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PREFACE

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

should be honestly appreciated.

In order to make a good beginning no effort was spared in the
elaboration of a working plan. With the general schemes as hitherto
outlined by scholars and engineers becoming more or less ouf of date,
resurveying work had to be undertaken. Specialists were therefore
enlisted and in due course of time, two surveying parties were organized
and sent out to the felds. Under the direction of the Chief Engineer,
an inspection party traversed many localiﬁes in the valleys of the Huat
River, the Grand Canal, Yi Ho, Shu Ho, Wen Ho, Sze Ho and the
Yellow River. After one year’s continuous effort and steady working,
the Chief Engineer was eventually able to draw up the report No. 1
which gives projects of flood control, navigation, and irrigation for
the Huai River System, and is illustrated profusé'ly“with diagrams
and drawings. The Commission then decided to convene a special

conference to give a final touch to the gigantic project and to this
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conference come representatives of the four Provincial Governments,
the National Reconstruction Commission, the Yangtzekiang Commis-
sion, the F_amine Relief Committee, and several specialists particularly
interested in the conservaney problem of the Huai River, together with
the members and engineers of the Commission. After a lengthy
discussion the report was formally adopted whereupon the Commission
submitted it to the National Government. As soon as neeessary fund

is raised, the work will be carried out.

To sum up, the flood problera of the Huai River Valley has long
been a source of serious concern and much has been said to solve it,
but due to financial difficulty solution work had to be postponed from
time to time. Moreover, the ‘“Easier said than done’ attitude of eerté,in
people has always worked as a handicap. In this connection we believe
in Dr. Sun Yat-sen’s statement “Harder to know than to do”. Now
with the scheme having been duly prepared we shall endeavour to
follow teachings in Dr. Sun’s book on “International Developmenf of
China’ and hope in the immediate future enough fund could beqobtained-
to carry the great projeet to success, thus relieving forever the am;iety
of the people in the Huai River Valley. On sending the report to
press, I take the liberty to add these few paragraphs in the hope that

my countrymen would give their hearty approval.
Chiang Kai-shek

Nanking, January, 1931.

(1I)

g, i

By




e
g

Lietter of Transmittal

Huai River Commission, Engineering Bureau,
Huaiyin, Province of Kiangsu,
May 81, 1930.

President Chiang Kai-shek, Chairman,
and the Honorable members of the Commission,

Nanking.

Sirs:

I have the honor to submit herewith the first number of official
Technijeal Reports on the projects to effect the flood control and the
improvement of navigation and irrigation of the whole Huai River

system.

In last June, by the order of the National Government, I wags
appointed concurrently the Chief Engineer of this Commission and
Commissioner of the Engineering Bureau. Seeing the heavy duties
thus imposed on me, and the Government’s anxiety in the Nation’s
Reconstruction, I made every effort to enlist the services of the
engineering specialists from different parts of the country. The office
of the Bureau was successfully established in July in the Capital.
Then I proceeded to Huaiyin to organize there the Chief Engineer’s
* Office .with its two departments, engineering and surveying. Two
surveying parties were also subsequently formed and sent to the field.
Afterwards, I went on an inspection tour with several engineers to
examine at closehand the different rivers, including the Yangtzekiang,
Huai River, Yellow River, Grand Canal and the Yi, Shu, Wen, Sze

rivers. In the meantime, the available topographical and hydrological
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data and records were carefully collected and analysed.

After grasping the general characteristics of the region under
question, and the hydraulies of the Hungtze Lake, comparative
estimates of different projects to send flood water of the Huai River
either to the Yangtzekiang or the sea, were made. Surveying parties
were also instructed to make surveys along the most possible routes

contemplated.

On Nov. 20, 1929. Prof. Otto Franzius of Hannover University,
tte Consulting Engincer of the Commission, arrived at Nanking.
1 went with him to the important rivers and localities, and showed
him all available maps and records. After holding conferences with
our engineers, and carefully studied the problem, he was finally able
to state his opinion as to the most economical and practical projects
to effect the solution of the problem in his report. Based on his
4si1ggestions and the field data, the surveying work being finished in
due course of time, and then further investigation and designs were
made by my engineering staff. The result of the study is contained

in the present report.

Part of the schemes are based upon the former records and maps,
therefore they are subject to change when complete surveys are made.

With the accomplishment of surveys and records of the far-sighted men

in the past decade and the experiences of the foreign and. native -

engineers, this report, it is hoped to set forth a right way to the
solution of the problem on hand. .
' Respectfully submitted

H. Li (signed) -
hief Engineer and Commissioner.

(IV)




A

ENDECH - BEHENEE - KEEHR
BT - SRELRYRYBLE LN
BENHE - XEEL - .
BEEEERET - 2RER - DREE
R HERE - MEKE - R R
| REEHLEET - RS - SR
R BEREE - XEECLHER
RERYWHEE - DLER - WEHR -

SHRENiEE DEg - KITERE

£33

e

1
{

b

W;m

@m




] ] A e L e e A e e . e

Al st nioey  HE #® Nl R L . R

TN T wy

GO




&
[
% P

[

wm E 0L

&
Bl EBEB & S

|
=

-+ R 1]

RHEZH

W TR
H & .
A B i PP SRR - . & . |
] SRRSO |
BB SERE e woernn b 3
W ITREBEREBB ML a7
BEdt TR S & e 12
He 3l 2 dE ok B R H e 12
Bk otk B OJE e 15
VE T T U 2 18 8 19
ATLIKR B 2 5E e 20
Lt B W 2 B B B RR e e 24
AL IK B Z 8 af e veeeee.29
2 VR W) B BR 2 A A, 33
W h LR KX T 21 Boovivmnnn, 33
de ok B & fE & om0 34
BB E A E 0. 36
G FUE Z 78 e 39
KA 2 18 S e e 40
gt ok B 2 15 & SOOI | |
-k 8 Bk §41

< N




B % o

gtk B2 % 44 .
M W By R ORg HE W W 2 v e 48

EARE ZMHEE e 49

BEZE B8 e 150

[ ()fi z m Z‘E ,ﬂ: ............................................ 5%
82K B 3E AR R 2 TH W e 57
m iE Z ;F% Dg“ mj S RN s
BN R 2 B BEHE v, 58
dt 7k B JE R B 2 B S e 59
bl LA e R - s B TR -1 | 3
i — I pr a7 (SR ) |
TREBE MW E e E R 62
=B W E M 2 B 63
HMWEBER BRMMEARE--- 64
BHRBER WEMEBMMGREE - 64
BARBE WHAMEYFIIT - 65




B

-

—

&
=
R - s

B/
3 3 A&

B
=
5
=

e L T VNV VPN

1
&
T

< 4 -y g
s S R T
- L <y
T OO

E B Y B E
’\éll..r

o
23
/$'

IS

B

— BEERR ﬁgﬂ@g
o M ERETR 69
= ¥ By HETHEHBRE 70

521t 73
LGN oo s 16

MR A A N R Y T T T

W B B TR oo 85, «
x 85

:_;& ’—é’-{— —;&‘ rTeressesgnee --u-uo--.--..uu-.;‘-.-n,n‘u--o-""f‘y'u

DHY B D
BN R E O E By




PR

A

TETTR L Y

CONTENTS
Page
Preface...coo.coivviiiiiiiiniiiiiiiiii ereneraresiseme st eeeaeerans I
Letter of Transmittal.............. e re ettt es iR et teaa st etsarratenranans II1
Chapter 1. General Statement
Article 1. Introduction........ccceiiieeriiimsiiiniirciiineiiiieeiserennnaeens 1
Article 2. Outlines of the Project...cccccveeveneniiiiiiniiienininennen.n, ....b
Article 3. Construction Program and Costs...........ccocviivevnninnnens 12
Arvticle 4. Benefits...... coeecrviiriiinenneinneennnnnnss teeerrnenens eeeeenenens 18
Chapter II. Projects of Flood Control
Article 1. Flood Magnitude and Frequency of the Huai River...... 15
Article 2. Regulation of the lower Huai River............. ceeeernenea 23
Article 3. Regulation of the Upper and Middle Huai River and
its Tributaries....c.cceveeriencieirniecrernennane reresaenaanes 45
Article 4. Regulation of the Shu Ho.......ccovveniennenn. Creasietiestanens b4
Article 5. Regulation of the Yi Ho.....cocvvvennnnnn PP 51

Article 6.

Chapter I1I. Navigation Projeots

Artiecle 1.
Article 2.
Article 3.

Chapter IV. Irrigation Projects

Article 1.
Article 2.
Article 3.
Article 4.
Article 5.
Article 6.

Irrigation' in the Middle Grand Canal District

Regulation of the Sze Ho and the Rivers and Lakes
in the Southern Shantung Provinee.........cc..ceveun.....

IDtrOdUCHION. vv i vetviir et ettt et e ceeveseearneersssnnsvsenrannens
The Navigation Project of the Grand Canal................

Canalization of Rivers from Huaiyuan to the Sea.........

Estimation on Requirement of Water..........c...cuu........
The Capacity and Elevation of the Hungtze Lake......
Distribution of Water for Irrigation..........ccveuvennen.....
Irrigation Canals.........ccvvveniiiieinieniiniireeeeeneennnsn

------------

----------------

Works for the First Stage of Development

(V)




Chapter V. Works to be Performed
Page
Works for SUrveying......cocvveieeiiiiiiniiiiereneiiierneiarsisecaneneene 118
Works for Experimenting............... ST | £ |

Works for Designing......occoovvivveviann... PP & &°)
Appendix

Geographical Names in English and Chinese...........o. vevviiineee.. 121

T0AOX et teeiveiiriieniinreeeriiiieeeientessteens riantionsinssntese sasarseeneasesel 20

(V1)

e

.
a4 :




B

-~

- B

o A i A

E-u N8
w—m 5 S

WL BTE N BT EEREEENT
Hegﬁﬁ%fméﬁoﬁﬂﬂﬁi‘%»ﬂﬁfﬁfﬁ%iﬁﬁé

Ve % Ty B SRR B LG T OB B 08 H
S TET R FE SR L EL DAE-R -4 &
IT e Ak B IR LA K AR S e IR EGE IS 5T 4 Wl 3
B b F b H AR B 23 A Ve b W T %A A I e 8
MITRBESASFHENRBLERAANMERR
B SE T AR R B A 2o B R i W 2 B R AE
ORGSR 2 ) R R R
woh AN E AR AR A B RSN
MAEBRA+ S@ZWME (—L—W%E) REE
CEMREMEE (—ATO AR S EME T
kR R S 0% ROk R E R AR R 2 B ok RLR
Aﬁﬁ%ﬂ%*ﬁﬁ@%ﬁﬁﬁaﬁﬁﬁﬁﬁT%
T8 B R W B *ﬁ%ﬁﬁﬁﬁ@ﬂ%@lﬁ%




2 W LB B ow

e

P A

ZOHLEE R A L N R Bae R mﬁ%ﬁ%&l+t
ﬁﬁﬂéa@ﬁ%mﬁﬁmiéa@&ﬂﬁﬁéé
,z%%%%&%%&%%%MWZ&ﬂﬁﬂﬁ%?
RBE—-FRE AU R RYRTAGE
BERELR - #ATH%@%M%Z&&HZEE
S T LA AR 0N OB M B O M 88 K IR N 48
B B8 0 R OR S 1t M Fe 8% AR NI OTOAR B B 4
= A 2 B DL R T 0 B AT 5 BL &
B3 E 4 ok WhoHi B K — T b R Bu— A
AR WRlE A B fiE 00 A b BLEN A TR R A BB S #
ETURM NGB LA RSN 2 AR EBEAE 2
WF 6.8k 8 W1 E K BB BE R R 2 BF S kB & 2
B R M AR S W R WAL W b A W i A R
A CHE 2 A L e A NS W B W W A A
b B M AR ST WA W A B EE B0 3K BB Bk
zwﬁﬁﬁ%ﬁww¢iﬁﬁﬁwﬁﬁilu§%
‘ﬁﬂuwh#kﬁlﬂ MAE&%MA@ g8
RMBEEY T HEE S Z — M Bk 4 B = W 85,8814
OB R R N W 2 hb R BTN B EL DL OB RE B R X

B BRI RS BR L RLLLL U OBE BL G RS WAL I B B
‘ﬁ%mAZﬂﬁ&mwmmﬂ%ﬁégﬁmkﬁﬁ
BORE B R G U H R 5k A R JE WL W S
ﬂZIﬁﬁ%muWAW%Mm%%ﬂ%WWAﬁ
@%ﬁ%ﬁ&é%ﬁm%%%%%%ﬁﬁ%&ﬂh




B2 R -

WU R U Z 85 S W 2R LS
”zmIEMQMﬁmz%@ﬂmmKZ%éxﬁ.
HEZHEHE T E RN R BT Z B BF L ERA
~a§%mw&~%ﬁﬁgﬁﬁnkﬁ%¢ﬁuﬁ
BE-E-R 8 %&%ﬁ%¢¢ﬁ%kﬁ%%ﬁ&@ﬁ
TR TR ORI HOML TR B A 2
mﬁI&&+W£#mm§&%%%ﬁ#m%ﬁ
UHBREEMALWMEBRUBLEE TR AP
'M~ﬁ§§?$%lﬁﬁ%ﬂ%ﬂﬂ@L£%%%?
%%%FT@ i K 2, |

BIW S kmEmE

W2 H LB ¥ S8 A A R AL B ok M
ZoBF R H M Z T K E T %R R e T2 e
DLk 8 ) 5 18 AIE T 208 ULl B R 1 AR B 2 @
ERBBZFOERMZ N B EHF B EE S 50
o R 2 2 A Wl e U AR O 5 A T
HAMZFAN AT RR A2 L R EH BB
LEMEBRBERZ B EE - B BTE N L&Y,
RSO ) E RS Y F Y T E
RGBSR TR AR KRR R Y A
& B R AR DR T D 2 R L M T A
ko o4 .1 A1 95k 900 B T K S — ) B 9 A



"
4 MO T R B R

R

RokSMBERESERFRZ BHHTRHAHTRE
FUTFTHARAEREXRBABEEAHELERHMA
ABERBRAFRFEAALERAMBED T

S RN EERAWMEN SR SR AR
AMUTHEERES W B2 T AL AEUFE S
CTPABBREGTEAREAALBENA BB ES
NRBEHDHTUAGALZRNIALEBRERE+ 8
CORMBRNBRAEEEBANT LN 2 Rk % N ZE W R
 EGBATUHARBAAILZE - S S8 E >
AT ECRE T ALK R UL B A R T 4 k0
R BT AR ALK AT (E A A AL 5T W B I o
A EATE SRR LT R LI 2 L — e A
o

SRR RN DS R B0k 2k
 HAXKWERL 13,6 ARBEREFATL L
R CECT O T 2k B RO ER OB X A
ZUBREHRGE Z O T Rkl S ok
O WMAEAEBEARKRER S ED B E RN EE L 125
 BRREBUABGETMBUKRXBELEGD AT X H 2
R DR el R U TR i U e BT
CORH AR LSk R B2 R BLLL G R A B
CORBER—BHT NSRS R b %

MR W E L5 6 2 Ryl 2 M5 M5B W %

EBREFIVYIAIREANATEIHFAREN -+ HH.5




- M sy 5

e e S o P S e, e i

Y ARBURWES WK EBEBAT LA R RSN
] ORISR 2 BT B AT — KKk T R

L6, 10 2 Rogs & 4 % 8 T % &AW 2 B,
MU BEtEYZ i
PU.BE B W L b v K H B % UHE R BR BhoE %
W SRR ENA MR T AR FTE®
i R R R A 2 RO ME 2R R KA Ok W WL
.50 UV B T, T e K b T W — 85,08 W & v
O K AL A AT KCIE L RTIT R T A Y — B
XU R A A B R S e IR A B A TR o
A L5 ok R ME R TR I A PSR S R 4R
- BBEMED L —BREHEEY NBUFEATTE
B e ¥ W) — BRoME W AR LR BT A B A 48 36 0 B
ARZIERCI RS L R SUNE S Y %
a2 bt O B ZE VR G AR ALLUL A B v
T TP U A5 S I IR B E BT AT S oKk 4 BE T 35 B 47
2 W0 E W R RTS8 B R R M S W 2 kB B
5 UL PE A R o R A% BB OR U1K K
f B 1. *
A5O3 D R L A WL B UL AT L T WA B R B
RN B E T W 2 oL W A B8 F I —,
- AR M 8t Zaft B =BEm MW EM  REW
W R R D AR DA B 2 ok
B IL A HE TR ZRE e 6 58 W 20 2o 1 81 BLF




6 moie L O OH &

ERMAEST BB MAREBRIIAE T
EARBEZAEEHBPERTERRET BT 2R
- SCESLL — B MR A AR K 2 R R — &R
O RRREW L W R MW P W R MR % X
L O BEWBW AR BB THAETERE R
HER-BWMET LR - AMEYSFUBRAE
WA R B WM B T gAY 2 A Hbo4S B Bk B T
BEEEZ
A80E WM L R 2 MLEE — Bk T B 1500 18 N e
RA ot B OLL 1 & AL WL W IS LU R B R 2 B
Ol W DL L EE R O KL O W) R XA 2
LU BMREE A HAGAE X TES -
CBSIEBOBARZMMBME A BB ZEED TG
=T BB RFFEZ KB N R R4
TRAEBEDGERHBEONES 5SS U E RS
 REBERIS-RAEAFDGYEAEMS DA
MBS R E W R ME S 20 ® B2
KB B Z Wk M B e A YA .

DR IR TS 0 K T UK BB AT BT K AT R T A B B LR

W BEUT TR W ST K DL O ok B 7 B
ET M — b A WLEL O R A S L

B T U R S AT T LS B B iR
3 o B W % VR W) W — A W B B S e o

Ay
gt

o
i




H-% @ & 4

R — A WGE AT U LLE 2R M 2 kAR
B oI £ ok HI TS W RS R = Mol M OE AR A 8t
il B 8 A P e B Ve B2 I8 TE AR AR A W B
— F BB B X IE WA R W2 M R T OBE R
ML S e W L -

S HI BN R TR R L B O ) mo AR 3 W RE
LEF R ERE SR RS SEE R
WM SE 2 e T R B R R Z RLAR R B
¥ TR 5 | |

£ I B S BT R 0 LR S B DL O O W
Yk 2z i s, |

K1 — A LB A K L R R A
A R -

L= R — RS WS )1 2 K vk B KRR 8
PR A AU WLR T R R N 2 Ak B3t B A w8 E
AE K 48 BT %% b ,

U bR B 2 W 5k i R B

B Zo

W= W BﬁiIﬁf?l’(ﬁ%’fﬁ‘éf

OO DL AL BE BN E S TR R R
AL 2.5 B R Ry B G T 415 % %o 2 B 2 8@,
R ER BB R WM ED RS B




8 Wow L OB R W

21l HA-PMIBTHTBRHAR
ER-TH&MBERBADVTE S Z R

g wmen=crmossssa ol /S
Pr—— ‘!5,218,20%8,:&18,2(%)7,716,207%7,81.&,2%:0 600,0(;_232,572,; St

YL g Rk
) A(l)ﬁﬁ.’iﬁ&“ﬂlﬁﬁﬁ 1,000,000/1, 000, 000 [ 2,00 00C
) mitemATKYE 7 218.,20@7,218,2007,218,209'1,218,2001 | tzg.,sn,soo

| (3)%§#@mmx§&m 600,000 600,000] 1,200,00¢
(4) %ﬁ*ﬁ?ﬁlﬁﬁbiﬁ_ 500,000 : 500,001
\ 150,000 750,000/3,050, 0002, 300, 600]3, 350, 000] 9,600,000}
 §§:£% % e % |
, (1 ) ?3§§§§W‘§ﬁﬂﬂﬁlﬁi 100 000’ 100‘000
5 (2)%’?’3’%’@’?%“ '*'11 50,000 ’ ) 50,000
kg BRI R W K - . -

I 3) I8 RN ] 750,000, 750,000 , 1, 500, 000
s oy IS BRI 2,300,0002,1300,000 4,600,000, e
" "‘fj{(5)gmﬁ’§$%mz 1,110,000 1,110,000

;'é's)zg@ ﬁﬁ%’gﬁ’]" ‘ f2,24o,009\2,,240,600
P 1,935,300/, 630,900 [,651,60012,000,000] 180,000| 7,367,700
[#E LR ! % 5 A R 5
‘«,'»l(l)ﬁﬁiﬁlgaﬁfé ri{%ﬁ%]{ 750,000 | g 790,00,

[k‘”i&t ELa & 875,200 800,000 ‘ \ 1:60,.000 1,835,200
ke )ﬁ%ﬁiwﬁ%@: 300,000 600,000 900,000

) REEREE R R 200,00
g i

| TRIE I ; A 20, 00k

(5)%15%?%&%% ( 30,900 , 0, 980} "

' ~(6)&$@lmniﬁﬁ ““] 1,100,0_@6‘ 1,100,000

k'z)‘g&aﬁm“%ﬁiﬂ A ESi,eoc%z,ooo,ooo | 2,861,500
- 10,293, 4007;0,599,100/12, 116,800[12, 118,200 , 110,00049, 5 10
\K’E \ : i | ‘*l 3 pn p;4 ~




w - M E- 9
= B =M IRE—-BE
lrﬁﬁamﬁmnt:r i A H | L &3,
o A, Jr W 35 B L A7 1 $9,596,400
® B 2. w8 TR | 372,200
x 3 K m ¥ T B 7,759,200
- 7 4, # 0 - W DA B LR 70,000,000
- i | T, E A MIEILKE G 82 DR
B é ERBHEZTILARZEE $§ 757,600
1 . |2, ZF 0B 3 W) 8 o % 36 15 S ol
-1 &t
R e RN AR R EE | ., 5
T i | Te 25 11 W v R 9 O Ak B Y 191 0T |
| 2o ¥ 0] 19 3 AR 55 WY K % B B ' N
i N I TR VS L |
R TR TR | & &
PR L MW b R X R R TR B 1k
1) X R T2 b we e W b w8 LR . s
- Wow L s Ew A e B mARM | B Ik
= LR 2w F o A B KR [ ., .
103 i BN E T T ETEY L EEY]
3 35w K | % &
T T 2, WITR 2% 0T UL 0 AR A AE B MoAT —
R Mg B
b3 Kol e ABEHETRM OKE TR
I i‘ﬁ,#‘; 2, G W 0K E LR [,

M 3 KR G B 3E KRG A B 2 TR %ﬁT%
HEFRBEBGATWELAZEZ KA LW IrBER
W 2 R AL T A A U N M 3 B2 o
LTREAREDRZEBAFEZ B NBER L
Wi W30 588 2,48 B AR RR ZoF ik B BT M N 2 g R ER B
BB B2 LR A% B W LRI AR e B ORLEE E M T
ZEBPEABHRMHE I MEL RE 2,

BA 7% 5 O 8 =00 R F 3 4 & BF .09 4
o R OB R OB EILLL R L9 2 W, & A R e Rk,

CHA VRN R RNV T
PTAREBRFNZTERS 48R T8 % KB — 1,

-~




10 :a?ﬁxﬁafra

A g~

#ﬁ:ﬁ%i%%ﬂﬂﬁ%%ﬁ%%ﬂwzﬁik
BROMAGAALEMUS THEE K WA E g W
DB hwW¢At§ﬁ1%xm§§M
B LK I T S ST M A SRR SR A i
A L b B ROHE K BT T AT X L3 W A LT
IE OB OSRLL ML BT W AE — T B0 UL kGRS T ¥ R Ik
 &%W&ﬁ&ﬁ%:%’“@Lhu@FéWZm
R EE R S




%E#ﬁiﬁ

B N

HMEE WwEHBEZHAE

— T LLBE % 38 ok 2 M T
BEEEW L Lk 20,000,000

E U ] 18,000,000 %
I IR O 12,000,000 %

BL 50,000,000 3

ZOR DL W R 2

T B 1 22 500,000
e ¥ 950,000
mREREBMAS Y 1,0 0 0,0 0 0 3%

4t 3} 2,450,000 %

8 kT R DL T S s 4 dE 60,000,000 53
=0 B ok i 2 T R

mEYE 2250000 @
BHEUEE MM 117400008
Hy s By S wr 2,500,000 %
RN VR ST 5,000,000 #
W W DL 20,0 00,000 3%

3k 5t 41,490000%

SRR BRI LR Gaeds 4,140,000 5%
. 5ASE B B 913 2 WMok Mk WA AR E M B W L
CTFHEEAM A R A BT N RS g
2R 7,500,000 3 A 5 OF 4 A



12 ‘ S S I

BEoE HHEAIERE
Bo— @ e W2 ook B R IR

He Tz ik gk g
A& W PR D T R A W AL AT B e 2 MRk ELB.
WALIE R R E G I EY. RAR )&
HI AR IS 0T = s R WA IO WL W 2 E RS BE G
W2 B K AR BOME R R R W SN T A YD MLF
OF A 100 32 B 0 R R RO VI O R MR TE RALK B B
BABAELE YL LAH/L66110 K2 Bakm Ll L4
B 12461075 28 Hokk 36 i 2,00 i 0 T RS ol & &
BESZ L I R R0 % 2 I W A L
A ULuE 2 A LU T Rtk ok A W
Z U B AR 2 AR O B R A B TR B Ll R
He W E B K Bk B S F %
£ 3 WWEAER KEKRE  (USBLFAREE)

£ B 1& REEEHRARARARE R AR B R B
T IMEE RN R L A R | i | ot | b

EEX SR A R D R ,
| 3¢5 2:10012,%0 3,300 2,400 3,850 1,00 6,200 1,570 4,250 3,500
: ﬂ:‘}j&}}{ ; l ! ‘ g ! | ’ [} s O :

i } ; : i
I o e
| % / { ! ! { [FRULE |
L T —— S : /3| }




W HROCLIEER 13

i e

W LA kS £ 1000 F 2000
O 2 R 42000 F 3000 3 KA R MK
e 3000 F40007 HH X R K= 4,4000 F 5000
K2 R K= 4 5000 3 K 2 R DL L &R 4R Ll
A POk % G ELNE IR ;e e R G U B R I
7RI HAT I W EE 2 K SRR NI Y R R o Dl &
W Z KA HER 31984 A REESD 19825 2 R,
RSB ILS S FHSEAILESE 2 & K
MEFRAD 14600 v HARRE D 8400 3 ¥
ARRYTTFBEREBAM B E 2o ROERER +,
R YT B K Mk K 2 AT BE R S I B 2 B ok Bk &,
s ERU MBI 12,900 3 F 2 RE R 41
B O B 2 L R TR B AT R |

B A Wy = W R R R 2 vl ok B oML W E ok
RS 2 FLA A T 2 MK AR RO B R B F 4 = R iR
T T U R R WKL AN B MR 2 MMk (B ) |
WOI B2 M2 B R R R MK B KL L SR 2 B g
ZOBE K B M BB — = [

BB 152 W2 Kk BB Wz B ok B ok
RBB 15000 0B AREBREBEMS 2100 v K
ﬁRﬁﬁ%W&m%Zﬁﬁﬁh(&%ﬁ@ﬁ@%<
BEIN) HE 9 LIS 15 35 38 w500 43 % 2 5h 0% 3 i L)

B % TORE N M VL Bk 2 B BB i By
TE — 2 RR R AR N Bk R 2 Wk B A3

s



14 ﬁ?ﬁ.lﬁﬂ%

REREKBZHNEEEA D2 MW END L@
Bi R BE KRR R BR 10,000 3 % 2 R WK =

4am#¢um0uwnﬁﬁﬁﬁ?:+ﬂamﬂl,

4,000 3 % 2 R%‘?Eﬁ’%ﬁ‘\‘/\ﬂo/n\%ia/ﬁ%rﬁ%

mﬁ?vli_l,@?’.’l*ﬂﬂmgﬁﬁﬂ ML&Y#?I\,}LL‘E%L

‘ﬁﬁfﬁﬂﬂ-‘hﬁ?m3‘57]\[@&??5‘»%1{75}2‘f B .

, ﬁfﬂig.&j\/b&lﬁff’xlﬁ‘/\fi!lﬂ#%iiiﬁﬁﬁaﬁﬂﬂﬁéﬂ
Bk Bl S 58 OB IR R OR K R 22K B R

RAERA S Z UL T LR f‘i!ﬂ'ﬁ*ﬁﬁfﬁlﬁ‘

JR AN BE R B M U A 2k 2 K W DGR R & B

HMIBWA 28 R LR RE-+ 4 LBk m R
fﬁ%%#""liﬁ%amldﬁmﬁﬁﬂ‘ b i Bl 2 AR BR W

Pk U 2% H0RE 50 R R 30 A 4 46 S TR BT # 51 9
Ak B UE MR 2k R R W 2 K2 W
4%%&&&1&4%55%2"2@40145&7/‘ HZ ok R
2 W)k 40 B B 2 B Y 0 0k 0 5T R UL 2 B Bl E
BARK AR EF T AR s %R AR W
MR O 2 K T A RRAA K B B % BT U Y
% TR BB BT L

B R B b A T L B VT MR R W
U B R BB 2 M R AR B R R (
BN EEHE ) Wk 2 i R U I L b &3 o
B2 A5 A AN KR Mk 4 38 K 3B W AR O BE AN RS,
T2 MM BB IR B TK B MR O R

LU TR RO T Y




o e L i et

B E RRTRIR 15

P 15000
EA
P
P /7
FL10000 AC
= v
Z ‘A;' 2%,
b % é’
A ’

' s R 1%
5000
#t n — % = )

B 0 B0 B gt

WEE O de Uk oK B houk b
FOHE TR TR B4 2B AR O SR B FEOIR BROBE, M B
z%ﬁ%mﬁwzmﬁm:mmmﬁém&m@B
"‘B}Sioﬁf\nl’ffﬁ%z/k:a,ﬁ"ﬂ £ B ¥ LLFLb A — 8
O WA IR KU A M AT gk 4T 8 2 R 2 2 i
A%%mﬁ%mﬁﬂﬂ“m¥QZ¢%i@m§Z
B LA A 15000 o n Rl 2 58 K i & i 45
abede4r JL & ¥ B A 15000»/7]"R,%B*B.Z7k5;
%ZAA“"K&’I‘”EU@T’;{H /;L%Efﬂk-ﬂlbﬁsalﬂléﬁo
LE@A"‘BZ&%&F@Z‘Z%%:&AL?@%%&W%d?”&T
ﬁ:&ﬁﬁﬂ.ﬁ@%ﬁé‘cuuﬁﬁfrﬁﬁﬁﬁﬂﬁéﬁfﬁ
& ot L B BN LI MY R (,fh?kffﬂﬁﬂ%m[@]’ﬁ(%
o & K Ptk 2z 4 |
e KPRz B |
# BT BB — TR N — R K K




18 M % T OB o3OS

[N NN

OB ;AR — KB KK T 4R A 4R — %Eﬁk
_&KM%EﬁmﬁjﬁZM*&mZE%@ﬁﬁ
B 2 O B ORLOH fE M BEGME BT 2 IR R R M R 45
B R O LT R ok kR WS Rt — mm
44 B} R A 4 u%”*%éikZ#mﬂﬁM
TR Z WL F 8 F 8k BE K AL,

EFEWMBERERZBAEAMBARMPBEWNALEZHRE U N,
BR R RZRKZ WML RZFHE
SENGWHM B EIZWAREN RE KRR LTS
& 2 K HHEASKARNBE S KL BRI, (RN
B2 — 0 %R W 2 80 % 500 0B K A
MBEBZETSERR AR ) M 4 RKEZ RS HEMK
AN R TR 2 AT Kk ok 4 Bk 2 8 A O I
BZUHELSR—DASTRERASRET SRR
FME # % BE K 20 2500 2 UL U LN A R - AR 2 T &
EWILEEBAGEAULL A AR Z 2WE E
R RO R 2 BR RLAT B L R B A0 R VL O W 2
TR OTT OB A R M I I I R 2 R TR LA K
R EE PN e WD O MM R BB R R BE K A 2 8 ILE
CWALILEDEEA NI NEBERR (RBLCITEH =S+
CCHAEREAES ) HERNBUIRAREKXATE
BRBAHNEZRAVNAR NS LERAB DB K
Hif@&MBREAASMEBREETNBEASERA R K
S ORE 22 B R MR B 2K W T U R B BN 2 kI




-3 w&x&a& A 17

WOV W RE IS T OHLAE W OGR BRE REREZHEF
FHEASOESZOHEFEEARBAESFZZTHERE
HABmERFTRBAO2HAENT R |

4 e owf U Bk 2 bk P CKRERILEREN)
A w}! I ]ifgt%g ERENRZ 2HAERER B A R
| SR
e | TGw TR wen | aw |@swmen
L _ | |
- 4;‘.’ 15) 172,0 34,4 | 20% 6,88 10,000
ST ‘f; 200 187,5 376 | 209 { 7.52 11,000
; |
B |
O 4 245 198,0 39,6 ‘i 259 \ 9,90 | 14,400
! :
— B 4E 300 211,5 43,0 ‘ 259% 10,75 15,500 -

LR R4S LAY BT R R 2 & E R R OR BCfE T
L I R I N TR 72 R S I N R R 2 S T =
BERRE2IHMMR - KAGA S 28,48 8 4 X
15 A — KA1 AT LB R % .

% B R Tl i R KT Kk ZREKHB A
WMAERXRRARRERZEWEEHEERKRERE Z LB,
wm~%@umm%z*mm%mk¢ﬁﬁ~mw
ZRBEY - T NE L 24z 0 BLE kS
BREAMBMZZ2ARXMT,

Q = Qa (1+0_BlogT)

Q=K & UERINHLREF(—EZTEIRETFY )

L=fAFHLEARFTELERL LD R

T =gk B 2Z 4 ¥

4




&&Lﬁsal%

o b i

H 2 = %(ﬁﬂ#l&aénﬂﬁinlﬁﬁ’:ﬁﬁ’?%m
R+t BB ARG 4250 52 Rﬁ%%éduﬂt
%‘kﬁ:/ﬁﬂﬁﬁ‘:‘*’”’ﬁt/kaﬂ)\L'tﬁéﬁ.éHTﬁo

RO v W gk Ak Z A3 (MBI AR )
A ;glaa EREE T -'§ﬁ£li’iﬁ£ﬁ’
| ®E ok & 8,100 9,530 10,500 11,700 i 14,200 l
L KRB |

B EKRBSR — H U2 R EE D+
W R DL LB K B2 L T Ok F 8 2 — ol fil
5% R BT FUAE SE OB ol M BT 4 2 B REEE Z
W H B R OR ik B ﬂﬂ%%&ﬁﬂulw
Ll # B ok Z ok 0 & BT 48 6 AL W T 38R 74
. AREUERERS m&+@m#m&ﬁ2%
B B B0 L B85 WA S B BT AT R T A
ERBHE 1M7L FABANMARD -BARENR
REHKCHEBRABRAEEACREREZT 4
ok K Z ORI R T Ko 4 R A 4
x&@ﬁﬁm:ﬁx+z¢)%ﬂ&m&a%mm,
SIS I,V M. K K SR K S L — 2 A e E
f%@A¢<E@ﬁmm~rt+~4>mﬁmmx

;H&‘Eﬂ?ﬁiﬁi (KRB A= T=4) &4 k8
‘,*NVPH9’”IE.l%i‘i?ﬂ;ﬁﬂ‘"%k?kﬁﬁé/&ﬁf%%oﬂt%ﬂﬂé@

Tk Z SoHE BE AR M OK ME M R S UM BE I 2 7

AR L SR .52 R OMER ESE W IR N R B K ke

1 i
£




gy

@ BRTRID 19

e S .

Fl PT R KREAF MR B Z EF KRR
o R 2 U R 2 gk R R 6B ST R
2Kk B E AR LU BB R B R LR e R T g 4R 9 B

mxwwm&+ﬁm§ﬂﬁ%mmz§k%m
mOUL BE 76 8 2 B W R A R

B WM P UF 2 WM

e L 9 O 2 KO BE DB T LR T O
BOBESE T 2 Wi MU A L MR IR ATL 2 B.H
IR I <A i I AR F‘ﬂ?ﬁiiLZE’ﬁiLL'i“ﬁ»@Z)ﬁEEZL%
A Lo ik B 8 B 2 M LT ok 2 O B 2 OF
R R T E BN K BEE WA BT i 8w S
ABABEERESIREER Z AR B K 8 k8 6
BhOES b UE 2 UL SR B A R T W 2 R B K e B
W 5 I B NSE TN R & TE M B R 2 B 1S
2 W MR M Ok B ORR A ULV M X
HOE B W R L W B K JTK 4 K RIE w5 L
e T s BRI UGS AT M i 9B R b R0 LR VR ) F
MZBASWRET A 2R KN BEH 15158
AARBILEBEAEZMEBANBEH 13700
HERD A GBE LTS 3 2 R 2ok 855 5w
L RUN R B e i R R R TR B g ey

l.,L
b

W7 A T A M G R B L U R BLOF BT W




20 g&{iﬂﬁ
MM EAGRENS — SR EREAERETATE

EH AR B EER R A BRE A+ 4 RAMW

BEBEERARAEALRBE AR RAUE D |

RBP4 AJL— B ERE R FEEEX
CHERCE R Z ORLA e U0 R AR R E 2 .
MM B AR Z TR W Rk R — B 1E I
CBIRMAIER AL B LN AH2ZEHEHRE
37,5 T T — AU R W B L Al AR A Bhok TE B Bt
HARBUANRBREABRBMEEZTNESHB X
MU AERBERBN D 20 82 2 H T EH D
WX EEMNAKEE RN EEBRLSIBVIDNERNRE
RKEME KR ZELMET GBS EMELEDEERLK

HEoRfkEERAGARANFRERREERZH
W LEFERMA=(—) BBEAILM L4 L REE(
) MBI NEULRAERATREXHDBEESE®R

MEARUBREMASRE - R Z
ANAKREZRE
| REA#ILA+ABRITAEXRPRZ # &% K
ALEBERKSB000 X2 RRBAILEZ R & .2 wy
O RUWARMASMIOBE 2290 R, ( M FHBE T M

MR ATLKISE 6,000 3 4 2 RULL S LA 4 BT &

L RBAEEWMAMAES THLE —BIFZ k.

BB ASZEURERENS A=) RALE

) MAAARZ+ — BRI ZR Gk 2450 Wup

£




=% BTRAN a1

K ZRALA BB KR AILZ & A 6000 F 8,
000 537 5 20 R Z ok # 7k b U, 9% sk JE 2% Kk 15 & 5|
TE Z LT a6 2 i R TR Bk v R TR AL 2 B K6,
000 57 4 2 R o A& A Gh &) b ) A 2 8 W 98 & 7%
WA 2 B ILARALFE B ST K %W 6000 3 /5 2
FOME A 70 7K 4 3% (I By 7 ok v & 04 WT B8 2 39 B 4 55
g/ 1) P S Rl o/ NI 1A W) N YA o R A 22 Bk
L2 4,5 0 R, 36 3 6 A i J1 7k {mmmﬂ‘%ﬁﬁ" T k8 R
WA RLF I 98 K R

RO R I Al R BRI WA R M MEKRE H B K
Z MRV JE S K ILR R B K AL 2 B R Sk vk I
YE ® B0 BE M k& 0 ok oftz'ik s

PR W RIS, 4 A JUHLE L
ZPERERGER 72,000 3 F 2N Rl 30 8% T 2 B g
EAXETHMABER ZARMILZERETHRMED
72,000 37 75 25 JOHE K % 058 I 0088 9T 2 8 5 sk A6,

-w

14

LA A HA 20656 WU A% bR ok gk U SR SR L T

B R L g i R AL RBF G ER TT K AL E 2450

WA O 6 BEOR DU A Ko 18 # % K Forchheimer
2y 3N R Zo

Q ate? J 0.5

It

L 0eTy, 045

Qi : ‘
ﬂmQﬁ%iuﬁ@iﬁﬁR%gﬁWW%&

AR ARRULARLIBAE R EX BN G

fl

:!»—‘ o |




22 %ok TR H &

R e

%EW&%E’@IJ‘%MAK‘JHH#?&

1,,0.7505 0.7

Q__n
Q IAt5.7 0.5 07

Q(ZXD”%%AYYW°7
R M 2T L R R KRR B R LB
AL b TR R R R W, S5 R OWR R
' =(_§_‘,)1-7Q‘ ....................... (1)
H&@ﬁﬂﬁﬁﬂﬁ%%ﬁ72w07ﬁ 7 R
BB R A, B 34,175 A 28 Rl R B+ 4 A
kﬁ“i-‘Bﬂ\’imz’:Zm?R*ﬁ fﬁﬁ’fﬁﬁﬁ353
15 £ % 2 RNALﬁﬁ@BAEAﬁ&

_(36.315\1,7
=\34,175

(%]'E‘**&%&iﬁlf?hﬂ’L[?kfji’lt&ﬂﬁ&ﬁﬁiﬁ)ﬁﬁlk
ﬁZdhﬁ*@i&ﬁ@%%%ﬁ*ﬂoﬁa#&ﬁéﬁﬁﬁﬂﬂﬁﬁkﬁnu&
IE %,

ERBEVEALB+HARBHEAANESE k2B
‘Eémmmﬁﬁ35u34ﬁ RE#H42HBIIL
Z W R 16500 3 K & R ILAE S I 2 i BB Rk
BB RR L R e LT B0 T R LLEB 2.

F6 BT BIERERKESE

x 72, ooo=79 800

H 0|k R W REERRR K R FIHAR)
g@—,u; AAH—A | ’ 24 501y{ (7, 471\;@ 36,315 | 79,800 '

| BB+ 40 H 1 H }u.aom (6I8RR) 35,413 76500
REME L A4 B 20550 629RR) s 72,000 |




W= BTRAHE 93

A~

v 2 # % S R AR 1,000 3 N 2 Rk i
| FHOLIS R RAEL S ik ok 2L &£ R
s ﬁ@&"ﬁ
Qo Lap 075005
ﬁth<$m%>xumﬁm)
% Q= _\gtlon,s
¢ Lo?_ lez‘%

4Sn RowZ iR E VOER M S
n (I@Q UonJ)

dt = 775007

S
B 18 O‘7J 0,5 _v
N n
/1 JdQ - 0,5PdJ
. at — 289
t= TS

BRI AQ B N AT 2 G S BB NSt O
i 15 R B

a= .99 _ Adqe |
1. 7WV=1,7wQ

WOARITOK B A 2050 WIS L O A i & R
79800 WA RBIE W AMRA 36,315 4 ) & Rz
B/ 1800 2 R M AR (2), ik 8 K &g R
kAL TR KRN M B R T

1000 x 36315

Cl"...l!!lt‘l.'l’.l'..‘."l: ........ (2)

I = 1 7% 1800 79800~ "+' AR, R A B A
N UL GRUOK AL Z B R PR BT S T B 2% U ok A

T2 Y 2 R A SR I 2 &a#mﬁu&+ﬁ%
B AT A TLI Y B ORIT 2 B ok L B 8
BL R 45 o




B W T R OE &

OMREE AL W 2k R RSB B+ 4 A
R Bk B 2k A B Bk R R Z i B R
A EEZEHMH#ABMANZEREBLELEREILS
B8k AL Z BE G4m0 HE R A Mk A IL 2 ok BRI
KA Z BT E 6000 % 9,000 %2 Ko ( K 1EH
BIRBAR) WS IR RS2 (ARt —
H) 9 R+ % 6L 60003 %28 REBIC LW
K Bk AL % B UL R R W R 9,000 3 A
CORR R B IR R Mk % 2 kAL 0 A A B B Rk R
BREMBILZ ARG R MLELFEE AT E
AR R ILEE VM B MGE A0 I - ok skoL B+ L H i A
AL 8000 HARMBEAA -+ —HZESITA
BT Kk 4 B4 B @ 0,3 2 R UL sk BT 86 B Sl &7
BLGLHE 6 B A6 L 9 S5 36T T B ol 2 A
A JLEE BB .
O LERRELTY MR UL R T & A v I R
K W A — BRI 2 B Ik 2
ﬁ%Eﬁdﬁ#%A@Wzmﬁ)m&mAAZE
BRUGR000 7 HFARBIKE 5 %2
BV W 2 W M e

HEH R EEKRBEEERD 15000 3 % 2 R,A L
zg,@ﬁﬁﬁ 6000§ 90.00‘)’1‘7]‘"}{’5}6%&1‘;%
LS ER PR R S R
G A - T?FfZ&a’l‘ﬁﬁ@*ﬁﬁt%




EEL N L ‘ 25

e s e e e —— <,

SBEEWVB RSN RES WIS
mﬁmﬁzkomﬁmmﬁMi, =L HAB RN

2RI S Fol i A 2 AR R A B W g
/kl%iuﬁma WA R T — W BT A R P 2 dE R Ty IR HE
i A2 O . |

Ao ol ko 2 R LM A S REEEYZE
JHO L BT 38 2 o ARk R ok w o g BT B RO B @ 2 1,
ﬁ%&mWﬂ%m%éﬁMmWﬁ%fﬁﬂi%%
ok Ha, LB AENHZEFYSHE W EM B
Bt BB I ALE I 2 G B84 Be % b BRE DL vg Kk B
LIt 8 h 3 2 3 WG 3 55 A Kk Im 1 UL A% B A A e
FHIEWHE—Ea 2L 2 LW # & & 2Z 8 ke
gk K s LR L0000 0 B 2 RO B
%“Zﬁfﬁ‘éij‘l0,000,,57:7‘1‘@}%;2?&;2:,%“57}(%2E‘i%}fﬁ»ﬁn‘%
20000 RN R M LFE 20000 7y F AR ZME,
Wl A s K3tk 2 & R B+ HLE 8 LB B B
o e 3 k3 LA 2 B R 2 %R W (R v &
AWEAERSZHENBEREAXZEBFELRR—-F2
o &0 B RE G A 2.8 EE ok X W R M B OB 2 kT
By B M 2R Bk Z K B BE B R RLEE RTOIR E &
MEARBZARNTUEREA LR KEZ S —~ER
L B LR A A T st KA & .4 A %k
Biows R A 7 Wiollk ¥ W) 2 J4 #E W78 3 B
viE Wl g N R AR 15000 57 5 2 RoE B C




26 B ¥ I 2 OB sk

K AL BB Z B AR Bk 6,000 57 5 2 RoE M BY
AM—-EHRASIEMER 90003 % 2 RZIHEER
ARG ATREDS Z 8 aﬁﬁéﬁéxoé\ﬁé’&@,uﬁ%
BAABEMFEFTUBRGALZIEDERRELZ RS
ARALE AL YA Z gEKIF Y A EZHBRETE AL
CZET KA

B ORI OB K gk BRI K AL Z B.E SRR

. 7‘\‘[%10%%?@71(/\&1)%; BH2UERKEGERBE RE

M L, 00 5 W B LA VLG VR W 2ROk B L K B A

125 A Ro( #MEME KRG ) BRE A Y 084S
BB EHBARETEHAILAEZ TES WX
REL3S AR LB mESLER 9000 K52 R,
4wz kR PmERETZ & kS ERDH
BEXERBUNT AT RBERZEREBESITRER
B OH Mk S Mk R E 2K Rk Z BRI
W T O W) ok A 2 K B R Wk 2 B
Bk BE W sk AL E LR B ok 2 B MK AR K

13,5 2 R BN Wk G T 8 A ka0 13,5 2 R B
BLAIL 9,000 37 5 28 R A% KR fotn £ 3% 1 84 fLLL 3 &
BWoKG BAEZSEELERFUS LB FCHAMLZ

ﬁﬁ%ﬁ”dﬂﬂm&@+¢m%%mmzm%§\ﬁ“i

SmEAEWHBE KRR ERE B MY Z & &K
DIIIRY B i |
AHEAWLLSS 8 ER 1,000 37 F 28 ROA i1




EEL 2

e
e Pt P i e

%&ﬁﬁZﬁﬁ&aiﬁ@lMOOIﬁ“&%ﬂ
EHE M mE A BMLEMZ RS KOS 153

AWM AL R RU LB AHAPRU
fHE—MTEXE2HMBMBENKREFZUETEDE
MEERBZRLABE—GE 1+ H LREBELIMIE 1000
VAHARARFEH —THETU Lol —ZH B & S K
B 16,1 20 R 2 3 3870 £6 70 fe ) 0 45 0 ¥k % F H AR
T bR —EW MM ETEERA — KK
B 2L B BLR G R K O MR A KGR0 s 2 A
ATWAIL TR UGB E 2L R EZH M BEER2
EEMAEZEESMETNWARSLY LF2ZH.ME L2
AL A HBEEWRESERBAMERER >
By 06 B B AW 2 3508 K 1B %o

HE#E AT 2 8% 8%

HEKXKBAANZ BB B HEEWNME=S NS SR
oo &8 B9, N RS SE AL B VT 1 E B R BE R B,
EZILE W E R ITA B B 4 B i 28 2 6 N &
BEREDMB =W W0 E S W — B R

W= @Tﬁiimﬁﬁ‘if B REMEEFSER®RZ
BER=ZAARENZEE - LAEERIREL —

HoR Bl H 4 m{}h@}/]\{ift 1370 ARB.=ZW Kk &5
TR 840050 F 2 R + 4% B WAk ML A2 1577
NRBEI M EE 14600 3 K 2 Robk k 7 M & 18 %
BROGH.JE H Bh BhoA Bk 4 JU A W7k AL 13,5 2% R OB, HE v




28 M % T B OH &

e e e e e e o o o, e -

B 9000 HARZKBHNBHERER TR

BMUEB=ZWMUTASERMAENBEFAALEREZ

T e R B R W) R R I oK 6 AR 2 Mo ) SR SE T
Be B — £ 79 SB.ET U B)% A SRaV ok — RSB ok OF RS Z M
RS AT R A B S B Ve A R S R A

BEEM KRN AT Z2ATIBVEARENTEZ

ALAREBEWMBZHEET ALY TG Z KRN EE
2 1% AT R BE w5 P AR 1A A WL U5 T OB N DL B SROME Ak
AT R R W LT R B 2 R T E A2 NG MR
Z LB PR (N A4 G SR HL BN K TR % 2 0 AP &
T He Dol AR AT B 0 00 3B I 7 HE T ML B 0K T KB DL
T 223 4 7k B B 2 1 2600 Bk it B 2 % R SE T A
FERS AR B 2 T O BE A GE TR ) R 5k ok B RY gk B
JOL A A R RS & B M B b O DY 0T N S 05 BEGAE 4 S
ZO% DL OHE gl N R L SE w0, 5 i 1L A A GE
Tt Bk 2 ok BE K BT M SE 6T T 406 5 M &
B0 B B OB R T M T AR R BE R BT E
SUBUATH AEH &S 6024 5T — &R
ZARBBEHEKZ D5 R B+ 458 Bk i 4 8.41724
REp,LMRAEMZ AR ZTEE T,8¢1 37 F 2 Rod 5 18
HMBES®D 9000  H ARMAAUBENEZ
o O - R o R N A I T
BREF RN BEHAERAILZE BN REEET R
Bk R B AR 2 B K H ol M 2 M 82 E W@

Mg (? )
3 oo 4 o £ e S : A,
\‘, R Y LA . S R P R N et £




.

W F PRI 29

e e et e P P Sl

P Z. (& JLEB.C)
A LUk W1 &2 Rk s

TH BHmZ w8 KM= WK THE&ER
&N e bk AL B BE B R B L BE P B i8R 2 dk.B Bt
WS M R 58 X H Z M Gl wLE = Rk AL
=M A (B LR P.C,) K Z Btk #HE A B
Ao #OTE Bh E AN R R W Sl 2 & L odn.we R0 TR Eh I A &R
TR A Z = ot k0 = W R 4 3R X MR 81,
Ty 3822 A K& WA ) 4 g WE LS BT W (W 4 ) oM
""HEXJF‘Y]‘I”I*IL’%""“%‘EFMEY%?R)\L[uﬂtﬂﬁfﬁ%ﬁ%.%
U HOHE WL B R T 0L 2Nk B O BB B M &
F R 2 e b0 B B Ak 2 8 bR B IR Ok T e
W3 B W W T Mg A B WL E K WL SRS

Z OB R AT AR VS 30 L] HE BF 2 LB AR SU RN BN 4.

O EF L BTy T W A A B E N el oS I L F,
AT B UL 45 1 2 51w WO S E TR 2L E 4
31 F ok A g, B ok gt ) B R ER e B G R
WS, (OF SRR E ST ) R oKk 6D B Bk T B R AT.E
SEw VLWL B R B A (IR E ) B EEE
WLE NI B Y B L R E UL E AT LA
HORBYESILSE 28 E 153888,

W AN ABZRBUSEZ S WG 9000
W BRI et B 3 DL e RO R 2 AR B i
BWES WM ERAT T T— BB S — B 5

i B i B E R S




30 _ W oW L OFROH #

e s S P

145 4 BE VL ME T MLk D 4500 A A RM T &
B BN Wk 1 9 2 fi WA B B B R 9,000 07
HARABUT EA3Ew D447 w8 3B HLKK
B Z 5B W T,
E®3w HB L1500 JHRR
& 4% Jif #2500 WARR
BE W #2000 WHEAR
¥t W 4 > 2,000 W HERR
O #H 1000 WHEBR
WA ER 90003 5 AR Z M
A EALODNAR ZH—RER WS D
L5600 M FAR—BREXRBEWMBRED 7,600 5 2
RoB AL DU F0 5 B 8 2 8 DA Tk R o
CBOHY K B OB LR TR B S
ARME MR HHEAINKEISELISSDS B BE W

KRAMIBODARBEFTHFE TWZRMES 13 B R,

(HME+R)SHTFTLEEKRMES ¢43 AREEH
BMER 8T ARUMBMBE AR AMEEBELSR
MEst B BB 2 BEHDHHEEMERME 3489 R B4
16 ARMEMEAME TT51RHEL 39 2 R
AMEZILER $027T A BHK 32 RRABUWN
RMBEZSEALBTB PR BEAMERRA
EXAERADEBAREE BRGS0 TERZ &N SR
B BE B OROAE 8 Ik M o )98 &0 4 2 5 BB RE B

%

=




RV

WoF GRS 81

W fE R EETREZEEA N

TENIE TS BN A W ok AL 135 2 ROERHE
MEBER 9500037 ARG EZ S ERERBO0
ARAFEBEMZRERES 05 A RMWERK
KW 1G5 Bh i .2 BB 6002 R

Q = 0,96L(H~h) »/2gn

Q = 9,000m3/8ec
H = 5,5m
h = 0,5m

.. L=600m
H B O R RS K AR (Stop Logs), ¢ JiF (Needles), #g
¥ k& (Tainter Gates), & Fﬁ },'ﬁ (Sliding Gates) 4% @olﬂ ;tgi Wz +
BRARERANAMFTBRABEAOTEREADSRAEZ
AMEBERHREAIREZEEAFEHEBERR
= Tx&ﬁ&ﬁﬁﬁﬁ%ﬁ&ﬁ%ﬁZWOWO
JCo »

BB R ZERHBAYTEBRTEMR ¢ 2 R0 5
EB L BARURERBEHEZREREZ S
WREAMUL 15 2 RJAMEEMB & Z B % &
Z o im0 e 9k B0 BB UL R PSS W 4 A B
THEBLITRENLUBRBRHABAFEMARIN SR L B
BRZ LA 5554570 XA A RARTUMBREMNZ +
MMUBMIENL 2024500 T H R REBMEME S
MR R - HR 17020500 52 R 4=




TSI TR T g IR S Rl S R e

32 Mo#® I R H#

BT % 1,381,500 773‘")%@#ﬁﬁéﬁsﬁﬁi‘fﬁ*ﬁ-%
B SRS EA LRSS PSR AR S
AU MAH BRI EM 2416007 5 ARHEH
EWEATIDHER LSRR L HA 1591000 3
FRARIXHEALNEATERATRLERZ L
CL143000 ¥y HARMI W AARER AR
kKK 25309070 wAFARIMAK S Z L
MILEE 9647600 352 R.( @&+ @)

O BRWIRE ARTHRLEWESSOREEYE
B L BEBLEBINBEE AEHEEBL503RE
CEMBEN 64 R RS 0000098, FAEE W
10225000 T HARBLEEHOEMEMZSN ol
MRS R ATHEESS20ARE 140028
RAEFPHEENFA 59 ZRESB22ZARFIEAE
n:m&g 000005 §00000722~‘.%,,‘)@%i1785‘
1000 M HFAREAMEAMEA MW EEE B 1,488
BARE 2186 ARFEFEHEH 45 RRE6 R
RIS REHLMKEE 000003F 0000009 K 25,3 M i
t 31,330,000 3 %2 RoE A M % % & 0,5 W5
WERBEMERTME E TS EERSTIAREL22
BRAISIAREE B E 00000816 F 0000094 R 2,
BT K AR 13378000 THERARAEENYT
EALZ B A W SE B Bodk 2 .8 %% 28 B i Rost
ELF— RO MBWRERE T HE B KT 5



< R :iw f’l WIFHS 33
N R X% RMEZ &I
| EWEE NWALHELEREENT
ki R R R $ 2,000,000
T, Vi LA T 22,960,345
A S W 4 4295592

T T - H T 1,666,800
(15 B U W O M 50000 -
ELE Y R BB 3,000,000 :

a2} $ 33,872,737

M W) BB 2 3R

. Ak S R DL R U B W) 2 B 6ok OLIR R0
FAOB 2 M TLBE Y R BB DL ME 2000 oK B9 PR 2 M WK
B I R UER 76 R WRME ERR E TR MR N B 2 R
HE i OfF i UL 0 27 Ze M IR B O ¥ M) K f8 2 1A
A R U Y B BEAT L 45 2 R 2 I E g1 b 8 R T 1
FRW RN Z 65 B2 S W0 UEE SR E
=R S BE R AR DB 2 M2 K180
B 2 M UM TSR 3 AR B A 3L BE S &
PR 15 ARKE LA 6500000 K 2 RE R

o — B TESTE I U W HE K T 2 PGHE 58 ok M DL B

~ ZH 5 H LT T R |

;

T H

o
:

B O o R R ER G S




84 Hom LR BB

EMBSWRY T RERSEREE Kok S 5 M
BEOARANTREEED 2 s —~ERE S
YR £ L 2T LA O 0 U R BRLE O BT ML E R
BE RS R T WO B R 8 e 2 LK 2 E 2,
BEBAFRBFHEUFUEABREBRZEZ R
BEEFEAERLAS 8000 %5 2 8RB+ 4.2
13700 A BKE K K.

| gtk & Z 14 3t
&mgim&wm@%z#m@%mﬁzam
CRTEARMBRER Z & n,= W 58 R B R B,
am52ﬁmnﬂwéﬁmmﬂmmﬁﬁmﬁﬁ&
BASTENEREH SR HAE DT, |
':&m(%ﬂn)ﬁ@3009jﬁb”ﬁi+@tﬂ+~ﬂﬁﬁ
W (ZSAR) 48 3310 yH AR Mvcﬂ-l-_,aﬁm
- (AU ) 4R 1,000 ¥ K 2 R

CORE (AR ) 4B 3,200 ¥ H AR +4f~4:ﬂ+:'~_‘-afm |
L B 3100 ¥ 5 AR +4£LA-+HEN
B ) BR 1,600 ¥ H AR
- TR - B8 300 ¥ HFRR
e BB 1250 ¥ H R R
3 B 210 yHF AR
BE B8 330 T HAR
- R 600 Y HRAR
- YEW B 250 v H AR




oo TR 35

e o S e S NS et Al e

> ] > 350 p AR
i) b 1,400 1 JF 28 R

LSS PP F RS TR S R
W OEE O RLBD B R 4C % LT L O R U LR A B ki
WOAE 4 W 0 LT 2 R A R Rk k&
ZATEEZ FEKETRRSBRZEABER S
T4 # 1 5o |
BREESUBETZE REARRERH 15000
W2 R BB b A ST oM T R R b 2 @
AP ENBED 1,000 5 2 i 8 ik 4 2
e BWNZEKEAREBEH 15500 1 K 2 R
W LR B — 2 DLE M D R — 2k e
K 4% T % 0 4 B Z B K Btk & I T

# YT mepur 4R 13,500 AR
B W E AW ganuF {13,000 5y 5RAR
hod] B AR B gnu BEEnYF 812,000 57 AR

3 2 % wwopemrmobr G 10000 IHXR
RZEZEIEB M semout®aours 8% 9500 IHAR
IE BB £ ® N Spwou eemsnureh 8,500 wHAR
FMEE =W R mwopeesopr S8 6,000 THAR
=W RER O pmnutemnuT 8% 4500 $HRR
RET4AENZERKEBE-NABERE SR
B0 F ARETLTHBEUTZBNDMAEBER 6000
MoH D RoAS W8 DLk KM B B.0E ARz B,



36 H O IR H @&

TH R K Z 8ok B0 E T KB R MK
WM LSRR ZIAZBRBONBZBEREARY
ABELHZ—EZHZ—MR LR EE T 8B

| | R A | SR
MW B WD LTS B E B TR E AR
WEAT RS KB KR Z P03 A TRRBR R
CRUBREB LA R E+ AN RS KR T+ R 2 B
BERERE O Z B K Bk K PR B N DL R A B ik BL o
WM REBBEARKPERZELE TR AW A
OB RR — S M IR 5 2 8 8005 O BB
O ERGR R BB K B R Z 1 2R 52 W B W
ST R LT RN EE AT P EN SRR
CBZEBRERAEKNREZ BT ETER R W
DR PR R Z R R AR R AL B R 2
HBERZ

REEW LR REZ LA LAEQNRIS AR,
BB N R R 2 A T A o D)
BREMRZO B EAUELHRAB 2800 5 2

Rt THET 8 2 R W0 E B B0
BEHRKREHARTDERAKRTF RS T EE & T
RAREBUTENSFHE M ER T LS RT A,
EEREREPRAEP NS RE L ERAEES

BB B AT A W R B L W2 M UOLOR K S R,

&M&MDMT%A+_M%ﬁ@%&ﬁAm_V




W E PR TR 37

"~

CTFREAEHARLSEEHE L RNALT B L H 2
R & IR I BL L3 W 1L O 2 B T
o= BT A R A ST 8 e
B M6 R 3 A5 TL,LL R B LT % 7 B

PRl ELFOBE DH B BT S ok 2 R
SR AUk WA M L2 8 AL B ST 26
— /b MR DL K Z W R T K I 2 B ok 3% 28 LL g
e K ZoF B WM R He SRt B R K BT 4R
55 T 48 3R R 2,00 WO B 25 N R B 5E K B
e, I TT A G 00 23 HLBE A% BE B ML TR A B K B A
ME2 Bl 0R I 20 SE 4 B 18 28 BLIE R 16 2 B A
W ARBEHMADNMZ BZEEB 1008 RE L
BB Ll THRERIOD RAG R B 22 1+ 5
11500000 K N R ﬁ?ﬂﬁ&Z%iﬁ&SO0,000j“
i RGAE R % D SR e I — R B E R
B B TCG R B AE T TE M AR € R 2 o
Z 3B R R 2,

MR E RSO R E RN D2 BN 410
7 B R W TR A A F 2 A L SN B, A g
85 ZABMEAS AREC AR Z AN T LS
# GRS R AR TR TU Ok R B 2 AR I LR b
BT S A R HE VR 2 6k RLER N HE AT 2% W A IR e
HERER* AN AMEETE W LW s 20 > m
TOR3 ALAWTOETWRS 2 2 8.8 = w4




38 &?ﬁl&%"rﬁ

s~

'ﬁ&wuﬁsﬁ&%%MEasiﬁsnﬂz&w
AR BREEGER PR 2RSS 7"Rﬁﬁ%
K ALHE 4 AR R T LLF 12 Rob R R B R ORM NN,
TRAHR 6 ARBHBEA 3 LIBE S 2R L&MW
T 22 RO m AR A 10D Rt 3 % W 8 % MW
BEFMBR-BELFARMER T AT K LB
BB ALRRKM B E RGN LB 164 1 B,
F%MGWOﬁuﬁmm+xﬁZﬂﬁmﬁﬁ ?%
ﬂ+@3m&ﬂﬂﬁﬁﬁmﬁmm%%ﬁﬁﬁ

CMAHRGZ 2 T RANESTEE &
O WRM S T R E R K Bk R A
ZOB R M AL T AR R B ok R B R
R R OBROR EL A LRk 2 B RO M
fzmmvu&@ﬂ%$¢yﬁnﬁﬂjmﬁ X Z
B T RO K I B |
HERNBRENEIENAZEARERLEL S
ﬂmﬁmﬁ%x&mﬁm%z¥wmm&ﬁa
5&mnz§ Bk GLAS B 28 2 RGP il 4 202 R 1y Bl
TEREWAC KR AR B AR b A 356 RRAEE
Z R EER A TE S 2 U R )R T AR Bk -
BAKAMENURBEE R EETEZER TR,
BB TE B ot iR D) Mok O b BB 2 A

WL S W R R T 2k AR R T 4 g — ‘Fﬂloﬁa}iﬁﬁ
BREZ2BBRATROB ¢ T & 5,




BB ELCEEE 39

% % ik 2 ik

e T R UM TT S MLIE S 2 B RS - B
T e N K AR SR T R (LT T 2R e TR 5 4
FoAR B AW E LI 2 LR EEEREFBE
Bz T W 4R L 3h% i 2 A i 8 E K K A
2SR 2 W ME R AT R B KL O DT A4 2o
Bt AE R A 45 Bk B0 AR W OOR A6 L W M L3S B T Mg
AE B M DL R LI A D T MR s
Z e .

B Ko S W BT 2 K A Tl LG 8 2
A2 bW R JE S il A bR U B E % TR BB R R
TP M LW LR o AR g S W R E W O
LWz R DM EA R TO 2 M R W D
MRS AR 40 A LE KR G W 0 E
KR 95 MW Lk W MEZ=R 0T
P4 — AR 2.5 0 S N S SR O3 A 9 IR
HEABR2 R 14 ZURHEHLI0R DEmmE
WA LTS R B R A D ke A D P A
iy 4% B A T WA L) ALK A Teost I 3R W B R 4y 6
ZAHLEEEL R R T O 2% MUYG B G K IU % i 2B L T R
BRI K TO N MR R o A O 0 T S B
B2 LT R AR b S A o N B AR HEOBK AL B3 B
VO A AT L O Fy #b ik AR, SE W A R F
W E A W B TR b E B R A W T AR A,




B B8 L /R H &

MERBEAFRREY 90 2 Boyk ol & 46 16 o
R 9 AE E W MR AR A T BE U AT OM A VEBT OB B B F
W ZETW R VR W S RN W BT 4 8 R
A PEES T EREL S R Ry 3
REXK200 2 Bomug 5B H LA 2 8 /b k8N
oA A TE W OME T A M R WIME AT PR BR ESE M % B
ERSERABTEREY 20 2 B 5 # X K
A ERBGREETERLE R RS X REHBED
E MK 2 B LN 2 B R KM AR R R R
7k B DL Bk WL BT A A M K b B B R R 2 DL RN
WMZAMBLHMABZIIRANF S XHKZ HE TR,
MBE=TH T - 9
. AHBHSENAREXRZEEIRAB — & ;
ERZEEHRNA _TEATLUEREABIRE
6,81 7T 5k % 7k 5o | .

o DRSBTS M EE R M S LR
M TEMAER DR SIS DR R R MBI
BVERBMFEURTIBRZER G S 5H A R 85

BHE REATZHSE

IR PR L SR LA AT B B A R LA K ¥
.%Toiﬁﬂ%z%Wﬁ,ﬁﬁmioﬁl#iﬁiﬁﬂﬁﬁﬁnﬁg
BRMEBERDABXRES B RRALSBE H W




28 R W% IR
N T I ]
I NN
4l P g EE,
ﬁﬁﬁaﬁsﬂiﬁ*ms
M, A 45 W

Bl A48 ¥Z i &
TR A )
B 38 g, o vk B
1V QA T R NSt

=L

¥ N1 g 4
AR A =8
b S N T )
H.A: 8% gt il
= Z PR a
Bt AR B Ky
o B O &I
I A L BLCIR
2 Ro

KT U 2
Jul Li il M\ w2

R i H

SR OV WL R IR 0 R R HD R M Hs
S 2k w0 i AT A H dk N A TR
m¢ﬁWHZMé§Z$%%@mm
LSRR (RUR R A MU R AR (R
T AP RERBVU R BEE R

LY U M, g0 5 T L i AR B 2 96 A R
‘m‘ﬂﬁﬂmi oy

W2 g LUTE L IR R B R 22 1.5 R R
B 0 0% WS B AR A BLUT R CE K — Wi v
| Y A | TR N N OV el < | IS T U TURRY N N1
MW&M%ZEMﬁm%&ﬂﬁﬁ@
LA A e AL TR T 2 B
gt sk 8 2 fh wl

o B VU R A R R 2 LR -
Kol W - 4F -L H -1 J 3.4 3 2% 38 5 1)
20060 A RBRBM+=41L A+ 0

1%ﬁkﬁﬁﬁﬂ>uﬂﬁiﬁﬁﬁﬁﬂ‘
TR B b 2 SRR W

P I AN 1 R G R D O i Sl IR T T |
MO Ml 2 W0 e BRI T O Ok B
i Z e KRk i mami 4500 3 %

'\f-r;‘ t/ﬁ I‘x' lg”
20 BE R LR 2O AR PE 0 M Uk R W &

-y s -

A A B T e i A — e 1 o2 fiti &, 80 ok




42 MO T R OH &

DRAEBXEMEEREEDI80 R RZ K&
BEHRTAEHNPYMEEEHIS0T H R RZ KBRS
EME AR EXER ABHAKECHARXEHBEHE T
CEFRESZ-HASHP Y HEEH FTEE -+ R
B —RBAZEIBANEBREBRVEX 2B,
CHA R SRR AR BRI R E OBEE fE L 2t BB 2 B B
BEXEREYTHORR T4 LA - HEDKRE
WY FARTHEOBEME 25553 52 RB KD R
ERBRETALABM A0S HARARE =4 &
A+YEBE8BRRM2 0 K2 R4 B B\ E 4,470
VA ARBHUKRE 2470 L HFARMES L H W
A 24T 2 R ORGHE e DL LA K, kW A N
CEZ TP PO fH IR W OB Rk — 8.8 BB A,
?&ﬁ@mm%mmm#m%mmqumanE 
CTEE W MR ORURI A E L W AR TR 2k B R B
O B AR 3 Bk B M. (Ground Sil) L) A HE M BRI B IR .
B LB RO k2 L B R W
R TSR R IR ORBR R A 2% R LR M AR 5
SR PR IR B M E DSk Y R B A 2
S A ¥ TR T A BB R R e R A A SRR S R o %
Ho \ ‘
ERRTMBEBBM AR LW 2 A BT H LS B %
DA SR EEAMAATRSGLEE T 2ok
RO R EERACERER A TSP Y LS



ﬁ’\

—

g G W NN S G | I
JELHE 3 S B Ik

— o

W Ay

LI HE T 28 i 2 Wil Ay RF A
i B I SR Y2 S B () |

Wik wh ¥ v 4 b

s i’f? T NI L G BN l‘ﬁ R SR A S

Z Y R Uk I R R

I Ik ﬁ‘i 1
I -

?i” l.ri'x "T N Zf’\ ﬂt lﬁ ﬁﬁ hl Lo
KO g o5 BN & Bk v SR

o4 BN N W gl | 3 - S T e

W 4 7

I

i

PL TR 3 43

-

) BRI OBEEEE

o TR 7 T 0 i : M 8 T B N
Wk wlhon R A% 2 Bl i D %,

IDREIRLIE i 3 o

4,500 7y K ARk E 2 7]( B L Ah w5t

*3 f"ﬁlﬁiﬁoﬁfjj’\pj‘

.i;&y@é‘h’f[ﬁtﬂf&-ﬁﬂﬁzg% BEE’ZO
K MR RE T

T o PR 12
4,500 0% 5 2 R & B o

=

OB ARG AL U G A — BRI H K B i
MEFH W 652 A MLH L [ L0880 3%t i F
KEr e 3946 2 ML L 7,900, (3 Ik 15 &r A5
Mide 6266 22 ML L [k 3,200, 8 7¢ Hy > B BEE WM
TP VETs ol o DO O QIS U I Y08 = (1
LA F 36112400 Wy R 2 ﬁﬁ?ﬁiﬁéﬁ’?ﬁa $ 5,777,984
Mg & % W0 4 H5 70000 7728 R k8 R $ 11,200
o 0 I B I N N o -1 $ 200 000
By I 4 177,0005% ST + 5T $ 1,770,000

$ 7,759,181t

L

L

SR DA I )




YT BE R B L AR U R L KE gk AR A B B5LE R
EWLSTE XHIEBRHATENR DK K 4T &S
AR AT B K T U A T b SN E LB B T AT R R B
HBHEAABLEDOPERE D GG REH®K
RSB ERRABEBIENMED N G DR 3 AT
Wz A TR OE D R T MBS W AN S I 2
T e A SEHL TE AT b U A LBE A T LA B OF B M
JUHE R T AE M B B E M S O A A S5 IE R A sk
9 W39 8 4T LA MR 3 o T 92 N SRR R W 2 ok
B A BB R B K SR TR R IR 3 LA A B,

e W R Z DN LU W Kk B B E T
R W B MR MR DR B 2 IR SRR A kD
DML A SRR TR R R RO f KR 2 AT A 1
B IR VMK BT R4 O M A7 S BRAT A
WL —2ERT X B BERD R RBES
koAU T R AT O R NE R BE B W1 W & A B R R A b
B Z UM AR WML E N U B IRk 2 R
m@&%ﬁﬁ~%mgkﬂﬁﬂu&mﬁﬁﬂﬂﬁ
ZHEABRHBETURGRIAREZ BB E
CPEFMARSEAELMEZBEROME S WS
B2 B S TR R G AE R

Bk B 2 1k
T U KLBE T Ok R 2 O R BRI DR - 40




—

oo

R = N
I AE K

i g®
s

it Kol
JUR |

B R I-=
2,310 3

7,
oy

WL R s T 2 e K
Fo 2,310y 05 28 RoME Ul LK

s M
(R IANY N 8 IS TR T e

RO v ‘M“: |
o R TR

Pl | O Y N | 25 N N QTR e

LTI A £ O P A P 1S B NI WU e A 1 W

A /NSNS | fif‘ 1 S i o8
i S8k )

T NIRRT BT 2 NI A il 3 S W |
S A R B -1 4, 1 W 4 ok 4 B
MR DTN AT A E Ko 1,900
W EE ™ T KRBT A A 14
A fE VL A R UF AR L e
GER A B SR U M 2 0L
WS B, RG2S i HE v,
Prk LA 2 SHL I AR N BE T,
OB AT I A O R
CZAE BN TR T 2 T A U K i
Ji 2 RV WAk N oy il 2 T
IR/ S S B T Al Al Dl Y
ANYE R BTy I B Oody A i ik

PRI R

lE1:! V(i

a0 M FJE B R,

45

< fE W 15 A R

M ™m2,130
x K Utk = A 18
Z MO UL

I 5 3
W B
o, 1 o

PO ORI U 3R A vl

A WLyr wf 2 gk K E
2N A% R ORVHE YT
Ty NI S NICT R - VI N

e 1 75 g A 4,500
RPN 97 3 o [ S

2,310 57 2 RN 4
LN R Z ARk

BR

TR ST A CE 1P g

V) BE Moth S 1 2K 9 oK,

JUBE RS AL 4G B )&
SR BE R IR 2 KB
b 2N J% WL m BE B

e

150 A AR T A

=R
l{i

1 I%  D
e % 4 RD

1,300 57
L

LAY T W OW AT L By




i W% TR OB &

R G L e R TR R £ VBB R KD 2 K%
MBREBAAEE ABZENREE ST %

U b T LR RO BB R (L K O k2 e —
BB T B W2k & 0t E G A B G T 2 Ak,
REWRBAEMBRANBE ZALEZ 2 R
HEBERZ BB E AR AE LEEBED
EREZRRDBAGHENESAECHEZ M M
ZAk CE Mok G ) AT AS AN U E R T
B b AEW R B T E BT LA B A% H Ak
ABXOBRE — B REE RS L
FE 8] W 0T 4% IR 4 S S R 6 oK MG S B VR 8K 28 0B )
mZs _

WM Z B R Bk R EG R 4500 7 K
AROMBR+HMAAEH 231075 2Rz EM i
W WIRWLE LR B SR Lk
BREXKBEREN B ORE+4AR A G0 K
BRW 65 "HARAALHBRE 2310 L H R R,
BUUWEEAATHIBRESCO Y H 2 R+ =2 4
CAEACZtHMBEERRBLIYTHFARLEAS+AR
CEWE 2130 S ARBURAUERE LA S+ H.
CBEITT U S AR RG22 BRIk FLEE T
REEL TS P EEE T Y SNy
CEEBEUTHERERESNELEAEBETER
T2 T R R B K Rl 2 B R L > MR S




i

8 oW HELTRRA 47

.

C RS A2 Tl ok ol ) W ok ok B 2 A M6 E b HER B 2 A5
il 2t 3%, 0 TR 22 A% R0 BE 6T B AL AT M B W Ol il SH
SR AR VY 2 o BT ORL Sodi i K WT 2 BBk R VL v
v I DL T B || ) ] s 1

Yoo d oy BRI 2 B b SE Gl e w8 BT WX B

WA EDS P TR UKk ERHEG R 4500

WA RBIAERFRAEMNEERXDOEREKE = & E
YW 4500 B AR B=ZTLaRS Z
—Z2ALT 2D A FWIEEHABG00RE
TIO RN RAFRGAY 0 ARG ALRAREAR
RAFA=ZZEEDLEBIELREEMNADEN G P Z

AR ZEKRFEERD LOOO T H 2R (BAREZHE NG
Yy MU B A 5500 FARGEREBES —B R
B2 —WIETHHEHMESILIOARESE=2R
PENEORAFMEPHNBLARPLFEANARZIRAS S,
MEAZAREZEMARS DS EUT & ER A B
W0 R RR TR MGG DR 7Y B DLk 3R T BE AR — T
WMERAREBOBE 2R PERLRAIRZAFME S
MALEtAREY—-2Z2RTFTERFASLRIRE=ERZR
AN A S 5t 0 A K A 4™

0 + H dk uF 43,540,000 F A RTELER~ER 45 966,400

RYE —f A5
BB WRIE T 500,000y H AR HEEEEMER $ 80,000
AR a1 W = U0 I 2 e $ 200,000
B A 2350004 @RS T 82250 000




W o® I R i &

Cde 3 $9,5 6,400

HONE IR Rl R SE R 2 TR

Iy 0B T L) Mol aly Bk BF A S OKE B WU R
M 3K kY T SR SE LW N B KK, Bk S i
# SR R % R B RSB o R UK 2 R B BT R UL A W
oA B E W Z LR OE N RN = I % K 0L R
PR R TH O % M T M A R B LR R E DR
HERREREREBIE =S AR kRS URKZE
B O ol B — € R R R VLA R R OF Ak &,
KRR ZARE BB I e E W Do KLU B ELa
BB A — B A Sk B Lk S E IR0 b 88 Ak
B AT T T ORI BRON N T LLUR M B D IR W ok BB B
LIl s B T 2 W 8 R s A VE YT I A AR 5 h 3 R
-%guﬂmmazmmnT%%%@wmzm@m
WOk BRI R B R

mmmﬁﬁmmzﬁmM%%mmzamﬁ%
SE— T h 2 BARE -8B 5 — 2 W ELL % &
Msm 3l ARBEHABITON LB A 35 2 R
W O R A A% 870 J5 2 MWK & % 4 4 30,6 2 Kol >
WRAKM 31 £ 35 ZRMMAS 2480 % 5% K 2
Rk 8 il W1 IR W R T 22 LS BN O E kB R — gt
B W 2N R |




=R AR LT LR

s R $° mﬁnmﬁu 48

b ] N (U B
VW VI RO B R NS Bk A DA g — T
Mo Rz e T 3R 2 B2 ok 8RR
A R R i w2 Sk KU Wy i LA, A Ol 1 2 &
Kk gk %0 A7 A5 L B 2 L RE R WE B R 1 R
WEW TARR CZERAZHE N E WA ARZH
KK AR 4 FD T 48 30 2 R ik il W 2 %2 ok i ik AR
WG ORK TS 30,000 Y52 B W K 2 o R RO
RO W A5 RV AT 4,060 75 2 B U B R e BT &
AR RS R 5,500 a1 B 2 RME W A 52
off Bl Bl LS O OER RGHR UL wE BLAS R KGR &K
BRKEBEREERMUEEZET R ERE SMEMERE— B Z AM
WA ESZZAREUMARBBERARLEXER
L1/ 1 S R 5 B <11 B B SO AR R Mgl O LN -
BWIRKIE R LM EM LB BARKS DA L
HFEAKR ZMW &M FH B MHIHF B EEZ D RM
BAWMBULLIAABBARNBE4ZRAZE KT
BN 2953 m2805 HMNOST6 N M B RBES B
R AE BE B 3, /8 4% 5T .77 Ot B SEoME 5 M R AR B B Ak
AR ARBHT>ZN F4 B K26 S %,
TN NI BT RIS 30,000 % BB A 2 A A B
L A530,0000,576 0,426,900 3 F 28 R0 7 4 Fb 1,330
VARZRAEARKRKKEEZRGSHEASE T HE =8
WO BT MR OE E B L L 2 KGN 4 T W Bk B,




50 W OE T RO R

TN N S N e

TR LIWHARBEZ Y EMUBZERLERE KR
BEAMS 35 AR (R+BREKMAI556 2 R
) R 7E % K 4 B ok BL R A 2480 Jk or A Roit R
CEARABTHAZARD 4420 kT H AR E
BES3 U FARBELHMUNZARGREH —
F oLk A RE BB #F
BE o

W ek O P T ER B2 W O AT b E
B A #R— B WA Z B R AR W DR Bk 2 R
OB AR B SR R B R B B R B
CEWKEAE 35 ARMEBXKKBERGRLIISL K
NN E-RF S E N R F - R L p-F:
HoRE B 2 W B GRCT A T Sl R B 2 R
P b K P OSE R B B MR NN R B Z M AT
6 BB\ 0 DLF L R N BN A N R A E R B Z W
(R E TR ) R RO AR R 2
R L R R Z
ﬁmmmmﬁﬁﬁM£ﬁk¢&Tﬁﬁmmﬁ,
DL HGRE T b SE ORI W 2 T AT Bk
SE 2 DM A B E B BE R B E WAL W 2 b W W R

TREEE=ZRRGTIWUANE TGN HHEZ B
R &R SE SRR 2 W 8RR 2D B o ik
'“ﬁﬁ%mﬂmﬁmﬁ%ﬁZ%ﬁ%@Eﬂﬁ JE .

RE-BHHEURAED 1000 T HARZKR L




- - #JHJL LR

e AN N S

0 F AT 2 8
WM AT A 2K B 1 8 A RS
BZME NG AR EMNEZ AR — B2 BIERRAR

B — 2 R B G B BT 2 ok AL B v ok 48
# 1,000 A RBHEA 1 9 28 R 2285w

FLGE AR B 9 T R B & 18 K& R A E A
RZBWE AL R BEEREES 13300 54 2 — )

CRWEMB IR TWRMA 2628 23 R4 ZBIG
B ZEEMRD - ARG LR HER 2728 AR

MERMEZEMMBRMAMHIBEE5 ZEEM4L TR ZER
M 200052 -S4 BHEHHBZRERLEE — 2
REMBEHTZARMEB 3233 2% RAG L2Z kL4 33,33
AREBMBHMEMAKAEZ W OMAHES 11632
BAERIEMFF 9000 452 —RE2EWD0MZ KNS
34,62 2% RO A ok sk A B, 57 81 v 48 & 1,000 3f 2
RZEBIH NI E 22 EXRZHAMCETE S 205,
BRHSBEE2ZEH S PRABL AN ESH - B
w22 &

O Lo Etl‘%"”ka’fr,x_ﬁﬂmﬁ%éa’rﬁ\ﬁm,
Sﬁﬁ%“"fiﬂn?ﬁﬂumiﬂ Al )% Bk M 4 D 1,000
VHERARZ®R ﬁ‘}ﬁffﬁ%?@afﬁfﬁ AoH &b 2R
I T HE A% \ '

& % 50 AR
7 T T 82 R




- SO G R - B 3

T A P i e e

v 7 8 AR
=" 2 i1

B E N E B mE ) B E R R
i 5 64 2R
7 T 96 2t R
7SRV g 2 R
B bt 2 1

3% G W B AR B LR O /%DF%E%—‘%%FE%JET
T MR R K WD E R 2 F W IR R ARHE F BT ik A%
¥4z TR A B S K OLE R AR R R
HAREREEREG AN (DB +HE) MHEE
ZAMRE B EHMEGHE S KM 15 2 R Z#ﬁﬁ%ﬁﬁ
M EHLHAEIR ¢+ 2REHEB =L — |

BREME=ZRERAGASEGFIERAIAFTR
MEREZ.UMEH 1,000 ‘x’fﬁ")‘i’Z?kﬁn'ﬁﬁﬁE&EE‘

BER I 1 A5 HEES B85 ﬁlﬁ%aﬁ(ﬁs&
A v BN B W E Y E S

i 802 R

il 11228 R

) S 8 2% R

= 21 1

O HUAWMAKERZ RO EMNEREALLITA
RURNBREAGEERVARERE =2 E 06632
Eofﬁﬁ@%%#ﬁ%Zﬁﬁ’iﬁ%»%“ﬂ‘Pi@‘?ﬁ]'a



S

S R PR T RN 53

T T 6 M AEME D TR A B DLLLER Ok
T W% W W B A K 2 T WA I 2 b S AT DR e
5y 8ok W — ML HE T UE T 2k B
¥+ & 15 e

BN R I I g R R
el Sl R

B A7 G0 S 1 R S )T 2 Bk B DAR AT UK B
m F

C ol ST 4 B B 92 A 5 TAR B0 A o S A s

TR AN ET %R )

PLEME S 201 973,600 3 AR Hifg 0,135 § 131,436

K R4 7]‘ 526,200 VERR ﬁfg 0.16 $ 84192
P DISUEZ 1 261,300 7 HZR MR 0,025 § 6,533
T B B W i R ok R $ 150,000
W W E R R B I B = $ 500,000
4t & $ 872,161

A BT BORE B8 B T Ak — 8B 2 R L K
B MG R R TR 2 MR BLE R S W 2
6T B 0T 90 L LA R K LI A R 0 R 0e
% E £8 F R o




54 M W T B O OB

B=E & TiE R N

B M

W 2 A A
e E I 0K S HE RN BB 2 ok SE SR
HBHEXEM P EMNEEWEMRRTRESEDM
WD LR ez Ak i R DL R R T R HE R Z AL
B 45 W A AR K SR oKk HLRT B 3 VR BB ORI Ok 7R LR A
2B M B AT B G Me— B B SR A 2k B
U Ot S kb 0 RE DD I ME B OBV ML E B 2 B Bk
CEB R Z TR E S B R A
KA E 2 THE A R Z KT
A T [ B R RS R R R oy =
WSS A R TF A6 M AR A TR A8 45 B0 B T OF B IR B S
Bl 4 5 90Kk A KE N A S BB W) N2 S SRR A T
ABZAMAHITIRHELHES AL KEBZHBER
MK BB T BE 05 TR M R K H) N R B B O T 98 I8N,
St 3 0% i )k SRLLL B o M SE T RN T AR ML Monk 35 B
B A SE 1S P A L 0 AT B AN T OAT.ER OB AN B 35,48 ok
o b W A R L OFLR 8 2% e
\ B SE ST E 0 N A M N AL A 0
71(6’&1{#5%@5!1'! B A 155 00 22 2R K SRk 8, — 4 th gk
R AR SR — 5 BT 4T 2 ok I JEE OR &




v"ﬂ/.
| B =W AL %‘i—nff“q 56
s —olh S R # S B0 C B b e ) & ok L —

h 2 MMM EB AT RS ERB T E2 R,
NRKRKRAEZZARDEE -G MR TT H45 24
CHAZ A R ERE S ARBU LKL AEMEILEH,
2422+ ok B E SR E— 4 Ik
NGB%%@E%Z£+~%KWF1M%Q@@
Fiob b Hfh 2 E A2 15,570 Co Bk 3,0 F B2
BRE M &R Z B R M NS 2 18 28 W R,
LU ook B0 R % SR 5 M K W L - o R TR o
- A5 TR D 3 R TG B SE WS LB 0 F 3 i 3K Tk
e BB 2 (R ot 1R TR T 6 Bl £5 51 U0 35 W) BNl A6 3 I
EHZHMTAZH TR BETARES BT LEE
WAL LLFL0 S ON B R T AR Kok sk B R 4R 1R 35
U2 AR CE TR MM AT R W AL ST B DL 3k 2,
B Z B 2 B .
B g th SE 2 AN R K 0 B AR 2R LLARLIE B B (E
K AL B TT 10T 2 RGE T DL §— 4 o 4 gt sk
LT WO 5 R R T S 2 155 KA W A 4 — gt It
LR R O Bl Nl I VT D P
BB S B SR R A B0 B R 2 i
B B RBERUBMBBEREES B =2 BT N
B M2 B RS A0 T 98 KL — R B S AT O T g
B2 E N, |
05 B AR BE R OBRLIE kW e R PLET B B

A




MO I R B o#%

B 7k &80 A% B fi L0 gk AL 0% FRIE B 5 2 LA AR AL R
WA PR B G Sh P 2 BB WS Bk
Bk A RLBE S L 3 2 Ak ANS% B B b 5E R PR AL A S,
Ty B b SE B POE Bk AF SRS RS Z ok AL BT 9E %
R T MW PLECA T W A0 B F W LW 3 R
O GRS L TR B BRCA B 2 N B Uk R B IR B
CH A TP — A Rk A R T TR
8K B 2 B K, | ?
A KB RR M S WE R N AT GG 2 L A £ EME
LR OT T B R A BLLLBE 3L A T B '
Wi SE B g -
ﬁ%ZMﬁI&#%ﬁM$xﬂmﬁ%ﬁkw
M2 B A AT A 2 N R (RIS L)
PFPRELERGHICK BEMH — P Rmmg
MBI BRI AR AES S SR
B CF 0GR A L T
HARB WA AR EDRD &8 — %%w

T%EZ&% E R GE Y W R R M R
PR B ER WM B RS2 - n.A R — H"ﬁ
WL R B S B S AT N 3 T BL S I K S T A 0R iB 2 A
o

PE T E RIS O 2 W) 0K NS T B
o B W 2B AR ST 2 e B — W R B R B T
B b B R WA B — LB RT O A A R s




=B MR 57

MEWSZ MR BOTRRAET L HRIARERERNE
| W 2 TR GE B AR B — B B o B I 2 A
% BT L) Bt AR HE S ok M LR B AR W = W T F
' Ll R L

, W ERRBRR Z HE B

EMBERBRUBILE LEREESE S ENT
A HMENHHALS USRS 4E4H 5000000
Wiz ER T+ EENBTIEE 20000000 % D
HOBAsd @R BMEHBR2EILTEZES R
BBz W E B R 0B bk M T K Ve BT B A L
BABAAEZBRATALIERAMBEER S
BE AR D% I A T % 10,000,000 MiLH A Z 1 E
BN 2 HAEL B ALK 1,000,000 el H 45 L
#% 7 L & + %o

Wi W 2 B

MEBERTNEZ R/AVED&BZ MG A L
S AT I R A0 AR WE K O SE 2 8GR AL A
FE W G0 T SE O ML SE T % 16T K M ALE T & Hom
T2 T B Ak VR B AN A SR 150 M KR 1 B -
Y TN -ES SN L e B |
— RAONBERBUIRBE NN EZEERE
RIS B IE DL T 2 A S B K K 2 3B gho 4
sk B B A2 S R M6 A R B — 7 AR M B B
BZABBBERKRERBELAE MR AESR > %




58 #i E T R OB &

N L

W RS LR DL B B4 VM SE IR Mk P45 UE GE BB W AE A
B2 BLAR 1R K 5 N A A Ho -
R R EMEREEROGTZREE 72 2R,
" HIOBRIEAXR 2 ARASEH LR OB HFFEMBO,
‘8 B I By 2 g i j"s} 72x9><2><0.88><08.__= 910 » mgg,gn 900
EMME R U A RE RS RS NEE
;(%fﬂﬁ)&%%ﬂﬁﬁﬂZOARmﬁmﬁ%
BIARMMERMENBER L AR, ~
e A B MY SE 2 b T 28 i RR Uk TE LG A R4S R
HBAEBERERBU SR TURLAS — W
BIPEREETAA LI AR W EEERTE 40 R R,

[lem——— 90 > 9_0_.’

g,
2

A
A
> N\ e
S
W
»

e 20,0 "

BHABR MERSEIUEE

Y W 2 5 IR |
85— W2 R 2 A RS 5 R R AR 4 B ok SE B
BAMBWMEL T ALY L EHRBE A AN
BARABRIAEMMZBEE LHEMBETHEMZ B2
BB ARMEB 12 ARELRAKEE2S 2
RUEBRZMEBRTEBD — L5 ARE 32 AR,
k2 AR 225 2 KR R T 0B U M 3




=T MELRHA 9

2RE2 2Rk 1% AR RS2 WK, F A @
5 BANE 18 e i I NN Ao O L T L (R e el P W oY < 2 B 4
ERARZAMARLBEANNTELAHTFE ABEARS
MZANBEABRSITMIAARERTURAMNAS B

T AIMUU SRR AR - R AE HEERR D
BREABAMNZE-METITERER 20 31 5 2 R.%E
ok W1 ALl BT DL R S8 A G s LA ok 33 LR BT BE Ok
RN, LRk BB BE M RE

gt K B g I 22w

WER UK Z BEVLE YW L T LB o >
W 3B AR B RS ORI BT B B kw2 R L A 2 R LB
WA BUT Z RIR KA 6 £ B EY L2 ALY
VIR — B 4 88 Bk 2 2 ML 4 8 K 2t ok B B 38 2 1
5 R B M ol AE M R W) DL R N — U R 1 L
L e Nl 0 i SNl R 31
MAREEREAERLZHEHL LA —-RT B XETHER .
o :

BRI ET R EN A MY T - B 2
R AR A TR W E Mk B2 AR R DL RLIR g
KB Z R — BB 2 ok BB MR T K R B
WERBBEAMBEL MW S — B z2mBELEANE S
BREARMUT =2 R,

#OR I 2o -
K SR 3B m%%%ﬂﬁém%BM§mu&ﬁ




60 fi ¥ T R M &

A~

HBRBIAEAMITERS — B T B R%
EEHBHELR SN EHRBSLERIAR L R
H, |
' MR ESHE RS

2 Wi SE BT R Z AL WO B R b RLH BE SE B
BT R 2.4 B A AR R Rk
MAEBE - BReHER KM EE 9267 ARKHERSE
CTHERS -+ —BUR —

g RMEASAEAB LR L ERERER
HEERBRBRAMYEE RN TSR B
HAUAMGBALIBBERS T LER IR &R
BRI MR L 2 R W % B Counter
ot REAMKERUNGAABRELZ S BB

B A% B A B BE kBB J1LEE T 131 4 2 9 8
BABRFAAREEIRESTER ML

Y TR OB BB R LR B e
g ok Bz = ﬁz~u§@ﬁ&F%%Z%Em
B 1.8 BT B i R

O RMMBteBREBRRIUBEERMELE NP AR
KPR U ANTERS &
ERAEFEHEZ AR LM 50 Bg XS
@%%@ﬁﬂ&ﬁ&mzmm%mﬁﬁﬁmzm&
RRNE -—BIPZHARESHECR

BREERERSERMREBEM NIBR2ERZER




M=, HUETREHS 61
O
. ¥ OM 0 2 A E TR
,%

B — W BT AR R 2 GE T E T RE B b 34
W#MEZRENESNRAB TR .8 4302
BoEE A MO LB A% R R E RELB P R e B RELAR fa B
2 ooE TR 1OE BIM RLIL Kk IR OECE B0 BhE B

LIS AR 1 RS L W R B M Z Bk B
BEXDUALERWNZEB B K150 2 8,110
| MABERBRZHBAABRLEBERADREME LB
P MMM CEEMERRE N RIS P RS
’ Wi SE B FTOH M B A% RO BB — B DL % 2 TR
BRMME U T B ZABAE ,— B
EWMANLZBHAWNTA TN ERAEDHEHORHE =
I Bo— A B M R PH 3B 0 ITo7e B B T2 22 0% DL 4%, =
WA I Z B N WL e T W 9 48 0E A 3R i
TR T TC 2 A AR B AE K 3 LB A SE B3 R o —
A UR SR o A WP B R R R
R IR 70k (& 3% BE AT CE AN U B T Bl R B
RO R 7 F WM LMK B A B 2 . E
ALE - MM TS - SE e ETRS
.. ¢

H-HE ABOMEAEH

RAGESEBR D E ML M2 08— 8w




€2 OB S S )

PLBH o8 ) 0 W1 BLF 00/ $k dt b B % £ F 8] %
MARERDBAEMSMY ELAB%E0 M
BBRGE MR RSB RXR B TERERS
HBRZ-EPHHEBBARLEENE DR,

. BEFDENAGROEISABRIEILELA
HOT(RBAZLTITRESHBEHTEELNAR
Y %8 5)

PR RAERMKRLET 7,168,188 W A5AR $ 967,705
HURMT(ERAMEZ ) 1,102,046 WHAR $ 27,551
FIRI 4 RIET 5T:551 AR $ 9,209
B B HR 2 K3 $ 50,000
4t 5t $1,054,465
BoHE ABUBRETER

oS M BR A 8 B 3% %%&E%é“ﬁ%ﬁ%m
KZH%T%@%@M%@&TE% L B B U R
O B B M SE 2 ih3p 0% BB T IL 4 10,0 B 58 W b
MEHERZ S MZ T 5k, % R 05
2 Rol ¥ 289 2 RoR {8 2842 ok F ok AL 2 K =
ER 6T AREIB 1T 2 BRBAMABE 1,0 2
’Ro;.%&éﬁ455}'\;@0@?%1&%%@#@?0 |
L B — $ 300,000
 PETEBEE RNERR 3,300,262 17 HAR § 445,535
SURERL (BRI Azt ) 555,844 T HRAR $ 13,896
SR RIRT 2,015,856 HAR $ 322, 37




= puE RED 63

3wt $1,081,968
HZWEBER OWMEMZES MM

Mo By Wl GE(E KR 1 A0 B8 B Slo— A W DLl AT
BMEZMMANTEABRBSE =B PHEgREHR
DL B 2 B fE kA 8000 45 - b B R Rk AL B 0 R
£8,00 W BB R 2R R &

BB b LR R R DT %EHH)?U.:E’
o B 2 R AT H B L {H SE W ook O 8 & D4,
AF 2K Wk 2B ms o X BB Hr M 5 n B R ER D ARL B0 T OSE M
mA RS AT o R EP & UM R E A
{4 5E W W T o

B ¥ 88 Bk £ AR D 2 5K B L B B e &
EHEMRASEEN 2 MEBRBAARERTRUEES S
RZH I BPPUMBBEBAITERBIALR

AEBEARMEALERS 005 ZRUEKEESH 2022
R%ﬁﬁ197ﬂﬁ/ﬂ;ﬁﬂaiT FERM ZEZ B RKE 9.2
AREPMRH S22 AREBEANABKE 1 ZARIBEY
104 70 B pF & 0 F2 % A8 5t 1n Fo

W SE W — PR $ 400,000
SETEBEYE AL TR 2,476,974 Y AR § 334,391
SRR L (IR AZmZ 1 ) 569,950 AR $ 14,249
IR W+ B L 1,978,120 W HAR $ 316,499 -
B AR Sk B B 9 & # $ 50,000

3t} $1,115,139




i 8 T B A &

B ER OBIWR R EERN

Vb By Sk B BT oMk sk B 28 Y 8 R R H 2 RO

BER 16 AREBEA 11 A RMME E T MAM
ZEX N AREISIR 3T ZREMUTERR 2
TR RS MR R Ve TR & M DL TR W M iR 3F ok .5 M
HMUORBEEMB (RS- +FAE) BhEEWE
B TR LB AERAMETEEESE =M
ZRAERIBR2ENITSIZAEEIRBAMN D T

S R — ’ $ 400,000
2R R E WK 2,207,082 T HRR $ 297 956
FRBT (WA RZELZE) 170,020 37 HAR $ 4,250
£ ol 3 A 80,764 T HAR $ 12,908

3 =t | '$ 715,114

EEER HEBMEHRMAM |
HEBRAETPRABRRALBAEBRKEEABR
BB A 2 WE AR Hi A BB R P 70k i b 3E B L
BB W RV S B AH BT R B T b B A W DG B
HE VR W T B VW b U B TY O AR AN WL K 0L BT
B BB EAEENRARZASFER
¥ H 2K B &

O BESUVL RO F B AL T GEO1R B % R UL L T &R
BMEBANE R 2 — B4 4 — 4 ik ¥ @ 47
B RSS2 A B0k AT £ BB B R T DLk % B W
R,




B = ﬁ &iﬁlh’fﬁ 65

ABRBAKMBILSE 05 ARUBER 13 2R
BAE R 6.8 2 Roft i 0 Mk T w5 0 RlME v B M
ZTHHAKRMTE 1000 RAR M= ETFTHAMEE
BRKRB 92 ARBNIA/ I ARMB RN @ KMKAE
BRIBEHUUSZBEHNEIREBAM N T

W — $ 400,000
PR WL OE TR 666,074 S HAR $ 89,920
Wk OEELH 80,000 SrFR % 12,800

H # $ 502,720

BAER TOAMWMESTO

BEOBE B AE N W OB HE KR BEEE A VL ok B R W &
QIHEIE/\Wllﬁﬁ%éﬁﬁlét?ké*ﬁﬁﬁ&k‘?ﬂ%
RBOHEHNE= &Mkmﬁﬁﬁéﬂﬂﬁm¢ﬁﬁ
%éMZﬂmﬁ

\Wﬁ@ziﬁ¢ﬁmﬁﬁ68§73"mmm
%Rﬁﬁﬁﬂﬁﬁﬁﬁ@mLﬁmuﬁ£58“m
THARMBE TILW A KA ATKEZ AT E
B F 70Kk AL B (& BE, T 3% K AL 28 —0.4 2 Rol - F 38 &
Bl 2% B KB T 2 Rk & i BT 8k B 7.5
RRBE R LKA 02 2 Rolk B 7T 43¢ & M € Pl
BB R AR RS E DR

AKFTWBHABELERRAALEEEZTEZS N T.H
45&)30%%7%7)’(%’).@?@&“Eﬁ?ﬂ*@%%’ﬁ,ﬁk?ﬁi%%ﬂ
ﬁm%%m%%3§3ﬁﬁﬁﬁ%ﬁmﬁﬁmﬁﬂ




66 iEli’ﬁIE‘*f%f

ALARITHTUESAMIAREMER S M LR
o '
BN 2 E TN A R A TR RS
RREH Z KB — = W EZ KWMLK RS T
9% 76 MR 45 2 T ARG S 85 B GE % 2 By R T DL 4E % 4% B
R M A F A ULk BB 2 T8 & % 5l Fo

A/E fa AL R — $ 350,000
e B8 Wi SE R 888,790 AR ¢ 119,986
%I ik L (ENAUABAEZ ) 1,990 5AR 8 50
MM 4 XL 39,020 W HRAR $ 9,243

I 7=t | $ 476,279
T % % A& st

ATRBFEENT

B OB|B W R R[RE WK MR wilmmn % &

% — B !s 967,705 8  9,2008 27,0613  50,000|g 1,054,465
% — 3|8 3oo,oools 445,535le 392,537 13,896 § 1,081,968
w2l 400,000{3 334,391/¢ 816,499'¢ 14,249 50,0004 1,115,138
% M9 Br |$  400,00008 297,956 12,908 4,250 $ 715,114
$ # Br 8 00,0008 89,9208 12,800 $ 502,720
# < Br|s 350,00018 119,986|8 6,243)% 50 $ 476,279
B OBs 1,850,000:s 2,255,493[3 680,196¢ 59,99:(¢ 100,000 ¢ 4,945,685

B ®WEEONETR




%= ﬁé‘ztﬁ%k 67

N s e e e e, o e o S

WE TR EBEEE gD - AEEDEE
7B AT MWK OB — 3 E 2 N EH — W R TRR
B AR EE 0T b 05 T W O A G BRI E 0
A B PR BT W E TR EAUS B T B— B iR
A AR OA W UERE— BTN ENNE
B e 0 DL SR R NG E 2 B ML 483 2 LI h v B A M
BN I FSE TN SE TR BT AR 4R Kot Ab R BT R 2 A M AL
=80 B TORE G RSB W W 2 o

WWEBaiamiknol Tk i 2R ZHE &
A L AT B A M LD £ SRR v T AL R B Gl M SE 2
#E DA S ROW R b B L0 R EE P ORI K 2B BL R ST i
B A0 FT L BE A VB WD m oK 0D TR S A ¥ N AN
Z W 8,

B o BT B A cp FE AR R Bh S T OBEL DL % YR 0T Bk ok
Z G BE R A qn A 2E TR R BTl R R Z W3R A e
1B O T O ORGTE 45 — 0 T AR 52 88 B, 3B UE A 2% k.
Ul NS IR R ) N A R o 1 R 5 TR A
GHERM TR THE R ERSHG — B E
WEBRZAFMEETRABAGREESR LB
B A% 4R Ut ok B L BE R F WV B 6 R Bk LT 0 0SB B
TA2 JF VT [6) ke o Aoi A5 &5 — 9 B 3 AR ohL ot 1B W1 m
B I0 B o 4% 15 % R DL 5 4 B 2otk vk — FL00 4T Bk
B AT B 5 2,

RI N I IT RS B TR BT VR W B R T R 4% AN




68 H o T OB O O#

e et e e S S e,

MRS AT R B B M U L.
WmR MRS W R RS kR
Mok M B SNSRI Ve L U 2 RS Ak R B E W R
G RNl
mm@%ﬁ%mmmm&i#mmﬁmmmﬁ
EBUER
| LEWAEEABEEDNACEERE+ — 2 R4
CEEWMERES BB R E KR LR ER SR B
v il S N R 3
MRABETRZPEHBERNGERNS+RER
BH AR EW WM HEB S LB RS A E.
BB HEEEKBER
UL By WA UE R EE 3 OR W OT Be YR B 2 KR o
RBZBEENRZEBE TR G LS R W
Z W R A4S ML B W b 2 e TR N AT BT
O 2 B KM ARG Ve T T e e g v 4 B T OB, R B
BREBEREH ALY LG+ 2 RSB R 8 &R,
BULUTEERNAREN AR ETIREAB MG
—~BRBRMLUTESENBSRBETEEZ THEBF
EHMBEUTHBEAF TS BB R (RS- +AE)
M&Wﬁﬁ%ﬁéﬁ#&%ﬁ&&é&ﬂzﬁﬁﬁym
BATRBA 0T, » |
BH ¥ W) AT 4R 1,000,000 7 HAR $ 166,000
B % B I wr IR 3,394,602 WHAR $ 458 271




B=.  WELRNSE L

[URNURAPRSEPP N

SRR (EVRURBEZ 1) 993,310 I ARR $ 24,833
R M+ B M 2,255,950 wAHEZAR $ 360,056
3 5 $1,004,056

BORERE HRMEETH
£ W R il U O N o I e
[ - Rl BN e I A
S R B I E e B R AR BB E E TS I A B
0RO PR MR BE b BB W % ) R B B R
B304 8 %7 @ 2 M2 v B L 36 2 B . E i

UL SR B kB — LR 495,34 2 B L) B iE e E —

WL WA R OMER IR B A
B 75 LT 0 B W OE NG B M TR BT
Rl DL b — B IR0 0 0 ok B BE LM M RLE B O
B\ M TR R R BROA CE W TORLE R B A
WERE A MEB 68 XARE A/ T3 2 RE
WK A B RLAEREEM TS 1000 2 Rogs T
M T KM 30 2 RKE 35 RRIER 68 1 R

B 13 ARMBEHEMAR 99 ARMK EFHAMLES

AR 69 XRENE 3.3 2R,

RESEH 6100 28, i THA M T,

BLR — & $ 300,000

B % 0+ 2,125,680 1 HZAR $ 286,967

R (BFABEZ ) 4,130 THAR $ 103
4t &t $ 587,070

#




iﬁ%ﬁlﬁifg?%

R - W R
'%&mﬁ%MQOﬁAR@mmsﬁﬁR&ﬁ
30 ARMARBRFWMHRBFATEBAELE
8.0 72 T & i 7k i 3L A B 38 2 J.8C %8 22 05 B 1B
= K B T BE R b FE BB WA YT DL UL B IR K B le— B
BARAERBEUTHIM ARG EERHTEAERE
i 0% 06 20T k 8% 98 DL AR, AT BAE 0GB NG o A A
—.0) 3 A M, -
WM Lk MS 30 & 35 ARTHMMS
=22 R+ 335 A RMLETHAMNERARS 57 B R
MRMEEE W THER 38 2RERAB B AN
0.3 Z% Rt W 7T 4% M M B RO9E B X s
| ML EW R LRGN 2 BN ML
WA P OHLTG M B R W @R B W A Do o
BB AEH TT ARGETIRLAY N TG 8
MEBEDOILE 73 A4,

300,000

# I R — g $
e # Ut 0 — B $ 300,000
BB W — | $ 100 000
HE % E oW MR O _ $ 100,000
BH 32 i S8 WK 189,042 3 HZAR 8 25,521
BRWMT (EFUTRE 24 ) 20206 yHAR $ 505
R W L AHE T 30,469 W HAR $ 4,875
H 3 | $ 830,901



W= & WETREE

A2 ¥ AR st |
Wit E TRENM A LEBRASS DT

BB M W6 W | SRR | MCEEWE | SORET | % Bt
H—RE 5 615.271s 360,958 24,831 3 1,004,056
WWEL |$ 800,000 5 286,97 s 103§ 587,070
NI ER :3 (300,0001:5 900,000] § 25,521‘3 4,875 3 505§ 330,901
wooEHs soo,ooois 200,000] 930,75{5 365,827'¢ 25,441 § 2,422,027

Jo L R B G R W R W A 3t $160,000%
B A 3 T Tk B8 N B B R G Ak AL [ 3 12,00
2 R ELF W AT 8 Lo



72 n o® L B M &

e e A e e, Pt =y

smE EMIEHE

o WEEKRZEI

R 2 kA W 2 K L MR PR BB AL
M EEE B EZ M DL Wk 2 %0k R,
Py R R W A 45 W B kB oA IS S 2 L8R
R L AR R LR E R T ORI R B 2 LR R
| E¥ LN AR BEEAZF RS E®EEFE
 HEEEULLERAESEZADEBZERRERABE
KRR R I A R E M S L WAk R
ENMETHELA2SEBENEEEE 2 30MA R
F 2RO B E 2 kL ZE K e E Ak
r?ﬁ&*ﬁﬁﬁﬁﬁﬁ%ﬁﬁ%#&ﬁZ?ﬁ@~
22 gk gk Z ik B e

BAEY BENUELEIZREABRMEESY
MAELEERLMEOE £ LR LR TR ER
-5 5 R

W i ﬁﬁ@@Zﬁﬁ%#mZE%%%ﬁéw
MESMAZAVERTIXALZAZEATHAR
AT RN B R TR 24 6T R Wk BB Ik B RS
CBRZAEGAENARE LA b HEEDE T E
BHMUET (+—259 ) BEFSEUERENZ % B
i & % W %




M E O BEMIRMGE 73

TOKEE AT R M MERMERSEE LR
VAR EELEDEAREZERFERHBNA &
NMELAPAMUAKE 2N EAZHNESRR
T EEM B RRTE AR LA R CR KR ARES
FEHENEAZSE TR IS RE +— 4% TF W E
A B LT RS T A T K 2 B R il S TR
M KBEBEZ AU EEWKE4NT PP EL B bR
BB A B AT R w Mk B BARREY
BER 95 L HARALTISR T ARET W&
QG ZRRHEBEEN THEGHOLEA — T BB =5
. Zo— R K TR T R 2 ML R ¥ 4 ML BT % 2k R
T PHMBEAARNS 14 N TR A E 22 Bk
BERBXTE 22 R mALMA—ARSR=
AR Z MR RN —~RREAEZEEAELD
M EER AT AR KRB RRE S
RBZALUE TS KBRS EHZERER I8
BV R RO Al B RAT R BOE 9 B T B R
BB REELH LR T 2HATERERE DL R
BBZEARRBE 1t X I HMEALMOERS S % T
HRBR B B AT E K AR 2 1 s |
| RAKHEE HBEBKE-BABEHBERLZRER
Vo REGHLRE K BB MM oA BEOR M H T . B,

HBBRE TN ERZ 2E ARG ER o & &,
BHACRABABETHEBEAKETHZ - 528

: i
-




71 G oW TR B R

e~

2 WAL R H o2 =

AT OB OE I DTG 2 30T S B Y ELED
BT OW OB W BSEE E R U R W
BEORFIUMEBEERALASGSBTRBERSBHKZ
MWW TRERF Z GahRE AR MR Z A F
FLE AR LLT 40000 R, Kb HHZA+ARRA

. EWUWZEBDAEEESBEAR TSN M
W R 3 W R B b 2 Wb R o E W TR R 2 65 sh
M@ ARSI HERMZ A HE L8L0,000 &% #
B I8 4 ORLET AT 1.000,0 00 GRE o UL 8, A8 T K
Z -+ 5 ZZBHHO SRR M E A DA R
B BE ( CHSETRS ) SRS EZ B
KT O R L) B 53 2 Bk DL B MR E M E (E B I
WO R 2 T KIE S B R B W ok % DB 2
A o (R 29 [ ) W B M R IE B

nﬁZWﬁ%ﬁmEﬁﬁH%Eﬁaﬂﬁﬁ%?ME
Bods o 3R ONE LB I 2 M T R UL R S BN KE

L BOKE R A 1S BAZ bW BB RARE
B AEZHESBR2 DDA ELRAEBEREARZ S i

o

HE g2z tHNRAEMHERISEYE O SEY HH

.

AMERABZRATIZA+REHRBHBEE
BUEBMRRA AL+ BRAPBRHETHZ S

@’Eﬁ&\fﬂl&ﬂﬁﬂﬁﬁﬁgﬁlﬁf’@ﬁi‘a‘%-ﬁ%ﬁﬁ%ﬁi

e




Mom o EEIRASE 75

EokME MELELRZEXRS EoKBREISEEK
WA HBRAENMMITHEAAIEBEZEREAREISET
WEFE AR 2,670 90 FH BN RGE §HEE5619L N
RO B 30 dr B 35 1k o O 20 ROy il SR A BE © 1 2k o
HAR A FEH T UMM HRERS 4094 %
V. AR

g R dmEz EKE R ILK N

O OLLTH A M X P ok YRSME R TR R ME T R
HERBEREZRXANDZZHELE A L ARALMR A
NERLNAN A 2B GEBRKBAFBEEYDZ
WE A

EHMUORBANASRSE (WS 27 B ) /K
RMEENEBREBRTREXRLEVRAMNE S &
W Z A BEM/BFEZERMODREANB R Z 48,5 8
ZEW A — WKk w0l PR R B BE 2 K 8k T
EAMTHERBRME Y H R R EZRNERER
BHAR DWW E R HE UM L 2 kBB kS
ﬁﬁ”4%nb"ﬁﬁﬁﬁﬁﬁﬂ%%m%“ﬁ%
LR L3TO I T o Rtk & sk R B 4094 —
1370=27243% v H A R4 R BHER 1000 4{34;_
HERBEKRBEEZBRER 3,724 % 7 F 2
Roti St W S MRD AR 1) 28 ROE (K P B Y% 5




it

76 Ho® LR G &

——————~

A TR AR M AR (s — B ) Bk Wik G s A 1322
FOEN 45 45 7k 22 A5 1R R UL oK ALEE TR AR BT T
ZEABMABERE A E B E A KMAE 136 A
R -
| He VR OWH R ORE S B LK E.GK Bk 2 BB WE
MIBZREEEE LB REDEES RS
WHBEEREE SR Z HERLBRE A ZKRED
CREHBEAZEARESDIRA R SRk 2R
Wiz R R BB ERMEA2500 ki HF AR
ULk etk 2 ZHAMTEELIZ2S A RBEWA
CRAELBER L2524 RZBLA 2200 %3 F 2 RE &
g R K DL ER W R AT I 0 BT B A0 O 2, B T i
PN

ey KUEmmﬁéﬁﬁgﬁme5
2 Rtk 2z %08 W% 2~ ﬁﬂ)@ﬁl36"i€oﬁ’\%ﬂ§’=m§"
ok RA T M — & Ko

W= HEKEZS>E

L HBERZUBLATEGRETS S NES
’mrmﬂxm%@vm%Jmﬁéﬁ@ﬁﬁmam
FAOLOh AT R EpELE R M B U ok LR & % =

B2 BRI B GO A B K -
A B 8k VR W R K L BY GE KB OB S W B W T 12




ﬁvqf W TR 71

S A e ]

WE A 2 &AL — LB B RE e S AT A ECME 4
W) M R G EE R R RN UL ERE
BHRWAN 12 ARKBRAABR S0 7 52 RE B
Wik AL 13,62 RWeE M 84 140057 5 2 Roji i F K
MEATHHZAEEERETON K D RA KE LA 8
g om O =LA A R B R R e b 2 Tk S
MLEEREGHHEAMFEABRBEBRN LEW g2
g REBAAE KB THEREWN S GARHBBE S
V& 3w O L W RO B b HE R R B R TT [ R
HE IR K F 3R DLW OO L B M R N W B HE R IR
WELA A A A A RESD5% DMKk ELEHEEEH
Z a1

Ko BZEARBTHLEBGREBND -8 529 %
ZHMEBETHERER3I0O I FRAREEINESD & B
65 M ARMBE HEMERERN 40 7 2 RU &
BRHEBED 60 " HFRAREBHEMDLTS T H AR
EXRRHZEKBOTEBRURATAER 2 2 — A,
iR RBEBHARRLBZ T UM B E £+ 4B
ZTrHHUBRA RS BREZEEY YRS HH %,
28 B B DRI Ak 0 B8 ok B M

REHBEEYEREHMZEREKREHL25
HEARZARBAEMALERH 50 3 K 2 R ik
QN - RUNK S FIU -l -l WD
WO B VS W WA EZ KU ER 25 A Rig >




78 Mo T O OEH K

b 0 U GE AL B 2 HLL00 W A R 2 B
TG WKW DL E B MM UL AR W 3 2 ML 1R
W ZAFE300 HF ARKZM G HEBESEIE X
RTWEZHB WU RSN EH 40 T HARER
14 A5 SE W LK 2 B 2 S 0 TSR R 8w
50 3 2 Rk B E R Ll 5 8Ll b 2z A aR vk
A BB A VS T A KB BY AT 4 AR R UL OB SR A BLIE
Ty MWK B 2 K

MM W IR

BB EENZARAUMNE 136 ARZBWHEE
211,028 Ropt & B 7k AL 5 5% 8 2 4518 — 38 Z.H B
EXE B EFEE NN ET s S &8
B (R K ALME A EE JC R R N N B OW R B LR RE R
W Z %4 B KO dn 32 G ) ) By 45 R E 2 Baak & h
%@%%Z%m%Tﬁﬂmﬁ%ﬁmﬁmmﬁ%ﬁ
BMEHESFBT S,

R RS EEENKA L2 "R%iﬂﬁii&.
AR Z & KK EE KRN B G EE K E R R
MR ZMEARMFHA 68 ZREBEMBITS R
MmE IO ARALEEWER MM HELE 40 2
BAFHB[L20000 2 BB REDL25 N F R
REMEHREHRK2ARXKRAEEREE K 00225,




WOm o BEMIIRERER 73

A A P S P e P

£ g R b B N - 1 B VL B I

7K IA] X 5 N ]
I 45 AR
7R R 8 7%

BB 2 i 1

B U R B TS R T BB b SR LK 2ok 4 B
12z MR 2 BTy B AR 2 i o MR,
Hat 4 KK 1,500,000 3 H 2 RE & 41,200,000 55,
BRI L iz R AD 25 3 A 2 RLE
MG SR W I I T T M 2 B B E
BR300 HARBEHRE ¢0 ¥ F 2 R U S A0
AW Z kTG % E 6 2 R B WEE w2 8 47.at
1100 28 B op % 4,0 A R Z B KL 8 3 2.8 1:25000,
e R MR OB N R4S N TR R — &R 8 T 4
B4 BT B b 2 L RE TR KR 200 R B RS o B R
WE 4 P 2 T E R R R B8 UL W ok R R BT B
B AT 2 HE R W TR B ML B Rk E 5 801 T 8
MRS R MRS EZRBM LS
Wk 2 BLIN BL ok AL M R0 T HE O — 2B R A fiost B
BT HAT2500 v 42 RagH L — A5 &
e 75600 e 2 2527600 MERREH
Pl = 4 & 4 Shodt 40 7% 682,000 55,/ % 757,600 52,
VT WK E RSN 2 SELAE B A BN A MR A
MR SRR 2 TRAREEZAE M




80 o T OB &

A ~————

i SEods BE /8 F 2 RJI% ol W2 LW B 2 b % ¥ |5 %
T MK B Bk M = 2 RO R R KRR R Z kN
M T0-50=202 REEH 8¢ A HBEEHR 1:42,
000, M & X #rm®WmT:

kT 40 2 R
E29ol 12 2R
yi\ RS T AR
B by 2 K1

a2 T8 14000000 jﬁAR%%?‘?
# -/ 1+ mE

DR WS W K& EE WLBE R n DR Bk B A &8 BB
ARAMAE 12 ZRETHIEAEH 50 T ARES
MZBETOABRZ LHERARBIRFS X RMEA
ol I 2A2RETODHMMEBAMEEEXEIOZIRRM
T AT BB ERERTUZEE TR
WEY 48 RESBREZAMBOOOARKBEER
1:12200087 5 A BT I W B S 0 T

K H & 25 R

HEH 5 AR
7K B 5 AR
=3 2 1

BN E THGT 20000 A RER
ak#"]"‘_ﬁ.-fu‘gio
ST U A BT AR 40 W A L A I




oM mMLﬁ%ﬂ 81

A@%%MMﬁ%%%%ﬁﬁ@@ﬁﬂﬁﬁ%mn
P12k 1 HF % W A AR S K W 0E 50,000 St
%ﬁ%k%uﬂ%mﬂﬁWM%!ﬁm%%
ARERZ RN AHABRENASBRZERNTEAN
L

T D AR Lok ok B A RIS R AR Z BB
KMEABREAEE PR ERZHE W EAS>KRERLER
Bouh— B 9O 2 W B . W 3 i W R W, E 3 E W
MRIL AW A ERBSNESENBREEMNBLILE
EWH A AFRB AT ESIRENERESRE
TS AR EEKAMRBESELEETAENOEEEA
+ & it

R R R U T §

FEPERE TSR B RS
B W B R I 10 KR B 2 LR BT R R 3R
Bk W 3 B B ZF — b |

He TN IK S A LB L )R R B K LA 4 7
TG M2 B 2400 3 5 A RELZ M
B S T B WGR E RR SR AL S R
7 S W) B 5 MK 8RR A WL R R R
W) ok A 5 T R R B R — T A R 2 AR i
MU H R SE W 2o SE T B B R BLERR R K R e




82 Mo T RO &

—— L P o e e e e

O WOk B R E R CRE A RBEZET

W 2B R M B ERM AN BN BWETREDE
}ﬁﬁﬁk&Txﬁt%%ZY%:EE?J\EO@A%?z‘t%‘ldi &
A T 3k

WARHE MY T B

HE BE B N T RO OOKLBY B W) R OB R PR 2 BT E

A B B N RE S AT O ARCME B A TL AT W o,

BRUBABZEBRBIERREND 2B RHAE
FANMNBREMBLZERMMB TR % &I EELM

Z ol B P Z By Bok 8 2 % B0 30 3 I BLRR 38
ﬁ%ﬂﬁﬁ%@ﬁﬁLﬁ&ﬁ%ﬁ%ﬁ%%%&%
BUEB® W ZE MR 00 R 2R K
TURSZHRELEEBFWAERE THRE 22

7156 B K 5k TREE B 3 K W WAL A TR 8 2 ik

BW A OREMGHZEABZIESRE AN ZEHET
EﬁTﬁﬁM%éﬂﬁ%ﬁmi+@%#+ﬁx%
WHE b E R
mﬁwcﬁmému&wu@ﬁ&&mzxﬁ
A—HERZVFADTRKEMER &S EEELUM+ 5
CERE AN TS LA TREREDY TR 28 T8
BB 2wk B 2 Bk B R o R AR %ok

BEgaEREABZEEB A ARIE —@®@EZ %

a5




e !

BN E O REIEGY 83

RN

ZELHMEREZREREB LM EHMARIWE
Zﬁ%w%29%&ﬁ§&§%ﬁiﬁ%%ﬁﬁm
WA AE AR BRI L Tt 3341000 Ny HAREBUA
ARUYU— ﬁﬁ“dﬁﬁﬁw3M00ﬁ%%iI%

1786300035 F R4 HARU—M =% 4G
MW 2412000 55,/ 4t 2,947,000 55,3 4 5 H

19000,z Fo+ & R M U T+ JT whAE #

190,00 0587 W 8 0 & 4 2 F 7% 460,000 5T, 4h 7k 14
34 h M 1,000,000 g 4t ) W E 2 30k R
THEFIRIBE597,000 55,

BEEEVRXERZREN 2 HEREBER KR B
HIEBEARARERE S kB EBERORE D
25 A RSER SEW 2 ¥ D M.JF BE B AT B BEIE R
BB O3k R AR O S L f

At PEBE LREZFZRTM TR (B7H)

% T IR R

EEEEE

|
I 2 | 5 i \ ]
} I lﬂﬂ FIH6 0 MOHRM ) H A oo
® R I R | | T
1,200,0.0§ 300,000 — - 500,
B T ) 18 gi | ! $ 1,500,000
EEW@% I [ - ! 1 e ,
100,000, —— ol
CERFmP) | Rty | § 100,000
o PR 2 LR |

| KRS :
'$ 2,947, ¢og $ 460,000 § 190,000fs 1,000,000 § 4,597,000 .

CRBERHIK) | |
|
i

ﬁbﬁﬂﬁuﬁik —

$ 62}7000

J
|
$ 50,000% — — }s 50,000
\
| |




84 . M oW L R OH #

ZAHRRSRABE A ELAENTELAEAR
HEmEREOETE T LM EEERZEBSE W
UBRTWEBZEHGAHLBEEMR Y L84 K E %
WhzBEEBETYREUER - Tt 2F 2 —F
BRAzZ Lo P IRZZNEAHNEINE EEHE
OB AR R & E 2 N

WA Y




W E ﬁ &x&ﬁi&ﬁéipﬂi %A LAE 8

EhE WHEESZzZHERSHITE
HW BN R TRERS S-S 2T

B2 3 M & BE AKX B0 RT B0 M A AR D OARA AR R B B2 o

BLER W A R — 7 B WA — M TR 2R M

FHl AT A A LS EMAE STz E

M AE S5 — 1 RSP I A S Ak 45 A AR U 2 AR AR

BELEERBI R R RS A B S REY L&

ZOW B B BT 2 W B R M3 B i B R T
B A W& cKi—

C LM ®y7 w IK el L

(2 )i & ol ®9 & 1 oK v 3 A W) R W E B

C3)W & L w4 o F3E R

(400 2 W% e 2 8% 8ok % 48

(5)M & ¥ W b oW & Kk 2 & E A

(HW B BLEEWSRMEREEM T A2
3B

(7 )il & BT MR 2 B E A

( 8 )i & B%&MW@W*&%%M&E&
ol .

COOM B M A SR K M I B S T S UC S W >
Wt o 4t |

(YOO & v S8 W0 Ky o8 506 ir 4 P 485 8 4L 2> 3 4w
Hi 7

CIL)W S S 5 A 7l oy 0 o 0 08 B R 78 0 2 5% fm




H oW I F i &

1 71

(123 5 e o 10 S8 WS I I M d 2 B A L

(13 8848 3 0 & & gk S ) BR

(14)H6 32 B F 70 9 Jb B 7k X &

BOR R BR R OTTBR K —

(L) s REBhy2myg

(2 )0 BR HE 25 45 I s B 2 4 % R &

(BB THIABREREES IR ETERER
AWMBZHATANEETE 2 RE

(A MMABRC W &4 m R R 288 &5
[ |

(5 ) 8L A FCBR B B 2 Bk e A

(6 VA MR 2 MR R

(T ok 30 R 45 3 o % % 2 60 H ) AR

WA B —

L) BB 2 R R

(2R M4 LB M T2 fhi 8 &R JF

(B8 3T M T #m 1 |

(R4 TBEATZABRES $ T

(5% 3h W 13 45 48 S8 W 2 40 35 &5 HE

(6% #F UF vk w0 1 o 3 o g

(DI BHLWEF 0 2 M0

(8 )&% %h 3 45 36 o0 2 A 36 TR

C9)R& 3t vl ol 45 9 i 2 34 4 T A2

i
s~




WO T HERREAT DN B LR 87

e

(Y07 =k 4 M Ja) 50 Bk ok K E I K SR B L AR

(LU ot 40 8 wr A 2 0 35 65 32 A E 8%

(123 Witk DEM D =ZILBEHWW
KN

(13)3% &t M 10 I 22 B MR A% 38 B

(1448 23 WF 20 o (6 2 8 ¥ & & Ak AL b %

(L)BRTHAMBRA—-UEEM MBI ERYG
Lyt




E{

e S s S e

31

I ¥

T




Chapter 1. General Statement

Artiele I, Introduection

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

The first man called to public attention to regulate the Huai
River was Mr. Ting-hsien of Sanyang. He did not succeed to get any
support. The late Mr. Chang Chien was the most outstanding ‘man
to pay attention to the question. He established the Kiang Huai
Conservancy Board, which was subsequently reorganized into the
Huai River Surveying Board. This board lasted from 1912 to 1926,
and had accomplished most of the surveying work. Besides this, the
Huai Region has been surveyed to certain limit by the different or-
ganizations, such as Kiangsu Grand Canal Board, Huai-Yang-Hsu-Hai

(1)




Topographie Surveying Board, Anhwei Conservancy Board and Shan-
tung Grand Canal Board. For these reasons, the number of maps
and records in this region is most abundant in comparison with other
rivers of the country. It is the result of the continuous effort df the
late far-sighted men, to whom we should not pass without metition-
ing a word. '

Many schemes have been drawn up by the engineers either in
this sountry or abroad, such as the Red Cross Engineers’ Report of
1914, John R. Freeman’s Report of 1920, Kiang Huai Consetvatey
Bosrd’s Report, Anhwei Conservancy Board’s Report and the former
National Conservancy Bureau’s Report: Mr. Wu Tung-chu 6f Kwan-
yung District wrote a great deal about the problem. His “Table of
Annual Events of the Huai River Bystems’’ is a piece of very laberi.
ous work. ” '

It is due to the continuous fightings of the notorious generals
in the country since the establishment of the Republie that the cons
struction works of the regulation of the Huai River has not been able
to carry out, inspite of the attention has paid to it. In 1928, the
National Reconstruction Commission appointed a committee to make
@ collection of the literature and records of the Huai Regulation
broblem. A pamphlet called “Report on the Records and Maps in
Comnection with the Huai River Problem” was issued afterwards.
The National Government finally paid it¢ attention %o this matter,
and appointed in succession, in January, 1929 twenty members, to
organize the Huai River Commission, with the President as the chaip-
man. The three bureaus under the Commission, that is, the Buresu
of Genersl Affairs, the Bureau of Finsnce and the Buresu of Engin’as
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ering, were established suecessively. Prof. Otto Franzius of Hannover
University was invited to act as the consulting engineer, with a six
month contract, and he arrived at Nanking on 20th, November of
that year. Although rebellions have been broken out from time to
time since the organization of the Commission, the Government has
meanvwhile spared no effort to the Nation’s reconstruction work. The
Commission was encouraged to push on its work for the Nation’s
benefit.

Tentative technical reports have been drawn up dealing with

certain aspects of the problem, such as:

The Hydraulics of the Hungtze Lake,

Water Requirements below the Hungtze Lake,

Hungtze Lake as a storage and also a Flood Detention
Reservoir.

Frequeney of Floods of the Huai River,

Project of Escapeway through the Kao Pao Lakes for
the Huai River,

Iistimate of Excavation for a Channel in the old Old Yellow
River Bed, |

Preliminary Estimates of xcavation of the Outlet to the
Sea for the Huai River, ‘

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

Memorandum on Shantung Grand Canal Project.

In each tentative projeet, paper location of different routes was
made in order to compare the quantity of earthwork for the final
selection.  On seeing that the most possible routes to divert the flood
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water of the Huai River are those by way of the Kao Pao Lakes
and Kwan Ho, surveying parties were sent to those places. Topo-
graphic maps of 1:2,500 and 1:10,000 scales were made. Beside
these, detail surveys of the sites for regulators and locks at Chiangpa,
Shaopai, Yangchuang, ete., were also made. Borings were taken at
each site of the contemplated structures to reveal the underground
conditions. All those matters are conﬁeeted to the final make-up of
the scheme.

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

The principal part of the schemes in this report is the same aa

in his, since in working up the plan, much investigation and delibera-
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tion were exercised by our enginsers in reaching the most economical
and effective solution for both purposes. The only difference in the
two reports consists in some numerical assumptions in caleulations.
As soon as the principle of the scheme is worked out, designing work
begins accordingly, such as designs for the flood channel, movable
dams, shiplocks, ete., each being designed in different ‘types and ma-
terials for comparison. For these reasons, as soon as this report is
approved and adopted by the Commission, and fund available, con-
struction work can start without delay. The main points of the

schemes will be summarized in next article.

Article 2. Outlines of the Projeat.

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

the problem of Huai River regulation lies in the well utilization of
these natural reservoirs.

The benefit of water in irrigating land to increase its productive
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pawer is well-known to all,-another important factor in its power of
production is often neglected, that is transportation. In the Huai
region, the only thoroughfare existed is the Tientsin-pukow Railroad,
whieh is naturally insufficient in serving such a vast-area and popula-
tion. The under-development of industry and commerce, the poverty
of the general public, and the bandit disturbance are all due to the
sad conditions of communication. It is only through the regulation
of the Huai River system that all these reverse conditions can be
mended. With the supply of cheap water power and low rate of
water freight, which is counted ta be only from one-fifth to one-tenth
of that of railroad transportation, industry ean be flourished. The
projects contained in this report include the flood control, the improve-
ment of navigation and irrigation, each being dealt with somewhat
in detail, while water power being left for further investigation. The

main items are summarized as follows:—

1.) It is to provide for the Huai River a principal flood channel
through the San Ho, Kao-yu Lake, Shaopai Lake, Liochiakou River
#o the Yangtzekiang. The flood discharge through this channel is
regulated so that it will not make the water surface of the latter river
higher than the H.. H, W. L. of 1921. At its head, near Chiangpa,
movable dams will be constructed as the regulétor As soon as the
water level of the Yangtze increases to the H. W. stage as in 1921,
part of the gates will be closed s0 as to limit the discharge down to
6 ,000 m%sec. and as soon as the Yangtze river receeds, the discharge
can be increased up to 9,000 m®sec. which is the highest limit the
regulator and flood channel are designed for. By this means, the
discharge of the Huai to the Yangtzekiang will be regulated at will
and will not endanger the latter by discharging as much as possible,
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which is the eondition existed at present. Henece the flood condition
of the Yangtze will be reduced too. The cost of construction for
this channel is very lo’w, since most part of it lies in the lakes and
low land, and it requires only two dikes on both sides to create the
needed channel. TLand amount to more than 1,000,000 mou in the
region of Kao Pao Lakes (Kao Yu and Peo Ying) ean be reclaimed
after the dikes are built.

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

enough water for irrigation use, with sufficient slope.

3.) The Hungtze Lake will be used as detention basin for flood
water. Before a flood is set in, the lake will be emptied to the eleva-
tion 12.50m. If by that time the Yangtzekiang is not at a danger
Stage and the Huai River flood is moderate, the inflow to the lake being
ieSS than 9,000 m?[sec., then the regulator will be opened to discharge
Qs much as possible. As soon as the inflow is increased to and over
9,000 m®/sec., then part of the gate will be shut down to limit the
autflow to 9,000 m%sec., while the excess quantity of inflow will be
’retained in the lake. Based on the standard flood peak of 15,000
m?/sec., the necessary time of retaining the inflow water is about 25
days with an amount varies from zero up to 6,000 m?*see. The lake
surface will be increased to 15.60n. If the H. H. W. of the Huai
River and the Yangtzekiang mee: together, then the discharge of
the flood channel to the latter will be limited ta 6,000 m?see. in the

critical moment, and the lake surface will be likewise higher, that is
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16.10m. This will be the rarest happening, and will not be met
with oftener than once in 1,000 years. If another outlet to the sea
is provided in the future for the Huai when fund is available, this

condition will still be improved.

4) It is necessary to dike the Huai River above the Hungtze
Lake, and its principal tributaries, since with the flat topographie
feature of those rivers, no other method than the dikes will be prac-
tical for controlling the flood water. The Huai river proper will be
strongly diked from Hunghokow to Shuangkou while the tributaries,
such as Hung Ho, Yin Ho, Pei Ho, Shih Ho, Hsifei Ho, Chien Ho,
Kwo Ho, Kwei Ho, To Ho, and part of Peifei Ho should also be diked.
Channel correction will be effected at such places as the points of con-
fluence of the Huai with Yin Ho and Hsifel Ho. Several tributaries’
such as Chien Ho, Peifei Ho will be combined into the Kwo Ho
before they join with the Huai River. Several cutoffs are also necessary
at Kotaitze, Sanhochier, Chaochiachih and Fengtai city. Near Shuang-
kou, the Huai River vill be conducted to the Hungtze Lake at Li-
howa through a short cut in the hills. Several places, where the cross-
section of the Huai River is not broad enough will be widened, such
as Hunghokow, Fengtaitize, Fengtai, Pengpu, Meihokow, Anhuaichi,
etc. The bridge of T. P. R. R. at Pengpu will be provided with ad-
ditional openings.

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

7.) From the Changfu Ho up to the middle portion of the Huai
River, no more lock is necessary. A new channel to connect with
the Salt Canal for the Changfu Ho will be constructed near Huaiyin.
In the Balt Canal, two locks, one at Tsaikungtu, and another at
Hsinpu will be provided, while in the Kwan Ho, one lock is also
necessary. “They are all to be designed to accommodate ships of 900

tons, and spaces reserved for future extension. The shallow places
will be dredged.

8. In the eastern bank of the Grand Canal at Liulauchien, a
spilway will be provided to discharge the flood water of the Sze River
into the Yi River. At the sides of locks above Liulauchien, movable
dams will be attached for passing flood water. The Wishan | ake

will be used to retard the flood water coming from its upstream.
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9.) The Wishan Lake will be used as a reservoir. Its W, L, will
be maintained Letween 35.1 and 80.6m. In this way the maximum
outflow from the lake will be limited to 1,000 m%sec. The storage

will be used for navigation and irrigation. -

10.) The closing dam at Lukowpa on the Yi River will be rebuilt
into a movable structure so as to confine the flood water of the Yi
River running southward across the Loma Lake, and at the sametime
part of the water ean be diverted into the Grand Canal in case of
need. Other branches are to be closed, so the Yi River can be sepa-
rated with the Grand Canal. It runs down to Sanchatu where it joins
with the 8ze Ho coming from Liulauchien on the Grand Canal, and
thence to Kwan Ho by way of the Peiliutang Ho.

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

peak are to be investigated further on.

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

13.) The Hsun Ho will be used as a canal for conducing water
in the Hungtze Lake from Kaoliangchien to the Grand Cahal, Ching
Ho, Sheyang Hu and Chuangehang Ho. A lock will be put on the
Ming Dike at Kaoliangehien, another be put at the junction of the
Grand Canal and Ching Ho. The irrigation water required by the
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land on Loth sides of the Grand Canal end up to the Fankung Dike
will be supplied by this canal. The flow at Ching Ho will be
diverted into three directions, nortl to Huaiyin, south to Shaopai, and
east to the Chuangchang Ho. The total area irrigated will be
15,000,000 mou. This canal will also Le used for the junks in the
Grand Canal to go through the lake to the upstream of the Huai

River,

14.) A new cunal will be built from a place at the upstream side
of Tsaikung Lock on the Salt Cana! southward to join the Chuang-
chang Ho, so as to supply irrigatior: water to the land at the east of
the Fankung Dike, and also for navigation. The sites of locks in
the Chuangchzmg Ho and Hsinyang chiang will be settled after detail

survey is made.

16.) A lock and moveble dam wil be provided on the Huai River
between I"ushanhsia and Hu.ghokow for extending the navigation

route for upstream.

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

N

17.) A water-power station of some 50,000 H. P. capacity will be
built near the Chiangpa movable dam. Fushanhsia on the Huai
River and Wishan Hu on the Grand Cunal have also possibilities for

developing water power, though at a smaller scale. Further investi-

gation is under way.
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The order of carrying on all the works stated above will be

discussed in next section.

Artiele 3. Construetion Program and Costs.

The order of carrying out all the projects of lood control, irrigation
and navigation in the valleys of the Huai River system is worthy
for consideration. The construction program should be so arranged
that it will be consistent with the present financial condition, the impor-
tance of work and the benefit resulted. Take the whole into con-
sideration, the project of flood control must be executed before the
irrigation and navigation works, because the harmful elements should
be removed at the very start. As to the individual projects, the
regulation of rivers should be started from downstream side up so as
to serve the purpose of a general relief to the whole river. The cana-
lization of waterways must be started in those rivers where the
improvement for water transportation is urgently needed. The irri-'
ga;tion water must first be applied to the most important agricultural
distriet, and then to the newly reclaimed area in turn. With these
points in view, the construction program and the yearly budget are
set forth as follows:
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Table 1.

The First Stage of Development.

1931-—-1936

Construction Program and Rudget for Project of Primary Importance

Divislon of YWorks

Year

|
i

Ist, year 5 ond, year | 3rd, year

4th, year | 5th, year |

Total Cost

Flood Co:.trol Projects

8,218,200 | 8,2:8,200

7,718,200

7,818,200 600,000

$82,572,800

{1) Construction of the Chisagpa

Movahle dams and lock

1,000,000 1,000,000

'

2,000,000

)

3)

Construction of the Flood
Channel thr ugh the Kao-Pac
Lakes

Reparation of the dikes a-
round the Hunetze Lake and
providing drainage outlets

(4) Construction of 3 movahle

dams
Canal

in tre Middle Grand

T21R,200 1 7,218,200
i

7,218,200

28,572,800

;
|
|
|

1,200,000

f 500,000

Irriratior Projects
1) Tnstallation’of Now head gates

fn the dikes of Inner Grand
Cansl for the irrigation later-
alg

{2) Reeonstruction of the head

e Chat

work at the west end of the
Tangyang Canal

"(8) Oomstruction of the Trrigation

Main Cansl between the
Hungtze Lake and Chingho-

156,000 |

75,000 | 3,050,000

500,000

2,300,000 | 8,350,000

9,600,000

1
100,000

100,000

50,000

50,000

750,000

1,700,000

(4) Reclamation of the Kao Pso
Lakes

2,300,000

2,300,000

4,600,000

(5)

Construction of the Irrig, Main
Cansl between the Salt Canal
and Chuangchang Ho

1,110,000

1,110,000

6

Construction of the Irrig, Main
Canal between Chinghochai
and the Chuangehang Ho

2,240,000

2,240,000

Navigation Projects

1,925,200 1,630.900 1,651,600

(1) Construction of Huai Yin and

Shaopai locks

750,000

2)

Improverrent of the Channels

ifrom TLiulauchien to San-

kiangying, and Hualyuan to
Teaikungtu

(8) Comstruction of 3 loeks at

Tsaikungtu, Heinpuana Lung-
kou

(4) Comnstruction of the strawdam

and rrovable dams at Lung-
kou

2,000,000 160,000

7,367,700

750,000

875,200 800,200

160,000

1,885,200

{8) Improvement of the channet

between
Heinpu

Teaikungtu and

()]

Construction of 3 lncks at
Liulauchien, Hotingchai and
Teshengchai

1,100,000

(7)

Improvement of the vhann
from Chunchiakow to Liulau-
chien, and recounstruction of

—_therailway bridges and tracks
Total for each year

10,293,400

551,600

2,000,000

2,551,600

|
! 1,100,000
|

10,599,100 | 12,419,800

12,118,200 | 4,110,000

$49,5640,500
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Table 2 Construction Program and Estimates for Projects of Secondary Importance,

Second and Third Stages of Development,
To be Executed after the Completion of the Works shown in Table 1, -

Period Items Division of Works Cost
(1) Regulation of the Yi Ho $9,596,400
gzaootdol (2) Regulation of the Sze Ho 372,200
Pr(’;je‘cm (3) Regulation of the Shu Ho 7,759,200
(4) Regulation of the Upper Huai River | 70,000,000
(1) Deepening the channel of the Inner
Grand Canal between Fan-shui and 757.600
. Kao-yu, and raising the dikes of the i
o same between Huai-an and Fan-shui
Pirst Irrigation (2) Construction of the locks of the
outlets of the Chuangchang Ho to the to be
. sea and the Tungyang Canal to the | estimated
Projects Yangtzekiang
Period (8) Construction of the locks and canals
e along the Middle Grand Canal and »
Pelao Ho
(1) Canalization of the Southern Grand
Canal in Shantung i
Navigation | (2) Construction of the lock and movable
dam at Huai-yuan for the canaliza- »
Projects tion of the upper Huai River
(8) Construction of the jetties at Lin-
hungkow and Kwanhokow »»
Flood (1) Regulation of the tributaries of the
Control Upper Huai River >
Projects (2) Regulation of the upper portions of
. sec the Soutlern Shantung rivers »
I o (1) Irrigation and Drainage along the
Irrigation Southern Shantung rivers o
Projects (2) Irrigation and Drainage along the
Second Upper Huai River »
(1) Construction of the locks for inter-
communication of the Salt Canal,
Navigation Chuangebang Ho, and Inner Grand »
Period Canal
Projects (2) Deepening all the channels and add-
ing new navigable locks for ships up "
to 2,000 tons
Water (1) Construction of the power plant at
Power Chiangpa, on the Hungtze Lake »
development (2) Construction of the power plant at

the outlet of the Wishan Lake







The projects contained in Table 2. will be further investigated in

order to reduce their costs to a minimum.

After the completion of the primary works, the land which is
.relieved from floods and well irrigated will amount to 20,000,000
mou (one mou is equal to 6.367 are or 0.132 acre). If an annual
water tax of $0.10 per mou be imposed, we can have $2,000,000 per
year. The navigable distance throughout the year will be 913 km.
If it is assumed that the yearly transportation for the first few years
be 2,500,000,000, ton-km., and a tax of $0.003 per ton-km. be im-
posed, we can have a total annual income of $7,500,000. The re-
‘claimed lands, in the Kao Pao Lakes will be 1,000,000 mou, while
the public land within the dikes of the Old Yellow River will be
950,000 mou. After improvement of the Huai River, since no flood
water would pass through the Old Yellow River bed, it can be offered
for cultivation. Suppose the price of new land in the lakes to be
$40 per mou, and that in the Old Yellow River bed to be $10 per
mou, the total price of land will worth more than $50,000,000.
With these sums of money, the secondary works can be carried 0_1‘11;

without any finaneial trouble.

Article 4. Benefits

1.) Land Protected from flood:
In the Huai River valley above the
Hungtze Lake 20,000,000 mou
On both sides of the Inner Grand Canal 18,000,000 mou
In the drainage areas of the Yi, Sze
and Shu Rivers 12,000,000 mou
Total..................... 50,000,000 mou




2.) Land to be reclaimed:
Between Shuyi and Wuho on the Huai River 500,000 mou

In the Old Yellow River bed 950,000 mou
In the Kao-Pao Lakes 1,000,000 mou
Total.........ceovverinen. 2,450,000 mou

At the average price of $25/mou, it will worth approx. $60,000,000.

3.) Land to be irrigated with sufficient water:
Around the Kao-Pao Lakes 2,250,000 mou
Between the Inner Grand Canal and
Fankung Dyke 11,740,000 mou

Along the Tung-yang Canal 2,600,000 mou
Along the sea coast at the east of
Fankung Dyke 5,000,000 mou
At the South of the Wishan Lake 20,000,000 mou
Total...c.oovvvveen veene..41,490,000 mou

‘Annual tax upon lands @ $0.1/mou, it is $4,149,000 per year.

4.) Total navigable distance will be 913 km. Assume yearly
transportation to be 2,500,000,000 ton-km. within the first
few years, and a tax upon merchandise to be $0.003/ton-km.,
it will give a total sum of $7,500,000 per year, charges of
lockage and wharfage being not included.

L]
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Chapter II. Projects of Flood Control

Artiele 1, Flood Magnitude and Frequency
of the Huai River.

The Flood Magnitude

The Huai River takes its rise in the T nzpai mountains in the
Province of Honan, colleets the waters of its many tributaries, as the
Hung, Ju, Kuan, Shih, Pei, Ying, Fei, Kwo, Kwei and Tse of the
Provinces of Honan and Anhwei and empties to the east into
the Hungtze Lake at Kwei-shan. After issuing from the lake, it
divides into two courses, the San Ho and the Changfu Ho, and
dissipates its water into the Yangtzekiang and the sea through
different channels. The total quantity of inflow of the Hungtze Lake
therefore represents the total quantity drained by the Huai River.
But owing to the difficulties of making stream gaging near the junc-
tion of the Huai River and the Lake, the principal gaging station has
been established at Pengpu. From the authentic maps, the drainage
area of the Huai River above the Hungtze Lake and Pengpu was
found to be 166,110 and 124,610 sq. km. respectively. If the flood
discharge is proportioned to the drainage area, then the diseharge at
Pengpu represents only 75% of the total. It is approximately correect
to count for the flood discharge of each tributary by the rate of run-
off per unit area based upon the data obtained at Pengpu gaging sta-
tion, as the meteorological, geological, and topographical character-
isties of those tributaries are much the same. By this means, the
maximum rates of discharge for successive years are computed as fol-

lows:-
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Table III. Max. Dischardes of the Huai River

Year | m%sec.| Year  m%sec.

(1915 | 2,100 | 1920 | 1,600
1916 |12,900 | 1921 | 6,200
1917 | 3,300 | 1922 | 1,570

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

From the above table, we can see that in two years, the flood
flow happens between 1,000 and 2,000 m%sec.; another two years,
between 2,000 and 3,000 m?sec.; three years, between 3,000 and
4,000 m®sec.: one year between 4,000 and 5,000 mfsec.: and two
years, above 5,000 m®/seec, Among them, the flood of 1916 is the
maximum. But as part of the flood flow was esecaped through the
dike-breaks in 1921, the record of that year is not reliable, As to the
gage readings at Pengpu it reached 19.84m in 1921, and 19.825m
in 1916, that of 1921 wag actually higher. In comparing the maxi-
mum discharges of the San Ho, the main outlet of the Hungtze
Lake, we find 14,600 m®fsec. in 1921 and 8,400 m%sec. in 19186,
and it again gave a higher figure in 1921, It is not disputed that
the floods of 1916 and 1921 both show a high record. The
maximum discharge of 1916 is "12,900 m¥sec. as stated above,
while that of 1921 is to. be found out by other means.

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

Hungtze Lake is shown in Figure 1.}

From this ficure, we can see that the maximum inflow of the
Hungtze Lake, or the discharge of the Huai River for that year, was
15,000 m’fsec. It exceeded that of 1916 by 2,100 m®fsec. Hence
it can be assumed as the highest magnitude of flood discharge for
the Huai River. (This value, in the opinion of Prof. Otto Franzius,

Is rather too high, but for safety it is still to be adopted.)

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

The simplest way to show the magnitude and duration of differ-

ent stage of flood discharge at the same time is by means of flood

(17)




hydrograph, as shown in Fig. 2, in which the ordinates represent the
quantity of discharge, while the abscissa, the corresponding time of
oceurrance. This kind of hydrograph, while constructed directly .
from field data, will represent actually the condition of flood flow,
otherwise, it will be only an approximation. In the opinion of Pref.
Franzius, this constructed hydrograph of 1921 will not be a normal
case, and would hardly be taken place ever since according to his ex-
perience. His reasoning is that due to the dike-breaks, and as the
flood flow was not in the ordinary form, therefore the derivation of
such a curve with the ordinary method will not be correet. Also the
computation of depletion and storz{ge of the Hungtze Lake was based
only upon a single gage at Chiangpa it is likely in error in consider-
ing the bigness of such a lake which is subjeet to winds and seiches..
Hence the resulted bydrograph, when adopted, will be safe enough
for flood of ény magnitude, but will require too big an engineering

work and expense which are really unnegessary.

The hydrograph at Pengpu in 1921, though it was modified by
the result of dike-breaks, still represents the actual condition of stream
flow, except that the duration or time scale of the curve is somewhat
lengthened. This is beeause the flow running out from the dike-
breaks is usually slower than that in the river channel, and lags

behind the flood peak. This condition is best represented in Fig. 3.
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The full line represents the hydrograph when the dike were not
broken, and the dotted line, the same hydrograph resulted by the
dike-breaks. The quantity of v ater represented by shaded portion
A in the figure must be larger than that of B, for a part of it must
have lost due to evaporation, percolation, or escaping into other
rivers, before coming back to the original channel, Fors afety, when
we assume the total losses nunerated above to be one-half of the
quantity of water escaped through dike-brcaks, and also the highest
rate of flood flow to be 15,000, we can construct the probable hy-
drograph of the Huai River for 1921 without dike-breaks by making
the area’ A equal to twice B. The hounded line around A should be
irregular instead of a smooth one, but owing to lack of record, a
straight bounded line is used. A flood peak with straight bounded
line is of course one of the worst. With this method the standard

flood peak of the Huai River, as shown in Fig. 4, is constructed.

Frequeney of Floods
It 15 evident that the average flood to be expected every year is

exceeded by floods of less frequency that may occur at intervals of 5
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and 10 years and that these will be consilerably exceeded by greater
floods which may occur at intervals of from 20 to 50 years, and that
still greater flood will be expected even in thousand years. In order
to predicate the frequency of floods of any stream, it is a matter of
certainty that the longer the records, the more accurate the predica-
tion. But within the drainage area of the Huai River system, only
a few gaging stations with records of one half a decade are available.
It is far from being sufficient. Yet the frequeucy of a flood like that
of 1921 which is adopted as the standard maximum flood for all de-
signs of flood control works must be investigated by all means before

gc;in g on further.

As flood originates in excessive precipitation, its amount and dis-
tribution are of primary importance. If when the rain-storm cover
the whole area of river valley, and the duration of storm is just as
long as the time required by the remotest rain drop reaching the
gaging station, and also when the ratio of run-off to rainfall is a maxi-
mum, (that is when the evaporation, percolation, natural storage in
the lakes and ponds, ete. are reduced to minimum) then the maxi-
mum quantity of flood peak is originated. Hence if the frequency
of rain-storm can be known, the frequency of flood can be approxi-
mately known too. It is unfortunate that the rainfall records within
the valleys of the Huai River are as short and incomplete as the dis-
charge records, so they cannot be used for our purpose. But on the
other hand we can obtain rainfall records lasting more than 40 years
of the places in the neighborirg valley of the Yangtzekiang as kept
by the Ze-Ka-Wei Observatory, Shanghai. The adjacent valley of
the Yangtzekiang has much the same meteorological conditions as
that of the Huai River. Besides, when the typhoons, which are always
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accompanied with excessive rainfall, as occurred in the months of July
and August, strike across the lower Yangtze Valley, it will also hit
the Huai River basin. Hence tlia great rain-storm that occurred in
the Yangtze Valley would also have oceurred in the Huai River
Valley. By the rainfall data of Ze-Ka-Wei Observatory at Chinkiang,
Wuhu, Kiukiang, Hankow, and Iehang, all being lasted from 1880
to 1924, more than 40 years, the frequenecies of maximum monthly
and maximum daily preecipitation are computed and plotted in Fig. 5.
By assuming that five days be needed for the remotest rain drop
to reach the Hungtze Lake, and also the ratio of run-off to rainfall
during the ordinary flood period to be 20%, and during extraordi-
nary one, 25%, the frequencies of floods can be determined with the
aid of values obtained from the curve of maximum daily precipitation

in Fig. 5, as following:

Table IV. The Frequencies of Floods for
the Huai River.

Based on rain-storm records.

~ |Max. one Averg 5 day | Mean IRatio of | punoff | Flood
Frequency dn‘y' precipitation dm}y_ Run-off Per disch-
precipi- | on whols precipi- -to 24 hours | 2TEC
tation area tation | Rainfall m3/sec.
_Once in 10 yrs, | 150 mm 172mi | 34.4mm| 20% | 6.88mam | 10,000
| Onee in_ 25 yrs. {200 1875 1376 | 20% | 7.62  [11,000
| Once in 50 yrs. | 245 _ 198|396 | 2% |9.90 _ [14,400
Once in 100 yrs, | 300 214.5 43.0 256% 10.75 15,500

Although the values in the ahove table are indirectly computed,
but they offer a safe basis of comparison since all the steps of com-
putation are very conservative. It is no doubt that the flood of 1921

will not oceur more often than once in 109 years,
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Mr. Weston E. Fuller has tabulated the ratios of different maxi-
mum flood flaw of various streams to their average annual flood in
the order of magnitude, and obtained the relation between floods to
be expected in a series of years and the average yearly flood in the
formula:

Q=Qay (1408 log T)
Where
Q =maximum (24 hours average) flood in m?/seec.
Qqv = average yearly flood in m?¥/sec.
T =number of years in which the maximum flood is likely to

oceur.

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

flood, the fdllowing table is resulted:

Table V. Frequencies of Floods of the Huai River.

Based of Fuller’s formula.

Frequency (once in years)] 10 | 25 [ 50 | 100 | 500
_Flood discharge m¥sec. 18,100 [9,530[10,500] 11,700|14,200

The values of flood discharge are the average in 24 hours, while
for the maximum flood discharge they may be increased by 10 to
20%.

The results obtained are similar but a little smaller than those

given in Table 1V, Anyhow the flood as that in 1921 must have a
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frequency of more than once in 100 years. Ilven the greater floods
may be expec ed in the futnre, the rate of increasing must be very

-small.

Furthermore, it can be yroved Ly the historical records. In
the 1121, inundation covered an area of 11,740 sq. km., to a depth
of 1 to 4 meters, including the following cities: Houchiu, Ying-
shang, Fengtai, Shoubsien, Huaiyuan, Hsuhsien, Lingpi, Wuho,
Szehsien and Shuyi. From Mr. Wu Tung-chu’s “Table of Annual
Fvents of the Huai River System”’, we find that there were three
great floods which were comparable to that in 1921 during the
last 300 years: One of them occeurred in 1649, and covered the dis-
triets Sihsien, Yingchow, Houcliiu, Wuho and Szechow with a depth
of more than 3 meters; another one oceurred in 1741, and covered
the distriets Yingehow, Taiho, Yingshang, Houchiu, Pochow, Meng-
chen, Hsulsien, Lingpi, Wuho, Szechow and Shuyi; still another one
oceurred in 1879, and covered the distriets Yungechen, Hsuhsien,
Szechow, Fengyang, Wuho and Shuyi. Besides those floods, the usu-
al inundation only covered from 3 to 4 districts and certainly not
to be compared with that in 1921. Even for the above said floods,
the innundation areas were not so broad as that in 1921, Therefore
it can be concluded that the frequency of the 1921 flood, even it may
happen, must be more than once in 100 years. From above discus-
sions, it is doubtless with great safety to adopt the 1921 flood as the

standard basis for designing the regulation works of the Huai River.

RArticle II. Regulation of the lower Huai River,

The Hungtze Lake, being a natural detention reservoir receives

all the flood water of the Huai River which drains most part of the
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~proi;inces of Honan and Anh\;ei. After issuing from the lake, the
‘flood water runs through the Changfu Ho and San Ho and finds its
way e'ther into the Yangtze River or directly to the sea by passing
through the flood escapes built in the eastern dike of the Grand
Canal. The way leading the flood water from the Hungtze Lake to
the Yangtze River passes through the San Ho and Kao-Pao Lales,
and the flood escapes near Liuchai thence discharging into the Yang-
tée River at Sankiangying. It is the prine’pal outlet of the Huai
River. Owing to the high stage of the Yangtze River, and the iu-
sufficient capacity of the outlet the discharge of the flood water of the
Huai is usually limited in quantity and in consequence the outflow
of the lake is always much less than the inflow. As to the channels
leading to the sea from the so-called five flood escapes in the eastern
bank of the Inner Grand Canal, they are usually too small in eapacity
that no great amount of flood water can ever be expected to discharge
through them. Moreover, sinece the land level at the east of the
Grand Canal is very low, so even it is possible to open these escapes
in time in order to protect the valuable land up-stream or west of
the Grand Canal, severe damages will surely be resulted. According
to the past experience, whenever there is an extraordinary flood, the
people on both sides of the Grand Canal will struggle hard for deci-
sion whether the flood escapes are going to be taken away or not.
In consequence it is usually too late for the urgently needed protec-
tion. Enormous quantity of flood water must have already accumu-
lated in the Hungtze and Kao-Pao Lakes so that the regions adjacent
to the lakes and the upper Huai River are almost always subject
to inundation. At the last moment, when the escapes are finally
opened the inundaition spreads out all over the country no matter
where it is. Thus whenever a great flood happens, it makes no ex-
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eeption on both upstream and downstream lands in suffering ficod
lesses. According to the actual measurement of 1921 flood, the
total maximum discharge from the Hungtze Lake in the Changfa I1o
and San Ho was 15,158 cubic meters per second and the maximum
total discharge Loth leading to the Yangtze and directly to the sea
was 13,700 cubi¢ meters per sceond. The difference of the above
two values gave a quantity of flood water 1,458 cubic meters per.
second to be reserved in the Kuo-Pao lakes. If the condition like
that keeps on for a certain period, the water surface of the lakes will
increase higher and higher so as to make the land upstream and near.
the lakes suTering much in flood damage. In case the capuacity of
the lakes reaches its maximum limit for reserving flood water, over-
flowing over the eastern dike of the Grand Canal is then apt to hap--
pen. It will be more dangerous to the land east of the ecanal. There-.
fore with the present condition of the lakes and Grand Canal, even
the flood escapes leading to the sea are removed at the proper time
in case of flood as in the year 1921, it will give no appreciable benc-
fit in relieving from flood. Jurthermore by this way it is simply to
transfer the harmful flood water from the upstream land to the region
east of Grand Canal. - This is certainly not a good and proper
policy. Now we meet with the diffieulties that on one hand the
present passages leading to the Yangtze can not carry an enormous
quantity of the flood water of the Huai and on the other han;l the
capacity of the Hungtze and Kuo-Pao Iakes has its limitation for
reserving the flood water. A botter solution of the problem for dis-~

mpatmg the flood water of the Huai must be made.

Many projects for the flood channels of the Huai River have

been proposed by different authorities in the past decade. After hav-
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ing taken all the proposals into consideration and compared their
relative economy by our engineering stad, it is concluded that the

scheme of leading the flood water of the Huai to the Yangtze River
is comparatively much more economical than any other channel lead--
ing directly to the sea. Also in the many schemes of leading the

Huai directly to the sea, the way through the Changtu Ho, Yen Ho-
and Kwan Ho will cost least. Hence so far as flood control is con-
cerned it is advisable to make the way leading to the Yangtze River
as the prinecipal outlet for the Huai River while a part of flood water:
may be discharged directly to the sea if preferred. The Hungtze
Lake is a natural reservoir, the detention eapacity of which must be
fully utilized so that the construetion cost of the outlet channel can

be economized, During the dry seasons the discharge of the Huai
and that in the Grand Canal are very small in quantity, hence a
storage reservoir is also needed to meet the demand of irrigation water
to the land on both sides of the Grand Canal. Owing to its elevated

position, the Hungtze Lake can serve very well for the purpose.

After a thorough investigation of the question, and with due

balancing of the flood control, irrigation and navigation problems, three-

general principles are formulated as the basis for the solution, and:

they are as follows: |

1.) The flood water of the Huai River is to be conducted into:l
the Yangtze River within a safety limit so as to make no
appreciable effeci on the latter. ‘

2.) The Hungtze Lake is to be utilized as a flood detention:
reservoir to retard the flood peak so as to minimize the'.
cost of outlet echannel.

3.) The Hungtze Lake is also to be used as a storage reservoit
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for the development of irrigation.

These will be fully discussed in the following pages.

Determination of the Amount of Flood Water to be

Diseharged into the Yanqgtze River.

According to the record of the former Kiang Huai Conservancy
Board, the greatest amount of flood water of the Huai River dis-
charged into the Yangtze River was 8,000 m®fsec., as occurred on
September 19, 1921. On that date, the gage reading at Chinkiang
was 22.90 ft. above W, H. Z.  On August 21 of the same year, when

~the Yangtze River attained its highest stage of 24.50 ft. above W. H.

Z. at Chinkiang, the amount of flood water of the Huai River received
was about 6,000 m¥fsee. Therefore the amount of flood water of the
Huai River that can be discharged into the Yangtze River without
appreciably aifecting the latter during the flood season ought to be
from 6,000 to 8,000 m%sec. Suppose there are no lakes serving as
detention reservoir for the Huai Rliver, then the safe amount of flood
water flowing into the Yangtze River will be limited to 6,000 cubic
meters per second. But in our case, with the Hungtze Lake as an
equalizer, it is possible to cut down the amount of flow to 6,000
m’fsee. when the Yangtze River i- at a dangerous stage but gradually
inerease as the Yangtze River receeds. In this way, the Yangtze
River stage can be maintained not over the H, H. W. L. of 24.50
ft. above W. H. Z. The duration of H. W. is also not to be too
much prolonged. It is the best solution of the problem that not
only the flood of the Huai can be relieved, but also that of the Yang-
tze River is greatly lessened. In order to find out the maximum

daily flow of the Huai which can be safely discharged into the Yang.
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tze without doing any harm during the highest flood period of the
latter, we have first of all, to investigate the relation of the water
stage and its discharge, and also the present condition of flow of the

Yangtze River from Nanking to Kiangyin.

According to ‘“The Report on Hydrography of the Yangtze
Estuary” by the Whangpoo Conservaney Board, the maximum dis-
charge of the Yangtze at Nanking on July 19, 1915 was 72,000 cubic
meters per second. Since there are no great tributaries emptying
into the Yangtze River between Nanking and Chinkiang, it will be
approximately -correct to assume that the same amount of discharge
would have passed through Chinkiang the next day. The gage read-
ing corresponding to this discharge was found to be 20.65 ft. at.
Chinkiang. * But we have already stated that the H. H. W. L. at
Chinkiang to be 24.50 ft. in 1921, the discharge corresponding to
this stage must be much greater than that in the year 1915. Since
we have no record of the actual measurement for this maximum dis-

charge at Chinkiang, it can only be roughly estimated by the follow-
Ing method:

By Forchheimer’s Formula,

Q = ﬂ.l,_ Ato7 Jos

Q = WIIT‘ A’ltlo.glo.s
In whieh, Q is the discharge in cubiec meters per second; n, the
Kutter’s coefficient of roughness of the river; t, the average depth of
water In meters; J, the slope of water surface of the river. Since
the variation of the slope is very small with respect to the change of
discharge, we can assume “J’ to be constant. - Then
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where W being the average width of the river in meters. In case
of a wide river as the Yangtze, the change of average width will be
comparativelys mall during the rising river. Assuming W = W,, we

have

AX 1
Q = :\w) Qe (1)
Now since we know the crcss sectional area A, of the Yangtze
River b.ing 34,175 square mcters corresponding to the discharge
72,000 cubic meters per second in the year 1915 at Chinkiang, and
its cross sectional area A being 36,315 square meters corresponding
to the highest stage on Aug. 21 in the year 1921, the maximum
discharge on the latter date can be found by applying the above
formula. ‘
Q = @Z]fi) ¥ % 72,000 = 79,800 msee.

At the time when the maximum flow of the Huai discharged
into the Yangtze on Sept. 19, 1921, the cross sectional area of the
Yangtze is found to be 35,413 square meters. In like manner we
find the discharge of the Yangize at Chinkiang on that date being
7€,500 ¢ 1bie meters per second. Based upon the above calculations,
the relation of the water stage and the discharge at Chinkiang can

Le shown in the following table:
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Table V1. The Relation of Water Stage and its
Discharge of the Vangtze River at Ghinkiang

Crps; 2 ]
Date W.L (WHZ) Sejf;;’:“‘ ;f Dy’j;’/”;lf‘j,
() |
Avg. 21, 1921 | 2450 ft, (7.47m) | 86,315 79,800
“Sept. 19, 1921 | 22.90 f, (6.98m) | 385,313 | 76,500
“July 20, 19156 | ©065 ft. 6.99m)| 34,175 72,000

From the above table, we can see that generally, every increase
of 1,000 cubic meters per second in discharge, corresponds to a rigse

of 0.15m of the water surface elevation. This can be proved in an-

other way.

By Forchheimer’s formula.

-1 0.7 To5
Q = wﬁ-—At ‘.J
Since A= W-¢

therefore Q = )g‘t”. Jos

n Q

LT

By differentiation, and treating n and W as constant,

n JdQ -0.5QdJ

® = 7w gm )

‘But -—Il-r.t"‘ "J** = V (V Veing the mean velocity)

. dt = JdQ—0.5QdJ
t LTWVS

When the discharge is increased by dQ, the value of the incre-
went of the slope dJ is very small. For simplicity let dJ =0, then
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We have already found that during the highest stage of the
Yangtze River or 24.50 feet above W. H. Z. at Chinkiang, the corre-
sponding maximum discharge was 79,800 cubic meters per second.
Also the cross sectional area at that time was 36,315 square meters
and its average width was 1,800 meters. Substituting these values
in formula (2), the rise of W. I. for every inerease of 1,000 cubie

meters per second of discharge wil be

1 _ __17000x36315 ) _
db = 1.7 x.ITS_G(“) x '79"80(7 =~ 0.15 meter

This cheeks with what we have found before.

After having determined the relation of the increment of water
stage of thie Yangtze River due to the additional discharge of the
Huai River, we can next come to the problem of how mueh of the
flood water of the Huai can safelv be conducted to the Yangtze with-
out serious effect on the flood condition of the latter. From the gage
records of the Yangtze River at Chinkiang, we find that the flood
condition of 1921 is the highest one on record. It can be used as
the basis of our investigation. An hydrograph of the Yangtze River
at Chinkiang for the months of August and September is first made
as shown by the heavy line in Fig. 6. The corresponding daily dis-
charges cf the Huai River into the Yangtze River are obtained
approximately from the record kept by the former Kiang Huai Con-
servancy Board, and are recorded at the lower portion of the hydro-
graph. The safe amount of discharge of the Huai River inte the
Yangtze is then determined day by day, and the probable hydrograph
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in the future is eonstructed by the already established relation, as
shown by the light line in the same figure. The safe amount thus
found varies from 6,000 m*/see. during the highest flood erest of the
Yangtze River, as in 1921, up-to 9,000 m?fsec. when the flood of
the Yangtze River is recceding. By this way, the future W, L. of
the Yangtze River, after the Huai River is regulated, will never rise
above the original H. H. W, L. Ience so far the Yangtze River
is concerned, this method of regulation of the Hual River will not
only Le of no harm, but also beneficial. Since if the Huai River is
left as it is, it will naturally endanger the Yangtze River by the uncon.
trolled flood water. Were the stage of the Yangtze River at its high-
est as Aug. 21, 1921, the discharge of 8,000 m®fsee. of the Huai into
it would raise the Yangtze River 0.3m higher, the flood condition
will be much niore considerable. No body can assure that this
worst condition will never happen if the ITuai River is not regulated;
but on the other hand, as soon as the Huai River is un&er control,?
this condition can be completely eliminated. That is why we say

it is beneficial to the Yangtze River too.

The foregoing computations are based on the worst condition,
that 15, when both the maximum flood peaks of the Huai and Yang-
tze oceurring at the same time. If they do not occur simultaneously
or one of the flood peaks has less magnitude than that of 1921, the
resulted hydrograph showing the variation of water surface elevaﬁon
of the.Yangtze after the admission of the Huai River will be still
much lower. Therefore it is safe to take the amount of 9,000 cubie
meters per second as the limiting value for sending the flood water

of the Huai into the Yangtze River.
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The Detention Capacity of the Hungtze Liake.

The maximum flood discharge of the Huai River is found to
be 15,000 m¥sec., while the saf¢ amount whieh can be emptied into
the Yangtze River is only from 6,000 to 9,000 m®fsee. ‘Their differ-
ence is great, and so it is necessary to find some method to provide |
for. As stated above, through past experience, we have already
known that the flood condition of the Huai River, whieh has insuf-
ficient channel eapacity at its lower course, has been greatly reduced
by the presence of the Hungtze and Kao Pao I.nkes. With the vast
area and capacity of the Hungtze Lake, it can serve for our purpose
as a detention reservoir to hold the execessive discharge of flood water
that can not be sent down to the Yangtze River in a short time.
This is considered as the most economical arrangement in the scheme

for the regulation of the Huai River.

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

this short period.

Therefore one who is concerned with the regulation of a river
must pay attention on this fact. Now if only the channel improve-
ment is depended upon for flood control, it will be necessary to pro-

vide a channel of very big cross-section to cope with the highest
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flood discharge of the flow. For instancee, the channel must have a
capacity of 10,000 cubie meters per second if the highest value of
the flood peak is 10,000 cubic meters per second, while the channel
must be capable to discharge 20,000 cubie meters per second in ecase
its maximum flood peak reaches such a high value, and so ion, not~
withstanding whether the duration of the flood peak lasting several
weeks or few days or even only a few hours. In this way the cost

of the regulation work must be very expensive on account of the

_tremendous quantity of earthwork. 1f, on the other hand, reservoirs

are available for the purpose of detention, the case will be changed.
Once the flood flow is above a certain limit of the channel capacity, a
portion of it can be temporarily reserved in the reservoir and gradually
discharged at future time when the flood getting lower down. In this
manner, although the inflow may vary to a gréat extent or attain to its
highest peak, the discharge of the outlet channel will nevertheless be
mueh smaller than the maximum value. This will render great
-economy in the expenditure for improvement of the outlet channel.
Ience whenever there is a reservoir site which can, be economically

developed, one does not hesitate to use it for the regulation of a river.

. 'The Hungtze Lake is a good example for this case.

The maximum discharge of the Huai is 15,000 cubiec meters
per second, of which only 6,000 cubie meters per second ean be dis-
ccharged into the Yangtze when the latter is in its highest stage. If
the Hungtze Lake is not existed, it will be further necessary to pro-
vide a large channel leading to the sea for the excessive capacity of
9,000 cubic meters per second. This will cost roughly not less than
two hundred million dollars. On the other hand, if we use the

Hungtze Lake as a detention reservoir not only the outflow into
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Yangtze can De regulated consistent with the water stages of the
latter, but also the surplus water which cannot be discharged in the
same time can be temporarily stored in the lake. Even another
channel leading water to the sea is preferred its expenditure would be

reduced on account of the detention ability of the Hungtze Lake.

The operation of the Hungtze Lake as a detention reservoir
will be like this. Before the flood seascn, the lake surface will be
lowered down from its ordinary stage (see Chapter on irrigation) to
12.5m suppose a flood like thut in 1921 is set in, the regulator at
Chiangpa will be opened to discharge as much as the stage of the
Yangtze River is not endangered. For the sake of reducing the
cost of construction of the regulator and the flood channel, they are
designed to discharge and earry the maximum flow of 9,000 until
the elevation of the W. L. in the lake becomes 13.50m. Henece during
the first stage of operation, the discharge through the regnlator
Is less than 9,000 as fully illustrated in Fig. 7a’and 7b. As soon as
the flood inflow to the lake exceeds its outflow, the lake surfade will
raise, and its outflow is correspondingly inereased due to the inereasing
of head of water. In ecase of tl.e worst condition of flood that the
flood peaks of the Yangtze and the Huai Rivers meeting at the same
time, the regulator should be partly closed so as to insure that it
would not do any harm to the former, as shown in Fig. 7a. If the
flood peak of'the Yungtze does not meet with that of the Huai, the
condition will be Dhetter as shown in Fig. 7b. In either case the
maximum outflow will be limited to 9,000 m’fsec. Through the
computation of the effect of the W. L. in the lake by the step
method for routing flood, the resulted hydrograph of the Lake surface

ave shown in Figures 7a and 7b. The highest W. L. attained will
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be 16.10m and 15.65m in both cases respectively.

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

requirement for further development of that country.

The Course of the Flood Channel
From the Hungtze Liake to the Yangtze River.

The present course of flood water of the Huai River follows
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paturally the San Ho and the chain of lakes such as Kaoyu Pao-
ying, ete., and merges into the Grand Canal at Liuchai. By passing
through the flood escapes in the dikes of the Grand Canal, it follows »
the Tongchiakou, and Liochiakoa to join the Yangizekiang at San-
kiangying. Let us first examinc briefly the local conditions of the
different sections of the course. The San Ho is the first section of
this natural course, lying between the Hungtze and Kao-Pao Lakes,
It has a narrow channel but of great depth at its upper portion from
the Hungtzé Lake to Sanhowei and a shallow channel but broad one
at its lower portion from Sanhowei to Kao-Pao Lakes. Its channel
is so irregular that it has a minimum breadth of three hundred
meters only up to more than two kilometers in some other places,
The channel capacity of the San Ho is comparatively high; it dis-
charged 8,400 m%sec. in 1916 when the lake W. L. was at 18.70m,
and 14,600 m*sec. in 1921, when the lake was at 15.77m. Due
to its high velocity, the loss of head in the short distance was con-
siderable. But in our case, we are going to let this section of the
course to convey 9,000 m?/sec. only when lake W, L. is at 13.50m,
very little enlargement of its river bed is necessary. The next sec-
tion is in the chain of lakes. Because the flood escapes in the eastern
dike of the Grand Canal can not be put into operation on the right
time, those lakes have been called for reserving a part of the flood
flow. On the other hand, even those lakes are separated from the
Grand Canal by the western dil e, yet they are sctually not by the
existence of many breaks in the dike. Once the W. L. in the lake
rises, that of the Grand Canal foliows too. This condition calls for
more flood cseapes leading water to the sea for the safeguard of the
eastern dikes of the Grand Canal. In the present scheme, however,

since part of the flood flow of the Huai River can be detained in the
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Hungtze Lake, and else can be sent down to the Yangtze, those
lakes and flood escapes are no more needed. Only two parallel dikes
are to be b»ult in the chain of lakes to serve as a definite channel
for flood water, while the remaining area can be used for reclamation.
But utilizing the depth of the lake and the cheapness of the bottom
land, a deep and wide channel can be economically constructed. At
the same time, by selecting the shortest and deepest route, not only
construction cost can be greatly reduced, but also it is possibie to
save for the loss of head. The proposed channel is to meet with the
Grand Canal at the downstream side of the proposed Shaopai Lock
(see Chapter on Navigation Projects), it does not interfere with the
navigation of the Grand Canal during the flood season. The Tung-
yang Canal will be separated from the flood channel by closing dams
built in the original head bay at Liuchai and connected with the
upper pool of the Shaopai Lock. New lock and sluice will be provided
for at the head of the Tungyang Canal for navigation and irrigation.
To the south of Liuchai the flood channel will be led through the
five existed channels, namely Kingwan, Tungwan, Fenghwang, Sin
Ho, Pihu and then combined into two main courses, Tongchiakou
and Liochiakou and fin lly discharging into the Yangtze River at
Sankiangying, The exi+ ed flood escapes in the five channels will be
entirely taken away. When the gage reading at Liuchai was 8.41m
in 1921, the discharge through the five channels was found to be
7,841 m®[sec. In order to increase its capacity to 9,000 m®/sec., even
with a lower stage, it will not involve too much earthwork. The
annual cost for operating these flood eseapes can also be saved for-

ever. The proposed ccurse of the flood channel is fully illustrated in
Figures 9a and 9b.
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General Remarxs on the Design of the Flood Channel
1.) ALIGNMENT The general course of the flood way has been
deseribed in the la<t article.  Sinee the cross-section of the San Ho
adjacent to the Hungtze Lake is not sufficient to discharge the whole
quantity of water without too much loss of head, a new channel of
5.8 kilometers long must be excavated to the north of Chiangpa and

joining the San Ho near Sanhowei (See Fig. 9b).

The flood flow from the MHungtze l.ake will be regulated by
means of two movable dams to be constructed in the San Ho and
the new channel. The combined flow follows the original course of
the San Ho till Paichiawan, east of Kingkouchen, where it is to be
deviated southward to Paichiachien and then southeasterly to join
the river Hsin Ho. Although the land travelled is generélly high
from Paichiachien to Hsin Ho, yet it is taken because it is the short-
est way for the Huai getting to the Yangtze. At this place, for the
sake of seeking a minimum sacrifice of the small villages and farm
lands its course is made in a veversed curve. Yet it will make no
obstruction to the flood discharge. Starting from this cut it runs in
a southeastern direction througli the Kaoyu Lake directly to the
Tangchia Lake. It meets with arother high land in the region be-
tween Tanchiachien and Huchuangwei where the channel is also
located with several short turns in its way. After passing Huchuang-
wel, it runs through the Nanhu to Shaopai T.ake and thence to Liu-
chai where it joing with the five channels to the Anecient Canal, and
cornbines into two main courses to the Yangtze River. The total

length of the whole course is about 153 kilometers.

2.) DISCHARGE The channels at different sections along the
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course are designed for the maximum discharge of 9,000 m®%sec. The
two courses leading water from the Hungtze Lake are designed to
pass 4,600 cubic meters per second in each. From their junetion
to Liuchai, there is only one main channel, which is hence designed
for 9,000 cubic meters per second. From Liuchai to the Anecient
Canal, the flow is again divided into five paralled channels. Its dis-

tribution is as follows:

the Kingwan Ho 1,500 m¥sec.
the Taiping Ho 2,600 ,,
the Fenghwan Ho 2,000 ,,
the Sin Ho 2,000 ,,
the Inner Grand Canal 1,000 ,,

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

meters per second.

From the Ancient Canal to Pakiangkow, the flow is divided
into two passages. One is Montao Ho to discharge 1,600 cubie
meters per second, and the other is Liochiakou to discharge 7,500
cubie meters per second. Below Pakiangkow, it is designed to pass
the total maximum discharge through Shatou Ho into the Yangtze.
That the quantity discharged from Kuachowkow into the Yangtze

being very small is not taken into consideration for safety.

8.) GRADIENT The entire course of the flood channel from the
Hungtze Lake to the Yangtze River is about 153 kilometers. The
water level just below the movable dam is at 13 meters when lake
elevation is at 13.50 meters, while the H. . W. L. of the Yangtze

is 4.3 meters. The total available drop along the course is therefore
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found to be 8.7 meters (Sce Iig. 10). Different drops in water
level are assumed for different scetions along the course. From the
pluce\ just below the movable dam at Chiangpa to Paichiachien being
34.89 kilometers in length, its drop is 1.6 meters. FFrom Paichiachien
to Liuchai, the distance is 77.57 kilometers while its drop is assumed
to be 3.9 meters. The section ‘rom [Liuchai to Sankiangying being
40.27 kilometers long is desigred with a drop of 3.2 meters. The
variation of the slopes of the water surface for different sections is
clearly shown in Fig. 10. In general, it is so arranged that in case
the original channel is large enough to pass the ﬁood, its natural slope
of flow is taken; that when the channel must be excavated through
high land, the drop in water level is assumed comparatively greater:
and that when the channel passes through low land or lakes, it is
then designed to consuime a smaller drop. This will render the cost

of excavation and dredging to be most economical.

4) THE REGULATORS The regulators to be constructed at
Chiangpa are designed to pass 9,000 cubic meters per second when
the lake elevation is at 18.5 metcrs. The floor of the movable dam
is averaged at 8 meters in elevation, and the drop of head in passing
the dam is assumed to be 0.5 meter. By the following approximate
estimation, the length of the clear opening of the movable dam must
be 600 meters.

Q = 096 L (¥l — h)/2gh
Q = 9,000 m?¥sec.
H = 55m
h = 0.5
I, = 600m
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Many types of movable dams such as stop logs, needles, Tdinter gates
and Stoney gat:s have been investigated and designed. But which
one is the best to be adopted can only be decided after the actual
test of the soil condition at the site of construction is made. So far
as the cost is concerned, it will make no great difference in the choice
of types. Approximately it will cost about three thousand dollars
for every meter in length of the movable dam. Therefore the esti-
mation for the movable dam is about $2,000,000.

5. DIKES As for the standard section of the dike, the top width
is assumed to be four meters and slopes on both sides, 1:3. This may
subject to correction when model experiment on dikes is performed.
The top of the dike must be 1.5 meters higher than the highest
water level to be expected. In those places where execavation is
necessary, the exeavated material will be used for dike construction.
In this case it needs only to pay the additional cost for tamping. In
case no excavated material can be utilized, it is then necessary to pay
for both hauling and tamping. For dikes along the flood channel
from Chiangpa to Paichiachien the earthwork which needs to pay
for both hauling and tamping amounts to 5,554,570 cubis meters,
and that portion where excavated material is available and only tamp-
ing is required is 2,024,500 cubic meters. From Paichiachien to
Liuchai, the earthwork for dike construction which needs both haul-
ing and tamping is about 17,020,500 cubic meters and that which
needs tamping only is about 7,381,600 cubic meters. From Liuchai
to the Ancient Canal due to high lands on both banks, only repair-
ing work for the existing dikes is needed. Moreover excavated
material is obtainable for dike construction everywhere along this

section. The earthwork in this section which needs tamping only
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is about 241,600 cubic meters. Below the Ancient Canal no exea-
vation or dredging is to be performed. The earthwork for dikes from
the Ancient Canal to Pakiangkow is 1,591,000 cubic meters and that
from Pakiangkow to Sankiangying where the channel joins with the
Yangtze is 1,143,000 cubic meters. As to the whole system of the
flood channel, for dikes along both banks, the total earthwork which
needs both hauling and tamping is approximately 25,309,070 cubie
meters and that needs tamping only amounts to 9,647,600 cubic

meters (See Fig. 10).

6.) EXCAVATION OR DREDGING Side slopes of 1:2 will be
adopted for the excavated portion of the channel. For the new ex-
cavated channel at Chiangpa, the width of its highest water surface
is 450 meters, and 1t has an average depth of 6.4 meters and a slope
of water surface of 0.000098. The excavation needed for this eanal
is 10,225,000 cubic meters. From the Hungtze Lake to Paichiachien
along the San Ho the width of the channel at its maximum stage
is from 520 to 1,400 meters; its average depth is from 5.9 to 8.22
meters and the slope of water surface is from 0.00005 to 0.000072.
The earthwork of excavation for this seection is 17,851,000 cubie
meters. From Paich’achien to Liuchai the width of the channel at
the highest water level is from 1,488 to 2,186 meters, its average
depth from 4.5 to 6 meters, its slopes from 0.00003 to 0.00009 and
the earthwork of exeavation is 31,330,000 cubic meters. From

Liuchai to the Ancient Canal there are five channels in parallel which
will maintain their original width and will be deepened only by

dredging. The average depth is from 6.7 to 12.2 meters, and the
slope from 0.0000816 to 0.000094. The earthwork for dredging is
13,378,000 cubic meteis. From the Ancient Canal to Sankiangying
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whence the flood water flows into the Yangtze, the original channel
is enough for discharging the maximum flood. Hence no dredging
work is needed for this last section. The computation is partly based
on the topographical maps surveyed by the Huai-Yang-Hsu-Hai Topo-
graphic Surveying Board. Proper corrections will be made after

. the final survey is completed.

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

flood chanmnel of the Hual is summarized as follows:-

(a) Movable dams $ 2,000,000
(b) Excavation and dredging 22,960,345
(¢) Dike construction : 4,295,592
(d) Land compensation ‘ 1,566,800
(e) Clearing the head bay above the movable
dams 50,000
(f) Other miscellaneous and administrative
expense 3,000,000
TOtal..ervevverreereseiensns $33,872,727

Dike Construction Surtounding the Hungtze Liake.

Before another flood channel is provided to discharge the water
into the sea, the land surrounding the Hungtze Lake will suffer the
danger of inundation because of the high surface elevation maintain-
ed in the lake. For this reason, dike construction is then neces-
sary. The old dike with stone facing on the southeastern shore of
the lake known as “Ming Dike of the Hungtze”, if duly repaired,
can be well used for protection of the land. Construction of new

dikes will be eonducted in both directions to connect with the two
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extremities of the old dike. On the eastern side of the lake, it starts
from Jenhochih to go around the Chentzewa along the contour line
of elevation 14.5 meters and terminates at the high land west of the
Anhowa. On the west of Ranhokow, in the same manner, a dike
from Malangkang to Sankangebih is to be constructed. The total
length of the dike to be built amounts to 180 kilometers. As to
the section of the dike, the width on the top will be 8 meters and
slopes on both sides will be 1:3, and it will be built 1.5 meters higher
than the highest water level. The earthwork amounts to 6,500,000
cubic meters, while its cost will ba approximately $1,000,000. Sluice
gates along the dike must be provided, when necessary, for the drain-
age of the land at different places adjacent to the lake. They will
cost about $200,000.

Hrtiele 3. Regulation of the Upper and

Middle Huai River and its tributaries.

Much of the flood damages on the upper and middle Huai
River have been caused by the insufficient capacity of the river
channel which is called upon to pass an enormous quantity of water
collected by the many tributaries below Sanhochien. Besides that,
the narrow canyon-like gorges at Fengtai, Huaiyuan and Fushan play
a great deal of obstruction for the discharge of flood water. Most of
the tributaries are as a rule shallow and narrow that local overflow
Isa common oceurrance. Accordir g to the topographic map published
by the Anhwei Conservaney Board, the inundated area in 1916 was
8,000 sq. km., whiie in 1921, was 13,700 sq. km. The extensiveness

of the flooded area is worthy of our notice.
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Flood Flou

There is no szetual record about the intensity of floods of the
upper Huai River and its tributaries. Rough estimates can be
made be referring to the broken records of former Kiang Huai Con-
servancy Board of the gaging stations, established at Hunghokow,
Sanhochien, of the Huai River and also on the Shih Ho and Yih
Ho. It is tabulated as follows:

Flood Flow
River . Remarks
in m%sec.
Huai River (Hunghokow) 3,000 |Surveyed atJuly 11,1921
»  » (Sanhochien) 3,310 | . . . 13, ,
Hung Ho (Ju Ho included) 1,000
Shih Ho (Kuan Ho included)| 3,200 w0 o 13, .,
Yin Ho 3,100 v o 20, ,,
Pei Ho | 1,600
Hiifel Ho 300
Kwo Ho 1,250
‘Chion Ho T eio
Peifei Ho 830
Kwei Ho 600 ]
To Ho ' 250 |
“I'se Ho 350
Shui Ho | 1,400

The above tabulated values are only the probable maximum
discharges of the various tributaries, but not neéessary oceur in the
same year, or even s0, they must not be discharged to the main river
simultaneously. Therefore it is obviously that the discharge of the
Huai River at any point should be smaller than the sum of the max.
discharges of all its tributaries above that point. The probable flood

flows of the main Huai River below the mouth of any tributary are
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left to be determined.

It is assumed that the max. inflow of the Hungtze Lake, for safety,
being 15,000 m?sec., while the corresponding discharges of Shui Ho
and others which are to be discharged directly to the Hungtze Lake
being 1,500 m'fsec. Hence the maximum flood flow of the main
Huai River just above the Hungtze Lake can be assumed as ]3,500
m’fsec. That above every tributary upward should be deducted a
certain amount of discharge due to that tributary. From this, we esti-
mate the maximum discharge of each section of the main Huai River

as the following table:

Sectiong_ Flood
e Monuthes Fiow
Localities of tributaries
_ From 7 To ~ From | To in m3/sec.
_Kweishan Fushan | Hungtze Lake Tse Ho | 18,500
"Fushan "WuHo TseHo | Kwei Ho | 18,0000
“Wu Ho  Huaiyuan | Kwei Ho | KwoHo | 12,000
Huaiyuan Fengtai Kwo Ho | Hsifei Hz 710,000
Fengtai _Chenyangkwan | Hsifei Ho | Pei Ho | 9,500 -
“Chenyangkwen | Shuikangehih | Peoi Ho | YinHo | 8,600 -
“Shuikangehih | Sanhochien YinHo | ShihHo | 6,000 )
Sanhochien " Hunghokow ‘Shih Ho | Hung Ho | 4,5007

The actual record in the year 1921 tells us that the flood flow
of the Huai River at Sanhochien onb; reached 3,310 m¥fsec., while
at Lukow, a short distance below Chenyangkwan, it reached 6,000
m’fsec. only. The reduction of overflow after regulation will increase
the flood flow of the main while the separation of the occurrances of
the flood peaks of various tributaries will decrease it. Owing to the
lack of complete records, the probable future flood is still uncertain.
But at any rate the above tabulated values can safely be used since

they are one-fifth to one-third greater than the recorded maxima.
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Regulation of the Main River

The present main channel of the Huai River below Hunghokow
can carry only one-half the amount of raaximum discharge due to -its
contracted and small cross-sections and flat slope. The dikes, also,
are so low and incomplete that no protection from overflowing can
be offered by them. Thus inundation must happen as soon as there is
a flood of considerable magnitude, and in 1921, it was seen that the
flood channel became as wide as 15 k.  The cost of earthwork makes
it impossible to excavate a large channel that will discharge all the
amount of flood flow which may oceur. The only way we can do is to -
construet two long levees along the course of the main channel.
Prof. O. Franzius, has the same idea too. In some loealities, never-
theless, channel improvement should also be executed in order to ar-
rive at a satisfactory solution. Hence several sharp bends of the
channel should be eliminated by cut-offs, and insufficient cross-sections
should be enlarged by resorting to dredging. The distance hetween
levees is to be kept as uniform as possible, sudden changes are to be
avoided. The height of levees should be such that the sum of the
construetion cost and value of flooded area included within the levees
is a minimum. Upon the foregoing principles the regulation work
of the main Huai River is deéigned and will be briefly described in

the following paragraphs.

Cut-offs are to be executed at Kotaitze, Sanhochien, Chaochia-
chih and Fengtai with an aggregate length of 18 km. For keeping
the current in equlhbrmm, the new cross-sectional areas along each
eut-off should be as near the original ones as possible. The average

value of these areas is computed to be 2,800 sq. m. approximately,
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making total earthwork of 50,000,000 cu. m. for the whole. At the
following localities the channels are to be enlarged by excavation: from
Hunghokow to Changpakalntze, from Paifangtaitze to Fengtaitze,
from Fengtai cut-off to Yenwotze, from Lunghochih to Meihokow,
from Anhuaichih to Chichih, and from Pouchiatu to Fushan. The
sectional areas to be cut are from 500 to 2,500 sq. m. Total earth-
work will be 90,000,000 ecu. m. It may be concluded that the
total quantity of excavation worl: of the main Huai River between
Hunghokow and Fushan amounts to 140,000,000 cu. m. The cost
of doing this will be about $30,000,000. Besides this new openings
must be added to the railway bLridge at Pengpu since the water

pussage under that bridge seems too small.

A new channel is desired to be excavated from Fushan passing
directly through the high land at the southeast of Shuangkou and
the Lihowa, to the Hungtze Luke. A small steep-sloped channel
will be eut through at the starting. By means of the strong current
it will be enlarged naturally to the desired capacity. By that time
the dikes should be constructed so that reclamation of surrounding
lands can be carried out. It is advantageous both to flood control
and navigation since the length of the channel will be shortened by
about 60 km. In the new cut-off, which has a total length of 18
km., 15 km. will be marshy land and 8 km. will be high land. Let
the base width of the artificial channel be 100 m., side slope 1:1,
mean depth 10 meters, then the excavation along marshy land will
be 11,500,000 ¢u. m., and that along high land will be 6,800,000
cu. m. The cost of excavation, including a narrow channel in the
Lihowa, will be about $5,000,000. The possibility of this kind of

work may be determined after the soil investigation of the high land
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southeast of Shuangkou is made.

The total length of the levee of the main Huai River, from
Hunghokow to Shuangkou, will be 410 km. Acecording to our con-
sulting engineer, Prof. O. Franzius’s study, the most economical type
of levee will be 5 to 6 m. in height, and average 8.5 km. apart.
From the eross-sections taken by the former Kiang Huai Conservancy
Board and the discharges at various sections as above computed, it
is found that the required distance between levees at the portion
from Shuangkou to Huaiyuan will be 4 km., that from Huaiyuan to
Liutzekow, 8 km. upstream of Chenyangkwaan, will be 8 km., that
from Liutzekow to Sanhochien will be 2 km., and that from Sanho-
chien to Hunghokow will be 3 km. The height of levees will be
between 4.5 m. to 6.5 m., only at certain place with very short
distance the height reaches to 7Tm. The freeboard is taken as 1m. and
-side slopes at both sides 1:3. The top width of levee is taken as 6m.
80 as to serve as a public highway at the same time. Banquette is
to be constructed at the place where the height of levee is more than
bm. The top of a banquette is 2m. below the top of the levee, and
is 10m. wide. : The total quantity of embankment amounts to
100,000,000 cu. m. and it costs about $18,000,000. The private
land are occupied by the levees, the borrow-pits, and the berms be-
tween amounts to 164 sq. km., or 266,000 mou. At an average
price of $40, per mou, it costs $10,640,000. Besides the above, the
‘costs for sluices, pumping stations, etc. should also be added in. The

total cost of levee construction, therefore, will be $35,000,000.

The land area of the proposed flood channel is estimated at
2,000,000 mou. It is still able to be used for cultivation, as its
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subjection to flood will not be oftener th.n before, except that if it

does occur, the depth of water on it will be deeper.. On the other

hand, after the improvement is completed, the duration of inundation

on the above mentioned land will be shorter for flood water of the

Huai River can quickly be discharged. Hence the benefit and dis-

advantage are still balanced. It is only necessary to exempt the land

tax or giving a small sum of money as compensation, without amount-

ing to a big expenditure.

The vulley of the main Huai River is usually flat, its steepest

slope is not more than 1:50,000. With this value and the mean
depth of water of the flood channel, we found that the W. L. ele-
vation at Hunghokow will be 28m., at Fushan, will be 20m. Below

Fushan down to the Hungtze Lake by way of the propesed 18 km.,

short cut at Shuangkou the available drop of head is 8.5m., enough
to create sufficient velocity to help the formation of the channel by
natural erosion. The flood W. L. above Fushan was thought rather

too high, but on account of the great expenditure involved in the en-

largement of channel by dredging, there could be no other altérnative
~than what proposed. The H. W. L. will be lowered naturally year
after year as the erosion of the channel bed progresses. The total

cost of the whole project for the main Huai River is estimated at
$70,000,000.

ReQulation of the Tributaries

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

may be provided if found economical and effective.

The Pei Ho, Shih Ho and Kuan Ho are all of mountainous streams,
80 retarding basins may be built to control the flood. But owing
to the lack of actual data, this is left for further investigation. If it
is found necessary to provide levee syétem, then the required length
of levees for the Shih Ho, from Sanhochien to Hsintukow, just above
the mouth of the Kuan Ho, is about 70 km., that for the Kuan Ho,
from the river mouth to Liushupang, is about 40 km., and that for
the Pei Ho, from the river mouth to Siaoleechih, is about 95 km.
Nine cut-offs will be required to eliminate the sharp bends of the
Hung Ho below Sanchakow, the junction with the Ju Ho, at a total
length of about 14 km. The required length of levees for the Hung
Ho is about 140 km. A new channel will be excavated for shifting
the river mouth of the Yin Ho from Chenyangkwan to Shuikangchih
of a total length of about 6 kin. The length of levees for the Yin
Ho, from the new river mouth to Huiliuchih is about 70 km. The
length of levees for the Hsifei Ho, Hei Ho and Chiang He, is about
70 km. New channels will be excavated for thegPeifei Ho from Kao-
tzutze to Yinsiaochih and then combine with the Kwo Ho, same for
the Chien Ho from Tsaolingehih to Shakouchih and them ecombine
with the Kwo Ho, and also for the Kwo Ho, from Shakouchih to

Changchuang downstream of Huaiyuan, and combine with the main

(52)




¥uai River. The levees for the above rivers, the Kwo Ho up to
Itsenchih, the Peifei Ho up to Hsiangehiaochih, and the Chien Ho
up to Wanfuchih have a total length of about 90 km. The To Ho
and Peito Ho will combine with the Kwei Ho at Wuhohsien and dis-
charge into the Huai River. The lakes along their lower courses, like
tbe'Hsiangchien Hu, To Hu, etc., will be preserved as the storage
reservoirs. Around the lakes, levees will be constructed and extend-
ed up to Chungyichih for the Kwei Ho to Tsingehungoehih for the To
Ho, and to Lochiaochih for the Peito Ho. The total length of levees
of these three rivers will be about 200 km. The small streams at the
~ northern part of Szehsien, Lingpi and Hsuhsien will be conducted to .
the Hungtze Lake by way of the Pien Ho and Shui Ho. The channel
bed of the Shui Ho seems too high, hence dredging as well as
levee construction are necessary. The total length of this river to be -
regulated is about 90 km. Other than these, the exeavation and
. embankment of the various small streams will not be congidered here
for they would not involve large sum of expenditure. Drainage struc-
tures such as culverts and pumps, should also be provided for drain-
ing away rain water collected on the bank sides of the levees during
the H. W. period of the Huai River. Numerous lakes and swamps
should be preserved as valley storages and at the same time to reduee
the cost of drainage structures. The total cost of the whole pfoject‘.
for the tributaries of the Huai River is estimated at $30,000,000.

It is' found that the total area which will be protected under the
present scheme amounting to 20,000,000 mou. While the total cost
of the project is estimated to be about $100,000,000, it shows that
it averages only $5.00 per mowu.
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The foregoing tells only the gener:l feature of the scheme. De-

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

Article 4. Regulation of the Shu Ho.

The Shu Ho takes its rise in the Mengyi mountains in the
province of Shantung. It has different local names along its course. It
is called the Tasha Ho or Great Sandy River after it passes the town
of Hunghwapu down to the border of the province of Kiangsu. Its
course is divided into two branches at Hsinhochen in the district
of Shuyang. The main course runs eastward, through the Tsingyi
Lake (dried) and Rose River to the sea at Linhungkow. The other
branch divides itself into two,i called the Front and Rear Shu Ho, and
again divides into Kwantien Ho and Chaimee Ho. The Rear Shu
Ho empties into the Tsingyi Lake too, while the Front Shu Ho and
Kwantien Ho combine into one course, called Cf]iang Ho, and empty
into the Rose River. The Chaimee Ho runs southeastward into the
Yi River, and then finds its way to the sea. Since the valley of the
upper Shu Ho is very steep that no natural storage can be offered
by it. During the winter and spring seasons, the river bed is usually
dried out, but in the summer season, the flood comes with such ra-
pidity that the channel is unable to hold, and overflowing is usually
occured. In the former days such swamps as the Shuhsiang, Tsingyi,
Sangchu, ete., at its downstream side were still in existence, and could
have offered as detention basins for the flood, but they are now all
silted up, somewhere is even higher than the river bed, they can do
more evils than good. This tells why the land traveled by the
Shu Ho is always subject to flood, and many times, the flooded area
merges into that of the Yj River to forn a sealike water body. The
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rivers, such as the Chaimee Ho and Shakiang Ho, etc., are always
subject to the flood of both rivers and the condition of flood bescomes
worst if both rivers have an enormous flood meeting at the same time.
It is plainly, therefore, in order to reduce the flood damage it is
necessary to provide definite channels for the Shu Ho and Yi Ho

separately going to the sea.

The Flood Magnitude.

N According to the record of the former Kiang Huai Conservancy
*Board, great floods of the Shu happened both in the year 1921 and
1924. On July 15, 1921, the maximum flood discharge was found
to be 2,655 cubic meters per second at Maotsechuang, while on July
15, 1924, measurement at Shinanchen indicated the maximum value
to be 4,470 cubic meters per second, which is the highest reéord for
fecent years. It was confirmed by the people in the va.ey of the
Shu Ho, that such a great flood had never been met with during the
last several decades. By comparison with other rivers which have
similar topographical eanditions and nearly equal drainage areas, it is
also shown to be a rare flood. Therefore the maximum flood discharge
of the Shu Ho by which the schemes for flood control will base upon,
is assumed to be 4,600 cubic meters per seecond,

General Scheme

Owing to incompleteness of the record of discharge measuren;ent,
no definite information can be obtained on the capacity of the channel
of the Shu Ho at its lower course. By means of the maps and

cross sections of the river, surveyed by the former Kiang Huai Con-
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servancy Board, an approximate estimation was made, showing that
the channel of the Tasha River near Yenchiachih to be capable to dis-
charge 880 cubic meters per second and that of the Rose River at
Shachiafung being capable to discharge 180 cubis meters per second
only. The capacity of the channel at the former place.»is only one
fifth, and that at the latter place, being still smaller, even not more
than one twenty-fifth of the total maxiraum discharge of high flood.
It is evident that the channel along its lower course is quite inade-
quate to carry the maximum flow and certainly inundation of the
lands oan by no means be avoided. But it is the fact that the rise
and fall of the flow even during a high flood, are so sudden that its
duration of flood peak lasts only a short period. Taking the high
flood of 1921 for instanse, on July 12, the discharge was found to be
36 cubic meters per second only, but three days after, that is, on July
15, it increased suddenly to 2,555 cubic meters per second. After
that date it dropped very quickly to 505 cubic meters per second on
July 19. Aagain in the year 1924, on July 183, the discharge was 20
cubic meters rper second; on July 15, it increased to 4,470 cubic
meters per_second ; and decreased again to a value of 2,470 cubie meters
per second on the next day. And it was found to be only 247 cubie
meters per second on July 17. After its high flood of short du-
ration passes away, the channel often immediately reduces its flow to
its minimum quantity or even wholly drying. In spite of the flood
damage, it is equally not advantageous for both navigation and irri-
gation purposes. Moreover, whenever the terrible flood comes, italways
carries down with it from the mountainous valleys much quantity of
sedimentary materials which will silt up the channel at its lower course,
causing the condition from bad to worse. In order to solve the

problem of flood prevention of the Shu o satisfactorily, it is neces-
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sary to provide detention basins and a system of ground sills at its
head waters. In this way its flood peak can be depressed, velocity
be checked and quantity of silt be reduced. But the region at the
head waters of the Shu Ho has never been carefully surveyed. Fi-
nancial difficulty and time limitation together with disturbance due
to bandits at that region had prevented us to carry on the survey. _
Therefore no definite scheme for the detention basins or system of

ground sills can be made for the time being.

As to the lower course of the Shu Ho, the channel must never-
theless be improved for flood discharge whether regulation work is
provided on its upper part, or not. The best way, as already stated
before, is to separate the Shu Ho from the Yi Ho. The main channel
of the Shu Ho is proposed to go along the Tasha Ho from Hunghwapu
through the Tsingyi Lake and=Rose River to the sea at Linhungkow.
(See Fig. 11) It is the shortest way with sufficient slope for dis- -
charging the flood. At its junetions with other existing rivers, sliice
gates will be provided to facilitate drainge and also to divert water for
irrigation and navigation. As it has already been explained that the
detail design can only be made after the survey is completed, hence
for the present, based on the maps of the former Kiang Huai Con-
servancy Board we can only estimate the cost of channel improvement,
with the assumption that it is required to discharge the maximum
flow of 4,500 cubic meters per second. This will give the maximum
limit of the cost for regulation of the Shu Ho. It is known that the

cost will be expensive if the channel is designed to discharge the
maximum value of the flood peak without any means for detaining
the flood. This has been fully discussed in the foregoing section in
connection with the flocd control of the Huai River. ‘The cost of
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the final project, which is to be proposed after completion of the

mevers per second.

is summarized as follows:

survey, must be far within the maximum limit.

The Cost of Channel Improvement

for Dissharging the Max. Flood Flow.

Its alignment is shown in Fig. 11.

The present estimation is based on the assumption that the

channel is called to discharge the maximum flood flow of 4,500 cubic

Linhungkow up to the Tsingyl Lake the channel is 65.2 kilometers
lohg, while its slope of water level is designed to be 1:10,880. From
the Tsingyi Lake to Shuhokow it is 39.46 kilometers long and its
slope is designed to be 1:7,900. From Shuhokow to Hunghwsapuy,
its distance is 62.66 kilometers and its slope is 1:3,200. The channel

at different section is designed accordingly. The cost of this project

Unit |
Item ! Quantity Cost Cost Remarks
Y R 0 S B
- Hauling

Earthwork for dikes | 36,112,400 m® 0.16: 5,777,984 Distance
o ; b 100 m.
Barthwork for closing 70,000m' | 0.16] 11,200 ”
Sluices ! 200,000
Land comrensation 177,000 mou |10.00| 1,770,000

Total...............$7,7569,184

(58)

From




Article 5. Regulation of the Yi Ho

The Yi Ho, being also taken its rise in the Mengyi mountains
in the province of Shantung, enters the boundary of Kiangsu Province
at Tanchen. After it passes Koushangehih, it divides into two courses,
The main course runs southward to Chowchiakow, turns in the south-
eastern direction to the Loma Lake, and then flows eastward to Tashihtu
to join the southern and nortern Liutang Ho up to the towns,
Wuchang and Lungkou, where it goes across the Salt Canal and finds
its way to the sea through the Kwan Ho. The branch course was
formerly regulated at its head by a movable dam called Lukowpa:
Its water runs westward to the Middle Grand Canal in three different
channels, their junetions with the Grand Canal being Shutangehih,

Shachiakow and Ertaokow. Small part of the flow in the main course

is also diverted to the Grand Canal by way of the channels at Yaowan.

Owing to the limited capacity of the channel of the Grand Canal,
only a small part of the combined flow does run to the Inner Grand
Canal. Main part of water returns again to the Liutang Ho through
several cuts in the eastern bank of the Grand Canal, namely,
Chiulungmia», Wuhwachiao, Liulauchien, ete. Duﬁng the high flood
of the Huai River, part of the flood flow also finds its way to the
Liutang Ho by way of the Changfu Ho and Salt Canal. ‘

A Formerly, regulators were constructed at Lukowpa and Yaowan,
They were all destroyed. The former was used to regiﬂé.te the flow
in the branch course and as a safeguard to the Grand Canal. But
after it was destfoyed, the main current has found its wé;y through
the branch instead of the main course. Same is at Yaowan, where
there was a regulator called Chulopa. After its destruction, the flow
of the Yi runs freely into the Grand Canal, About one km. upstream
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of Chulopa, an escapeway of the Grand Canal was eonstructed to dis-
charge surplus water into the Loma Lake. As the lake is entirely
silted up, the flow from the escapeway runs at present directly south-
ward to the Liutang River. During the high flood of the Yi Ho, a
part of flood water finds its way through Shakiang Ho to the Shu
Ho. The regulator at Liulauchien, which acted formerly as an

escapeway for the Grand Canal, is also not existed.

Flood Disecharge

According to the record of the former Kiang Huai Conservancy
Board, great floods of the Yi, have been also found in the year 1921
and 1924. In the year 1921, the maximum discharge:was found at
Iichuang to be 2,310 cubic meters per sacond, while in 1924 it was
found at Lukowpa to be 2,130 cubic meters per second. So far as
the result obtained by aetual measurement is eoncerned, the maximum
flood discharge of the Yi Ho may be assumed at 2,310 cubie meters
per second. But in comparing the valley of the Yi Ho with that of
the Shu Ho which resemble almost in every respect to each other,
this assumption seems to be a little bit too low to be adopted for design.
Their topographical conditions are similar, and the rainfall in the two
valleys are also not much in difference. Moreover they have the
same torrential nature of the flood flow. Although the drainage area
of the Yi Ho is comparatively larger, but its slope of the flow is less

- than that of the Shu Ho. Judging by these facts the probable maxi-
mum discharge of the Yi Ho can be by no reason less than that of
the Shu Ho. Therefore for the sake of safety, it is assumed that the

maximum discharge of the Yi Ho is also 4,500 cubic meters per-
second.
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General Scheme

Since the main course of the Yi has been silted up, a large portion
of the flood water below Chitseng has to find its way to flow into the
Middle Grand Canal. Asin the year 1921 the discharge at its up-
stream was found to be 2,310 cubic meters per second, while that
portion which discharged to the Grand Canal by passing through
l.ukowpa amounted at 1,900 cubic meters per second. The other
portion which went southward along its main route was still partly
diverted to the Grand Canal from: Chulopa. But owing to the limited
capacity of the silted channels leading to the Grand Canal and the
worse condition of the main course, the flood water usually causes the
Inundation of the Yi Ho valley. As te the Middle Grand Canal
which is also limited in capacity, the outlets at Chiulungmiao, Wuhwa-
chiao and Liulauchien can not divert all surplus water eastward to
the Liutang Ho on account of its silted condition. The combined
flow of the Sze Ho and the Yi Ho usually has to overflow on both
banks and causes the flood damage in the region of the Middle Grand
Canal. Again the channel which discharges the flood water of the
Yi Ho to the sea from the Main Liutang Ho along the northern’ and
southern Liutang Ho to the Wuchang Ho and Lungkou Ho has its
capacity gradually diminished as it flows toward downstream. That
is a very bad condition for flood discharge. At Sanchatu on the Main
Liutang He the capacity of the channel is about 1,300 cubic meters
per second, while at the place near the upstream of the junction of
northern and southern Liutang Ho, it is only 750 cubic meters per
second approximately, and the total discharge in Wuchang Ho and
Lungkou Ho is also only that much. Since the flood flow can not

entirely pass away to the sea at its downstream, the land in the valley
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of the Liutang Ho is surely subject to inundation. In case a part of
the flow passes eastward to Shakiang IHo, that will make the case
more severe in the flood area of the Shu Ho valley. In a word, since
there is not a proper channel of adequate capacity to pass flood water
of the Yi Ho to the sea, it often causes great damage in case of flood
to the region north of the Old Yellow River. The first thing to be
done for the regulation of the Yi Ho is then to provide a channel to

the sea.

The Middle Grand Canal, led water from the Wishan Lake, is
the only waterway for the drainage of water in the southwestern part
of the province of Shantung. For the sake of flood control in Shan-
tung and also the valley of the Middle Grand Canal, only the Sze Ho
will be permitted to flow through the Grand Canal. Flood water of
the Yi Ho must be separated from it. The course of the flood channel
of the Yi Ho is proposed to pass along its original main course from
Koushangehih to Chowchiakow and then to flow southward through
the Loma Lake to Fanchatu, whenee by combining with the portion
of flood water of the Sze Ho which is to be diverted from Liulauchien
(See next Section on Regulation of the Sze Ho) it runs eastward
along the Main Liutang o to Chienchiachih. Then by the passage
througllthe Northern Liutang Ho, Lungkou Ho, and Kwan Ho, it
dischargés into the sea. All the channels which lead its flood water
to the Grand Canal, are to be closed except one which is to be re-
tained for supplying of the Grand Canal in case of drought. Since the
"discharge oapacity of the flood channel except the Kwan Ho section
is everywhere much less than the maxiiaum value to be provided, its
channel section must be increased either by excavation or by con-

struction of dikes.
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The probable maximum discharge of the Yi Ho is 4,500 cubic
meters per second and that actually measured in the year 1921
amounted to not less than 2,310 cubie meters per second. But the
condition of the Yi Ho is just the same as that of the Shu Ho that
it has a steep valley at its upstream without a place foi' detention.
" Although its flood peak is high, but its duration is rather short.  Foz
Instance in the year 1921, on Aug. 2, its discharge was found to be
65 cubie meters per second only, on Aug. 7, it suddenly increased to
2,310 cubic meters per second. But on Aug. 10, it decreased again
to the amount of S50 cubie meters per second../ Also in the year
1924, the discharge wmounted to 194 cubic meters per second only
on July 24, but it raised to its maximum 2,130 cubic meters per
second on July 26. Then the flood lowered again to the amount of
977 oubic meters per second on July 30. Therefore for the‘regulation
of Yi Ho, same as in the case of the Shu Ho, not only it is necessary
to improve its channel at the downstream side, but also it is required
to provide detention reservoirs and ground sills at its upstream side.
By this way flood water will be partly stored up and its velocity;
checked. The cost of the channel improvement will be minimized
and at the same time, irrigation can be developed. But the survey
at its head water is not yet completed. No definite schemse can be
laid down for the location of detention basins and system of grdund
sills at present. For estimating the maximum limit of the cost of
regulation work, as in the ease of the Shu Ho, it is designed to pass
the maximum dischsrge for the channel improvemeht. For this
computation, the togographieal maps and cross sections of the channel

and its downstream side surveyed by the former Kiang Huai Con-
servancy Board are used.
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The Cost of Channel Improvement

For discharging the Maximum Flood Flowd.

The course of the flood channel for this estimation is shown in
Fig. 12. It is designed to pass the maximum flood peak value of
4,500 cubie meters per second. For simplicity of description, we may .
divide it into three sections. The first section is from Chitseng to
Sanchatu. Its discharge capacity is designed for 4,500 cubic meters
per second, its slope of flow is from about 1:3,700 to 1:7,300 the
width of the channel between dikes is from 600 to 790 meters,
the height of dikes is increased on the average 0.4m., and its depth
of flow is from 5 to 6 meters. The second seotion is from Banchatu
to Lungkou. With the additional flow of 1,000 cubic meters per
second from Liulauchien (See next section), the maximum discharge
for this section and its downstream amounts to 5,500 cubic meters
per second. The slope of flow for this section is about 1:10,500, its
average width between dikes is 916 meters, the height of dikes is
from 3/, to 6 meters, and the depth of water is from 5/, to 8 meters
at its middle portion of the channel and from 2 to 4!/, meters near
the banks. The last section is from Lungkou along the Kwan Ho
to the sea. Since the existing channel of the Kwan Ho is large
enough, not much money will be spent for this section. The average
width of the channel in this section is about 1,400 meters; the height
of dikes, from 1 to 5.3 meters, and its depth is from 7 to 11 meters
at the middle and from 0.5 to 3.8 meters near the banks. The total

cost is summarized as follows:
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; Unit |
Ttem Quantity Cost | Cost Remarks
§ 3
- H_auling
Rarthwork for dikes 43,540,000 m3 0.16 6,966,400 distance
—— 100 m.
‘Barthwork for closing 500,000 m? | 0.16 80.000 .
. branches ’ G A
4 gluices 200,000
S ‘ /
Land compensation | 235,000 mou : 10.00 2,350,000

Total......ccccvev'nn.....$9,596,400

Article 6. Regulation of the Sze Ho
and the Rivers and Liakes in the Southern Shantung Provinee

The Southern Grand Canal in the Province of Shantung receives
all the streams from the mountain ranges of Tai Shan, such as the
Wen, Sze and other small streams in the districts of Teng and Chow.
The Chu, Wanfu and Shungti rivers in the distriet of Tsaochow also
drain into it. The outlets for the Grand Canal are the Yellow River
in the north and Yangtze River in the south. Its northern outlet is
not an efficient one for the Yellow River bed is silted up higher and
higher that its dike is at present four meters higher than the bottom
land. In consequence, the triangular shaped region enclosed by dikes
of the Grand Canal, old and new Yellow Rivers resembles a water
basin, with only one outlet through the Wishan Lake. Nine districts
in the west of the Grand Canal are always subjects to inundation,
and much more severely damaged in the year of bigger flood. The
- land on the east of the Grand Canal, on account of its vhigher
topography, is in a better condition except the distriet of Tungping,
which is permanently inundated by the Wen Ho. The people of the

province of Kiangsu, being on the downstream side, are constantly in
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fear of the rivers and lakes in the province of Shantung being improved
and drained into their region. In the present scheme, it is proposed to
regulate the Huai and Yi Rivers separately, the Middle Grand Canal
will only be used to discharge flood water from the Shantung province
till Tiulauchien where it finds its way to the sea by the Yi Ho. By
this means, the flood problem in the province of Shantung can be

hopetully solved.

All the streams running southward from the province of Shantung
are all temporarily detained in the Wishan Lake. According to the
topographie map of 1:100,000 scale, it is roughly estimated that the
lake area is 370 sq. km., enclosed by the 31m. contour line, and is
870 sq. km., enclosed by the 35m. contour line. The general elevation
of the lake bottom is about 30.6m. Hence the capacity of the lake
between 81 to 85m. is approximately 2,480 mill. cu. m., which is
quite’ sufficient to be utilized for flood control and storage purposes, -

as in the ocase of the Hungtze Lake.

The Flood Magnitude

The present channel leading to the Yellow River for the Wen
Ho will be maintained. The inundation of the district of Tungping will
be relieved by another way. Hence the flood quantity of the
Wen Ho is not included in the estimation of flood magnitude for the
Southern Grand Canal in Shantung., The exact value of inflow to
the Wishan Lake is not known for lack of data. The stream
measurement made by the Shantung Grand Canal Board shows that
the largest discharge of the Sze Ho in the period from 1913 to 1916

was 748 cu. m. per sec. Since the drainage area of the Wishan Lake
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_is approximately 30,000 ¢q. km., while that of the Sze Ho is about
. 4,060 sq. km., =0 if tlL.e scme rate of flood ﬂ(ow as that of the Sze Ho
be applied to the whole area then the maximum flood inflow of the
lake would be 5,600 cu. m. per seec. However, because of the hilly
topography of the Sze Ho valley, the discharge on unit area must te
high, so a general application of its rate to the whole area will give
a value too large for use. Moreover, this maximum flood of the Sze
Ho is of short duration lasting only one day. Now, with the big storage
capacity of the Wishan Lake, it is enough to detain the flood flow.
Only the total inflow or the average outflow of the lake during the

flood period will be taken into ealculation for regulation work.

According to the report of Z¢-Ka-Wei Observatory, the precipi-
tation of the drainage area of the Wishan Lake during flood season is
nearly the same as that of Tsingtao. From the records of that station,
the maximum precipitation occurred always in the months of July
and Avgust. The maximum values recorded were 295.3 ‘mm. and
280.5 mm. respectively, hence the total value of these two months
was 576 mm. Also there is no record upon the relation between
rainfall and run-of in this drainage area to be studied, we can estimate
the ratio only by experience. For safety, this is assumed to be equal
to 40%, as that is the maximum ratio ever occurred, Since the
drainage area o the Wishan Lake is about 30,000 sq. km., ‘the total
discharges during these two months will be 30,000,000,000 x 0.576
x 0.4 = 6,900,000,000 cu. m. or in average 1,330 ms/sec. The flood
peak of maximum discharge is still unknown, but we can make that
the outflow of the lake will not be affected by the inflow directly since
the Wishan Lake can detain a certain amount of flood discharge.
Suppose we fix the highest lake level at 35m., that in 1921 being
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35.56m. then we have a storage capacity of 2,480 million cu. m,
between the lowest and highest lake levels, The total outflow dis-
charge during July and August will be 4,420 million cu. m. or 843
m¥sec. For safety, we take 1,000 m¥sec. as the outflow discharge

of the Wishan Lake.

Flood Control Project

There are twe outlets for the Wishan Lake. One is at Chang-
i{oshan, where it is controlled by a dam called Lingchiapa. Below
that, the Pelau Ho conveys water to the Middle Grand Canal in Kiang-
su at Shutangchib. The other outlet is at Hanchuang, where there
is a regulating structure of 14 openings for regulating the inflow and
also as a check dam in the main canal below the regulator. The
former channel has been very much silted up, the maximum discharge
in the year 1921 was only 135 m?®sec. while the lake level reached
to 35m. Also its distance between the lake and Shutangchin is longer
than that of the Middle Grand Canal, hence it has a flgtter slope.
The latter channel, from Hanchuang down through the Middle Grand
Canal, therefore, is selected as the flood channel for the Wishan Lake,
But as the Middle Grand Canal will also be used as a navigable
waterway, the navigable depth and discharge should also be considered
in the flood control project. For the navigation in dry seasons, we
shall construct locks at Teshenchai, Hotingehai, Liulauchien, ete. as

will be described in the chapter on navigation projects.

The flood flow of the Wishan Lake will be discharged from Han-
chuang through the Middle Grand Canal, Yi Ho. Liutang Ho, Kwan
Ho, and then to the sea. From a study of the topography of the
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Yi Ho and Grand Canal, the best way is to divert lood water from
the Grand Canal at Liulauchien. A movable dam to discharge 1,000
m’[sec. is proposed to be constructed on the eastern dike of the Grand
Canal just upstream of Liulauchien Lock., Below that dam, the fleed
flow will follow the old channel eastward and meet with the Yi Ho
at Sanchatu. The regulator and other Chai’s at Hanchuang and along
the Middle Grand Canal should all be demolished as to be convenient
both for flood flow and navigation. Movable dams should be eon-
struected at the sides of the locks at Teshenchai and Hotingehai as to
regulate the flood flow.

Tbe highest water level of the flood charnel of the Yi Ho at
Sanchatu will be 18m. Let the total loss of head due to the mova-
ble dam at Liulauchien and in the channel between Liulauchien and
Sanchatu to be 1m, then the water level just above that dam will be
19m. _'.!lbe'distance between Litulauchien and Hotingehai is: 97 km.

Thb'slope in this portion is used as 1 in 13,300, which is the most
‘ economieal slope obtained as it will utilize most of the existing chan-
nels. Then the water level just below the movable dam at Hoting-
chai will be 26.28m. Let the loss of head due to this dam be 1m,
the water level just above the dam will be 27.28m. The distance
between Hotingehai and Teshenchai is 45.5 km. By the same reason
let the slope in this portion be 1 in 9,000 and loss of head over the
dam be 1m, then the water level below that dam will be 82.83m
amd that above the dam will be 33.33m. The distance between the
Teshenchai and old sluice gate at the lake mouth is 11.63 km. Let
the slope in this portion also be 1 in 9,000, then the water level at
the lake mouth will be 34.62m. This means that When the lake
level reaches the above value, its outflow discharged will be 1,000
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m’/see. This is on the safe side, otherwise if the outflow reaches its
maximum value until the lake level has raised to the highest gage,
then the great amount of storage water in the lake will cause

inundation in its upstream side.

FFor safety to navigation, the velocity of flow should not be more
than 2 mfsec. with the maximum discharge of 1,000 m®seec. With the
above mentioned slopes being used, then the minimum cross-section
for the portion between the lake mouth and Hotingchai according to

Prof. Torchheimer’s formula, will be:

bottom width T 50m

top width 82m
mean depth 8m
side slopes ' 1:2 _
That from Hotingehai to Liulauchien will be: | T
bottom width G4m
top width 96m
mean depth 8m
side slopes 1:2

According to the existing cross-sections of the Grand Canal, not
much dredging work is required except the width of the portion be-
tween the lake mouth and Tesh;nehai and the depth of the portions
just below Teshenchai and Hotingchai should be increased. Sinee
the highest water level will be higher than the ground surface, then

the height of levees should be increased according to the highest water
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level along the Grand Canal as shown in Fig. 14. Let the top width
of the levee be 4m., its freeboard be 1.5m., and its side slopes be 1

to 3.

From Liulauchien to-Sanchatu, for economical reasons, the.old
channel should be fully utilized. The distance in this portion is 11
km., max. discharge will be 1,000 m?¥sec., and let its slope be 1 in
20,000. According to Forchheimer’s formula, its étandard ({1’083—

section will be:

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

~ In this portion, excavation and embankment should to provided
from Liulauchien to Yuantu of a length 4.37 km., and only embank-
ment should be provided from Yuantu to Sanchatu of a Jehgth 6.63
km. The levee section will be the same as that for the Middle Grand
Canal. R

The Pelau Ho will not be closed. It will be used for water
supply purpose along its course. We shall construct a sluice gate at
its mouth for regulating its flow. Also a sluice gate in the Middle
‘Grand Canal should be constructed adjoining the lock at Liulauchien

for regulating the irrigation water downstream. These two sluice gates
eost about $150,000.

The total cost for three movable dams at Teshenchai, Hotingehai,
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and at the eastern dike at Liulauchien i3 estimated ‘to be about
$500,000.

The costs of the flood control project on the Sze Ho and Southern

Shantung rivers are summarized as follows:

Excavation between Liulauchien

and Sanchatu 973,600 m* @ $0.135 = $131,436-
Embankment on the same 526,200 m* @ $0.16 =$ 84,192
Excavated material used for

embankment on the same 261,300 m* @ $0.025 -$ 6,533
2 sluice gates at the mouth of the

Pelau Ho and Liulauchien -$150,000:
8 movable dams at Teshenchali,

Hotingehai and Liulauchien | $500,000-

Total.....evvrereeren.. $872,161

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

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

Canalization of Rivers.

Within the district of the Huai River and Grand Canal, streams
and water bodies are so numerous that navigation by small jun.ks‘
are very much generalized. The well-known rivers and lakes are the
‘Grand Canal, Salt Canal or Yen Ho, Changfu Ho, Hungtze Lake.
Kao Pao Lakes and the Huai River proper. They are the important
watefways for the transportation of native goods, and small boats are
ta be seen everywhere. But they are all of natural water courses,
so that their navigable depths are subject to the fluctuations of
the water surface. In the wet season they are of course deep enough
for the comparatively big boats; but during the dry season, since the
source of water supply is greatly limited, and at the same time the
flow is not in any way checked from running into the Yangtzekiang
or the sea, they soon become too shallow for navigation. This is
the reason why navigation in this distriet is scarcely developed to a

greab extent.

In the former days when the Grand Canal was called upon to
transport the rice tribute for the Royal family, it was built many
‘Chai’s (movable dams of the stop log type) in the eanal to raise the
water surface in the different pools, such as Yunliu, Hoting and
Weichi, ete. Up to the present, even such Chai’s are still in ex-
istence, but they are nearly all out of repair that the stop logs
are not to be put down eyen in the dry season. They can serve no
purpose. Besides those Chai’s we have the Sanhopa at the southern

<nd of the Ming Dike on the Hungtze Lake. It is built évery
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year as soon as the flood season is ¢ver in order to compel water of
the Huai River to flow into the Grand Canal by way of the Chang-
fu Ho. At the lower end of the Grand Canal, there are several
flood escapes with flash boards made of weeds and earth to check
the flow of the Grand Canal from being lost into the Yangtzekiang
or the sea after a flood season is over. Temporary earth dams are
also to be found in the rivers to check the flow during dry season,
such as near Tsematou on the Salt Canal. All these means are for
the conservation of water quantity for the use of navigation. Never-~
theless, they are all crude in form and sometimes contracting the
channel so much as to cause tumultuous flow at the opening that.
boats are to be towed up and down with great difficulty. In many
cases the navigation routes are entirely cut away, that trans-shipping

18 necessary at these places.

[

For navigation purpose, in order to prevent the intverruptipn of
traffic a river should have a sufficient depth of water for the whole
_year to be consistent with the draft df the biggest boats. But for
the natural water courses, the variation of water level is very great,
and it is quite uncertain as to the duration of time when there is a
sufficient depth of water for navigation. For example on the Middle
Grand Canal at Yaowan (see Fig. 17) the duration of time for the con-
tinuance of water level is different throughout the year. On this
portion of the canal the deepest part is 15m. in elevation. In average
there are 77 days (21% of the year) when it is three metefs\ in
depth; 118 days (32% of the year), when it is 2'/; meters in depth;
186 days (51% of the year) when it is 2 meters in depth; and 57
days (15'/,% of the year) when the water level ever reaches the

record of 19.7 meters. Hence it is quite clear that water is deficient
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for the navigation of big boats throughout the year. But the way
to increase the depth of water by deepening the channel is net
possible, because during the dry season, the water source is quite
limited, and if the channel is excavated to a steep slope, the velocity
thus acquired will soon cause the water level to be quickly lowered.
It is true that a river can be excavated to increase its tidal effect,
but it should be quite near to a tidal river or the sea, and it is an
impossibility to excavate a river of several hundred miles long éuch
as the Granal Canal to such a depth that the channel will be below
the mean water level of the sea to fetch the tidal effect. Hence the
way to preserve sufficient depth of water for navigation is to canalize
the river by building locks and movable dams along its course to

regulate its flow.

For example, if a lock and a movable dam are constructed on
the Middle Grand Canal at Yaowan, what is formerly considered as
the highest water level to be occurred only 57 days of the year can
easily be changed to be the lowest water level. According to the past
- records (see Fig. 23) the lowest water level at some parts of the
Middle Grand Canal nearly coincides with the canal bed, that is at
those parts the canal is wholly dried up during the dry season. But
after proper improvement is given, the minimum depth of water will
reach 3 meters, so that boats with 900 tons of freight can easily ’

navigate throughout the year.

A movable dam is so constructed that it can be opened and
shut at will. When a river is controlled by movable dams, sufficient
depth of water can easily be preserved for navigation during the dry

season. By the side of the movable dam, a lock is built. It has
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two sets of gates at the upper and lower ends of the loek chamber.
When 2 boat is deseending from the upstrean, water is first eondueted
into the chamber till the water surface is even with that of upstream.
Then the gates at the upstream side is opened for the boat and shut
as soon as it has reached the chamber. The water in the ehamber
s then led out to the downstream, so that the water surface in the
chamber and that of the downstream will be on the same level
The gates at the downstream end is now opened for the beat to
pass. The process will be similar when a boat is ascending from the
downstream. During the flood .season, both the movable dam and
the lock are opened for flood discharge, so the condition of the natural

water course is resumed.
L d

3

/
The Navigation System
Before dealing with the individual nav‘igation projects, let us
describe the navigation system at first. (see Fig. 19)

The Grand Canal running from the northwest to southeast and
terminating at the Yangtze River ferms one of the main navigation
routes of the system. In the first period of construction, five locks
are to be built along the course from Chunchiakow on the Wishan
Lake down to Huaiyin, Shaopai and Sankiangying which is on the
Yangtze. In future, when the Yellow River in the Provinee of
Shantung is improved, two more locks, one at Chunchiskow and
another at Chiangehiakou on the Yellow River, will be constructed
to extend the navigation up to the Yellow River. Moreover, after
a lock is construeted at the junction of the Chuangchang Ho and
Tungyang Canal, and another on the proposed irrigation eanal betweim
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Yenchen city and Chinghochai, the boats on the Grand Cé’mland

those latter streams can be made intereommmunicable.

Another main navigation route will run from the southwest to
northeast and terminate at the sea. It consists of a series of rivers
and lakes, namely, the Huai River, Hungtze Lake, Changfu Ho, Salt
Canal and Kwan Ho. Besides the Huaiyin lock, which is used for
the both main routes of navigation, three more locks will be built
during the first period of eonstruetion, one is at Tsaikungtu and
Hsinpuchen, on the Salt Canal and at Lungkou on the Kwan Ho.
In future, if another lock be built at Fushan or Huaiyuan on the
Huai River, the navigation route can still be extended tarther
upstream. At Kaoliangchien, the proposed drrigation canal from the
Hungtze Lake to Chinghochai, one lock ,is' needed in order to
shorten the navigation routes from the upper Huai River tc: the
Yangtze River. During the flood season, boats ean directly pass
through the San Ho to the Yangtze by means of the lock at th
proposed regulator at Chiangpa. ' '

The Predication of Future Tﬂanspértatioh

When the navigation system is well developed, transportation
and commerce are sure to prosper. According ta Prof. Franzius’
estimation, the Grand Canal after improvement for 5 years, will have
an annual freight of 5,000,000 tons, and a'ter 25 years, will Inerease
to 20,000,000 tons, because its vast collecting and distributing area,
5 the suitability of the location, and cheapness of labor will make the

PO development quicker than usual. If the navigation between the Huai

River and Salt Canal is to be connected, same development will be |
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occurred. Hence we can expect that after the 5 years since the
completion of the work, annual freight of 10,000,000 tons will be
reached. There is no accurate statistics of the present transportation
on those rivers, but from a conservative estimate, it is about 1,000,000
tons, That means, after 5 years, the transportation will ‘increase-
ten-folds.

The Minimum Cross-seetion for the Canalized Rivers.

The size of a navigation canal should base on the size of boats..
During the Ching Dynasty, when rice tribute were transported on the
Grand Canal for the Imperial family, Chai’s were constructed to
preserve a sufficient depth of water for the navigation of large bbats.
But with the suspension of imperial service the Grand Canal is lack of
care, so very few big boats are now to be seen. As the Inner Grand
Canal is comparatively much deéper, boats with 150 tons are still in
use, but they can only reach Shaopai because beyond that place, »th}e—

canal becomes shallower.

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

time before the completion.

In the present scheme, the largest ship we assume for future
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use is 72 meters long, 9 meters wide and 2 meters of draft. Assuming
the ratio of fineness (Voelligkeitsgrad) to be 0.88 and ratio of tonnage
(Tragfachigkeits ziffer) to be.0.80, then its tonnage will be 72 x 9 x
2x0.88x0.80 =910 metric tons or 900 long tons. The design of
the channel for such a canal is to admit two boats to pass side by
side. Hence the width of the canal bed should be 20 meters, and
the minimum depth of water, 3 meters, with one meter cleai‘ance
between the bottom of the canal and that of the ship. The typical

cross-section is shown in the following figure (Fig. 18).

p——r 9-0——-1 — 9-0-——7

Near the entrance and exist of a lock, the eanal should be widened
for the anchorage of ships, and also these must be a straight streteh
as to give a clear view for the shippers. In the first period of
development, we adopt the length of the stretch to be one kilometer,
and the width of the canal bed, 40 meters, R V

The Dimensions of Liocks

~ The lock of the first period of development will be designed for
the necessities of the immediate future. In future with the increase
of size of ships and freight it will naturally ecall for locks of larger
size to be installed. Here we adopt the length of the lock chamber
to be 85 meters, the width of the lock chamber,' 12 meters and thé

minimum depth of water at the sill, 2/, meters. One of the largest
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boats ean pass through it at one time; for boats of 5 meters wide, 32
meters long and 2 meters of draft with a tonnage of 225 metrie tons,
four of them ean pass at one time; for boats of 3 meters wide, 20 meters
long, and 1Y/, meters of draft with a tonnage of 60 metric tons, six
of them ean pass at one time; and for the common sized and small
boats, more than ten of them can pass at one time. After the
introduction of larger sized locks in future, they ean still be in use
for small steam-boats and passenger boats, because at each operation
they require very little volume of water, and are easy to be ma~

nipulated.

Locks are to be opened once each hour. For a navigation
canal, the water for lockage at each operation of the locks including
the seepage and evaporation of the canal is estimated to be 20 cubie
meters per second. This volume of water is neglected during the
flood season, but even during the dry and irrigation season it can
easily be supplied.

Navigation during the Flood and Irrigation Season

Although the flood channel of the Huai Ho below Hungtze
L.ake is separate from the navigation channels, yet all other principal
rivers within the district of the Huai Ho and the Grand Canal are
so regulated that the flood of one river is conducted to the other
during the flood season. Thus the flood of Sze Ho is conducted to
flow down the Grand Canal as far as Liulauchien: the flood of Yi
Ho, to Kwan Ho; the flood of Shu Ho, to Yen Ha below Hsinpu;
and the flood of the Huai Ho to its main channel above the Hungtze

Lake. Henee during the flood season all lacks and movable dams
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should be opened to discharge the maximum volume of water, and
at the same time to maintain a favorable condition for navigation.
Even if navigation is suspended by floods, little harm is done, because-

the duration of flood season is rather short.

During the irrigation season, the Changfu Ho, the Middle Grand
Canal below Liulauchien and the Inner Grand Canal are used both -
for irrigation and navigation purposes. At that time with the sudden
increase of water, the water level at some por’ion of the river will
rise, while that at the other portion will fall. Hence in order to
avoid inconvenience to navigation, the shallow portion should be
excavated so that the minimum depth of water will be three meters.

The Correction of' Currvature,

For a natural water course, there are usually some sharp bends.
Even if the river has been canalized and the velocity of current
controlled, they will still give much ineonvenience to navigation, so
they should be corrected, and the radius of curvature should not be
less than one kilometer.

The General Design of Lioek and Mowvable Dam

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

The lock foundation is for the most part of sand and clay. Its
bearing power is to be investigated at the site of construection. Now
assuming the bearing power to be 4,000 pounds per square foot,
the.dead load of the lock should be reduced so as to deerease the
expense of the foundation construction. So reinforced concrete is
used, the lock walls have been designed with counterforts on the
back, and its floor reinforced with rib beams in one case. In order
to increase the safety of the structure, cross beams are added between
the counterforts and rib beams perpendicular with each other, so that
the earth and water pressure can be equally distributed among the
beams, and if there is any accidental collizion due to ships, the force

«can be speedily transmitted to all parts of the structure.

As the lock walls are easily subject to impact, so in the calculation
of stress the water pressure is inereased by one third. The protection
of the reinforcement is made with extra thickness, so. that any

breakage caused by accident can be easily repaired. R

The lock has two pairs of miter gates made with structural steel.
Hand manipulated machines are used for the operation of lock gates

and water passages.

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

in size will equally serve the purpose.
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Article 2. The Navigation Projeect of the Grand Canal’

In our first period of navigation development for the Grand

Canal, works of improvement will be done beginning from Chunchia-

- kow on the Wishan Lake of the Shantung Province to Sankiangying

on the Yangtze River for a total length of 430 km. Along its course
five locks are to be constructed, namely Teshen Lock, Hoting Lock,
Liuchien Lock, Huaiyin Lock and Shaopai Lock. From Chungchia-
kow to Liuchien Lock, water is supl;lied by the Wishan Lake, and
from Liuchien Lock to Shaopai Lock, water is supplied both by the
Wishan Lake and Hungtze Lake.

As the Grand Canal from Chunchiakow to Chiangchiakou on

| the Yellow River for a length of over 150 kilometers has not yet

been carefully surveyed, no scheme of improvement can be made,
but generally the construetion of two locks at the two places above
mentioned will sufficiently accommodate the navigation -between
these two rivers. After the completion of these two locks the inter-
communication between the Yangtze River and the -Yellow River
will be possible. It will be done after the first period. of navigation
development.

Below Shaopai there are two water ehannéls flowing towards
the Yangtze River: one is used for the proposed flood channels of
the Huai River beginning from ILiuchai, and passing through the
Taiping Ho, Liochiakou and Shatou Ho to Sankiangying, while the

-other passing through Yangchow to Kuachow to. join the Yangtze

River. After the completion of the flood channel, the water def)f;h

below Liuchai will be enough for the navigation of large boats and

(8)




further excavation is unnecessary. The other channel to Kuachow
may be too shallow to accommodate the navigation between the
Grand Canal and the Yangtze River during the dry season, yet it is.

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

In describing the proposed schenies, the portion of the eanal
below each lock is considered to be a section, and the engineering:
works of the six sections will be discussed in detail in the following
pages.

The First Section: from Chunchiakow to Teshen Lock

For navigation purpose the portion of the canal from Chunchia-
kow to the outlet of the Wishan Lake should be excavated, while
below the outlet excavation is also in need, as the canal is used for
flood discharge. A lock will be eonstructed at Chunchiakow in future
t0 be numed Chungkow Lock.

As the Grand Canal meets the Tientsin-Pukow Railway line at
Hanchuang, this town will be expected to become a commercial centre.
The bridge and rails at the crossing should be reconstructed and
raised five meters higher in order to make room for the eanal boats.

The length of the canal from Chunchiakow to Teshen Lock ‘is
87.6 kilometers. The estimate of the total expenses including the

excavation of the channel for flood discharge is given in the following:—

Excavation of the channel 7,168,188 cu. m. $967,705
Dike construction with excavated earth,
ramming only 1,102,046 ecu. m. 27,551
Dike construction with borrowed earth
ramming included. 57,554 cu. m. 9,209
Reconstruction of rails and bridges 50,000
" Total........... coevvneeenn oo $1,054,465




The Second Section: from Teshen Lock to Hoting Lock.

The railway constructed by the Chung Shing Coal Mining Compa-
ny meets the Grand Canal at Taichuang. After the canalization
of the Grand Canal is completed, Shantung coal will find the markets
in all the towns and cities in the regions of the Huai Ho, the Grand
Canal and the Yangtze River. This portion of the canal should be
go regulated that the variation of water level for the whole year will
be 0.5 meter, that is, the highest water level will be 28.9 meters and
the lowest water level, 28.4 meters. The maximum lift of the logk
will be 6.7 meters and the minimum lift, 1.7 meters. During the
flood season, the difference of water level is to be reduced to one
meter. The length of the canal from Teshen Lock to Hoting Lock
is 45,6 km., and the éstimate of the total expenses including the

construetion of Teshen Lock is given in the following :—

Construction of Teshen Lock , $300,000
Excavation of the channel 3,300,262 cu. m. 445,635
Dike construction with excavated earth,
ramming only . bb65,844 cu. m. 13,896
Dike construction with borrowed earth,
ramming included 2,015,856 eu. m. 822,537
Total.....eoeeeererereren, $1,081,968

The Third Section: from Hoting Lock to Liuchien Lock

At this portion of the canal much difficulty is felt for navigation
during the dry season, beeause for the whole year there are only a
few days when there is a sufficient depth of water for the navigation
of large boats. Figures 17 and 23 will clearly show these difﬁcht
features. |
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The Pelau o which joins the Grand Canal at Taichuang also

unites with the Wishan Lake at its west bank. Though this river
is now quite shallow, yet when the water level of the Grand Canal
has been raised, it is easy to be imuproved for navigation, so as to

aceommodate the communication with interior towns and cities.

The Lung Hai Railway line crosses the Grand Cansl at the south
of the Pelau Ho. Though there are now no important towns in the
neighborhood, yet when the navigation system of the ‘Grand Canal
has been developed, it will be the linking place for coinmunications
by land and by water, and the bridge and rails at the junction of the
canal with the railway line should be raised six meters higher in

order that ships may be able to pass.

The portion of the canal should be s0 regulated that the variation
of water level for the whole year will be 0.5 meter, that is, the highest
water 'level will be 20.2 meters and the lowest water level, 19.7
nmeters. The maximum lift of the lock will be 9.2 meters, and the
minimum lift, 8.2 meters. During the flood season, the difference of
water level is to be reduced to one meter. The length of the canal
from Hoting Lock to Liuchien Lock is 104 kilometers, and the
estimate of the total expenses including the construction of Hoting

Lock is given in the following :—

Construction of oting Lock $400,000
Excavation of the channel 2,476,974 cu. m. 834,391

Dike construction with excavated earth,

ramming only 569,950 cu. m, 14,249
Dike construction with borrowed earth,
ramming included. 1,978,120 cu. m. 816,499
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Reconstruction of s bridge and rails - 50,000
Total...............$1,114,13Y

The IFourth Section: fram Liuchien Lock to Huaiyin Lock.

Since the water of the Hungtze Lake flows to the Grand Canal
through the Changfu Ho, so for this poftion of the canal the Vé.riation
of water level is very great, the highest water level being' 16 meters
and the lowest water level, 11 meters. The maximum lift will be
9.2 meters and the minimum 3.7 meters, From Liuchien Lock to
Chungshin the channel needs little excavation, but below Chungshin
the existing channel of the canal is so crooked that a new channel
to connect with the Inner Grand Canal is necessary (See Fig. 26).
With the completion of this new channel and the improvement of
the Changfu Ho, bouats from the Grand Canal can easily navigate to
the upper part of the Huai Ho and one of the three Chavi’s"near
Matou, namely Weichi, Tungehi and Fushing Chai’s can be recon-
structed and used as a sluice during the flood season. The length of
the canal from Liuchien Lock to Muaiyin Lock is 57.5 kilometers,
and the estimate of the total expenses including the construction of
Liuchien Lock is given in the following:—

Construction of Liuchien Lock " $400,000
Excavation of the channel 2,207,082 cu. m. ' 207,956
Dike construction with exeavated earth, ‘ S
ramming only - 170,020 cu, m.. .. 4,250
Dike construction with borrowed earth, A
ramming included 80,674 cu. m. 12, 908

Total..... ....$715,114
The Fifth Section: from Hualym Lock to -Shaopai Lock

"This portion of the canal is the longest among the six sections. . At
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‘its north extremity is Hualyin, which will be the communicatiow
centre for the surrounding towns and cities. The Grand Canal
com_municates: with the Yangtze River in the south, and the Shantung
Provinee in the north conneets with the Tientsin-I'ukow and Lunghai
‘Railroad lines, flows to the sea through the Yen Ho and Kwan Ho
at the east, and joins with the Hungtze Lake through the Changf‘u‘
Ho at the west., Along its course there are many impdrt'ant towns
and cities. Hence after it has been regulated and improved, the
‘development of commerce and communication and also the improve-
ment of living conditions of the surrounding towns and cities can be

predicated.

There are now small steam-boats running between Huaiyin and
Chinkiang, The portion of the canal below Kaoyu is quite deep for
paviga'ion throughout the year, but from I aoyu to Huaiyin there
are only a few months out of the whole year when there is sufficient
depth of water for navigation. But after the improvement, there

will be no more of such inconvenience.

The variat'on of water level for this portion of the canal is 0.5
meter, that is, the highest water level will be 7.3 meters and the
lowest water level, 6.8 meters. During the irrigation season, the
water surface will acquire a natural slope as the water level near Huai-
yin' Loek will be 10 meters, while that near Shaopai Lock 5.87
meters. The maximum lift of the Huaiyin Lock will be 9.2 meters,
and the minimum, one meter. The channel hetween Huaiyin and
Hﬂdi;a;l is to be enlarged. ~ The length of the canal between Huaiyin
Lock and Shaopai Lock is 145 kilometers, and the estimate of the

total expenses incluling the comstruction of Huaiyin Lock is-given
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in the following:—

Construction of Huaiyin Lock . $400,000.

Excavation of the channel 666,074 cu. m. - 89,920
Earth filling on the western Dike A 80,000 cu. m.. 12,800:
Total.....cooovenninnen. ....$502,720

The Sixth Section: from Shaopai Lock to the Yangtze River.

Between Shaopai and Liuchai a8 new chgnnel is excavated to join ,}
with the flood channel of the Huai Ho at Liuchai and to flow through:
the Taiping Ho, Liochiakou and Shatou Ho to Sankiangying on the.
Yangtze River. The old channel will be used as the headbay for the,.\"
Tungyang Canal.

};t“ the upstream of Shaopai Lock, ‘the water level at normal®
times is from 7.3 to 6.8 meters, the variation of water level belng
0.5 meter. But during the n'rlgatlon season it will be reduced to 6.8
meters. As to the water level at the downstream of the lock, 1t
cannot be ascertained, because the rise and tall of water level has an
intimate relation with the tidal effect of the Yangtze River and
the volume of water coming from the flood discharge channel of the
Huai Ho. But when the water level of the Yangtze River is at its
lowest, the water level of this section will be -0.4 meter. The maximum
lift of the lock is then 7.7 meters, and during the maximum discharge
.of the Huai Ho, the highest water level at the downstream of the
lock will be 7.5 meters, being 0.2 meter higher than that of the

upstream. At that time the lock should be opened so as to give a
free passage for boats.
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Taiping Ho whon used for flood disecharge should be so excavated
that the elevation of the canal bed will be -4.0 meters. Liochiakou
and Shatou Ho are very deep that at the iowest water level of the
Yangtze River, the depth of water is over three meters, and st normal
times it may be six to seven meters, so steam-boats ecoming from
the Yangtze River can directly reach Liuchai. So no dredging works

for its improvement is necessary.

The portion of the canal which passes through Kuachow is at
normal times about 3 meters in depth. With a little dredging work
to remove the shoals it will facilitate the navigation between Chin-
kiang and Yangchow. The estimate of the total expenses for this
section of the canal including the construction of Shaopai Lock is

given in the following:—

Construction of Shaopai Lock, $350,000
Execavation of the channel 888,790 eu. m. 119,986
Dike construection with excavated earth, ;

‘ramming only | 1,990 cu. m. b0
Dike construction with borrowed earth,

ramming included 39,020 cu. m. 6,243

Total.......c.....enrnn. $476,279




The total cost for the first period of development are:

Total Cost of Navigation Projeet

for the Grand Canal

Dike Dike
Coastruction Construction] Egeon-
Excavation with with struction
Lock of the excavated | boriowed of rails Total
bection Oonstruction! . hannel earth, earth, and
ramming ramming bridges.
only included
$ $ $__ $ $ $
18t 967,705 27,551 9,209 50,000 1,054,465
| 2pd | 300,000 | 445,535 | 13,896 | 822,537 1,081,968
8rd 400,000 | 334,391 14,249 | 816,499 50,000 1,115,139
4th 400,000.| 297,956 4,250 12,508 715,114
_bth 400,000 89,920 12,800 602,720
6th 350,000 | 119,986 50 6,243 476,279
o 1,850,000 | 2,255,498 | 59,996 | 680,196 | 100,000 | 4,945,685

RArticle 3. Canalization of Rivers from Huaiyuan to the Sea.

The object of this project is to have direct navigation from the
Upper Huai River to the Yellow Sea, by way of the Huai River,
Hungtze Lake, Changfu Ho, Yen Ho and Kwan Ho.
period of development, it is proposed to start from Huaiyuan down
the Huai River, passing the towns and cities such as Pengpu, Shuyi,

Kaoliangchien, Matou, to Huaiyin, where it passes through the lock

In the first

and through a new cut to Hsipa to join the Yen Ho. Another lock -
will be situated at Tsaikung on the Yen Ho. At Lungkon not far
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downstream of Tsaikung the navigation route divided itself into two
courses, one passes over the LLungkou Lock to the Kwan Ho and finds
its way to the sea; another goes along the Yen Ho in the northern
direction to the Hsinpu Lock and then joins with the sea estuary of
the Shu Ho. The total length of the navigableq‘rivers will be 483
kin.  Besides fhe Huaiyin Lock, which will serve both the navigation
of the Girand Canal and that of the present river system, three more

locks will be constructed, i.e., Tsaikung, Lungkou and Hsinpu Locks.

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

as a seaport.

In the Yen Ho near Lungkou, two movable dams will be con-
siructed to prevent flood water of the Yi Ho from entering into it.
These dams can be taken away after the levees along the portion of
the Yen Ho from Tsaikung to Hsinpu being raised to the required
height. But for the time-being these dams will be closed when there
is a high fl.od of the Yi Ho. Since the flood of the Yi Ho is short-
durated, it would not be a tedious obstruction to navigation. At the
side of the L.unglkou Lock on the Kwan Ho, a larger movable dam
is needed for preventing water of the Yi Ho from escaping into the
Kwan Ho during the dry season. Owing to the project for
iraprovement of the Yi Ho is not definitely determined, it is not wise to
construet a permanent structure for this dam, because, in case detention

basin can be economically constructed at its headwaters, the flood
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tflow passed through this dam will be greatly reduced. Henece in
the first stage of development, only earth-weed dam- of the types
commonly used as the flood escapes on the Inner Grand Canal will

be built there.

The southern Liutang Ho is comparatively deeper than the Yen
Ho, and with the completion of the Hsinpu and Lungkou Locks,

navigation will extend to the town of Kaokou on it.

For irrigation purpose a canal should be construeted between
Kaoliangchien and Ching Ho Chai with a sluice at the mouth of the
outlet, and in future a lock is to be Duilt by the side of the sluice
gate, so that boats coming from the upstream of the Huai River can

sail to the ITnner Grand Canal through this new course.

As to the tributaries of the Hual River excavatiqn and instal-

lation of locks will further facilitate the navigation.

In future during the irrigation season the elevation of water
surface of the Hungtze Lake may be reduced to 11 meters, but before
the time when the consumption of water for irrigation purpose is
at the highest degree, the lowest water level 'mayfbe. higher than 11
meters, so the excavation of the Hungtze Lake can be teruporarily

left undone.

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

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

is given in the following:—

Excavation of a new channel in the

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

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

ramming included 2,255,950 cu. m, 360,952

Total............ veeenen..$1,004,056

The Second Section: from Huaiyin Lock to Tsaikung Lock »

There is no means of direet communication between the Grand
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Canal and the Yen Ho at present. Any cargo coming from the Yen
Ho are to be unloaded at Hsipa and transported to Huaiyin or
Yangchuang for further conveyance on the Grand Canal, and any
cargo coming from the Grand Canal are to be unloaded to Huaiyin
or Yangchuang and transported to Hsipa for further éonv'e.yancex on
the Yen Ho. But Hsipa, Huaiyin and Yangchuang are several n;iles
away from each other, so the unnecessary removal of cargo among
those places not only wastes money and time but also causes much
inconvenience. Now from the west of Huaiyin to the east of Hsipa,
a new navigation channel for a length of 5.34 km. is proposed to be

excavated to conneet the (irand Canal with the Yen Ho.

Since the old channel of Yen Ho below Hsipa is quite deep, it
is still adopted for navigation and no more exeavation is needed, but
during the irrigation season, the water surface of the Yen Ho between
Huaiyin Lock and Tsaikung l.ock will be raised higher than usual, so
the dikes along this portion of the river should be strengthened and
repaired. The expense for dike reparation which is to be included
in the cost of irrigation project and the construction of Huaiyin Lock

on the Grand Canal is also excluded from the present estimate.

The lowest water level at this section is 6.8 meters anél the
highest water level, 7.3 meters, and during the irrigation season the
water surface below Huaiyin Lock will be raised te 10 meters and.
above Tsaikung Lock, to 9.9 meters. Below Tsaikung Lock the water
level will be from 3.0 to 3.5 meters, so the maximum lift at Tsaikung
Lock is 6.9 meters and the minimum, 3.3 meters. The fength of
river for this section is 61 kilometers and the estimate of the total

expense is given in the following :—

(95)




Construction of Tsailkung Tock $300,000
Execavation of new channel 2,125,680 cu. m. 286,967
Dike construction with excavated earth,

ramming only : 4,130 cu. m. 103
Total............ e $587,070

The Third Section: from Tsaikung Lock to Hsinpu Lock

~ The variation of water level for this section of the river is 0.5
meter, that is, the highest water level is 3.5 meters and the lowest water
lovel, 8.0 meters, but at Lungkou where Yi Ho flows to the Yen Ho
through the Northern Liutang Ho, the highest water level of the Yi
- Ho is 8.0 meters, and the lowest water level gives an insufficient
depth of water for navigation. At Lungkou, two small movable
dams should be built across the Yen Ho to keep out the flood water
of Yi Ho and on the Kwan Ho a large movable dam made of weeds
and earth should be constructed. At normal times this movable dam
is closed to prevent the Yen Ho from flowing out, and during the
flood season it is opened to discharge flood water of the Yi Ho. In
" future when Yi Ho is under improvement, a permanent movable dam

i8 to be constructed to replace this temporary struecture,

" The water level above Hsinpu Lock is from 3.0 to 8.5 meters
and below it is from -2.2 to 3.35 meters, so the maximum lift at
Hsinpu Lock is 5.7 meters, but during the flood period of the Shu
Ho, the water level below Hsinpu Lock will be raised to 3.8 meters,
l)emg 0.3 meter higher than the high water level of this section.

At that time Hsinpu Lock is to be opened to give a free passage of
the flow.
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With the completion of the navigation works for the Huai

River, Kwanhokow and Linhungkow will become the importantv

sea ports both for the ocean steamers and for the transportation of

freight to inland towns and cities. As to seaward bound cargo coming
from those inland towns and cities, they ean also be directly conveyed

to either Kwanhokow or Linhungkow.

The length of river for this section is about 77 km. and the
length of Kwan Ho from Lungkou to Kwanhokow is about 73

kilometers. The estimate of the total expense is given in the follow-

ing:—
~Construction of the Hsinpu Lock . $300,000
Construction of lock on Yi Ho at Lungkou 300,000
Construction of a movable dam on Yi Ho at Lungkou 100,000
Construetion of two movable dams on Yen Ho at Lungkou 100,000
Excavation of the channel 189,042 cu. m. 25,521

Dike reparation with execavated earth,

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

ramming included 30,469 cu. m. 4,875

Total...covereivvvnrnreeanen $830,901

Total Cost

The total expenses of navigation projects for the Huai River to

the sea are given in the following :—
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| | Dike Re- Dike Re-
: paration paration,
5 and and
. : et construction construction
Number Constrict: Constl;lcmonz Tmprovo- l with | with Total
of onstruckion ° ’ © ment of borrowed | excavated
sec:ion of look wmovable * channel earth earth
dan | ramming ramming
! included only
I
$ s | s $ $ $
st | ; | 618,271 | 360,952 | 24,833 | 1,004,056
2nd | 300,000 | | 286,967 | 108 | 587,070
3:d | 600,000 | 200,000 | 25521 | 4,375 | 505 | 830,901 [
‘i‘o‘;ﬁf | 900,000 | 200,000 | 930,759 | 365,327 } 25,441 | 2,422,027

- The excavation of a new navigation channel in the Hungtze
Lake is to be postponed until the time when the consumption of
‘water for irrigation purpose is incfeased and the lowest water level
of Hungtze Lake is reduced to less than 12 meters. The expense of

_excavation which amounts to $160,000 should be reserved for this item,
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Chapter IV. Irrigation Project

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

propose the projects for irrigation.

Article 1. Estimation on Requirement of Water

On account of the difference in soil characteristics, climatie
conditions and customs of the people, the crops raised on both sides
of the Old Yellow River are not identical. On the northern side the
common crops raised are those which need less quantity of water for
their produetion. In case of an extraordinary drought, it will
nevertheless still subject to famine. Hence irrigation is also in-
dispensable. On the southern side, rice is probably the only principal
kind of crop to be raised, especially in the district east of the Inner
Grand Canal. It needs much water for the production. During
the irrigation season from later spring to summer, when the
precipitation is small in magnitude, it depends wholly upon the Grand
Canal for the supply of water. In case the supply of water in the
Grand Canal from the Huai fails, it is usually not sufficient for
supplying the whole district. Hence the development of irrigation

system is eryingly needed especially in this part of the country.
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CROPS RAISED In the region at the south of the Old Yellow
River th.e prineipal erops raised are rice, cotton, bean, wheat, sesame,
pea-nut, potato, etc. The first mentioned two are the principal crops
which need irrigation during the dry season from later spring fo

summer,

PRECIPITATION l.ong record of precipitation in the irrigation
district is not available. Based uporn: investigations on monthly
maximum, average and minimum precipitation from the record of
short period at different places, it is indicated that in the year of
average precipitation the water is just sufficient for erops, and that in
dry year the precipitation amounts only to 4 inches (or 10 cm)
- from the middle of April to that of July. In the latter case, rain
water is not sufficient for production of crops and hence irrigation

is necessary.

NET QUANTITY OF IRRIGATION WATER NEEDED In spite
of the minor products in the winter, the only principal crops which
~ need irrigation are rice and cotton. The irrigation season for rice is
generally from the middle of April to that of July, while cotton needs
much water in the months of April and May. In order to obtain
- the maximum yield of riee, it will consume enormous quantity of
water. But for average production, the samount of water needed for
irrigation will not be much. Now let us take the case of 1922 for
instance. The yield of rice in the Eastern District of the Inner Grand
Canal in that year was on the average more than two piculs per mou
(20 kg. per are or 1,750 lbs per acre). A portion of land which
is comparatively low in elevation was irrigated by the supply of water

from the sluices located in the eastern dike of the Grand Canal, while
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the remaining portion in this region had its supply of natural
precipitation only. During the period from the middle of April to
that of July, the precipitation amounted to 8 inches (20 cm)
approximately, and the water supplied by the Grand Canal according
to our investigation was about 95 cubic meters per second, amountii]g
to a total quantity of 735,000,000 cu. m. The acreage of rice field
in this district according to the Kiangsu Grand Canal Board is about
10,000,600 mou. Assume one third of the land was irrigated by
water of the Grand Canal; then its avsrage supply including all losses
was about 14 inches (35.5 e¢m). The total consumptioh of water
in that year was therefore, from 8 to 22 inches (20 to 56 cm).
The yield of rice per mou was from 1.5 to 3.5 piouls. Based on
this investigation, if some one foot (30.4 cm) of water be supplied
by irrigation system, it would be suffieient to prevent famine even
in case of extraordinary drought. Its production will naturally
increase.during the wet year. Hence a quantity of 18 inches (45.6
cm) of water may be considered necessary for rice production and
half the value or 9 inches (22.8 em) will be quite sufficient for cotton
and other miscellaneous crops. During the irrigatioﬁ season even in
the dry year there is at least 4 inches (10 em) of precipitation.
Therefore the amount needed to be supplied by irrigation system is
about 14 inches (35.5 cm) for rice field and 5 inches (12.7 cm)
for cotton and others. The total amount of irrigation water can
then be estimated on this basis,

CONVEYANCE The water carried in irrigation canals will be
partly lost due to secpage and evaporation. The losses vary widely
with local climatic conditions and the character of the bed of the

canal. The quantity lost by evaporation is much less than that lost
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by seepage, while the loss in old canals is always gmaller in comparison
with the. case of new canals. Now in the present irrigation districts,
the amount of losses is assumed to be 15% for old canals and 30%

for new ones.

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

namely:

1.) the Eastern District of the Grand Canal
2.) the District of the Kao Pao Lakes

8) the District of the Tungyang Canal, and
4.) the Coastal Distriot

The Eastern District includes all the land belong to the Hsiens of
Kiangtu, Kaoyu, Paoying, Shinhwa, Tungtai, Taihsien and Yenchen.
According to.the estimation made by the Kiangsu Grand Canal
Board, the area of this district, not including the land east of Fankung
Dike, is about 11,740,000 mou, 86% of which is used for rice pro-
duction and the remaining 14% is for other miscellaneous crops. The
District of Kao Pao Lakes includes all the low land on the southeastern
side of the Hungtze Lake and the west of the Grand Canal, that is,
the land surrounding the Peima, Paoying, Kaoyu, Fankwan and
Chiehshou Lakes, together with the reclaimed land. According t»
the estimation by the Kiangsu Grand Canal Board, there is approxi--
mately 1,840,000 mou of land betwedn the highest stage and the
ordinary water level of the lakes, and in addition another 1,000,000
mou of lake area can be reclaimed. After regulation of the Huai
River, assume 20% of the total area to be occupied by villages band

towns, highways and canals, and then the land available for cultivation
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will be 2,250,000 mou (see chapter on flood control). But for
cultivation of the land in this distriet, not only irrigation canals are
indispensable, but drainage systoms must also be taken into con-
sideration. Since the land is very low, the aceumulation of rain
water will cause much trouble. For this reason drainage canals and
pumping stations must be provided (See Fig. 29). Judging by its
local conditions, there will be probably 80% of the land to be used
for rice planting and 20% for other crops. The Distriet of Tungyang
Canal partly overlaps with the Eastern District and the Coastal
Distriet, and partly depends its supply from the Yangtze. The
Qdditional land to Dbe irrigated by the Grand Canal is about 2,500,000
mou, 30% of the land is of rice field, and 70% of it is for cotton
and other crops. The Coastal Distriet has an area of 5,000,000 mou
approximately. During its progressive development in recent yearsb
cotton is almost the enly kind of plants raised in this distriet. It
demands less quantity of water for its production. But irrigation will
be still necessary in case of drought during the months of April and
May.

TOTAL AMOUNT OF WATER REQUIRED Based upon the
foregoing discussions, the total amount of irrigation water needed
for different districts may be roughly estimated. The Eastern Distriet
will demand a quantity of 2,670,000,000 cubic meters of water for
irrigation in one year; the District of Kao Pao Lakes will demand
661,000,000 cubie meters; the District of Tungyang Canal, 351,000,000
cubic meters; and the Coastal District 512,000,000 cubic meters.
The total annual demand for the land at the south of the Old Yellow
River will then be 4,094,000,000 cubic meters.
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Article 2. The Capaecity and Elevation
of the Hungtze Liake.

For the irrigation of the land south of the Old Yellow River,
the flow of the Huai River will be the only source of supply. The
natural flow of the Huai is very small in case of dry year. For
instance in 1917, it almost entirely ceased to flow during the months
of May and June. For meeting the demand of irrigation, the Hungtze

Lake must be converted into a storage reservoir.

According to the record of the Huai, the year 1917 was the
driest (see Fig. 27). The total amount of discharge during that
year was still much greater than the demand of irrigation. Therefore
if a portion of the flow during the flood season is stored up in the .
Hungtze Lake, it will be sufficient to meet the need in the dry season.
In solving the problem of storage, two points must be taken into
consideration. Firstly since the natural flow during the irrigation
season can be directly utilized for partly supplying the need, the
amount of water necessary to be stored in the lake will be somewhat
less than that of the total demand. And secondly, because the lake
has a large surface area, the quantity lost by evaporation will be
considerable. Now for our case the total demand for irrigation is
4,094,000,000 cubic meters. Deducting the quantity of 1,870,000,000
cubic meters which can be supplied by the natural flow during the
irrigation season, it amounts to 2,724,000,000 cubic meters. Assuming
another 1,000,000,000 cubic meters lost through evaporation the
total amount of storage will be 3,724,000,000 cubic meters. If the
allowed lowest lake surface elevation be 11 meters, then from the

capacity curve (I'ig. 1) it is found that the lake surface must be
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maintained at 13.2 meters after the flood season in order to neet
the demand. For additional safety, let it be maintained at 13.6

meters after every flood season is over.

The Hungtze Lake is used as storage reservoir for irrigation, as
well as a detention basin for flood control. In order to utilize its
full capacity for detention so as to reduce the cost of the improvement
work for its flood channel, the lower the surface elevation of the lake
kept before the flood season, the better would be the case. But
as for irrigation, the elevation of the lake surface must have a certain
lowest limit so that the storage can be surely accumulated to the
required quantity before the irrigation season. Considering the worst
case of 1917, the amount of storage, which could be supplied by the
flow of the Huai during the period after the flood and before the
next irrigation season, was found to be 2,500,000,000 cubic meters.
As the capacity of the Hungtze Lake between the elevations 13.6
and 12.5 meters is 2,200,000,000 cubic meters, it is concluded that
the lowest allowable limit of the surface elevation of the lake duriﬁg
the flood season may be as low as 12,5 meters. This will render
great efficiency in flood eontrol and at the same time no obstruction

for irrigation.

. In conclusion, for purpose of both irrigation and flood control,
the W. L. of the Hungtze Lake during the flood seasom must at least
be higher than 12.5 meters, and it must reach the elevation 18.6
meters before the next irrigation~ season.

-
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Artiele 3. Distribution of Water for Irrigation

The topographical features of the land within the irrigation dis-
tricts have a general tendency to slope down from north to south-.
The Inner Grand Canal and the Chuangchang Ho are also flowing
in this direction, and their water surface is generally higher than the
surrounding countries. Hence for the convenience and distribution
of water during the irrigation season, they can be utilized as the main
irrigation canals, but the way of supplying water to them from the

Hungtze Lake is a problem worthy to be considered.

The Changfu Ho, an outlct of the Hungtze Lake, is used to supply
water to the Grand Canal from the lake. At its north extremity
where it joins with the Inner Grand Canal, its water surface is higher
than the surrounding countries, so it may be utilized as a main
irrigation canal. But its channel is very narrow and the land along
the two banks is very high.  After the installation of a lock at Huaiyin
for the navigation of the Huai River and the Grand Canal, the
discharge of the Changfu Ho, during the time when the water level
of the Hungtze Lake is 12 meters, will be about 50 cubic mete s
per second, and when it is raised to 13.6 meters, will be about 140
cu. m. per second. DBut in average the total volume of water needed
for all the irrigation districts is 475 cu. mn, per second. In order to
supply: the necessary volume of water, the Changfu Ho should be
_ deepened and widened, but the narrowness of the channel and the
elevation of the two banks will render the exeavation works too
expensive to be executed as the main irrigation canal. According
to the opinion of Prof. Otto Franzius, a great portion of water needed

for irrigation should be conducted to flow from Kaoli ngehien passing
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through the old channel of Hsun Ho to Chinghochai on the Grand
Canal. Though the old channel of Hsun Ho is also quite narrow,
yet the land along its two banks is very low, so excavation and
dike construction with execavated earth can be done at the same time
and the expense will be much cheaper. As to the Changfu Ho, its

existing capacity can still be utilized for irrigation.

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

geason is as follows —

For the Eastern Distriet 310 cu. m. per sec.
For the Kao Pao Lake District 66 cu. m. per see.
For the Tungyang Canal District 40 cu. m. per sec.
For the Coastal District 60 cu. m. per sec.

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

can base on the average rate.

Now the discharge of the main irrigation canal which flows
from the Hungtze Lake to the Grand Canal through the Chingho-
chai is assumed to be 425 cu. m. per second, and a small volume

of water equal to 50 cu. m. pcr second is conducted to flow from
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the Changfu Ho to the Chuangchang Ho passing through the Yen
Ho to Tsaikungtu and erossing the Old Yellow River to its south.
As to the portion of water flowinig to the Grand Canal at Chingho-
chai, a volume equal to 25 cu. m. per second is conducted to flow
rorthward to irrigate the cultivated farms situated along the northern
bank of the Grand Canal and another volume equal to 100 eu. m.
per second is conducted to flow eastward to Chuangehang Ho passing
through Ching Ho and crossing Sheyang Lake to irrigate the cultivated
farms along the two banks of the river and to supply the Chuangchang
Ho with re:naining water, while a great portion of water equal to 300
cu. m. per second is conducted to flow southward to irrigate the
cultivated farms of the Kao Pao Lake Disﬁriet and the Eastern District
at the south of Sheyang Lake with the remaining water equal to 40
cu. m. per second flowing to Tungyang Canal through Shaopai to
irrigate the cultivated farms of the Tungyang Canal District. The
volume of water which flows from the Changfu Ho to Chuangchang
Ho through the Yen Ho is used to irrigate the cultivated farms
situated between the south of the Old Yellow River and the north
of Funinghsien with remaining water flowing to Chuangechang Ho
to join with the canal coming from Ching Ho and to irrigate the
Coastal Distriet. This is the method of distributing water to the

irrigation distriets in our irrigation projeot.

HArticle 4. Irrigation Canals ;

During the irrigation season, the water surface of the Hungtze
Lake will be drawn down from the normal elevation of 13.6 meters
to the lowest level of 11 meters. This lowest water level will be

reached only during the most arid season and in a very short duration
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of time, and moreover the time of its occurrence will be mostly at
the closing period of the irrigation season. During that time the flow
of the irrigation eanal will be left to itself, that is, drawing down to
its limit, for otherwise, it requires expensive construction work in the
sluices and canals. It is also very expensive to make all the irrigation
canals used atj the same time as navigation canals as in the case of the
Inner Grand Canal. Moreover during the dry season, the water
surface will be lowered, so even there may be plenty of water in the

channel, yet it is very difficult to distribute it to the irrigation districts.

- The irrigation eanals are to be so designed that during the time
when the water surface of the Hungtze Lake is at an elevation of 12
meters, they should give the maximum discharge for irrigation, and
when the water level is lowered, the discharge is allowed to be less
in quantity. At normal times the water level of the Grand Canal
at Chinghochai is 6.8 meters, and during the irrigation seasﬁn, it
will be raised to 10 meters. The length of the channel from the
Hungtze Lake to Chinghochai is 40 kilometers, and the slope of
the water surface is 1:20,000. Now a channel to discharge a volume
of water equal to 425 cu. m. per second can be designed by the
Ferchheimer’s Formula with a coefficient of roughness of 0.0225,

The resulted cross section is as follows :—

Width of water surface = 75 meters
Width of canal bottorn < 45
Depth of water - 8
Side slopes = 1:2

13

1

The best cross-sectional design of the channel is to make the cut
and fill in balance, that is, the quantity of excavated earth is just
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enough for dike construetion. The quantity of excavated earth used
for dike construction is 7,500,000 cu. m. and the expense for both

excavation and dike construetion is about $1,200,000.

As the quantity of water in the Grand Canal which flows north-
ward from Chinghochai is only 25 eu. m. per second, the existing
width of the channel is quite enough for its discharge and another
volume of water equal to 300 cu. m. per second flows southward in
the Grand Canal from Chinghochai with a remaining quantity of water
equal to 40 cu. m. per second flowing to Shaopai. The water level
of the canal at Shaopai Lock can be reduced to 6 meters, so there
will be no obstruction for navigation. As the length of the channel
from Chinghochai to Shaopai is about 100 km. and the difference of
water level is 4.0 meters, the average slope of the water surface will
be 1:25,000. Now with the diversity of discharge and different size
of channel at esch section of the irrigation channels, it will be
economical to make the slope of the water surface steeper at those
places where the cross-section of the channel is small, and to make
the slope of the water surface flatter at those places where the eross-
section of the channel is large so as to save the labor of excavation
to its utmost limit. According to the cross-sections of the Inner
Grand Canal surveyel by the Kiang Huai Conservancy Board, the
channel from Fanshui to Kaoyu is both narrow and shallow and needs
to Le exeavated, and for the rest of the canal the channel is wide
enough to earry the allotted quantity of discharge. With the rise of
watcr surface due to the construction of locks at each section of the
canal, the top of the dikes from Huai-an to Fanshui should be raised
about one meter higher. Now the quantity of earth for dike reparation

is 472,500 cu. m., and if the labor of ramming for one cu. m. of
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earth is $0.16, the total expense for dike reparation will be $75,600.
The quantity of excavated earth is 2,527,600 cu. m. and if the labor
of exeavation for one cu. m. of earth is $0.27, the total expense for
excavation will be $682,000, The summation of these two items will
be $7567,600.

Water in the Grand Canal flows eastward from Chinghochai to
Chuangchang Ho and the height of water surface at the eastern
extremity of the irrigation channel which joins the Grand Canal
with Chuangchang Ho depends upon the volume of water flowing
southward from Yen Ho to Chuangehang Ho and the height of water
surface at Chuangehang Ho necessary for irrigation. Now if the height
o water surface at the eastern extremity of the irrigation channel is
assumed to be 5 meters, and that at the down-stream side of the
Chinghochai, 7 meters, that is, the difference of water level between
the upper and lower pools of thie Chinghochai is 3 meters, the difference
of water level in the irrigatibn channel will be 7.0—5.0 = 2.0 meters.
The length of the channel is about 84 kilometers, so the slope of
water surface will be 1:42,000. The most economical cross-section is

as followsg :~—

Width of water surface =40 meters
Width of channel bottom=12 ,,
Depth of water =7 ,
Side slopes = 1:2

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

The cross section best adopted for the irrigation channel is as follows:— -

Width of water surface =25 meters
Width of channel bottom = 5 ,,
Depth of water ~ b
Side slopes ‘ - 1:2

The total amount of exeavated earth and earth used for dike
construetion is 6,720,000 cu. m. and the cost will be $1,110,000.

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

The dimension of each irrigation channel is based on the plans
prepared by the Kiang Huai Conservancy Board, so after an accurate

survey is corapleted, the design is likely subject to change.
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The diversion and distribution of irrigation water are effected by
regulators and sluices, their locations can only be ascertained by the
local conditions and requirement. This is left for further investigation.
In the sea outlets of the Chuangchang Ho and the bypasses to the
Yangtzekiang on the Tungyang Canal should alse be controlled by
movable dams or gates. They will be dealt with after careful survey
is completed. Besides these, there will be five head-gates to be con-
structed for the irrigation channels and the costs are estimated to be
$600,000.

HArticle 5. Irrigation in the Middle Grand Canal District.

At the north of the Old Yellow River and both sides of the
Middle Grand Canal, most of the crops such as wheats, beans, holeus,
potatoes and other grains do not require much water. At these
places, irrigation is unknown to the farmers. It is mostly caused by

natyral lack of water supply.

When the Huai River, Yi Ho, Sze Ho and Shu Ho have been
controlled and improved, the Wishan Lake will be converted into a
natural reservoir. Its storage of water amounting to some 2,400
million cubic meters will be used to irrigate the arid regions covering
an area of 20,000,000 mou in the districts of Hsuchow and Haichow.
Now the Middle Grand Canal and Pelao Ho can be utilized as the
irrigation channels, The discharge of the Pelau Ho with a high
water level at the Wishan Lakeis about 100 cu. m. per second, and
the remaining quantily of water necessary for irrigation is to be
conveyed by the Middle Grand Canal. As the canal is also used for

fleod discharge, so its capacity is ample enough for conveying irrigation
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water. At Teshenchai and Hotingehai, there are movable dams for
the regulation of flood discharge, and at Liulauchien a movable dam
should be constructed to discharge the necessary quantity of water
for the cultivated farms situated at the lower course of the ecanal.

The cost is estimated to be $25,000,

RArticle 6. Works for the First Stage.

of Development.

Due to the vastness of irrigation distriets, all irrigation works
cannot be done at the samo time, and as the engineering works for
flood discharge, navigation and irrigation bear intimate relations with
each other, so any work for the benefit of one thing should ‘keep |
pace with that of the other. When the engineering works for
eontrolling the Huai River to flow to the Yangtze River are in
progress, some improvements should be made for the irrigation
districts at the south of the Old Yellow River as the foundation of
development. The most important region under consideration lS the
Eastern District of the Inner Grand Canal, where there are numerous
lateral head works built in the eastern dikes, but due to improper
management, much water is wasted. Hence at each of the lateral head
works, a proper sluice-gate should be fitted. The method of its operation
and the allotted amount of water should be carefully determined
according to the commanding area, kinds of crops, and the nature of
soil. There should also be patrol men to take charge of these duties,
and give assistance to the farmers in using irrigation water. With
the assistance of the general public, the distribution system is expected
to be finished in a few years. But in the Inner Grand Canal at the
time of preliminary development, no harm is done if the discharge
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of the canal is smaller than the total volume of water needed for
irrigation, so the dredging of the channel between Fanshui and Kaoyu
can be temporarily postponed, snd improvement is done simply by
the installation of 50 sluice-gates, the cost being estimated to be
$100,000. This is the preliminary project for the irrigation of the

Inner Grand Csanal distriet.

At the Kao Pao Lake district, if irrigation and drainage works
are built after the improvement of the Huai River, about 1,000,000

mou of marshy land can be reclaimed. If the cost of one mou is

$40, $40,000,000 will be obtained from reclamation, which will nearly

pay for the expense for the preliminary engineering works of that Huai
River system, If the irrigation and drainage channels of the district
are constructed at the same time, the excavated earth from the
drainage channels can be used for dike construction along the irrigation
channels. The arrangement of the irrigation and drainage channels
are shown in Fig. 29. Their discharge capacities, cross-sectional
areas, and excavation have been carefully investigated, and the expense

of the engineering works is given in the following:—

Dike eonstruction with 8,341,000 cu. m. @ $0.16/cu. m. $ 535,000
excavated and borrowed
earth, ramming included

Excavation of channel- 17,863,000 cu. m. @ $0.135/cu. m. 2,412,000

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

Lock and sluice construetion 460,000

Installation of five pumping plants 1,000,000

Total.v..veviereeerennns ...$4,597,000.




The irrigation channel which is used to convey water from the
Hungtze Lake to the Inner Grand Canal is one of the most important
canals and its excavation will attract our first attention. For the sake
of everlasting safety, the channel should have a discharge bapacity of
425 ou. m. per sec. The new outlet of the Tungyang Canal should
also be excavated so as to give no obstruction to the water source.

Their designs and costs of excavation have been already discussed.

The following table is a sumamary of costs and works for the
first stage of irrigation development.

Table 7. Estimates of Costs for Im:igation Projects.

. Estimates of Costs. -
I JExcavation Purchasing| Installation
toms of Structure of of pumping (f‘lf;‘;‘li
channel land plants
Trrigation channeli -
e o ‘é’iﬁfﬁmshmm@ $300,000 $1,600,000
i)

I—IEStaUation of
sluice-gates on
the Inner Grand 100,000 100,000

Canal
Irrigation and |
drainage works in

Kao Pao Lake 2,947,000 | 460,000 | $190,000 $1,000,000 4,597,000
l!_)i_strict ”
Outlet for the
Tungyang Canal

50,000 50,000

$6,247,000

The benefits of irrigation towards agriculture is so great that be-
sides the $40,000,000 obtained from the reclamation of the Kao Pao
Lake District, the value of the yearly crops at that district will be worth
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about $10,000,000. At the Eastern Distriet, the area of the land to
be irrigated is approximately 10,000,000 mou. If 5,000,000 mou
are under irrigation at the beginning and the minimum return of one
mott is $2.0, then $10,000,000 will be gained yearly from that district.
Henece the benefit of the preliminary engineering project towards the
wealth of the people is so great that its accomplishment should not

be delayed.
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Chapter V.

works to be Performed

Construetion works of flood control, navigation and irrigation for
the whole system of the Hual basin are numerous., For those which
is of primary importance, general schemes have been already laid
down; and for the others, it remains to be investigated. The Engi-
neering Bureau is preparing on one hand to earrv out the construction
works of the primary importance, and on the other to work out the
definite projects, at the same time, for the construction works to be
performed in the following years. Further investigations on economieal
selection and detail design are also necessary for the works to be
carried out in the first few years. According to the general schemes
lé.id down in the foregoing chapters, a list of works to be performed

for surveying, designing and experimenting is scheduled as follows :—

(A) WORKS FOR SURVEYING:

1. The upper valleys of the Yi and the Shu Rivers;

2. The Wishan Lake and the Girand Oanal in the Province of
Shantung;

3. Lakes in the upper valley of the Huai River;

Precise’ levelling along the Grand Canal and the Huai River;
5. Topographical survey of the different sites of the proposed
straight cuts on tihe upper Huai and its tributaries;

6. The proposed navigation channel to eoﬁnect the Inner Grand
Canal to Hungtze lLake from Kaoliangehien to Chinghochai;
The proposed navigation channel hetween the Yen Ho and
Chuangehang Te:

The proposed navigation channel from Chinghochai on the
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Inner Grand Canal east t> the Chuangehang Ho;

9. 'The sites for locks and slhiices on the outlets of the Chuang-
chang Ho to the sea and ¢n that of Tungyang Canal to the
Yangtze;

10. The sites for locks on the Middle and Southern Grand Canal
in Shantung;

11. Topographical survey of the Lihowa and the proposed cutoff
of the Huai at Shuangkou;

12. The sites for lock and dani on the Huai River at Fushan;

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

14. To connect the levelling lines on both banks of the Yangtzs

River.

(B) WORKS FOR EXPERIMENTING:

1. Soil exploration on the proposed sites of structures;
2. Test of bearing capacity of soil at the different sites forstructures;
3. To establish the hydraulic laboratory for the experiment, by

models, to predict the conditions of structures after construction;

4. Experiment by models the stability of the proposéd river
course and channe] sections: '

5. Experiment by models the percolation in earthern dikes;

8. Inspection and test on building materials; dnd

7. Actual,measurement for determining Kutter’s coefficient of

roughmness of river bed.

~~, (C) WORKS FOR DESIGNING:

1. Belection and design of eonstruetion plants and equipment;

2. The field layout of construction;
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11.
12.

13.

14,

15.

Regulation for field offices and specifications for structures;
Provision of means of communications for different construction
camps, and care for the living of laborers;

Detail designing for locks and movable dams;

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

To design the navigation ecanal from the Wishan Lake to
connect with the Yellow River;

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

Projeets for regulation of the sources of the Huai River in the
mountainous valleys;

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

Designing highways and bridges;

Different city-plans and harbor-plans such as Huaiyin, Shiang-
shuikow, Kwanhokow and Sankiangying;

Planning of machine shops for repairing instruments and
equipments used for construction;

Further investigation on the operation of the I—iungtze Lake
$0 as to reduce its maximum surface elevation; and

Rules and regulations for administration and maintenanae of

the completed structures.
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