influence is even greater in Shensi and Kansu.

The total annual rainfall is very light, compared to
that of Southern znd Central China, and is more concentrat-
* ed in summer, the winter being very dry. This is the out-
standing characteristic of this areas Seventy-one percent
of the total annual rainfall comes in summer, compared to
only LO percent in Central China, but there is some pre-
cipitation in wintetr. '

Another striking.characteristic in North China is
the great variation in fotal pre01p1tatlon from year to
year. The total annual precipitation varies an average of
over 30 percent from the average anmual precipitation.
~ For example, a location with an average annual rainfall
of 500 millimeters will have an annual precipitation of
anywhere from 350 to 650 millimeters.

This is only the average variation and these limits
may be excecded occasionally. Over a long period the max-
imum and minimum variation may be sevéral times this
average. Beccwse of this, floods and droughts have, since
ancient times, frequently brought crop failures and
famine to the region, and exerted a tremendous influence
on the agrlculture of North China.

B. PreCLQitation

Rainfall observation stations in the Yellow River
area are unevenly distributed. Thsre are only three
stations in the whole headwater area, Chinghai and Kansu,
and six stations in all Ninghsia and Suiyuan, while '
Shansi and Shensi have 14 and 20-odd stations respec-
tively..

The following tables list the rainfall observation’
stations by provinces and river basins, and show the
monthly average rainfall at each. '

) _,f?
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Principal Rainfall Ooservation Stations <nd Avérage
Annual Rainfall in the Yellow River Drainage Area

| 1932

Province Station [Drainage Basin
| Kansu Lan-chou Yeli;;méi;;;bcw————>m
- Ning-hsien Ta~yen River
Ch'ing-shui |N'u-t'ou River
Suiyuan Sa~la-ch'i /iYellow River
. Sui-yuan Hsiao~hei River
Erh-shih-ssu~
ch'ing-ti ! Ta~hei River
YU-PI-YAT
[ sick_/ Ch'ien River
Shensi I-ch'uan Jen-weng Ri§er[§ig7
Ch'ang-wu i Ching River
Ch'eng-ch'eng:Lo Ri;er
Chao-i Yellow River
‘ Fu-p'ing Wel River
Hsi-an "
Tfung—taFfa_ "
Shansi Shuo~chou Fen' River
T!ai-yuan "
Shou-yang , "
T'ai-ku "
P'ing-yao "
Hsin-chiang "
Chieh Su~-shui River
S i

1932 - 1934
1929 ~ 1933
1922 - 1926, 1934
1932 - 1933
1920 - l931>
- 1933
191 - 1933

Years Recorded

Avérage‘(mm)l

1933 - 1934
1934

1934

1921, 1923 - i928,
1931 - 1933

1920 - 1925

1917, 1920 - 1930
1920 - 1925

1932 - 1933

1932 - 1933

1932 - 1934

1932 - 1934

1932 - 1934

1932 - 1933

1921, 1923, 1925,
1933

365.5

416

391'3
325.3

350.0
hh6h

*(TN: Possibly She~pi-yai. See "Contour Map of the Inundated hrea

and the Ch'ing-shiu~ho Dam," which will appear in Part B,

Chapter IV)

.
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Principal Rainfall ObserVatioﬁ Stations and Average
Annual Rainfall in the Yellow River Drainage Area
{Contd)
Province Station i Drainage Basin Years Recorded Average (mm)
Honan" Hsin~hsiang Yellow River 1931, 1933, 1934
Shan-hsien " 1919 - 1931 426.9
Lo~yang Lo River 1931 - 1934 401.9
Meng-ching Yellow River 1932 -~ 1934
Yen-shih I River 1931, 1932, 1934
| Cheng-chou Yellow River 1931, 1932, 1934
.
- 32 < Vas
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The map on the following page .shaws the average annual
isohyets in the drainage aveca of the Yellow River, drawn from
, the above data. There was no data for the furthest upstream
o area of Chinghai, but'the trend of the isohyets shows that

the rainfall there must be between 400 and 600 millimeters.
Kansu has about 450 millimeters; the great bend of the Yellow
River on the Ninghsia - Suiyuan boundary has the lsast, 250
millimeters; northern Shensi and Shansi have from 3Q0 to 400
millimeters; central Shensi and Shansi, 400 to 500 millimeters,
and southern Shensi and Honan, 500 to 600 millimeters of
rainfall.
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1 ISOHYET MAP OF NORTH CHINA
(mm of rainfall)
Scale: 1: 6,000,000

N

Lan-chou
Ning-hsia
Pao-t'ou
Sui-yuan
Chang~-chia~k'ou
Peip'ing

» T'ien-ching

NV 0 3 o W

Ta-ku

10  Shih-chia-chuang
11 Trai-yuan

12 Chi-nan

13 Hsu-chou

14 K'lai-feng

15 T'ung—kuaﬁ

16 Hsi-an

17 Nan;chiﬁg

18 Eastern Shantung

Note: The character (5 ;; ) which appears after the figures
designating the isvhyet lines indicates "millimeters,!
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% o » . The following table shows the annual precipitation of the
3 "entire drainage basin area calculated from the preceding
isohyet map.

’

,  Precipitation in Scctions of Yellew River Drainage Basin
oy -

aul 1Drainage Area Average Annual l Average
o {eq km) Precipitation ; Rainfall
N . (cu/m) i (mm)
, —_—
Above Lan-chou 216,200 84, 600,000,000 } 390
I
Lan-chou to Pao-t'ou 178,600 I 53,370,000,000 300
‘ |
Pao-t'ou to Yu-men-k'ou 120,530 ¢ 42,190,000,000 350
I
1 .
“Wei, Lo and Ching Rivers: 151,220 i 65,860,000,000 435 i
Fén River 15,560 | 17,950,000,000 | 395
i |
T'ung-kuan to Shan 6,190 i 2,910,000,600 L70
. Shan to Pel-p'ing - ! !
Han-k'ou Railroad Bridge; 37,910 : 17,650,000,000 L65
- % P —
Total 756,000/sic/ | 274, 530,000,000/ /si¢/ 364 [ sic]

C. Number of Days of Rainfall

The following table shows the number of days of rainfall
pbr year at the principal observation stations in the Yellow
River drainage basin. This table, and the subsequent map on
days of precipitation, show that the number of days of rain-
fall varies with the isohyets. Ninghsia and Suiyuan have 30
days of rainfall, and northern and central Shansi and Shensi
have from 30 to 40 days. The number of days increases south-
ward, with southern Shansi, southern Shensi and Honan having
from 50 to 70 days.
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1 PLACES / IN NORTH CHINA_/ HAVING SAME NUMBER OF
DAYS OF RAINFALL PER YELR

Scale:  1:6,000,000

Lan~chou

Ning-hsia

Pao~t'ou

Sui-yuan

Chang~-chia-k'ou

Pei~p'ing

0 2 o v orowWwon

Ttien~ching

Ta-ku

O

10  Shih-chia-chuang
11 Tlai-yuan

12 Chi-nan

13  Hsu-chou
' 14 K'ai-feng

15 T‘ung—kuaq

16 Hsi-an

17 Nan-ching

18 Eastern Shantung

Note: The character (|- ) which appears after the figures
designating the isohyet lines indicates "dayse"
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D. The Rainy Season and Variations from Year to Year

The seasonal distfibuéion of rainfall in the drainage basin of
the Yellow River varies greatly, more than €0 percent fa%ling'dur—

ing the summer season and only 3 percent in winter. The following
table shows this seasonal distribution for a few stations.

Seasonal Distributionlof Rainfall in the Yellow River
Drainage Basin (mm)

Province Locagion Spring Summer i Autumn Winter | Total ?
Kans Lanchou | 10.3 | 2511 | 63.3 | 19 | 369.6 o
Suiyuan Sa-la-ch'il L46.3 222.4 59.4 23.4 351.5
Shensi Hsi-an 116.1 2014 150.8 10.1‘ 518.4

1 T;ung—ta— 106.2 267.7 114.7 32,0 520.6

a ;

Shansi T'ai-yuan | 41.0 285.1 ; 55.9 9.3 | 391.3

" Chieh 80.1 292.8 110.4 16.3 499.6
Honan Shan 90.4 230.8 82.8 22.9 426.9

n N Lo-yang 72.0 305.3 i 218.3 51.3 646.9
" Average 7.1 262.1 —| 1070 22,5 | L465.7 /_’siga .

One of the main characteristics of the North China climate is the
great variation in amount of precipitation from year to year. This
variation is general in the Yellow River drainage area. The follow-
ing table bears this out for Sa-la-ch'i, P'ing-yao and Shan where
observations have been made for the longest period of years.

Yearly Variation in Precipitation

Province Location Years Annual Maximam lMinimum Ratio of

Observed |Average Year Year Maximum to
Minimum

Suiyuan Sa-la-ch'i 1921-1933
(except 351,0 622,0 235,0 2.6l

for 3 .

years)

Shansi P'ing-yao 1920-1931
(except ¢ 350.0 51L.5 201.7 2.55
for 3
years)

L~?onan Shan 1919-1933 426.9 682.6 198.2 3.46

-3 -4
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Each year averages a change of 50 to 100 percent from the
preceding year, and normally averages a difference of 30 per—
cent from the average year.

E. Evaporation

Evaporation is ene of the elements which determine the
volume of flow of the river. It is particularly important in
calculating the volume of water lost by evaporation from
large reservoirs. The only statistiecs on evaworation in the
Yellow Riv.r basin are tho Shonsi Water Supvly Burcau's flgures
on Hsi-an and ¥sien-yong, These arc given in the following
table, together with similar data for ~'ien-ching, San-chia-
tiin, Fslen and Lin-ch'ing on the orth China plain,

-39-F
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IV Relation Between Rainfall and- Volum; - :
Aof Flow IR

The volume of flow of the Yellow River at Shan, Honan and: ..
 Nan~hai-tzu near Pao~-t'ou, Suiyuan, is essential to the water
power plan. The records at Shan cover a 17-year period from
1919 to 1935 and are sufficiently reliable, but those at Pao-~
ttou cover less than four years and are unreliable. We shall,
therefore, first discuss the volume of flow at Shen and then
discuss that at Pao-t'ou in the light of the data from Shan,
the rainfall, etc.

"A.  Yolume of Flow at Shan
Most of the drainage area of the Yellow River is above
Shan. Cbservations have been made there over many years.
They are the only rellable ones for the hydroelectric develop-
ment plan,

Sources of Data on Volume of Flow at Shan

Apr 1919 to 4ug 1921 -~ Hsu-chih Water Supply Committee

Sep 1921 to Oct 1928 -~ Average estimate i

Nov 1928 to Uet 1929 -~ North China Water Supply Committee
Nov 1929 to Oect 1930 ~ Average estimate

Nov 1930 to Jun 1931 - iissing

Sep 1931 to Aug 1933 -~ Survey by River Uffice, Honan Province
Sep 1933 to Nov 1933’ - lissing

Dec 1932 to Dec 1935 Yellow River Water Supply Committee

Data is discontimued here.

The monthly and yearly average flow at Shan for the
17~-year period are shown in' the folliwing chart and in
Addendum 4%. The dailv flow is shown in Addendum B¥% and
Addendum C¥. ;

The flow during the grestest rise in the river, in
July, Auguet and September, is from 2,000 to 4,000 cubic
meters per second. All the great floods have occurred during
thie pericd. The volume of water finally begins to decroase
in October, and in mid-November the river enters its low-
water psriod.

-In early October 1934 the flood water reached a flow of
10,000 cubic meters per second, but this 18 a rare cccurrence
Winter ordinarily has the lcaat flow of the vear, en average

*(Note: These Addenda will appear in Volume III of this
report.)
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o; 300 to 450 and sometimes as little as 250 cublc meters per second.
With the spring thaw and summer melting, the flow gradually increases.
There is enother low in May-June but this is not as marked as the

winter one,

-k -p
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AVERAGE FLOW AT SHAN
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The average volume of flow at Shan during the 1l7-year
period 1919 - 1935 was 1,365 cubic meters per second, or
43, 000,000,300 cubic meters a.year. The maximum year was
1923, with 2,110 cubic meters per second, or a total of
67,700,000,000 cubic meters. The minimum year, 1928, had
648 cubic meters per second, or a total of 20,700,000,000
cubic meters. The ratio between flow in maximum and min-
imum years was 3.16:1, a very high figure. The maximum

.45 1.45 times the average, while the minimum is O.46
“times. . This means that egualization of flow during the
year will require very large reservoirs. .

The following table gives the flow at Shan for 1922
and 1927, which werc nearly average years.

Average Monthly Flow at Shan in Average Years (eu m/fsec)

= i 1919-1935 1 1922 | 1921
o Average AR SRS
Jan 382 463 I 279
Feb L68 ' o 337 !
Mar 666 | 692 688
Apr ‘ 721 ' g22 | 1,257
Nay 739 e 828
Jun 1,082 703 1,362
Jul 2,567 2,625 1,680
fug ! 3,787 o35 | 2,489 ;
Sep { 2,442 : 3,200 2,899
Oct i 2,005 év 1,242 1,EL9
f fov | 1,002 i 855 1,056 |
Dec - ! L3 I 1L wy o :
Monthly i |
bomat | 1o [T LusE Caed)

- h} -/;
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Low and High Water at Shan in Average Years

[ No of Days¥ Average . . .

, 1919-1935 1922 © 1927
Drought Flow 25 days 29 cu m/sec 320 cu m/sec | 355 cu n/sec
§lightly more than

Drought Flow 60 " 382 | ss v | w00
Low Water Flow 9 " - 466 " 540 480 "
Average Flow 90 " 739 " 760 " 1100 "
High Water Flow 90 " 2005 " 1420 " 1705 "

(*TN: Totals 355 days.)

Graphs of the flow for 1919-1935 are given in Addendum D [“which
will appear in Volume III of this report _/.

- W4
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B. Volume of Flow at Nan-hai-tzu near Pac-t'ou

i ‘The volume of flow at Pao~t'oy is basic to the plén to ...
'develop water power between Pao-t'ou and T'ung-kuan, but the
existing data is limited to the following:

)
N Period . Source T
. S of Data
Jun to Oct 1919 _ Suiyuan
4pr to Nov 1930‘(once a month)

Apr to Nov 1931 (several times a month)

Apr to Nov 1932 ( 1 " " " ")

. Jul to Dec 1933 [ "Thoughts on the Yellow
| ‘ River"

The above yields the following average monthly flow figures
for Pao~t'!ou:

| ! 1919 f 1934 1930 No. of 1942 No of ! Monthly
! /193327 | 1931 Times 293227 | Times Average
| Observed | Observed f
i [woduta | Woasta o cata| | toawa | |
Feb | - m o " "
- L Mar " } ;. ‘ " : -' " o
e T 420 | 2 | o 3 369
May " " 1,020 1| 287 3 6, |
Jun 602 " 844, 5 412 4 ke;i;-_ ,
Dl a9 | ke | o data 60 | 3 72/5ic]
- 900 "E‘,‘s?s“ 1,601 8 ) 79 7 1,28, |
M—-‘e;) 809 ;,037 ' w1',—51,9 10 jl irobaa;a N—_"mf- h ml,u; f
Get 778 1,676 1,058 .8 | 1,2;0 3 1,1955197;
v | toasta] 910 | e '7'“1““"'«;"6{"”“ 1T emfmg
fec moo 359, fNo data | o ,’ No data |. . . (859)

! Since these figures are iﬁadéquate, they must be supple—

mented by data on the volume of rainfall and the runoff from
the drainage area, The drainage area above Pag-t'ou.is 394,780
square kilometers, but most of the drainage area between Lan-
chou and Pao-t'ou is .an almost level plain-and its rainfall
contributes little to the flow 6f the Yellow River, There

_.h5'-/€y » ' |
* RESTRICTTZD
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are, moreover, many irrigation ditches around Ning-hsia, Wu-yuan and
Sa-la-ch'i which draw water from the main stream. This stretch is
very dry, with desert conditions in many places, and the Yellow River
is greatly diminished in volume by its meandering of several hundred
kilometers here.

According to the four-year survey and report by the International
Famine Relief Commission, from which the above data was derived, the
flow during April was under 200 cubic meters per second, and reached
a low of 145 in April 1931. It is evident that most of this water
comes from the headwater arza above Lan-chou. Flood water at Pao-t'ou
rarely exceeds 4,000 cubic meters per second. -

In normal years the summer flood water at Pao-t'ou is 2,000
cubic meters per second, but in 1933 it reached 3,600. At that time,
the maximum flow at Lan-chou was 7,000 cubic meters per second. In
1934 the maximum flow at Pao-t'ou was 2,200 cubic meters per second,
and that a Lan-chou was 5,400. The-average flow at Lan-chou in
August 1934 was 3,712 cubic meters per second, while that at Pas-t'ou
was 1,875. The loss of water between Lan-chou and Pao-t'ou during
the summer amounts to approximately 50 percent. Therefore, although
the loss during the other seasons is somewhat less than in summer,
it can be assumesd that the loss for the entire year is 40 percent.
The volume of flow at Pao-t'ou will be estimated from the rainfall
and the relation between the flow at Lan~chou and at Pao-t'ou.

The Yellow River drainage area above Lane-chou is 216,180

square kilometers, and has an anmual rainfall of 40O to 600 milli-
meters, Tnc wverage for the entire basin will be taken as 450 milli-
meters. The area has extensive forests and pastures which prevent
the rivers from carrying away the quantity of silt that would be ex~
pected from the extensive loess deposits. Since most of the area is
mountainous, the runcff percentage must be quite high. Following
are the runoff percentages of rivers in Manchuria and North China:

Upper Sungari River - 52%
Mu~tan River - 40%
Luan River - 18% .
Yung-ting River - 9%
Hu-t'v River - 187
Yalu River - 60%

Although the runcff from the headwater area of the Yellow River
is not as great as that of the Upper Sungari or Yalu Rivers, it is
far greater tharn that of the Luan or Hu-t'oc Rivers .nd is about the
same as that of the slu-tan River. The annual runoff may, therefore,
be quite safely set at 40 percent,

The annual flow at Lan-chou is thus

216,180 x (1000%) x 450 x 40 + = 390 x 108
T 1060 100 L .

e _AQ
7T
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. o -With a 4O percent loss of flow between Lan-chou and_Faé—t'ou,
' . the total annual flow at Pao-I'ow is 22,200,000, 000 cubic laeters,
" . or an average of 705 cubic metsrs per secondt

o ... Since the abuve statistics contain nc data for Janpé}y,
« February or liarch, these filgures must be estimated from tha data
for the Upper Sungari River. - .

The drainage area above Lan-chog is 216,180 square kilometers
and the average anmual rainfall 450 millimeters, while the driin-
age of the Upper Sungari River sbove Heiao-feng-man is 43,900
Square kilometers~and the average annual rainfall €00 millimeters,
The volume of flow in winter at Lan-chou would, calculated from
the drainage area and rainfall, be 2,78 times the flow at Hsiao-
feng-man Zssic_fﬁk The flow at Pao-t'ou is only 80 percent of-that at
Lan~chou, The following table shows the flow at Pao-t'ou, with
estiniated data for December, January, February.and March, .

Calculated Flow at Pac-t'ou

| : :
Pao-t'ou | Lan-chou éUpper Sungari River! Shan } Ratio of v}
(cu m/sec) ](cu*m/sec) { above Hsiac-feng- i on Pao-t'ou to
man ["sic_7 {Yellow River | Shan Flow
) l (5-yr average)
Jan 136 ! 170 62 382 0.356:1 441
i Feb 120 } 150 | 54 468 0,256:1 f
I T 1
L || var 200 j 250 | 90 663 0.304:1 !
[ hpr | 369 l’ l 733 | 721 0.512:1
' [
May | s | ] 540 739 0.883:1 !
- 1 i —
Jn e ' 05 i 1,082 0.576:1 |
: , -
ul | 729 | 1,260 I 2,567 0.273:1 |
! r '
L dug 1,28, | 1,345 3,787 0.339:1 f
| ser Lugs | 606 2,02 | Leoo:l |
! [ :
Oct 1,195 | l’ 432 | 2,005 | 0.594:1 |
! i ‘fﬁi | l
L'NOV 933 i 242 1,002 4 0.910:1 4
! . § — - 1
Dec 209 261 | 9% 523 | 0.495:1 !
—— ] . B ST T R S
Year 660 ]f | 520/sic] 1,365/si¢ ©0.485:1/51c
fotal | 20,800,000, 37,000,000, 16,400,000,000 | 43,000,000,
flow | 000 000 { 000 |
cu in): I 1 ' )

This data yields an dverage annuel flow at Pao-t'cy of 660
cubic meters per second e a tetal flow of 20,800,000,000 cubic

= Ly l{"w
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meters, which is only slightly less than the figure calculated frum
the rainfall and runcff. This figure has therefore been adopted for
the calculations.

o The above table gives the ratic of annual flow of Pao-t'ou to
Shan as 0.485:1. The summer and winter ratios vary between 0.25:1
and 0.35:1, while the spring and autumn ratios vary from 0.5:1 to
0.6:1, In May and September it reaches 0.9:1. The following chart
shows the average monthly flew. In winter, the extremely low
temperature and freezing in'the headwater area results in less flow
than in the downstream area, while in summer the entire drainage
aiea receives heavy rainfall, producing severe floods in the lower
river,

- bg _/?' ’
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AVERAGE FLOW AT PAO-T'OU
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p. Volume of Flow between Pao-t'ou and Shan (see following chart)

The difference between the total annual flow of 43,000,000,000
cubic meters at Shan and 20,800,000,000 at Pao-t'cu leaves a total
: anmual flow between these points of 22,200,000,000 cubic meters.
The drainage area of the Yellow River between these points is
320,000 square kilometers. It has an annual rainfall of 300 to
600 millimeters, so that the average may be considered 450 milli-
meters. There are extensive loess deposits and flat-toppec moun=
tains. All the land is cultivated, including the foothills,
except where barren, which means that a high percentage of land
is under cultivation. The area thus may be assumed to have a
runoff percentage equal to or slightly less than that of the Luan
or Hu-t'o Rivers. The annual runoff is therefore set at 15 percent.
The anrmal runoff between Fao-t{'ou and Shan may be calculated in
the following manner:

8

320,000 x (1000°) x 450 x 15 = 216 x 10° cu/m
1000 100

This result largely agrees with the figure calculated from
the difference in flow between Pao-t'ou and Shan. The 126,000
square kilometers in northeastern Shensi and northwestern Shansi
which form part of this drainage basin have a direct influence
upon increasing the flow to the various water power sites between
Pao-t'ou-and Yu-men-k'ou. The rainfall increases from 300 milli-
meters in the north to 500 in the south, and averages 400 milli-
meters for the entire basin. Thereforz, the total runcff for
this area, calculated at 15 percent, would be as follows:

120,000 x (10009 % 400 x _15 = 72 x 10°
1000 100

: | -8/
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D.  Flood Volume
Subcommittee No 2 of the North China Committee made a detailed
study of flood volume, so this report will only summarize its results,

Records and data about the maximum flood water volume were
collected ‘at Shan, Lung-men and Pao-t'oy. The normal maximum flood
volume at Shan is estimated, on the basis of the 17-year record -from
1919 to 1935, at 15,000 cubic meters per second. If so, the maximum
flood volume of the Yellow River above T'ung-kuan and that of the
Wei River do not coincide. There is, however a definite possibility,
that they may sometimes coincide and then the maximum flood volume
at Shan would probably exceed 23,000 cubic meters per second.

The following table shows the factors in the maximuh Yellow
River flood in 1933, and the maximum flood volume of its tributaries.

. Factors in the 1933 Yellow River Flood at Shan
I T . I
Drainage | Contribution Maximum Maximum
Area to Flood at Flood of Each | Flood Possible in Each
sq km Shan Tributary Drainage Area
cu nfsec
T'ung-kuan
to Shan 4,000 ' 300
{
Wei River
System
Lo River 25,000 300 2,500 4,500
_ Ching " 38,000 12,000 12,500 15,000
S Wei m 59,000 4,000 6,000 7,000
'Fen River 40,000 1,800 3,000 4,500
Pao-t'ou to
Lung-men 140,000 2,300 8,000 10,000
Above . A :
Fao~t 'ou 2,200 3,600 5,000
Total o 22,600 41,000 [“sic_7

. The maximum possible flood water volume at Shan is 41,000 cubic
meters per second, but in actuality it is safe to assume that only two
or three floods will coincide. Consequently, the maximum possible
flood water volume at Shan is really between 25,000 and 33,000 cubic
meters per second.

No record has been kept of the maximum flood water volume at
Lung-men. = According to reports on Hu-k'ou and Lung-men by the
Geological Survey Burcau, the 1933 summer volume of flow at Lung-men
was approximately 8,000 cubic meters per second. In that year, estimat~
ing from marks left by the floodwaters, the flow reached approximately

-50_%",,
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10,000 cubic meters per second. The flow at.Pao-t'ou was at that: .
tlme 2,000 cubic meters per second, so that approx1mately 8,000 :
cubic meters per second must have been added to the river between
these points.

During floods the river at Lung-men is 600 meters wide and
touches steep cliffs on both sides. Three to four meters of silt
are washed up from the river bed, making the river six to seven
meters deep during the maximum flow. The cross-sectional area
of the river reaches at least 4,000 to 6,000 square meters. If
the average rate of flow is three meters per second, the maximum
volume of flow must reach 12, OOO to 18,000 cubic meters per
second.

Floodwater is greatly reduced at Pao-t'ou from the floods
which reach Ning-~hsia by the Ning-hsia - Suiyuan river course.
The summer volume of flow at Pao-t'ou therefore, varies only
. slightly from 2,000 cubic meters per second. In the summers of
1933 and 1934, the maximum flow at Lan-chou was 7,000 and 5,000
cubic meters per sccond respectively. By the time it reached
Pao-t'ou the volume had been reduced to 3,600 and 2,200 cubic
. meters per second resgectively.

it the mouth of the iiin-sheng Canal,20 kilometers downstream
from Pao-t'ou, the volume is said to never go beyond L,000 to
5,000 cubic meters per second. The estimated maximum flood volumes
may be summarized as follows:

Shan - 30,000 cu m/sec
Lung-men - 15,000 "
Pao-t'ou - 5,000 " '

V Silt Content
4. Introduction ‘ ' |

The Yellow River carries a heavier silt load than any other
river in the world. This characteristic is very important for
the electric power development plans as well as for flood control.
The great quantity of silt in the Yellow River comes from loess-
covered hills, which comprise 25 percent of the drainage basin.
hccording to WENG Wen-Hao, head of the Geological Survey Bureau,
¢ loess occuples the following areas in the drainage basin:

- 51 -4
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Loess Areas in the Yellow River Basin

Py

Drainsge Basins | mount of Losss 4
b e e e T TTERE
Above Lan-chou | 60,000 sq km !
'Lan~ch5u to.Ning—hsia i 55,000 n @ f
Wel River ! 26,000 " ?
Ching River ( 2,000 " u ;
Lo River (Shensi) i 16,000 # n |
Fen River ; 11,000 n |
Hsi-an to Kuan-yin-t'ang f 1,000 n » :
T Lo River (Honan) g 2,000 " f
Ot;ier ! 15,000 » n j
‘ Total T T e v e T

From the middle of November to May the silt -content in the
Yellow River between T'ung-kuan ahd the mouth is not more than six-
one thousandths by weight. In the winter low-water season it is
considerably less. This silt is erocded by the swift mountain
streams in the headwater area and washed downstream. The silt con-
tent decreases after the river enters the alluvial plains.

In the spring, with the prise in the river, the silt content
also increases, multiplying several times within a few hours.
Thereafter, the silt content varies above 1 percent and does not go
below the winter load. However, in a long dry spring, when the flow
remains below 500 qubic meters per second for a protracted period,
the silt content may decrease further,

During the summer flood Season the silt content reaches a
percentage unequalled by eny river in the world except for one or
two others in northern China, In some of its tributaries, the silt
amounts to 50 percent by weight (40 percent by volume). The silt
is practically all mineral matter, varying in size from very fine
sand to clay. This silt is washed out by the torrential summer
rains, from the extensive loess and tertiary clay deposits in the

Kansu below Pao-t'ou, and relatively little from the headwater area
of Ch'in-ghai, Kansu and Ning-hsia.

According to the report by the International Famine Relief
Commission, the silt content at-Pao-t'ou and at-Lan-chou is. almost
the same, so most of the silt load. at Pao-t'ou must originate above
Lan-chou. However, the slight gradient in the 1000-kilometer
stretch between Pao-t'ou and Lan-chou reduces the volume of flow.
‘This is similar to the situation betwsen Shan and the river mouth.
The silt content at Lan-chou should therefore be far greater than
that at Pao-t'ou, the silt settling out before the river reaches

- 52 —/"v,',"
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there. At any rate, silt brought from above Pao-t'ou has very
1little effect upon the lower river. Most of the silt load at
Shan comes from the "'ei River basin.
B. $ilt Content )
The only available data on the silt content of the upper
Yellow River was taken at Shan, Lung—men and Pao-t'ou over a
period of several years,
Silt Content Data on the Upper Yellow River
Location ? Years Source of Data Remarks
Shan 1920 "Thoughts on the Yellow River"| Averaged from a
‘ few observations
| each month.
b
1921 n i
1929 " hveraged from a
few observations
each month, (in-
| cluding December
1928)
1933 National Hydrological Report Maximum and mini-
i mum
1934 " { Lverage, maxi~-
! mum and minimum
B 1935 " ? "
I —_ :
Pao-t'ou 1930 ! Internation Famine Relief ] hveraged from a
- i Commission few observations
} each month.
1931 i n 1t
1933 l " "
1934 ! Naticnal Hydrological Report = | Average, maximum
g and minimum
L ! 1935 ; " . " j
These sources show that the greatsr portion of the silt load
at Shan comcs from below Pao-t'ou. Since all the water power sites
. are below Pao-t'ou, some research on silting in reservoirs is nec—~
essary, especially at the San-men Gorge and the other sites below
the junctions with the Fen and Vei Rivers.
C. The Yellow River Alluvial Plains
The following information was extracted from the recent
observations upon the Yellow River alluvium depositien published
= 53 s+
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by the League of Nations.in "Research .aterial on Improvement of the
Yellow River." Floods, especially very destructive ones, have not
occurred at yearly intervals during the last few centuries. For
instance, during the 300-year period of 1552 to 1852, when the river
last changed its course, 98 floods are recorded, only 13 of which
caused widespread destruction. -

These 98 floods occurred during 83 of the 300 years (some years
had two or more floods). During the other 217 years the dikes held.
The entire volume of alluvial soil, less the amount deposited on the
river bed, was carried to the sea.

Hydrological experts who have studied the Yellow River estimate
that the average annual volume of alluvium carried down during flood-
less years varies between 300,000 and 600,000 cubic meters. The mean
figure, 450,000 cubic meters, has been taken for purposes of calcula-—
tion. If an annual average of 75,000 cubic meters is deposited on the
riveribet, 375,000 cubic meters is the average volume carried out to
sea.

. During the 217-year period, 810,000,000 cubic meters of alluvial
s0il were deposited in the sea. It may be assumed that during the
years of the 13 destructive floods, most of the alluvium was deposited
at the breaches in the dikes. The maximum flow of water which will not
cause a breach in the dike rarely exceeds 8,000 cubic meters per
second. The maximum floods can reach 25,000 to 30,000 cubic meters

per second, as stated before. The mean average of the maximum flow
which will not cause a breach in the dikes (8,000 cubic meters per
second), and the flow during the 13 great floods, is 16,000 cubic
meters per second. .

Uther things being equal, the silt load increases more rapidly
than the rate of flow. (Some contend that the silt load is the
fourth power of the depth of water.) Since more adequate data was not
available, the Committee estimated 1,350,000 cubic meters as the
volume of alluvium washed down.by sach of the 13 great floods. These
figures are helieved accurate enough to serve as a basis for subsequent
calculations,

The volume of alluvium washed down during the remaining 70 years
of comparatively minor floods was taken as 900,000 cubic meters, the
average of the two formsr figures (450,000 and 1,350,000 cubic meters).

Since there is no other suitable source material, the Committee
prepared -the following hypothétical table to show the average vercent-
age” of silt content by weight at Shan,

...5)4-/4
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The following table compares the 51lt content at Shan with that
at the Pei-p'ing-Han-k'ou Railway Bridge, as observed ln a study of

China's water supply problem.

Sllt Content.at Shan and at the Pei~p'ing -

‘Railway Bridge

HéniR'ou:f

e Shan Pei-p'ing -~ Han-k'ou Ra;lway Brldge
Average Flow 5ilt Average‘Flow Sllt : o
(cu m/sec) Content (cu m/sec) Content
(%) (%)
Jan 365 0.63 300 0.k
Féb 458 0.81 500 0.6
Mar + 655 1.15 700 0.8
Apr 715 1.28 700 1.0
lay 741 1.28 600 1.5
Jun 1,076 1.87 i 800 1.5
Jul 2,651 4,28 : 2,000 3.0
sug 12,818 5.46 3,000 5.0
| Sep 2,440 3.03 i 2,500 3.0
| Oct 2,017 2,76 : 1,500 2.0
Nov 1,027 1.63 ’ 1,000 1.5
Jee 123 1.15 600 1.0
Year N o 3.3 2'1_7

According to this table, the volume of silt at Shan is approxi-
mately 10 percent greater than that at the Pei-p'ing - Han-k'ou
Railway Bridges The silt content at the railway bridge is 3.3 per-
cent. With an average annual flow of 1,210 cubic meters per second,
the river carries an average of 25 cublc meters of silt per 'second,
or 2,160,000 cubic meters a day. In a year this amounits to
946,000,000 [Elg7 cubic meters. Therefore, the annuil volume of silt
carried past Shan is 1,000,000,000 to 1,100,000, OOO cubic meters,
an average of 1,050, OOO OOO cublc meters.

The flow at the Grand Canal is 1,200 cubic meters per second,
and its silt content is 1.5 percent. Thus half the silt carried past
Shan scttles between the Pei-p'ing - Han-k'ou Railway Bridge and, .
the Grand Canal, and the remainder is carried on to the ssa. . =~

—56=
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The plains east of the Pei-p'ing - Han-k'ou Railway Bridge
and north and south of Ch'in-tai (IN: perhaps Shensi Pocket)
are covered with 700 billion cubic meters of silt from the
many tributeries of the Yellow River. If the silt content of
the river has always remained constant, this silt must have
been deposited during a period of 7,700 years.

. L
The ratio of monthly and flood period silt load to annual
silt load carried past Shan in 1934 and 1935, shown in the
following table, was taken from Todd and Eliassen's "Yellow
River Problems".
Monthly and ¥lood Silt Load‘Perceqﬁéges at Shan
Periods 3ilt Content Percentage of Year's Total
1934 Total 1,452,000,000 cu m 100.00
July 138,700,000 cu m 9.52
hugust 709,400,000 cu m 48,80
September 163,800,000 cu m _ 11.25
(Subtotal) 1,012,900,000 cu m/sic/ 69.70/s1c/
7 Jul to 12 Jul 46,000,000 cu m 3.17
9 Jul to 17 iug 473,000,000 cu m 32.60
1 QOct to 8 Oct 115,000,000 cu m 7.93
(Subtotal) 634,000,000 cu m 43.60/sic]
1935 Total 1,272,000,000 cu m 100.0
July 229,500,000 cu m 18,0
August 585,900,000 cu m 4L6.0
September 123,400,000 cu m 9.7
(Subtotal) 938,800,000 cu m 77.3/sic]
6 Jul to 1 Jul 35,600,000 cu m 2.8
sic .
6 Aug to i_ﬂu 320,000,000 cu m 25.2
sic
(Subtotal) (375,600,000 cu m/5ic/ \29.5/sic]

. This table shows that the volume of silt carried by one or
two short floods is nearly half the annual total (43.6 percent
during three floods in 1934, and 29.5 percent during two floods
in 1935). Nearly 80 percent of the total annual silt load of
1,250,000,000 {E§g7 cubic meters is carried during July, sugust
and -September (69.7 percent in 1934 and 77.3 percent in 1935),
and 50 percent during august (48.8 percent in 1934 and 46 per-
cent in 1935).

The average silt load at Pao-t'ou during July, rugust and
September is “one-third to one~fifth of the load at Shan; during
the rest of the year it is about one-half.

The total annuel silt load at Shean is 1,050,000,000 13i97
cubic meters, 80 percent ZEic of which is carried during July,
August and September. ' The total summer silt load at Shan is
840,000,000 cubic meters. The silt load at Pao-t'ou is one-
fourth of that at Shan and the flow is one-half, leaving a total
summer load there of 105,000,000 cubic meters. The total silt

-51-
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load at Shan for the remainder of the year is 210,000,000 cubic meters.

The silt load at Pao-t'ou is ohe-half that at Shan and the flow
is also one-half, which gives a total load ‘of 50,000,000 cubic meters.
The total annual load at Pao-t'ou is 155,000,000 cubic meters, 15 per-
cent of that at Shan, and the average silt load does not exceed 1.2
percent of the total annual flow of 20,800,000,000 cubic meters at

Shan.

The following tables compare the silt load in 1934 and 1935 at
Pao~t'ou with that at Lung-men and Shan.

- 58~
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With the exception of the amount which settled on the river bed,
the entire volume of alluvium carried by the 13 floods was assumed to
ave been deposited on the plains. Excluding that which settled on
[he riveribved, one half of the alluvium carried down by the floods of
he remaining 70 years was deposited on the plains. It can thus be
Palculated that, during the three centuries prior to 1852, some
.10,000,000,000 cubic meters of silt were carried down to the sea,
L5,000,000,000, cubic meters were deposited on the plains and
P,250,000,000 cubic meters settled on the river bed. This totals
157,250,000,000 cubic meters, or an annual average of 520,000,000
ubic meters. ’

These figures are not mathematically precise and merely serve to
ndicate the percentages. The estimated volume of silt deposited on
he plains is_too conservative. slthough a single flood carried
72,000,000 13197 cubic meters of silt, as shown in the table on page

s the above estimate of 1,350,000 Zgig7 cubic meters is far too low.
1so, the estimated silt load in floodless years is too low. Judging
from those figures, the amount of sediment deposited on the plains
hould be three to five times the stated figure, and the amount which
ettled in the river ted should also be several times the figure given.
The average annual silt load should be twice the stated 524 million,
r 1,050,000,000 cubic meters.

The volume of alluvium deposited on the plains fluctuates
Between 4O and 100 percent of the volume of that carried on the sea.
Jf breaches in the dikes were prevented, the rise in the river bed
yould inerease LU to 100 percent. Thus the rise, which has formerly
gmounted to 1.5 meters in a century, would probably increase to two
qr three meters.
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I Intro@uction

River Conditions, Gradient, Width and Effective Fall as They .
Affect Water Power

N Broadly spesking, the Yellow River may be divided into three

major water—power areas: &an upstream area from Kuei-te through

Len-chou to Chung-wei; = middle area from Ho-k'ou-chen to Yu-men~

k'ou, and a downstream area from Shan to Meng-ching, Data for

the upstream area is scarce, and the erea is far away from present
~ potential consumers of water power. This discuseion is, there-

fore, largely limited to the middle and downstreem areas.

The upper stream from Lan-chou to Chung-wel flows through a
rock-strewn gorge. Near Ning-hsie 1% flows out upon the Ordos
plain and meanders in a great bend for a distance of 1000 kilo-
meters, At Ho-k'ou-chen, the veginning of the midstream section,
1t again enters a gorge and flous directly south, forming the
boundary betweed Shansi and Shensi.

‘Following is a description of this mid-stream section (based
on "Thoughts on the Yellow River," "Water Supply Problems in Chine,"
Mr OKOSEI's "Preatise on the Control of the Yellow River" and on
aerial photograph maps) . )

" Below Ho-k'ou-chen the mountains gradually close in from both
sides until, at La-ma-wan, the river enters precipitous loess cliffs
20 to 30 meters high, which constrict the width of the river to
about 300 meters. At this point the water is from two to five
meters deep and flows at 1.2 to 1.5 meters per sccond.

Near the confluence with the Ching-shui River both banks are
limestone cliffs which reach 100 meters and more in height, and
continue past Hsis-chieng-wen and Lao-niu-wan on the Suiyuen-
Shansi border to a point 15 kilometers above Ho-ch'u. TFavorable
dam sites can be found almost anywhere slong this stretch,

The gradient of the river between Pso-t'ou and La~ma-wan, a
distance of 170 kilometers, ranges from 1/6,500 to 1/3,000; in
the 110-kilometer ravine area from La-ma-wan to Ro-chiu, it
ranges from 1/3,000 to 1/220.

Year Ho~-ch'u, the river broadens to 1,000 meters, but at
Hsun—chien-ssu, it again enters & series of gorges like those
around Hsia-ch'eng-wan. Bclow Pao-te, and also near T'ien~
chiao, midway between Hsun-chien-ssu and Pao-te, -the river con-
tains large boulders which produce swift rapids, Of all the
Yellow River gorges, this stretch between Ho-chin and Pao-te
presénts the maximum gradient--approximately 1/UL5 for a dis-
tance of about 55 kilometers.

Trom Pao—te past Lin-che-yu, Hei-yu-k'ou and Lo-yu-k'ou to
Chi-k'ou-chen, a.distance of approximately 208 kilometers, the
0 gradient is 1/1,540. The width of the river renges from 300 to
500 meters and cliffs exceeding 100 meters in height are found
on both sides of the river, Chia-chou, which is located on a
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100-meter cliff on the Shenel sidé in this stretéh; is one of-the:chief
cities along the gorges of the Yellow River. The other important cities,
such as Pao-te and Chi-k'ou-chen, are likewise situated rather high
sbove thé river, . - : TS
From Chi-k'ou-chen vast Wu-pu to the vicinity of Yen-shui-kuan,
the’ cliffs on both sides of the river become still higher, At Me~ien~
kuan,“ just above Hu-k'ou, they are over 400 meters high.  The course:.of
the river through the ‘zorges in this area 1s especially winding, ‘mee—-
suring 300 kilometers on the 200 kllometer air-line distance between -
Chi—kjpu—chén"and Fu-k'ou. The gradient ig only 1/2,300; :

@t Hu~k'ou, whete the river is apvroximately 200 meters wide, there
ig a waterfell with a fall of over 10 meters. Below this point, the
river has a promounced gradient. A comparatively short censl here
(approximately 2,000 meters long) would achieve & fall of over 30 meters.
For @S kilometers between Hu-k'ou and Yu-men-k'ou, the river is at its

. narréwest—spproximately 200 meters. However, it is at least 8 to 10
meters deep and the water is exceedingly celm, The average gradient
below the Hu-~k'ou waterfall is 1/1,100.

Below Yu-men-k'ou, ﬁhe cliffs suddenly open; the slope hecomes
gradual and the impression of & gorge disappears.

Throughout, the great bend from Yu-men-k'ou to Tiung-kuan and
Shan, the aversge width of the river ranges from 3,000 to 6,000 meters,
narrowing to 1,000 meters or widening to 10 kilometers in a few places.
g The average gradient ranges from 1/3,000 to 1/4,000. The banks level
off and there is no site sultable for dam construction. :

. Below Shan the width of the river graduelly diminishes to an

. average of 300 to 500 meters at flood level. A 20 per cent grade at
both banks forms & gorge 160 kilometers long vhich extends to a point
25 kilometers above Meng-ching, where the river graduelly widens agein
and enters its dyked portion, This gorge generally resembles the
terrain between Ho~k'ou~chen anq Yu-men~k'ou, ’ R

The topography and soil conditions of this area heve been sur-
veyed by Mr -BLIASSIV and in the survey maps of the Yellow Biver Water
Supply Committee. The elevation at Shen is 290 meters while that at
Meng-ching 18 118 meters, a fall of 172 meteérs.in a distance of 215
ktlometers, This vields an average gradient of 1/1,200, - The gradient
in the gorge between Ching-tzu~yuan si§7 and San-men gorge is slightly
more tban_l/l,ESO——roughly 1/1,000 (San-men gorge is 25 kilometers
downstrean from Shan, while Ch'ing-tzu<yuan is the same distance up-
stream), Favorable dem sltes ere found all along this gorge, but Mr
TLIASSEY has recommended three sites: =above the San-men gorge;.at
Pa~ll-hu~t'ung, 30 kilometers below Yuan-ch'uj and at Esiao~hen-ti.

As has been explained, & total fall of epproximately 970 meters
exists betwoen Pao—t'ou and Meng-ching, Along the gorges of the
middle area end the downstream ared; there are favorable dam sites
gverywhere, so that most of this fall (about 900 meters) can readily
be utilized by the plan for generating electricity.

v

’ - - 65 ’-,/9-
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II Basiec Factors in the Plan and the Selection of Sites

4. Besic Considerations in the Plan for Generation of Electriecity
'] ' ;

As stated above, the river's gradient in the gorges of the
middle and dowmstream portion largely rangss from 1/200 to 1/1,500;
accordingly, the hydroelectric plents should adjoin the dams, and
have very short canals or none at all. The gorge itself 1s narrow
in comparisod to the amount of flood water. There are probably
very few sltes where a hydroelectric plant can be built next to
a dem, as in the cass of the Ta~feng-men Dam on the upper Sungari
River and the Sui-ho Dam on the Yalu River. Consequently, it is
thought that hydroelectric plants similar to those at the Boulder
and Parker Dams on the Colorado River would be more -suitable.

4% Hu-k'ou and San-men gorge, however, where there is a feirly
appreciable fall downstream from the dam, considerable study
could be devoted to increasing the effective fall by us¢ of canals,

In establishing en over-all plan for the utilization of
Yellow River water power, the extreme yearly and seasonal var-
lations rust be taken into account, To produce electricity
efficiently, there must be large reservoirs. Thelr capacity
must total at least 20,000,000,000 to 30,000,000,000 cubic meters,
to allow for variations in the flow and for gilting,

There are only two possible sites for reservoirs of the
required capacity: Ch'ing-shui-~ho at the upper extremity of
the middle portion, and the San-men-gorge at the upper extremity
of the downstream portion, It is very important to determine
the size of the reservoirs required for the water power plen,
balanced against the area of land flooded, compensation for this
land and reservoir capecity for fleod control.

Even though Ch'ing-shui-ho, at the upver end of the mid-
stream sector, were to equalize the anmual flow sufficiantly
for the hydroelectric plan, if the water level at the San~men
gorge rose 4O meters above the mean water level, property des
Btructiom from flood would increase rapidly, At 70 meters, the
salt lakes in douthern Shansi would be ondangered. Since a
satisfactory study of countermeasures to dam off this territory
has not yet been made, the hydroelectric plan was divided into
two phases, :

The first phase avoids flooding too extensive arcas, Flood
water at Tung-fuen will reach only to 45 meters above mean water
level, Jjust enough for flood control and for carrying through
the three-month drought season.

The second phase will provide better river control and will
be accomplished as soon as possible after the property rights
in the flooded areas have been transferred. Its high water level
of 350 meters is calculated not to endangsr the Shansi salt lakes.

Almost all Yellow River hydroelectric sites are isolated by
Poor transportation end lack any facilities, The construction

work will require enormous instsllations for communicetions, .
housing, material Processing plants, etc. It would therefore be

- 66 A
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N better to have as fow sitea as poseible with a meximup capacitx, With

LR

| modern engineeriﬂg techniques as developed as they are’ “in Japan th

o], meximum water level in these dems should be 130 to 140 meters, Bar-
» ring special considerations, no deam in the plan should have a high-m

v w&terggevel of 1e€s than 70 or 80 meters. -

i .

B, Existiqg Sourca Material on Hydroelectric Power Plent Sites

VN " The Yellow ‘River offers highly suitable terrain for the ‘const Tuc= -’
tion of hydreélsctric power dams, In the last ten—odd -years when this
poseibility was attracting general attentian, gigentic dam construc-
tion came into worldwide use for flood control, generation of elec—
tricity, irrigation and weter transportation., The Yellow ‘River was

also studied from this viewnpoint., The following sites were suggested

as suitable for dams or hydroelectric power sites:

Ch'ing~shu1—ho ' : ABE Koryo of South Manchurian Railmay. 1938
Actuel field survey by the Committee, 1940

Near Ho-ch'u Draft of Shansi Water Supply Gonstructioﬁ Plan

<o

: * Hy-k'ou Mr TODD: "Hu-k'ou Waterfall Hydroelectric
s . Plan," 19?14 TN: Probsbly TODD: "4 Study
o of Shansi's Fivers," in Association of
Chinese and American Zngineers Journal,
Vol 15, No 1 Jemuary 1934, p 7 to 147

Profile and 2 1/50,000 Plen made from actual
surveys, 1934

i

Yutmen-k!ou Same

-Draft of Shanei Water Supnly Construction Plan,
S ELIASSEN: "Flood Control of the Yellow
o : ‘River by a Detention Basin®
- Topographic meps 1/5,000 and & 1/5%0,000 based '
. on a 1936 survey by the North Chine Water
Supply Committee

San~-men gorge

NMear Yuan-chiu : Topographic meps 1/50,000 and 1/20,000 based
on a 1936 survey by the North Chine Water
Supply Committee

Pa-li-hu~t'ung

»

BLIASSEY: "Flood Control of the Yellow River
by Detention Basin," 1936

Ground survey

-

Hsiao~hen-ti Same

C. Policy Governing the Selection of Sites

As shown above, the Yellow River Committee made an actual ground
survey of only one'si;e in the middle gection of the river, The other
sites were selected on the basis of: the above materials 1/30,000

- 67 = A
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aerial photos taken by the Army Ground Survey Department, and 1/50,000
maps prepared from the photos,

Existihg source material was relied on wherever possible, Yhere
lacking, selection was made with the help of general literature and
the 1/50 000 aerial photograph maps. Sites were chosen where the
river is narrowest, both banks have comparatively steep slopes and
the site is enclosed by large mountain blocks. The number of dams
required was determined from the preceding figures on required
resetvoir capacity, assuming the dams to correspond to the heights
set “forth,

Qites arc as follows:

No 1 - Ch'ing-shui-ho

¥o 2 —~ Ho-ch'u (since there is & pronounced gradient between
Ch'ing-shui-~ho and Pao-te)

Yo i T'ien~ch'iao '

o Y4 — Hei—yu-k'ou (the next site downstream between Pao-te
5

1

and Yu-men~ktou)

¥e 5 ~ Chi~k'ou~chen

No 6 ~ Yen-shui-kuen

Wo 7 - Hu~k'ou

¥o 8 - Yu-men-k'ou

Yo 9 - Sen~-men gorge (the site selected by ELIASSEYN, between
Shan and Meng-ching)

¥o 10 - Pa~li-hu-t'ung

No 11 ~ Fsiao-~hen~ti

N

Eight of these sites—~Ch'ing-shui-ho, Ho-ch'®a;-Chi-k'ou=chen,
Hu-k'ou, Yuwmen~k'ou, San-men girge,-Pawli-hu-t'ang and Hsizo-hen-
ti-~have been praposediprcviodsly,-while- three sites—-T*ten~chtisao,
Hei-yu~k'ou and Yen-shui<kuan<enre here proposed for the first time.

The following table shows the location end drainage area of
cach site. The hydroelectric plan is shown in Map 1 [f% front of
this publication/, end in the profile chart, . -

- 68 —/;
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Dan Exact Location of Site . Location.iDrainage
‘ : . of. Hyﬂroﬁ.Area‘ “
electric (sq k)
Plant
1 Ch'ing-shui-ho | 6 kn abovae Hsia—ch!' 'eng-wan, Direptl& ;425.156
© 7 Buiyuan below - S
dan
2 Ho~ch'u 177km above Ho~ch'u, Ho- Same. 4og, 850
St chfu District, Shansi T
3 T'ien—-ch'iao 3 km below T'ien-ch'iao, Same 433,200
Sl Pao-teo District, Shansi . .
I Hei-yu-k'ou 20 kn below Hel-yu-k'ou, Sams W2, 350.
- Hsing District, Shansi
5 Chi-k'ou-chen | 2 km bdelow Chi-k'ou~chon, | Seme U5g,950
Lin District, Shansi
6 Yen-ghui-kuan 21 km ebove Yung-ho~kuan, Same 4eg, us0
| Yung—ho District, Shansi
T Fu-k'ou Lung-wang, Chi District, 2,000 m {508,550
Shansi down~
g stream
from
dem
8 Yu-men~k'ou 5 km above Yﬁ-men—k'ou. Directly |51Y4,800*
Ho-ching District, Shanst below
dam
9 San-nen gorge | 25 kn below Shan, Honen Same 721,500*
10 Pe~li-hu~tfurg | 30 ki below Yuan—ch‘u, Same 725, 250%*
: Shensi
11 Hsieo-hen—ti 28 km above Meng-ching, Same 728,000
Honan :

The gorges of the Yellow River ar
steep banks, narrow in wromortion to f
" .considerable width to get flood wat

the banks.v

III. Denms

|

= 69 -/;'

e almost all V—shened wtth very
lood-water volume, and require
er Aownstream without overflowing
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Gravity overflow dems with spillways over most of the crest ere
best suited to this situation.

One very important fact in the design of a dam is the relation
of the river cross—section at the site to the flood volume which has
to pass there. Determination of the spillway width required at each
dam requires calculation of the flood volume there, This is given
in the table below,

The source material gives meximum flood data for only three
sites—~Ch'ing—shui-to (actually Pao-t'ou), Hu~k'ou and San-men
gorge (actually Shan), The flood flow at the sites between Ch'ing-
shui~ho and Hu-k'ou was determined from these figures and the re--
epective drainage areas, The plan to use the San-men gorge site as
e detention reservoir would decrease the flood discharge there from
30,000 to 15,000 cubic metere per second, permitting the flocd gates
there to be designed for this lighter load, as well as the modifica~
tion of the dams downstream.

Maximum Flood Discherge At Dam Sites

Site Drainage Drainage Calculated
Area Area Flood
(sq Im) Added Discharge
(eq km) (cu m/sec)
1 Ch'ing-shui-
ho 425,150 7,500
2 Fo-ch'u 428,850 3,700 g,000
3 T'ien-ch'imo {433,800 4,950 8,500
Y Hei-yu-k'ou [UU42,3%50 8,550 9,500
5 Chi-k'ou-chen|U458,950 16,600 11,000
6 Yen-shui~kuan| 428, U50 29,500 13,500
7 Hu-k'ou 508,550 ‘| 20,100 14,500
8 Yu-men-k'ou |515,310* 6,760 15,000
9 San-men
gorge 722,010 206,]00 30,000 To be reduced
to 15,000
cubic meters
per second by
flood control
10 Pa-~li~hu-~
t 'ung 725,860 3,850 30,000 To be reduced
to 20,000 cubdbic
meters per
second by flood
control
11 Hsiao~hen-ti {728,510 2,650 30,000 Same
N Y: Drainege area map at beginning of this
volune gives 515,308
- 70 -/7 .
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The high—water level at the Ch’ing—shui—ho site must’%e 581
the 1limit shown in the profile of the Yollow River (compiled from™
date givéd in Part 2, so &8s not to interfere with the Pei-p’ing— .
Suiyuan rallroad line. .Since the lowest point on this I1ine 1s 936 "
meters high the Pigh-water level must be 985 meters.’

The Sﬁn—men gorge site will ‘have a 325—meter high—water level
- &t Tlung-kuan durin% the first phese and & 350-meter level during
the second phase. This will not injure the salt lskes.- The other
sites will normally have a high-water level 3 meters lower then
the meaa river level at the next site upstream, in order to keep
the backwater from 1njuring that site during floods.

A series of 22 maps follows. The first 11 show the sites and
their vieinities in detail, on the basis of 1/50,000 aerial-
photograph meps and other maps, The last 11 ghow the cross-section
of the river at cach site,

These mepe are preceded by a table which summarizes the most
important findings for each site. ,
4 T )

Lféble appears on next page, followed dy seriés of 22 map37
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CROSS-SECTION OF CHI-K'OU-CHEN DAM SITE

SCALE 1:2,000 )
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CROSS-SECTION OF CHI-K'OU-CHEN DAM SITE

SCALE 1:2,000
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CROSS-SECTION OF HU-KOU DAM SITE
SCALE :2,000
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CROSS-SECTION OF SAN-MEN-HSIA DAM SITE

SCALE 1:2,000
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CROSS-SECTION OF HSIAQ-HEN-TI DAM SITE S ——— —
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. Iv, Reservoirs::

.

The still water areas were measured from the 1:50,000 aerial-
photograph meps and other maps and profiles. The reservoir T
capacities and other important figures calculated from them are: !
shown on the following table.

The upper portion of the storage capaclty of the San-men
gorge reservoir is to be used for flood control.

[Table follows on next page/
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Of the sites listed in the preceding table, the Ch'ing~shui-ho
and San-men gorge reservoirs heve the largest capacity, and exert a
great influence in the determination of the volume of available water,
However, their enormous still-water area will inundate extensive
erable land and many homes. The reservoir canacity at each water
level and the corresponding contour lines should be studied to deter-
mine the destruction df property which each level will cause.

A. The Ch'ing-shui~ho Reservoir

The following tabdle end graph were constructed, with slight ,
correction, from the 1:100,000 map and the profile of the Pel-p'ing-
Suiyuan Railroasd line. Taey ehow the still-water area and capacity
of the reservoir at each water level.

Cepacity of Ch'ing-shui-ho Reservoir at Different Water Levels

Water Level Depth of Stillewater Storage
(m above sea Water (m) Aree (sq km) Capacity

level) . (cum)
927 0 0 0
930 3 3 45,000,000
950 23 5 325,000,000
970 u3 107 1,350,000,000
990 €3 3,248 34,900,000, 000
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1,. MAP OF I ’UNDAT’D AREA BEHIND CH' IMG-SHUI-HO DAM
2, Suiyuen 5. EBung-chao
3, Scale of 1:50,000 59, Shui-ch'ang-Xou-men
4, ., 1-k!o~chao~meng 60. Pai-shih-t'u
5. Heia~ch'eng-wan 61. Saratsi (ch'angyhan*k'uo—luan)
6. Lao-niu-wan (Sa~la~ch'i) :
7. Poo-t'ou 62. Sha-pin-yai
g, VNan-hei-tzu 63. Mal-ta-ch'iao
9. F¥u-ch'eng~wan 64, Hsi-lao-ts'ang-ying
10. Hung-tung-wan 65. Tung-lao-ts'ang-ying
11, Kung-pu-ying-tzu 66. Ch'en-chie~hu-lu-t'ou
12, Te-sheng~t'ai 67. Y¥'ang-ssu-ying-tzu
13, Ttu-ho-ch'i 68, Hai-tzu
14, Tung-pe—shang 69. San-ko-chla
15, Sha-erh-pi- 70. Nan-ho-t'ou -
16, O-erh-ko—chen 71. Ch'ang-su-luan-k'uo.
17, Ta-pa-la-kai 72. Erh-shih-ssu~ch'ing-ti
18, Hel-me-pan-hsia 73. Rung-yen—~yao~t zu~tu~k'ou
19, FKung-chi-pan 7%, Huang Ho (¥ellow River)
20. Chu-orh-~ko-tai 75. Ts'ang-iou-yao-tzu—tu-k!ou
21, Yang-t'ung-shun~ko~tu 76. Chie-pi-t'an
22. Hsing-sheng-lung 77. liien-li-ying-tzu
23, Hslao-cho-chiao-t'ang
24, O—erh—tq—esu Tgo~i Hou-ch'i Wang-tu
(Ordos left wing, rear banner prince's headouarters)
25. Te-sheng-kung 78. Lao~li-yao-tzu
26, Hao-ch'ing-ho . 79, Eu-ssu-t'ai Ho (River)
7. Chiao~chieh—ko-shang 20. Liu-lin-tzu
28, ZErh-ying-p'an 21, Shih-erh~ch!ing-ti
29, Bu-pu-t'u-hao g2, Chao-ssu~ying-tzu
30. Hsu-chia-~hao 8%. Hsing-erh-yao-tzu
31, Shih-la~t's gh, Cn'!ih-san-hao
32, Ha-shih-la~kou (River) g5. 'Kou~hang-chao-chu-kou-ke~pe.
33, Ha-ghih-la-chao 26, Wu-kai-shih~1i~hao
34, Hsiso~-ne~lin-kou 87, Ma—kai-t!u-chao
35, Shih~chia-ch'uan-tzu 88, Pao~shao-ko-tu
36, Hei~tou-hao €9, Ta~nei-hao
37, Pao-t!'ien~ko-tu 90, O-erh~to-ssu Tso-i Ch'ien-ch'i
38, Wua-nien-fang Pei-lo~fu (Ordos left wing
39, Hui~-ch'ang-tzu-~tu~k'ou front banner beileh's headquerter
L0, Eru~tao-kuat 91, Mei~tai-chen
41, Hsia-chin~chia-ko-wa 92. Shang-hsi-li-ch' 1
42, Pai~yen-nzo . 9%, Ku~yen
43, Erh-teo-kusi gk, T'o-ssu—ho~chen
44, Erh-meng~tu-k!ou 95, Ch'iao-chia~ying-tzu
45, Li-chan—Wang—ko—tieh g6, Hei hei-tzu (Lake)
46, Ma-lung-feng 97. Su-po-kai
47. Shih—p&—t'u—la—hai g8, Ch!iao-erh-ch'i
48, ZEuen-niu-pe 99, Pai-yen-ch'ang-han
49, Erh~-lac-nan-yaoc-tzu 100, San-chien~-fang
50. Wang-cheng-hao 101, Jen-san-yao-tzu
51. Wu-tso-t'a 102, Mao-tal-chen
52. Ma-pao-hao 103. Mien-li~ying-tzu
53. Hsi—shen-mu~ying—bzu 104, Shih-yao-tzu
54, T!a-pin-chlen 105. hsi—o—chlasshu—hu—lun
55. lMu-hua-kou (River) 106, Meng-k'eng-tu-k'ou
56, Shih-tso-yao-tzu - 107, Chu—kuel—t1en—ko—1iang
57. Chao~chia-tstun 108, Wang-hsi~yao-tzu
- 87 -
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S%%?tiﬁle—%?ﬁa—yen—f ang 166. Ha-te~t'u-hao
110. Shih~ta-ku 167. T'u-chis-ying-tzu
111, Chih~hu-lun 168. Tae-wu—shih-chia-tzu
112, Hsi~chang-kai-ying-tzu 169. Ma-chia-tang-p'u-liang
113, Ts'un-kou-yao-tzu 170. Ch'ang-chia-ying-tzu
114, Po~erh-tung 171. Yang-tang-luan-k'uo
115. Tung-chlang-han-su 172. I-chien-fang-tzu
116, Se~la-pen-liang 173, Yu-fang-ying-tzu
117. E'ung-tui~-p'u 174, Ho-t'ung-ying-tzu
118, ZKung-yeh-kai-kou 175. FHei-ch'eng
119. K'o~k'o-1i-kou . 176. Hei-shui-ch'uan-tzu
120. K'un-tu-lun-kou 177. Ta-yang-ch'ang '
121. Sun-chia-t'a 178. TFeng~yen-tang-fang-kou
122, Na-lin 179. Hsiao~hei-hao-lai
123. Psi-tung-liang 180, Nan-hao-lal
124, Hou-hao-lai~-wan 121, Hsiao—chang-kai-ying
125. Chl'eo-hao 1€2, Pan-kou
©126. Ta-hel Ho (River) 183, Shih-kuai-tzu
127. Esin-ying-tzu 184, Hou-ko—pa
128, Ha-lin-ch'ao 165, La-ma~wan
129, San-liang-ts'un 186, Ch'ien-me-sen-yao-tzu
130, Xao-ch'uan-ying 187. Wu-liang-su-tfai
131, Te~nao-shang : 188, Pai-lung-miao
132, Shan-tan 189, Ta~tzu-ko-leng
133, Ta-tai 190, Liang-chen-yao
134, Ta—tu-li-pa ’ 191, Yao-kou
135. Wu-shen 192. Hsu-chie~t'a
136, San-tao-ho-tzu 193, Fan-chia-ts'un
- 137. FEuang Ho (01d cours e) 194. Tien-tei-kou
138, Ch'a~ha-ying-tzu . 195. Sha~t'a~tien
139. ILiu-lin-t'an 196. Hung-tTai-tzu
140, Tokoto (T'o-k'o-t'o) ' 197. She-shih~yen
141,. Ho-k'ou~chen 198. Ching~-tzu-kou
142, La~tzu-wan 199, Pai-t'ou-lang
143, Xu-tzu-hao 200. Chung-hao-tzu
144, Tung-chlang-han-nao 201. Nan-liang
145. TXuang-yuan-kung 202, Pai-ts'ao-t'a
146, Chia~ssu-ling-kou 203, ¥Wiu-lung-wan
147. E'uei-t'ung-pu~la~kou 20k, Ta-yu—shu-waen
148, Yao-tzu~ko-tan 205. Ssu-ti-pu .
149, Ta-fan-p'u 206. Mao-lin-t'ai
150. A-le~pu-la 207. TFuai-le-ma
151, T!a~pu—yao~tzu 208, Te~ta—lai-tan-pa
152, Chao-hung-t'al 209, Shuang~shu-ts'un
153, Hou-ho-chia-wan 210, Shih-la-~wy-su
154, Hu-shih-t'ao-la~hal 211. Lao~lung-pu~lang
155. Nien-fang-tzu 212. Sha-erh—ch'ing
156. Ch'i-hao-tzu-p'ing 213, Ku-hung-tai
157. Fu-lu-t'a ' 214, Ch'iao—fu-ying-tzu
158, DMNiao-liang 215. T'ao-su~hao
159. Shih-erh-%eng ) 216, - Ch'iao-erh-shih~ying-tzu
160. Chiu-ts'ai-t'an 217. Tung-hei-sha-t'u
161. Wu-pa-shih-yai 218, I-chien-fang
162. Hu-la-ko-ch'i 219, Pa-erh~tan-ying-tzu
163. Chang-suan~hu-lun 220, Nao-erh-pan—chia
164, Man-shui-ching : 221, Ch'ien-ch’ang-han-ko-tung
165. Kang-fang-kou 222, Tung-tao—la~t'u-ho
-8 -4
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(Continued)
223, Chia-lai-chen 240, Hung-shui-ch'uan-tzu

: 224, Ch'eng-kou-tzu o1, Tlu-kou~tzu

B 225. Huang-hua~feng-chi 242, Shih-pei-ts'an
226. She-pi-yai 243, TFu-chis-liang
227, ZXang-fang-yao-tzu ohly, Hei-tsui
222, Tle~k'o 245, Ch'ing~shui~ho
2729, Ma~chia~yao-tzu . © (Tsingshuiho)
230. Hung~sha-k'ou oU5, Hsing-shu-pei
231, Sen~chih-shu 247, Wu-chia-liang
232. Hung Ho (River) a24g, Hu-chia-yang-t'a
233, Ch'ien-shih-la-wu-su 249, Hau-shu-t'a
- 234, FEu-san-yso-tzu 250, Yang~chuang-wang

: 235. TFan-p'u-yen 251, Ts'ao-chia-kou
236. Yang-wa 252, Shih-tzu-kou
237. Wu-lan-pu-lang 253, Yang-chia-ch'a
238, Kusng-sheng-chuang 254, Hei-chuang-wang
239, Ching-lu-~tsui 255, Kan—kou

\ -89 -p
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The area of inundated arable land, the number of inundated
villages and the dispossesaed population were calculated, under
appropriate assumptions. from Mr KOBAYASEI's investigation. )
Findings are glven in the following table end map.. . o .

Inundation Losa From Ch'ing-shui-ho Reservoir ”-7

Water Level Depth of Arable Land No of No of Yo of

(m above sen Water Inundated “Village = Houses Persons
level) (m) (*) - Inundated Inundated Dispossessed
930 3 3.500"‘" o 2 19 gL
950 23 30,000* 9 273 799
970 43 1,263,000* T 1,453 7,075
990 63 4,150,000* T4 22, 435 139,530

*(TN: It is not certain whether the unit of measurement
referred to here 1s the Chinese unit MNOU /733.5 sa yd-]
or the Japanese unit ST [118.6 sq yd -/ since both units
are represented by the same ideogravh.)

- 90 £

ESTRICTED
Approved For Release 1999/08/25 : CIA-RDP78-03109A000200010001-6




AppFRXRBEIROr Release 1999/08/25 : CIA-RDP78-03109A000200010001-6

. RESTRICTED _ , ’

-

B. Sen-men Gorge Reservoir . e ‘ e

The table and the two graphs which follow show the still- |
water area and stormge:capacity of the San~men gorge reservoir
at different water levels, This material was prepared from
1:50,000 eerial-photograph maps, from a composite map showling
the water level ae surveyed by the Yellow River Water Supply
Committee, and from the profile of the Lung-Hal Railroad Line.

& portion of the still-water area, along the Su~shuil River
in southern Shansi, is constricted near its junction with the
Yellow River but is very extensive above this point. The pos—
gibility has been considered of damming thls off from the rest
of the still-water area as a safety valve in case of very heavy
flood, to keep the still water from spreading too far.

Since no sctual investigation has yet been carried out, &
high-water level of 350 meters, which would not inundate the
salt lekes, was set for the last stages of the 2d phase. The
following table gives figures for the still-water area and
storage capacity at different water levels, both when the Su-~
shul River area is held separate and when it is treated as an
integral pert of the still-water area.

/Teble and two grephs follow on next pages/
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, RESTRICTZD
Approved For Release 1999/08/25 : CIA-RDP78-03109A000200010001-6




QEI0 THISTL
-
©Q
by 1
o
o
o
-
o
o
o
N
o
o
o
<L
»
o
-
™
Q
© 7
-P y < 4 3 L] 4 1 v ¢
O  000'000°0Le" 6 G99l‘e 000000000k 9 e ‘e ol 054¢ i
(14 L
<  000°000°0R0°92 9'083°T 000000094 ‘12 98T - 09 ohE | .
O b00*000tozs ot . 09Tt 000°000°05G*6 §°906 0§ 0¢¢ _
0 » .
w 000°000°0TL ¢ fLG2 000‘000°0TL € -oRiLGe oh 0es M
S 000*000°0LS 0°L6 000°000*0L5 0°L6 02 00§ |
9 H
o 0 032 |
= i
[«}] i
2 . T
© (u o) (u bs) (uw ©o) (ut bs) i
Qo Iyoaesay Jo L33oede) BOIY Jo3em—TTI4S ipoaxesay Jo Lg313o=de)y eary I199eMm—-TTT3S (Teas1 W
m - (m) aegepm BOS 9A0QR W) i
. L L0 GESOT0 IOX SI VE4Y HEAIY INHS-QS ®HI NEHM ZI0 CESOTIO SI VENV HEAIL INHS—NS EHI NEHM 30 qadeq ToAST 20498 |
¥ | .
M I70AI0S9Y ©F10) usw-ueg JO £370ude) Puv TOAIT I8jey
- >
| € QELOTHISTE
| &
/ o
- <
- .
)]




ELEVATION ABOVE  WATER

RESTRICTED

CAPACITY AND AREA OF SAN-MEN-HSIA RESERVOIR
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280 0 ) 0 ) 0 o
300 20 56975 28488 569,760 569,760 ¢y
320 40 257,355 157,165 343,300 3713060 &
[ 300 20 330 50 1633975 710,665 7,106,650 10819.710 ¥
340 60 1,880,75 1528075 15220,750 26,040460 =
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1. MAP OF FLOODID AREA OF SAN-MEN GORGEZ DAM

2, Shensi 59. Ta'ang~t'ou-chen
3, Honan 60. Su-ts'un T
4, Secale 1:500,0p0 61, An-chia—-te'un
5., Shensi o 62. Wei Ho (River) or
6. Hsing-shih-chen 63, Nan—-t'an : i
7. Tac~hsien-chen © b4, Shang-chang-chen o
8., Chao-chia : 65. Ezin-shih~chen -
9. Tu-p'ing : 66, Ch'ih-shui-chen :

10. Shih-chia-chen ' 67. Hua-nsien

11. Chang-ch'iao-chen 68, Lo-wen-chen

12, Chin-ku--chen 69. Lilu-tzu-chen

13. Lu~ch'iao—chen . 70. Fu-shai-chen

14, Hu-shen-t'ou ‘. T7i. Ch'ung-ning-chen

15, Wen-ch'éng-chen . 72. Han-cn'eng

16, Yen-liang-chen : 73. Su-ts'unm

17. F¥lang—-ch'iao-chen : 74. Chinh~ch'uan—chen

18, Fuan-shan 75, San-chia~tsTun

19. Po-hsi-chen 76, Jan

20. San-yuan . 77. Tung-‘fv-neng
21. Yung-lo-chen ; - 78, Eain-Il-tsfun
22. Kao-ling ) ‘ 79. Ho~yang
23, Kuo-chia ~ . ‘ g80. Yan-fen-t'ou
24, T'ien-shih-chen ~ Bl. Lin-chin
25. Hsin-shih-chen 82. Wu-~wang-tu
26. Che-chi~ts'un 23, Ta~ting
27, - Yu-fang-chieh gl, Han~chuang
28, Cnieo-k'ou £5. Liu-shang-ying
29. 'Chu~chia—chuang © 86, Nan-wang-ts'un
30, Yu~chin-t'™an o 27. Ch'i-chi-chen
31, Yuan-t'ou-ko o - - g8, TFeng-liu-ts'un
32, Pei-t'ien : €9, - (Huang-leng-chen)
33, Chiso-ch'iao~t'an Huang-—lung-chen
34, Yang-kuen—chi 90, Hei-ch'ih-chen
35. Chin~p'ing-chuang 91, Wa-jen
36, Ts'ao-t'an-chen 92. Pei-pei-chia-chuang
27, lunghai Railway 93, Sheng-kao—shih
38, | Wei-nan 9L, Wu-hsing-hu
39. Tung-yueh~miao 95, Yu~lin
4o, Lin-t'ung 96. Ptu-chou (Yung~-chi)
41, Hsi-an (Ch'ang-an) 97. Pu-ch'ang
42, Ku=-ch'u—chen 98, Pai-chung-chen
43, Shuang-chfuan~chen 99, Cheo~1

. Iung~-yang-chen 100. P'ing-min (Ta-ch'ing-kuan)
45, Tung-chuang-tzu 101. Han-yang-~chen
46, Chluan-she~tu 102. Yang-chia-Yu
47, Ttung-chou (Ta-11) : 103, Hsiamo-hsi-chiao
Lg, Pling-lo 104, Chao-ts'un
49, Lo Ho (River) : 105, T'ung-kuan
50, Ling-erh-t'ou 106, Hua-yin
51, EKao-chia-ts'un 107. Hua Yueh (mt)
52. P'ing-hsin-chen 108, San~li-ch'ang
53. Ch!iang-~pai-chen 109. Ch'i-chia-wan
54, Chiu-lung-ts'un 110. VYang-hel~chen
55+ Pa-shih 111. Wan-ch'uan
56. Chiao-hsieh—chen 112. Chou-wang
57. ZXu-shih~chen 113. Wang-hsien-chuang
58, Pel-t'ai-chuang 114, Ta-hsien-kuan
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CAPACITY AND AREA OF SAN-MEN-HSIA RESERVOIR

WHEN SU-SHUI RIVER AREA IS CLOSED OFF

ELEVATION ABOVE  WATER
TANG-KU DEPTH
DATUM POINT(M) (M)
350 70 2ND PHASE HIGH-WATER LEVEL 350.0M .
[ Z{ DEPTH FOR FLOOD)
= CONTROL
DEPTH FOR
©| ELECTRICITY
MINIMUM WATER
LEVEL 3320M | ~—
| 330 50
' IST PHASE HIGH-
| 320 40J®
DEPTH FOR ) IST PHASE
GENERATING
Z ELECTRICITY
o
MINIMUM WATER WATER . ADDITIONAL
310 30 LEVEL 310.0M evevarion| oEpTH | Ll |"area ooy | CAPACITY Trosocoan
(I L) -KM.) | AREA(SQ.KM.) | (1000 CU.M.) - M.
. 280 0 0 ) ) 0
300 20 56,975 28488 569760 569760
320 40 257,355 157,165 3,143,300 3713,060
300 20_ 330 50 906,475 581915 5819,150 /9532210
340 60 1,478,600 1992,538 11,925 380 21,457,590
350 70 2,244,570 1,861,585 ° 18,615,850 40073440
| 290 10
280 0
“f s IRESERVOIR CAPAGITY 0 10 20 50
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‘I~ 11(1,000,000,000 CU. M)

T

=TT T T




Approved For Release 1999/08/25 : CIA-RDP78-03109A000200010001-6

CPYRGHT

Approved For Release 1999/08/25 : CIA-RDP78-03109A000200010001-6

RESTRICTED
(Continued)
115, Pei-hsin-chuang 14k, Wu~lung-miao
116, Chiang-chun-t'un 145, Jen~-chia-yao
117, I-shih 146, Lung-t'an-kou
118, Niu-she-chen 147. Yao-p'o-tstun
119, Fan-ch'imo~chan 148, Chieh~t&'un
120, An-i 149, T'u-ti-mino
121, Yun-ch'eng 150, Chal-hou
122, Chang-keng 151. Tung~chuang .
123, Wang-ts'un 152, Ch'eng-chia~ko-ta
124. Tungpu Reilway 153, Shih-chia-t'an.
125. Chieh-hsien 154, Yen-tzu
126, Iu-hsiang 155. P'ing-lu
127. leo-ssu—kou 156. Mao-chin-chen
128, Jui-ch'eng (50,000 Mao-chin-tu)
129, Chfang~lo-chen 157, Shan~hsien
130. Liu-wan 158, Ful-~hsing~chen
131. Huang Ho (Yellow River) 159, Ma-chia-ho~ti
132. Ta~an-ts'un ' 160. San-men-ts'un
133, Cheng-chia~ts'un 161, Chang-mao—-chen
134. Yung-lo—chen 162, Hsia-shih
135. Pfan-t'ou~chen 163, ZKuan-yin-t'ang
136, Wen-hsiang 164, Lung-hai Railway
137. Ling-peo 165. Ta-ying
138. Yung-ch'uen 166. Ts'ai-yuan
139, Pai-chia~ts'un 167. Chang-ts'un
140. Wang-chia-shan (mt) 168. Shih-yao

" 141, Wang-yu-k'ou . 169, Ylo-kou
142, Tung-kuo-chen 170. Fo-chai-mlao
143, Chang-tien-chen
- 94 - /f—
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V. Control of Flow, and Amount.of Usable Water

4 There has already been considerable discussion on the flow and res-
ervoirs of the Yellow River from the standpoint of water-power develop-
ment. The. questions arise as to whether generation of electricity at
gigantic dems 1s advantageous on the Yellow River, where there is a

great volume of flood water and a tremendous annual and seasonal vari~
ation in flow, and as to what can be done with the water stored in the
reservoirs and used to generate electricity. IExcept for a sudden increase
between the middle and the dovmstream sections of the potential water-
power area of the Yellow River, the drainage area increases very slovly
along the river's course,

Control of the ennuasl flow can be achieved at the upper extremities
of the middle and downstream sections, Ch'ing-shul~ho and the San-men
gorge, Consideration of the other sites is unnecessary since they
require relatively little storage capacity.

A, Ching-shui~ho Site

The drainage area for the Ch!ing-shui~ho site 1s 30,000 square
kilometers larger than that at Pao~t'ou. If this area averages 300
millimeters of rainfall e year, and has a runoff of 10 per cent, the
annual outflow would be 900,000,000 cubic meters.

This would give the Ch'ing-shui~-ho site an annual inflow of
21, 700,000,000 cubic meters, or an average of 690 cubic meters per
second, .

To equalize this ennual flow would require a usable storage capacity

. of 6,000,000,000 cubic meters, as shown in the preceding graphs
and in the following table, based on calculations from the flow at
Pao~ttou. '

, [Tabdle on following vage/
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-Bqualization of Flow at Ch'ing-shui-ho (Averagslfxl‘eg;;) )

A’vera e Flow Total Monthly Average Nonthly Excess|Monthly Bxcéss'|

(cu mfsec) Flow Volume | or Deficiency f{or Deficlency |

(1000 cu m) |of Usable| (cu m/sec) "} (10007 cu @)" |

e Water . .
(cu m/sec)
Jan 136 361,300 660 | () 524 (<) 1,403,500
Feb 120 300, 700 660 (=) 5h0 1(=)"1,353,000
Mer 200 535, 700 660 (=) 460 (-) 1,232,100
Apr 369 956,400 660 (=) 29 (=) 754,300
May 65U 1,751,700 660 | (=) 6 (=) 16,100
Jun - 619 1,604,400 660 (<) 1 (=) 106,300
Jul 729 1.952,600 660 | (A 69 (4) 184,200
Aug | 1,248 3,439,100 [1c] 660 | (£) 62l (#) 1,671,300
Sep | .1,465 3,797,300 - | 660 | () €05 (£) 2,086,600
Oct 1,195 3,200,700 660 (#) 535 (£ 1,432,900
Yov 933 2,418,400 [sic] 660 (#) 2713 (#) 707,600
Dec . 209 559, 800 660 (=) 451 1(=) 1,208,000 -
Total 660 20,880, 000 . 660 {£) 6,070,000
46,083,200
~6,073,300
- 97 ../'r"
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It is very difficult to provide for equalization of flow from
year to year, supplementing the flow during dry years with water stored
up from wet years, because of inadequate date at Pao~tlou. If the
situation ie similar to that at Shan, it would work out as follows:

Qapacity Requiréed at Ch’ing—shui—ho ‘to Equalize

the Flow from Year to Year

Minimim Average Amount of Usable | Capacity Required
Water (cu m/eec) (cu m)
200 500,000,000
300 1,500,000,000
Loo 5,250,000,000
h0CO 10,500,000,000
600 22,500,000, 000

-

The annuel flow at Ch'ing-shul-ho could be eaualized with a reservoir

. capacity of o4, 000,000,000 cubic meters, a depth of usable water of 15
. meters, and an effective capacity of 22,500,000,000 cubic meters, If

the reservoir at high water is 2,300 square kilometers in area, it will,

with an annual evaporation of 1,000 millimeters, lose 2.300.000,000

cubic meters a year through evaporation. This leaves a usable balance

of 19,000,000,000 cubic meters a year, or 600 cubic meters per second.

At 60 per cent load factor, this is equivalent to 2 maximum flow of

1,000 cubic meters per second.

B., Sites between Ch'!ing-shui-ho and Yu~-men-k'ou

" The sites between Ch'ing-shui~ho and Yu-men-k'ou have somewhat .
greater volumes of water available from their individual drainage basins,

Water Available Between Ch'ing-shui-ho and Yu-men-k'ou

Site Average Increased | Total | Average Maximum Volume
Flow frem | Flow from |- Amount of Usable Water
Upstream Individual of Usable | (cu m/sec)
Sites Drainage Water ‘
(cu m/sec) | Basin (cu m/sec)
(cu m/sec)
1 Ch'ing-shui-ho 600 1,000
2 Ho~ch'u 600 8 608 600 1,000
3. T'ien-ch'iao 608 12 620 620 1,030
4. Hei~yu~k'ou 620 17 637 635 1,060
5 Chi-k!ou~chen 637 3L 671 670 1,120
6 Yen-shui-kuan 671 Al 735 705 1,180
7 Hu-k'ou 735 Lg 783 740 1,230
8 Yu-men~k'ou 783 17 200 740 1,230
- 98 -4
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'c.

San-men Gorge. Site

The annual average flow at San-men gorge is 1,365 cubic
meters per second, or a2 total of Y43,000,000,000 ¢ubic meters.
Before completion of the Ch'ing-~shui-ho Dam, a dem et this site
would, as shown in the following table, require an effective
capacity of 1l4,200,000,000 cubic meters to equalize the flow

To keep the flow at 650 cubic meters per '
second during the dry period would requirs only 1,750,000,000
cubic meters.

during an average year.

ESTRICTZD

bl Y

Equalization of Flow at the San-men Gorge (Averags Year)
Month iAyerage Total Monthly Average | Monthly Monthly
Nonthly Flow Volume Excess or | Excess or
Flow (1,000,000 cu m)| of Usable| Deficiency | Deficiency
* {cu m/sec) Weter (cu m/sec) | (1,000,000
(cu m/sec) cu m)
Jan 382 1,021 /1,023]. 1,365 (=) 983 | (-) 2,634
Teb u6g 1,133 /1,132 1,365 (-) 897 |(~) 2,169
Mar 663 1,776 1,365 (=) 702 (-~) 1,880
Apr 721 1,869 1,365 (~) 6u4 | (-) 1,669
May 739 1,979 1,365 (-) 626 (-) 1,677
Jun 1,082 2,80l 1,365 (=) 283 | (-) 734
Jul | 2,567 6,275 1,365 (#) 1,202 | () 3,219
Aug 13,787  [10,11k4 [sic] 1,365 () 2,422 (#)Lg.tss
BT
Sep | 2,442 6,331 /6,330 1,365 (#) 1,077 | (A 2,331
2,
Oct 2,005 | 5,371 [5,370] 1,365 (A 6o ) 1.7157
1,71
Nov 1,002 2,59 [2,5977 1,365 (=) 363 | ()7 ouz
0
Dec L23 1,113 [sicf 1,365 (=) gk (-)'2.§§§;
) He
Total 1.35; 43,031 [sic/ (T 236
sic v 5:} 14,21
| /- 14,22

The total annual flow at this site varies between 20,350,000,000
and 67,000,000,000 cubic metere. The problem of equelizing the flow
from year to year, and increasing the flow appreciably and providing
for the dry years, can be understood from the table and graph which
follow, They show the relation between the minimum average volumes
of usable weter end the required storage capacity, as taken from 17-
years! observatione at Shan,

[ﬁraph on following paggT
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Capacity Required at-the San-men forge to Zqualize Flow from-Year to Year

Average Volume of Usable Water Capacity Hequired
(cu m/sec) (cu m) o

\ oo 1,000,000, 000
500 2,000,000,000

600 3,000,000,000

700 - 5,500,000,000

800 10,500,000,000

900 15,500,000, 000

1,000 21,000,000,000

1,100 2g,000,000,000

1,200 L5,000,000,000

1,300 ' . 63,000,000,000

[Braph follows on next page/
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In the 1lst phase of .the plan, the San-men orge veservolir will
.require an effective storage capacity for electric goneration of
5,000,000,000 cubic meters (actually 1,770,000,000 cubiz meters)
to malntain the mintmum flow of 650 cubic meters per second.during.
the drought period of average years, The flow will drop to 500 .
cubic meters per second during dry years. .

At the completion of the 24 phase, the effective storage capacity
will be 28,500,000,000 cubic meters, of which 22,000,000,000 eudic .
meters,will“be available for generation of electricity. According
to graph on the preceding page, the minimum average volume of usable
water will be 1,000 cubic meters per second, to maintaln'GO per cend
of electric power output during dry years. o

A capacity of 8,910,000,000 cubic meters will be required during
an &verege year to equalize the flow between Pao—t'ou and Shan in
coordination with the Ch'ing-shui-ho reservoir, as 1s shown in the
table below, However, to equalize the flow from yea? to year and
maintein a minimum average utilized flow of 600 cubic meters per
gecond will require 22,500,000,000 cubic meters, as shown in the
table on "Capacity Required at Ch'ing-shui-ho to Egqualize Flow from
Year to Year.! When coordinated with the Ch'ing-shui-ho reservolr,
there can be an almost complete flow equalization from year to year,

. with a minimum average usable flow of 1,200 cubic meters ver second.

Tlow EquélizationvBétweeh"Pao-t'ou and Shan (Average Year)

Average Total Monthly Average Monthly Monthly
|Plow Flow Volume Excess Zxcess or
(cu m/sec): (1,000,000 cu m) | of . or Deficiency
E : Usable. Deficiency| (1,000,000
Water | (cu m/sec) cu m)
(eu m/sec)
Jan 2L6 658 705 (=) 459 [(-) 1,229
Feb 34k 833 [832] 705 (=) 361 |(-) &6
e sic/ /
Mar u63 1,240 705 (=) 242 (- 4‘6E;‘
Apr 352 912 705 (=) 353 |[(-) 915
May g5 227 705 (=) 620 (=) 1,661
Jun L63 1,200 705 (=) 242 () 627
Jul 1,838 4,922 705 [(£) 1,135 | (4) 3
. [I.1337 7
Aug 2,503 6 705 [6,7047 705 (#1798 (4 816
Sep 97¢ 2,534 705 (#2713 (£ 708
Oct 810 2,170 705 (4) 105 |(f) 281
Yov 69 178 é: j; 705 (=) 636 |(~) 1,649
Dec 21k 572 /57 705 (=) 491 |(-) 1,315
Complete ) ‘
Year 705 22,150 /22,1507 705 () 8,910
/™~ 8&,912
7”; g,8u5
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1f the annual evaporation is 1,000 millimeters, thie reservoir's
high-water area of 2,240 square kilometers will lose 2,240,000,000
cuble meters annuslly through evaporation. Added to the evaporation
loss of 2,3%00,000,000 at Ch!ing-shui-ho, this totals 4,540,000,000
cubic meters, This leaves available 3¢€,460,000,000 cubic meters of
vatar, or 1,250 cublc meters per second. If the average volume of
usable water at Sgn-men gorge is 1,250 cubic meters per second, the
maximum amount 'of usable water at 60 per cent load factor will dbe
2,100 cubic meters. :

During the let phase the maximum amount of usable water will
thus be 3.3 times the minimum. The graph on the following pages show that an
average ussble flow of 955 cubic metere per second will be sufficlent
for generation of electricity, calculated to be on the safe side,
at 60 per cent load factor even during the high-water period.

later in the first phase, when the Ch'ing-shui-ho reservoir has
gqualized the annual flow at 600 cubic meters per second, the San—
men gorge reservolr will be sble to equalize the natural increase in
flow Between Pao-t'ou and Shan. The greph on the followirig pages show the
4 results of these calculations., The annual average 1iow between Pao-
t'ou and Shan is 705 cubic meters per second, with a November mini-
mum’ of 69 cubic meters per second.

After silting, the effective capacity for electrical generation
et the San-men gorge reservoir will be 650,000,000 cubic meters. Only
200 cubic meters per second of this will come from the drainage area
between Pao-t'fou and Shan, making a flow of only 800 cubic meters
per second at the San-men gorge. If a maximum of 60 per cent could
be used during the high-water season, the annual average usable flow
would be 995 cubic meters per second. '

_The graph on the following pages similarly shows the annual dverage
usable flow after the 2d phase as 1,090 cubic meters per second. After
completion at Ch'ing-shui-ho and the 24 phase at San-men gorge,
this would reach 1,250 cubic meters per second.

' The flow at Pa-li~hu-t'ung and Hslao-hen—ti is almost equal to

that at San-men gorge, but the planned canalling above Hsiso-hen~
t1 would reduce the usable flow there.

. [Greph follows on next page/
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VI Effective Head
A, DMaximum Effective Head
There is a loss of maximum offective head of 1 meter between
the high-water level and the discharge level when the hydroelectric
plant is constructed directly below the dam, and of 1 meter for
every 1,000 meters the canal is extended at Hu~k'ou.
Meximum Effective Head
Site THigh-;Water Discharge! Total|Loss in | Maximum ' __H';
Level (m) |Level (m)! Head |Head (m)| Effective |
(m) Head (m) '
1 Ch'ing-shui-ho| 985 928 57 1 56 }
2 Ho~ch™u goh 266 58 1 57 L
3 T'ien-chTiao g62 732 130 1 129 ‘
4 Hef-yu~k'ou 728 663 65 1 Bl i
5 Chi-k'ou~chen 659 ”E3 76 1 75 _ ___i
6 Yen—shuidkuan | 5719 505 [ nTTL 73 |
7 Bu-kTou 501 135 66 3 63 1
g Yu~men~k'ou 432 366 56 1 &5 '
9 San-men gorge o :
(1st Phase) 325 282 43 1 36 !Depth for !
' flood con-'
" ltrol 6 :
S meters
(24 Phase) 350 282 68 1 6L [Depth for
flood con-
trol 3 :
. R _ L meters '
10 Pa~li-hu-ttungl 275 167 108 1 107 ¥
Ii HsTao-hen—ti 163 136 27 | 1 26 | g
s
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B. Average Effective Head

The average water level in normal yeers will be two.thirds of .
the difference between the high-water level and the low-witer level.
The effective head .of this water level .is the average effective head.

Average Effecfivé Head

' -
Site High |Minimum!Usable |Average|Average |Head Aver-
Weter Wator |Water |[Water |Total |Loss| age |.
Level|Level |Depth {Level [Head (m) | Effec-

(m) | (m) (m | (@ |(m) tive . |
Head o
(m)
1 Ch!ing-shui-ho 985! 970.0 15.0| 9€0.0 | 52.0 1 |52.0|[s1c]
2 Ho-ch'u 92k 9225 1.5192%3.5 [ B7.5_ | 1 I56.5 - |
3 TTien—ch'iao | 62| £56.0 6.01 £60.0 1128,0 [ 1 [27.0
W Helyu-k'ou | 728 727.0 6.0] 726.0 | b3.0 | 1 [62.0 _
5 Chi-klou-chen 659] 653.0 6.0{ 657.0 | 7.0 |1 | 73.0 i
6 Yen-shui-kusn 579| 577.0 6,01 577.0 | 72.0 17771.0
» ' [ste] L
_J Hu-k¥ou 01| h95.0 6.0, k99,0 | 640 3 1 F1.0
€ Yu-men~kTou | U32| 430,5 1.5 U31.5 | 65.5 | 1 | BK.5 Pius 6 m depth
. for flood con~
trol
§ San—men gorge A il )
(1st Phase) 325, 310.0 9.0! 316.0 | 34.0 1 !|33.0
3 L [sicf ‘ . _
(24 Phase) 350] 332.0 15,00 342,0 { 60.0 1 [59.0Plus” 3 m depth
. ’5127 ' _ for flood con~
trol

10 Pa-li-thu—t lung 275| 273.5 1,5] 273.5 1107.5 [ 1 [106.5
{11 Esiso~-hen—ti| 163! 161.5 1,577162.5 | 26.5 |1 1255
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- VII Electric Power Output

A, Maximum Output - :

/

The following are estimates of the efficiency of a turbo-
gencrators, based on the meximum output; ' .

Turbine efficiency : .~ 89,0%
Dynamo efficiency _ - 96,0%
Over~all efficiency - 85.3%
“Site 7Maximum Volume |Maximum |Maximum Maximum
of Usable Iffective| heoretical |Cutput
Water (cu m/sec)!Head (m) |Power (1,000 kw)
' (1,000 kw)
1 Ch'ing-shui-ho 1,000 56 she L6g
2 Ho-ch'u - 1,000 _ 51 559 L77
3 T'{en—ch'iao 1,030 129 1,303 1,111
L Hei-yu-diou 177 1,060 et b6k K67
5 Chi~-k'ou-chen 1,120 75 823 702
_.__b Yen—shui-kuan | 1,120 _‘_____‘«”_%}____”____WSW 720
7 Bu-k'ou 1,230 )] 759 __but
8 Yu-men-k'ou ‘ 1,230 65 780 1 BE9
" 9 San-men gorege i )
" {1st Phase) 2,100 36 T 632
(24 Phase) 2,100 6U4 1,317 1,123
10 Pa~li~hu-t'ung 2,100 107 2,202 1,878
11 Esiao~hen-ti~
(San-men gorge
1st Phass) 750 26 192 . 163
(San-men gorge
2d Phase) 1,050 26 267 229
Total i o
(1st Phase) 8,034
(24 Phase) ' ~ ! g.591

B. Average Output

The average output was caleulated on the assumption, for sites
between Ch'ing-shui-ho and Yu-men~-k'ou, that the Ch'ing-shui-ho
reservolr be completed.

For sites below Sen—men gorge, it 1s assumed that, in the lst
phese, the Ch!'ing~shui-ho reservoir be completed before San-men
gorge reservoir becomes silted up.

After Completion at Ch'ing-shui-ho and 1st Phase of San-men gorge
In this instance, the minimun average volume of usable water at

San-men gorge is 800 cubic meters per second; 500 cubic meters per
second is canalled off above the Heimo-hen—ti dem, leaving it a mini-
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mam avei'age of 300 cubic meters per éecond. i
e T — ; A
Site - | Average 'Average Average Average| Annual . ‘Annunl
. Volume  iBffec- Theore«; Output { Output " iLoad
of Us- tive tical : (1,000 | (1,000,000. [Faotor
able ~ |Head  |Power | ow) kw hr) |
Water (m) (1,000 !
(cu m/sec) kw) | oy i
1 Ch'ing—shuiho 600 51.0 "“"366"“'26’6” 2,240 54,7
2 Ho~ch'u 600 56.5 332 l 2¢3 2,480 59.4
T'ien-ch'iso 620 127.0 772+ 660 | 5,720 59.4
Eei-yu-k'ou 635 62,0 386 | 329 | 2,280 58.1
5 Chi-ktou~chen 670 [ 73,0 ko | M0 | 3,590 - BE, 4
'6 Yen-shui-kuan 705 71.0 490 | s 3,660 58.1
7 Fu-k'ou i 740 61.0 W2 o 377 3,300 5€.3
8 Tu-men-klow | 7ho 615 | 67 | 398 | 3igo 59.5 |
(Subtotal) ;‘ i |(3.13;.) (27,410) [sic] i
9 Sen-men gorge | 995 33.0 1 322  27L 2. 4oo 43,3
10 Pa-li-hu-t'ung I 955 106.5 {1,039 [ 826 7,850 47.2
{11 Hslao-hen-31 | L0 25.5 | 100 i 8 | 750 b, 2
| Subtoial ‘ . (1,2l ,000
, ubto gJ N “**«_{_'—*MJL_% 5) (11 ) 1‘
| Totar i ] ; | 4,376 | 33,110 |
After Completion of Ch'ing-shui~ho and 24 Phase of San-men gorge
In this instance,, the ﬁinimum average volume of water used at San-
men gorge is 1,200 cubic meters per second, and 500 cubic meters per
second is canalled off above the Hsiaso-hen-ti dam,
[ Site ’WAverage Average |Average Average| Annual Annual
. Volume of |Effective| Theoretical Output | Output Load
Usable Head Power (1,000 | (1,000,000 Factor
Woter (m) (1,000 kw) | kw) - kw hr)
(cu m/sec)! . .
Ch! i_ng- shui-ho B o .——- T -
to Unaffected by status
Yu~men~k!ou of the San-men ‘
— . .| _goTge reservolr 3,131 | 27,410 i
9 San-men gorge 1,250 $59.0 723 . 617 52210 ok *
10 Pa-li-hu-tTung! 1,250 106,011,300 1,110 | 9,750 59.%
|11 Fsiao~hen-ti 750 25.5 187 ] 1 1,_5%0 . 69.4
(Subtotal) | _(2,110) /&1 'Q,.SSZS (16,550) K
Total 5,077 | 43,350 '
l I ! ( 5127 |
(*) ﬁecimal is illegibl_g]
= 106 W 2
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If Lower River is Davelopéd Durin
Completion of Ch'ing-shui-ho
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g lst Phase of San-men gorge before

In this instance, the minimum average volume of usable water at
Sen-men gorge is 650 cubic meters per second; Y00 cublc meters per
second is canalled off above the Hsiao-hen-ti dam, leaving a mini-
mum average of 250 cubic meters per second.

Site Aveérage Average |Average Aversge | Annual Annual
Volume Effective|Theoretical| Output l Output Load
of Usable |Head (m) [Power (1,000 | (1,000,000 ! Facto:
Water (1,000 kw) | kw) Iw hr)

(cu m/sec) ‘

9 San-men gorge 955 33.0 315 268 2,350 | Uo,*
10 Pa~li-hu-t'ung 9%5 106.5 99% glg 7,440 | 4s, %
11 Hsiao-hen-ti %90 25.5 97 gh 730 | L3.»

Total 1,407 (1,200 1 10,520

(*) [Decimsl is 1llegible]

~1w07-/4 ' .
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If Lower River is Devélbped During'the 24 Puase of the San-men gorge

Site Before Completion of Ch'ing-shui-ho -
In this instance, the ninimm average volume of usablb’vgper at
. San-men gorge is 1,000 cubic meters per sccond; 500 cubic meters: per
second is canalled off above Hslmo-hen~ti dam, leaving_afm%n§mpm
average of 500 cubic meters per second. . BT o

Site Average Average |Average !Average Annual TI;nual
- - Volumé of |Effective|Theoretical|Output | Output |Load
Usable .|{Head (m) |Power (1,000 ! (1,000, Factor
B Water (1,000 kw) | kw) 000 |
: (cu m/sec) _ kw)
' 59.0 631 L, 720
* -8 San-men gorge | 1,090 o 539 : 47.8
10 Pa~li-hu-t'ung| 1,090 106.5 1,138 970 8,500 | 51.4
11 Heiao~hen-ti 590 25.5 . 1y 125 | 1,190 | 54,6
Total 1 1,916 ;1,634 ¢ 1l Wo

VIII Silting of Reservoirs
A, Outline ‘

As stated in Part 2, the silt content of the Yellow River averages
two to three per ¢ent and totals 900,000,000 to 1,100,000,000 cubic meters
8 year. Reservolr capacity would therefore be reduced very rapidly by
silting. Consequently, the question of how long a reservoir can be kept
effective must be considered. '

© It is obvious that silting will vary with the size of the reservoir
and 1its manner of operation. .

The reservoirs at Ch'ing~shui-ho and the Sen-men gorge in its 2d4 Phase
.8re .enorpous ‘compared to the total flow entering thew in a year. If they
‘equalize the flow frofi yYear to year, they will ordinarily absorb every
flood, releasing the water only at the average flow.. They will thereby
precipltate most of the silt in the water.  However, dufing the lst Phase
at Sen-men gorge the reservoirs there and downstream will control floods
but permit over half the flow to continue past the dems, carrying part of
its 81lt load with it, ' ’

’ R :

The proportion of sediment which will settle and which'will be carried
downstream with the flood water will depend on the effective storage capac-
ity of the reservoir, the megnitude of the flood, the total discharge flow
and the manner in which the dem is operated. This matter is particularly
impertant for the Yellow River, where over half the silt loed is carried
during floods., , : :

Half of the anmual silt is cerried during a single summer month~;30
to 4O per cent in a single flood., If as much as half 4f the silt carried

by flood water is carried past the dams, the 1ife of their reservoirs
will be extended considerably. .
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Another important factor affecting 8ilting of reservoirs is
the way the water is released downstream—in other words, the way
the dams are handled. Silting in a reservoir will eventually reach
& final equilibrium which depends on the dam's construction. 1In an
unadjustable overflow dam, the water will 8pill over the crest and
lacking facilities to eliminate 8ilt, this will eventually be de-
- Posited up %o the crest until the rate of deposition equals the river's
' power to pick up sediment.

If the crest is of the adjustable overflow type with the flood-
gatee opened completely during floods, sediment will eventually be
deposited in a similar manner up to the bottoms of the floodgstés, .
This sedimentation will gradually fill the back water area. The
remaining capacity of suchk a dam will be that of the floodgates, which
is a rather small cepaclity. In the swift Japanese rivers, however, it
ie equivalent, after silting in the reservoir reaches equilibrium,
to the capacity of a dam half the height of the floodgates.

If a reservoir can accommodate Practically all flood water during
en ordinary year, almost all the silt will be dropped, but if most of
the flood water is passed directly downstream sedimentation would be
cut in half,

4 reservoir with floodgate control will, no matter what the stage
of sedimentation, never become completely filled with sediment, and at
final equilibdrium will still have considerable capescity. This remain-
ing capacity will, Judging from other cases, correspond to the cavacity
of a dam one-half to one-third the height of the floodgates.,

B. Silting at Ch'ing-shui-ho Reservoir ) , .

The Ch'ing-shui-~-ho Reservoir allows 1,350,000,000 cubic meters
of space for the 155,000,000 cubic meters of silt annually washed
into 1t by the river. Ite generative capacity would, thersfore, be
unaffected. for 2.75 13357‘years, after which time continued silting
would have some effect on generative capacity. However, 10,500,000,000
cudbic meters storege capacity would be sufficlent to maintain a mini-
mum flow for electric generation of 500 cubic meters per second,
with 10,150,000,000 cubic meters to absorb silting. It would take +
65.5 years for the Dinimum average flow of usable water to fall from
600 to 500 cubic meters per, second, Zven if the effective storage
capacity were to fall below 10,500,000,000 cubic meters, an effective
flow of at least 600 cubic meters per second could be maintained
seven months of the average yesar., The loss of output from this
decreased flow is calculated as follows:

600 ~ 500 ¥ 5 x 100 ~ 6.92%
- 800 12

Conseouently, the annual average loss in generative capacity
will not exceed 0,106 per cent., This increase in the amortization
rate will produce so slight an increase in the basic cost of elec~
tricity that it may be ignored,
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C. San-men Gorge, lst Phase

. The total capacity of the San-men gorge reservoir during the 1st
Phase will be;S;OO0,000,000 cubic meters, of which 2,500,000,00G cubic
" meters behind the floodgates is for flood control. Of the rémaining
“‘capacity, 2,000,000,000 cubic meters will be for generation of electricity

end 1,500,000,000 for silting.
In this instance, the flood waters will merely be evéned out, most

of the water passing directly through the reservoir. Probably at least

half the silt content during flood periods will be disdharged with this

water, Of the 1,050,000,000 cubic meters of silt carrisd i#to the San-

men gorge reservolr each year, 840,000,000 cubic meters will bYe brought

in during the July, August and September flood period, and only 210,000,000

cubic meters during the rest of the year. If half the silt content for

the flood season and the total content for the rest of the vear were to

settle in the reservolr, silting would amount to 630,000,000 cubic meters

a year, filling the sedimentAabsorption'capacity of the reservoir in

three to four years, '

During the lst Phase, both banks of the still-water ares between
Sen-men gorge and T'ung~kuan will have a grade of approximately 10 per
cent, It is believed that since the reservoir area will not be much
greater than that of the present course of the river, silting may £1l11
the bottom of the reéservoir but little sediment will come from elther
bank. An adjustable overflow dam will conseauently have considerable
residuel storage capacity above that at the crest of an unadjistable
dam, Sediment 1s deposited in reservoirs at-a gradient of 1/3,000 to
1/6,000, by swift Japanese rivers, but the loess in the Yellow River
1s very fine and has a very slight angle of stability in flowing water.
Judging from the downstream alluvial plains and those between Ming-
hela and Pao-t'ou, the Yellow River regervoir gradient would become
1/8,000 to 1/10,000, TFléddgates raising the water level 12 meters in
the’ San-men gorge. reservoir, would add 4,200,000,000 cubic meters: to
the effective storage capacity. Two-thirds of this, or approximately
3,QQO,QQ0,000 cubic meters, would be permanent capacity.

Although reservoir silting below the permenent crest would be rapid,
it would probably be slower &bove thie point. If it is half as répid,
1t would take about ten years to reach a state of sedimentetion equilib—
rium during the lst Phase at San-men gorge. :

If the Ch'ing~shui-ho reservoir is built 10 years after completion
of the San-men gorge dem, it will increase the average flow available
for hydroelectric mpurnoses there and aid flood control by reducing some-
whet its flow of flood water,

Even 1f the Ch'ingwshui-ho roservoir is not completed, storage of
the flood water of July, August and September and of any othar surplus
flow, together with the October surplus, will carry through the dry
season of December, January, Februsry and March, After the completion
of Ch'ing-shui-ho, the storage volume at San-men gorge, even after
the silting of the reservoir, will be replenished easily from the flow
during Mey and November, The replenishment of storage volume can then
be accomplished from the surplus of the rest of the year, excluding the
three-month flood season, without Jeopardizing flood control. Silting
will thus present no serious problem in the generation of electricity.
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D. San-men Gorge: 23 Phase

In this case the total storage capacity will be 40,000,000,000
cubic meters and the effective storage capacity 28,500,000,000 cubic
meters, leaving 11,500,000,000 cubic meters for 8ilting. The asnnual
average silt load of 1,050,000,000 cubic meters would fill this gur—
Plus capacity 4n 11 years, after which it will gradually decrease
the effective storage capacity. This loss must be prevented by
conetruction of the Ch'ing-shui-ho reservoir within these 11 years.

However, the silt content of .the Yellow River is so enormous
that even this large capacity would be f1ll=d in a few decades
and the reservolr would reach a state of sedimentation equilibrium.
The terrain above Tung-kuan is quite different from that below.
The river banks have gentle slopes, and a slight riee in the water
level would inundste a very large area of flat lend and lakes,
It would have no effective storage capacity after complete sedi-
mentation of -the reservoir., The permanent effective storage
capacity in equilibrium would not be much greater than that of
Phase 1,

When equilibrium is reached, with a total deposition of
11,500,000,000 cubic meters of silt, continued silting of 630,000,000
cubic meters per year. would, at a reduced effective storage capacity
of 3,000,000,000 cubic meters, give the reservoir an additional life
of 40 years, totaling 25,500,000,000 cubic meters of sedimentation
in that time. The total 1ife of the reservoir during the 2d Phase
will thus be 50 years.

If just the San-men gorge dam wers constructed, the average
amcunt of usable water would decrease from 1,090 cubic meters per
second to 955, a loss of 12,4 per cent in generative capacity or
0.25 per cent in annual output. This increase in amortization
cannot be lgnored, but will not greatly increase the basic cost
of electricity.

With the heavy silt load of the Yellow River, even enormous
reservolrs could have a life of only a few decades., There is no
elternative but to make the reservoirs semi~-permanent by soil
conservatlon and forestation of the weter sources.
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I. Introduction

This section deals with economic factors involved in the
hydroelectric development ef the Yellow River. The electric power plan
is 8o great an undertaking that an over-all view of 1%s economic
aspects 1s very difficult in & short discussion. This section is
principally concerned with estimates on essential materials and
oonstruction costs, and the basic cost of the electric power.

Water transportation between Pao-t'ou and Meng-ehing has not been
considered. In the future, extensive underground resowrces along the
Yellow River may be developed along with the water pewer, and require
large-scale transportation facilities., This will make water transpor-
tation very important, especially if the flow can be increased to permit
the required boats to use the lower river during the low-water period,

If this now unimportant problem should, in the future, require
solution, limited chenges in this plan would satisfy it. There are tvo
Plons for the San-men Gorge site; the first,to raise the water level
to a 350-meter elevation, and the second to have the maximum water level
at a 325-meter elevation during its first phase. Later, in a second
phase, it will be raised to the 350-meter mark with further engineering
worke Plan No 1 and the second construction phase of Plan No 2 would
have the same results,

II. Sequence of Development of Hydroelectric Power Plant Sites

There is no telling how long the development of the Yellow River
water power sites will take, but it must be achieved as rapidly as
possible because of the need to supply cheap and abundant electric
power, along with developing the extensive Shansi esal belt, to establish
a strong natlonal defense.

From the standpoint of hydroelectric engineering, similar projects
in other countries indicate that each site will require an average of
five years for complete development. Work could be started on two sites
in a single year. Since each dam will have to equalize the Yellow River
flow throughout the year, all will require large reservoirs. It is,
therefore, very impertant which site 1s developed first. The first site
to be developed should be either at Ch'ing-sbui-Np or =t the San~men
Gorge. The San-men Gorge site would be more effective,as flood control
would require a construction railroad several .. kilometers in length,
compaered with over 100 kilometers for the Ch'ing-shui-ho site. In
additien, it is near the source of demand for electric power, It should,
therefors, be developed first. The sarond site to be developed should
equalize the flow 4in the upper river, a condition met only by the Ch'ing-
shui~ho site. The sequence for the other sites, as shown in the table on
the following page, was determined on the basis of anticipated industrial
demands.
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It must be decided whether to build the San-men Gorge dam to
350-meters elevation at once, or to stop at 325 meters and finish
the dam to the maximum water level of 350 meters at a later d.te.
In the first case, the reservoir will be lerge enough to absorb
silting for several decades and could equalize the river's flow,
while in the second case, during the first phase, the flow could
not be equalized or the same power output maintained throughout
the year. It would be impossible to send a regular flow downstream
for irrigation and water transportation. The Ch'ing-shui~ho
reservoir would have to be constructed immediately after completion
of the San-men Gorge dam to maintzin a regular flow throughout the
year. This sequence is shown on the following chert,

(Table follows on next page)
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The sequence for developing the other sites was based upon the
probable demand for hydroelectric power, Chi-k'ou-chen was placed next,
in view of the electric pewer demand expected from T'ai-yuan district in
the development of Shansi. The development of the site farthest down-
stream was then planned, for irrigation and water transportation as well
as flood control, in anticipation of the increased demand for elsctric
power in the downstream arca., It would be used to compensate for changes
in the volume of water used at the upstream site by equalizing the flow
farther downstream, and to supply water for irrigation and for the
canals, It would have very little water for generation of eleetricity.

Since no detailed survey of the site has becn made, this development
may not meterialize as planned, If feasible, it ig both economical and
reasonable to lead a canal from the Hsiao-hen-ti site to supply water for
irrigation and canals. (This diversion canal would have sufficient fall.)

ITII., Basic Plan

The hydroelectric power plant sites are located in the 1000-kilometer
stretch of the Yellow River between Pao-t'ou and Meng-ching. The special
considerations which vary with locality complicated the calculation of the
costs on a single hard and fast standard, General standards were there-
fore established from which the construction costs, etc,, were calculated
and then entered in general categories. This necessitated determination
ef a basic plan for construction methods and cost calculation, Since
there is no limit to the elaborate computation of each item, these basic
agsumptions were made en the pattern of the large dam-type electric power
plants in the United States, Manchuria and Korea,

A. All the dams are the concrete, gravity-overflow type. (It is
assumed that the dam sites have suitesble rock foundations.) The width
of the river at each site is narrow for the flow, and flood water must
be allowed to flow over the crest of the dam or through a by-pass tunnel
to avold overflowing the banks.* Detention reservoirs upstream should -
greatly decrease the volume of floed water, It may not be necessary to
provide for passage of the maximum volume' of fleod water except at the
San-men Gorge, but thils should probably be done to gain the maximum fall,

A conerete gravity overflow dam would be the simplest suitable type.
A rock-filled dam would require a dimcharge tunnel or other expensive
facilities to handle the excess water, and the electric power plant
would be further removed from the centerline of the dam., The cross-
sections of the dams were drawn from the 1:500,000 saerial photograph maps,
It was assumed far calculations_ that the height above the reservoir high-
water level will be 2 to 3 meters; the depth from the mean river level
to the foundation, 15 to 20 meters.

These figures are used in the following table.
* (TN: 1In a list of errata published subsequent to this document, this
.passage has been changed to read:

"The narrowness of the river is a peculiar eharacteristic.
Speeial anti-flood precautions must therefore be taken.m)
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Dam Specifications -

| i ~ Dépth from | ] !
length | Height above| Mean River Total ;Concrete
G L s o | of Crest | High-Weter Level ‘Height' Required
Sibne e o (m) - Tevel | “Foundation ! (m) i(1000
- S S G S B Rt
1. Ch'ing-shui-ho| 420 ;2 - M\*—T-z_c;wwméb;m.—i;;zg* ]
2., Ho-ch'u 32;— h 2 i 15% 7% | 87 i
3. Trien-ch'imo | 835 3 15 19 4,940
,sz Hei-yu~k'ou 630 j 2 1 - 20 _ '“88‘_"'. 2,104
5. Chi-k'ou-chen 85 | 2 HE 15 175 12,34 |
6. Yen-shui;;r; . 585 2 20" 97 |21 |
7. Hu-kiou 1oeas | 2 T T 68 (1214
[& wenomwon | 0 | 2| m e s
9.—~“an—hen'Gprg§f+~“i "*} T .‘—' L ! |
; lst phase 395 : ) 15 .61 685
24 phase 450 ; 2 15 86 - 11,400
10, Pa-li-hu-tlumg| k75 ,' E T 127 |2,240
3_1 . Msico-hen-td | 450 2 TS 7 7

* (TN: Figures differ from those in table on preceding page.)

B,  Electric Poyer Plants

Should the dam overflow, the narrowness of the river prevents
placing the electric power plants parallel to the central axis of
the dams. They must, therefore, be built en one or both sides of
the river, below the dam and parallel to the river, The structures
will be 40 meters wide and 20 meters long for each turbine. As a
general rule, half the facilities will be set up on each benk. The
unit pgenerating capacity in round numbers will be 100,000 kilo-
watts per turbine.

Placing the electric power plents inside each dam and
parallel to its axdis for entiaircraft defense should be con-
sidered, as well as setting up strong antiaireraft defenses on
both banks of the river. However, the present plan does not
discuss these factors.

- 118 -/*’
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C. Conduits

e e

ince the power plants are to be built parallel to the river, there

must be outlets from the reservoir, with one conduit per turbine built
in the river banks. The conduits will average 250 metérs in length and
will not require pressure-control tanks except at Hu-k'ou, where the con-

will average 3,000 meters.

D.  Fecilities for Vischarging 3xcess Weter

he Ch'ing-shui-ho site is not planned for reguler flood centrol and

will have as high a water level as possible, It will need facilities for

ly discharging all flood water which reaches it, a total of 7,500
meters per second, including the 5,000 cublc meters per second flood
at Pac-t'ou, plus that added below Pao-t'ou., The maximum possible

at Hu-k'ou, calculated from the drainage area, is 15,000 cubic meters
cond., The additional drainage area above San-men-hsia would make the

maximum possible flood there 25,000 cubic meters per second. This figure

reduced to 15,000 cubic meters per second by food control in the

reservoirs, reserving the upper portion to abserb floods.

he San-men Gorge site would then require facilities for direct dis-
of only 15,000 cubic meters per second, The dams below the San-men
will have this figure increased only by their additional drainage
It is difficult to know whether this additional floed water will occur
same time as that from the San-men Gorges If it should, the total
volume at Pa-li-hu-t'ung and Hsjao-hen-ti would be only 20,000
meters per second,

The table on the next page stowethe concrete required for each dam,
the planned ficod volume, and the specifications for flood discharge

(Table follows on next page)
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'Cﬁ%&faié Required end Mucber of Flood Getes on Each Dem
. o N N

; ' Concrete | Planned | Height |Overfisw | No of | -
. IR Required | Overflow | of Flood | Width . | Flocdj ',
e o+ {000 (cu m/sec) | Gates (m) .| Gates|®
‘ sum) T (m) L
| 1. Ch'ing-shui-he 1,228 7,500 10 { 120 15
2. Ho-ch' 827 | 8,000 o T 128 6
3. Tiien-ch'iao 4,940 8,500 1 .4 13 | .17 |
- ! o R
4. Hei-yu-k'ou 2,104 |. 9,500 10 150 19
5, Qpi~k'ou-chen 2,364 131,000 ~10 175 21
6. Yen-shui-kuan 2,141 | 13,500 12 62 | 17
7. Hu-kleuw . - . 1,214 | 14,500 12 we 1
S , e e i
8. Yu-men-k'ou - 1,531 15,000 12 W | 17
9. San-mexn Gorge . | *"
©  (Pnase 1 of . 1,400 15,000 V 12 .10 | 1w
Plan 2} o (e85) : . e
: 10s Pa-li-hu-t'upg 2,240 20,000 . | 12 20 |2
: e : R B e —
|11 HeteohentL 374 | 20,000 | 12 20 2

S b b d
r : a . v;".\- i D O
~ From Ch'ing-shui-ho to Chi-k'ou-chen, the flood gates will be
10 meters.in helzbt and width, while at Yen~shui-kuan and below
" they will be 12 moters in helight and widths The number of gabes
‘48 ‘about 20 per gent more’ than’ the absolutie minimunm NECcessary.
The required, Width of the 6verfiow section<will be the greatest .
e 240 meters'-.a} Pa-li-hi-t'ung a®d Hsiaorhen-ti. Tne crest would
also be able to accommodate the wiﬁth of the, causeway pillars.

i -

v ,-:'J

E. TFesilities £or Water Transportsticn

Weter transportation in the main channel of the Yellow River
is not under consideration at present. Consequeutly, facilities
are not being considered for elevators or locks. With the

. development of the Yellow River water power, and exploitation of
the enormous ccal and other resources along the river, a need
will arise for water transportation, The maximum water level et

( each of the dams could then be raised:slightly, to permit the

) backwater to reach the dam above and allow water transportation,

F, TFPacilities fer Diverting Weter for Irrigation and Canals

Since ectual investigation was made at only ene site, the

;1m-w4
. RESTRICTED
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other plans are purely theoretical and cannot be taken as definitive.
It may be possible through irrigation to make arable tHe land of the
Ordos Desert, but thls plan considers water transportation and
irrigation only 1n the downstream delta area. The dam farthest down-
stream is to be used to divért water Into a separate canal for the North
China areca, Materlals for this preject have no bearing on hydroelectric
power production and will not be discussed. ‘

The diversion would reduce the volume of usable water, 4 suitable
diversion canal, constructed after cereful investigation, would probably
eliminate this loss of generative power. (The fall of the diverted water
would be sufficlent.)

.

IV, Constructlion Materiais"

The acquisition of such construction material as from, steel,
cement, food, lumber, sand and gravel is & mejor problem. Cement, sand
and gravel for the concrete are the most bulky, and the effect of their
transportation on construction cests is very important.

Since actual investigations were made only at Ch'ing-shui-hs, it is

. not known where sand and gravel are available, Around Ch'ing-shui-ho
) and Hsla-ch'eng-wan there is no suitable sand, and the sand found along
tributaries is too fine for concrete. What little gravel is found is
not usable in its natural state., Sand and gravel must therefore be
mamufactured from local rock, Present knowledge of the local geology 3s * - =«
also very limited. TAKATA, the engineer who surveyed the Ch'ing-shui-ho
area in the 1940 investigation, found sandstone and limestone there,
Other writers indicate that some granite is found at other sites, Sand
and gravel can easily be produced from granite, and have been produced
at many places in the United States from.limestone. ,

ey o S

A1l lumber and most food must be brought from elsewhere, The table
on the next page shows the estimated amounts of the principzl materials
needed for the construction of each dam, This table is only a rough
approximation but will serve our purpose. Specific assumptions are °
listed, but the csleulations were largely based on actual figures from
recently constructed large-capacity power plants.

¥

(Table follows on next page)
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MATERIALS NECESSARY FOR DEVELOPMENT OF YELLOW RIVER POWER PLANT SITES

¥

Items No 1 No 2 No 3 No 4 ¥o 5 No 6 No 7 No 8 No 9 No 10 No 11
(motrt Ch' ing-shui-ho|Ho~ch'u|T'ien-ch'iao|Hel-yu-k'ou|Chi-k' ou-chen |Yen~shui-kuan| Hu-k'ou Yu-men-k'ou |San-men-gorge|Pa~11-hu-t'ung|Hsiao-hen-t1] TOTAL Specific Assumptions for these Calculations
metric
Iron tons) 62,760 46,620 124,460 83, 560 /88,8207 85, 290 77,080 75, 530 100, 380 166, 500 27,650 | /938, 1407
88, 220 {9,600) * 038, 180
Permanent Engineering Installations . 15, 560 15, 370 56, 260 29,810 26,770 27,140 32, 200 28,870 36, 180 66, 500 9, 550 /338, 4007
/20,9107 338, 440
Iron Reinforcement Rods for Dems " 1,770 1,180 7,120 3,020 3,400 3,080 1,750 2,200 2,000 3,220 540 /29,280/
_58, 560 149 kg per cu m of concrete
Penstock L 6,110 6,110 33,100 8, 250 12, 240 12,240 18,000 8,650 16,800 36,700 1,840 Nwmuwgh All B m in diameter and of same thickness to withstand
152,040 maximum pressure. Includes tunnel reinforcement rods.
Power Plant " 3,000 3,000 7, 200 3,600 4, 200 4, 800 4,200 4, 200 7, 200 11,400 1,800 54,600 600 tons per turbine
Wire . 120 430 990 510 630 640 580 600 1,000 1,670 210 7,600 | 0.60 ton per kw of maximum output
Outdoor Installations » 210 220 500 260 320 330 290 300 500 840 100 3,870 0.45 ton per kv of maximum output
Flood Gates g 1,800 1, 800 1,860 1,910 2,100 2,120 2,210 2,210 3, 800 3,800 1, 00 /26,5107
285,420 1.8 tons per cu m of utilizable water
Overflow Gates " 900 1,280 1, 360 1,620 1, 680 1,700 1,800 1,700 1,700 2,400 2,400 18, 540 Calculated from volume of overflow
Temporary Reinforcement Rods . 610 620 1,450 740 920 940 840 1,870 (¥2) 1,460 2,440 300 12,100 .| 1.3 tons per kw of maximum output
Other Uses . 740 730 2, 680 1,000 1, 280 1, 200 1,530 1,140(*3) 1,720 3,120 460 15,680 5% of above 8 items
Turbo-Generator, Type L . 16,000 16, 000 38,400 19, 200 22,400 25, 600 22,400 22,400 38,400 60, 800 9,600(*4) | 201,200 3,200 tons per 100,000 kv basic capacity (including primary
transformer)
Tewporary Engineering Installations g 31,200 15, 250 29, 800 34, 450 39, 150 32, 550 22,480 20, 260 25,800 40,200 8, 500 308, 640
i (9, 600) *
Work Railroad g 22, 200 6,850 10, 200 24,450 26,050 19,800 11,000 17,400 5, 400 7,000 4,460 154, 800
(9, 600) *
Rails, etec " 13, 200 4,400 6, 600 16, 500 17, 600 13, 200 7,150 11,550 1,650 4,400 2,750 99, 000 110 tons per km (60-kg ralls; width between ralls 4' 83%)
(6, 600) *
Bridges, Stations, ete . 6,000 2, 000 3,000 7,500 8, 000 6,000 3,250 5, 250 750 2,000 1,250 45,000 50 metric tons per km
(3, 000) *
Locomotives " 1, 500 150 300 150 150 300 300 300 1, 500 300 150 5, 100 150 tons per locomotive
Freight Cars " 1, 500 300 300 300 300 300 300 300 1, 500 300 300 5, 700 15 tons per freight car
Motive Power Installations . 700 700 700 2,100 700 tons per steam-electric power plant with 7,000-kw
maximum output
Principle Machinery " 8, 300 8,400 19,600 10,000 12,400 12,750 11,480 11,860 19, 700 33, 200 4,050 151,740 17.7 tons per 1,000-kw of maximum output (includes repair
equipment)
Cement ] 380, 000 260,000 1,500,000 640, 000 720, 000 660, 000 650, 000 (*1)]470, 000 440, 000 710, 000 120,000 6, 550,000 250 kg per cu wm of concrete plus 204 excess allowance
Lumber {cubic 12, 000 13,000 100, 000 51,000 63, 000 65, 000 58, 000 60,000 100,000 170,000 20,000 772,000 | Approximately 0,08 cu m of unfinished lumber per kw of
meters) maximum output
Copper (metric 1,250 1, 250 3,000 1, 500 1,750 2, 000 1,750 1,750 3,000 4,750 7850 22,750 250 tons per generator or primary transformer (includes
no:hv_ dem use) -
* (Figures in parenthesis are for the re-routed railway line between San-men—gorge and Yun-ch'eng)
(TN: Most figures in this chart have an error within 5% according to the tables on pages
The following figures have an error exceeding 5&
(*1) Should be 373,500
- (*2) . . 870
(*3) LI ] 1,080
(*a) . v 7,33 RESTRICTED
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_ff]' Notes on Precoding Table 0 . e ';rr!:- i
Rt . N .

i._ The qmcunt of iren for the dan was calculdted from the
concrpte reqﬁired and the volume of flood waters .

2, Int ke facilities and pbnstocks ‘were calculated from the Tl
inteke ‘volume and the hecd, with the assumption that water would. .. ., -]~
mové ‘difectly from the reservoirs through penstocks to the power. 2 B
plants, except at Hu-k'ou. The penstocks will al be placed
inside tunnels, with a clearance between the penstocks and the
inside of the tunnels,

3. Railways will be discussed 1n detail later, but éxcluding
bridges, etc., 110 metric tons per kilometer was estimated for the
tracks., This is much more than that used en the Ta-t'ung-to Feng-
ling-tu roilroad line., In some cases half this amount may saffice.

. large numbers of locomotives and freight cers must be provided for
the first ccnstruction site, but subsequent omes will need con-
siderzbly less. This method is not necessarily the best, It might
be better to assign a set number of the totzl to each site.

4L. Steam-electric power generators for construction work may
be treated similarly.

5, Cement factories will remain long after the construction
work is finished, and if sufficient cement can be supplied in
North China, this will involve no loss. This problem is not
settled at present, Nevertheless, the factories will not be in-
cluded in the cost of materials, except for some depreciztion added
to the construction cost. The cost could alse be included in tbhe
unit price of the cement. The procedure will be the samé in the
case of steel mills, ) -

6. It fs-difficult to calculaté temporsry comstruction
facilities, Since therc is no time for detailed study at present,
it was calculsted on the basis of the experlence on the Yalu River. =~ |-
The actuel costs will depend to a great extent upon the peculiax-
itles of the site, the cement requirements, etc., and 'may not

- correspond precisely tn calculations, but they will probably agree
with them in general, It must be remembered that at San-men “Gorge;
where the first work will be done, all the equipment must be newly
acquired. Howewer, it can be moved to cach succeeding site,- ‘with:
replacement enly of that which has been worn out., The other sites
will consequently require less new materiel, Nevertheless, thé
above table 1s calculeted on the assumption that all facllitiea
at each site will be new. '

7. The amount of iren and cépper'for“tﬁrbine;générators was
caleulated from the facilities instelled for the flow of the Yalu
River, It must be born ;n mind that the generators are treated as

100,000-ki1lowatt units. end fractions of the calculated power
output are onitted,

8+ Lumber requirements were based on those on the Yalu and
Sungari Rivers, in proportion to the power output .

]
- 122 =/¢
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An average of 0.11 metric ton of iron is required per kilowatt
of output (including turbines and generators), as shown in the following
table., This figure is rather high, because it includes the large amount
of iron needed for construction railroads, but it is eonsiderably less
than the amount used in power plants in Japan. Concrete requirements per -
kilowatt averege 2.5 cubic meters, and vary between 1.3 and 4.5 cubic
meters, Requirements at San-men Gorge and below are merkedly less than
for the other sites because the volume of water is twice that at the ether’
sites, almost doubling the eutput, while the crcss secticn of the river is
practically the same.

Iron Réquired per Kilowatt of Output

Maximum  Total Iron Required Concrete

Output Iron per Kilowatt Required per
' (1,000 kw) Required Output ° Kilowatt
. (metric (metric tons) (eu m)
. tens) B
1. Ch'ing-shui+he 468 63,000 0.11 f0.13/ 2.7
2. Ho-ch'u Wk 47,000 0.10 1.8
3. T'ien-ch'ileaa 1,111 124,000 0.11 _ 4.5
4. Hei=-yu-k'ou 567 84,000 0,15 3.7
5. Chi-k'ou-chen 702, 88,000 0.12 3.4 ‘
6. Yen-shui-kuan 720 85,000 0.12 3.0
7. Hu-k'ou L 64T 77,000  0.12 3.3 [2.77*
8. Yu-men-k'ou 669 76,000 0,11 2.4 '

9. San-men Gorge 1,123 . 100,000 0.07 /6,097 1.3

107 Pa-li-hu-t'ung 1,878 167,000 0,09 1.4 [1.27
11, Hsiao-hen~ti 229 28,000 0.12 1.7
(including ‘
diversion R
dem for ’ - -
irrigatien) o
, (Average) (4verage)
Total 8,591 939,000 0.11 2.5

* (TN: See correction for total concrete on following page.) .-

0}

A comparison of the maximum output, total conecrete used and concrete
per kilowatt of output of the world's principal dams is given in the
t.ble on the following page.
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© .iw atai Contrete Used in Typical Dams im - - "7 ¢ il
‘L Mahchuria, the United States and Japen o b
¢ Fowll o o

4
3

PN S VI S ‘N

v t}
S S TP L A o T ST PR
Dams;'*ff";l "o 7T Makdmam . eonbpeté‘ . Concrete ped 77 W
N ‘ <Y Qutput Used Kilowatt R
e () Cafew'm)  ° (eum)
L v S . . - P
Sutho Dum on
Yalu River 700,000  3,200,000,000 4T
Ta-feng-men Drm T l
Boiilder Dam 1,370,000 ° 2,450,000,000% 1.79
Grand Coulee-Dam 1,840,000 8,550,000,000% 4465
Dam on Sho _
River (Komaki) 72,000 300,000,000 4416

“Dam on Sho
River (Koyama) 47,000 143,000 4.04 [3.047

* (TN: See Journel of Chinese and Ameriean Engineers, Vol 19,
NO 6, P 325.) i i

The preceding table shows that the water power sites on the
Yollow River are as good as typical dam-type electric power sites
if not ‘superior to them. The concrete required per kilowatt
varies with the load €actor, but the minimum is 1.3 cubic meters
. at San-men Gorge and the average of 2.5 cublc meters is much less
' than that on the Yalu or Sungaeri-Rivers. This is the main cause
for the low construction cost even at isolated sltes.

V. Conetruction Methods

A. ‘Transportatien of Constructioch. Material

" Several different methods of transportation could be adopted,
The methed- should be adapted to’ the. peculiarities of each site but,
as explained: above,® apportioning the transportation.te each site:
offers no advantage at present and would be complicated. " Railway
transportation was therefore adopted for all sites, Water and road
transportation are of definite importance;and.-at some sites may be
more uséful than rail,but they are not as dependable or as. satis-
factory for the safety and control of the laborers, - '

‘ Branch lines from the Ta-t'ung - Fen-ling-tu railroad line will
supply Yu-men-k'ou and the sites above that point, while branches
from the Lung-hai line will supply three downstresm sites. Lack of
any dependable maps of the railroad routes necessitated a rough
calculatien of the distances. A section of the Ta-t'ung - Feng-
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ling-tu line is narrow gauge and can.ot carry much freigkt, Thie would
make standard gauge heavy-rail branch lines pointless.- However, in view

of the plan, which will certainly muterialize, to improve the main line

in the near future, this heavy construction hes been adepted. As pointed
out in the preceding chapter, 1t may not be necessary tc use 50-kilogram -
reils., In soms cases rails of hslf this weight may be used. The follow-
ing table shows the freight capacity, size of rails, and plans for
"improvement of the Ta=t'ung ~ Feng-ling-tu line,

Freight Capacity of the Ta-t'ung - Feng-ling-tu Railroad Line
. (Track Improvement Expescted hbout 1951)

Section Present Prosent Freight Capacity after
Freight Capacity{No of Rails | Improvement »f Tracks
' (1,000 metric (kg/m) (1,000 metric i
i - tons per year) tons per year) j
Yu-tz'u to ascent-1,510 43 !
Tlai-ku descent- l 840 43 2,980 i'
Tlai-ku to ascent- 770 ' i
Lin-fen deseent~ 880 15.9 1,840 |
dm !
‘| Lin~-fen to ascent- 530 i
Yun~-ch'eng descent- 600 15.9 2,000 i
Yun-ch'eng to ascent= 740 f
P'u-chou descent- 840 15.9 2,000
Ta-t'ung to ascent- 950
Shuo 660 15.9 descent= 950
Shuo to ascent 1 070
Ning-wu 780 15.9 descent- 950
Ning-wu te .
Yuan-p'ing-chen 133 15.9 230
Yuan-p'ing-chen to ‘
T'ai-yuan : 432 11549 P 560

The freight capacity 18 now sufficient for the construction of dam

The planned railway routes are

at a single site such as San-men Gorge.
shown on the map on page following chart. -
routes and may not even be feasibles

These may not be the best

The construction costs of the propoged reilrosds are shown in the
following chart, The cost per kilemeter varies with the terrain and is
between 200,000 ,and 400,000 Yen.

AY
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The Yellow River has unusually fine sites ‘for-dam cansirnoction
but, unfortunately, very poor communications except in the Iover 7 L,
section., The construction of railreads will clearly take a large 7V
portion of the material and cepital necessary for the development
of these sites. Thls problem will require careful study. :
Although it is unorthodox to 4nelude thesc railread construction
~ costs in with the cost of developihg the sites,-it has been done here
Liite give a general idea ef costs,

B, . -Temperary Diversion of River f':

..+ Temporary diversion of the river for dam construction demande .
’individual eonsideration for each site. However, 'a theoretical - -
discussion will serve &s a besis for estimatifig eonstruetion costg.
Sinee the Yellow River at the prospedtive water power sites 1s -
narrow in proportion to flood water and average flow, it cannot
casily be decided whether tp attempt to limit the flow tc the
‘center of the channel, as was done on the Sungari River and at the’

. Sui-ho-Dam on the Yalu Rivets If this proves unfeasible, the flow

- -must tempoerarily be diverted around the sites, as was done at

. Boulder Dam., This latter method is very expensive.- The flow could
certainly be restricted to the middle half of the 250 to 300 meter
width of the Yellew River at water level, ~At partieulerly diffieult
sites, a wider site could be selected. At présent, the river depth
or the nature of the bedrock is not definitely known; but the report
assumes that the divewslor method used at the Sui-ho Dam on the Yalu
River is femsible. I

C. Cement Factories and Ircn Foundries

.

. y o

Development eof the water-power of the Yellow River, :bg@ifes a
tremendous amount of cement, iron, lumber and other materials., It
would be uneconomicel to transport any of them from great’ distances.
Lumber cannot be produced quickly, but cement, which is required in
very great quantity, should be menufactured near the place where it
will be used. Materials needed for the manufasture of cement are
found in abundance throughout Shensi.

Coal, lime‘'and gypsum deposits are¢ praetically inexhaustible.
Cement. factoriés prodicing:approximately 150,000 metric tons per
. year can be esteblished at Ta-t'ung, Toi-yuan and Lin-fen to supply
the sites nearest to them, another. factory should be built zlong
the Lung-hal railroad line for the sites at San-men Gorge and-bclow.
The needed raw meterials are available in sbumdance slong this line.

In view of the plen to establish large iron foundries, ordinary
iron materials, excluding machinery, should be supplicd in North
China. Impcrting all the matericl from abroad would be very difficult
and needlessly expensive, Since iron reinfercement rods and
structural steel-for building dams do not require much material,
large iron foundries are not needed., Enough steel-oould be supplied
by notive methods. After the completion cf the Yellow River develop-
ment, the foundries could be employed for other uses to oontribute
to the expansion of productive power of the region. The eost of lron
foundries is not included in the present construction ocost estimate,
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If iron foundries are established,‘ifon ﬁill tgenﬁbe aveilable much more
cheaply. - o : 'ifl.t' '

VI. Estimated Censtruction Cest
. B . /,’.

Nc survey has been made of an actual dam site except at Ch'ing-shui-
ho. It is almost impossible, therefore, to make an accurate estimate of
the construction costs from the planned construction method, but” since
the sites are exceptionally favored, it is -believed useful to consider
the amount of capital and material necessary for their developmemt. The
caleulation of construction cost is based upon the preeeding assumptions
for materisl estimates and comstruction method. The following are the
bagic assumptions: o ’

A. Re-routing the Railroad line

This will be required when the San~men Gorge dam raises the water
level to 350 meters above sea level, Bullding the construction railroad
from the Lung-hai Line through San-men Gorge may eliminate the necessity
of moving part of the Lung-hei line, However, the cost has nevertheless
been cdlculated at 200,000 yen per kilometer.

B. Compensation for Flooded Land

The Ch'ing-shui-ho and San-men Gorge reservoirs will have the largest
arcas. All the other reservoirs will be .much smaller., Compensation is
estimated at 20,000 to 30,000 yen per square kilomefer, or 12 to 18 yen per
Mou 1535.5 square yard§7. The exact figure will depend on the quality of
the land, the cost of moving houses, etc. (Chting-shui-ho and San-men Gorge
will cost 30,000 yen per square kilometer, the other sites 20,000.)

C. Cost of Diversion

The diversion of the river at Ch'ing-shui-ho and the San-men Gorge
will be difficult, but regulation of the discharge from these dams will
greatly simplify the. problem at the other sites. It will take considerable
study to decide the best method of diversion at these first two sites,
Assuming that 1t can be done as suggested above, by restricting the river to
the middle of its bed, it will cost 8 million yen for eaeh site. The other
sites will cost 5 million yen each.

D. Cost of Electric Works
Up to now, installations to generate electricity in the lerge

quantities needed here have cost 50 yen or less per kilowatt, but the
present inflation makes the estimate 100 yen.
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E. Cost of Temporary Instnllaticns

It 1s diffieult to estimate the cost of temporary installations,
The construction railroad was estimated to cost 20,000 to 40,000 yen
per kilometer depending on the terrain, with the entire cost to be
charged to the water power sites, But the railroad between San-men
Gorge and Yun-ch'eng was consldered to requlre movement of the .
southern section of the Ta-t'ung Feng~ling-tu line., Since this
railroad could be used to transport material to other sites as they
are developed, the cost was distributed equally to Sites 3, 4, 6, 7,
g and 9, There are various views on the zllotment of railroad
construction costs, but it was decided to follow the above plan and
assicn to each site the costs of any other lines direetly required
for its construction,

Steam~-electric power plants for motive power will be estab-
lished only at the first site developed. The other sites will
receive electriclty from the hydro-elcctric power plants already
in operation, The steam-electric power plants for the one site
will cost 500 yen per kilowatt for constructlon, operation and
amortizotion. The cost of motive power is higher at sites not
using steam-electric power plants. For each site, the total cost,
including operation and deprecistion, of a cement factory with an
annual production of 150,000 metric tons, is 3 million yen. The
cost of the new machinery, including amortization, operation and
mainténance costs is estimated at about 50 per cent of the total
cost at each site. These are only general estimates.

F, Interest on the Cost of Construction

4lthough therc is some disazgreement, a rate of 6 per cent
compound interest per year was adopted, on the assumption that most
of the capital will be used within four ysars regardless of the
construction periol. These calculations are shown in the table on
the next page,
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Ho-ch'u | T'len—ch'{iao | Hei-yu-k'ou
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No 4

No 5

tal Construction Cost 174,900 520,870 300, 990 334,620
ation for land, etc 640 4,030 3, ROO 2,450
Rerouting of railroad lines 2,000 2,000
Compensatton for inundated land 640 2,030 1, 800 2,450
ineering cost 38,590 195,580 5,780 oz, AN
Dam 29,810 136,490 60, 500 G5, 71
Excavatton 1,480 7,040 3,800 2, 760
Concrete 16, 540 98, BOO 42, 080 47, 280
Diversion of Water 5,000 5,000 5,000 5,000
Overflow Gates 1,520 2,040 2,280 2,39
Tntake Gates 2,000 2,060 2120 2,240
Others 2,970 11,490 5,510 5,980
* 12,7007
Canal 16,480 69, 550 23,170 26, 630
Intake 2, 400 2,470 2,540 2,690
Turmel Excavation 1,730 4,140 2,070 2,420
Toncrete for Tunnel 1 1,180 2,640 1,420 1,660
Penstock 9,180 49, 700 12, 400 13, 500(<3)
Water Flow Fegulating Tonk
Power Plant Excavation 580 1,250 A70 170,
Methods, Toncrete, etc 750 | 1,800 800 1,050
Drain 1, 000 1,030 1,080 1,120°
Others - 1,600 6,320 2,110 2,420
= [Electrical Construction Costs 50,000 120,000 60,000 70,000
Temporary installatlor C0sts 34, 506 98, 690 98, 240 109,690
Cost_of Construction Reilroad 18, 000 24,000 60,000 4,000
Locomotives and Freizht Cars 6,000 2,000 1, 500 1,500
Stesm-Electric Plant 3,50
Cement Factory 1,710 10, 000 4,270 4, A00
Other Machines 9,840 31,600 14, B0 16,240
Temporary Buildings 3,920 15,800 7,190 A/, 120
Motive Power 1,980 » 6,320 2,880 1, 500
Others 4,050 8,971 9,020 9,970
(Ul Felated Costs %7,040 91,960 48,290 53,570
Cost of Supervision and Survey B, 200 39,400 14, 300 15,700
Tntorest on Construction Costs 17,200 30, 29,600 33,000
Ls1e? Ste” Ty Zste?
QOthers 2, 540 8, 360 4, 30 4,870
Ressrve Fund 3, 430 10,210 5,900 6, 560
Cost T Kilowatt (in yen) 367 N 468 546 477
O [Tost per Kilowatt Hour (in yen) 7.1 9.0 10.7 9.9
The followlng figures have an error:
€*1) sbould be 1,800
¢2) s+ v 2,5%
[ I RESTRICTED
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Chi-k' ou-chen | Yen-shui-kusn

330,280

3,750
2,000

1,750
4,210
5,180
3,800
42,620
5,000
2,550

2,360
5,650

32,030
2,830
2,760
1,890

18, 400

A0
1,200
1,180
2,910

CONSTRUCTION COBTS OF YELL

No 8

Yu-men-¥' ou | San-men-gdrge

253,870

2,750
2,000

750
74, 580

2,90
5,470
41,360
12,700

24,900

Jste?

3,760

4,080

ED
7.0

No 11
Pa-11-hu-t'ung | Hstao-hen-t1"

102,760

9, R00
2,520
1,040

710

2,700

30
At
1,050

Ra0 -

P
w100
7, 500
1, 500

A0
8,110
3,080

1,220
2.0
16,400
5,300

0,050

OW RLYER POWER PLANTS (IN 1,000 YEN)

It San-men-gorge 15 constructed {n two phases

San-men-gorge

5, 400

5,400
56, 510
35,060

T, 600
13,700

1, 000

2,550

4,200
3,010

8,820

1,500
4,740
11,390
9,620

2, 100

3,770
5, 510

117

st Thase|2d Phase

281,070 | 212,910

3,940
22,000

61,930
0, 340
20,210
/00
15,000
2,000
2,550

1,840
2,020

27,130
1,010

3,720

1, 490
1,610
32,730
8, 550
21,200
e

2,980
3,170
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\hen construction is d1- San-men-gorge total cost 83,8A0,000 ¥ (44,310,000 ¥ more than one-phase construction}
Vided into tvo phases  Msfao-hen-ti total cost 1187

of San-men-hs1

20,000 to 0,000 yen per sq km dependin

Summary

g on the nsture of the soll

T yon per i w ailowing 3% more than actual volume)

20 yon per cu M

1500 yem per con 10w x 10w - RO tons  12m x 120 = 100 tons

5,000 yen per_cu n sec of maximum water yoluse used to enerate electricity

J0% of total cost of above five items

Total cost of Intske insteliations, minus above intoke gates:

30 yen per cu m

45 yen per cum

iemeter 5 meters, 1,500 yen per ton (includes reinforcement rods thick enough

T8 yen per cum
150,000 yen per_generator

1,000 yen per_cu m’sec of maximm water used

101 of total cost of shove eight items

100 yen per_kw (includes el miscellaneous costs)

200,000 to 400,000 yen per im dependd:

Allotment of purchase price

on_terrain

Yculated according to_time of

of motive power required,

Factory to produce 150,000 tons per year;

104 of slectrical and engineering cost for amortization, repa:

1tsted sbove

3% of electrical and engineering costs

507 of pachinery cost (excludes stean-eloctric plant)
104 of sbove seven temporary installation costs

17 of englneering cost
6% annual interest to run four years

107 of ebove two items

| 2% of all above items

Tost per kw lir st Pali-hu-t'ung after completing lst

RESPRLCTED

20,000 ¥ (15,940,000 ¥ more then onep

4, 8, 7,

2 yen per cum of concrete for amortlzatio
ir and opera:don of machinery, exclud

e

Phase st Sen-men—gorge’

hase construction)

00,003 per o 50,000,000 ¥ to charge 100 lew of Tang-hai line, cherged Lo Site No §; IZ,000,000 ¥ for 60 Wm

7o Yung-cheng 1ine, charged in equal parts to sites No 3,

2,400 yen per_cu msec of maximum water used

o withstand maximm pressure)

and_transportation facilities
n of basic cost
ing those

26 94897

—
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Figures for* dams:end tunnels and the approximate wnit prise
are based upon the above plans., The figures are.largely acourate
for present high costs, but may in a very short tHaé rzquire :,
correction because of the present rapid price fluctustionss 4
detailed examinetion of these estimates will-be nécessary from ‘
time to time, but water power from the Yellow River will be.:s o-
cheaper than that of any other site that could be developed in
Eest 4sla., If these sites had been developed .six or, seven years
ago, power would have cost lese than 200 yen per kilowatt. = = °

Vil. Basic Cost of Electric Power

The basic cost of elestric power is calculated by the same
‘method as that used in Japan., The interest rate is’'generally
" high in China, and poses a special problem, Japanese capital
might be available at a low interest rate, but it would be diffi- °
& cult to secure sufficient capitsl in Chine without paying & high
» . rate. In a few decades the interest rates in Chine may decrease,
, but at present they are high. '

: _The construction cost should not be borne by, electricity
> alonés A systematic, general development of the river will
' improve irrigation, water transport and flood control, Proper
. allstment of costs to these factors on the basis of direct monetery
"0 benefit from the project is impossible, and there was insufficient
- time to caleulate it from their general benefits. The total cost
was therefore assigned to electric power. Water transportation was
" not ' considered except locally, dand any extensive development of it
{ would require a major increase in the cost of the projest,-to raise
© the heights of the dams, etc. A new plan covering this :dévelopment
should be prepared. N g

Needless to say, the high output of electricity will make the
cost of maintenance and operatlon of the electric power plants very
low peF unit. of output, but precise figures cannot be given since
there 4s 'no simile¥ development in East Asia. Determination of the
amount of dividerds and interest is also difficults  For the present,

- anpual interest is assumed to be 7 per cent. The amortization perilod
for engineering developments 1s calculated 40 years; for eleestric
engineering developments, 30 years at %,5 per cent nnnuel compound -
interest. Thesa costs, plus ~eintenence end operation, will bring
the brstc com# of: elestricliy Just outeide the —ountain area to 12.5
per. cent of 'the construction cpet. The following teblz shows the
catireted basic cost. of electricity if electririty  benre, the entire
burden. o

(Table on the following page.)
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The average basic cost of electric power for zll the sites is
then 1.1 sen per kilowatt-hour, one of the cheapest electricity
rates available among the river systems in East i4sla which have
been investigated. There are power plants with a-lower basic rate,
but this is because of the low prices when they were built, Their
rateg are therefore not comparable with those for the Yellow River
project. hs stated in Chapter IV of this part, considerably less
construction material is required for the Yellow River power plant
sites than for other sites, so that even after overcoming the
transportation problems, the real construction cost will be cheaper.
This is one of the main reasons for the low basie cost of electric
power,

(Table follows on next page)
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CONSTRUCTION PLANS POR THE YELLOW RIVER POWER SITE DEVELOPMENT
.
No 1 No 2 No 3 No 4 No 5 No 6 No 7 No 8 No 8 No 10
San-men-gorge Pa-11-t'ung Hs1ao-hen-ti
' 1ng-shui-ho| Ho-ch'u T'fen-ch'iso | Hei-yu-k'ou | Chi-k'ou-chen | Yen-shui-kuan Bu-k'ou Yu-men-k' ou (1st Phase) {24 Phase) {1st Phase) (2d Phese) (1st Phese)
Height of Dam (w) . 80 76 "149 88 ) 97 68 89, 61 86 127 127 40
« gth of Crest (m) ’ 420 325 835 630 685 65 615 160 305 450 475 475 450
xfDrainage Area (sq_lkm) 425, 150 428,850 433, 800 442, 350 458, 950 488,450 508, 550 514,800 721, 500 721, 500 725, 250 725,250 728,000
figh-Water Lzvel of Reservoir (m sbove ses level) 585 924 862 728 656 579 01 432 325 360 278 375 163 v
scharge Level (s above sea level) 928 866 732 663 53 505 435 %6 282 282 167 167 136
Head (m) 57 58 130 85 76 74 66 66 43 68 108 108 2
[Extension Stillwater (im) 143 48 > 63 81 117 163 118 66 132 200 o8 98 24
Stillvater Area (sq k) 2,900 31.9 1013 59.6 122.5 T 87.5 €5.4 37.5 180 2,244.5 85.8 95.8 28.3
Pa. Total Reservoir Capacity (1,000,000, 000 cu - 4 0.53 4.43 1.97 3.48 2.17 1.12 0.84 6 40,07 2.37 2.37 0.283
s Maximum Water Depth [ 58 58 131 66 77 75 51 87 45 70 109 108 28
ChPlanned Flood Volume (cu m’sec) 5,000 15, 000 30,000 30, 000 Feduved to 15,000 cu m/sec by Sen—wen-gorge 11vod control
Marimm Uti1izable Wat 1,000 1,000 1,030 1,060 1,120 1,180 1,230 1,230 2,100 2,100 2,100 2,100 880/750,*1]
Naximm Effective Head (* (] 57 T 64 74 73 65 65 33 64 107
Vaximmm Theoretical Output 549 550 1,303 668 623 844 750 784 741 1,317 2,202 2,202 102
O) Nazimm Power Generated 468 477 1,111 567 702 720 47 669 63z 1,123 1,678 1,878 169
Q) Average Utilizoble Water (cu m/sec) 600 600 620 633 870 105 740 740 : 993 (1,200) 995 (1,250) 400 0% of makimum water used, except at Dam Ko B (ISt Prase]
] 1,260 1,260 10 and 11 (24 Phase)
iverage ETfective fiead () (56) %4 (57} (129) (64) (25) 73) (69) (65) (96) 107 (107} *(26)
n- 30%3 58.5 | 127 62 73 71 61 64.5 33 50 106.5 106 25.5
O Average Theoretical output (1,000 kw) 300 332 772 386 480 490 442 467 322 (723) 1,039 (1, 300) 100
N 692 1,015
D Terage Power Generated . 2% ) 660 329 310 418 777 ET) 274 ®17) 886 1,110 85
D 590 N 1,122
Y] Annual Electric Power putput (1, 000,000,000 kw-hr) 2.24 2.48 5.78 2.88 3.58 3.68 3.3 3.48 2.40 5.41 7.75 9.74 0.75
1| Caloulated Overtlow (cu m/sec) 7,500 8,000 8,500 9,500 11,000 19,500 14,500 15,000 16,000 15,000 20,000 20,000 20,000
A Number of Overflow Gates 10m x 10m 10 x 10w 10w x 10m 10m x 10m 10m x 10m 12e x 12m 12m x 12m 128 x 12m 12m x 12m 12w x 12m 12w x 12m 12m x 12n 12a x 12m Allowing 20% for excess flow 10w x 10w cu w/sec
e | 15 16 - 17 18 21 17 18 17 17 17 24 24 24 4om x 12 = 100 cu w/sec
Number of Turbo Geuerators | 5 [3 12 [3 7 ) 1 7 7 12 10 19 2
“ TDam Excavation (cu m) | 640, 000 70,000 1,760,000 900,000 690,000 950,000 570,000 650,000 400, 000, 600, 000 740,000 20,000 254 _alloance/T
W engen of Tunnel (u; 58 250 58250 12 @ 250 6 6 230 782%0 86 260 [ 783,000 78 250 78250 | 126250 19 @ 300 26250
N runnel Excavation (e w) 57, 500 57,500 138, 000 60,000 80,500 92,000 | 1,600,000 " 80,500 | 80,500 128,000 262, 000 23,000 Crosscseciional avea 46 sq m (dismeter 7:60 w) No 7 Wu-k out 72 3q m (dlsmeter 9.00 =
OO{ Excavation for Power Plant (cu w) 72, 000 72, 000 156, 000 84, 000 96, 000 108, 000 96, 000 96, 000 96, 000 156,000 240, 000 32, 000 B - 40w L (per each g = 20w U= o=
O Total Excavation (cu w 768, 500 499,500 2,053,000 | 1,083,000 868, 500 1,150,000 [ 2,266,000 626,500 576, 500 894,000 1,242,000 369, 4007375, 000/ s1c
)| Concrete for Dem (cu w) 1,228,000 827,000 4,040,000 | 2,104,000 2,364,000 2,141,000 | 1,214,000 1,531,000 665,000 | 1,400,000 2,240,000 374,000
@) Concrete for Tunnel (cu w) 26, 300 26, 300 63,000 31,600 36,800 42,000 567,000 36,800 96,800 63,000 120,000 10, 500 Tross—sectional ares: 31 sq m (20% allowance for concrete of 0.5n No 7 Hu-X"ous
O Total Concrete (cu m) 1,254, 300 853, 500 5,003, 000 2, 135,600 2,400,800 2,183,000 | 2,167,000 s1¢/ | 1,567,800 721,800 | 1,463,000 2, 360, 000 384, 500
~ (1,781, 000)
Q| Number of Locomotives 10 1 2 1 1 2 2 2 10 10 2 1 150 tons each
)| Number of Freight Cars 100 20 20 20 20 20 20 20 100 100 20 20 -
(Ol fuaber of Basic Motive Power Installations 7,000 kn 7,000 kv 7,000 x| 7,000 Gomsiraction costi 500 ¥ per i Sequemce of construction end relation between motlve
o power and transportation will determine locations
¢ " —
. ,
O <
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PART 5, RELATICH OF THZ HYIROELECTRIC PLAN

00 FLOOD CONTROL AND WATER SUPPLY

AKIGUSA Ismo and YANC Katsumasa
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I. Introduction

The Yellow River water-power development plan provides for -
several large dams and. reservoirs to regulate the flow and concen- j
trate the fall in the river, This will produce a great change in '
the flow of the river.

The general water-power development plan should include a ’
water supply plan to utilize this change in flow.

The water supply plan cells for the diminution of flood water
and the increase of low-water volume, while the water-power de—
velopment plan requires only the increase ln low-water volume.

The benefits from using reservoirs for controlling floodwater and
for equalizing the flow of water for electric power may not coincide.

Sites selected for regervoire naturally have limited value
for water supply. No matter how advantageous a site may be for
water-power development, a part of the reservoir capacity must be
used for flood control at the sacrifice of its water power poten—
tial.

By studying these mutually opposed interests in the reservoir,
the optimum use of its cepacity can be determined. This study
will ascertein the character of the floods, and make possible ac~
curate forecasting of them.

The exact volume and time of floods rmst be anticipated,
The structure of the dams must meet these conditions, An overflow
dam with large flood gates, or a dam with large release valves be-
low the water surface, would increase the percentage of the re-~
servoir capacity avallable for water power.

\J

II. Relation of the Hydroelectric Plan to Flood Control

A. TFlood Control at Ch'ing-shul-ho - . -

According to hydrometric records, the maximum fiood volume at
Pao-t!ou never exceeds 4,000 cubic meters per second, Since there
are no significent tributeries between Pao—t'ou and Ch'ing-shui-ho,
there must be little difference in their flood volumes.

The drainage besin above Ch'ing-shui-ho is approximately
420,000 squere kilometers, and although heavy flood-water occurs
above this site, the gentle gradient and wide bed of the river be-
tween Ning—hsia and Suil-yuen larzely equalize the flood volume with~
out overflowing the banks. In 1933 and 1934 the maximun flood vol-
ume at Lan-chou was 5,400 and 7,000 cubic meters per second, re-
spectively. These floods, without overflowingz the banks, were
down to 3,600 and 2,200 cubic meters respectively, when they reached
Pao-t'ou.
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‘qh%HPF;QF¥P;QHSQQrQQjOf flood water in the downstreah aréa is
the drdinags besin between Ch!ing-siui~ho and T'ung-kuan, and the bagins

©f the ¥en'and Wel Rivers, Flood-water conditions above Chfing-shuisho
océur later then’'they do below that point, Probably less than 2,000 .of

the '23,00€ to. 25,000 cuble meters per sccond meximum flgod . water st- SHan- .
chou’pr;gihetée above Ch'ing-shui-ho, The numerical ecgure¢y of-these
figarvs rmet ve v.rified, but they are supported by geogrephy and. hydro-
mettys Since flood weter origincting ebove Ch'ing-shui-ho constitutes only
ebout 10 pur cent of thc flood weter do*mstream, the Ch'ing-shui~ho res-
ervoir can hive little offaset on the great floods inftﬁé downstream.plains,
The entirte copacity of the Crlirg-shui-ho réservoir mey, tkerefore, be

ueged for water péower,

B.  Relation to Flood Control of Dems betwecn Qb'igg:sggg—ﬂo and fﬁg
metk! ou ‘ g . o

The eight upstream reservoirs, Ch'ing-shui-ho, Ho-ch'u, T!ien~ch'iao,
Hei=yu~k'ou, Chi-k'ou-chen, Yén-shui~kuan, Hu-k'ou and Yu-nmen-k!ou would
have a total capacity of 38,520,000,000 cubic meterss, Excluding.the |
Ch'ing-shui-ho reservoir the total would be 14,520,000,000 cubic meters,

The average annuel flow at Shan is 43,000,000,000 cudic meters,
and the flow at Yu-nen~k'ou, excluding that from the Wei River, is ap- .
proximately 26,000,000,000 cubic meters. Flood water from the dreinage
basin between Ch!ing-shui-ho and Yu-men-k'ou thus -constitutes a comeid-
erable part of the downstream flood-water volume, Moderate flood water
is insufficlent to constitute & flood in the lower reaches of the: priver,
In any case, these dams are not planned for flood control and even if
they were, with the passage of years, the reservoirs will becomps filled
vith eilt and lose their value, Moreover, these reservoirs will be de-
veloped over a long period 'and flood control cannot wailt for them.

! { »

Cs Relatggg of Sanrmen—ggrge Reservoir to Flood Contfol,'}fd,

' 'Sab-nmen Gorge Heservoir was plannéd'prtné}pﬁiiy'fqr flood control.
The surplus cepacity of the reservoir may temporarily Ye used to supple~
nent the river flow at low water and for silt ebsorption, but in tine
silting will leave only enough cepacity for flood control, The head of
water at the dam.could still be used for generating electricity, .but: -
there will ‘be no cepacity for equelizing the floy of usable water, . - ..

P oreag.

R .y TR

This reservoir must release the 25,000 cubic meters per second. -
mexinun flow of flood weter it receives, at a rate not exceeding 15,000
cubic meters per second. . oy IR DA

The line-graph of flood weter which was R‘_x:eizzifed at ‘Shan in August.
1933 would, with a safety factor of 50 percent, raguire a capacity of
2,500,000,00Q cubic meters to limit the flow below the reservoir to. .
15,000 cubise meters per second.

If the maximun water level of the Sen-men (orge reservoir is to be
425 meters ashove see level, its total capacity will be approximately
b,000,000,000 cubic meters. Of this, the 2,500,000,000 cubie meters-
Czpacity of*the top 6 metere=—from ¥19 to U25 meters above gea.level——

will be reserved for fleod ¢ontrol, ;;f
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The flood ’ates of the overflow dam will be large enough to
- allow a flow of 15,000 cubic meters per second et maximum water level,
" To allow as rmch flood water as possible to pass downstream before
the reservolr fills to its.nmeximen water level, the overflow crest
of the dam below the getes mist be as low as possible. It will be

v 413 neters above sea level—12 meters below the maximum water level.
The 15 overflow gates must each have an effective width of 11 meters,
meking 2 total of 165 meters. . .

The important point in flood control is to maintzin the water
level during the flood sesson from 1 June to 15 September at 419
neters or lower. When the weter level rises above this point, the
gates will be opened to prevent the rise, If the water continues
to rise with all the getes open, this rise will absorb the flood,
until the discharge rete recches 15,000 cubic meters per second,
If the water level begins to fall below 419 meters, the "ates can

. be controlled to maintein thet level. . v oo

D. Effect of Soil Conservation on Reservoir siitihg

S0il conservation in the barren heedwater grcas, to prevent silt
'being washed downstreem, should be mede a separate project, but im-
medlate results. from such measures cannot be expected. The river

- will carry silt for some years to come. According to studies of the
“silt voiume in the lower reaches, most of the silt originates in
drainage areas of’ the Yellow River itself between Pag-tou and -
T'ung-kuen, and in drainage arees of the Wei River syster. princi—

.pally the Chinz River. The volume of silt originating above the

’ Ch’ingbshui—ho rescrvoir is very snall, anounting to, onIV 3 percent
at’ the height of the f;ood serson. Discussion of the effect of
8ilting is therefore unnecessary.,

- The reservoirs below Ch!ing-shui~ho as far as Yu-men—k'ou will
become largely filled with silt. approxinately 12,500,000,000 of the
~ 14,520,000, 00C~cubie meter combined total capacity these dams will
be filled by eilt, preventing this volume of silt from flowing down—
stream.

The average ennual flow of silt to the downstream area is
500,000,000 cubic meters, If helf thils volume originetes in the
drainage sres between Gh'ing—shui—ho and Yu-men~k'ou, the reservoirs
will reduce the flow of silt to the downstream area by 50 percent
for approximately 50 years,

Although the grester portion of the 6,000,000,000-cubic meter
. San-men: Gorge reservolr will, as stated above, eventuelly be filled
by silt, the flow of 8ilt to the downstrean area will be decressed
for a period corresponding to the silt ?bsorptlon capacity of the
upstresm dams,

III. Relation of the Hydroelectric Plan to Water Supply
The construction of the San-men Gorge reservoir will-be of

great advantage to activities which réquirc water, by increasing
the flow of the Yellow River during its low water period from
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200 to 650 cubic meters per second and, when the upstream dsms are
completed, to BOO cubie meters per second. This flow will be
utilized in the following manner:

Irrigation ~ 400 cubic meters per second
Industries = 50 cubic meters per second
A Water transportation - 50 cubic meters per second
. Total ~ 500 cubic meters per second

The remaining 300 cubic meters per second will be allowed to flow
downstream. The first 500 cubic meters per second will be diverted in~-
to the Wel River. The irrigation plen calls for the irrigation of ap-
proximately 1,000,000 CHOBU [ 450,000 acrej around Lin-ch'ing, The
water traneportation plen calls for sufficient water to accommodete
500-ton boats from Hein~hsiang or Hsiu~wu to T'ien-ching, or through
Chi-nan and the Hsiso-ch'ing River to the see.,

Future railroad, wster transportatlon. electric power, coal and
weter supply developments give the Hsin-hsiang area great possibilities
as an industrial zone. It would require approximetely 50 cubic metersCPYRGHT
of water per second for industrial uses, , -

Thus, the San-men Gorge reservoir will be of imnense value £or
water transportation, irrigzation, water for industrial use and hydro-
electric power, as well as for flood control. Use of the 15,000-cubic
meters per second flood water for irrigation end rejuvenation of the
land on both sides of the Yellow River below the Pei—-ping Han-k'ou
railroad bridge should receive extensive study. !

/[BEnd of Volume 1/
[Parts 6 to 10 continue in Volume 11/
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