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December 26, 1944

91H/11-3044

Ky dear Flee Tully:

I am sending herewith a ocopy of a despatoh dated
November 20, 1944 from the American Consulate Oeneral at
Kunming, Yunnan, China, forwarding for the Fresldent at the

instance of Ur. J. L. Savage, Cultural Felatlione FProgram,

two coples of his work Prelimingry Heport on Yangtze GOrge
Proleet together with drawings.

The American Consulate General at Xunming hae been
requested to thank Dr. Sevage on behalf of the Fresident.

9incerely yours,

Enclosures:
Chisf of Frotocol

1. From Consulate Jeneral,
Kunming, no. 119,
November 30, 1044.

2. Two ooples of R .
with two coples o
dravings.

kKles CGrace G. Tully,
The White House.



Government of China
Ministry of Eoongomie Affairs
Naticnal Resgurces Commission
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OF
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Consolting Enginesr

Chongking, China.
Hovember, 1944,
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Dam loeated abput 3,000m,
dgwneatream from Shih-Fal.
Power plant in tunnel.

Dam lgoated about 1,800m,
gpstream from Nan-Telng-
Ewan.

Power plant in tunmel.

Dam loeated sbout 1,200m.
upstrean from Nan-Tsing-

Ewan,
Fower plant in tunnel,

Dam located at Nan-Teing-

Ewan.
Fower plant in tunnel.

Dam loeated about 500m.
downstrean from Nan-Teing-

Kwan.
Fower plant in dam,

3t Fo.4 embodies the general plan of development
rnr::-anind in the Proposal of this Report.




HATICNAL RESCURCES OpMMISSICH
Ministry of Economie Affairs
Introduoticn to
Ir., J. L. Bavage's Report

{ineluding Post-War Reconstruotion Flan
for Eleotrical Enterprises in China

and
8 brief of Fower ¥arkat)

In. the sourse of our industrial reconstruction, we are
most fortunate in being able to invite Dr. J. L. Bavage, world
anthority and designing anginnar responsible for the majority
of the world famgus dams, to advise us on hydro-sleetrio pro-
blems with an 1nl€-ut1un tour of leealities for prospective
dam sites. Owing %o the limited pericd which DIr. Savage can
apare in our country and the diffioultles of travel egnly fol-
lowing majer projects were included in his inspection tour, viz:

Ta Tu Ho and Ma Plen Ho Froleots

Upper Ming Kiang and Ewan Helen Frojects
Lang Chi Ho Projeots

Tang Long Chuan Frojeots

The above sites are all confined te the south-west of
China, oconstituting but a small pertion of our reocnetruotion

Program,

Besldes the afore-menticned projects, our Commissign has
long oherished in developing hydro-power at the gorge of our
famous Yangtze River. An inspection party was dispatched about
ten years ago to make & preliminary investigation of the pro-
ject in view., We are much indebted this time tg Ir, Savage for
iz consent to undertake the obeervatiocn in perscn and to for-
mulate a more cgmnerete deaslgn.

While his valuable reperte will unguestionably be ased
as the nuclens to our reccnatruction proegram in the districts
gonoerned, we deem 1t opportune in appending herewlth g and
1ists showing out tentative plan of Post-war Eleetrical Enter-
prises in China and estimates of power requirements ocompatible
to our first stage of five years post-war resonstruction in
relation to natural resources and planned industries,

The estimated power required listed below inolufles require-
sents of pre-war plants in the cecoupied zones to be rahablili-
tated after the snemy's retreat. Of epurse, this plan is only
a tentative layout with a view of gradual expangion and subjeot
to conetant rewleion according to our financial and teohnieal
faollities, We are sure that after the first five years' plan
is carried out, the gewur development in annuing years will be
very much acoelerated moocording to the demand of other indus-

trial developments.

For the time being, even the first stage of our program
ealls for more engineering perscnnel and expenses than we oan

muster, so we are hoplng that scme gort of working prineiples
may be laid down soen by the U.8.government and ours to en-
sourage American engineering and {naneoial instituticns in

bringing about our plans to

the stage of actual oonetruotion.




Pending offickl government arrangement of financial and tech-

nioal cocperation, preliminar
tween our Commissicn and Amer

I negotiation will be made be=
o

an institutions to promote

immediate construction for some of our urgent installaticne
on the basis of a self-ligquidating scheme in terms acceptable

to both governments.
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District Natural resources Elanned industries
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Distriot Nat respurces Fl ad indostries Estimated

power
Heguired
Kiangsu- spal:bituminecus iron & steel smeltery IEE,EEEEH
Chekiang 1iron fuel oil
rice machineries
cotton colliery
silk ghip-building
palt eleatrical eguipments
chamioal induostry
galt and products
gugar and starch
textile millse
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leather proesssing
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isolated
pewar plants
Grand total P 0EE,AUUEN

{not inoluding the four north-eastern Frovinces and Furmonui
P.&. The acbove Prelimina five-year plan was

suggested ab a conferencein’ April 1942 . Tn
view of e importance and c{.,:.,.f._,*ﬂ oF ™ha T‘J"'T;“‘ n@{ Alve {"w

Gorge sject , ik is.considered | neosls Fr ierrddiee en-hao
dud modifidations in the arem wilhin K scope ofF ¥
HAe® s fangrl.zc rl‘rajq:}. Chalirman
Nationel Hesources Commission o
getober 1944 e
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chiho Eleotrieity Works,
: show, Szeohunan, China,
¥ : Cotober 9,1944,
Ir. Wong Wem-hae, Chairman,
Natlional Resources Commission,
Chungking, China.

Dear Dr. Wong, -.

It gives me one of +the greatest pleasurss in my forty veaars
of enginsering sxperience to submit +his preliminary repar+ on
the X ge Gorge Frojeet, The study of +his projest has besn
extremelr interesting besause of the unprevedsnted magnituds of
the works to be ecnstructed and alsp, bemsnse of China's great
need for the benefits that will acorus from the project.

The repert necessarily contalns many pages of enginesring
matter! that may net be nfﬂf.rtianllr interest o6 you. With +his
in mind, and for the ocenfenience of bther readers, I am incor-
porating in thias letter the tentative conolusicns +hat will be
found als¢ at the end of the repert,

Tantative Conoluasigns.

1t ks possible to state tentative conclustons relative +o
the Yangtze Gorge Frojeet on the basis of (1) a brief field
inspeotion of the projeet area, (2) analyses of available basic
data inoluding river discharge reccrds for fifty vyears, and (3)
alternative atudies and estimates of five differsnt project
sites selacted from available aarial topography, as follows:-

1. "™he Yang+ze Gorge froject with a normal reservoir water
surface at slevation B00.will develop 10,560,000 kilowa*tts, of
which 6,000,000 kilowat+ta are firm power and 4,560,000 kilewat+s
are secondary pewer. All of this secondary power will be eon-
verted nltimately to firm power by upstream stcorase developments,
The project will provide 74,000,000 mare feet of water for the
irrigation-of 10,000,000 meres of good agrisultural lands. Abeut
22,000,000 aore feet of flood storage will be previded, whiech is
!nfriciant to ocontrol the largest fleod of recerd., Alse, the pro-
Ject when supplemented by navigation faeilities will permi+t ccean-
going vessele toc ply inland at least to Chungking. The great
Yangtzge Reservoir of 50,000,000 meore feet will provide an excel-
lent -supply’ of oclear domestic waker for many oities and indus-
tries, as well as recreaticnal benefits,Ehat are certain 4o
become ol utsmost laportenecs $¢ China, : 2

2. The relative merits of five alternative studies and
estimates and of two alternative gemeral fllnl of develcpment of
Yangtge Gorge Frojeot are shown.im the followlng summary of
estimated costs. The costs are givem in U,S. dollars.
Mternative  Total - Investigation . Interest Grand

nd Ehe So-id o PlEDA-of WAy daring
Project Field Cost (verhd.& Ctge Construction Tetal
Btudy No.l $860,260,000 $139,039,000 $149,805,000 $1,149,1%4,000
Study No.2 $730,749,000 $119,612,000 $127,554,000 §- 977,915,000
Study No.3 $740,726,000 $1£1,109,000 $129,275,000 § 991,109,000
Study No.4 $698,393,000 $114,769,000 $121,973,000 § 935,125,000

Study Fo.5 $835,898,000 $135,285,000 $194,267,000 $1,165,840,000

« v 1§




3, The projeot is femsible in respeet to ite constroctien
on the great Yangtze River, and also with regard to prospective
repayment of the project eost through revemues acoruing from
power, irrigation, flood contrel, navigation, domestic water.
and reorsational rescurces, Construction of the Yangtze Gorge
Dam appears warranted to a large dsgruo'bz nn{ ona of +he four
big benefits, namely, power, irrigation, flcod eontrel or
navigation.

4. A plan of development ntilizing diversion tunmels for
by-passing the river during constructien of +he dam will ocost
less ;.nﬁ be mueh more bemb-preof than a plan without diversien
tunnels. .

B. The totel comt for the ¥ ze Projeat inoloding +he
dam, reserveir and power plant will be well under one hillien
U.8. dpllars. The unit oost for power will he well onder cne
hundred U.3. dollars per kilowatt of inatallad eapacity.

6, On the basis of the fully loaded plant, gross annual
revenues from power alome, sstimated at two U.S5. mills per
Esw,h. for firm power and at one fumill per k.w.h. fér .
secondary power, will average U,5,8143,450,000, innusl revenue
dedootions will include the followlng:= operaticn and maintenance
cnt gensral and sepecial features of the project amounting +o
Ui5.86,398,000; a replacenent reserve of U.5,$2,287,000; and
amortization on the basis of 15 years Tepayment periocd om a 4%
sinking fund, imcluding interest, amounting to U.S5.$84,105,000;
or a total deductiom of U.5,$98,720,000. This leaves a net
ennual revenue of U.35.%50,660,000.

7. Groms annnal revenues or savings and net ammual revennes
or savinga will acorne from power and storage Tescurcss of +he
rrejent as followa:

FPower or Storage Grpas Annual Net Annnal
Resouros Revenue of Javing Revenus or ' Saving
Power L » U.5.8143 ;450,000 V.5.% 850,660,000
Irrigation $ 8%,000,000 $ 18,500,000
Flood santrel - ] i 3 48,840,000 $ 38,240,000
Navigaticn $198,500,000 . = . §:88,500,000
Dgmestie water - 4 56,600,000 § 3,000,000
Hecreation .. % 5 i i Fﬂ.ﬂi}ﬂ.nug i ﬁ.%ﬂ,oco
Tﬂ‘t-ﬂlr. 2 e e ¥ ] L2 1] * 4

8. The Yangtze Gorge Preject is a "CLASSIC". I+ will be
of utmost importansce 4o China. It -will bring great indas+rial
developments in Central and Westernm China. I+ will bring wide-
spread employments Lt will bring high standards of 1living,

It will change China from a weak t¢ a strong mation, The
Yangtee Gorge Frojeot should be oonstructed for the benefi+
of China and the World at large. - ? deni

'Ru.putnu'y submit+ad,

| flidegne

Comsulting Engineer.
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The writer desires particularly %o acknowledge and thank
Dr. Wong Wen-hac, Minister of Eeonomic Affairs and Chalrman of
the National Resources Commisslen, €or his compllimentary intreo-
duction to this report and for the domprehenmive information
submitted relative tg the Commission's proposed five year post-
war industrial program. Alsc, the writer acknecwledges with
deep gratitude the cccperation and helpful suggestlcns recelved
from all of the offieials and pergomnal of the Naticnal Re-
sources Gommiseion, It will be obvious from the scops of the
report, and pnrtluulnrl; from the scope of the exhibits, that
the ter has had the fullest cpoperaticn ef a number of the
femmlission's eapable engineers. Thess engineers have made the
essential economic studies that form the basis of this repert,
Their enthusissm and interest in the work have been an inspl-
ration and m souree of keenest pleasure to the writer,

ﬁxga}ail

This is a technieal engineering report prepared primarily
for the guidanee of enginesring perscmnel in continuing the
investigations, surveys, expleratioms and studies of the Yang-
tze Gorge Projeect. Other important purposes ¢f the present in-
vestigation and repert are to determine the feasibility genﬂrnl
plan of development, approximate cost of: the prujaut'anﬁ he
benefits meeruing from the project. It is believed that these
purposes are fulfilled in this preliminary report, sc far this
is possible from the data available at present,

The report will eonsider five altermative studies of the
projeet as modified by development at different proposed sites,
The first four studies (Nos.l,2,% and 4) will comprise general
plans of development that utilize diversion tummels during ccon-
struction of the dam, Study No.5 isa plan of development with-
out diversion tunmels, in which the river will be handled by
methods similar to those used at Grand Coulee Dam, The alter-
native sites are located in Iohang Gorge within a reach of
sbout ten Kilometers, namely, between 5 and 16 Ellometers up-
stream from the olty of Ie . An inspeetion trip to the
project area permit ed a care examination of one of
project sites. However, the other four sites were too olose
to ilmlﬂl#i military forees to be accensible, Examipation of
the one site and observation of the gorges between Chungking
and a point about three Kilomsters downstream from Shih-Pail,

gave first- nﬁ:annr-l information about geologic formations,

t his co
o:i:fi=ﬂinhtrunt in the large dlscharges an

of Yangtze River,

w tigna and the 41ffi-
tions, right of WaJ ACTend high velooities




The proposed gemeral plan that appears mgat attractive
oan be illustrated best by referemce tc the drawings egntained
in Stody No.4. The dam ae propesed in this study will ergses
the Ichang Gorge at a point 1nnnd1ntu1i upstream from the widened
ahannel of the Yamgtze Hiver or about U kilometers abeve the olty
of lohang. It will be a ccnorete straight gravity dam designed to
ralge the water about BED meters and :El length at. the top will
be about 760 meters. The whole central portiom of the dam will
comprise an overflow epillway cemtrolled by drum gates and tube
velve cutlets. A massive hydraulie jump apron designed to pass
unprecedented volumes of water will proteet the dam againet
damage from floods.

The power plant will be dividdd between the two sides of the
river and installed entirely underground, utilizing the diversion
tunnels and other tunmels send shafts excavated in selid reok, Ten
diversion tunnels mnd two other tunmels on eash side of the river
will be utilized for the installation of forty edght 110,000 kw.
main power units, giving ninety slx main power units with a total
ocapacity of 10,5@".",00{‘ . One other tunnel system on each side
of the river will be utilized for the installation of two 20,000
kw, station service units giving four station serviee units with
a total capmeity of 80,000 kw, Although undergroand installation
of the powsr facilities will inerease materially the epst of the
powsr house feature as compared with an outslde power house, the
cost per kilewatt of instelled powsr for this project will remain
anasaally low.

With all power features installed below ground the power
plant will be 100% bomb-procf. The gltra-ccngervative mapsive
dam puggested in the proposed design will be as nearly bomb=procf
as possible, While the drum gates are vulnerable, theas oan be
lowersd in & Tew minutes, which would put them under & conslderable
depth of water, assuming the reservolr to be at a stage well abeove
the permament epillway crest slevation. During low stages of the
reservolr the drum gates would suffer flamages from effeotive
bombing but they would provide a largs measurs of protecticnm
to the ognorste crest of the dam.

Benefits of the projeet will mecrus from the large capacity
of firm and secondary power; and frem irrigation, flood eentrol,
inavigation, domestic water and reereational features, These
benefita will be very great even with no upstream storage, With
the ultimaste development of upstream storage the benafits will
be tremendous.

Scope of Freliminary
and Final Eeports.

The preliminary repcrt will discuss certain general oconditlons
adopted as fnn#nnanzgl in the proposal of thie report. Prigr pre-
posals for development of the Yangtze Ga;gf Project, inoluding

that of Dr. Sum Yat-sen, Founder of the Chinese Hepublie, and that
of Mr. G.R. Paschal, Americal Eooncmist and Expert Adviser to the
Chinese Government, will be quoted for comparative purposes. 4
finanoial analysis of the large fertilizer plant that is inecluded
ag an auxiliary feature of Yangtze Gorge Froject in the proposal

of Mr. Pasohel has been made by the Naticnal Resources Commission.
Copy of thim analysis is attac hereto and designated "Exhibit

Foa l_“ '

- The osal of this report will be outlined in full.
The glnurzi tuaras -of the Eﬁ: and power plant will be enumer-
ated in oonsiderable detall for saoh of the two general
plans of development. Suggested mtage developments of
the project will be outlined for the adepted plan of
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develppment as embodied in Stody We.4. Listes of avallable and
requested additional data will be inoluded, Frograms for oon-
tinuing necessary sarveys, explorations and studiss of the pro-
Jaot wlll copprise an important seotipn of the report. The
benefite inuring from power, irrigation, floed eontrol, navi-
gation, domestle water and reereatiom will be 21scuased brisfly
and gvaluated, sc fer as this 18 possible frem present informa-
tion. Tentative oconclusions will be fpund at tha emd gf the

report.

A Tinal report will be prepared in Amerioa, following
apgmpletion of surveys, explorations and studies of the project.
In preparing that report it 1s proposed to utilize personnel
sent from China to Amerioa for technical training, and alseo to
ntilize perscrinel of the Bureau of Reolamation providing eo-
gperative arrangemente recommended in another report are oon-
gummated.

The final report will inelude general designs and speoi-
ficatione sultable for negotiating a construction contract or
for undersaking unnatruntfun by government ferces. Almp, the
final report will include illustrative matter in thes form of
exhibite embodying detail depigns, standard designs, detail
speoificationa, techniocal memoranda, engineering reports and
other esssential data that have been developed and complled
by the Burean of Realamation for similar high dam hydroelsotrie
projeots, In this mammer data pertinent to most of the impor-
tant details of design and oonstruction ean be furnished.

Fellowing completicn of the finmal report, and providing a
large development program i1s authorized for ecnstruetion, 1t uis
propossd that the National Rescurees Commission will arrange for
agopearative assisgtance from the Bureau ¢f Reeldamation and the
Termesses Talley Anthority e followa: (1) preparation of de-
tail designe and speeifieations in Amerien; (2) supervision of
sonatructicn work in China; (%) training of Chinese techniecal
pearagponnsl on desiin work in America and on epnstruction work
in America and China,

General Considerations

In formulating the propesals of this reppert certain gene-
ral considerations have been adopted mas follows:-

(a) This super-hydroelestric project should be designed
egn the premise that it may be utilized at some futore time for
national defensa purpcses. With such a largs ccnoentration of
power in cne plant, it 1s oconsidered essential tp construct
the project as nearly bomb-proocf as poBsible.

{b) Censideraticn should be given to earthquake effeects
in the final design of all important strogtures.

{e) All resourses of the river basin should be ccnsidered
in the ultimate development cf the Yangteze Elrarilinulud:ug hy=

drgelectrie power, gravity and pump irrigation, fleod econtrel,
navigation, nnnui;- watar pupnly and reorsational features,

hess resources are of ftmeat importanes in the future
ii%n;: : =.nf uifin*-na all of them are invelwved im the pro-
puitﬂWMﬂ Gorge Proleot.
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(d) The zntuntinl multipurpese benefits of this projeet
are oonsidered to be of such paramount importance that the
warrant any additional coste ?or lnfinnor ng, labor and mate-
risls neces to precure construoted works of the most mo-
dern, permanent and ultrdponservative charaoter,

(e) The present inflatlion makes diffieult, if not im-
gesible, the task of preparing oost egtimates of the project
n Chinese money., For this reasen, it is found expedient to

zake all comparative cost estimates on the basis of U,5. dol~
lars, and als¢ on the basie of work done in Ameriea pricr

%o the war. Some idea of after-the-war costs for the projeot

can be had by using oost indexes and exohange rates for years
prior to the war.

{£) 1t is considered very important that arrangements
be made as soon, as possible for extensive merial tepographie
surveys, preferably soverlng the opmplete main river and all
important tributarles. Conelusicn of thé war in Europe should
make avallable adequate persgnnel and pquipment for such sur-
VeyS.

(g) In rehabilitating cltles ard villages that are to be
partly submerged by the reservoir, 1t is eonsidered advisable
to eonstruct modern domestie water systems, mewsr systems,
pablie builﬁinfa and other public fmcilitiea that will tend
to promote a h gﬁar gtandard of 1iving among the people.

(n) The tepographic informatiocn avallable for cgneldera-
ticn in thia preliminary report 1is 1imited to sketoh topogra-
phy prepared for military purpeses by the Chinese milit
forces, aerial t:{ngraphy captured from the Japenese mblitary
forees, and aerial photographs and topography recemtly furnlsh-
ed by the U.S,Army. The Chinese and Japanese military maps
differ widely and, despite eareful fleld inspection of one of
the alternative project sites, it was uncertain whether elther
of the maps mcourately showed the topography of the region in
question, With this alfferennce in mind survey parties were
organized hurriedly by the Katicnal Rescurces Commission and
sent to the region to make cheok surveys. These SUrveys $&e—

indicate that the Japanese asrial ftop aphy, al-
though defleient in certaln details, is suffieciently aceurate
for present purnoSas. The merial photographs taken h{ the
U.5. Army, viewed throogh a steresoscape, indicate that the
Japanese asrial tnpogr;phy is resscnably scourate. Therefore,
this topography has Deen uged s & basis for the atudiea

dsseribed in this report.

(1) Any eonelusions fermulated on the basis of present
available date mast be sonsidered tantative, Howeyer the
conclusions im this repert are made on the basis of wide ex-
perience in similar nigh dam cenatruetion on large rivers and
it is believed that this pxperience warrants difinite conclu-
gions, for example, regarding the feasibllity of the projeet
in respeot to lts gonstructicn on such & great river. Con-
gtruoction of the project 18 unguestionably feasible on- the pre-
mise that adeguate provisions are made for. diversien of the
river during construction of the dam, This gramiaa im met
in sll of the proposed plens of development DY providing a
diversion capacit gufficient for passing the gne hundred
year floed. This liberal diversicn capacity appears warranted,
not enly for insuorance against disaster, but also because the
diversion tunnels oF the diverslon channels are neaded also

for powsTr purpcses.
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. Dr, Sun Yat-pen, Foundar of'the Chinssé Kepublic
Ghi:r‘l Ern-taut leaders and benefactors, is baflurud'tgpgagf
subiitted the firet oonorete proposal for extensive develppment
.8f the Yangtze Gorges. Dr, Sun's ﬁrnfounl hap besn tranglated
into lzg;lah from oertatn paregfaphe in his third leoture. The
Propoa 1B qooted for sonvenient referenoe, as follows:

- -

"Prinoiple of Fegple's Livelihped"™

_"The ‘second method of inoreasing sgfloultural produsti
im the uee of 'fertilizers. 3¢ far only fasoss of husnn haln;:
and animals, snd dedayed vegetable matters are used as fertili-
zers in Chind, Chemieal fertillzers were only introduced
recently, In'eertain places seuth of the Pearl River in Kwang-
tung whers Chill salipeters have been used ms fertilisers im
planting sugar canes, the Tate of growth hee been doubled and
the ‘size of the preducts alse inereased several times, But
thd saltpeters, beirg imported from Ohill in Sesuth Ameries,
are high im ogst and "scld at such high prisass that .enly sogar
ocane-planters ean afford to buyand utilize them,

"Healdes saltpeters, the phosphorus from ‘the shell family
in the asa and caleiom from the mineral materials are good
fartilizera; and whan altrates, phosphorus and caleiom are
mixed in proper properthoms; a very saitable fertilizer is
formad; whieh,; wsed in -the plenting of any Tagstuting, will
inorease both the goantity and rate of preductien. or ex-
ample, one mow of rioe field, which produces five baskets of
graing without fertilizer, will yield two to three times the
preduction if sultable ferthlizers are applied, Thérefore
if we wish to increase the agricultural predootion, fartill-
zors . should be.used, and solengific methods .of manofacturing
shemicel fertilizers should be sdopteds  The raw materiale
for making artifi fartilizers are cbtainable everywhere
in China, and. sgmething similar te Chili saltpeter was used
in the daking of gunpewdsr a lbtng time.ago.

"Formerly the majority of.the fertilizers used in the
world has been produced in Chili, Scuth Americe; but recently,
doe to the advancement of science, a new methed of makl
fertilizers anywhere by the use ol eleetricity nas been {n-
vented, The nrt;:iniuf fartilizar,ugu rodoged, belng Hg&ally

: )i
effective a the mataral Lertlilre eoit1oity prodbesds  In

being ineressingly used.
high price electricity has been produced by steam

eneral
'surlr ﬁu;-rlﬂantly low price electrieity 18 being produced
_tqinr power. In many foreign ccuntries, an encrmcus amgunt
ni slectric power is prodused by the development of water falls
and ‘river rapids, and chéap energy thus cbtained is used in
the manufaeturs ¢f artificlal ferfilizer, resultling in a very

cheap produect, :

NThere are guch falls and rapids in Chine; for exam-
ple, many rapids exiast al the Weat River upstream of Ngo-
ohow, the most treachercus olnf Foo-Fo Rapid, mear Nanking
very dangerous to mavigation., “if the river is dammed op and
a navigation ohannel 'is c¢onstrueted, power and bemefits to
navigaticn will béth ba gbtained.’ ft was estimated by ascome
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one that cne million horsepower could be dev
repld, Many rapids alsg exist in Fog-Ho and ;iflzfi:zn:n;?:nn
be used for development of water power, Also, atoording to
;urvtying'l; engineers, tens of thousands gf horsepewer could
e produced fr ang in the northern part urpfzungtung*
:.1-: ::::1;‘3 ir hting Canton and nefghbouring sities, rurning
Maegeinit he factories, and pven electr ying the Canten-

"Bt1ll more splendid 1s the water power a
(Wind Bex) Gorge on Upner Yangtze ntiur? It u.: 1h:1!hn;-$h:ng
some pAs that more than 20 millien Morae e 5e ae hf
from the river frem Ish S rpane 00k1LBe. davedoped

; * irom lohang to Wamhsien, The above power, being
bigger than that prodused amywhere im the world, opuld met snlvw
sapply all the rallways, train oars and fmotories in the whole
spuntry, but produce emcrmous amcumt of fertilizers., Again,
at the Lung-Men (Dragon Gate) on Yellow Hiver, electriec power
amgunting to tens of thousands of horsepower gould be develgped.
It oan be seen that China is rieh in nateursl resgurces. LT
modern methods are used teo develpp the water er resguroes in
Yangtse Hiver and Yellow Hiver, about 100 lilfI:h horse power
eculd be produeed, whish will be equivalent to the power of
800 million stromg men, as 1 horsepewer ia nﬁgut equal teo the
power of eight men, Futhermere, more than 8 hodrs werk 1g harm-
ful te the workmen, but horsepower can work 24. full houors in
a day, that.means I.harulpulir used in a day will be eguivalent
to the work of 24 men, If full use 1s made of the water power
from:-Yangtze and Yellow Rivers, preodocing 100 million horsepower,
wa will -have 2,400 million workers to work for us, remning our
traine, operating our factories, and preoducing fertilizers.

"gooording to Hapn-Yu (an anoilent Chinesé writer), if one
worker produces for 6 oconsumers, the country will grow wesker,
Just think how many are motually werking amensg the 400 millicns
in Ghina? Fot only the young children, and the old emnnct work,
bat many young strong persgns, like the land pwners, live cn
the work of ‘others. So many Chinese ‘are not working and nom-
prodaeing; r-:nlting in . a.weak country. If we ean develop
the water power of Tangtze anf Tellow Tivers, to produee 100
million - -horsepower, eguivalent to 2,400 nlliiun mARpowWAT, and

ntiligs this emcrmons amsunt of electrie power to work for us,
large prodmeticn will eertalmly be the result, and China will

ghange from & poor to rieh ecustry. Therefore, if we wish to
‘must be atilized

ineresse agricultural predustion, machine
to insrasse the productiom power of human laber, and mgrecver,
glegtrie power muoet be utilized to pruduna_ttrtiltmur

Proposal ‘of G.Re -
oml 5t

Mr. ﬂ;n.!nnuhal. an Agmerioan Booneomist and Expert Adviser

roment  of China, has made d proposal fer the develop-
:fn:h:r°§:;¢ts- Garg--thnt'wlrruntu'lnag earefal nunutgurntian.

Mr, Paschal's proposal is quoted for convenient reference as

fallbﬂ'! j= P T oy | S Y

;!hr Pidlding of Eydroelectrie Fower Plants
in Ghins under U.s,0gvernment Loan and a

Repayment Therefor”

- urgently needs large amounts of electric power
to bn‘l.ggi:‘ agt-vrn.; i{ndustries, the total meed blingit!;ru
pr four I’.{lzﬂ kilewatts immed{ately post-war, but rising

Suggented Mode of




to EO0,000,000 kw., or more at the snd of ten
Lndulﬁrinfisltinn progresses and the utnntnr;nu:'If: ?u:::;anﬂ
But China has very little foreign emchamge with which to purs
ohase equipment and to pay fer the build of planta, and -ghe
needs exchange for other urgent taske, such as resenstrostion
wurtﬁ bullding of railreads, opening of mimes, ete, She can

not hope to mequire encugh exchange through erdinary exports

to finance the desired rrﬁgfll and she is particalarly handi-
capped in trade with the United States, whioh will prng;bly
have to supply mest of the equipment and .trained parsonnel
needed, dus to the urgent needs in other ‘industrial ocouritries
for demestio reoonstruction, It is s agted that this impasse
may be broken by the United States building power plants in

c for the Chinese' Government and taking payment in certain
products which these plants can produce, but which China has
::{n:zpnrtud hitherto. in example of one possibility is given

"The United Jtates has an amnual fertilizer bill of large
size,  In 1942 it wae $364,000,000, Yet, Inm spite of this
figure, Ameriocan farms do not get emough fertilizer, and hence
are deorsasing in fertility wyear after year., The loss of nitrogen
i® geveral million tons per year, ani at present the nitrogén
adied in replacement 18 only m little over 400,000 tens per
annum, Fhoephates and pote ars replaced in much large measure,
but Ameérican farmers tend to skimp on mitrogen fue to 1ts high
coBst., There ars 340,000,000 mores in orops in the United States.
on at least 200,000,000 acres of this, mitrogen mdditions weuld
be desirable, and on 10Q000,000 acres they are egsential to the
produetion nf really paying ylelds, If nitrogen eould be supplied
at prices less than half the existing figures, erep ylelds could
be imppoved ‘and agricultural subeldies thro ecnservation on

payments and warthg payments (amcunting te $663,000,000 in 19410
i

oould be reducad, gh' fertilization could reduce the peat
per mere for crops very notably, aince 1% would allew the
retiTement to pasture of the poorer land, with ecgnoentration
of labor on the better mcres. Low tost fertilizers ghounld be
very popular politisally, and thers are no tariff barriers to

imports of mitrogen pr uoteE,

»1f 100,000,000 aores of American land received 1ﬂﬂﬂggnndu

f nitrogen per acre per year, thia woald reguire 5,000
:nnn. T;fu might mean F,Dﬂﬂ,nﬁn tahlﬁ DEE,&EE tog:taf nitru—
rtilizer, depending on the ohemic 2. uE Agsume
el be Prodk ~ galeiun eyanamide, which

t the produst produced im
here tha yr® It 1 probable that other mitrogen

contains 354 nltrogen.
pgzﬁn;tu eguld be produsced and shipped cheaper, and henmee the
assumption that this is the product made is ccnservetive on

4he soore of sost, Oaleium eyanamide rodoetion requires con-
siderable amounts of elsotrie power (8,000 tilnwntt_hnur:dpzr
ton of conteined mitregem) and henece sould not be pruduaﬂ n
the gquantity and ccet dksired 4n the United States, It de-
manda oh power, and American Euwar ig generally not cheap,
and is alae ntiiii for general lighting and indnoe gi:l purposes.

. trogen woald demand
nm ﬂm nf Elﬂﬂﬂ,ﬂﬂﬂ tons of ni G. nwhlilh the Uﬂit.d

watts years of power,;- & ft!hr-'

giE?EiﬂEEniilgzztirri;a to meet rié: exi .:nghE%;::nbh;::uliur-
andg of other industries. us 8

:2%11'::2% this, in terms of ‘quantity, cheapnesas ngﬁ ::I::l

profit. The Yangtze BRiver flgwas for sever handr




abeve Iohang in a narrow gorge, then
' opena put abry
:uulg' :11"1' bhlew Ichang, A fam 400 fest high nuuﬂtﬁ :E:fl
- A nhufi and this would floed Yery littls agrioultura
and and few villages, but would on tha gontrary greatly im-
prove navigatien te Chungking, The river has a low water Tlow
of close to 400,000 cubie fmet per seaend, giv A potential
power output of about 10,600,000 kilowatts, Could Yhe United
States ord te bulld & dam here for the Chinsse Government,
install equipment and take repayment over say 15 years in
nitrogen fertilizer? The anewsr is yes. Likemige, opald the
f%"n"' Government afford to make this fertilizer and deliver
Eﬂ the United S¥mtes at lohang, and still make s profit out

of the plant? The anaswer is again yes. In the firet place, a
dam would cpst about W,5.$120,000,000, Generating equipment
would cost U.8.$§785,000,000 for 10,500,000 kilowstts, Oost
of nit;-ngon plant o, , might be rnughi eatimated at U.8.8
a:IOO(t}ID + Total oost would tham be U,5.$900,000,000. For
this figures, China would get immedimte use for Her cwn indus-
trial program of 5,560,000 kilowatts (&n amdunt much larger
than most planners have hitherto believed feasible), snd weould
. ase the other half of the power to make the fertilizer whish

would pay feor the whole plant. At the end of 15 years, the
whole plant would revert to China fbr such use as she pleassd,
and any akbsequent sales of fertilizers to the United States
would be emtir & matter of businese profit. Scme figutes
af te the eccnomios of the proposal are given below:

"Let us assume that the plant, equipment and dam opst
$900, 000,000,  Let us pay $30.000,000 to the United States
. eaoh year on interest and amertizaticn of the prineipal at
say 4% interest cn the unpald balanes, with the remainder of
the £90,000,000 golng fer the reduction of the prineipal.

Then, with P tas of this ty?{ the sntira ampunt will be
8

paid off in 15 years or less. us deliver to the United
States fertilizer cpntain 5,000,000 tons of oembined nitro-
gen ae the equivelent of the §30,000,000, making the cost

$18 per tom. The United States can afford to transport this
fertiliger from lohang to Amerioa and distribate 1%, and still
reduoe nitrogen fertilizer costs by perhaps 50F as compared

with present figures.

"It cah be geen that this scheme, amounting tc a barter
deal, avoids the otherwlse insurmountable gbstacle of lmeck
of dollar exthange. What are the ocests in Chinese nathonal
eurreney? To make cyanamide, the ingredients are ccal, lime-
atone, alr and elestris powery OUme %om of coal might be re-
quired for emch fon of ealoium oarbide (the first product made),
and this might cost U.5.$3,00, after albowing for by-prodoet
coal tm¥, benzol, gam, eta., extracted in a preliminary egking
protess. Imiﬂuntnfly, thHess would furnieh the raw materials
for imsectieides, dyes, medicines and industrial chemlcala
needed by China in I:n development, ms Welkl as mash benzel for
@mobor fusl, The 1imestcne needed would sost abouk ¥;3,% 0:60
per ten of preduct. Tmbor and miscellanegus items might be
roughly U.5,$2,60(paking & total of TU3.$6,00. ANd W, 5,81.00
for repair of eguipment, and ‘this will make .a totdl cest of
$7.00 per ton for- earbide, Four tons of ocarbide will “".“f by
iirect resotion with the nitrogen of the alr, Tive tons o
oyanamide, and 14,300,000 tona urnuiﬂ- are needed te provide
E,UDD,OGﬂ'tunH of nitrogen. On this bmasis, production cest for




materiale and labtor will amcant #o §80,080 000 per =

means *ha* in melling *o *he United Statem for BF,ﬂﬁg?;ﬁn’?ﬁ:
Chinese Covernmen* makes a profit. Fot 1* im not necessarvy +g
tax *he Chinese putlie *o garn even *his sum, There remains
the sale of the f,P%0,000 kilowatts of power npt required in
the uItn-lidl plant, This oan be spld *o gcvernment or private !
industry for any figure gver the sxcssdi ly minote productiecn |
cgmts, alnoe the gther half of the purnrnfu Prying fer +he
plant iteelf. I suggest that a figure of two-tenths of n T.85.
$ cent per kilowatt hour wonld be sufficient and on this basinm
the annual revenoue (at 8,000 kilowatt hours per yoar per kilp-
watt of power) wonld be $84,000,000, which is just about
snough to eover the i;ln:niiu epets and the operat eontn

of the onalloeated power production, The resnlt would be +het
5,250,000 kilowatts of very cheap powsr would be provided
immediately for the uses of Chinese government mnd private
industry at nc opst whatever tg the Chinese Cevernment, and
that & going power and fertilizer business of equal magmitude
wenld be turned over to Chinese ome free in fiftesn TOATH,

"Fgesibilities for the male of synthetle robber, indun-
trial chemieals and possibly alominem and masnesiom and ferra-
alloys alep exism*, whish might give Chinm m positive +rafe
balance with +he ted 3*atep, *throogh cperatisn ef “his
dam, and henee allew *he imper+ of mere machinerw and eanip-
ment for other phase of Chipa'em ocns+truesirn pregram”,

Fpoposal pf +his Repert

Two alternative genmeral planes of development for the
Yangtze Gorge frojeet have been studied, mamely, a dam with
diversion tunnels and a dam withou* diversipn tunnels, Develop-
ment by a dam with diversion tunnels is belisved +o be posmible
at four of +the five alternative project sites selected from
the Jepanesms Aerial tcpegraphy, nlﬂil{, at mites sonsidered in
Studies Nes.l,2,2 and 4. Development by a dam without diversiocn
tonnels appears toc be possible at eonly cne of the meleoted pro-
jeot mites, namely, the site eonsidered in Study Fo.5.

Gensral Features of
Iam and Fower Flant

(8tudies 1,2,3 and 4)

Tha ganeral featnrss gf the fam as proposed in Studies
Hos. 1,2,% and & will inelude +he following: a concrete m*raight
ETAvity fam about P25 meters high mabove assumed elava*iom of
founda*ion reek, whish will raise *he reservolr weter aboot 1F0
peters above low wa*ter sarface in +he river; an cverflew spill-
way oontrolled by stractural mteel drom gates; oo*let works
somprising sighty +o one hundred and four tabe valve ccndni+s,
in +wo tiers, protested by +rashracks and balkhead gate facili-
ties; and a raulie jump apron suita'le for diseharging un-
precedented flpood volumes, All of these features will be of
nltra-epnservative design, partieularly +he dam and hydraulie

jump apren.

=
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The general features of the power

§tudien Nomel,2,8 and 4 will imolude tweney ©osbiach o ern
and power tunne al i o e
el - 8, all of which may be on cne side of the

ver, or they may be divided between the two sidem, Thege
tomnels will be utilized first for diversiom of the river
ﬂu{iﬂ; sonetruotion of the dem and later for tell water tune
nels, in additional six tunnels will be meeded for power purposes
four of whioh will be used for main generating units anéd the 5
remaining two for etation service ta. Bach of these power
tunnel gysteme will inclbde the follewing: m combined egnorete
tunnel plug and power house subatrpoture; a power inlet tunnel
with bulkhead gate seat at the entrance; a vertical intake
shaft in which trashracke and bolkheed gate facilities ars
1n:talljdi an ascoess tunnel with travelling orane and gantry
erane facilitles that serves all iptake shafts; an imciined’
powsr tumnel, whioh, combined with the intake shaft, serves
alsc as a head-water surge tank extending in effect from the
top of intake shaft to. the power penstock inlets; four steel
lined pénstocks leading from the bottom of inclined power
tunnel through foor butterfly valves to four 150,000 h.p.
turbines driving foor 110,000 kw. maln generators, or two steel
linsd penatooks lealing from the bottom of inolinsd power tune
nel throtugh two butterfly valves to two £7,000 h,p. turblnees
driving twp 20,000 k.w, station pervice generators, all 1n-
atalled in the power hounse tumnel; four draft tubes leading
from the main turbines, or two from the station service units,
to the dewnstream porticn of diversion tunnel that servise as
a tall water tunnel: a combined vertioal bulkhead gate sghaft
and tail water gurge tank extending upward from the tall water
tunnel o a main access tunnel that is provided with travelling
erans and bolkhead fasilitles for unwatering the, turbines of
any powsr tunnel system; a tall water tunne and dewnatream
portel with bolkhead gate seat;: & tall rpoe thannel leading
to. Yangtze River: a vertlosl holet shaft and oross tuanel
leading from the maln afcess tunmel to the power Rotse tunmel
for svery two pewer tunnel systems; three or five vertical
slevater shafts from oross tunnels to the transfermer tunnel
and 1ightning arrester tunnel that will serve the pewer systems;
a pedestrian gallery and statrway lesading from the main access
tunnel to the power House tunnsl for every two pewer tumnel
systems; a wvertioal cable ghaft lealing from each generater
to its bank of transformers im the transformer tunnel; m shaft
and tunnel cutlet for enoh contgolng high tensicn etdropit; a ven-
tilaticn duct from top of power houee tunnel to low tension

cable shaft.

':Etm Ho.b)

The general features of the dam as proposed in Study No.b
will inolude the following: a conecrete stralght gravity dam
atout threes Kilometers long and about 226 meters high above
the mssumed slevatiom of fommdation roek, whieh will raise
the ressrvolr water about 160 meters abeve low water surface
in the river; a ognorets straight gravity portion of dam com-
priging an overflow spill scntrolled by structural steel
drum gates loosted im the Yangtze Hiver chanmel; outlet worke
comprising one hundred snd four tube valve epndulte protected
by trashracke and bulkhesd gate faollities installed on the
upetrean face of dam; and & hydranliec Jump apron guitable for
di soharging -unprecedented flood volumas.




. The power plant as propcsed in Study Ne.5 will utilize
the left non-gverflow straight gravity end pertion of dam,
whioch will u;nxtln a power installation of minety six main
units each of 110,000 kw, capacity, and four station serviae
units, #ach of 20,000 kw, ::flﬂit:, making a total inetallaticn
of 10,860,000 kw. for the n generating unmits apd of 80,000
kw, for the atation servies units, Each power unit system will
inolude the following main featurss: trashrack and bulkhead
gate rinilitlin installed gn the upstream face of dam; a steel
lined penstock sxtending s short distanoe horizentally, thence
Ttrtiuullg dewnward, then horizentally to s 150,000 h.p.
tokbine that drives a 110,000 kw, main generator, or a £0,000
kw, station servioes generator, all installed im a power house
gallery in the dam; a buttertly valve inmtalled in the lowar
horizental leg of the penstock} a draft tobe extending to tail
watar at downgtream face of das; a lenritudinal ascess gallery
above the downstream toe of dam with travellins orane and bulk-
head gate facilities for unwatering the draft tubes, and with
a oross sogess gallery and a pedestrian gallery 1na&in€ from
the longitudinal gallery to the power house tunnel for every
eight main power umitae; a oable shaft leading upward from ench
generator to 1ts bank of fransformers in & transformsr gallery
near the top of dam; and an outlet slot for emch cutgoing high
tenslon eiroult.

Gwitchyard

The switwhyard necessary for such a large inpstallation of
power unmite will be onusually long and at,scme of the alternative
project eltes this featurs will offar a diffionlt problem, At
slte No.l where all of the powsr units wculd be imstmlled cn one
glde of the river the switohyard might be placed om the cpposite
ef left alde with.the putgolng lines ercsaing the river in
parallel alinements normal tc the transformer gallery. Angther
arrangement wonld be to carry the lines to a,ewitchysard lcoated
oo top of the ridge on the game or right side cf the river, it
project altes Nos, £ and 3 the switohyards en the right .aide of
the river will be leooated at a suituh{ﬂ loeation on the ridge of

the game alde, The switohyards on the left gide of the river can
be placed on the ppposite side of the headrace with parallel put-
going lines normal to the lightning arrester gallery, or ther
ean be carrled to s mmitable switchyard leeaticn abo¥e and bask
of the lightning arrester !nllnr « At project apite No.4 the

gwitohyarde will be looated om the same ailde ef the river as

the reapective power plante. At project side No.5 the switehyard
ean be lgoated immediafpely dcwnstream from and parallel +o the
power plant.

Fertilizer Flant

No attempt has been made to determine the best location
for the fertilizer plant at the varicus project sites. However,
thers appears to be no guestion that a sultable lgeatlon will
be available at-amy of the sites, Conslderation should Dbe
given to the pessibility of providing bombeproof construoticn
for this sll-impoftant feature of Yangtye Gorge Froject by
underground installation so far as this 18 poesible. This
senstraoticn wonld be partioularly desirable if nearly 50 per-
gpent of the power enpacity of Yangtze Gorge Frojeot 18 utilized
for nitrogen fixation as proposed by Mr. Faschal.
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Qutline of Ztage
Devel a)uqtl

Although the plams of development embodied im Studies No.2
and Ho.3 are nearly as satlisfactery as the plan embofiied in
Study Neo.4, this latter plan appears to be slightly mors
socnomioal tham sither these two plans. All of the four
plans that utilize diversion 4umnels are more socnomioal and
much more bomb-proof tham the plan without diversicn tunnels,
namely, that embodied in Study No.5. With thess ognditions
in mind Study No.é has Lesn sdopted for the follewing ogtlinme
of stage dsvelopmenta:

(Firet Stese)

(a) Complete the excavation and ecnorsts lining of all
(twenty six) tommel and shaft systems. These sratems inslnde
the Mﬂrl%un and powsr tummels, intake tunnelm, intake trash-
racks and bulkhead gate shafts, imolined power funnels, balk-
head gate shafts for tall water tunmels, intake mccess tumnel,
power house tumnel, maim power house acoess tunmel, orpss
tunnels and pedestrian galleries, tranaformer tunnsl, trans-
former slevafor shafts, low tenslon oable shafts, and the

high tenelon putlet shafts and tunnels.

(b) Comstruct upstream and dewnstream sarth and reek £ill
oofferdams, Unwater and excavate the foumdations of dam. Com-
plete the construotion of a conerete dam and appurtenant works.
Bulkhead the diversion tunnels at intakes and oomstruct the
egmbined scnorete tammel plugs and pewer house tumnel sobatroc-
tures. " i .

(¢) Inptall in six tummel eystems (four maim amd +we
atation servies systems) the %ravelling orames for powsr house
tumnel, travelling oranes and trashracks and bulkhead gates
for intake shafte, travelling eranes and bulkhead gates for
tail water tummels, slevators .for transformer and lightaning
arrester tunmels, and travelling gantry oranes for the trans-
former tunmel.

(d) Instell sixteen main power units and four station
sarvice unite dmoluding turbimes, generntors, auxiliary
hydranlie and mechanienl and slestrieal eguolipmesnt, transfgrmers,
high temsien switohes and switchyard - utiliging four of the
main onit tonmel systems and two station serviee unit tunnel
systema. i

(o) Estimated Costs .u.nd Apsumed Distribation:

Tetel ineloding pewer features US$653,697,000
Total for power Teatures omly §878,697,000
Total excluding power Teatures,lDDs $8%5,000,000
Chargeable tc DOWET..vassasanas DOW $187,500,000

.Uh.lr;ubio to irrigationees.nss 10% $ B7,500,000
Chargeable to flood ecntrol.... BO% § 75,000,000
Ghﬂlilhli to Davigation.ssess. 108 : ﬁﬁ,ﬂﬁﬂ,ﬂlﬂ"ﬂ
Chargeable to domestio water... 2% 7,600,000
Chargeable to reoreatiolesc.sss &f $ 11,250,000

(f) Aspumed Amnual Revenues:

Firm power (gross) 15.4 b.X.w,h.080.008 US$30,800,000
Secondary power (none)

] 8
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{ Seccnd Stage)

(a) Install twenty powsr mite inoluding turbines, -
rators, suxilirary hydranlic and mechamical and -1ut: aﬂ“
equipment, transfermers, high temsion eirouite and switohyard.

(v) imated Cost: :
t::nl for seccnd stage Us$ 70,367,000

(o) Assumed 1444 tional Revenues: - i
. Biwm power 19.3 b.k.w.h.0 $0.008 Us$ 28,600,000
gea, power (mome)

({Third Stage)
(a) Imstall twenty power tmits including turbines, -

rators, aaxiliary hydraolic and mechanieal and elasgtrio
equipment, tranefermers, high temsion eiroults and switbpyards.

i

(b) Estimated Cost:
Total for third Stage Us$: 70,357,000
(o) Assumed Additional Hevemues: 63
Firm power  19.5 b.k.w.h.2 $0.008 Us$ - 38,600,000
Seo. power | (meme) -

(Fourth Stage)

. (a) Imstall twemty power units including turbines, geme-
rators, suxiliary hydraulic and mechanical and eleetriecal
equipment, transformers, high tensien eirsuits and switohyards.

{b) Estimated Cest:
Tetal for foubth stage Us§ 70,367,000

(a) Assumed Additional Revenues:
Firm power = 1&.1 b.k.w.,h.C §0,008 US4 £8,200,000
Ses. power 8.2 b,k.w.hi0 §$0,0008 $ I,Iﬁnﬁ,uﬂﬂ

(Fifth Stage)

" (a) Install twenty power anits ineluding farbines, genme-
raters, suxiliary hydrsalie and mechanical and eleotrioal
eguipment, transfermers, bigh tension eironits and switehyards.

{(b) Emtimated Comt:
Total for fifth atdge Uss v0,367,000

{e) Assumed M.ﬂttml Hevenaes: 3
1 Firm powar 0.3 h-k-‘l;h.mgﬂﬂl Uﬂ iDﬂ.Dﬂ-[ﬁ
See. 10.1 b.X.w.h.080.0008 Us$5,0560,000

#ore

(Completed Hn};ﬂi

(a) Estimated Conb: } i
fotal for all stafes. 1 'ﬂ'ﬂ?l_ﬁ.llﬂ.ﬂﬂ'ﬂ.
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{b) Assumed Annual Revenues or Savings:
Firm power (gresm) E8.4 I.k.w.h.zg.mﬂ usz:.u,uou,um
Seo, power (gross) 13,3 b.k.w.h,080,0008 6,650,000
Irrigaticon (gross) 74.0 m.a.f. @$0.50 $§ 37,000,000

Fl. ocomtrol(met) $ 28,840,000
Navigation (net $ 38,500,000
Dom, water (met $ 2,000,000
Reorsation (met) | 4 5,000,000

{e) Ofcss ammoal revenues of savings and net annual re
or savings will scérus from the power and storage riuu*u:::“'

follown:
Power or Storage - Grose Ammual Net Annnal

Resouroe Eevenue or Saving Hevenue or Saving
Power USS143,450,000 Us$ BO,660,000

ir tienm $ 37,000,000 $ 18,500,000

Flood eamtrol § 28,R40, $ 28,840,000 .
Fevigation $192 500,000 § 38,500,000
Domestie water $ 56,600,000 $ 5,000,000

Reoreaticnm $ 50,000,000 5, 000,000
al e 11+ 1 7 & A% 4 LY LXK P -usir!stiﬁutuuu-

,ﬂt Weme s s ensoresis » ¥

Note: The total net ammual revemae or gaving, namely, T,3,
$152,900,000, im exelusive of amertlzation ui interest

on projedt agate.
Eognomic Limi £

eo
The Yangtze Gorge Frojeot ia u.nqnutiouhlg the most
important g-projeat sver sgnoeived, whin oonsidered in

reletion to the unfold bemefits that will meorus to suolenmt but
undeveloped China from the rescurces of Yangtze Hiver and its

tribat 88.

Althguzh no adequate appraisel of some of themse rescurce
and benefits oan be made in this preliminary réport doe to lack
of basio data, 1t is believed that the umprecedented magnitude
of the eombimed power, irrigatien, floed eomtrcl, ‘uﬂ%-u.tim.
dcmestio water and recreatiomal bemefits of the projeet will
be gbr¥igue from the subject matter of the report,

It is proposed that suffieient basie date will be obtainmed
during the coming year te permit mooch mere eomprehensive ana-
lyses of the rescurces and btenefits of Yengtze Gorge Projeet, than
are possible asing present limfted information. Id opllecting the
necessary additional data and im analyzinmg the sooromic limits
of the projest, 1t is suggested that dertaln general prineiples
ful.lw'r.hr the U,.5,.Federal Fower Commiasien ite comprehen-
sive amalyses of similar !rdaluﬂ should be adopted. The
gemeral prineiples are 1l cstrated by réporte of the U.5, Federal
Fower © ssion contaimed in Wolume XV of the Barean of Heola-
mation Data File, ooples of whioh are in the files of the Natloen-
al Hesouroes Commission. Alsp, thesé primoiples ars disoussed in
a recent memorandum by Johm, 5. Cottom, Primeipal Engimeer, U.8.
Federal Fower Commission. ¥r. Cotten's memorandum is quoted
below for opnvemient referemce as followa:
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Federal projects differ primarily fr
publia projects in that all _' -'Eu,:k :um:;t:h-“ ::;nl
aooroe, to afog n onomia yees

ba
§ 0 ::{!'nrtl in ¥lood Contre ; -
.ﬂ:ﬁ o Lol o o .ul. Aot of 19863. It is eon-

rv 1y %he O i
sals ’;.‘““ﬂﬂ'ﬂn B making appropriatiocns does not antioi-

2, the appropriations are not in the interest of govern-
mental agenoies or lpoal groups, but ars for the mtrf_‘l wal-
fare and betterment of the populatiom of the mation; i.e., for
:::.:.?r.'l.u the greatest merviee to the most people at the least

5, the national wealth is to be imoremsed by the sonmser-
vaticn and develppment ¢f Aatiocnal resouroas,

The simplest way to olassify and ccmpare projests ia to
E-lrll‘i the rates of return CIE e investmente; of ocmpare the
ratlos of the average anmual benefits and the average annnal

comte.

"Definitiong

iy ]rﬁul. a8 conslidered herein, be a highway or rail-
road; an ation, flocd-comtrol, nﬂ“’pﬂu. or pozar develep-
ment, of comblmatlion thereof; erosiom eemtrol, reorsational
faollities, mineral development, eto., eto. i.u projecte, with
the possible excepticn of monuments apd the like, are constructed
to remdsr serviae in ome form u{ ancther.. In performing servise,
benefite adorue lecally mmd to the mation as a whole.

ip whatever es the inesg and well-being
8 b m’,. slrut banefite

Ab
adds to the value of proper
:rtill{:ri to :il.nh l-lgu :nluu oan L rm or less readily

: . sedt bemefits are those whioh are kmown, yet
attachsd, Indirect 8 rdly - H2p

diffisult to evaluate. Intangible benefits are gems
renching, are m, ui!:‘h exceedingly diffieult to estimate.

I&F ig the prepent worth of all future sarnimgs (or bene-
fite) is pot related to devalopment cost. The value of a
project or a bemefit may be more or less the cost of developing
it Im perpetulty, value 1s equal to the annual met returm,
capitalized, Value, however, may be approximated by semsidering
the costs of sarvies.frem dtrmtlﬂ schemes.

" 'ca ( is the u;ptnd.itﬁﬂ for materials, rescurces,

laber r ands lossss; necessary in the comstrueticn
ef a ;l':}::ﬁ' n.ihﬂ:ﬂ to comstrunoflion cgsts there "f be
acquisition and severamse oosts, and losses due to complete or
partial supersessiom of existing facilities. . -
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In federal projeote the mnmual cost consists of interest
on expenditures ﬁi“hﬂ or Hot ODATEed by law to the projeet);
depreciation or ite equivalent, 1.e., amortizaticn+ ?las
replacencnts during the amortization pericd; payments in lieuss*
of taxes; and operating and maintenance expenses. Local publie
projects would e similar amnoal costa.

The annoal ecst of private projects conslste of interest
on loans, taxes (looml and federal), deprecistion, imsarance, .
and operating and maintenance expenses. Capital ccets of pri-
vate projects are seldom amortized, The differsnce between the
1 annuel return and the annual ogsts, in the omse of pri-
Tate poo)ects, im profit and not = most.

The be - =T is the average ammual benefits
to whomeve e, divided by the Tage
of obtaining thi biiniitl. ; ot d i, R Y

EEH!# ﬁ% Kelvin's law) is that degree of develep-
ment where the of the atmual cost and the ammual loss ﬁr
sarvies or benefits) is a u’.lm This design gives the
greatest return (or benefits) on the investment.

The 'Eilg-?i," % P method of escnomie
analysis as into aooo ; over-all total bemefits and
coats of & {roilut or group of projects, The gver-all ratie
ig ordinarily less than indieated by the cptimum-design ratio,
af the ratio for certailn inorements of ocmstruetion, or for
ocertaln projects in the omse of a group, may be relatively
smell or Yess than u.unL.n This resolts from cbtaining the
paximom return rather t the maximurm rate of retura,

The T ntal” bensfit-o ratic method of econpgmie
anglyslis appliss to -A{na%i ﬁﬁ-nn of ocnstruoticen. In
the omse a dam for instancs, the retlo of the anmoal benafit
inoremsnt to the annosl coet increment is nsually greater for
an imorement nesr the bottom than for an inorement mear the top.
If the dam is earried high emcugh the ratics for iderements at
She bap FLAL Be 10a8 ANe ey Ty it eRies, sbe LTaiting

o 8 ooal po _
:;::.Hn“m“.ﬁlnﬁﬁu- usually beinmg sash that the ratio is

anity or greater,
rns giol, P
 In order that a project*** or projects may best fit imto

the oltimate plan and be fully useful and eecmomioal, the es-
timate of benefits should be based on:

* Amortisatiom is mot a Oost but only s method of moeguniing,
1.84, & temperary arbitrary ebligation. Affer amortizatienm,
full depreciation should be charged. .

*#  This is. open to question and purely arbitmary, as the
taxes may be collected by other metheds, :

bt L-ﬂﬁ'r development is shown only as an example.

LR
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“ls The ultimate development of the river wh
. 1 fall nee is made of all. th o
# g b hd._ . ] -.-_t_-r_ ui _‘: T Tesgurohs

'IH.' the altimate development of the nﬁ.n and benefits;

8k the ultimate impatred flows caumed b '

: transmoantain ﬁ versions, lirqrnimuro?;::;:tﬁgf‘gza.{

4. taking into moeount fut £1%m o w1l Ao
OEN S -_Fﬂ"il‘: ure bensfite to all downetream

i S taking -ml Af0oount -i]-_ indirect and 1
fits as well am direct bene 4 Intangible beme-
A0Eras,. - t b fit-'l to _‘l‘l't_ul-ﬂr ‘m oAy

¥o apply the above, it be desirable to :
the present worths of f:.:':n u.n.tn;l :n:nb:n.ﬂii:fnﬂﬂzn:::t
be taken in order to not have duplication of bemefits.

- Gross r'l'tm; should not be considered as direot benefits.

Iireot fits may be approximated b uht{uﬂ all &
inourrs .t: pwaing and 3!1"#1:; the g'ro:u frng‘ the g:'::u.

‘retorm,

' '*he" total benefits (direst, imdireet inbangid
someimes approximated by assuming that til::li by ini;it:"
egoal the gross return, This may give bemefits whieh are toe

‘great.

"Flanning

Jinoe oomstrusticm cm the basls of optimum demign ylelds
the greatest return ¢n meney spent, all projects, of whatever
nature, havitg bensfit-cost ratloes og:rnh: han ““I sheunld
be construsted first inm the grder their desirability

-
the point of cptimup return. It is realized that limitatiens
of % hy, aréa tg be merved, and other faotors n; limit
the :zn ':;'l projeet. If further development is possible imn

the future, the desizms in all osses should be such that the
roject 6an be -&01 to or paralleled with unitas of cqunstrue-
Ii:l-{m;ﬂ.t o r:r _.iiﬂudu.m'gglit hlﬂll‘- ;E.Ehtﬂ
where riea ‘Koo Yo _Leen of w emol L] ]
ﬂwidr-nu ;-r higher dsms. 2: oare bad béem faken in the
original deplign, thls loss 18 value gqauld e _been avolded.
To somsider that suoh demoliticm is Justified merely because
the origimal projest has besn amortised is fallaoicus, simoe
the existing value in most imstances is about equal o the
original cost, and perhaps more,) .. L

After a1l possible projects of every Hature have beenm ocon-
structed onm the above bamlas, furthér projects should be started
and the p'.l‘niﬂt'l already oonstrusted nl"i :Imtu be added te
and extemded if further bemefits can be eldéped to the point
wheres the bemefit-cost ratic for the projset, ‘iﬂm of ggjutn,
or the develepment of a Tiver system or area equals anity. This
would mecsesarily ine projeots not imitisted previgmsly,
but would sentemplate the arderly devel of &ll ressrvolrs,

, provision should be left Tor possible -ﬂ;rgum 1f

her Pemefits esn be develeped, xs the cost of momey to the
government has always had u gemerdl downward trend snd on this
basis 1t may be possible to again add o projests in the future,
keeping the benefit-occst ratloc at onity.
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The objeative of rescurce developmeat im to extend benme-
fite on the brosfest possible base, to imerease the wmalth of
the ut!.-u_l to make homes for o, and 4o provide for their
ourning a 1ivelihood. The last step in the Alstent future will
be to comstruot prejescts not dow feasible umder the above
:m-:hzit then jJustifiable under thes then eover-all bemefit-

L

The final oomplete development of the scumtry on the b
of the over-all bemefit-oocst ratloc equalling nlg is -unit:':%:
to all, allows m'“ development, benmefits the most
people with me of total amount of benefits, and mllows
all abl ions and expenses to be met. The over-all bemefit-
eost ratie could mot ecomomis be less tham unity if all eof
the Bensfits are ewsluated. If the imdirect or intangible
;::;ﬂn are not estimated, a ratic less tham umity is iuti-

"Thess primoiples are be aarriad out Ihﬂuﬂl in this
country. For instance, momprofit street car lines use the excess
earninga of ceTialn 1imes o oarry lines whioh do mot earnm
their ¢wa way, the ever-all bamefit-ocst ratio belng umity of
nsarly so.

Tt is realised that nn{nﬂutim. apeolial, and politleal
faotors must be ecmsidered, but ultimately the somplets hnlur-
ment would be reached. The tznu.z raquirement in umﬁn_g on
gach & plan is to see tg 1t that 1 deslgna are such that any
construotion oan be made a part of the ultimate plan without

compromise or loss:™

Johm S.Cotton
Frinoipal ineer
U.8.Federal Fower Commission”

aa

It will be moted from th: infermaticn :;n;ﬂl i;n::n
oeal thi + that rappuroes e 8
g:giﬂ -‘mlm?ﬁan rrn-h;ulnr, irrigation, fleed comtrol,
aavigation, demestic water and reereation - are extracrdinarily
great. Basie data H nrttl!;:bl: for q:;ﬁﬁ“n:::ﬂ:::rf::.;:““
it . 1] storage . -
ﬂi::l:n;:l }lhm sonérel ‘:n :lwruiné gdﬂhﬂ:l;gl; f:::-
date- I -] ] apes
rte ’Enln-r,‘h%‘“ ,%lﬂn- Ichang at
diffsrent stages of Yanghze River are lac . Likiewipre, no

imformation is available mﬂqt p::uﬁ ar fromitiﬂ loasl

domestic water en and fa 1 be sbyiona
Iq'ﬂn'.' ko pe uz%iﬂrﬁl‘ﬁ'ﬁn and ¥g foﬂi.;_i._ﬂﬂ.u:rl'
$ravelling im this commbry that all aities ‘and villages

in Centrsl and Westernm na are in o ytter domestio
water supplies and of moflern water systems, Although reorea-
tiomal bemefits are oonsidered to be very importamt, these

are intangible and diffieult to appraise. No upseful informa-
tiom ars to be available regarding these bemefits at the
present time. However, it is possible to make ocertaln assump-
ticns based om sxperience im Ameriea and to arrive at appro-
rimate valuoes,

I-]i
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With the above general ocmments in mimd, 1t
interest to discuss ocertain phases of these hﬂtﬁ‘t‘;t::uull
and bgnefits, particularly, the methods used im appreximating
gross annual revenuss or savings and net amnual revenues or
u‘ru.:: ::1 1::1_::::13:: tﬁ”u .l'. u.:l Ih:. nsospeary further
;‘lﬂi.u“m e P . Problems wil disonsmed in the

Egwer

Reservelr operatiom and power studies show that the com-
pleted Yangtze Gorge Projeet will have power outputs as follows:

Minimom firm POWer...vcvsvsvsnness 6.0 million k.w,
Avarage firm DOWer...sussesesensss. Tol i "

Minimom secondary Dower........... 1.4 millieon k.w.
Average s00cndATy DOWEr.....ci0000 B,.7 L "

Wpimom fArm SROTEY sevvsversrssses DE,6 Dilliom k.w.h.
Average Tirm BOBTEY ssssscssnsnnns 68,4 - 2

Minimom secondary SNerEY:ss-sssas. T.1 billiom k.w.h.
Average sooondary ODArEYsssssrsans LD.B L w

Munimom total BDATEY essevsnsssens 708 blllion k,w,h.
AVerage total OBErEY.csvscvnssacss BL.T . »

The gross annnal revenuss for the esompleted project from
ﬁ.r;oanlr at $0.002 per k.w.h., and from ssocndary power at
$0. 6 per k.w,h., are sstimated as follows:

Firm powaer, £8,400,000,000 k,w.h.@ $0,008 $136,800,000
Seoondary power, 13,300,000,000 k.w,h.@ 30,0008 i 6,660,000

Total £ToBB AVOTAgZS® ADNOA]l FATONOS .. cssesasasss ¥ ¥

rrigati

The benefits frem irrigaticon have been tentatively analysed
as indiocated in the following parasraphs:

Irrigable Ares

Ko definite data are available st presmnt reletive to the
area and character of irrigable lands below the rr“nul Yangtze
Gorge Reservelr, Hewever, oral statememis by engimeers who are
ruz:l.iu' with that part of the country imdicate that the lands
samtward from Iehang, scuth of Siang-Yang, north of Changteh
and west of Hankow, are largely nnmder irrigatiom, If high-line
ganal systems are built to assume an irrigation IMI{ from
Yangtze Gorge Reservoir, this vast area oomprising about
60,000,000 mows (10,000,000 acres) sounld prodoes two orops of

ries yoarly.
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Water Supply.

The two growing seasems for riee are from April to Jul
and from July to Ootober. The matural thnhar(u of Tmtn’
River inorease im olose umisen with the demand of water for
rioe irrigation. Likewise, the river dimse g8E are moere than
sufficient for power development during and after May and
mﬂﬁr:{ the emesss water oan be diverted through Lgh-iin
Sanal systems for irrigation purposes. Reservelr operation
studies show that the minimum ammual diversion availabls from
the reserveir for irrigation from ].gril to Oatober im about
74,000,000 a.f., whioh is just mbout emough for two arops of
rioe on the area desoribed., The studies show a slight defielenoy
of water supply during seeding time in April bat the rainfall
at this season of the year will make up s deficiency.

Value of Irrigation

With two orops, the rice produstiom per mcre par year
will average 36 Tan (72 bushels). it the pre-war price of
0$6.00 per Tan or U,8,$51.00 rr bashel, @ gross raturn per
aore per year would be U.3. $TE.00, If we pssame that 5% of
the anm gross refurn from erope is allotted for repayment
of the irrigation s em coete, as 18 usual im America, the
annual odharge will be U.5.$3,60 per aore or about U.a.it}.ﬁt}
per aores foot of stored water, With a minimum annual diver-
sicn of 74,000,000 sore feet the gross annual ravenus from
irrigatiocn will be U,.35.$37,000,000.

Flood Cemtrol

The enly resord o¢f large flecd damages, on Tangtze
River below Iohang is that for the flood of August 1931, and
any evaluation of flood oontrol benefits necessarily will be
ni- en the basis of this single flpood, Eefore discnssing
floed banefites it will be advisable to desoribe several of
the larger floods. This will be done in the mext few para-

graphs.
Magnitude of Fleoods

The discharge of the 1931 flood was over 40,000 o.m.m.
(1,412,000 s.f.) from Augost Tth. to l4th., alse on the 17th.
and 18th. The maximmm mean daily discharge was 58,500 o.m.m,
(2,060,000 a.f.). The total floed volume from August Tth. to
18th, was 50,000,000,000 o.m. (&0,500,000 a.f,)s If the flood
disoharge helow the propossd Yangtze Dam is to be limited to
iﬂlﬁDﬂ Q.B.08., & flood .tﬂ“‘ of B,m.ﬂﬂﬂ,ﬂﬂﬂ [y .
(7,140,000 a.f.) will be required. (There wera two days with
disoharges less than 40,000 c.m.s.)

The disoharge records at Ichang show that there were
three fleoods greater than that of 1931 durimg the peried from
1890 to 1939, mamely: the flood of 1896 with maximom daily
disoharge of 64,800 e.m.s, (2,890,000 m«f.); the fleeod of 1971
with maximom h‘h dischafge of &ﬁ,nﬂﬂ g.m.m. (2,120,000 a.f.);
and the flo0d of 1905 with maximum daily diseharge of 59,100 o.m.s.
(2,090,000 8.f.). Thers wers twenty two smaller floods with mean
daily J.i.-uhn.r;u greater than 50,000 e.m.m. (1,765,000 m.f.).




Howwver, some of these floods had Ereater flocd volumes and
longer duratioms than the 1831 fleod. The maximum flood volume
was 160,000 umhm g.m. (130,000,000 a.f,) for the July 2g

to August E?.l.ll » flood and the iunhn.rn was oonalderably
over 40,000 o.m.s. (1,418,000 8.f.). The flood volume above
the 40,000 o.m,.s. discharge was E1 800,000,000 o.m.(17,700 000
The alyhish was two and ome half $imes that of she 1odi t1coa,
!h; ?u:ilul mean daily disoharge was 56,400 o.m, s, (1,990,000
B:1:)a

Hampervoir Operation
for Fleed Control

Althotgh the floeda 18 the lower Yangtze Valley have been
dus te the combined flpod peaks of Yangtze River above Ichang,
the Ham Hiver ana others, there -is no doubt that the largest
part of the flood disoharges are odontributed by Yangtze Hiver
abore Ishang. The Yangtze Gorge remerviir oan {e
ragulats the river discharge and eliminate practionlly all of
the Tloods below Ichang, It im tentatively assumed that the
#a¥e limit of Yangtze River disoharge below Ichang is 40,000
o.m.m. (1,412,000 m.f.). During flood peaks of Han Hiver or
othar major rivers tha discharge frem Yangtze Heservoir ean be
further reduosed, so that the cod discharge below Hankew will
be within a safe limit.

The hydrographs of the Tangtze River show ' that the
dissharges at Iohang were always above 10,000 o.m.m, (353,000
s.f.) after Jume 1, exoept om a very few cooasions whem the
discharges were slightly belaw 10,000 0,m.s. for periocds of a
few days. This nundftiu will mot affeost the Powar output.

The reservoir will be drawn down to elevation 177 (the average
water surfaoe for power) or flood storage purposes every year.
With such operation, the floed of 1922 would raise the reservolir
to elevation 202 oansing an enoromchment of 2 meters ogn the
designated free-toard of the dam, The large floods of Yangtze
River al 8 poour in July or Aogust, Therefore, the reservolr
will alw blgi.n to fi11 by the middle or latter part of

and er

Septamber e will be emough flow to fill the reserveir
and provide for power d.lﬂlnp-n:’g daring the wWinter season
eTery Yepr.

Benefitm of

Flood ﬂon:trnl

vailable informaticn indicates that the damages caused
by nn: of the large floods of recerd, namely, that of 1931,

timated by the Yangtsze Hiver Oommission.
wers authemtiocally estima T et

The estimate, whioh imeluded damages to orops
: ¢ ture, olothing, farm tools
I'“h’ e (o gy $ onlm-d.'lnln- in

g livestosk, and dikes = bu
other livestook s - _
.1!'.’{.:: towna and public investmentss amounted to ug.m.mninnu.
Adding 10% $o this amount for losmses im sities, towns and poblia
investments gives a total loss of C$1,425,000,000, At the pre-
war rate of exshange of about three nese dollars to one

U.8. dollar this ameumt becomes U,.3.%478,000,000.
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\ E 1t 18 assumed that fhe damages of the 1996 1906, and
Liei floods wers of about the magnitude of the 193] flood,
ﬁﬂ.:; four G:mi'g ﬁu:d;' in & peried of 60 years or one

=] a - ArSs L] L] r
would %: U.5,$478,000,000 ¢ 12,4 or U.a.!ﬁ.uo, St

information is available regarding the damages omumed b
floods exvcept that of 1931, A

1t is believed that the above assumption shoold be
adopted for the {lu'puu of this report, but it should be
recognized that the unkmown 88 of other larger flgpcds
than that of 1931 if imoluded im this Study would materially
inoreass that ammusl savings,

Havigation

The greatest bemefit from J.n?nnd navigation, npmely,
the saving of lives, oan not be £iven a money 'rl.lul..ﬁo'n“r,
it oan be stated that many lives inoluding pas ers and

Persomnsl will be maved 8YETY yaaT the proposed impreve-
metites in navigation, 34

dn mnalysls of the mavigation benefits other thanm the loss
f 1ife haw been made Being data takem from the. Reoonnai sanee,
eport dated January In_a!, on Navigation of Yangtze Hiver, by
the Ministry of Eechomie Affairs, as follews:-

Shippings in 1926 o

ghungking to Iohang:271,156x806m218,000,000%. ut,a350,000,000 +.x.
Wan-Hsion to nhu;:ﬂu:xunuo-ua:mu:om.m.-!u.um:&n-u t.k,
Total 416,000, 000%.m1, 8664, 000,000 t.X.

elght Rat t i
br:ﬂ‘tn ?EF:;HI.IE: :;,rluh;ng:

Daring high water seamen:C$0.08 to 0.11/%.k. - ave. C$0.0956/¢.X,
mt“ v .1} 1 |1-$ tﬂ ﬂtg‘ft-kt = AVE, ﬂlﬂ'.l’!‘ﬂf‘i ok a
: 190 ‘.é‘ i ave, C30.145/%.Xk,

i or. US§0.0482/t.X,

Dewnstreamffreight rates are 50% of upstream rates orU88.0841/t .k,
Average of upstream and gwnstream rates U8s.0861/.k.

Frelght below Iclu_fu:
During full year C$0.015 to 0.02 - ave, C$0.0175 or TS$0.0058/%.X.

Saving in Freight with
Improved Navigation: . . !

sauming ght batween Chungking and Iehang to be the same
::.'.ﬂlﬂ.t Hrf::;'a?,l l"l"-: the sav 8. 1in freight will be Uﬂﬂ.ﬁl -
0. B = Uﬂﬂ»ﬂm-k- or a total saving of lﬁﬁi,ﬁﬂﬂ,ﬂ&ﬂ «Xs X
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etream from [chang on ocompleticm of the rojeot

same as the pre-war rate mnthﬁ n-rlu .umu ;; t'lfr;.
$0.0058, and assuming that the volume of ehipping betwaen
Chunglring and Tchang will be inoreased many timem, the gross
annual freight revemues for imorsased o o8 of varying per-
sentages over that of 1936 will be as follpws:=

Grose Ammual Fre t
Eevenues for nu’:ﬁl,nl
Cargop over lj_!l\:

A that the tr nrtnio:huh upatream and down-
fr

Inoreaies . - Ton-Kilometers dnnoal Savings

3000w 19,920,000, 000 U
4000% £6.560. 000" 000 ga ﬁqgﬁg;ggg
5000 33,200, 000,000 192 800 000

It is believed that the aspumed BOOOS inmerease of oarzo
over that of 1936, after completion of navigation 1!;1‘07!::11:;.
should be adopted for the purpomes of this report, This
inoTease gives a gross amnual revenus of U.S, 192,500,000,

rr“dt’dﬂ 1:1 ::;u;d that thatn:\r}gnim faeilities oan be
ad, na T

revenue, namel ﬁl.!ﬁiff;na,aﬁu Er .SST g Ehi.ﬁgﬂﬂﬁ?&&%
the remain ‘beoem s A& met amnual revemae of
(U.85.$192,500,000 x .20) or U.3.$38,500,000,

Navigation Facilities

Favigation faoilities will beoome a most lmportant auxili-
ary development of the Yamgtze Gorge Projeet. O ¥ general
senslderation of the facilities have been possible im this
preliminary imvestigation mad repert, dde primcipally to lmek
of basie data, However, it is proposed to make carefnl studies
of navigation facllities im the final report to be prepared im
America, An effort will be made to design a mew type of look
gate ‘that will permit the constructicn of a single lgek basin
at' Yangtze Gorge Dam, im lien of a series of oconventional looks.
If this oomstruotion proves feasible 1t will be mueh more
eophomioal thanm spuventional looks.

Seome of the speolal problems to be ceonsidered in the study
of navigation facilities that are auxiliary to Yangtze Gorge
Projeot will be disoussed im the follewing parasraphs:

Fevigation Iuring
. Constroetion of dam.

The problem of providing for mavigation dur eonstruotion
of the dam will receive oare opngideration im the final
design of the projest. If the single look structure suggested
in a previous paragraph proves feasible, it is believed that
suth ‘& strocture may be adaptable for temporary ase dari
ogmstraotion of the dam. A provisiosal imstallaticm inoluding
a shert upstream ship tummel and ognventlional lock gates,
oombined with the permanemt loek basin mmd the permanent down-
stream ship tumnel, will appareéntly scmstitute workable lecking
faoilitles. Anbther altermative plam weuld imelude a set of
temporary cohventional looks located alomg one of the abutmente
and pas gver the upstream sofferdam, over a low row of blocks

V.98
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in the main dam, and over the downstream ecfferdam, This
alternative m‘-l'lﬂ.{ woald be mash mere expensive tham the
plan mentioned firsi becanse mome of the comstruetion or
equipment items sould be utilized im the ecmpleted project.

v the gates and gther mechaniocal equipment might be
used on other anxiliary navigation projects. Suoh an inptal-
];:tt;l "mpi"r'f':h -;riw: with oomstruction gperations

main ojea n a8 re ot the plan wi temporar
ahip tummel ie preferable. o - .

Farigation betwesn Chungki
ud’f:n—!nu Dari hxil:
Irawdewn of Heservg

¢ Evemt v the upper reach of Yangtze Reservolr, for
example’ that between Chungking and Wan-Hsien, is certainm to
present a diffieult mavigation problem during perieds of
maximum reservolr drawdown, partionlarly for navigation of
large boats. This Qiffioulty may be postpomed for a gumber
of years pending full development of the power and irrigation
resources of the river, in ohkher words pending full drawdown
operaticn. Also, this d1ffioulty will ultimately be relieved

by inoreased discharges resulting from upstream storage.

This mavigation problem will be given eareful ecnsidera-
tion in the final report om Yangtze Gorge Frojeet. The most
probable means of meeting the difficulty are believed teo
inolude the follewing:

(a) Navigetion dams and locks desigmed for temporary
submergence, ccmbined with adequate heavy duty dredging
eguipment .

(8) Hiver ohanmel oomtrol works combimed with heavy duty
dredging eguipment.

{a) River oM-l flushing doring the low water seascn
asing large discharges for short periods, followinmg develop-
ment of upstream storage.

Navigation between Iohang
and Hamkow and Shanghai

Preosumably 4ghé control of Yangtze River for power, irri-
gation and flood protectiom will benefit mavigation below
Iochang. Large fleood peaks and lew river discharges will be
sliminated, Clear water will be released from the reservoir
and this tamd to degrade the river ohammel for a consider-
able reach below Iohang, However, it appears eertain that
navigation improvements will be needed in the lower river,
These probably will invelve navigation dams and loeks, and in
some reaches oonstructed navigation ohanmels, It is believed
that mavigation faoilities cam be provided and maintaimed
adequate for bringing ocean-golng veseels to lehang and ch to
Chungking. It is lmportant that comprehensive surveys and
data be provided re ;tl.ﬂn to u;in:tnn. bn:: :E:t;:::oﬁ:

rom Yangtze Remervelr, for use
;mti:;:r:.n!hi::“uvisltim problems will need very care-
ful stody ineluding hydraulie model tests befere final desigms

ocan be propared.




Siltimg of FPower mnd
Havigation Faollities

_Every precautien must be taken in the final design of
Tanghze Gorge Frojeot to avold diffioulties due to silt ao-
cumulations in fromt of power intakes and in navigation
ohannels and looks. A large measare of protection will be
realized from ultimate upstream storage. However, suoh relisf
may be long postponed uthjz!-rc immediate measares shonld
be taken to avoid these diffindlties, The fellowing investiga-
tiomg are suggested for consideration of thie problem:

(a) Research should be undertaken to determine what
measures have met with sucoess on other &reat silt laden rivers
of the woerld sueh as the Miselesippi, the Hile and gthers.
Fresumably such researsh may lead to infeormation that will be
helpful in planning methods of ipproving and maintaining
navigation channels, for emample, im the upper reashes of the
reserveolr between Chungking and Wan-Hgien daring maximum draw-

. down of Yangtze Reservoir. Also, suoh research particnlarly
in reference to the Nile should indioate the deslgn and capa-
eity of facilities necessary for sluicing the narrow river
ohannel upstream from Yangtze Dam to keep gilt from accumu-
lating eventually in front of the power intakes,

(b) Probably this researeh should inelade hydranliec model
testing to determine the methods of chanmel improvement and
ecntrol beat adapted to foture silt oonditions, and to deter-
mine whether navigation dams will be required eventually in
the upper reservelr ohannels as well as in channsls downstream
from lohang,

(o) Design atudies and hydraulie model tests should be
made of different maim features of the look structures to
determine the best means of desilting approash chammels, ship
ohamnéls, locks, look gates and other moving parts in the
navigation works. Hydraulie medel tests may be useful abso
in comnection with the desigm of special look gates.

(d) The silt stodies necessarily will have to oonsider
| conditions during ocnsiructloen of the dam, as well as those
immediately following dompletion of the dam and these im the
‘distant futors,

The silt problems to be sclved im comnsstion with China's
large water projecte are recpgnized as important and diffionlt.
However, they ocan be solved and the projects made workable,

Domestio Water

It has been stated that oharges for domesgtie water in
sertain oiltles of China vary from 0$0.45 to €$0,80, or an
average oharge of C$0.825 per 1000 imperial gallons. This rate
at the pre-war exchange of about hhree Chinese dollars to one
UeSe.@0llar would be U,5.50.208 per 1000 ilmperisl gallons or

| (<208 x 6,B5 x 43,660) # 1000 w U.35,%66,60 per mare foot.
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This ia aspumed to be a gross ocharge sufficient to repay,
operats and maintain the pump and distribution systems,
Frobably such a g;un oharge would yleld a net revenus of at
leant Ei’ or 83,00 per amore feot, 89, 1t ls assumed that

the $etal g- ation te be served in oities, towns, villages
and pepulated rural districts may total 10,000,000, 0n the
btasis of 76 imperial gallons fnr oapita per day the total
utzu!ta per amnam would be (10,000,000 x 75 x B&E) 4 (4BF&0

x 6,88) « 1,000,000 aore feet. The ngr e annpoal revenus would
be (1,000,000 a.f. x U,5.82,00) or U, .;%.om,nm.

Hegr i

A opnservative lunqzﬂnn of 500 foreign and Chinese
touriasts per day for 200 days per year, eaoh spending on the
average U.5.5500 in Western China, will give an assumed gross
amnual revemme of U.8.$50,000,000. If it is assumed that 10%
of this amcunt 18 a met revenue acoruing to Yangtze Gorge
Frojeot the net ammual revemue becomss U,.35,$5,000,000.

vail []

The available data submitted for ecnsideration of the
Yangtze Gorge Frojeet inolude the followlng:=-

(a) Memerandum cn the Upper Yangtze River and itm Gorges,
Iehang to Chongking, July 1944, prepared by the Fational Hydre-
electrie Power Survey of the National Rescurces Commiseion,
This memerandom contains maps and drawings showing military
topography, surfieial geocleogy, looation of gaging stations,
river mlopes, rating curves, hydrographs, sed flood freguency
ourves, Aleo, tables of precipitation, ygn reading, discharges,
temperatures, evaporation, roughness ecefficlients, silt contents,
and geology of the Gorges. Also, "A Brief Acoount of Wo-Kiang",
extracts from "The Ufpu- River" pnd "Thpcugh the Gorgu"* by
H.G.W.Woodhead; and "The Grandeur of the Yamgtee Gorges,” by
Juliue Eigner. Also, "The Grandeur of the Gerges", in BO
photographe (loaned from N.R.C. livrary). Alse, misoellaneous
tables of water levels and discharges of the Ming, Chia-Limg,
Fu, Chn, Tea, Chimg-I, and King=-Sha-Kiang,

'.{:n} Handbook for the Guidanse of Shi Hitl':l ;nctgi
Iehang-Chungking Seoticn of the Yangtze ar «C0.Plant,
Late River Imspeotor, S:l.mo Maritime auf..;. vised and
enlarged by R.G.Everest, Eiver Inspeotor, Chinese Maritime

Customs, Second Issue.
the e Dletriot of the Yangtze, from
(e) Geolegy of Gorg B o “iu'uiapmnt

' Iohang to s with Speolal Referenmce o the

of the Gorges, by J.B5. Les,

{d) Geel of Iohang, Helenshan, Tzekuel and Patung
Distriets, Eupeh, by C.Y. Hsieh and Y.?,Chao.
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Additional data requested for the preparatien of this
preliminary report inslude the following:-

(a) Informatiom nonﬂn.l.cntg avallable regarding the
location, intersity and damage Tecorded egrthquakes in
Central and Western China,

(b) Cheok surveys to estAblish the mcouraecy or inacooroy
of the Chineasa Mlitary topography and of the oaptured Japaneass

aerial to m?ph.y in the reglon along the ad acent to Iohang
Gorge om il:u nuhn Hiver, i

() Flow phest and general information regarding the manu-
faoturs of fertilizers by the nitrogem fixatdion Process, inolu-
ding available stodies by the National Repcurces Commission and
report of Y.C, Im,.

(d) Available information regarding the character and
amount. of flood damages ocaumed by different ataces of the
Yangtze during the periocd of rescord and rarticularly the ampunt
nmu from the maximom Tlood of resord,

(e8) Avallable informatien refarding the diffieultiss and
costs of navigation on the Yangtze River and tributaries onder
pregent oenditions and estimated savings with the Yangtze Gorge
Frojeot completed,

() Hydrologie date pertaining to main tributaries of the
Yangtee River above Iohang for use in estimating the affects of
upstréan storage. \

(g) Information regarding the leoation and areas of irri-
gable lands for gravity and pump irrigation in Yongtze Valley
below Ichang, alss, areas for pomp-irrigation along the Yangtze
Gorge Hessrvolr,

(h) The valaue of am acre-foot of water for irrigation
purposes and for domestie water supply,

(1) The average amount spent in n;:;u: Yalley per tourist,
fellowing completiom of the Yangtze Gorge Project.

Frogram of Surveys

L]
It is suggested that a program of surveys be earried out
saffiolent for compiling and preparing a file of maps of the
Yangtze Gorge Frojeat sm follows:-

(a) Map of oatchment area Ih:!' u;mr:m ph;nulr::.d !
ographical features, particularly the moun ranges 8
:;lu, rivers, prinoipal cities, and the loeation of _rdn gagesn
and stream gaging stations. The soale used for this map shonld
be ahleoted to provide a size of folded map ccnvemlent for
inelusien in a bound repert of U.S. legal size (21% ‘gm. by

233 eem.)




(b) Vieinity showing important present and proposed
agoess reads and railroads, rivers, dities, villages, pznﬂl.tad
raral distriets, and present and potemtial irrd ls areas,
that are of interest in conmesticm with the projest. The scale
of this map should be selected to Provide s size convenient for
inolusion Inm the bound repers. i

'm erial or planstable tg ofTaphio map of the reservoir
area, on t soale of 1 to S000 mz egntour interval of 5 metera.
Aeripl suryeys are preferable and more eoccmemical,

(4) Aerinl or planetabls tcpographie map of the portionm
of reservolr badin to be cleared of trass and brush, on a soale
of 1 %o 2500 and contour interval of 2 meters,

(8) ¥lgnetable toppgraphic maps showing land and prepert
mnrshlp' :‘ihl rulrvgf.: AT#A, on seales of 1 te HGS :1,; 1 4
%o 1000, and sontour imtervals of £ meters or 1 metar regpeotively,
as found deaslrable. Special oare should be taken in surveying
property at Chomgking and other important oitles and villages,

() To aphies alinement of the river, profils ale
the ‘center Iln _5: river, and pmilu on the “.:: of prnpu:ﬁ
alternative dam mites, Thess “'I' and prefiles shonld extend
for sufficlent distanow longitodinaily and laterally to in-
elude adjmsent alternative dam sites and probable altermative
looations of permansnt works and of eonstruoetiesn plant and
operatiens, This drawing should be om a seale of 1 to 2500 and
contour interval of £ meters, It sheuld inelude sontenrs up to
elevation 500 meters.

(g) Tepegraphie map of each alteranative projeot site in-
cluding areas needed for all permanent works, areas nesded for
condtrustlon plant and materials amd for borrow or wastage of
excavated materialsy; This map should be ont'm seale of 1 te 1000
and opmtonr interv of 1 meter. The topography ehould be carried

te elevation 260 meters.

(h) Tepographio maps of smeparate matural gravel or rock
q areas stitable for use as sources of osmorete mggregate,
ineluding areas meeded for processing plant, stoek piles or
other sonstrootion installations, on soales of 1 to 2500 er 1
to 1000; and scntour intervels of £ meters or 1 meter respeotively,

a8 found desirable.

(1) Geolegio maps, seotioms and photographs as determined
with the aid of a competeént engineering-geologist, on soales
snitable for illustrating the signifioant geologlc conditicns
at the lecations of prineipal features of the project, ineln-
ding prospestive altermative project mites. ;

’ I[i'.l T aphie map of the Yangtee Rivetr and m:ainiﬁ-
areas dewnstream from the altermative project areas, inoluding
the Tohang area and a reglon extendimg about 50 kilometers
downstream from Ishang, on & soale of 1 to EB0D and contour
imterval of £ meters, o

a2
o




(k) Detall survey and Bap of irrigable lands arv b
;gzjizfrti; and pump Ifri:nilnn. following tnnli:n:i;;i‘a}'th-
__l

(1) ‘Topoeraphie surveys atid maps of aite 41
:;:ht:li ::u;‘ltrﬂ i X ‘:g;:;um-zf a rnrilm u::ujiga:ﬂf‘ 4
or more d
1t0 1000 and Sontodr interval of 1 eoqels’ 1875 ON 8 scale of

(2] Topoeraphie surveys and maps of existing and pro

pomed
acoess roads and railroads, on s me
interval of £ meters. : & stale of 1 tﬂiggﬂﬂ uh? oontonr

(n) Topesraphie surveye and maps of separate locations for
the proposed Tertiliser plant, adjmcent to each albornative
E:::.ﬂ_n, om & soale of 1 to £600 and contour inferval of

(o) Detail sarvey and repert om the sharaster and amgun
of flted danages cansed by different stages of the Thngtgg X
during the period of reeord and partioularly the ampunt of
damage oaused by the maximom flopd of !'l!ll'i,. This survey and
report should indlude all basic data negessary toc evaluate
flood contrel benefits of the Projeot.

(p) Detail gurvey and report om present navigation and

on proposed 1lr%g;t1nn foblowing completion of the Yanstze

Gorge Project, g survey and r-gfrt :hul%d irelode all basias
on bane

data necessary to evaluate maviga its of the project.

(q) Detail survey and repert on :hn utilization of storad
water for domestic water supply of eities and villages looated
aleng the Yangtze Reservelr and alemg and below the main dis-
tributary irrigation canals. This -nrn{ and repert shounld
include all basic data necessary to evaluate the benmefits from
domestio water. '

(r) Miseellemnecus surveys tg be determined as investigaticnas,
deslgns, and oemstruction cperations Progress,

4 program of sxpleraticms should be sarried cut at each
alternatiss projest site that im congidered to be s prospective
site for development, as followa:

(a) The projeoted layout of the oonorets dam should be
emoireled with Eg-inoh oore drill hples spaced 25 to 40 meters
apart alomg the projected upstream and downstresam fases of the
dam, Am extra linme of eoxe holes should be drilled aleng the
adrgss the river chanmel and

ojectad osnter line of the
ﬁ gnth l“hutl::t: for about Hg?thn maximam height of dam,
Also; an extra line of drill holes apaced 15 to 26 meters
lpll't #hould be Arilled aleng the downatream edge of the
proposed spillway bucket or hydraunlie Jump aprem,




(b) The projected loeations of earth and rook fill eoffer-
dams should be emoirelsd with 4 o E-ineh cased Arili huI:lt.r
spaced 25 to 40 meters apart and these heles should be drilled
to a depth of not less than 6 meters into bed roek. The pro-
Jeated losations of eellular stesl pile or timber oribe seffar-
dams sheuld be explored by ome line of 4 to 6-imoh oased drill
holes spased 15 to 25 meters apart aloag the projected centar
line and drilled to'a Ilgth of 10 meters into reok. The gver-
burden materials should be sampled tested amd logged with cape
to determine their sultabllity for foundatioms of the eofferdams,

(o) The abutment areas and leoatioms of ssparate main fen-
tures and important eonstrustiocn Plant installations will he
partially explorad by the drilling operaticns degeribed above,
However, these areas and loeaticms should ba further explered
by test exsavation methods ineluding pits, trenches and drifts,
and by large ealyx drills 17 these beoome available, Major epan
Joints, fraotures, weathered Sontacts, seams, bed planes, arush
gones and faulte shoald be explorad rararnhiy by test pitm;
trenches and drifts prier %o and dor ng the progress of excava-
tiemm. L.

(d) The projected location of smeh diversion and power
tannel should be explored by 24-inch core 4rill holes as followa:-

(1) A vertisal hole intersectinmg the axis of the inteke
tumnel at or near the projected upetresm tumnel portel
and extending down to an elevation 20 meters below the
invert of the eomplimentary diversican tumnel,

(2) in inolined hole om the projected axial center lins of
eaoh inelined peower tumnel and extending dcwn to an
elevation 20 meters vertioally belew the invert of
diversion tumnmel.

(3) A vertieal hole om the axial semter lime of eash &able
shaft and extending down tc am elevation 20 meters
below the invert of divermlion tumnel.

i(4) A vertieal hole interseoting the axial scenter lins of
eash downstream diversion tunnel pertal and extending
dewn to an elevation 20 meters belgw the invert of
the tummel.

(8) Intermediate vertical holes interseoting the axial
egenter line of each diversion tummel at intervils of
net mere tham 500 meters betweem the eable shaft hele
and the hole at the dowmstreanm ertal of the diversion
tommel. 411 of these holes should extenmd to an eleva-
tion 20 meters below the invert of the tunmel,

(#) Misesllansgus -:plntltinn- to be destermined am inves-
tigations, designs, and comstrustion cperations pregress,

Erggram of Studies
Five t!lil&i::iliunlnl sohemes for the Yangtze Sarge Pwo-
Jeot have beem studied Itllili:f Prespective alternative sites
lable asri

determined from aval topography. Ceneral featurss
of the dam and power plant have been deseribed im the Iroposal




of this réport. The tunnel schemes ars aprlicable to Studis
]n-.iil,a and 4. In Study No.5 the power plant would be X
installed in & large gallery in the left ema ortion of the
dam. In this soheme no diversion tunnels nus be ased, The
river would be oontrolled hil:t.g- sofferdams similar to

those used at Gramd Conlee alsa, by diversien cver lpw
blesks cf the dam and throogh irlrt tubes and sther conduits in
the ‘dam. With these fll!rll features in mind the preliminary
stodies can be deseribed briefly as follows:-

Preli udy No.l

The project looatiom for this stod i al the righ
bank of Yangtze River downstream from tg; rill:gg of Shig-t

Fai and upetream from s small tridbutary entering from the
scuth, mamed "Soen-Mem-Chi", The dam would be lecated closel
upstrean from the mouth of SJoon-Men~Chi, whioh stream weould Eﬁ
utilized for a teil rase channsl %0 Yangtze River. The pewer
house tummel would parallel the Yangtze. The combined diversion
and pewer tunnels, whioh are mormal to tha power house tunnel,
would bend to the left & short distanss he ond the maln nooess
tonnel ‘and sxtend in generally parallel allnemsnts to Soon-

Man-Qhi. :

FPreliminary Stndy Hgp.2

The projeet ldsation for this stud inelaodes beth banks
of the Yangtze Hiver in an area illlﬂil{!l apetresm from a
tribvat cnttrin? from ‘the north, named 'Eha-an-Ehi“ The
dem would be loeated elosely upstream from the mouth of Sha-
Law-Chi. The pewer house tummnel on the left bark wenld be
nearly normal to the Yangtze River and parallel to & namsleas
oreek about ome kilgmeter upstream from Sha-Law-Chi, which
will be ufilized as a head race channel, The combined diversion
and power tunnels would be mormal to the power house turnmel and
sxtend in parallel alinements to Sha-Law-Chi, whioh will be
atilized as & tail race channel to Yangtse River. The power
bhouge tummel on the right bank would parallel the Yangtze

and the oombined diversionm and power tunnels would make a

bend to the left a short dlistance beyond the main moosss tun-
nel and extend in parallel alinements to Tze-Kou.

Frel Hg,2

The project locationm for this study inoludes botH banks
of the Yangtze River and odvers muoch of the same area described
under Study No.2, However, the dam would be placed olosely
downatrean from the mouth of Sha-Law=0CHi. The power house tun-
nel on the 1eft bank would be approximately normal to the
Yangtze' and would parallel the Sha-Law-Chi, whioch latter -
gtream would serve ag a head races. The ocombined diversion

unnels would epontinue on the same parallel tangents
g8 ¢ -:r-n- {hereinafter ecalled "Unnamed

d tribut
;:r:::ggﬁ::;irine the ' <Chisg-0hi from the west. Unnamed
Jtream would serve for a tall Tace aohannal to Yangtze Eitgr.
The powsr house tumnsl on the right bank would parallel the
Tavgtze and the combined diversion amd power iunn;l- wrn12¢3".
make & bend 'to the left a short distance beyond the nnrn -y
turmel and extend in generally parallel alinements to Tee-Kou.
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Ereliminary Study No,4

' The proposed leoation for this study would inelude both
banks of fhi Yangtze River and place thn’ﬂ;l Aprroximately cne
kilometer farther downstream than Froposed under Study No.?
The power house tunmel on the left bank would parallsl the
Yangtze and the eombined diversion and power tummels would
make a bend to the right and extemd im generally parallel
aligznments to -Chlac=Chi or to Unnamed Stream both of
which would serve for a tail race ohannel leading to Yangtze
Biver, The ppwer house tunmel on tha right bank would parallel
the Yangtze amd the combined diversion and power tummels wenld
make a bend to the left and extend em generally parallel aline-
ments to Tze-Kou. !
Ereliminary Study No.®

The proposed location for this study would inoluds a

#trip of land about 2 kilometers long extending from an abut-
ment on the right bank of the Y g8 River tc an abutment on
the left bank of the Chang-Chisp- hi, eressing the peminsula
between these two rivers im the lowest marrow rlace, The right °
end portion of the dam, eomprising the Tangtze River chanmel,

‘woinld Vs oonstruoted as a oconerste overflow spillway. The left

end portion would be eommtruoted as a conorete nem-gverflow
seotion, in which the power plant would be installed, The two
portions of the structure would form m stralght gravity dam
about 3,000 meters long. The left end pertien would include a
power houss gallery about 2,000 meters leng housing ninutg

8ix main power units of 110,000 kw. o luitg each, of 10,560,000
kw, and four station servide umits of 20,000 Xw. capmoity each,
or a %otal installed ocapacity of 80,000 Iw,

Additional Field Studies .

. Studies should be made of the ultimate power, irrigation,
flood 9cntrol, mavigation, domestic water and recreational
reacurees of ;hi somplete Tiver baaim of the Y g8 River
and tributaries in Central and Western China, us methods
of the U.3, Federal Fower Commissicn (See Tolume XV &f Daorean
of Reolamaticn Data File).

Fin (T8

Final studles to be made in Ameriea for the purposes of
a final report will inelude the following:-

{a) Revlew of preliminary ecomomio studies to confirm or
determine the water supply available for the project; the
looation, type and height of dam; the leoation, type and
eapacity of diversion works, spillways, outlet works, power
plant amd switchyard.

(b) Hydraulie model tests of the diversiom werks, apill-
ways, oatlet works, power intake mystems, power tunnel systems
axl. the power plan} sowplete with all hybraulie features, for
the propossd £ projeot and 1f necsamsary for alternative
projeats that appear to be attractive.
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(e) Stress and 8tabllity studies, desi studies -
timates of cost, o confirm or detormine thc‘l;nnru. dﬂfn:rma.
quantity of work and ut-riﬂ:, and relative ocsts for the
alternative projests described in the Preliminary studiss, or
Tor other alternative projects that may be develeped inm the
dourse of preparing the fimal studies,

(4) Contract designs and specifiontions and sngineer's
estimate of oost for the fanal Iroject to be anthorized for
opnstruction. The centract hlifzi and specifications are to
be preparsd in the form of boun Yolumes similar to those pre-
pared by the Burean of Reolamation for oonstrostion by either
ogntract or government foraes,

{8) Detall desigms and specifioations for all features
of the preject to be aunthorized for ocnatroeticn, inoluding
stroctural, hydranlie, mechanieal and elsotriamal features,
sultable for mannfastors Irocurement, installatiom and son-

If any large program of Project ccnstructicen im antherized,
such as that proposed om the Yangtze tributary rivers or that
proposed ia the Yamgtze Gorge Frojeet, the meed for fereign
technical assistance and for & domprehensive program of train-
ing for Chinese teschhiecal perscmmel will beoome imperative,
Alse, if a final report em present investigations of the sespe
proposed in this preliminary report is to be sompleted inm
America, cooperative arrangements,with [ ] American engineering
orguintin will be nauuar{. !Eun matters have heem the
subjest of sonsiderable thoug » Which culminated im a dimens-
sion with Vice Chairman, C.C. Chien of the National Rescurces
Commission on September 14,1944 and resalted in Memorandom
dated September 17,1984, addressed to Mr, Chien. The subjeot
matter this Memcrandum is of sufficient importance to warrant

quoting im full as follows:=

"08 the gocasicn of gur confarsnce im your office during
the aftermcon of Septeamber 14, we dimoussed among other subjacts
the proposed arrangements for ¢coperstive assistance of the
Burean of Reclamation and of the Temnessse Valle Aduthority;
alsc, the proposed programs for the training of Chiness teah-
uni personnel, These arrangemsnts and programs as Presented
te you verbally are cutlined below:-

gf

Co

he fimal report oi present investigations will fnclude

aomzh'lnlih studies of the projects under consideration and

the preparation of gemeral designs and speeificaticns sultable
iating a oontract for ocmatruoticn of the werke or

for t
r:r :':gcr.t censtruction by govarnment forass.
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The occeperative arrangements for assistanes in o 1
the final report should be with the Burean of R-ulm::pm.:.::‘
these will inolude the services of about 150 Bursasu enginesrs
and eertain cther personnel for perhaps 6 to B menths.

The training program umder thase ogoperative arrangements
would include the wmervieces of about 150 ness snginesrs and
a number of geclogiets, chemists and physielste, all of whem
nnl: bes utilized om aotumal necessary engineering werk in
America.

Detail Designs

The sonstrustion of ome large hydroslestrie project such
a8 Boulder or Grand Coules Dam and Power flant requires the
preparation of mo less than 15,000 detail desizn drawings.
These drawings usually are prepared during the pregress of
genstruetion and therefore a sufficient length of time, nsually
a period of several years, is avallable for this big task.

" The cpoperative arrangements for the preparation of detail
designs and apeoifiocations for scnstruestion of any large aunthori-
gation of prejeets in Chima should be with the Burean of Heelama-
tion and the Tennesses Valley Lnthurit{; frogbably a foras of abeut
600 Burean and T.V.A. engineers would nesded from these two
organizations for carrying cut any large preject autherizaticn
such as that proposed om the Yangtze tributary rivers or that
proposed in the Yangtze Gorge Frojeet.

The training program under these scoperative arrangemants
would inelude the services of about 500 Chinese engineers
and a number of geclogists, ohemists and physiocists, all of
whom would be utilized im America on actusl mescessaTy work
ineluding scme fleld and ocnstruction work for training pur-
poses.

Censtructicn under any large anthorization of projlects
such as that proposed cn the Tamgtze tributary rivers or that
propesed in the Yangtze George Projeet will require the servicsa
in China of a considerable foroe of experienced emgineering
andl cgnstrucfion perscnnel from Ameriom., The cpopesrative

menta for this perscommel should be with the Bureau of
Heolamaticn and Temnessee Valley Authority. A feree of at
lemst of 600 engineers, comstructien superintendents, general
ormen, formén and skilled workmen probably would be meedsd
rom these two organizations.

The training program under these oocperative arrangements
would imelude the servioces of m very large number of Chiness
engineers, geologists, ohemists, physleists, and constructicn

eraconel im all -J.nﬂ.!l.uﬂun frem eonstruoticn superinten-
ent to skilled labor, frobably the traiming adventages oan
be extended to ms many as 10,000 t¢ 15,000 Chineme workers
during the pericd of constructiocm,
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Cogparative Contraots

The ccoperative ocntrects for the above desoribed arrange-
mentm with the Bureau of Reolamatisn and Tennessee Valley g
Authority should be made flexible im the matter of duration
and perscanel beommse the amount of work to be dcne can nct
be eptimated with sertainty in advanse., It 1s believed probable
that the cooperatiem of the Bursan oan be mecursed under pra-
gent laws, and cn the basis of metual necessary seryioces plus
& perosntage for overhead and other gemeral costs, it is pof=
sible that 1°# may sover the cverhsad and general cost. Howewer,
these cooperative arrangements will have to be submitted to
the Burean of Reolamatiom and the Depsrtment of the lnterier
for consideraticn, It is intentieh, if the Qfficials of
Fational Rescurces Commissicn ¢onour, te submit these wvarious
fooperative arrangements to the Buremn by omble, With this inm
mind I am snoleoelng unpz of suoh a cable and desire that 1t
be diepatehed if agreeable to the Commiseion,

traot Versu
ge Werk

The eonstruction of large projectw such as thoss Preposed
on the tributary rivers of the Yangtze, or suech as the Yangtze
Gorge Froject, ocan be dome successfully either by ocontract
of by government forees. The Bureau of Reclamation has built
ite soper-projects ineluding Beulder, Grand Coulee and Shasta
Dams and Power Flante by eontract. On the gther hand the
Tenmessee Talley Lnthorffy bas construeted their great pro-
Jectm by government forces. There are sdvantages inm both methods
and in =y epinion there is very little cholee between therm,
providing experienced personmel 1s assured bi gelecti an

. organization that has constrooted similar and ecemparable works.
For example, if the work 1s deme by ocontract seleetion of the
canstruction crganizaticn shenld be bi negotikdlion and not hg
bidding. Only ecntraeters who have bullt similar and comparahble

works should be cenmsldered. If the work is donme by government
foroes the construction perscnnel should be selected largely
from the ccmstruetion organization of the Tennessos Valley
Autherity.

It is my cplnicn that the cpcperative arrangements and
training programs suggested above will inpure sound ineering
and ccnptruetion at minimum occet to the Governmemt of China,
The plan takes full advantage of the most experienced enginemr-
ing and ocmetroctlon perscanel on large hydroelestrie projects
and this personnel happens to be largely U.5.Govermment per-
sonnsl. It is bellieved that the plan proposed for demigning
and construotimg these super=projects 1im the best that can
be arranged.”




Tentative c!gggg|1gn!,

It 18 possible to stats tentative conoluplens relative +o
the Yangtze Gorge Project on the basis of (1) a brief fiela
inepeation of the project area, (2) analyses of aveilable basio
data insloding river discharge records for fifty years, and (3)
alternative studies and sstimatss of five differsnt project
8ltes seleoted from available asriapl topography, as follows:-

1. The Yangtze Gorge Project with a normal regervolr watsr
surface at elevation 200 will dsvalep 10,560,000 kilowatta, of
whioh 6,000,000 kilowatts are firm power and 4,560,000 kilowatts
are secondary power. All of this ssoondary power will be aon-
voerted ultimately o firm powsr by upstream storages develapmenta,
The project will provide 74,000,000 nore feet of watar for +he
irrigatien of 10,000,000 pores of good agricultural lands, Abeat
£2,000,000 nore feet of Tlood storase will be provided, whioh ias
suffiecient to comtrol the largest fleod of recerd, Alsg, the pro-
Ject when supplemented by naviga‘ion faoilitiss will permit posan-
gcing vessels to ply inland a+ least +o Chungking. The graat
Yangtze Reaervolr of 50,000,000 more fest will Provide an exoel-
lent supply of clear domestie water for many oities and induns-
tries, as well as recreational bemefits, that are certain to
become of ntmest impertance +o China.

B, The relative merits of five alternative studiss and
agtimates and of twe alteraative general plana of development
of Yangtze Gorge Project are shown in +he following summary of
estimated acsts. The oosts are given in U.3. dcllars.

Alternative Total Investigation Intaragt Grand
Proleot Field Cost right of way during
Cverhd.s Ctgs Constrpoticn Total

$129,029,000 $149,896,000 $1,149,194,000

Study No.l $860,260,000
Study Bo.2 $720,749,000 $119,612,000 $127,554,000 ¢ 977,915,000

Study No.3 §740,725,000 $1£1,109,000 $129,275,000 & 991,109,000

i g

Study No.4 $698,392,000 $114,789,000 £1°1,072,000 ¢ 93F,175,000

$194 287 000 81,165,540, 000

$R835,898,000 $135,385,000

Study No.bB

3. The projleet ia feasible in respact +o its ccnstruetion
on the great Yangtze River, and almo with regard to prospective
repaymant of the prolect ocpst through revennes mcoruimg from
power, irrigation, fleeod ocontrel, navigation, domestioc water
anfl reoreational rescnroes. Construction of the Yangtze Gorge
Dam appears warranted tc a large degrese by qng cne of +he four
blg benefits, namely, power, irrigaticn, flecd ecmtrel or

navigation.

4, A plan of develcpment utilizing déverasion tunnels fer
hy-p;uaingpthc river during construction of the dam will cost
less and be much mors bomb-proocf than a plan withou* diversion

tunnals,.




B, The total cost for the Yangtee Frojeset inaloding +he
dam, reserveir and power plant will be well nnder one billiom
U.5. dellars. The unit ocet far power will ba well undar ane
hundred U.5, dcllars per kilewatt. of installed oapacity,

B. On the basls of +he fully'lpaded Plant, greps annual
revenues from power alene, sstimated at twe U,5. milla per
kE.w.h, for firm powsr and at one half mill per k.w.h, for
seeondary power, will average u.s.s143.4so.3on. Annual ravenuos
deductions will include the folleswing:- cperation and maintenanos
on gensral and special features of the project amgnnting te
U.5.%56,398,000; a replacement ressrve of U.5.82,BB7,000: and
amprtization on the bapie of 15 years repayment peried sn a 4%
sinking fund, ineluding interest, amounting to U.5.%84,105,000;
or a total deduction of U.S5.592,%90,000. Thim leaves s ne+
annaal revemue of U.5.§50,660,000,

7. Gross annual revenuss or savings and net annual revenuss
or savings will acorus from power and atorage Fesources of f£he
project as fellews:

Power or Storage Grosa Ainngal Feat Annoal
Reponros Aevenne or Saving Ravenne or Saving
Fowar T.5.8143 450,000 0.8.8250,860, 000
Irrigation § 37,000,000 £18, 500,000
Flood ocontrol & B6,B40,000 $38,P40 000
Navigation £192, 500,000 $2R, 500,000
Domeatic water 3 66,600,000 $ 3,000,000
£ 5,000,000

Reoereation 50, 000,000 )
Totala M1 1ol 00 3% 165, 900, 000

B, The Yangtze Gorge Froject is a "OLASSIC". I+ will be
of ntmpet importancs to China. I+ will bring great industrial
deavelopments. in Central and Western China. I+ will bring wide-
spread employment. It will bring high standards of living.

It will change China from a weak to a strong naticn. The
Yangtze Gorge Project ahould be eonstracted fort +he benefis
of China nng the World at large.

Respeotfully sabmitted,

W

« Lo Savale
Conpulting Enginesr.




Table I
Yangtee Gorge Projeet

PCWER CUTFUT
{Foutth Stage)
Rewm., W. 51 El. 200 Eff, storage: E29,200,800. A.F.
Nor. Tail W. 5. El. 44 Inst. Cap. t 8,860,000 kw.
Firm Secondary Firm Sscondary Total
Year Power, Fower, Enerey, Energy, Energy,
Millien Nillion Eillion Billien Billlon
L Ew, Ew. Ew, hra. Ew, hra, KEw. hra,
B4 (1] Mok 4] TE.E
1891 T«b (15 65,7 2.9 68.6
1892 Tl 1.3 6E.2 6.6 6.9
1893 8.1 0.5 1.0 1.7 TE.T
1894 8.0 0.4 TD.1 2.0 TRl
1896 8,8 0.1 TE.6 0.8 5.2
1896 B.4 0 73.8 0 TE.8
1897 7.0 0.9 BB.7 4.6 ™. 8
1898 8.2 0.2 7.8 1.0 78,8
1899 8.:0 0.4 70.1 E.0 TE.1
1900 7.8 0.6 8.3 E.8 Q.9
1901 T oh 1.0 LT 4.0 £8.8
1908 TA 1.8 68.1 .7 &7.8
1203 8.0 0.4 T0.1 2.0 T2.1
1904 8.4 o T73.8 0 T3.8
1808 8.3 0.1 2.7 0.5 3.2
1906 8.4 o T3.6 4] T3ié
1907 T4 1.0 4.8 4.6 69.4
1908 8,8 0.1 73.0 0.4 73.4
1909 6.7 1.7 BB.T 8.0 67.2
1910 7.8 0.9 66,5 4.6 T0.2
1911 8,3 0.1 Y2.6 0.8 T3.1
1912 B.4 0 3.8 o 13.8
1913 7.8 0.9 65,7 4.8 TO3
1914 746 0.8 66 .6 4,1 10.7
1915 T.3 l:1 64,0 5.6 £9.6
Y 1916 B2 Osl F&,9 . 72,5
. 1917 Hr'ﬁ 0.1 r!,'r 0.5 TR.2
1918 8.4 o T8 4] 78.6
1919 8.3 0.1 12,7 0.k 73,0
1980 8.0 D.4 0.8 B0 P28
1981 8.1 0.2 1.0 1.8 TE.5
1928 8.0 0.4 70,1 2.0 r2.1
1983 6.7 17 68.7 9.8 68,5
1984 6.7 17 6.9 a.7T B87.6
1928 Tl 1:8 62.1 6.6 68.7
1926 8.2 0Ll T2.T 0.5 73.82
19387 B.2 0.1 2.7 0.8 v3.E
1988 6.6 1.8 §8.0 9.6 67.6
1929 T8 1.1 64.0 8.6 69.8
1830 8.2 0.2 T1.8 0.9 TE.T
1981 Tud 1.1 €4.0 5.9 69.9
1932 7B 0.9 66,8 4.6 TO.4
1933 T.2 1.1 68.9 5.6 69.8
1934 8.1 0.3 1.0 1.8 8.5
1935 Tl 10 6d.06 B.1 69.9
1936 7.9 0,6 £9.4 E.,9 TE.)2
1927 6.0 B.4 BE.6 10,2 EE.9
1938 g'- L 0.E :Juﬂ g.: :2.1'
Average ?f“ _Sfel [] . .

0



Table I;r
Yangtze Gorge frojlest

FPOWER QUTFUT
(Fifth Stage)

Res. W. 8. : El. BDOD Live mtorage: 29,P00,000 A.F,
Rea. Cap.: 48,600,000 A.F. Installing eap,:10,860,000 E.N.

Firn Jecondary  Firm Seoondary “Total
Year Fower, FPower, Ensrgy, Energy, Energy,
Millien Millien Billicn ﬁillfam Billgun
Ew. Ew. Ew.,hra, Ew. hrs. Kw, hra,

1.5 . NnJ 0.7 oe.y
2.0 66,7 13,3 79.0
5.4 6E.B 17.5 T9.8
1 T1.0 13,8 B4.8
70.1 12,7 BE.EB
T2.6 12,1 84,7
7.8 8.1 B5.4
65,7 15.5 Bl.2
71.8 11.9 es.r
T0.1 11.2 Bl.4
68,3 80.E
64,8 T7.8
77.8
0.1 ) B2,.8
78.8 B4.E
az.a
BE.7
79,8
81.6
TE6.7
81.2
84,2
BE.E
B80.5
81.v
79.8
84.9
g82.8
84,7
83,0
82,8
B3.6
B83.E
78.5
78.0
go.2
84 .2
PF_!
TE.E
70,8
82.6
80,8
8l.4
80,2
83.2
79,9
BE.2
70.8
82.0
8l.8
BV

3

1E50
1891
1898
1892
1894
1898
1896
1899
1898
1899
1900
1901
1908
1903
1904
1908
1906
1807
1908
1909
1910
1911
1912
1913
1914
1918
1316
1917
1918
1919
1920
1921
1922
1983
1924
1925
1926
1927
1928
1929
1930
1981
1932

1954
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Table III

Yangtze Gorge Frojeot

Stud

Fowar Flan
Dam loeated about 3,000m, dcownstream fpom Shih-Pai

ESTIMATED C@ST

Item Np. Item

16.
16.
17.
18.
19,
20.

(A) Biver Diversign

Excavation: rook,
diversion tunnels

Exoavation: ocommon,
cofferdams

Exoavation: common,
tailrace channel

Exoavation: rock,
tailrace channel

Earthfill:; coffer-
dam apstream

Barthfill: sofferdam
downetream

Rookfill; sofferdam
upEtrean

Rookfill: acfferdam
downatream

Rlprap: oofferdam
upstream

Riprapl eefferdam
downatream

Roek barrier, up-
gtream

Roek barrier, down-
strean

HEemoval of down-
stream cofferdam
sarth

Hemgval of down-
atrean cofferdam
rook and Took
barriar

Pregsura grouting
of tunnels

Conarete: diverslion
tunmel linings

Conorete: diversion
tannel pluge

Conarste: tunnel
inlat structures

Conorete: tunnel
patlat structures

Installing bulkhesd
_:?uu and helstas

25,

5!
49,

4,

lﬂt 1
in Tonnel

Quantity Onis Cost sl Cost

£00,000 oy
533,000 oy
480,000 oy
320,000 oy
040,000 oy

2,176,000 oy

G

Ty

5

710,000 oy
384,000 oy
77,200 oy
61,500 oy
135,000 oy

217,000 ey

176,000 oy

662,600 oy
Lump Sum
TE6,000 oy
841,000 oy
20,000 oy
53,000 oy

Lupﬂu

6.00
0.18
0.156
0.76
Q.26
0.B5
1.00
1,00
1.60
1,50
1.00
1.00

0.15

15,00

7.00
20,00
£0.00

219,494,000

151,200,000
80,000

BEZ 000
26,990,000
1,010,000
544,000
710,000
384,000
116,000
92,000
135,000
217,000

326,000

331,000
3,000,000
115,890,000
5,887,000
600,000

660,000

500,000




B*udl H:lt 1
IETIHJ.TE]_J cosT
(Centinued)
lgem Suentity __HM; G;-: Tgﬁgl Cost
(B) Dam T 82,048,600

”ﬂ‘ﬁ%&.ﬁfﬁ“' 4,880,000 oy 0.18 728,000
h;:;‘;:ﬁ:&,if::' 5,250,000 0
e N o S
Conerete: spbllway S £ ; i
cma.g;'u:" o o 2,160,000 oy 5.50 11,880,000
ca::::zo?ngr::;:: 247,000 oy 11.00 2,717,000
Gu:::::i?so::%if 280,000 oy £.50 1,375,000
S s

Conorete: trashrack

strustures 3E,700 oy 20,00 654,000
Conerste: parapet

welle, side walks

and eurbs 600 oy 20,00 12,000
Flacing reinforee-

ment bars and

fabries 26,974,000 1b. 0.04 1,039,000
Cooling oconorete,

ineluding pipings

and fittings Lump Sum 980,000
Grouting contract=

ien Joints inolud-

ing plpinge and

fittings Lamp Sum 0RO, DDO
Installing, steal

opnduit lining,

river putlets BEZ, 500,000 1b, 2,250,000
Installing tuabs

valveg, river

outlets B0 sets 2,600,000
Installing, gate

framen, seats,

guides, and trash-

rack geoctiocns,

river putlets 10,100,000 1b. 758,000
Installing drom

gatesn Lump Sum 2,000,000
Installing, drum

gates oontrol

meohanism Lump Sam 500,000
Installing, balkhead

gaten (E) Lump Sum 20,000
Inetalling, metal

seal stripe in
uunt::gtion Joints 800,000 1.f. .78 600,000

95,000 oy 12,00 1,140,000




Study No. 1
ESTIMATED COST
(Continoed)

Item Ho- Llten MWW

2l, Installing mige,
matal workas Lump Sam 200,000

(C) Power Plant 445,318,000

Exeavation: roek,

intake tunnels

and headworks TEE, 400 4,514,000
Exoavation: rook,

powsr plant tunmel 3,440,000 20,640,000
Exoavation: rook,

draft tubes 196,000 o 1,170,000
Exoavation: roek,

powar plant main

acoess tunnsl 1,136,100 6,817,000
Excavation: rock,

oross tunnels 170,000 1,020,000
Exoavation: roeok,

intake acoess tunnal 691,000 4,146,000
Exoavation: rock

tallrace tunnels 1,840,000 11,040,000
Excavation: rook,

tranaformer tunmnel 900,000 5,400,000
Exomvaticon: rook,

tranaformer tunnel

oross galleries 26,300 168,000
Excavation: rook,

high temsion outlet

shafts 2,060,000 1,360,000
Exoavation: roek, low

tenslon outlet

shafts 154,000 924,000
Exoavaticn: rook,

transformer and

pasesnger elevator

shatfte 146,500 aTe, 000
Exeavation: roek,

pedestrian gallerien 14,700 88,000
Excavation: Toek, in-

take trashrack shidfte 1302,500 7,B1E,000
Exeavation: reok, -

lightning arrestesr

tonnals
Exoavation: rook, in-

eltmed power tunmels 466,000 E, 798,000
Exonvatliont rook,

ventilation shafts 10,800 63,000
Conorete: intake tun-

nel lining and head-
works 236,600 3,548,000

625,000 3,760,000

iB
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Study No. 1
ESTIMATED CoST

(Continued)
Item No. ltem tit

19 Conerete: intake 200,000 cy

trashrack phaft lin-

ing
B0 Comerete: trashrask

atructures 33,000 ey
2l Comerete; inelinesd

power tunnels 171,600 oy
B2, Comerete: intake ao-

cess tunmel lining 127,800 oy
£B. Conerete: power plant

tunnel lining 590,000 ey
24. Congrete: gntlr Plant

substructures 545,000 oy
25, Conorete: draft tubes 188,000 oy
26. Conorete: power plant

main scpess tunnel

lining £00,000 oy
ET. Ccnerete: orose tunnel

lining 66,500 oy
8. Comorete: pedestrian

tunnel lining 5,500 ey
29, Conorste: transformer

tunnel lining 300,000 oy
20, Conorete: tranaformer

tunnel erose. gallery

lining 9,700 oy
3l. Conorete: high temsipn

outlet shaft lining 1,086,000 oy
32, Conorete: low tenslcn

oable shaft liming 66,000 oy
33. Conorete: lightning

arrester tumnasl

lining 119,000 oy
24, Conerete: tailrase

tunnel lining 586,000 oy
B5. Conerete: transformer

& passsnger elevator

shaft lining 45,800 oy
36, Conarete: ventilaticn

shaft lining 4,300 oy
a7, Flacing reinformement

38,

40.

bars & fabrics

Installing penstorks

Fower plant, inelu-
ding elewtrical,
mechanical & hy=-
draulie eguipment
and high tenslon
ewltehing equip-
menta

Installing: oranes
and gantries

400,670,000 1b,
17,800,000 1b,

10,640,000 kw.

(R

Lump Sum

t Cost
15.00

£0.00
11.00
15.00
15.00
20,00
E0,00
15.00
15.00
15.00
15,00

15.00
15.00
15.00

15.00
15.00

15.00
15.00

0.04
0.10

£5.00

T Cost
4,500,000

860,000
1,887,000
1,918,000
8,850,000

10,900, 000
3,760,000
3,000, 000

998,000

88,000
4,500,000

146,000
15,375,000
990,000

1,785,000
B, 790,000

678,000
£5,000

16,025,000
1,780,000

266,000,000
280,000




2 Study No. 1
ESTIMATED COST
(Continoed)

g Lien No, dien, Quantity  Unts Oost Total Coet

41, Installing: gantry iy

ralle 883,000 1b. 0,06 50,000
42, Installing slavators Lump Sum 760,000
43, Installing: intake

gate seate, guldes,

trashrack guides and

ssoticne 11,000,000 1b. 0.075 825,000
a4, Installing: intake

coaster gates and

holete Lump Sum 660,000
48, Inatalling: tallrace

bulkhead gates Lump Sum 430,000

46, Prepeure grouting
tunnels & shafts Iump Sum 500,000

47, Inatalling: minme,
metal worke Lomp Sum 500,000
48, Irainage syaten Lusp Sum 1,000,000
49 Yentilation system Lusp Sum £00,000
Total Cost from A to C B4Tp760,000
Ceonstroction Camp &,000,000
Frelght 8,000,000
Compunicatlion Hoadways 2,500,000
Total Field Construction Cost 860,860,000
Right of Way and Jovestigaticns 10,000,000
Uverhead and Contingeneles 105% 129,089,000
Total 999,299,000
Intersst during Construction 15% 149,898,000

{(oompleted in 6 years)

Grand Total 1,149,194 ,000

—————

Hote: Tnit Cost indluding labor and materials,
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Table IV
Yangtze Gorge Frojeot
Study Ne. 2
Fower Flant inm Tunmel,
Dam looated about 1,800 m, upstreas from Nan-Tzin-Ewan

ESTIMATED CoST

Item
No, Item Quantity Unit Cost Total Comt
_‘U.H.i" i -
(A) River Diversion 196,411,000

1. [Exeavaticn, roek,
diversion tunmels 14,560,000 ey £.00 87,260,000
2, Exoavation, oommen,

cpfferdamg 425,000 oy 0.18 64,000
&, Exoavation, oommon,
headrace ghannel 5,400,000 oy 0,15 810,000

4. Exoavation, rook,

hesdrace channel 16,300,000 oy 0,78 12,285,000
5. Exoavation, common,

tallrace channel 14,000,000 oy 0415 2,100,000
6. Excavation, rook,

tallrace ochannel 27,000,000 oy 0,76 27,7604000
T Earthfill, egffer=-

dam upetream 3,706,000 oy 0.85 986,000
6, Earthfill, ooffer-
dam downstream 1,759,000 oy 0.85 440,000
9 Rookfill, ocoffer=-
dam upstream 658,000 ey 1.00 655,000
10, Roakflll, coffer=
dam downatreanm 311,000 oy 1,00 311,000
11l. Riprap, ooffer=-
dam upetream 58,000 oy 1.50 a7,000
1E, Riprap, soffer-
dam downatreas 41,000 oy 1,50 62,000
18, Roak barrier up-
stream 242,000 oy 1.00 342,000
14. Hoek barrier down-
gtream 170,000 ey 1,00 170,000

18, Hemgval of dewn-

gtream opofferdam

sarth 1,769,000 oy 0.15 264,000
18, Remoeval of down-

atream cofferdanm

redk and reek

varrier 522,000 oy 0.60 £61,000
AR T Lusp Sum 2,200,000
bRy %1:;::1“n. 3,500,000 ey 16,00 52,500,000
M cn:::::;'pgi;:rninn 882,000 0y  7.00 6,174,000
R > g v 29,000 oy - 20.00 580,000
i cn:i;?::';:;ﬁ::ir.. 31,500 oy  20.00 630,000

af




Study No. 2
ESTIMATED CQ3T

; (Continued)
Item
i _Bo. Lsen RQuantity E&t.'ﬂin 2 Ogst
BE, Installing bulkhemd
_ gates and holaste Lump Som 800,000
: (B) Dam 97,104,000
La Exoavation, ocommon,
dam foundation 5,781,000 oy 0:18 867,000
o "E::‘iiiia.f?'k’ 2,144,000 0.7
a on o o715 1,608,000
3., Foundation treat- sEa o VgL
ment L Sum g,000,000
4. Comerets, dam 11,780,000 oy 5.00 58,900,000
B. Conorete, spillway
ADTon £,E80,000 oy 6,60 12,540,000
B Conorete, spillway
orsst and plers 247,000 oy 11.00 2,717,000
Ts Comorete training
walls 260,000 oy 12.00 4,200,000
8. Conerete, trashrack
gtructurss 32,700 oy £0,00 654,000

9, Conarete, parapet

walls, sidewalk

& ourbs 900 oy 20,00 18,000
10. Flaoimg reinferee-

ment bare and

fabries 28,060,0009y, 0.04 1,122,000
11. Cooling Inn«u!at:

inoluding piping

& Tittings Lump Sum 1,800,000
12 Grouting contraction

jointe inoluding

pilpings and Tittinzs Lump Sum 1,200,000
12, Installing steel ceon-

dult lining river

outlet B2,500,000 &Y. 0.10 2,250,000
14. Installing tubs val-

veag, river outlets B0 setms 45,000 8,600,000
15. Installing gate Trames,

gpeate, guides and

trashreck sections,

river cutlets 10,100,000 1b. 0.076 758,000
16. Installing drom gates Lump Sum 2,000,000
17 Installing drum gatesn

control medthaniem Lamp Sum 500,000
14 Installing balkhead

X gates (E) Lump Sum 20,000

19, Inastalling -.;u ssal-

ing stripe in ocon=

'H;iiiinnplulltn 1,000,000 I.I. 0,75 760,000
20, Installing mige

:I:itl :f:rh : Lump Sum 200,000

w1 'S8



Study No, 2
ESTIMATED CoaT

(Continued)
Item
Hos Itenm gg&gtitz g!ﬁg ﬂgai !gtﬂl Gili
(C) Rgwer *lant 424,734,000

l. Exoavation, roek,

mn:h' tunnsls

eadworks 647,000 o 6 3,882,

2. Excavatiom, roek, : 7 o G

Enl'ir plant

onnels 3,440,000 o 6,00 20,6
B, Exeavation, roek, 2 . haRrenee

draft tubeas 195,000 ey 6.00 1,170,000
4, Exoavation, roek,

power plant, main

agcens tunnels 1,670,000 oy 6.00 10,080,000
B Exoavation, rock,

argss tunnels 170,000 oy 6.00 1,080,000
6. Exoavation, rook,

intake acoess

tunnel 600,000 oy &.00 8,600,000
| Excavatlion, roek

tallrace tunmels 1,880,000 oy 6.00 11,B80,000
8. Exeavation, rook,

transformar tunnel 675,000 oy £.00 4,050,000

9. Exoaration, rook,

transformer tunnel

oross galleries 26,300 oy 6,00 158,000
10. Exea¥atlon, rook,

high tenpion out-

let shafts 780,000 oy 6.00 4,680,000
11, Exeavation, roek

low uu{nn ul.ﬁlt {

shafte 154,000 oy 6,00 984,000
12, Exoayatlion, rcok

transformer lni

passsnger elsvator

shafts 200,000 oy 6,00 1,200,000
13. Exoavation, rock
pedestrian galleries 14,700 oy  &.00 88,000

14. Emoavation, roek,
intake trashrack
shafts 1,202,500 oy £.00 ¥:.8185,000
15, Exoavaticd, rook,
lightning arrester
tunnslas
16. Excavation, roek, in-
olined power tumnels 488,000 oy 6,00 £,928,000
17. Exoavatiom, rook,
ventilation dnots 10,500 oy  6.00 3,000
18, Exeavation, comEon
cpen cut for intake
epontrel homnse, trans-
former bay, and road-

way to intake acoess
tunnsl 120,000 oy 0,16 18,000

588,000 ey 6,00 3,528,000

SRR |




Study Ne, 2
ESTIMATED COST
(Continued)

Exeavation, rook,
open out for im-
take esontrol houae,
transformer bay
and roadway to in-
take moocess tumnel

Backfill for intake
oontrel honse,
transformer bay
and roadway to in-
take mocess tannel

Pressure grouting,
tunmels and shafts

Conerete intake tun-
nel lining and
headworka

cn?;rtto intake shaft

Conorete trashrack
struocturss

Conorete inelined
powar tunmel lining

Conerete intake acosas
tunnel lining

Conorete powar plant

 tunmel lining

Conorete, power plant
subatructarea

Conorete draft tubes

Conerete power plant
main acceas tumnel

Conorete oross tun=-
nel liming

Conorete, pedestrian
gallery lining

Conorete tranaformer
tunnel lining

Conorete tramsformer
house, intake ocon-
trel house, ete.

Cenorete transformer
tunnel orpas gallery
lining

Cenerete, high tensien
putlet shaft lining

Conerete low temsicn
cable shaft lining

Conorete lightning
arrester tunnel
lining

Conorete, tallrace
tunnel lining

Quantity

230,000

420,000

oy

oy

Lump Sum

233,000
300,000

23,000
180,000
104,000
590,000

545,000
188,000

£30,000
66,500
5,500
£25,000

158,000

9,700
208, 000
86,000

130,000
436,000

54

oy
oy
oy
ey
oy
oy

oy
oy

oy
oy
oy
oy

bt

oy
oy
oy

oy
oy

Unit Cost

173,000

420,000
500,000

3,495,000
4,500,000

660,000
2,700,000
1,560,000
8,850,000

10,900,000
3,760,000

3,450,000
998,000
83,000
3,375,000

3,160,000

146,000
2,120,000
990,000

1,960,000
6,540,000




S

T

v

Item

40,
4l.
42,

43,
4d.

48,
46.

47.
48,

49.
&0,
£l.

SE.
53,

Study No. 2.
ESTILATED COST
(Continued)

Ltem uantit

Canﬂr-tu ul-ntor
¢ {1l 60,000 oy
Gnnur-t-. Tuntlln-
tion duot lining
Flaoing reinforoe=
ment bars and

4,300 oy

fabrios 810,280,000 1b,
Installing pen=
atooks 17,800,000 1b,.

Fower plant inelud-

ing elesatrical,

mechanionl and

hydraunlie squip-

meats, and high

temslion switohing

equipments 10,640,000 Xw,
Installing cranes

and fu.ntrilu
Installi antr

rails ey 4 1,180,000 1h.
Imstalling elevators Lump Sum
Installing intake

gate seatm, guldes,

trashrasck guides

and seotlone
Installing intake

Lamp Sam

11,000,000 1b.

coaster gates Lump Sam
Installing tallrace

bulkhead gaten Lump Sam
Installing miso.

metal works Lump Sum
Irainkge Syetem Lump Sum
Ventilation System Lomp Sum

Total Oost from Item A to O

Construetion Camp

Freight s
Communication Hoadwa

'rgtnl Fiakd Gnnatmzlun Cost

w 4 Investigaticns
oty o | ? timnﬂius 18%

overhead and

Interest duri
{oompleted dn & years)

Grand Tetal

Conemtruetion 15%

Unit C?ut Total cgut

15.00 300,000
16,00 685,000

0,04 12,411,000
0,10 1,780,000

25,00 266,000,000
280,000

0.06 69,000
920,000

0,075 825,000
660,000
420,000
500,000

1,000,000
EQO, 000

U.5. 3710, 740,000

5,000,000
5,000,000

2,500
U.s.$vzﬂfvtvfggg"
10,000, 000

1049 &61E 000
0. §YEEO BEL, 000

127,554,000

U.8.$977,915,000

Hgte: Umit Cegt ineluding laber and materials.

59




Table ¥
Yangtze Gorge Frojeot
B‘I'-I.l;' Ho. 3

FPower Flant in Tunnel
Dan looated about 1,200 m, upstream from Nan-Tsin-Kwan

ESTIMATED CCST

Quantity - Unit Ci!t

Total Qost

(A) Biver Diversicn

Excavaticn, rook,
diversiecn tunnels
Zxeavation, ocommon,
tpffardans
Exoavatien, ccmmon,
headrace channel
Exoavation, rook,
headrase channel
Exoavation, ccmmon,
tallraoce ohanmel
Excavatien, rTock,
tallrace ohannel
Earthfill, ooffer-
dam upetream
Earthfill, ooffer-
dam dgwnatream
Rookfill, ocoffer=
dam, upstream
Hookfill eoffer-
dam, downstreaam
Ripfap, ecfferdam,
upatream
Riprap, ocecfferdam,
downatream
Roek barrier,
upstream
Reek barrier,
downstreans
Remogval of down-
gtrean ocofferdam
earth
Hemoval of down=-
gtream asofferdam,
rook; and reek
barrier
Pregsure grouting
of tommele
Conoreté, diversion
tunnel lining
fonorete, diversion
tunmnel plogs
Conorste, in tummel
inlet structarss
Conorete, in tunmel
gutlet stroctares
Rtlkhlnﬂ'?ltl! and
heoiste (4]

16,390,000
400,000
9,000,000
27,000,000
10,000,000
30,000,000
2,640,000
1,360,000
500,000
250,000
50,000
30,000
400,000 o
300,000 o

1,360,000 o

680,000 o
Lump Sam
5,940,000 o
920,000 o
20,000 e
53,000 o

Lump Sum

26

oy

¥

r

T

F

- |
¥
¥

¥

216,914,000

98,340,000
60,000
1,350,000
£0,250,000
1,500,000
22,500,000
710,000
340,000
500,000
250,000
75,000
45,000
400,000

300,000

204,000

290,000
2,500,000
59,100,000
6,440,000
600,000
660,000
£OO, 000




Stody No. 3
ESTIMATED 0O ST
(Continued)

Ltem No. Ltem Quantity E”W‘:r"sgi'“ Total ©
S 2 88,112,000

Exgavation, ecmmon,
dam Toundation 5,000,000 oy 780,000
Exoavatlcy, rook,
dam foundation 5,500,000 oy 4,125,000
Foundation treat-
* ment Lump Sum 2,000,000
Ogneretes, dam 9,630,000 oy 5.00 48,150,000
Combrete, mpill-
way apron 2,880,000 ow 5.50 12,540,000
Ceonmorete, spill-
way orest and
piers 247,000 oy 11,00 2,717,000
Conorete, tralning
walls 360,000 oy 12,00 4,200,000
Cemorete, trashrack
ptructures 22,700 oy 20,00 654,000
Conorete, parapet
walls, eldewalks
and ounrbw 400 oy 20,00 8,000
Flaging reinforos=
ment bars and fa-
brics £8,010,000 1b, 0.04 1,120,000
Cooling oconcerete,
inoluding pipinga
and fittings Lump Sum 960,000
Grouting oontracte-
ien ;uints,iln-
oludd 1 8
and rfﬁtingung Lump Sum 860,000
i
] n
Tiver cutlets ’ ' 22,500,000 1b, 0,10 2,250,000
Installing tube
valves, Tiver
cutlets
Installing cate
frames, sents,
gui:tu. :?1 trash-
ek seotions,
::nr.nutlatu - 10,000,000 1b. 768,000
n ipng dram
I ;i:fi ng Lamp Som 2,000,000
Installing drum
gate ogntrel
Bechanism
I.utl-l]-ing bolkhead
gatas (2)
Ingtalling metal
ssaling :tri.pl
’5’:'1::2""'“ 8 800,000 1.£, 0.75 600,000
netalll migo. fn
Thetal works Lusp Sus R

80 sets. 45,000 2,600,000

Lump Sum 500,000
20,000

Lump Sam

o7




Study No. 2
ESTIMATED CO3T
(Bontinued)

1yesm No. Item Seantity Uais Cest ITetal 0

(¢) Power Plant T 423,199,000
e e o o ¥ L] L]

Exoavation, roek, in-
:l.':;'mit“ll and
L] erke 487
hﬂ-l‘l’t‘tlo?. roek, Sy e 00
power plant tumnels 2,440,000 2 )
h:;:;tlﬂl. ru“' ¥ Ellﬁl-':'.f'ﬂfl
t tubes 195,000
Exeavation, rook, . e
:ﬂlflllﬂ‘ﬁ acoess
unnels 1,500,000
Beandititon | l';'l«'l- e ' ¥ 9,000,000
orgss tunnmels 170,000
Exoavation, Feek in- ; o
take access tunmels 810,000 o3 4,860,000
Exoavation, reok tail« o,
raos tunmsls 1,080,000 a3 6,120,000
Exsavation, reck,
tranafcrmer tonnel Q00,000 5,400,000
Exoavation, rook
tranaformer tunnesl
orpss galleries 26,300%ey 158,000
Exoavatlon, reek, high
tension cutlet shafts 1,500,000 ey 9,000,000
Exoavatlion, reck, low
tension sable shafts 154,000 oy 924,000
Exeavation, rook,
transformer and pas-
semger elevator shafts 284,000 ey 1,344,000
Exeatation, rook, pedes-
trian gallerias 14,700 ay 88,000
Excavatlion, rook, im-
take trashrack shafte 1,202,500 oy 7,815,000
Exsavation, rook,
lightning arreater
tunnels 743,000 oy 4,458,000
Exeavation, rook, in=
algded powsr tummels 488,000 oy 2,928,000
Exdavation, roek, ven-
tilation duete 10,500 oy 68,000
Pressurs, grouting,
tunnels & shafts Lump Sum
Ccmarete, intake tnn-
nel lining end head-
works 180,000 2,700,000
Conerete, intake shaft
lining (trashrack) 300,000 4,500,000
Conerste, trashrack
strustures 33,000 660,000
Ceomerete, lnelined
power tunmels lining 160,000 2,700,000
Conorete, intake ao-
sess tunnel lining 1gE,000 1,830,000

800,000
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Study No. 3
ESTIMATED COS3T
(Continned)

ltem SQuantity it Cost I e

Cenorete, power plant

tonnel lining 590,000 oy 16,00 8,880,000
Cenorste, power plant

substroctures 545,000 oy EQ,00 10,900,000
Conorete, draft tubes 188,000 oy 20,00 5,760,000
Ceonorete, power plant

maln acoeEs tunnel

lining 207,000 oy 15.00 3,108,000
Conerete, orgss tan-

nel lining 66,800 oy 15,00 998,000
Conorete, pedestrian

gallery lining 6,500 oy 15.00 83,000
Conereate, transformsr

tumnnel lining 200,000 oy 15,00 4,500,000
Conorete, transformer

tunnel ocrcoss gallery

lining 9,700 ay 15,00 146,000
Qonoreté, high tensiom

gutlet shaft lining 400,000 oy 15.00 6,000,000
Conorete, low tenslcn

eable shaft lining 66,000 oy 16,00 990,000
Conorete, 1ightuil§

arraster tumnel lining 170,000 ey 16,00 B 550,000
Cenorete, tallrace

tunnel lining 240,000 ey 15,00 2,600,000
Conorete, slevator

shaft 1ining 60,000 ey 15,00 900,000
Conorete, ventilation

dugt lining 4,200 ay 16,00 65,000
Placing reinfcoroement

bare and fabries 224,700,000 1b, 0.04 12,988,000
Installing penstocks 17,800,000 1b, 0.10 1,780,000
Power plant, in-

oluding eleotrical,

mechanioal and hy-

dranlie equipmsnta

and high tension

ewitohing equip-

mants 10,640,000 kw. 266,000,000
Installing oranss

and gantries Lump Sum 280,000
Installing gantry

raile 1,150,000 Xb. £9,000
Installing eleva-

tors Lump Sum 920,000
Installing intake

gate peats, des

trashrack guldes

and gecticna 11,000,000 1b. B2F,000
Installing intake

ogaster gateas
and helste Lump Suam 660,000




Study Mo, 3
ESTIMATED QQST
(Continued)

ltem Quantity TUnit Cost Total Cost
U.3.% 7.3.%

In;tllllli tallrace

alkhead gates Lump Sum )

Installing mise, . Py 00
metal waorks Lump Sum 500,000

Irainage system Lamp Sum 1,000,000

Ventilaticn syatem Lomp Suam 500,000

Total Cost from Item A to C $728,825,000
Constroction Camp 5,000,000
Fraight 5,000,000
Communication Roadways 2,500,000
Total Fleld Construction Cost £740,728,000

Right of Way and Investigaticnas 10,000,000
gverhead and Contingenoies 168 111,109,000

Total $861 834,000
Interesst during eonstruction 15# 129 ,B7E,000
Grand Total $991,109,000

—_—

Hote: Unit Cpet lnoluding labor and materials.




Item Ho.

14,

16,
16,

17.
18,

19.

20.

Table VI
Yangtze Gorge Frojeot
Study No. 4

Fower Flant in Tunnel
Dam at Nan-Tain-Ewan

ESTIMATED COSBT

guantity  Unit Egst Zotel Cost

Lltem

(4) Biver Diversion

Exoavation: rook,
diverslion tunnels

Exoavation: eommcn,
gofferdams

Exoavation: ¢ommeon,
tallrace channel

Exeavation: rock,
tailrace channel

Earthfill: acffer-
dam apatream

Earthfill: ooffer=-
dam downstream

Roekfill: coffer-
dam upstream

Hookfill: ocoffer-
dam Apwnstrean

Riprapi: cofferdam
upatrean

Eiprap: ecofferdanm
downatreamn

Roek barrier up-
atream

Rbek barrier down-
stream

Esmgval of dowi-
stream oofferdam
earth

Remgval of dewn-
stream oofferdam
rgok

Fresgure grouting
¢f tunnels

Conorete diversion
tunnel lining

Cgnorets diverelon
tunnel plug

Cenorate diversion
tonnel intake
strusturs

Conerete diversion
tunnel cutlet
ptructure

Inatalling bulkhead
gates and holsts

12,600,000 oy
522,000 oy
10,800,000 oy
21,800,000 oy
#,020,000 oy
2,550,000 oy
E50,000 ey
450,000 ey
60,000 oy
51,000 ey
815,000 ey
485,000 ey

2,550,000 ey

Q86,000 ey
Lump Sum
3,080,000 oy

841,000 oy

£8,000 ey

30,000 ay
Lump Sum

6,00
0.10
0.18
0.76
0.26
0.85
1.00
1.00
1.50
1.50
1.00
1,00

0.18

0.50

15.00

7.00

20,00

20,00

152,614,000

76,600,000
76,000
1,680,000
16,200,000
755,000
638,000
850,000
450,000
75,000
77,000
213,000
485,000

283,000

493,000
£,000,000
45,450,000
&,887,000

560,000

800,000
500,000




Stully No. 4
ESTIMATED CC ST
(Continued)
Liem Suapblyy t Ogst Total Cost
(%) Dem e 115,790,000

Exoavation: commen

das foundation 9,200,000 oy 1,560,000
Exoavation: rock

dan foundation 2,200,000 oy 1,650,000
Foundation treat-

ment Lump Sum 2,000,000
Conarete: dam 13,800,000 oy &9, 000,000
Conéreste: apill-

way Apron £,940,000 oy 16, 170,000
Conorate: pplll-

way orest and

plers 212,000 5,428,000
Conerete: tralnming

walle 340,000 4,080,000
Conarete: trashrack

struotares 42,500 860,000
Conerete: parapet

walls, sidewalks,

and ourbs &00 12,000
Plaoing reinforoe=-

ment bare and fa-

brics 365,460,000 1b, 1,418,000
Cooling oomecrete,

indluding pipinge

and fittinge Lump Sum 1,280,000
Grouting contraction

Jointe inoluding

pipings and fittings Lump Sum 1,380,000
Inptalling steel

‘comdilt lining,

rivar cutlets £9,E00,000 1b. £,920,000
Inltnllingr:uho

Vi vyer cut-

b il 104 sets 4,690,000
Installing gate

flames, seats,

guides, and trash-

raok sectione,

rivér cutlets 14,100,000 1b. 1,058,000
Ins 11 drum ;

gitiu 5 Lump Sum 2,608,000
Inntiiling :rut

tes aontro

E:ﬂh&.‘lill Lomp Sum 650,000
Inetalling bulk-

nead ;:'E-n (2) Lemp Sum 20,000
Installing metal

gealing H'tr:-Fl-

opntracticn

11 migo.
In:: :1.1 :Enrl:l Lump Sum 200,000
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Item No.

1.
2.

Za
4.

10.

11.

12,

13.
14,
18,

16.
17.
18.
19.
£0.
El.

Study

No. 4

ESTIMATED CoS3T

{ Conti
Ell
() Zgwer Plant

Exonvation: rock
intake tunmels
Exoavation: rook
E"*“ plant
unnals
Excavation, rook
draft tubes
Exeavation: rook
power plant main
scosss tunnel
Excavation: reok,
oross tunnels
Exeavetion, rock,
inteke acoess
tunnel
Excavatien: rock,
tailrace tunnels
Excavation, rook,
transformer tummel
Exoavation: reck,
transformsr tunnsl
eross galleries
Exeaviaticn: rook,
high tenmsion gut=
lat shafts
Exoavatlicn: rook,
lcw tension cable
shafts
Exaavatlien! roeok
tranaformer and
pasgenger slevator
shn;tu
Excavaticn, roek,
pedestrian galleries
Exoavation: rock, in-
take trashrack shafte
Exeavation: rook,
lightning arrester
tunnela
Excavaticn, rock, in-
elined power tunmels
Exeavation, rock,
Tlntilntinntg:;tl
Frea ] ou :
tq:::IaE: ghafte
Qonorete; intake tun-
nel lining
Conarete: intake trash-
raok 'whaft lining
Conerete: trashrack
structare

nied )
quantity E!%zggigi Tg%!% Cost
S 417,489,000
700,000 oy €.00 4 ,B00, 000
3,440,000 oy £.00 20,640,000
195,000 oy £.00 1,170,000
1,800,000 sy £.00 8,000,000
170,000 oy 6,00 1,080,000
610,000 ey 6,00 4,860,000
1,390,000 oy £.00 8,240,000
900,000 oy §.00 5,400,000
£6,300 oy 6.00 168,000
600,000 ey 6.00 &,600,000
154,000 ey .00 924,000
190,000 ev &.00 1,140,000
14,700 oy 6.00 Ba, 000
1302,500 oy 6.00 7,815,000
742,600 oy €.00 4,456,000
405,000 oy £.00 2,430,000
10,500 ey £.00 62,000
Lump Sum 400,000
229,000 oy 16,00 8,435,000
300,000 oy 15.00 4,500,000
33,000 oy 20,00 860,000




ﬂ'hnﬂ;r Ho. 4
ESTIMATED COST
{Continned)
ltee . Lyex Suentity  Unit Cost  Zotal Cost

g2, Conorete: inolined
power tunnels

lining 162,000 o B.

3. et Satat ¥ 16,00 2,280,000
oess tumnel lining 182,000 o 16,00 .

B4, Eo:ﬂrit!: Power plant : J e

umiel lining 590,000 o 15.00

B8, Conerete: power plant ; . ey e
subetrocthre 545,000 oy 20,00 10,900,000

26, Cenerete) draft tubes 188,000 oy 20,00 3,760,000

27, Conorete: powsr plant
main sccess tunnel

lining £07,000 oy 156,00 2,106,000
28, Oonorete: ercoms tunnel

lingnge 66,000 oy 15,00 998,000
£9, Conerete: pedestrian

gallery lining 5,500 oy 156,00 a3, 000
20, Conorete: transfor-

mat tonnel lining 800,000 oy 15.00 4,500,000

3. Conorete: transfor-
mer tunnel orces
gallery

BE. Conerete: high ten-
glon cutlet shaft
lining 180,000 oy 15.00 2,700,000

58 Cenorete: low ten=
sion oable shaft

9,700 oy 15,00 146,000

lining 66,000 oy 15.00 990,000
24, Comorete: lightning

arrester tunnel

lining 146,200 oy 16.00 £,193,000
2B, Conorete: tallrase

tomel lining 335,000 ey 15,00 5,086,000
36, Conorete: elevator

ghaft lining 60,000 oy 15.00 900,000
2. Conorate: ventllatlion

4, 300 oy 18,00 &8 ,000

duot lini:i

28, Placing reinfercement
bare and fabrics

29. Installing penstocks

40, TFower plant inelu-
ding eleoctrioal,
mechanieal, and
hydraulic equip-
ments and high
tenslion switehing

297,520,000 1b. .04 11,901,000
17,800,000 1b, 0.10 1,780,000

10,640,000 kw., 25,00 266,000,000

eguipments

41, Inetalling oranes
and gantries Lump Sum £80,000
talll ant

B o o el 1,160,000 1b, 0.06 69,000

rails




Hote:

Study No. 4
ESTIMATED COST
(Continued)

Quantity Unit Cost
. n o

Lten

Installing slevators
(12 freight 22 pas-
Benger )

Installing intake
gaten meats, 1des,
trashrack guldes
and secticns

Installing intaks
coapter gates and
holste

Installing tailrace

ad gates

Installing mise.
metal workas

Iralnage system .

Ventlilaticn system

Total Cost from A to C

Lemp Sum

11,000,000 1b,

Lump Som
Lump Sum
Lump Som

Lomp Sum
Lump Sum

Construetion Camp

Freleght

Communieation Roadways

Total Fleld Construction Cost

Rlght of Way and Investigaticne
gverhead and Contingencies 15%

Total

Interest during Constructicn 15%
{ocmpleted in & years)

Grand Total

Unit Cost ineluding labor and materiale.

0.078

Total Cost

920,000

825,000

660,000
420,000
500,000
1,000,000
500,000
$685,893, 000
5,000,000

5,000, 000
2,500,000

$698, 592, 000

16,000,000
104,759,000

$813,152, 000

121,972,000

$925,125,000

r




Table VII
Yangtze Gorge Froleot

Study No, &
Fower Flant in Dam
Pam loeated abont 500 m. dewngtream from Nan-Tein-Ewan

ESTIMATED COST
Ltem Uni
Suentity t Eig T Com

(A)_Eiver Diversion 103,903, 000

Exoavation: oommon

diversion ohamsel 5,250,000 oy  0.1F 808 , 500
Exgavation: rook,

diversion channel 126,500,000 oy 0,75 94, A75, 000
Exoavation: oommon,

oofferdams 838,000 oy 0,18 1E8, 700
Earthfill, coffer-

dam upstream 8,E77,000 oy 0.285 819,300
Earthfill, ocpffer-

dam dewnstream 5,410,000 oy 0,26 1,282,800
Eiprap, cofferdam

upstraam 47,000 ey 1.50 70,600
Eiprap, cofferdam

downatrenm 80,000 ey 1.50 120,000
HEbokfill, coffer-

dam upstream 693,0000y 1.00 693,000
Rookfill, coffer=-

dam dewnstrean 1,200,000 oy 1.00 1,200,000
Keek barrier up=-

strean 473,000 oy 1.00 473,000
Fook barrier down-

strean 1,280,000 ey  1.00 1,280,000
Removal of down-

gtream coffer-

dam earth £,410,000 0.18 811,500
Removal of down-

agtrepm apffer-
dam rook 2,560,000 o3 0.50 1,280,000

(B) Dam 408,081,000

Exoavatlon: ocommon,
dam foundation 12,950,000 oy 1,94E,800
Exoavation: rook,
dam !uun:ntln: 61,600,000 oy 28,700,000
o av oWn-
“*3¢22.3 &3 fon 120,000 oy 120,000
Foundation treatment Lump Sum 7,000,000
Comerete: dam 60,500,000 ey 202,600,000

arete: 1llw
e " . 2,940,000 oy 16,170,000

b i11
Conerete: splllway
orest and plers 518,000 oy 5,432,000

erste: training
cu:nllu 413,000 oy &,956,000




14.

15.

16,

17,

18,
19,

L

21.

ER,

ftody Ne. &
EBTIMATED COST
(Continued)

Conorete: trabh-
rack strustures

Conorete: parapet
wall, side walks
and ourbe

Flasing reinforos-
ment bare and
fabrios

Copling conorete,
inoludd pip-
inga & fittings

Grenting comtract-
ien jointe in-
eloding pipinge
and fittingas

Installing ateesl
condott lining,
river putlets £9,200,000 1b. 0.10

Installing tobe
valves, river
catlete

Inetalling gate
frames, seats,
guides, and trash-
raock sections

Installing river
gutlets bulkhead
gates (2)

Inetelling drom
gates

Installing drom
gates control
machaniams

Installing metal
gealing stripse
in contraction
Jointa

Inetalling elevatore
(5 pamaenger, ©

freight)
Installing misc.
metal works

(C)_Bower Plant

Excavation: ccmmon,
for tailrace
channel

42,600 oy EO.00
2,000 ey
86,260,000 kb,

Lump Sum

Lump Sum

104 pets

14,100,000 lb, 0.075

Lump Sum

Iunp Sum

Lump Sum

4,360,000 t.f.

Lump Sum
Lump Sum

37,700,000 oy

HQuantity EIULSEF}_ Total Copt

0. 75

214,414,000

0,16

850,000

160,000

1,450,000

&,050,000

& 050,000

E,980,000

4,690,000

1,068,000

£0,000

2,600,000

3,262,500

300,000
200,000

5,656,000



Study No. 6.
ESTIMATED COST
{Continued)

item Quantity mit 0 Tota i!
1l Cost

Excavation: roek,

!gr tailrace

a
l:an::::im: e 13,000,000 9,750,000

classes for main

atoess tummel 358,00
Exoavation: all gt PxIPia000

ninn:-; for power

plant galler 47.00
Excavation: al $o90 A

¢lasses for trans-

fnrnu: gallery ao=

cess tunnel 19,000 \
Conorete: subatrus- . 158 4000

ture of power

plant gallery 150,000 £, 280,000
Conorete: orane e ol A

girders and cclumme ak,000 1,700,000
Conorete: power - .

plant lining 14,000 210, DOO
Conorete: power t

plant maln aceess

tunnel lining 111,000 5 1,665,000
Conorete: lining

of transformer

gallery accesa

tummel & headworks 10,000 oy 150,000
Conorete: trashrack

struotures 164,000 oy 3,280,000
Flaoing reinforoing

bars GE, 400,000 1b, 2,006,000
Installing orans

and gantries Lump Sam a12,000
Installing intoke

gate seats, guldes

trashrack guides

and sectionse B85,200,000 1b, 4,140,000
Installing intake

tulkhead gates (8] Lamp Sum 400,000
Inetalling tallrace

btulkhead gates (4) Lamp Sum 80,000
Installing penstooks 121,000,000 1b. 12,100,000

Inatalling gantry
raile 1,200,000 1b. 72,000

Fower plant, inolua-
ding eleatrieal,
mechanical, and
hydranlie eguip-
ment and high ten-

slon ewitehing
sguipments 10,640,000 Xw. £E&€ , 000,000




Study No. 5
ESTIMATED CCST
(Continned)

Item Ng. Item Quantity Tnid: Cost Total Ceat
"0 U.0.%
20, Inmetalling mimo.

metal works Lump Sam 500,000

£ly Ventilation ayatem Lamp Sum 500,000
—_—l e =

Total Cost from A to O 823,398,000
Censtruoticn eamp 5,000, 000
Communication roadways 2,500,000

Freight 5,000,000
e g WULT

Total Field Conetruetion Cost a3s, 898,000

Right of Way and Investigationa 10,000,000

Overhend and Contingenocies 15# 125,388,000

Total 971,283,000

Interest during Censtructicm 20% 194,287,000
1,165,540,000

Grand Total

Unit cost ineluding labor and materiglse.

Hote:



Table VIII
Yangtze Gorge Project
Stody No. 4

ESTIMATED CUST FOR DIFFERENT STAGES

Ttem Total Cost
U.8.8
(First Stage)
(4) River Diversion " 162,614,000
(B) Dam 115,790,000
(C) Powar Plant 204,689,000
L] LA ]
Comsjruction CAED wvusssvnss 5,000,000
RS i Pl i s vt snies g dingaesns 5,000,000
Communioation Romlle.sc.'sisdoeececnnnes 2. 500,000
Total Fleld Comt....... casnencne SBE,EOR. OO0 —
Right of Iag and Investigation®.sevseas 10,000,000
Overhead and Contingemoles 15%...vives. 7E,839. 000
TobBlissssssnsnsanssssnnssnnnnas DOE,E0E, 000

Interest Doring ConstructioNesescesssss B5, 265,000
Orand Pobel....susuhrs snas'aoissss OUB, 007,000
{Second Stage)
(C) Power Plant (Inoluding COverhead and Intersest) 70,557,000

(Third Stage)
{C) Power FPlant (Ineloding Overhead and Inter<st) - 40,357,000

{Foutbh Stage)
(C) Power Plant (Including Overhead and Interest) 70,257,000

(Fifth Stage)
{C) Power Flant (Inocluding Overhead amd Interest) 70,357,000
grand Total U.5.% 935,125,000
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Table IX
Yengtee Gorge Froject
ftudy o, 4
YEARLY REVENUES

Eleotrioal cperating income

8. Flrm Power Hevenues:
68,400,000,000 x 0.002 U.3.%136,800,000

b. Seccondary Fower Revemuss:
13.300-':":'{:.0“:' x D;m“ i E-IEEU‘C'EC
L] L]
(perating Hewemus Deductlcona:
a. Cperating & malntenance

General Featuares.
0.50-x.10,640,000 U38%5,3280,000

Special Featuree.

Dam & Res, £9,200,000 x 0.01 U8 ESZ,D00
Penstocks. 238,000 x 0,015  § 5,100
Tunnels. 166,400,000 x 0.0C025 § 41,600
Metal Works 15,750,000 x 0.01 $ 157.500

e o ek e 18
o By

b. Heplacement Heserve
217,245,000 x 0.01052 TS$2,286,500

o, Amortization including

interest.

920,126,000 x 8,994% _UH$S4,105,100
Potal operating Revenue Deductions T.5.% 92,789 400
et Operating Hevenues U.3.% 50,660,600
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DUUIITR L 18018 & cossssrancavsiisinnsissnsassnnscsss 10:500,000 ks

Bstimated Tower for Manufacturing Pertilizers ....... 5,000,000 kw

SIBOARY (VAL'E IN U.S, DOLLARS)
Estimated cost of Hydre Project by Dr. Savage ss 087,281,800

Navigation Bguipment ineluding overhead and
interest (roughly estimated br Dr. Savage,

to be confirmed later) 200,000,000
Pertilizer FPlante ineluding overhead and

interest (to be confirmed later) 120,000,000
Total cost of project '5$1,207,281,600
Profit from sellin: fertilizeres at 7th
Obligation at end of 10th year 1,113,281,600

Value of fertilizere to ba exported to 1U.5.A.
to pay interest at 24% compound and pay
part of principal, liquidating the whole
obligation in 25 years 90,000,000
per annum

The plan requires a total capltal of 115§1,307,201,600, but
the actual capital required would be round US51,113,000,000,
because beginning from the 7th vear & purt of the power equip-
ment and Tertilizer plant would be completed end fertilizers
gould be sold to earn a profit for paying the interest and part
of the scheduled work.

It i# estimated by Dr. Savage that the firm power would
amount to 6,000,600 kw .nu eecondary power 4,500,000 kw. Fower
atilized to make fertilizers wo:ld be 5,000,000 kw. leaving &
gurplus power (during the 7th - 10th years inclusive) to earn
ndditional income., But other industries that could utilize this
power may not be ready during this period. Tor conservative
agtimate, this income is not counted in our caleultions.
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Cynumide produced = 5,40 tons/ton nitrogen fixed

It is to be noted thit t} i
i it the walunble by=prod: T t
It 1 ! Ve 1ats from
r::: '111_'1111-"1 procegr (for obtuinin. coke tn make onrt t?::-"eﬁ:i
conted. "he whbove 1o tlherelare conpervalive estimate.

- " # ' i

.;;l;gr;n;é c‘tlgn'ttur-"”“ ireot “vynthetis “rocegss = In thie prooesn,

aped i J1r:=:.:ﬁ;fy:’t:r::ftraaruuT:an.derugnn. N -
AR : tuagt ¢ gen to form wmnoniu lectrie

tnur%, .d*hlf~g.1ﬁ 16,000 kwh par ton nitrogon. "L;:.Jmam' of

ffﬁf?‘ Tﬁfi r“,ﬁh_wnu :ﬁiln; 102 for lubor 1 mimgellineous

expanser the total 1s 'MJJ5,20 per ton nitrogen.

Téiir;'J':4'L;L-fT_T..L”" Mreat nthetie Trooess - T thie
,:.;Clhl « aoerion rult s oleetriolized nd crogen T
aolleetal | brou ht <iveetly 'n contuet with nitrogen to form

Lme.t‘ « Cnustia apds nnd ehlering nre the wolasble by=-produsta.
01 ma ton of nitvogen, the mutericls und prod -l’.‘t:. Lrel

P -4 A B TR o (EEAR ' 8

v | (1] ..; :4!.", ,I"'.- 1] I "Nl.i__fr.lﬂ.'. BoB64 .00
1.a¢ 0 EneTg a7 {nt 11%0.,002 kwh) 57.74
n. coutp 10,00

PESST L4 LU

I nyeduetion asst 152931.74
=oradiets :

H tig pod 1,52 tons (et US265.70 %on GE826.00

Chlorin 1,52 tone (et USE37.40/ton) ggédi
“otul priece for by-products Ussene. o0

wemtenl Guide Honk, 767 pure coustiec oodn corts

e + o g iy

- ——— el B
mA2,00 - 3,00/000 1b in 1.G.Ae Tor coneervitivi
eptimnte, nosime the price '1532,50/200 1b. Tor 767

miye or 65,70/ton Tor 1007 pure pauntic podi.
e Miemfonl Juide Book, avernge price foo chlovrine
1S81.70/100 1b. or 37.40/ton.
It con ba sesn from above that the price of by=producto hun
the cont of productions o, 1t is ¢ coneLrvetive

b ol o agulw Y e

estimate 19 psoume that hydroge would be obtained by t*his

progss: st ne copt, Hut the extent of this procesr iz limited
evaporntin: a lerpe volume of caurtie

b_:_.' the di.‘.iﬂlllt o
anlution snd b thre nvailable m ket

ghlarine.

for eaustie podo Lnd

- prmonis obtelned irom

Armroni m ‘_:_1-1111-.t1;_r'_u_|.;‘..c:'.u;*_in r Troness
the diresot synthetlc process {r in linuid form vhigh eun not be
ireotly as fertilizer anc in naTL to truneport. Tt is

used 4
neovBLLry
be used directly
srmondum sulphate
in eryetal Jorm

evime it emsy %o traneport,
eantare of abnorbing wate miuking them

and plorage)

++ eonvert ammonia into wome other productt hich eun

g Tertilizer :nd ie easy 1o0Y trunsportation,
sne af the dérlirable products beouudre it 1ia
not hrdroseonie (not e orbing weter), thue
fmopt of emmonium products Huve
nfit for treneportie

me muke mmmonius eulphete from smmoning elther s ilphario
aeia (Hat04) or gypeum {cas0g) will be used. Due to teerclty of
gulphur in Chine snd thie upe of sulphur in other industries,
more gyprum which i ghundent in toth lupeh end llunun will bo
used. The procesr employing o dphurie seia will be showr in the
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sppendix, Only the materiuls und products per ton of nitrogen for

the process using gypesum is shown as Tollows:
Using Ammonia Teing Ammonia
from from
Hlectrolytic Electrolytie
Water Cuuptie
‘rocess Proceps
Armonia 1,21 tons Usg§s5, 20 L] pe—
F¥psum 6.80 tone @ 35.10 vod . T0 vold .70
Labor & Mige. costs at 107 w T.00 . 7,00
Total production cost Us376.90/ton M5541.70/ton
nitrogen nitrogen
Ammonium sulphate produced in each case is 4.80 tons.
Fote: TFrom "Catulogue Industry in Hunan" Grpsum coste
CNC317 or US$5.10/ton,
Other Trocesses - Other processes of converting and asbsorbing

ammonia are to form (1) calcium nitrate, (2) wmmoniun mitrate,
(3) ammonium phoephate, and (4) ureu etc. These sroceeses mey
be adopted at the same time in proportion to the demnnd in
American market. For simplicity, they are not described here
but ehow briefly in the appendix,

SLAN

FROTOSED

Blectric Products in Cost per Total Products
ton
Power Terms of Mitropen MNitrogen Coat
kw _Us"ﬂ_é Uss
Cynamide 1,500,000 1,5 04,54 36,300,000 Coaleium
Process 18,000 Cynamide
= 667,000 tons 3,470,000
tone

Blec= 2,500,000 2,500,000 x 8,000 76,90 96,000,000 Ammonium
trolytic 16,000 giilphate
Tater & = 1,250,000 tone 6,000,000
Direct tone
Synthetic
I'rocens
lec= 1,000,000 1,000,000 x 8,000 41,70 11,600,000 Ammonium
trolytic 28,870 nJlgPhtﬂ
taustic & = 278,000 tons 1,335,000
Direct
‘rocess
Total 5,000,000 2,195,000 tons 143,900,000

75

= U5365.60/ton nitrogen

Average coat = 145,000,000 =
2,1§5,SEE



Prom the Maritime Cuntoma record, we found the following:

Import to China of Ammonium Sulphate

. 1934 1925 1936

=28 Yalue 5.4 Jon Value 0,14 Ton Value G,U,
Totul 49,948.4 3,148,170 68,630.8 4 134,022 1:4,000 6,003,508
from USA  1,054.9 70,749  3,038.9 144,470  1,293.7 ' 89 298

The average value of the three years' import from all
countries = 57,10 gold unite per ton tammonjum sul phate

= 57,1 x 0.67 = U3338,20 per ton emmonium sulphate
= 38,20 x 4.30 = US3183 per ton nitrogen. -

The wyeruge value of the three years' import from U.S.A.
= 51.00 gold units per ton wmoniunm sulphate
= 4l.00 x 0.67 = U3,34.20 per ton wmmonium sulphate
= J4e2 X 4,80 = US5164 per ton nitrogen.

'he "value" here meanc CIF velue, exclueive of import duty.
Veually the actual cost fe 10-207 higher. For conservative estimate,
only "values" here are taken for reference,

Suppose we pell fertilizer to the '.0,A., at ordinary production
eost, say US370/ton nitrogen, which is less than half the nrice of
whiat T.5.A. pold to China, and sell to The Chinese market nt Us390/ ton
nitrogen, then

Nitrogen exported to U.,8.A. to cover puyment of

U5:390,000,000 = 20,000,000 = 1,295,000 tons/vear
70

Remaining nitrogen Tor Chinese market

29195,000 - 1,295,000 = 900,000 tons/vear

Returns from the above amount of nitrogen
= 90x 900,000 = US$81,000,000/vear

There remains u firm power of 1,000,000 kw and secondary power
of 4,000,000 kws These may be sold to other industries. Suppope we
gell the Tirm power at 8000 hours per year and US30.002 per kwh and
gell the secondary power at 4000 hours/vear cnd USS50.005 per kwh,
then incoms from thie eources.

1,000,000 x 8000 x 0,002 + 4,000,000 x d,ﬁqv x 0,0005
= usgzn,nnﬂ,ﬂﬁﬂfgeur

PINANCIAL STATUS (VALUZ IN U.5. DOLLARS]

Expenditures
Production coet of 2,195,000 tons of nitrogen

at 329.2 per ton excluding power cont§ 64,000,000
Operating aund Maintenance expenses
pﬂ 0.80 x 10,500,000 8,400,000
Replucement reserve
939,400,000 x 55.6% x 0.02401" 12,000,000
76 84,400,000

Total expenditure {0



Ingome
Revenue from selling 900,000 tono nitrogen in
Chinn in addition to what i5 needed to export
to T.0.A. for liquidating obligations A1,000,000

Revenue from selling remaining power to other
industries in addition to what ies nmeded in

moking: fertilizers _£4,000,000

Total income 105,000,000

Profit

10F . 000,000 - B4,400,000 = TBS20,600,000

b . Fale th e T i
pninnn *tha =rafit of US$20,600,000 per annum, the following

"hers ip the very chean and swvallable firm powe: of
1.000 non "'-:-"7_1.'- :'.:'I-.'E‘I‘ of ‘,.-ln'r!."'-r}" kw, all ol -'-""f_{!}" will
::r;,l nriming foree to other induetrial snd agricultural
develoments.

{5} The whole plant (power and fertilizer manufacturing
pl ntﬂt' §11 be Ire ¢ charge efter 20 years.

{3) A1l olhe corelusione of the nltoern +ive propostl.

amonnt of at less 1har .'; the market rice. 11 18 &
fieial *n +h 1.S5.A. ana China,

i ot thatsome other Tertilizing products
J LY AlntLd i Laom £ . .
: ;-f+1-" bepides cynomice 12 ymmonium sulphate. Bat
menufoeturs pld ynami _ no . M
{11 dependc on the markel in mmerice snd the L\hi]atl? ..;;
i & |’ Lila n d . ; : g 2 .
b inlg. Datalled invertipution will huve Ln_he mi.cle & .t I .
i s urees nd means of traneportation l1or thepe mater iunls.
”:;“I:ral}r.:.-rﬂ,;r‘ roGes ndopted will not aeffect pteriall; LiLE
nateve e & 1
ronelusion drawn LDoVEs

it 1o =t o nitrogen — : .
e ;Lh.t?'t & 00 ,nnﬁ x 8,000 x 0,002 = USHER.2 per Lon
A" [l - rLe % |
Loty i
LN L’_'I_.1:‘-,j: 0

3 n H t ] ”.! r'é ' JC {4 1 25 vears
[ § 1 iHCj.n LIRTA i 4'. i L8 st IoTr B IEaiJJ Df
Anpua 8 F

+

7

i 1.8, Tine f titution woulc receive
¢ pame tima, the 7.3, Iinanc gl ine it 1



ALTERMATIVE TH0P0S

Thie proposul ie to build ‘he oroject on o lesr clalaorate
ecale, allowing, however, for later expansion to its full iw.
caupacity as orginally proposed, so thut total s of US348560,-
000,000 will be sufficient to cover the entire cost. °f this
gum, USPE00,000,000 willi have to be borrowed from the . 7,
rovermment, while the remainder, 1.e. U85250,000,000 will be
pecured by floating a gold dollar bone im Chine end foreign
awrkete, The basic idea iesill that the repuyment of principsl
and interest could be mat by the manufecturing of fertilizer.
By the applioation of fartilizer to our lind, we will be able
to ineranse our farr producte and save the US$49,000,000 we had
been payin: for -ur imarts every rear hefore the war. "e may
aven export our farm produects and our ver: cheap fertilizer,
thus «diing quite & eizable amount to our foreign exchange
reserve, It is clear then that our Government could afford to pay
off our loan ond bond within o resconable number of yvears after
the completion of thie Zorge project.

~ Te ligquidete MEJ600,000,000 loun ot 3% interest nnd &
UsS$250,000,000 band at 57 in 20 yearn, we have to pary an annual
sum of 'J8355,000,000 starting from the Oth yesr until the end
of the 30th year., This Chinu could do easily, as shown in the
followin: paracranha.

With the inveestment of US$350,000,000 we could build
53000,000 kw hydro power, ae ecgtimatec below:
iver diversion UsS§140,800,000
Dem & Appurt. Worke 124,100,000
Power “lant 270,000,000
oo 2,500,000
Oamp £,000,000
Preigsht 5,000,000

USLELE,400,000 '1S0545,400,000

Hight of Way & Investigation Uss 10,000,000
Overhead & Contlngency 157 81 ;000,000
Interest daring construction 04,000,000

Usd1ss,800,000 USJ155,800,000

Over-dam boat-lifting

gtructure und equipment Usg$ 60,000,000%
Fertilizer and other plants 90,000,000 %

UsSSLB0,000,000 WS31560,000,000

US$B51,200,000
suy %850,000,000

These Tigures ore just usspumed values but we believe
they are ample.

Suppose power utilized wnd ferlilizers munufuctured sre
reduced to 60 % of the first plan, then,

Power required = 5,000,000 x .5 = 2,500,000 kw
Fettilizers produced = 2,195,000 x ,5 = 1,100,000 tone nitrogen
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local poles would be

= 99,000,000
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FINANCIAL STATUS OF WHOLR “ROJECT

L In Actual In U,S5.doll
: - ' s 0 ar
ixpenditurest J,5.dollars jouiv. of Chinese curremoy
Hepayment of principal

and interest 55,000,000 c=a=
reoduction ecost of 1,100,000

tons nitrogen at US§29.20

per ton excluding power coet c===- 52,120,000
Depreciation of power plant

snd other equipmente at 4%

(659,000,000 x .50 x .02401) 6,000,000 2,360,000
syoduetion cost of electrical

energy. 1/3 paid in . S.

dollars. (5,000,000 x 1.2) 2,000,000 _4,000,000

63,000,000 25,470,000

Total = 63,000,000 + 38,470,000 = Us$101,470,000

Income
Export of fertillzers 19,800,000 =====

Prom sales of fertilizer
in China 25,000,000 54,200,000

nevenue from selling
2,500,000 kw in addition
to what i@ needed in making
rertilizer, at 0.002 per

xwh (2,500,000 x 6,000 X L008) __===== 30,000,000
44,800,000 f4,200,000

Total = 44,000,000 + 84,200,000 = 153129,000,000

Profit
129,000,000 - 101,470,000 = Uss27,530,000
There is, however, 4 deficit of forelgn axchange to the
extent of &3,000,000 - 44,800,000 = Uss18,200,000 of whioh
US86,0005,000 ie deprecintion reserve nnd not immediate layout.
cp the actusl deficit is Us512,200,000. This defiecit can eaell:

te made up by further savinge in import and increcsee of export
end by promotin tourist trade A8 will be explained later.

CONCLUSION

Besides the net profit ef Us327,530,000 per annum, the
following benefit may be obtained:

(1) The entire project will be free of any encumberance
after 30 yeaTs.

il




(2) There ie the verv chea
y p firm power of 2,500 )
available fuf industrial uses. From chuﬁgklng in ihic%ggi ::'
3:;2;2h:¥= gﬁugﬁ:zi.;gqth:umbzt.t;:ﬁuntrieu will sprout out
& B a
. e o presence of this vast

(5) Any future extension of power plunt

ML hi
at very 1itFlﬁ additional coet of eivil Enrk. Th{ Eit::Bt:T;gIlT
will be 10,500,000 kw, of which 6,000,000 kw is firm power.

(4) Moat of laker in Hupel Trovince o b
the extent of at least I.ﬂﬂﬁ.gﬂﬂ muu.i !tut:glira: §¥¢}:;::d i
= about 6,600,000 mow), which will more then offeet areas flood-
ed above the dom. This means an annual cereal production of nt
least 1,500,000 tons, worth US$35,000,000,.

{5) 1Irrigstion mbove and below the Corge on & vast scale
could be attempted, which will nlso increase our agricultural
production mneiderably.

(6) Import of eleetric furnace products, such ne carbide,
ferro-silicon, etec., an well np nluminum gould be reduced great-
ly. This will save depletion of our forelgn exchunge reserve.

{7) The use of soyabean cakcr se fertilizer could be
stopped, and the soyabean crop inereased, thus providing greater
export of thie product to forelgn countries. Thie will again
help building up our Iorelgn exchunge Trescrve.

(8) Tourist trade could be promoted to obtain more foreign
exchange. This project will remndn to be the biggest of its kind
an earth for many years to ocome. Thir fact, ndded to the famous
pecenary along the Gorge, the oldest snlt producing distriect at
meeliutein, the nneient irrigation project at Ewanheien, th. ecity
of Chengtu wnd the Hount Omel, could Le incorporated inta B very
gttractive touriet program. It would not be a surpriee if the
{income from thir source reuchee the eum of twenty ol thirty mil-
lion U.5. dollars & Y@AT. *he tourist service shoild oe gonducted
by the Gorge project adninistruation.

(8) Trart of the yearly profit could be approprieted for the
raforeatation of the entire Yengtze valley on & vast neole.

f10) The last and the most importsnt of all is that the
navigation and flood control would be immensely improved. By this
project, the water flow to Ichang would be greatly inereanped and
properly regulated, und, by improving the river chunnel below
Ichang at not very big coet, an; lerge ghip that could formerly
reach Hankow will be gble to sall straight to Ichang all the year
pround. Besldes, medium size ships up to 2000 tone could travel
between Ichang and Chungking without anymore of the dungere of
the numerous rapids of the Gorge. Feople in azechusn, Hupel and
other areans would no longer depend on the merey of heaven for
their food and living. With the profit derived from this project,
dems ecould be bullt on important tributaries such &g Bluc% River,
70ld Band River snd Hanshul, and the flood of the migchty Yangtze
could be brought under gontrol, saving the iiar of millions of
lives and properties for genturies to come.

F lnmnow = & Acre.
§¥ The 1°‘tfnf properties due to the flood of the Yangtze volley

n the provinces of tlunan, Hupeh, Anhwei, ¥inngel and Kiange”
in 1951panuuntnn to CNC 1,288,600,000 necording to the estd
mude by Vangtze fiver Commission.

81



With the Yangtze River an a shining example, hizh

built on the Yellow River, not only cuntguliln%“cn::::t:;;lgthq
recurrent floods, but wleo giving life blood of water to the i
provinces of Ningsha, Xonsu, Shensi und Hupel. Morvover, with &
common purpose for the salvation of our netion and enabling our
people to have vastly more chances to earn o good living, we
will have politioally s more stuble govormment., The benefite of
this project aes well mns ite economieal wund politicul effscts
nre indeed beyond worde of demeription,

APPENDLX

1/ Cynamide Proce

Carbide is made by heating coke wnd lime in electric furnace
uecording to the following formulm:

2CaC03 4 5C —= 2CaCy + 300

The biggeet unit is built at Hafelund (Norway), im which
each furnace consumes 15,000 kw at BOF power factor. The energy
gonsumption is 4 - 4.2 kwh per kg of carbide. The purity varies
between 72 to 83%. For one ton of carbide, %00 kg of lime,

600 kg of coke and 30 kg of graphite electrode are used.

If carbide is heated in a stream of nitrogen, cynamide is
formed according to the following:

Cals + Mg —= CaCNg + C

The continuous furnaces of Calson Process can be built te
deanl with chargee of eighteen tons per day, esch ton of carbide
will furnish 1.4 tons of ealeium gynamide. The product contains
about 19 = 19.5F of nitrogen. The electrode consumption is about
5 kg per ton. Aocording to Caro, the total energy necessary for
the fixation of one ton of nitrogen by this method, including
the production of carbide, mmchine driving, grinding and erush-
ing, mechanieal charging and air liquefaction, emounts to 5 hp
¥EAT.

From the above, we have the followin: calculations:

Lime stone required (B0% pure) = .9 x 100 x 1 x 1 x_1
a6 4 14 192

= 7,40 tons/ton nitrogen

Allow 70% of coke formed
per ton coml, Coal required = (.6 231 +.08) 2 = _L_
o7 l.4 492

= 3,28 tons/ton nitrogen

Hleotric Energy = 3 x .746 x 8000 = 18,000 kwh/ton nitrogen

2/ Electrolytic Wat r Process

In the "Integal Oxygen Co.", & single cell tokes normelly
600 pmpere of ourrent with a voltage of is2 = 2.3. The electro-
lyte is 20% NaOH. The gusrenteed purity of hydrogen is a5, 5%,
7.2 pu.Tt. of hydrogen are produced per kwh, that s 56,000 kwh

per ton of hydrogen.



Allow 107 loes in the process, electric energy required

= 56,000 x f:z x ___%_ = 13,330 kwh/ton nitrogen

Here only hydrogen ies usedj oxy
i gen produced is usuall
uLﬂ?nﬂlﬂhl to be transported to far distances nnd praaumnb{yun-
wunteds

3/ Electrolytic Caustiec Process

In this process, agueous salt solution i
i [ & decom] A -
gording to the followlng equition: s

2HaCl + 2H.0 —> 2NuOH + Cly + Hy
Although for one ton of hydrogen i‘ takes nearly twice ths
vulue of electrical energy, i.e. 110,000 kwh, compared with the

electrolytic water, vet it produced in sddition 40 tone of caustlie
podan and 36 tone of chlorine, both of whieh nre valusnble.

Allow 10X loss of gases, electric enargy required

= 110,000 x 3 x 1 = 26,200 kwh/ton nitrogen
14 9

Allow 107 loss of gases and 307 more sult used in anctunl
proceas than theoretieal, sult required

=5 x 3 x 1 x 1.3 =18 tong/ ton nitrogen

Cauptiec soda produced

x 1 = 9,25 tons/ton nitrogen

«9

= 40 x _J&
14

Chlerine produced

= 36 x_J X = 8,32 tons/ton nitrogen

= x_1
14 «9

4/ Liquefied Alr Trocess - Linde System

In the Linde procese about 260 - T80 kwﬁ is used per ton of
nitrogen. Taking the mean value and allow 107 loss, the electric

energy required
= 520/.9 = 580 kwh/ton nikrogen

5/ Direct Synthetic Process - American System

In the American system, 3 volumes of hydrogen and one vgluna
of nitrogen are carefully mixed and sent into the system. 305 of
the gas volume are converted and drawn of{ as liquefied ammonia
and the remaining gasees madc to circulate again. There is a loes
of 107 of gas through leaks (as mentioned nbove) and through the
loas of unconverted gases when purging the syetem by AXgon. The
mechanical power is found to be about 2090 kwh/ton nitrogen.

The total electric energy for (1) electrol tic water and
firect synthetic process = 13,330 + 580 = 2090 @@= 16,000 kwh
per ton nitrogen, (2) electrolytic canuptic and direct eynthetie
process = 26,200 — 580 + 2,090 = 28,870 kwh per ton nitrogen

Ammonia produced = 1,21 tons/ton nitrogenm
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Producte Urea 2£.14 tons/ton nitrogen

e/ Ammonium Phosphute

Caz(POg)o + :1{;_-:0? -» 2H3P0y

+ 3CaS0,
2NHy + HalOy —» \MHy ) o PO,

Mnterinls required Per ton nitrogen

ammonia 1.21 tons
Phosphate rock 7.90 tons
Sulphurie weia 5.20 tons

Cost of productlon - US$125.00 (uelng ammonie from
electrolytic wat:r procese)

Produetes Ammonium phosphate 4.00 tone/ton nitrogen
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