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Preface

The reconnaissance survey covered in this feport was financed by the Joint Com-
mission on Rural Reconstruction (JCRR) with a grant of NT$298,072.70 and US$1,513.33.
This covered all expenses except for the salaries of the Taiwan Power Company
engineers and the Taiwan Water Conservancy Bureau engineers who respectively
carried on the work for North and East Taiwan and for Central and South Taiwan.
The field work was performed between January 2, 1953 and January 31, 1954. The
rather voluminous report was prepared by the party chiefs following the completion

of the field work. Preparation of this condensed report in English was made by JCRR
engineers.

The 92 reservoir projects investigated have been arranged in the report by river
basins. A general description of the river basin and data precedes the reservoir pro-
ject presentation. Sources of data and their locations have been indicated herein.

All known reservoir sites, both existing and proposed are included. Any known
modification to the Reconnaissance Party’s report have been included in the editing
remarks.

The original information or opinions of each party has been retained although
they may not coincide with those of the editing staff.

The area each reconnaissance party covered, date of field work; the party person-
nel are:

Reconnaissance
Party District Field Work Personnel
1 North Taiwan 3 months, from Feb. 2, Shi-shan Lee, Chief
1953 to April 30, 1953 Ching-chang Lai
Chin-yu Chen
Han-tsing Peng
2 Central Taiwan 3 months, from. Jan. 2, Te-pei Chin, Chief
to March 31, 1953 Sze-chun Lee
Kwan-feng Lin,
Jung-pin Chu
3 South Taiwan 3 months, from July 1, Te-pei Chin, Chief
1953 to Sept. 30, 1953 Sze-chun Lee
Kwang-feng Lin
Jung-pin Chu
4 East Taiwan 3 months, from Nov. 1, Shi-shan Lee, Chief
1953 to Jan. 31, 1954 Tsung-chow Chang
Chin-yu Chen

Ting-mao Wang



An index has been prepared, in which reservoir sites are arranged both alphabe-
tically and according to their containing prefectures. English translations of Chinese
geographic names have also been listed in alphabetical order.

November 1957 T. R. Smith, Chief
Irrigation & Engineering
Division
JCRR
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List of Reservoirs Arranged Alphabetically

NORTH TAIWAN

Name of Series{ Location Function

Reservoir | No. | prgop Tributary Main Creek
Chih-hu 16 | Miao-li Lao-tien-liao Chil Hou-lung Chi Irrigation
Ching-tsaohu | 12 | Hsin~chu - Ke-ya Chi Irrigation & Scenery
Cho-lan 21 | Miao-li — Ta-an Chi Irrigation & Power
Chu-keng 2 .| Tai-pei Pei-shih Chi Tan-shui River | Multiple purpose
Ha-pen 3 | Tai-pei Nan-shih Chi Tan-shui River | Power
Hsiang-pi 19 | Miao-li — Ta-an Chi Multiple purpose
Hsi-ho 14 | Miao-li O-mei Chi Chung-kang Chi | Irrigation
Kwei-chu-lin 18 | Miao-li - Hou-lung Chi Irrigation
La-hao 5 | Tai-pei Nan-shib Chi Tan-shui River P Ot‘;’:f & Flood Con~
Li-mao-kan 4 | Tai-pei Nan-shih Chi Tan-shui River Multiple purpose
Li-yu-tan 22 | Miao-li To-lo-ku Chi Ta-an Chi Irrigation
Mai-fu-ping 20 | Tai-chung —_ Ta-an Chi Multiple purpose
Ming-tch 17 | Miao-li Lao-tien-liaoc Chi | Hou-lung Chi Irrigation
Nuan-nuan 1 | Kee-lung C.| Kee-lung River | Tan-shui River Water Supply
San-chu-hu i5 | Miao-li O-mei Chi Chung-kang Chi | Irrigation
Sha-hu-li il | Hsin-chu |'Unknown Tou-chien Chi Irrigation
Shang-ping 16 | Hsin-chu — Tou-chien Chi Multiple purpose
Shih-men 8 | Tao-yuan ' Ta-ko-kan Chi Tan-shui River | Multiple purpose
Shuang-chi 6 | Tai-pei Shuang Chi’ Tan-shui River Water Supply
Ta-chien 23 | Tai-chung —_ Ta-chia Chi Multiple purpose
Tao-shan 9 | Hsin-chu — Tou-chien Chi Multiple purpose
Ta-pu 13 | Miao-li O-mei Chi Chung-kang Chi Irrigétion
Tien-leng 24 | Tai~chung — Ta-chia Chi Irrigation
Wu-lai 7 | Hsin-chu Ta-ko-kan Chi Tan-shui River | Power




CENTRAL TAIWAN

. Location

Name of [Series Function

Reservoir No. I Hsien Tributary Main Creek
Chi-chi 37 | Nan-tou — ‘ Cho-shui Chi Multiple purpose
Ching-shui-chi| 38 ' Nan-tou Ching-~shui Chi ‘ Cho-shui Chi Multiple purpose
Li-yu-ku 28 . Nan-tou Mei Chi Wu Chi Irrigation
%ﬁlizgif}l;fo%;hui) 36 | Nan-tou — Cho-shui Chi Multiple purpose
Ma-hsi-to-pang| 25 | Nan-tou Pei-kang Chi Wu Chi Power
Nan-kang-chi | 29 | Nan-tou | Nan-kang Chi Wu Chi Irrigation & Power
Pei-kang-chi 27 "Nan-tou | Pei-kang Chi Wu Chi Multiple purpose
Pu-li 30 ' Nan-tou | Nan-kang Chi Wu Chi Power
Shih-kang 26 , Nan-tou | Nan-kang Chi .Wnu Chi Power
PhmooRmiaxe 35 i Nan-tou | Hsinwshib Chi | Chowshui Chi | Power
Ta-keng 33 | Tai-chung | Ta-keng Chi Wu Chi Irrigation
Eé);lg-pien-nan- 32 | Tai-chung Té)g;pien-keng Wu Chi Irrigation
Wu-chi 31 | Nan-tou — Wu Chi Multiple purpose
Wu-she 34 | Nan-tou Wu-~she Chi Wu Chi Power

—_ i —



List of Reservoirs Arranged in Various Prefectures

NORTH & GENTRAL TAIWAN
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Tan~shui River Basin

Gerieral Description .

‘The Tan—shu1 river is the’ largest in North Tai-wan, "It onginates
from the northern patt of the Central. Range, oelow the confluence at_
Tal-pel of the three trloutarles, Kee-lung River, Hsin-tien Chi, and

a-ko-kan Chi, it is "¢alled Tan<shui River, It has a,total drainage
area of.z 705 ‘sg. kii,-a 1ength of 144 km, and an averagé slope ‘of
about 1/56

Some hydr010g1ca1 stations were estab11shed but the records were
incom; 1ete, Some of them had only oné or two years of record and dis-
charges were recorded only in low stages,

The location of the guglng stations And hydrological stations are
stioim in Fig. 1 and Fig, 2.

There is now available only scrnty data concernlng geology of dam
sites. It is contemplated that a minimum .of 6 or. & di&mond drill holes
will be required. The, holes should . be drllled to a depth equal to 60%
of the nelght of the dam.

Flood Coritrol

. ﬁccord1ng to the Japanese plan, the total length of dikes along
Tan-shui i B85 ,890'm. The designed floods at Shih<men, Tai-pei Bridge,
ann Zwan-tu were 6,800 cms, 11,300 cms and 12,500 cms, respectively,

Tae designed siopes at thh-men, Ta-ko-kan Ra11way Bridge, and Tzi-pei
Bridge were 1/200, 1/1200 and 1/4, 000 respectively. The-designed width
between dikes at Shih-men, Ta—ko-kan Railway nrldge Teispei Bridge, and
the rlver mouth was 200m, 700m, 900m, and 1,300m respectlvely. The top
‘widti of the dike'is 3m for stone sec¢tion and 5.5m for earth section.
The free board is 1.8m for stone section and 1.6ém for earth section,
The side slopes are all 1:2, "A ,total of 12 spur dikes of either wire
cylinders -or concrete blocks wére planned. For lack: of fund only 18%
or 15 371n of the river work was completed.

Irrigation

The irgigation, 1n ‘this basin was. deveioped -to a great extent, Sone
of the present 1mportan¢ cangls were- bu11t two hundred years ago,

In this Basin there are five hydraulic associations administering
a total irrigated area of 32,363 ha,

According to ‘the reconnaissance survey, the duty of water is ébout

800 ha. per cms. The maximum is 1,000 ha in the Ta-ko-kan Chi basin -
and Tao-yuan Canal system. The returfi flow in the creeks.is revised

-] -



for irrigation by a series of diversicrr weirs.” There are many zonds,
the area of which is about one tenth of the whole area. The regulation
of the ponds help reduce the waste and thereby increase the duty. In
the Hsin-tien basin, the duty of water is as low as.323 ha. per cms,

During low stages of the rlver, the dxscharge is less than that
requireéd and water dls“utes occur, - Such is:the case 2f the 1rr1gat1on
systans along the Ta-Ko-kan Chi, To settle d*sputes, the government
uses t7 11m1t the 1ntake of each systen by proport1 n of the irrigated
area, Rotational irrigation method is also used to minimize the dif-
ficulty.

The irrigztion in Chung-1i and Hu-kow arcz is incomplete due to
lack af definité water resource., - After completi:in of the Shlh—men
"Reservoir pro’ject, most part of the region may become doublb cro;rzng
field.

It is rossible that some rrea alon, the Ta-ko-kan such as Hai—shan
District could be irrigated by sources from the Hsin-tien Chi, thus
leaving a larger supply from the Ta-ko~-kan to irrigate the Chung-li
and Hu~-kow area.

Too many ponds were built in Tao-yuan and Chung-li. Some are
2 - 3 m deep,’ Some have a depth of less than one meter., It is sug-
gested that small ones be reclairned and large ones be improved., This
is to increase the capacity and reduce the loss,

" A combination. of these hydraulic . associz tiorsAwopld>help greatly
reduce the water dlsputes.

waAk Develoggent

“The first hydro- electr1cal Dower Jlant was the 600 kw plant Jnst 1led
in 19“3 at Kwei-shan near Tai-pei,’ This ‘plant. is not functi ning. The
newly comsleted plant in this brsin.is the 2-unit blznt at Wu-lai. The
first=11 250 iWw unit was installed in 1950 and the second unit in 1953,

At preSent there are three hydro-slectric plants as. follows

.szro—electric“Powe;,?lants in Tzn-shui Basin

Souzce . Head (m) G (cms) Installed Ca-
Plznt, of water Max. Minf Max. Ave.. Min. pacity (ew
Wu-lai Nan-shih Chi 93.4  91.8  29.0 - 11.0 22,500
Hsin-"  Nan-shih 54,95 54.04. '29.0. 26.3° 11.0 13,000
kwei- Chi
$Shan
Hsiao~ Hsin-tiem. - -: . - .. .. .

. o - ! L] hd P X TRN

o ohi 22,6  16.97 27.08 20,93, . 4,400
keng
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‘In the northerh part of Tai-wan, the plentiful rainfall in the
winter increases the river flow, Thus the fluctuation of power output
is less in Horth Tai-wan than.in other places. A large portlon of
the mountzinous region 1s covered with forest Generally speaking,
the condition of. the’ forests is qulte good '

The hsin-tieh Chi possesses ‘the best characteristics in Tei-wan
for hydro-electric power. generation., The flood perks are not too high,
and the minimum dischargé is not very low, The silt problem is not
serious. The watershed zrea is well covered. The rainfall in the
winter is abundunt ) ‘The transm1s<10n Lst;nce to .the load center is
short. Alil these factors cre the re‘sons why the existing Hlarts are
alorz tze lisin-tien basin,

In the Bsin~tien basin, three reserv01rs»were proposed, Chu-keng
Reserveir on Qei-shih Chi and Halpen Reserv01r and Li-mo-kan Reservoir

oii Mon~shih Chi, After the con.letion of the reservoirs tlre eK1st1ng
;?;nts would also be benef:tgu ané tie amount of firm-power would De
increased,

:Tne proposed-Shitt=men Dam is §ituated on the lower Ta-ko-kan.
a multizle purpose project,

«

[

There may be a resérvoir site necr Wu-lai. The reservoir elevation
of this site is about 800 m above sez level. The usable head- below the
reservoir is about 650 m,

Other Develqgments

Steep slogés of the river make it impossible to have any intand
navigetion development,by canalization. 4After comgletion of storzge
reservoirs the flood peaks would be reduced. T-e cross sections of
the river in the lower 'stretch may also be reduced. It'is estimzted
that 2t least 500 La may be reclaimable. Beautiful scenic spots. nre
found ct & number of places in the bzsin. The fe“dw"ter rehions are
truly besutiful. Serious consicerations should be ziven to developm
of such regions for recreational uses. Tiie cuiture of fishes in. the
Tao-yuan ponds is another possibility. o

Sumnary

R}

i.. Water Resources

The rzinfall stations in this basin are uniformly distributed
as shown in Fig. 1. Some stations wecre established in 1897, The
average rainfall in the basin is 3,100 mm, that at Hwo-shao-liao is
6,570 mm and that in the Central Range is about 3,000 - 4,000 mm,

The hydrologicrl data 1s not sufficiently systematic ond most re-
cords zre found incomplete., Some have only one to four years of record,

-
-3 -



Some steti.ns, thouch equipped with self-rccordln" gage, were suspended
for lack of fund

TEe proposed.steti’ns arc shown ir F.g., 2, All these stctions
should 'bd"5f the self-récording ty;e and thé gating curves. should beé
constructed by actual gaging at various river stages, including floods.
The ratmr curves sh-uld be checked from time to time, -

For réugh estimate the following data may -be used:

K L . o7 2
Area of the basin « & = v . 4 & v ¢ o o 4 o + 2,705 En
Average annual rainfall « . s e ¢ ¢ o o & = .« 3,100 mm

Coefficieﬂt Of ruhoff' 4.8 4 8 e- 0 s e 9 e Qqsg

Then the evailable average dlschgrge of the .river::is roughly es-
timated to e 213 cms. .1x2705x1009 %0.8 )
: 365x86400. .

2, Feasibility znd Pricr.ty of Projects

Name of Project . rurpose .Beasibility Priority
Nuzn-nuan Weter supply Completed-

Chu-keng Multiple use :Eeasib;e A
Ha-pen B/C = 1.6

Li-mo-kan Feasible B
Lz-hao Further study B
Shueang. Chi Under construction .

Wu-1ai B/C = 1:1 B
+Shin-~men "Fedsible A

3.7 Multipie Uses

It scems more’ advantageous :to develoy water _ower togéther witih
flood control and irrigation. It is true that nultzple Tro jects would
take longer eriod of time and larger sum of money, Sso lerge rrojects’.
may not be started at once., But hydrological, topographical and geolo ical
surveys for comprehensive lanning is urgently in need end s trongly
reconEiended.



Nuan=npuan-Reservoir (No, 1)

General Descrijtion

The Nuan-nuan Reservozr, located on a branch of-the Kee-lung River,

was built by the Japanese for the water ~uosly of the Kee-lung City.
Above the reservo’r the watershed area is covered with dense forest,

is very 1:ttle cultivated. The geologic formation of the dam site :s

thick compact strata of sandstone,

There are four coal mines,

the reservoir,

There had been a plan of clevating the dam another five meters

but was not realizedt

Engizeering Features

1.

A)

- Spillway léngth . . . . .,

Dam
Tzoe
Meximum height . . . . . . . . . . .
Top "‘lidth ¢ e © = o ® & e . v e o e« o e

Base width . . & ¢ v & « e 6ve-v s o

Top length , . . . . . ¢ o o ¢ 4 & &

Concrete volume . , o « v o « o o & o

Reservoir

Watershed . o « . « . . . . e e e a

ReSCIVOIT AX€a o v v + o o o o v o o o

Moximum drawCown . . o o o o o o o «
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Desizned cafac1ty e ¢t s e o e o o o
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Two adit tunnels are contiguous with



Chu-tcen: Reservoir (No, 2)

General Description

The proposed reservuzir is on Pei-shih Chi, one. ¢f-the, two’ tr1—

butaries «f. Hsin-tien Chi. It has an averame-slbye“sf“1/265” """
“drzins 310 sq. km. of mountainous region well covered with forest.

Tke basipis about: 30 k¥m in length and 15 km in’ its widest breadth,
7ithin the rcservoir area, only 0,3 sq. km will be paddy fields. 1In

the ba51n 1ng-11n is the only town w1tL a roxzulat:.on .of 7,700. The
st 1m,ortant product in the besim is timber, Rice cames.next. Tobacco
»nd tea are insignificant,

olhe ggolozic formation gt the dam site is’sandétone striking
55 -~080 E and dip.ing 32 - 35 toward the right bamnk. The river
ved here has a slope of 1 in 220.

The flood area of the reservoir will cévor‘five villages with s
total number of 82 houses,93 femilies and 75C pegnle. Im add1t10n, -
0,7 ha. of paddy field, 1.3 ha. of dry farmlng iznd, 12.5 ha. of tea
farm, and 26,7 ha, of forest lard will be also ‘covered.

Concrete aggregates are available in the region fror the"dam site
to HWo-sh*o-laao.

There are small land ‘stides-within the reservoLr area and in the
watershed’ upstream frnm thé reservoir, -

Engineerina Features -

l,{i Qa.m

Tyse: Straight gravity conerete dam with overflow spillway

Maximum height >f spillway section . . e a ee e . 73 m
tidth of dam at basé:’ Excluding apron . . . . . .. 84.7 m
‘with apron . .. 4 e e« .o 1100 m

Lencth -of dam 2t CFeSt o o o o o s o o o o .j; P 150 m

Clear 6r95t ]:egnth'zf's’_-_ziilway PO o . 0 e o o o o @ 80 m
. 4,000 cms
e o o -240,00¢ cu,m,

Movable.gateS ¢ ¢ ¢ o ¢ ¢+ ¢ 8 -~ 10X 7.2 m radlal gates

Designed ’Spil'lWaY' C‘a’_;ﬁ'acify; ¢ o o % 2 8 s+ s e b6 o »

Concrete volume o o + ¢ o o s ¢ ¢ 9

oo
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[
»
*
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2. Reservoir

L

Watershed woe o o o ¢ + ¢ o o o o 2 o 6 4 a o s-0e = 258 sc¢, km



ReServoir area o o , + + + o« « « « o 4.13 sq. kn
Max. dIaWdOWn s o ® e ¥ & @ e € In . 2806 m

6
Total storage capacity . » o o o « o o 111 x 10 cu. m.

Effective storage capacity o o« o« « » « 81 x 10 cu. m,
3. ;ntake

Type: Reintorced concrete vertical shaft attached to the dam.

Gate: One vertical 1.ft caterpillar gate,

4, renstock

- Diameter : Length
Main 6.0 "260

Branch 3.0 30 - 50m
.5. Powerhouse

Type: Indoor type, reinforced concrete structure
Turbine: 4 verticel Prancis turbines @ 36,600 hp.
Generator: 4 units each rated at 29,500 kva

(26,570 kw with p.f. of 0.9), 3 phase, 60 cycle

C:st Estimate:

Lccording to the cust estimate made by the Teiwan Power Company
in 1252, the total croject cost amowunted to NT$313,000,000 (or US$20,100,000)
of which 170 millior is local currency. The cost consists of the
follow.n; items:

NT$ uss
Dam 86,500,000
Spiilway zates and hoists 10,800,000
Intzke 10,500,000
daterway 1,504,000 590,000
liachasical and Blectrical Equip=-
ment, Sending and receiving )
stations, Transmission line 6,973,700
Power house 8,200,000
Highway 6,480,000
Earth dem at saddle 5,000



Flood damage and right of way 3,730,000

Totel field construction cost: 127,715,000 7,563,700

Indirect cost (10%) 12,770,000

140,485,000
Contingéncies (10%) 14,050,000 756,300
‘ 154,535,000 8,320,000
Overhead and interest 15,450,000 832,000
Total construction cost -~ 169,685,000 9,152,000
Total equivalent’ cost “NT$312,875,000

Benefit

he proposed Chu-keng Reservoir is mainly for power development., -
There will be minor benefits fur flood’ control, 1rr igation, end watcr
supply.

The maximum flood dis¢herge wes estimated to be 4,000 ams :nd
the maximum flood discharge on record at the dam site was 1,610 cms.
The storage capacity will not be large enough for 2 flood .of -4,000
ems but for a flood of 1,610 cms a large percent of reduct1on Can
be expected.

"After reservoir regulatlon, there will be =z flow of 20 cms ir
‘the 6ry season, With this increase 5f dry scason flow, there wil: b2
dependable supply for the irrigation of the exxsting 3,300 hectares.

For power generation, the progosed 1nsta11at10n is 106,000 kw,
With a maximum drawdown of 28,6 m., and a daily peaking period of
3 hours, the dependable peaking capacity will be 73,000 kw. In an
average year, the firm energy output is estimated at about 80 mil-
lion kwh and the secondary energy output, 28 million kwh,

The water supply of the Tai-pei City can be provided from this
project provided that a conservation pool is constructed.



.Ha-pen Reservoir (No, 3)

General Description. -

This proposed reservoir :s on Nen-shih Chi and drains a water-shed
cf 52.7 5q. km above it, 'The riverbed has a slope of 1/50 at the dam site,
The_rock is hard massive slgte, about. five meters thick, stricking
N45 - 50 E and dipping 35 toward the upstream,

The whole watershed: is mountainous and is densely covered with
fo;est. The valley is deep and steép. '

Ensineering Features

1. Dam
Type Gravity Concrete
Maximur heizht . . . . . «-v ¢ « o & 62 m
Top width L] » » - L L] L] . L] . » - . 4 m
Base Width ® ¥ A e 2 m e 2 8 & 2 s = 52 n

Top length . . o ¢« ¢ ¢« v o« 6o ¢ o« & o 108 m
Concrete vSlumé ® o e s » ; o ; . 75,000 m3
2. Reservoir . |
Wotershed o o « o o o ¢ o o & . .. 52.7 sq. km
Reservoir Area : .‘. . .A... . o 640,000 M?
Max imum drawdown‘. s e s v o o u » 36 m
Tstal storage cé@ﬁcity ... e o o o o 15,48 x 106M3
Effective storaze capacity ; e o o « 14,1 x 106M3
3. Stillway
Crest elevation « o o« v o « o« &« o« 542,6m
Szillway length o o o o 20 o eve o 145 m

Designed spillway capacity . . . . 470 cms

Ec~nomic Analysis

The cost estimate, in 1940, of the project was ¥2,327,000 of
Japenese Currency, equivalent tr~ US$1,670,000 in 1953,

The river discharges =2t the dam site are estimated as follows:

Duration 100% 90% 70% 50% 30% 20% 10%
Discharge (cms) 1.6 2,6 3.5 4.8 6.8 8.3 10,8

-0 -



The minimum rezulated -flow.:is :4509. cms,. the maximum usable flow
is limited to 7.05 cms with an average of 5.3 cms.,

There will be six plants, of which Wu-lai, Hsin-kwei-shan; and-
Hsiao-tsu-keng are already completed, benefited by the Ha-pen Reservoir.
The completion of ‘this§ project will bring about an additional firm energy
amounting to 67,300,000 kwh ‘amorg the six plants with a decrease of
secondary energy of 41,000,000 kwh,

The annual cost is estimated to be 10% of the capital investment,
or US$167,00>, The annual benefit is calculated to be US$267,000
assuming six and three mills for each kwh of firm and secondary energy
respectively, and deducting 5% for energy loss. This would result in
z benefit to cost ratio of 1.6.

- 10 =



Li-mo-kan Reservoir (No. 4)

Gensral Descrigtion-

The procosed Li-moskan' résarvoir is below the junction of three
small branches »n the headwater .of Nam-shih-Chi, The dam site is about
15 km. above Wu-1lzai.

The whulc rchon is:steep and mountainous, znd is densely covered
by —orﬁsts The slope from the origin to Li-mo-kan is 1/10 - 1/50.
Tie area is exten51ve1y ‘covered by szndstone, biack shele and slate,
The_rsch at the dam site ig hard slate, abnut 5 m. thick, striking
i+45° - 50 E and dipping 32  toward the upstream. No data are available
about the investigation made during- the Japanese osccupation, -

The silt problem is believed not se r1 -us since soﬂl .erosion and
sedinentation are not prominent in'this crea.

Ava:lable Data

.1. River Flow

A pagzing station was cstablished at Li-mo<kan by the’ Taiwan
Fower €Comiany. Records during 1937 - 1945 are avezilable, The minimum-
flow occured in March 1940 was 5,12 cms, The averase flow in an“avérage
year is 20.5 cms and is 15,2 cms in a2 dry year., The Maximum flood at
Li-mo-kan is estimated to be 1,500 cms, '

2. Metgorological Data

-33 yeard record of rain fall and 10 years' record of average
temperature are available from the Water Conservancy Bureau, The maximum,
average and minirum temperatures-are 28.7 C, 216 C and 11,3 C respec-

*v—lv The average yearly evaporat:on is estimated to be 700 mm, The
mexinam, zverage and mninimun yearly prech1tat10ns at Li-me-kan are
4,530.6 mm, 2,955.,8 mm, and 1,246.8 mm, re:gectively.

En—inecring -Feagtures

1. Danm
nge Concrete gravity

Maxippm height . , . ¢+ o 4 ¢« « « o 130 m
TOP WAAED . . 4 e i o4 e e e e s s 5m
Base Width o o o o +.0 e o o s .0« 95 m.
Top 1ength oo & « o 6% o o « o o % 300

Concrete volume -« « .o o .o o o o & .'.650,600 m3



2. Reservoir

Watershed o o« o o« s « ¢« a = = « « o 165 5q. km,
Reservoir area : . . . .. .. . . 2.93 sq., km.

Maximum drawdqwn e s s o s s ae s 70m

Total storage capacity . . . . . . 137.3 x 10° "

Effective storage capecity o . . . 117 x 106 m3
Flood: 60 families, 300 people, 9 ha. of paddy, 4.6 ha. of
dry lend, 5 ha. of bamboo, 6.5 ha. of forest ‘

3. Sprllwcy
Crest elevation . , . . . . « 4 . 480 m
Length......_.......-. 50 m

Des:gn srillway cépacity ¢« » « + « 1,500 cms

Cost

The construction cost of this project is estimated to be about
U8$15,000,000 on 1953 basis.

Benefit
1, Power

The total head below the reservoir is about 430 m., of which 170 m
have clready been used by the three completed plants, namely, Wu-lai,
Hsin~kwei -snan and Hsiao-tsu-keng, The Nan-shih Projéct is under
planning. The totzl installed capacity of the four plants is about
60,000 kw. The fimm power totals 24,900 kw only. By regulation of the
Li-mo-kan Reserveir. The firm power “f the four plants could be doubled,
The total energy output would z1so be increased.

2. Flood Control

The reservoir will hold about one fifth of the yearlffinflow.
The effective depth was designzied from the elevation 480 wm. to 410 =.
A reduction -f the flood to a large percentage can be expected.

3. Irrigation-

By proper operation of the reserv.ir,; 2 minimum flow of 20 cms
in the dry season would be exgected. With this increased flow, the
lcwer irrigation could be apjreciably benefited,’ Moreover, this water
may be diverted to Hai-sham end isinschua.g district. to improve the
existing irrigation systems.



4, Water Supply

The Tai-pei City water supply is in bad need of additional
water, The completion of this reservoir would solve the watefr Supply
problem <f Tai-pei, since the minimum flow of the river would be

greatly increased.

- 13 -



La-hao Reservoir (No. 5)

Geheral Description

The proposed La-hao Reservoir is on Nan-shih Chi of the Hsimtien
Chi, The dam site is about 30 iilometers south of Tai~pei. The rock
is gf massive slate, 8ver°5 meters in thickness, with a strike of
N40 W and 2 dip of 72 -~75 . The riverbed at the dam site has 2 slope
of 1 in 60. 3$mall amounts of gravel around 5 centimeters in diameter
can be found.

There is an existing road highway leading from Wu-lai to Lao~hao.
vowier Transmission lines are available, The reservoir will flood about
2 hectares »>f dry farm land, anc about 6 hectares of tea farm, waste
land and forest area.

Enginecering Features

1. Dan

TYDE o« « + = o« o o a ¢« s« o« « « » « » « Concrete gravity
Meximtm height « « + v o o o « « o « » 140 meters
Top Width o o » 4 o« o« v « « « « + o « 5 meters
Base width . . « v ¢« « « ¢« o &« v + « o 101 meters
Top length . & « v ¢ ¢« s ¢« &+ o« « » « o 150 meters

3
Concrete vOlume . . v & « o « » & o » 400,000 m
2. Reservoir

Watershed + & ¢« = ¢ & v o + « « o « o 210 sa. km,
ReServoir AT€a o « o « o o o o « o « 1.9 sq. km.
Maxminum Drawdown . « « « + ¢ » o « o 80 meters
Totel Storage Capacity o o « « o « o« 100 x 106 m3

6 3
Effective Storage Capacity « » + « o« 90X 10

3. Spillway
Crest clevrtion ¢ . o ¢« s o » o o & o 350 meters
Length of spillway + « » s o o « » ¢ 1350 meters

Design spillway discharge « « 4 & » « 1,700 cms

- 14 -



Cost and Benefit

The total construction cost on 1953 basts of 'the project is
estimated at US$12,500,000,

The -benefit for fower is large. Three power plants below the
servoir would be generating more: power both firm and peaking. The-
three plants use a total.head of 170 meters and have a total installed
cagacity of 39,900 KW,

The flood control for the racorded flood would be effectivés

- 15 -



Shuanz-chi Reservoir (No. 6)

General Descriztion

The purpose of- this project is' to increase the water supzply for
Tai-pei City. A stone masonry dam with a maximum height of 22,9 meters
and a tep length of 181 meters was planned to be built across.Shuang
chr, 2 small tr1butary of Kee-Tung River. At the dam site, the zock is
conposed of thick alternate lavers of fine grained sand stone and dark
gray sandy shale, The reservoir will flocod 4,58 hectares =f land of which
3.36 hectares are paddy field.

The drainage area above the dam site is 16.5 sq. km. The general
river bed sicpe at the dam site 3is about 17100, -Stream flow dsta for
eight months are available., The estimated maximum flow is 263 cms,

The mininum flow is 0.47 cms. The maximum, minimum, 2nd average .yearly
rainfall are 3,171.4 mr., 1,505.9 mm., and 2,103 mm. respectively.

The capacity of Tei-pei City Water Su:ply has been repeatedly
extended as follows:

Original capacity « « o « o s o o o o o o o o« » 23,92 m /day

In 1946, by additional 1rs+allat1on of 1-100 H.E. pump,
capac1ty raised t0 . , 4+ ¢ ¢ . s o . . 4 27,188 m /day

In 1949, by acdition of another 100 H.P. pﬁmp, 3
capacity raised t0 + . 4 ¢ ¢ ¢ o ¢ o o o 31,634 m /day

In 1952, by installation of ragid 3
filters, capacity raised to . « o « » o 63,134 m /day

Tw> other sources af Tsao-shan and Wen-hwz offer daily amount
of 28,844 m 2and 5,000 m ,respectively. The total capacity from the
three soyrces is 96,978 m :rer day and the effective capacity is
85,478 m" ver day. However, the required CaL%Clty was estimated to
be 103,179.,5m , and a capacity of 17,701.5 m is urgently needed.

Ensineerins Features

i. Dam

Tybe o« - - o ¢ = - « . = « « + » Stone mzsonry graviiy dam
Maximum heizht ., . . . . . . . 22.9 meters

Top width . . v .« <« & .0 & & .‘2.74 meters

Basewidth . . . . . . . ... s+ . 16 meters

Top length . . . . . . .. . . . 181 meters

Volumie « « o « o &4 « « « ¢« o o« « 63,000 m3



6.

Reservoir

Watershed 16.3. sg, km.
Reservoir Area 72,000 M?
JMaximum drawdown . 19,27 meters
Effective siorage-capacity’ ) '1,940,006 m3
Spiilway

Crest elevation 126,57 meters
Design spillway discharge 263 cms

fipe line .

Length of reinforced concrete pipe 3,545 nmeters
Lgnéfh of cast iron pipe | 3 116-méteta
Diéﬁeter of pipe - 0. 6 meter »
Cépaci}y 44 ,000 m /day

Water works
Dividing well;, 4,6 meters in.diameter,.4.meters deep

Settling basin: . 2 uni¢s, @ 43 x 30, x.5 :meteys, 3
- ‘Tetal capaC1ty 12,500 m

Filter bed: § compartments @ 60 x 24.; 2.82 m

Filter well: 2.5 meters in diameter, 4 meters deep

Collecting well: 6 meters in diameter, 4.5 méters. deep.

Bstimate

The estimite mad¢ by the Construction Qffice.of Tai-pei City

Government was NT$9 §90 000, After completion of the:project, an
increase of 40 000 m~ is expected,”” This 'wbuld bring the total capacity

of the threée sources to 125,478 m

, which may supply-the need at’the

end of 1957,



Wu-lzi Reservoir (No. 7)

General Descrintion
-“-——w’,-

Thissyropsced, project is for hydro-electric power deveslorment.
The rock at the dsn site Is Lard, massive sand stone. The two sides
of the valicy axé steep. The river bed .slope at the dam site is
about 1/60. There are threc years of river flow record, with 2 minimum
»f 2.79 cms. The flow is relatively uniform and the Watar is usually
clear. The watershed is well covered with forest. Thereroposed dam
site is near the Wu-lai Tolice Dffice,

L eering Fegiures

b
&

t
(i

bt
L]

Dan

Type & v v e i e e e e e e e e e e Concrete Gravity

Maximum keight o . ... .0 o . o, . .. 66 neters

Top length o ¢ o 6 4 v 6 4 o o 6 o o @ 163.5 meters
. 3

Concrete Volume . . . . . . . . . . .  §3,000m

2, Reservoir
Watershed o ¢ « o o . coe. 0 v s s s o a 308 &mz
Reseréoir.ﬁrea ® s s e ® o o 6 o .i. 1, 44 km
Maximum Dfawdown e 2 4 8 o0 o ¢ v o o o 25 meters
Total-St.rage Cq‘ac1+y o v v e o . ¢ .+ 39,500,000 m3
Effeetive Storage Ca.acity « o« o o o + o 27,200,000 m3
3. “Spiliway ‘
Crast elev§tion e« s - s o s s o s s s » 860 meters
Length . . . . e e e evs ey - 88 meters
‘ bes;gﬁﬁCapécity s e e ee m e e e e s 2,86b cms.
4. Tower Tlant
Totel rexinum gvailablie Fead (560 ~ 280) 580 meters
Totzl eifective hexd . . . . . . . « . . 500 meters
T-tal irctelled c2oac’fty o 0 v 0 . . . . 753,900 KU
Firmpower . . . v v v v v ¢ « v = o « & 29,100 KW
Average POWEL o« o ¢ + o o » « o « o o o 58,750 ZW
Tot:l energy cutput & . o . o ... . .. 515,000,000 KWH
Birm energy outgut . . « ¢« ¢« ¢ ¢« .« . o 255,000,000 KWH

1 Y
F



5. Estimate

The estimate made by Jepanese engineers in 1935 was ¥20,000,000 of
Jepanese Currency. Reduced to 1953 basis it amounts:to US$17 500 000,
Trensrission lipes and substations cost about US$2, 500,000, The totel
cost would be about US$29,000,000. ’

According 1< the btudy mads by thekjapanese, the m;himum.re-
rulated flow would be 6.97 cms. If the meximum usable flow were
limited t~ 15 cms. the averr-= flow to be used wouizthe 12, .2 ‘crisk

The ‘annuzl cost end annual benef it are es tlmatea as follows;:

Totsl cost ESEAMATLE v o v o & v » o 2 = 5 o Usi ZQJGGO,OOO
Annual cost a2t 10% 4 . v 4 v x e s % e o . Ué$ 2,000,000
Incgme from firfm senér;y 255 x 106 x 0.006 = US3$1,530,C00 .
Income from Secondory cnergy 260 X 106 x 0,003 = US$780,000
' .US$2,310,000
L1055 (5% v v we woa ;;é;OOD

Annual benefit ., . . US8$2,195,000

Beénefit cost ratic = 24333 000 ‘= 1:1-.
~ 2,000,000



Shibamen Reservoir (No. 8)

(Note: The report here made by “the Reconnaissance Party in July 1953
save all planning features up to that time. The definite- planning
. report as finally adopted is also given a2t the end of .the report
under the heading'Definite Plan"for reference).

General Description

The Shih-men dam site is on Ta-ko-kan Chi, the largest branch
of the Tari=shui River. The headwater originates from the Central
-Range at an elevation higher tuan fhe 3,500 meterss The watershed
above -the dam site is about 764 ‘km and ‘the average river slogpe is
1/170 _ The_rock at the dam site 1s massive sand stone with a Jdip
of 60 - 70 and 2 strike of N 75 °E. The Hs: ‘n~tien Pault is located
downstrean from the dam site.’ C

. ..The : lanning work was started by the Japanese in 1924. The main
purposc was fﬂr irrigation of the table land above the Tzoyuzn Canal,
In "rder to irri igate the lend above elevation 220 meters, a 160-m dam
wasnplanned

The created reservoir would flood ten villages occupied by 280
families with 2,103 people. In-addition, 231 hectares of paddy
field, 3 hectares of dry farmirg land, 30 hectares of tea farm, 52
hectares of forest lard, and ore tea factory will also be flooded,

Ergineeriny Features

1. Dam

Three different types have been studied, i.e. gravity, arch,
and rock fill,

a. Gravity section
Maximum height . ¢« ¢ ¢ v ¢ ¢« o « « ¢ « o » 160 meters
TOoD Width o o « ¢ o« o« 4 v 5 ¢ « o o a o & 16 meters
Base Width ¢ o o ¢ o o ¢ o ¢ s ¢ o ¢ « o & 295 meters
Top length o o & « « o o 2 o o o o o « o o 383 meters
Concrete VOLUME o « o o o = o o s & » » o 1,750,000 n

b. Arch section B
Maxinum height ¢ o o o o o « e « o a-0-e o 165 meters
Top Width o o ¢ ¢ ¢ s a ¢ ¢ ¢ 0o ¢ s ¢ » ¢« o 9 meters

Base width e o o !'.". * l‘l s 8 e e Q'...‘ 04 meters



Top 1length . . .

Concrete volume
; Rockfill

e e »

Méximum‘heigh? s s s e s e e

.

.Tép‘léng-t}i - @ [ L e @& * o

-_Tot_ai ‘;Olmae .o ‘e ’ » A- 'Ac . o

Reservoir

WateIShed e e % e ® e & .o & 8

Reservéii-'}‘\rea’a;f- s e & 8 »

Maximym drawdown . . . « o

Total Storage Capacity . .

Effective Storage Capacity

Spillway

Crest elevation . . « . « & ¢ o &

BaSéV;]].dtﬁ.- & o o & & w o

Lengthof spillway=. . &+ o o o «

Design éapacitY'. ».0 « » ® © & o

Irrigation

&

b.

Ce

Stih-men Canal (to be built)
Area to be irrigated . . . .

Maximwﬂ diSCharge . ] . - [ ] Ld e o L4 - ..

..Tép‘wid{h‘. e e ee e

D.':.a“?efﬁf cf‘ tunnel . « « . . a e s7e

Slope of main tunnel , « v « o o « » »

Velocity of water . . o o o o o » o &

Length of canal o 5 o o o ¢ o » o o o

Taoyuan Canal-{existing)

!rrigafeﬁ‘i.ﬁfga “ ®ve S's.0 % o s -0 e »

Maximem discharye o o o & o ¢ o 2 o o

Ta~chi and Hsin-chuang District

Irrigated Area ‘o "o s e 5 8 0 8 o o o

- 21 -

~Maximum diSCR2Ige.. « « o p o o0 o &

349,11 meters
N - 3
1,550,000 m

165 meters

10 meters

" 322 meters

400 nmeters

, , 3
4,700,000 m

764.3 sq. km.

13,8 sq. km,

?O,méiefs .
690 x 106 m3

Y
-580-% 1070

2?9 meters

»..Under. pYanning

6,680 cms

23,000 hectares
14.2 cms.

3.0 meters
1/1,000

2,01 m/sec,

"34 km

23,000 hectares
8,7 cms

5,500 hectate;

8.3 cnms.



5. Power Plant
Totzl maximum available head + « « » a0 + o « o 135 meters
Total installed capacCity o4 o « « « o o o o 5.9 « Under planning
Energy output for average year « &« + « + 4 s o » 276 x iOéKWH
Energy output for dfy YERT. o o o o @ e e b e s 103 x 106 K
Averagg.Capacity P T O ; s+ 35,000 LW

Firm Cazacity o « o o o o 4 o o o 6 « o o o & & 4 29,000 KW
Cost. Estimate

According to the coSt estimaté of ‘the Taiwan Water ConServancy
Bureau, the:Shih-men Project.costs.US$48,930,000, US$46,680,000, and
IS$38 900 000 for ‘the gravity, arch and rockf 11 sectinn respectively.
However, the Taiwan Power Coripzny estim?fed thzt it would cost US$64,500,000,

Benefit to be Bxpected
1. Irrigation

The reservoir watér will sSuprly full irrigation to the 28,500 ha.
of existing irrigated area within the districts of Tao-yuan, H51n-chu,ng
and Hai-shan Hydraulic Associztions. In addition, 23,000 hectares of
dry farming land- and one-crop land will also be converted»into 2~crop
peddy field. An an -ual increase of 80,000 tons of paddy rice per year
was estimated.

2. Flqod Control

The maximum flood*was estimated t. be 8,200 cms. The largest
recorded flood was 4,725 cms,.. After conpletion of the reservoir, the
fiood would be reduced to 2 99u cmss or a reduction of 37% would be
expected, -

3, Water Fower

The Taiwan Water Conservancy Bureau,. basing on the 1926 - 1951
records, estimated that for 2 tzilrace elevation of 135 meters the
annual salable power -would averdze -about 256,000,000 XWH, In addition
there could be developed another.;:20 million’ KWH fron the new irrigation
intake and ceanal for pumping 1rr1gat1on.

Ansther power study of thc p:nJect was made by the Tziwan Power

Company. The result was thet with a minimum reservoxr elevation of
235 nmeters the maximum firm -pow~r would e 29,000 K
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The Definite Plan
Reservoir:

Maximun water surface elevation « + « o « o o + o4 240.meters
Haximum water. surface 2rea « o o « o o 2 o o & .'. 8.5 sg. knm,
Gross storage capacitiﬁ;-.'m=.-i . . s e s s.e 316,000,000 cu, m.
Bfféctive storage capacity « . + . . .A.A; . » 251,000,000 cu. m,

Maximum drzwdOWn . . o o o -« &6 o o - e e s . . 55 neters

Dam Crest Elevation: 250 meters
Dsm Height: 125 meters
‘Total Constructiom Cost: MT$616,398,000) includiny orne

NT$ 14,937,000) POWEr un:t.

Errigabke Land: ' 54,600 hectares
Increased rice productisn
69,000 MT of brown rice ¢

year
Fower Development:
One vnit - -19§,220,000 EWH
Two units 208,890,000 KWH
hnnual Cost: .HT$90,945,000
Annual benefit: '
Irr.gation . -HT$75,800,000
Yower . i'T$41,924,000
Flood control HT$ 9,228,000
Water supply nT$ 8,250,000
NT$135,202,000
Total Net Annual Benefit: ‘NT$ 44,257,000
Overall Benefit-Cost .Ratio: 1.48:1
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Tao-shan Reservoir (No., 9)

General Description.

This propdsed reservoir sité’ is on the upper Tou-chien Chi, near
Tao-shan-PoliCe Station. The width.of the.river bed is only 20 meters,
The slope of the:.river is about 1/60. The rock is composed of sand
stofie and shale. The fock stratum i§ over ten meters thick striking
Mi2 E and dipwing 36 to the right bank., The site.commands a drainage
area >f 166 sq. km. covered with derse forest.

There was a gagi&g_station at Shih-pah-erh above which there lies
o wererseed of 17%7km, Records »f this station for the years 1934 -
1939 are available. '

An 106-m: dasi would flood nc village nor any large:farn land except
zbout 1.5 hectares >f paddy field and abcut one hectare of dry farming
iland.

Engineering Features

1. Dam

TYPE o o o .o o.o. v o o s s ¢ s o s « » » Gravity dam
Maximum height.e o ¢« o ¢. 6 ¢ ¢« ¢ o « ¢ o 100 meters
Top Width o o ¢ s o o ¢ s« o o s ¢« ¢ s ¢ I0 meters
Top 1ength o « ‘e o« oo o s » s o o o o110 neters

3
VO1me L d K . .9 L ] L] [ ] * - * ® [ ] L] L] * - - 170'000 m
Base width... «e +. ¢ « ¢ + 4 « s ¢ o . ¢ 72 reters
2. Reservoir

. - ' 2
Watershed.............---16615171

. 2
Reservoir Area . v v ¢ v e o« v oo o o o 1.17 km
Maximum Drawdown . . . . o« v v « » . « o 50 meters

. ' 6 3
Total Storage Capacity . + . « ¢ « v o « 45 x 10 m

] c .. .6 3
ffective Storage Capacity . » . v + + « 37 x 16 m

3. Spillway
Length of . Spillway .« + « « « « = o« » « &« 80 meters
Desicn Spiliway Capacity o o o v o o & & 1,400 cms
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4, Estimate

The construction cost of this project was estimated to be
ebout HT$70,000,000, Besides the benef: .t on flood confrol by reducing
the flood peak of 1,400 cms, the regulated flow would be sufficient
to supply irrigation water to the 12,000 hectares lying below.and to.

generate 12,000 EW :f fimm power with a total annual energy output
of 105 million IWH,
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Shang-ping Reservoir..(Nos 10)

Geéneral Description

IThe proposed dem site is on the urper Tsu-chien Chi near the
Stang~-ping Tsun. The rock stratum is mostly of sand stone, 0.5 -
1.0 m thick, striking N60 E and dipping 48° - 50° toward the upstream.
The rock at this site is not s hard s that at the Tas-shan site.
The river bed is about 65 meters wide and has a,slope of about 1/100.
The watershed area above the dam site is 232 km ,

With the planned height for the dam, there will be 7 km of highway
requiring relocation. The Shang-ping Tsun will be under water. In
this village there are 225 families with 220 hcuses and a population
of 1,500, The reservoir will also flood 65 hectares of paddy field,

12 hectares of dry farming land, 15 hectares of tea farm and 11 hectares
of forest area.

Engineering Features

i, Dam
Layout 1 . Layout 2
Type Concrete gravity Concrete gravity

Maximum Heicht . . . . + « &« 7Ometers -« o« v « .+ . « 90 meters.

Top Width & . ¢« « o « « « » l0meters . ¢ v o« o « o« 10 meters
Base width ® o o 8 e » © s @ 50 meters . o 5 e @ o. " » 65 Iﬂf‘ters
TopLength . . . . . . . .. 160 meters . . . . .« s 190 meters

Volume . o ¢ ¢ o« « » » » . » 180,000 m3 e s s e o « o 320,000 m3

2. Reservoir
2
Watershed . . . . . . . . . 232 km2 c e e s e w s s o 232 km
2
« o a2 « s+ o o 4.3 km

Mzxmimur: Drawdown . . . . « 40 MEters « « « o ... o 60 meters

. 2
Reservoir Area , . o . . . 3.0km , ,

. 6 3 6 3
Total Storage Capacity . . .,9%6.5x 10 m . . « « o 1713.,6x10 =

- . 3 . o003
Effective Storage Capccity .80.4 x 106 M .. . e 153.5x1C m

3. Spillway
Length ® @ + @& 8 @ o -_.. o o e o » 12;} inete:s

Design Spillway Capacity. ¢ e-o » « o 2,000 cns
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Cost and Benefif-

The construction cost of. this project was estimated to be
¥T$130,000,000 for the 90-m dam, and MT$70,000,000 for the 70-m dam.

Besides the benefit in reducing the flood peak.af .2,000 ems,
the regulated water will supply irrigation water to 12,000 hectares
and will develop.a .firm power =f 14,000 KW with a total annual cnergy
output of 123 million KWH, )
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Shg-hu-li’Resegvoir_(No} 11)

General:Description

he proposed reservoir site is located. a2t Sha-hu-1i, a village
in Chu-tung, Hsin-chu, Its purpose is to store water for irrigation
of 784 hectares in Chin-shan-mien area. The water would be diverted
from the Chu-tung Canal into the reservoir through a waterway of
about 2,900 meters long. It is planned to divert the river flow through
the Chu-tung Canal Intzke whenever there is surplus flow in the Tou
Chzen Chi,

The averase yearly rainfall in the project area is 1,466 mm,
The minimum flow in the Tou-chien Chi at the Chu-tung Canal Intake
is 2.07 cns.

The reservoir would flood about 36 houses accomodating 45 homes,
Another 36 hectares of paddy field would also be under water. About
1.5 km of highway will have to be relocated.

The material for the proposed earth dam is available near the
dam site. An existing highway leads from the dam site to Hsin-chu,

Engineering Features
1. Dan

TYPE & ¢ « « v« « v » s+ » =« « 2 » » o » Earth Dem
Maximum Height . . . . . . . . . . . . 28 meters
Top Width &+ + ¢« ¢ v « & o o o s o + = 8 meters
Base Width , . . . .., ... .. . + .180 meters
Top Length o . o' v ¢« ¢ o ¢« ¢ « o o & o 125 meters

3
VOIUME o o o « o « ¢ o o o » o o« « » » 150,000 m
2., Resexrvoir

Watershed o° s+ ¢« o » s s » a2 a4 o « » 285 hectares
ReServoir Area « « o« « o o « s o « o« o 0.35 kmz
Maximum Drawdown « o « s o s & » o &« o 15 meters
Total Storage Capacity « « ¢« ¢ « « « « 2,180,000 m3
Effective Storage Capacity « « . . . « 2,180,000 m3
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3. Spillwag’

Crest Elevation e ve s el e e o 135.0 meteéxs

Lentth of Sp111way e e e e v e s o 26 metérs
De31 in Splllway Cagac1ty o w0 oy e 35 cm§,

Cu§ and genefl

The - PdCB's estimate for ‘the construction cost of this yrojecf
is. us$1,000,000.

Annual Cost €30%) o v 2 s o - o o o . . US$100,000

“Incorie after project completion + « . ..:U53470 400

Income before project comﬂletlon e o « « US$ 80 Q00

Incrgase P e s e e e ane e e e e US$390 400

Net bemefit (assume 50%) . . . . . . .+ US$195,200

Benefit Cost'ratio + . &+ ¢ o ¢« « o s « o 1.95
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ing-tsao-hu Reservoir (No. 12)

General Description

"This projecf’;s under censtbuction.- The, jurpose of the project is
to store water to supply 600 u-ctares,of faddy field in the Hsiang-shan
area near Hsin-chu. The reservoir is .formed by 2 dam across the Ke-:a
Chi near Ching-tsao~lhu.- A waterway of dbout 2 kilometers long will be
built to. connect tiie reservoir to the existing Ting-pu Canal. The slope
of the river bed is about 1/1,000. No discharge dataare available.

The maximum, minimum, and average annual raipfzall are 2,375.3 mm, 877.6 nm.,
and 1,845,2 mm, respectively. The annual evaporation is 1,353.,1 mm,
The marimum 2nd mirimum monthly mean temperatures are 27,8 C and 14.6 C
respectivelys '

An existing highway leads the .dam site 19 Hsinchu. The magerial
for the earth dam is also availabléset the dgm site. No relocgtion

of communicatidn linesp,ncr flood of property is involved,

Engineering Features

1. Dam

TYDE « o « o 4 oo oo o « 4 « « o « . Barth dém
Maximum Height . . . .. . . . . .. } 13 metcis
Top Widtﬁ R R A R 6 metérs
Base Width i . s ¢« ¢« ¢ ¢ ¢ o o &« « «:s 87 meters
Top Length « ¢« « v+ « « o ¢ o « o ¢ » « 140,5 meters

3
Voll.mie ® ® ® ® 3 ® & & @ B % e s & e @ 50,0001“

2. Reservoir

watershed . .' - - o . L] o ‘ o * - Ed - . L4 30 m>

. 2

ReSerVOir Area ® @ & ® -0 e e o 3 e e 248'510 m

Maxj-mum Drawdownl o+ ¢« « 4's ¢« o o« o o & 4.5 meters
3
Total Storage Capacify o o« ¢ o « o« « » 1,100,000 m

; ) ‘ 3

Effective Storage Cdpacity . « + - : + 845,000 m

3. Spillway

CreSt ElevatiOn e & + & & a2 e ® e o e & 34.5 meters

Length ¢ o & o @ & e e . * & o v e e 36 l'leters

Design Sp: llway Capacity e v e v o« o » 320 cms
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Cost and Benefit

The cost estimate for the ;roject made by the *WCB in 1952 was
hT$2,030,000 with the following breakdown:

Reservoir . o s s ‘e f e e..e ® o o NT$822,210

Waterway « o« o o o o o « o s o o o 268,090
MiSCGl’lal’leOGS . - ‘e - . ‘. L] » L] » . 64’ 320
Cement & Reinforcing Bar o« « « o 775,380

R_ght of Way . = u « & 3 & .2 s a e = IOO'OOO

SULEIVISION v & v 4 o o o. ¢ = « « » 70,000

Tctal: I¥T$2 ,030 lOOO

The annual cost, assumed zt 10% .f ihe totazl cost is NT$203,000.
Tie completion of the project will ¢ffect an annual ircrease of crop
yield amountiny to NT$2,160,000 (NT$3,600,000 - NT$1,440,000), Assume
50% cf the annual increase is net gain, the benefit cost ratio will -
Le 5.3 (1,080,000 + 203,000). 1In addition to the benefit from 2 bette:
crop, there is an estimated benefit from fishery amounting to-NES$39C,400,
This would raise the benefit cost ratio from 5.3 to 7.3.

Ed:tor's Note : The .final completed _roject Has a total corstructi.np
cost of about ii7$5,600,000, The original plan has been nuch strenstheied
end improved in the folidwin. ways. The dam has béen ~rovided with a
farapet wall and the spillway ias been so modified that a much larger
flood could safely be taken care of,

The two ends of the spillway and the thin hill section encircling
the reservoir have been strengthened, The dike slope on the reservoir
side has been provided with rrotection, 4 new intake structure has re-
:laced the 01d one, which failed due to rour construction. The intake
tunnel has been grouted., Part. of the new canal from the reservoir to
the existing Ting Pu Canal has Leen relocated znd strengthened,

- 31 -



Jazpu Reservoir (Mo. 13)

General Descrirtion

The area of cultivated land near Tou-feng and Chu-nan is about
1,800 hectares most.of  which is dry.land, . The purfose of the ;roject
is to store water by constructhp a dam across the O-mei Chi near
Shih~erh-liaé aEnve the Si<hg: Dam- for irfigafion 'of-1,400 ha;, A
canal system.and a pumping station would hte built. The cenal .system
will consist of 10 kilometers of main canal and 25 kilometers of
laterals. The ponds in this région will also be 1mpr0ved.

No fiow records were available, The maximum flood is estimated
from meximunm daily rainfall. Tie maximum, midimum, and average annual
precipitation§“2ré "2;893.6 mm., 1,337.4 mm., and 2,097 mm. respectively.

At the proposed der site some thic: osutcrop of soft sand stone
cazn be seen. The earth is reddish and sandy. The river bed slope is
1 in 240 at the site. The proposed reservoir, woulq flood about 25
nectares of paddy field, and 25 hactares of grass and forest area,
nggﬁgefinnggatures

1. Dam

'IYPG I B e e R R T I R A A N Concrete Gravj.ty

Maximum Height « 4 o ¢ 4 ¢ ¢ o o « « « _i4 meters A
'Toi)_Wia-th B T S S 4:.2 meteis
Base Width o v v v o v v v wn oo -o 1Smeters
Tob Length o o' v ¢ v ¢ 4 o 5 o o » 80 nmeters

... 3.
Concrete Volume . o ¢ v ¢ 2 o « o « » 7,500 m
2. Réservoir
Watershed . : ... «« « - o « «.i - . 100 —

Reservo*r AF€a & v v = v o 4 v i .. - 4 @ BiS hettates
Maximum Drawdown . . . e e e e e+ .. 7 meters

6.44 x 106 m3
Effective Storege » . . . . . .+ . . . 5.05 x 106 m3

Total Storage Capacity

[
.
[
*
-
L]
.



3. Spillway

Crest Elevation « « &+ 2 e o ¢ ¢ s o« s « 07 meters
Length Of Spillway . L] L I . o = @ a [ 3 80 mé’t‘“’ewfgw.

.. Design Spillway Discharge . « « + o" ¢ « 444 cms

Cost-and Benefit

The 1952 estimate of the :roject made by the Chu-nan Hydraulic
Assuciation was NT$17,000,000 composing of NT$3,872,540 for the
reservair, NT$5,666,362 for tié canal system, NT$150,000 for supervi-
sicn ~f constraction, and FMT$311,098 for miscellaneous work.

The completion »f the project will raise th¢ annual fréduction
from IT$6,350,000 to NT$20,550,000. One half of-this increase may"
be assumed as the net berefit. Considering 10% of the total comstruction
cost as the annual cost, the benefit cost ratic will be.?.1:

Editor®s Note: This projcct has been started in Au-rust 1956,
Th:e main features acg;ded as-of .now.constst.of -areserveoir-of 8,500,000 a
of which 6 ,400,000 m~ is effective; a. concrete dam, 18.6 wmeters hi h
with an overflow Sectlon of . 48«1 -neters.provided-with 5 spans of
8mx'8m taintor gates and two spans of sluice gate; and a canal system

cunstituting 13 kilometers of main canzl and’ 37 kilometers of laterals.,

Tiie main canal includes 2.6.Kilometers of . tunnel in 4 stretches znd
10.4 z1lcmeters of open canal. ‘The intake from the reservoir has a
capacity of 2, 2 cms, The area t6 be 1rr1ﬁated is 1 1230 héctares.
The total project is estimated to cost NT$4O 050, 000 and is to be
finished in three years, The benefit cost ratio is 1,97,
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Hsi-ho Reservoir (No. 14)

General Description

The Hsi-ho Dam, on the Owréi Chi; a brént¢h of Chung-kang Chi,
was completed in 1951, It is J meters liizh and has a crest length
of 91 meters. Nine verticzl-1ift gates were provided, The reservoir
capacit  is about 1,000,000 m”. The stored water is to supplewent
irrigat.on water t- 2,500 hectares ~f paddy field during dry season.

E study was: made by‘the”Ta.wén Water Gonservency Bureau to increase
the reservoir-.gepacity by heightening ihe dem. An additional height,
~f 2 meters would double-the .crragity. With: the z2id of the improved:
pond storage of about 2,500,000 m~, the irrigaztion water for the 1,000
hectares under: Ta»py Canal can be supwlied,

Enzi neer-ipg : Fea—ture§_

1. Dam

Type, « s o s o & e ¥ . @ # b % v 5 o @ (bﬂcret.e Gra.“ifty

Maximm Hei{—;ht. o 0,0 s B8 b & B e ® 5 meter%
Toip Width ¢ » o T ¢ v e s oo ‘e o 1.6 mefeI:S
Base Width @ s s e e s s s v e v b o 10 met'er's

Top Lg@gth e s s s b s e s e 90 meters’
2. Resetrvoir

- . . } ] 2
Watershed o+ v o ¢« o ¢ o « o o « = = » «» 120 %m
ReServoir ATEa o« v v ¢ e o o « o o o o 33 hectares
Maximum Drawdown . . . ¢« .+ ¢« ¢ + « « @ 5 meters

3
Tctel Storege Cepacity « o ¢ & v o o« 980,000 m
3. Spiliway

Crest Elevation . . . . . . « « + « & 55.3 meters
Length of Spillway . . . . . . + . . . 90 meters
Design Spillway Duscharge . v « « . - « 444 cms
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4, Extension of Reservoir

Height of Crest Gates . . e e e e e .. 2.meters. .

Storage Cai acity Increasedw o« e w - 840,000 mg

‘New Irrigation System (Ca,aCLty 3 éms)., ¢ 14 km-
Cost_and Benefit

* The estimated cost for the extension work is T$4, 324 000 w1th
the follow:m«r breakdown°

1. 2 meters'movable dam . . . . . . . . iTT$ 292,000

2, I;cigatibn System o v i v o eie o 2,236!069
3. Pond Improvement . .-. e e S W e 741,000
4. Cement v v o v v v b 4 e s e w e 398,000
5., Steel Re:nforcenent o v o 4 o o's o » 317,000
6o SUDEIVISION o4 o « o ¢ o o o o o o0 o ‘240'000
7. Miscellaleous o « s o o o o o o o o . ‘10u 000

Total: HT$4!3§4!000-"

The comyletlon of the extcn51on work would raise the annual pro-
duction from NT$6,350,000 to NT¢14 670,000, Considering 10% of total
cost of extensionias the annual cost and 50% of the annual increase of
production as the net benefit, the benefit cost ratio is. 9.6, °
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San-chu-hu Reservoir (No. 15)

General Descri tion

This ‘s another pr-ject proposed for the improvement -of the
irrigation of the Ta-pu disttict, Twd earth dams were proposed to
ve built across the O-mei Chi near San-chu Tsin. A waterway of
ebout 11.5 km long will convey the water from the reservoir to.the
intzke, where 2 new irrigation system is t> be built to tzke the
water to 1,400 hectares of dry land, ‘ )

Rainfzll records for 39 years are available, The maximum, minimum,
srd mean anmudl rainfall pecords ate 2,654.4 mm., 1,337.4 mm., and
2,081.7 mm respectively. . There was only one-year flow record, The
maximum, minimum and avera e flow records wére 7.93 cms,, 0.31 cms
and 2,69 cms respectively. The relation between the runoff and rainfall
showed a runoff factor of 0.87. '

The' proposed dam site is 11 km from Chu-nan, having a watershed of
5.8 scuare kilometers. . The rock outcroy is bluish sandstones-

_The resérvoir will flood'.30.3 hegtares of paddy field, 38,5 ha. of
dry farming Iand, znd 80 hectares of forest area.
Enzineerine Features
1. Dam
,Type ; L R L D L] LA ‘. Barth Dam
Meximum Heicht . , , . , . . . . . . 25.76 meters
Top Width . o ¢ o . ¢ ¢ ¢ ¢ ¢« & + o 8 meters

Base Width + &« & v ¢« 4 ¢ o « o ¢« s « 140 meters

TopLegnth , . . . . . 4 & o v v o 208.5 meters
2. Reservoir

Reservoir Area o . . o « o 4 » « » & 1.1 kmz
Maximum Drawcown . . . « o+ o e e 8 meters
Total Storage Capacity o o « o o « « 4.3 x 106 m3
Effective Storage Cojacity o« « o« o« o 38 % 106 m3
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3.- Sbillway

Crest Elevation . . . . . + v« « « .« v . « 99 neters
Length of Spillway . . . . « » +.a « . « 18 meters

Des::n Spillway DiSCHETEE o v cw-eve o o o 57 CHS
4. Intake:

Tower Height o0 0 v 4 & o v ¢ e n s « 23.3 meters
Intzke DiScharge « v < n 0 o o-0 o o » o 2.1 cms

Waterway from Intoze s Reservoir . . o . ‘11.5 km
Cost and Benefit

The 1950 estimate made by the Teiwan Water Conservancy Bureau
for the total project was US31,932,000. The completion of the project
would raise the annual revenue from production from. US$1;510,500 to
US$2,079,000. Considering 10% of the total constructicn cost as the
annual cost and 50% of .the annual 'increase ~f production as the
annual net benefit, the benefit codt ratic.is 1,5.
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Chih-hu Reservoizr (No. 16)

General Description

This ‘Lroposed project is-ts - build a dam across the Las-tien-liao
Chi uf the Hou~lung Chi .to cr-ate a.reservoir for irrigation of 2,900
hectares in Mias-li Hsien between Hou-lung Chi and Chung-kang Chi.
The elevation of the land is from 4 meters to 50 meters above the sea
level, The general slope of the land surface is about 1/50 - 1/170

The o.ro.0sed dam Site near the Chih-hu Tsun has a river bed slope
of zbout 1 in 100. Thé forest covéred ‘watérshed accounts for the clear
woiire 1hie rock s, Snadstone, about .one meter thick, striking N23 -
25 E an¢ disying 40 toward the upstream. The created reservoir will
submerge about 53 hectares of land. In addition, 720.meters of .highway
and a 100-m span suspension bridge will have to be relocated and rebuilt

Engineering Features .
.1« Dam

'Iype e o c.:".‘- « 2 s e o o d o 0 o ee . Concrete Gra,VitY

Maximuﬁ Height . « . . . . . ¢ . .o 47 meters
TOD Wdth o v v v w v v ee a v e e 5 meters
Base Width o . v v v v v 0 0 v o o o™ 36 meters
Top Length v v v v 4 v v o 0 0 b e 83 meters
Concrete Volume . . . . .. + « s « & 50,000 m3

2. Reservoir

Watershed . . . « « . « « « « + ¢« . 20 km?
Reservoir Area . . . v « ¢ e « o «a 47 hectares
Maximum Drawdown . « « ¢ o o « « « » 30 meters
Totzl Storage Cayaéity « e s s e s e 5,764,000 m3

.5 3
Effective Storage Capacily « o o« o o o 5,724,000 m
3, Spillway

Crest Eleva‘tion 4 & % © 8 & ¢ e e » s 8 128 meters
Length of Spillway o o = o o ¢ s s o o 100 meters
Spillway Dischzrge + ¢« o o o o + s+ o 450 cms
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Cost and Benefit

The Teiwan Water Conservancy Bureau estimated the cost of _the
project at NT$19,642,000, about 68% of which is for the reservoir and
the rémaining for the waterway'and irrigation system,” The completion
of. the project will-effect an increase of. annual production amounting
tG about N”$6,620 000, - Based on an annual. cost estxmated at about
10% of the-total cost and an annual benefit estimated. at about 50%

of the gross annual increase of production, the benefit cost ratio
would be 1.7,
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Ming-teh Reservoir (No. 17)

General Description

“This is an alterhative . roposal of the Chih-hu Reservoir Projeci.
The dam site is below Chih~hu near Ming-teh Tsun. The_rock stratum
is_soft sand rock, a meter thick, with a strike of N25 E and a dip or
39 toward upstream, The river bed slope is about 1/120,

There is a gagzing station at Jen-lung, Tou-wu Hsiang. Records
for the years 1941, 1942, 1944 and 1950 are available., The minimtm
flow is 0.45 cmS.

The created reservoir weould floosd 70 hectares of land. About
7 kilometers of highway with a 30-ft span bridge have to be relocated,

Engineerins Features

D

1. Dam .
Layout 1 Layout 2
Tyoe « ¢« « = 4 « « + = « o« EBarthdam . .. . ¢ . Concrete

Mzximum Heighi e« s s . 3lmeters . . . . . . 29 meters
Top Width . + .-, .’. . . 8 meters . . + o . . 8 meters
Base Width . . . ., . « « 140 meters o . . . . » 66 meters
Top Length « . « . + . . « 135 meters , . . . . . 136 meters
Volume o ¢ o o o v v o & @ 127,000 m3 s e o s o o 51,000 m?

2. Reservoir

. 2
VJatershed- L ] - - L] . L 2 > L L] - - - L L4 25 kxll

ReServoir Are2 « o« « « o =« « + « « « « 70 hectares
Maximuel Drawdown ¢ - o« o o « ¢ o « « o 11 meters

Total Storage Capacity o e « s 4 » o » 4,480,000 m3
Effective Storage C-yacity « « o « « 4,060,000 m3

3. Soillway

Crest Elevation o o+ « s o v s s« =« ¢ o « 350 meters

Length Of Spillway e ¢ e ® o ® s e a B 100 meters
Design Stillway Discherge « v . ¢ « « » 540 cms
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Cost. znd Benefit

The Taiwan Water Conmservancy Bureau had the fullowing constructi

ostimates?

Resetfvoir
Weter-way

Irrigation
system

Tatai=.

The annual incresse =f ;raducticn
am~unts to about NT$6,620,077 shown in detail as follows:

Layout 1 (earth cam)

LaﬁoutAZ (Concrete. ¢rm)

HT$7', 300,000, 11T$9, 770,000
2,741,000 .2,741,000
3,600,000 3,606,000

. HI$13,647,000 . H0$16,117,000

Before Comuiction of Project

brousht absut by this prsject

bréd Froduction Total, Fro- Unit Cost Total Cost

{ha.) Peraﬁa.(Eﬁ) duction {HTS) HT.)
double Crop 1,184 6,000 7,104,000, 0.92 6,335,300
Sinrle Crop - 316 3,000 .948,0Q0 0.92 872,700
Dry Land '311.2¢ 2,100 1,493,500 0.92, 1,374,000
Dry Land 479.2+ 5,000 2,396,200 0.25 699,000
Others 226.4 - - - -
Total’ 2,916.8 - - - 9,48C,000

After Compietidn of ¥roject

Double Crop 2,916.8 6,000 .17,500,000 0.92 16,100,300

The annuel increase is therefore [i156,620,000,

Assuning 10% of the

total construction cost as the annual cost and 50% of the annugl incr-zse
as the annual benefit, the benefit cost ratio will bie 2.4 for the eearth

dan and 2.1 for the concrete danm.
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RKwei-chu-1lin Reservoir (No..18).

General Description

Along the Hou-lung Chi there are’fivefirtigation systems.with
a total irrigated areasf 2,156 hectares., In dry seasons, 50% of the
arez along the lower end ©f the canals is short of water.. If is proycsed
to build a dam ucross the Hou=lung Chi near Kwei-chu-1in Tsun; Shih~tzn
Hsiang, Mizo-1i Hsien.. The earth material for the proposed earth dam
is available near the dam site,

The proposed ‘laysut shows z 3-span intake gate and @ sluice gate
the left bank and 2 siphon s:illwey on the right bank.. The reservo:ir

i1l flood five: families and 26 hectares *f Paddy field,. About-1,5
rilmeter >f Lighway will have t~ be relocated.

Ensineering Features

1. Dam

TYEE - 2% sa'e o sia-a-a-0-a-s 2-» » o Barthdam
Maximum Height . o .0 eveier ot aiiner e 23 meters
Top Width © o & o ca woo eiei i oo 8 nmeters’
Base Width . . . .‘.,; e s sre- e w326 meters
Tou Leggth s s s e s s s a-u: sresn o LOO meters
VOLUME wo v v aee v e e viae o e .- 89,600 o

2. Reservoir

Watershed . s e 0" s o ¢ 5 o 2 o oo o 22 kﬁ?
ReServoir Ares o o « + & « e e 320,000 m°
Maximum Drawdown « . . o o o « ... a 19 meters
Total Storage Ca;acity-.:.A.-.z.;.-. 2.94-xkip6 m3

. N 3
Effective Storage Cepacity ... . . .. 2.94:x 106 m
3., Séillway

Crest Elevation .., . . ¢ o w w + o s 252 meters

Spillway Capacity .. . . o+ . o « « o 136 cms



Cost and Benefit

The cost f the project was estimated by tkhe Mizo-1i Hydraulic
_ hssociation at NT$2,250,000 witr the followins breaidown:

o A (T )
INt2KE @ v v ¢ ¢ o o o 4 e 0 0 . . 25,300
Gates v {4 v v v i h e e e e e . oeoa 71,000 .
Spiilway . . . . . .« . . .+ . .. .~ 317,000

Hoist ROOM o v 4 - e v 6 v o &« « 5,776
Bridge o v a v o e e e h e e e e 3,800
3ulver£$ * e e 4 6 s e e & era e e 3,800

Roadway . . + . « o o'e ¢ o o o « 89,100

. 1,289,770

‘Land 15 ha. @ 1,,000 - 270,000
8 ha. @ 3,000 40,000

6 na. @ 3,000 1¢ ,000

1 ha. @ 5,900 5,000

1,300

Removal of HOUSES o 4+ o o o « o « o o 128,060
Cement ‘and Reinforcing Bars .. . . . 438,000

Supervision of Consizuction « + . . . 54,300

2,244,370
Say  2,250,000-
The conmpletion o{ the zroject will raise the value of annudl
production from HT$3,111,450 of rice and HT$137,885 of totato to
I'T$5,204,775 »f rice, a difference ~f NT$1,955,440. AsSuming 10%

7f the constructinsn dost ® As "the ‘anndal éost and 50% -f the anraal
increase as the benefit, .the.tcnefit cost rztio will be 4.4,
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Hsiang-pi Reservoir (No, 19)

Gefieral-Description

Ta-an Chi is one of the most. steep and torrential rivers in Taiwan,
It originatés from the .western.part of .Mt. Tsu~kao and-Mt. Ta-Da-chien
of the Central Range and has headwaters of about 3.,500 meters above
mean sea level. The general slopé .of the’ 1ower ‘portion is greater
than 1/90. Most portien. of its drainage area is mountainous and is
covered with forest,

The proposed Hsiang-pi.Reservoir gite is situated on the upoer
stream of the Ta-an Chi near the Hsiang-pi Police Statjion. The geolo-
gic formation at the dam site is mainly sand- stone w1th some shale.

The rock strata is 3 - .5 meters thick stclklng ‘N5 4005. Material
for concrete aggregate is available,

The annual rainfall;iu”the‘upper drainage basin is 3,700 mm at
Kao-ling and 3,200 mm at Gﬁu-kaﬁ@; A gaging station bad been established
near the dam site, Seven years records starting from 1937 are available,
The maximum.recorded flood is 758 cms'and the wminimum flow is 5,19 cms.

The reservoir will flood 120 famil;es with 650 people, and :4,000
square meters of building., In addition, the flooded area will includ.
35 hectares of paddy land and 60 hectares of dry farming land,

There are several slides on the headwaters of Ta-apn Chi and
Man~keng Chi. Between Hsiang-pi and Erh- pen—sung, the land below
elevation 800 is either cultivated by the aborigines-or occupied by
bamboo forest: --Above elevation 800 are hardwoods. Upstream from
Erh~pen-sung age mixed forests of hardwoods and conifers,

Engineeringzﬁe%tﬁres
1., Dam
TY:)e @ #-°8 2 & s & 2+ # s s e e s w.c s COﬂCIete Gravity’
Maximum Height &w . . . « ¢ ¢ ¢« « o e « » 100 meters
Top W-dth s o o & s » » & & @ .-. * e o 10 neters
Base Width « o 4 o = o o o s « « s« o« o o 80 meters

Top Length o ¢ 4 ¢ s « o o ¢ o+ o a o « & 290 meters

3
Concrete VOlume « . o « o« o« o s o« o « o 700,000 m
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2. PReservoir

Watershied o o v v 4 ¢« ¢« + o« « « o 8 441 square Zilow-ters
DeServoir Are2 v v v e b e e e e 3.9 square %il-meters
Maximum Drawdown-. . & + . « « . 40 meters

Total Storeze Capacit§ e e w. 175 x 106 m3
Effective Stirace Capacity . . . . 146 x L06 m3

rest Length . .. . . . . . . ., 250 meters

Des: _ned Spillway Cayccity . . . . 3,507 méters

Cs5t and Benefi

Since this 1S a2 multipre rroject, ¢ = benefit _s also multiple,
The cenefit on flood control depends on the flosd. For tke desi:ned
flood of 3,500 cms, tie bencfit would be small., For the maximum
recorded floud of 758 cms a lar;e jercentage of -flood reduct.on couid
be expected. The irrigetion benefit s app.reciable. The reguliated
flow is estimated t ope about 25 cws in the dry season. It would be
adequate to supply the 12,000 Lectares of existin_ irrisested area end
13,004 hectares of dry land. The geperated yower is estimated at 12,500
“w of firm _ower w:th an annual output >f about 110 wmillion kwh., If
the plant :s to be used as a three-hour seakin_ statlon, the ‘nstzlled
capacity may be around 100,000 kw, ’
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Mai-fu-ping Reservoir (No. 20)

General Description

The proposed.dam site is located on the upner Ta-an Chi, about
15 kilometers downstream from Hsiang-pi, Ho-ping Hsiang, Tai-chung
Hsien. The rock is shale apnd sandstone, 2 - 5 meters thick, striking
N30"W, and dipsing 35° - 45° downstream. ‘The left bank has an overburden
of 1 - 2 meters on the right bank, there can be seen some rock outcroy.
The river bed slecpe here is 1:80. Cobbles zround 0.50 meter in size
are seen. The river bed below here is nuch wider, The river flows
from nerth toc south above Mai-fu-ping, and then makes a right angle
turn to the west,

During iow stages there arc lumbers znd bamboo rafts .n the river,
Ciio-lan 1s accessible from the river bed in low water,

Within the watershed area 2bové the ddm site there are no 1arﬂe
slides, Two sma2ll slides wcré seen about 5 kilometers urstrgaﬂ from
tie dad siter Further anstrear thére aré more slideés, but none of them
s extensive. The aborigines cultivate an area of 4,000 hectares. The
forest is-being managed by the Pa-hsien-shan Lumber Yard., Most of the
miscellanecus wood have been cut by pzivate lumber companies.

A self - récording’ ganlns station neaf the dam site wes establ;

ed by Japanese, but no record is avallable. “The ninimum flow is 7
céntimeters and the maximum is 4, 400 cent*neters. re serious flood
on July 18, 1943 broke the Hwo-yen-shan Dike, W“shed 700 hectares of
vaddy land, buried another 600 hectares, destroyed 3a houscs, broke
400 neters of rzilway, 600 meters cof h:ghway and caused a death of 1357

sconle. It was estimated that the total loss was ¥ 10,000,000 Japancs:
Currency.

The proposed reserveir will flood six villages, Hsueh-shan-keng,
Ta-kvan, Chu-lin, Shih-1ling, Hsizng-pi, Mai-fu--ing. In the flooded area,
there zsc 220 families with 1,296 population. In addition, 132 hectarss
of paddy fi-ld and 3,854 hectares of dry farming land would alco be
submerged. About 3 kilometers of hirhwey will have to be relccated.

Bngineerins Features

1, Dam Layout 1 Layout 2 Layout 3
Tyoe Concrete Concrete Concrete
Grav:ty Gravity Gravity
Maximum Hei ht 65 meters 150 meters 170 meters
Top Width & meters 10 meters 10 meters
Base ¥idth 5C meters 105 meters 120 meters
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Top Length 260 metefs 550.meters 600 _meters

) R - 6
Concrete Volume 280,000 m3u 3.3 x 10 4.2 x 10
2, Reservoir
"Watershed 441 sq;_km; 441 sq. km, 441 sq.-km.
Reservoir Area 2.3 sq.. km, 7.0 sq. km, 9.9 sqg. &m.
Maximum Drawdown 35 meters 80 meters -100. meters
6
Total Storage 71 5x10°M° 349x10° '682x10
Capacity -
Effective-Stors. 159 4 39° 316x10° 610x10°
. age CapaC};y -
3. Spillway
Designed Capacity 4,400" 4,400 4,400

Cost and Beﬁefit

Due to lack of foundation information, the estimated cast for
excavation and foundation trestment is quite uncertain., The costs
for the layouts 1,2, and 3 have been roughly estimated to be MT$100
m*1lion, NT$1,000 million and NT$17200 million respectively. The

benefits aré’ ftow the multiple functxons. o

The reservoir will have 2 storage capacity equal totwo-thirds
of the annual flow of the Ta-an Chi. The flood control benefit could
be large. The regulated flow would be a great hélsn 19 the lower arec
now in shortage of water. The estimated firm power to be généfated
is 45,000 kw and the #&nnual energy output will be about 394 million
kwh, A large peakins power generation caa be expected,
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Chs—lan Resetvoir, (No. 21)

General Descrigtion

This project proposed in 1936 is for irrigation of about 15, 000
hectates ‘2long the Iower Ta-an Chiy The main fezture is to divert the
water throuyh a 4~km water-way from the Ta-an Chi &t a point about
3.5 kllometers above Nei-wan Tsun and to store the water in a reservoir
on the Lao-chuang Chi created by an earth dem across the creek., At
the site of the proposed earth dam, the river bed sloge is 1/80.

The rock is sand stone with thick overburden. The creéted reservoir
will flosd 40 families accomodating 300 people. 1In addition, 27
hectares of “paddy field, 43 hectares of-dry faring land, and 56
hectares of forest area. Anotuaer waterway of 10 Kkilometers will be
built from the reservoir outlet, Four power plants will be built
with 2 total instzllation of 32,500 kw, one just below. the desilting
bas1n, one below the storage dem, the oLnér two at the end of the
lower waterway. The water to be used in No. 3 and No. 4 power plant
is 45% and 55% respectively of the total. A tunnel of 1.5 km long
would be necessary to divert water from main water-way to-the No. 4
plant,

. This project was revised by the FWCB in 1952. The waterway
. below the reservoir was cmitted, Some changes in the dam height and
volune were made and only two power plants were proposed;

Engineering Features
1. Danm

TYDE 4 ¢ « + o o o 2 » s o s o o oo ¢ « « PBarth dam
Maximum HeSght o o . . o o ¢ o o o « o o o 49.5 meters
Top Width .‘. e e s 4 e e s e e e 4w . 10 meters
Base Width . . . . ¢ v o o 0 o 0 0 ¢ v v 290 meters
Top Length o v = e 4 « ¢ o « o 4 ¢« « + « o« 350 meters

3
VOJ-lme - - ] - . “. - L . e L] - @ 8 @ .. - L] 1.000,000 m
2, ReServoir Aread e s o 2+ e o000 o o, e.s &« « 128 hectares

Maximum DrawdOWn o« o « o o o o« ¢ o o o« o« o 30 meters
6 3
Total Storage Capacity o« o ¢ 4 o ¢ ¢ ¢« oo 27x10 n
: 3
Effective Storage Capacity « « « ¢ ¢« ¢ o+ o 23 x 106 n
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3. Splllway.

Crest Blevation . 4« ¢ « v v 4 s+ + « - « 395 meters
Length of Spillwey « . v « o o » « « o -.20meters
Design- Spillway disch rege o w w0 . . 80 cms

Cost.and Benefit

The 1952 estimate by the WCB for the total zroject is UT$60
million (29.9 million for the reservo:r, 15,7 million for the water-
way and.14.4 million foxr the new irrigation system).

N ‘The-benefit of tris project has been estimated by the PWCB
at HT558 million, based on the assumutlon that the comp letiom,of thé
project wilk raise.the .annual income from the 15,512 ha. from HT$102

millien to HMT$160" m;111on.v

Assuming 10% of the total cost as the annual cost and 50% of
the total benefit as the net annual benefit, the bénefit.-=.cost ratio
would be 4,8,



Li~-yu~tan Reservoir (No. 22)

General Description

This is a proposed project to irrigate about 8,000 hectares
along the lower Ta-an on the rizht bank, Though Cho—lan Reservoir
has been proposed to -supply irrigation water for Yuan-li and Tung-hsizo
districts, its capacity is not enough Therefore this project is
»ronosed,

The proposed dem site is 2t L1-yu tan, Cho-lan ‘Hsiang,. M1ao—11
Hsien on the To-lo-ku Chi, a tribiftory of Ta-an Chi, The 1ntake is
proposed to be bpilt-on:the richt Ta-an bank ‘at the-inlet ‘of Lao-chuang
Chi. The length of the water-way from the intake to the reservoir
is 2 k¥ lomhters of which .25 kilometer is a tunnel, The reservoir will
flood 15 families accomodating 100 people, 25.3 hectares of paddy field,
10 hectares of dry farming land and 20 Lectares of forest area,

Encsineerine Features

1. Dam

TYPE o ¢  a s s 6" s 2o o » s & » s.» Barth dam
Maximum Height . . ¢ o0 ¢« & » 42 meters
Top Width v v 4 v o ¢ v o« = o » o o 8 meters
Base Width + o4 o . ¢ oo o« + « o 206 meters
Top Length o v o v o v s o s o o o o 180 meters
VOIumMe o v v« v o o o » « o o« o « o « 350,000 m3

2. Reservoir

Watershed ¢ i o 4 ¢ o o o o s & o « 4,800 hectares
Reservoir Area « 4 « « « o o« o « o « 84 hectares
Maximum Drawdown ¢« « + o« ¢« » « « « & 28 meters
Total Stérage Capacity o« o « ¢« o« o o 12 x 106 m3

6 3
Effective Storage Capac ty 11 x10 m

L)
.
.-
.
*

3% Spillway

Crest Elevation 4 « % % w o » o .o .o o 260 meters
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Length of Spillway 4 . « o« ¢ « =+ » « + + 23 meters

Design Spillway DiSCharge " 8 e o o @ w 0100 cms
Cost znd Benefit

The estimate by the PWCB in 1953 was [IT$15.4 million consxst-ng
of 1TT$6 mﬂlllon “for, the reservo:r, NT$1.4 million for the waterway and
MT$8 million for the 1:r;gat10n system. It'is also estimated that the
com letion of :the project will riiSe*fhe«annual,ancome from NT$22 815,000
177$34,517,000. Assuming 10% of the total cost as the annual cost
and 50% of the annpal_benefit as the net annual benefit, the benefit
cost ratio will be 3,8,

- 51 -



Ta-chien Reservoir (No. 23)

General Desc;iatioh

Ta-chia Chi is one of the most: importent power develSiment rivers
on the island. It orlﬁlgates from Mt. Tzu-kao, Mt. Nan-hu and Mt,
Ho-huan of the Central Range, wi th a heodwa»er elévation of more then
3,000 meters. ‘The ‘total dralna~e aréa is 1 ?72 sq. xm, while the

averhge river slope is 1 to 60,

The planninz work was staried in 1938 by the. Jeuenese. It celis
fcr “the cﬁnstructﬂnn of a2 concrete gravity storﬁve dam of 201 meters
hirh at Ta-chien. It was plenned to build 8 powér houses downstream
from the dem util zing a totzl head of 1,200 m. within =z distance of
60 kilometers, By the regulat:io>n of the reservoir, the low flow will

be greetly increased. The total fimm rower and installed cazecity
are estimeted to be 312,000 kw =nd 458,500 iw respectively. The main
design features ezre tabulated as follows:
Dam Tunnel . Prorosed Firm
S —— E -
Project Heizht Length Dia, fg::;xve Flant Capa- Fower
(n) (lam) (m) city (kw) Lkw)
Max, 187.1
—chien * . . . . 66,200 35,600
Ta=-chien *1 201 0.25 4.5 Nor. 147.D ' 5,
Lower Ta= 4,96 4.7 181.5 64,200 43,600
chien -
U-per Ku- 4.81 4.9 11746 46,800 32, 700
kwan ; : )
Ku~-kwan 14 6.74 4.9 173.1 71,000 52,600
T: en-leng *2 34 10.13 5.1 171.0 84,500 56,500
Feng-yuan 12 9.18 5.2 106.9 51,200 36,770
No. 1
Feng-yuan 10.90 5.2 94.8 44,700 31,600
No, 2 -
Feng-yuan 8.39 5.2 66.8 29,900 22,700
No. 3 -
1,098,8 458,500 312,000

*1 The 30 im road from Ku-kwan to Ta-chien is in bad shape.
The foundzt.on explcretion s not yet completed.

*2 Com,leted,
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The dam site is of a V-shape, gcomposing of rock cliffs of hard
slate and rock with a strike of N20 =30 E and a dip of 70 , The river
bed slope at the dam "site'is 1 in'90, Thé reservoir will flood a total
of 116 families-in’the villaeges Chia-yang, Huan-shan, .and Tao-yuan,
These families accomodate 515 rLeople,

Only 2.5 hectares f paddy field and 18 hectares of dry farming
land will be flooded. There zre frequent slides about 1 kilometer up-
stream from the dam site. Beside this, there are two or three minor
slides.’ '

Enrineering,Featgres
-1. Dam
TYDE « « « o ¢ « s o = o« s » o o« ¢« « o Concrete Arch-gravity

Maximum Hei-ht . ./ . ¢« « o ¢« o + & o o 201 meters
Top Width o v e o' oo o e e ow-e o0 -e- 10 meters

Base Width , 4 «.¢ o « . oo o w» o 176 meters.
Top Length o o o o o'w & « v 0. s o o o. 230 meters
Free Board « « v o ¢ 0o ¢ s o ¢ o s v o 6 weters

Volume of Concrete ¢ o ¢ o« o« v oo » » 1,500,000 cubic meters
2., Reservoir

WaterShed +'e o e o o o o o « « + « o o 526 square ki Iomeders
Reservoiifﬁxea e ® s o s s s o s ,7; « 5.1 quare-kilometers
Reéé;vbir"Perimeter e s e + o o «-e-e 40 kilometers

Maximum Drawdown « o -« % o + .0 o - « - 120 meters

Total Stq;agejCapaciiy-f B J [ _x_106 cubic meters

Effective Sioraéé Capacity-. e v e e 2901x-106'cubic mefers
-3, Spillway

Crest Elevation . . <« . . « . 4 « « « 1,414 nmeters
Length of Sp=1lway « « = v « » « « o 140 meters
Design Spillway Capacity:e.e o + o e-.. . 4,000:cms.
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4, Intake Tunnel

_Didneter s @ dia e e e s e e e e 4§5umetgrs

Length o & v v v v 4w ate 4 o 4« . . 250 meters
5. Transgort

Road . . . . . 69 km from Tung-shih ‘tc.Ta~chién

Railway.-. . . '14.4 kilometers from Feng-yuan to Tung-shih
only earthwork completed.

Cableway . . . 69 kilometers from Tung-shili:to Ta-ehéeén;
only 20% comgleted,

Cost

rAccording tb the driginal estimate made by the Japanese in 1942,
the total cost of the reservoir would require $135 million of Japanese
Currency (6t US$34 millidn) of which 100 million was planned to.be borne
by the Government and 35 million by-the’Taiwan rower Company. The cos%
of the reservoir composes of U3$2l;5Q0,000"for the  dam, US$1,100,000 fox
the road, US$10,900,000 for fhe railway,.and. US$500,000 for- averhead.
Thé cost of the 8 power plants-was "estimated at ¥240,000,000 or
US$60,000,000. The total cost’ for' the dam.and .mswer 11(nts ‘was
U5$94 000,000 on 1942 besis or, US$212 000,000 on.1953 basis.

Benefit

The Ta-chien Ra@servoir nroject is not only for . water power devel-p-
ment, but also for irrigation, and flosd’ cdntrol, etc.

The effective storage between elevation 1,420 a2nd 1,300"is about
ecual tc one~third of the annual -inflow, * The maximum flood discharge
on record at the dam site was 2 ,503 cms. .Thé maximum flood discherge
of the Ta~-ch'a-Chi. was estlmeted to be 10,600 cms with a totel dreinzge
area f 1,272-scuare kilometers of which 92% or 1,167 square kilometers
is mounteifous district. Th»\Jam site controls 45% of the total moun-~
tainous district. After the completion of the reservoir the flood
discharge of the Ta-chia Chi =nd flood dameges could be appreciably
reduced,

According - to’ ‘the plan of’ water, rower development, the release
from the lowest ilant is about -33.3 cms in- the dry season which is
adequate to supply supplementary water to the existing 25,000 hectares
of irrigated area and full supply to another 6,330 hectares of dry
land,
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i The available head to be consumed and the power to be generated
by the & plants have been listed in the above table. The firm energy
output was estimated to be 2,733,100,000 kwh and the secondzgry energy
outcut. 68,100,000 kwh,

-honew industrial center.was planned at:-the district between lower
Te-chia Cli and Wuschi. The water sSupply for this industsial center-
would 2182 be’ providéd:-by this project.

Editor's nmote: This project has been planned and investigated in
greater detail after the. geconnaissance:survey was made: The planning
work wes carried out_successively. by the Ta-chia- Development Commission.
-ang the Water Reseurces Development Comm:ssion.. The.scale of power
development and the layout for the dam and the power plants have besh
modified by the French Enginecer Mr. Keine after his visit.
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Tien~-len: Reservoir (No. 24)

General Descri.tion

This proposed prdject is fur: 1rrlgat10n. The"irrigated land
along Ta—Chlc Chi is .about 26,000 hectares wnder four hydraulie as-
sociationsy’ Durinﬁ dry seascns, about 7,500 hectares of the area
will suffer insufficient 1rr1uat10n. 1Andthex 4,000 hectores receive
no irrigation. The minimim flow of thé Te-chia Chi was only 9.7 cms.

The proposed dam site is near the Tien-len. Suspensith Briage
across the Ta-chia Chi. The width of thé river-bed is’ about 200
neters znd the river bed sloge is, about 1/80. The rock formation com-

coses of zlternate, layers. of qugrtz sansto .e.and gana rock 1.5 - 3,0
thzck .with a strike of N70 75 W and a di, of 40 =44 toward the
downstrean, -

“Thé reservoirp: will flood 85 families situated in the villages
Nan-shih, Fu-hsin, and Ma-chu-keng., These families have a total ..o-
pulati n of 818, 1In additior, 47 hectares of jaddy f1e1d will 21so
be flooded.

Engineering Features

1. Dam
TYPE « « « « « s+ o =+« + »4+ « » Concrete Gravity
Maximum Hei ht , . . . . . . . . 40 meters
Top Width . . . . . . . . . . . 4 meters

Base Width . . . . . .« « . . . . 29 weters

Tog Length . . . . . . . . . . . 200 meters
- 3

Volume . . . . . . . « = «» = . « 95,000m

2. Reservoir

Watershed « « « « ¢+ ¢« « = « . . . 967 kmz
Reservoir AT o ¢ 4 « o o« » « o 252 kmz

Maximum Dr awdown . + . s o « . o 40 meters
Total Storage Capacity e e e .. 38x10 m

: L . : 6 3
Effective Storage Cel.acity « » o 38x 10 m
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Cost =nd Benefit

The FWCB's 1952 estimate f.r this project is HT$56,000,000 con-
sistin of HT$1,200,00 for dewatering, 11T$48,700,000 for dom,
UT$350,000 for house, NT$250,000 for power line, NT$300,000 for gate
and hoists, NT$2,900,000 for spiliwey end other construction, HT$300,000
for right-of-way and WI$2,000,007 for overhead, The total annuak
Lenefit was estimated to be 1/T$23,500,000. Assuming 10% of total.cSst
2s tiue ennual cost-and 50% of the total ‘benefit as the net annual benefit,
the benefit cost ratio will be Z.1.
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Wu Chi Basin

(See Fig, 16 & 17)

Gerferal Descxiption

:is calied Péi=kang.Chi. It flows westward and below the confluence with
Nan-kang ‘Ciii, at Shuang-chi-tsui, Kuo-h$ing ‘Hsiang, the Tiver is known
as Wu Chi. The loweér reach in which anothét two tributaries, Mao-lo

and Ta«k , join, flows throuzh the centrzl part of Taiwan and - then
empties into the sea at Ko-chueh, -Lung-ching Hsiang. The whole river

is 113 km. long and has a drainage area of 2,070 sg. km. of which 73
~er cent is mountainous., The maximum flow estimated in the sast was
9,230 -cms. above Wan-tou-1liu and 13,900 cms. at the main railway brid-e.
The levee along the lower course was built during 1931-1939, Since

the completion of the levee, the flood damage has been greatly reduced
but the depasit of sand ond greovel carricd from upstream is geti'ng

to te a serious problem,

Precivitation

Tre river originates in a region of heevy ra’nfall, The records
are as follows:

No, of yrs. Max. Annuzal Average Arnnual  Max. Dasly

Station of Record (mm, ) (o, ) (am, )
Sung-ling 21 4,833 3,100 367.0
flo-huan-shzan 8 5,703 466.8
Chui-fen 29 4,476 312.0
Tsuz~luan 3,400
Chuan-chung-tao 3,080
Ta-tu 1,500
fu-1i 2,400
Nan-tou 1,700

There are about 158 rainy days =2 year in the ujber watershed ares;
120 days ir the middle reach, and 80 on the plain,

River Flow:
In Pei-kang Chi, there are a S5-year record at Chuan-chung-tao
starti~z 1937, 2nd a 2~yr. record at Kuc-hsing., In MNen-kang Chi, therc

is 2 3-yr., record at Pei-shan-k=ng starting 1937, The flow records
are listed below:
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Pei-kang Chi Nen ~keng Chi

gggzieaziach ‘ﬁPwer Bgach
High fiow/100 sd.km, (1) 11070 s~ 11,60 cms | 6.68 cns
Drdingry‘flowinO sq.km, (2) 1_5.40 ans - “4.62:Cms~ 2,80 cms
tow flow/100 sq.km.  (3) * 2.50 cns 1.51 cris 1.97 cms
Very iow flow/100 sq. km. (4) 1.45 cms 1.10 cms 1.14 cms
(3)/(4) 1,72 1,73 1.72 -
(2)/(4) 3,72 24,20 2,45
(/&Y §.08 10.60 5.85
Ann. fve. Q 10.55 cms 9.50 cns 5.83 cms
fAnn, wim, Q '1.3 cms —- . 0,97 -cms
Ann, dax, Q - R 58.27 ‘cms
“The "hiéh“, "ordinary', "low' and "very low" flows are the res-

pective cischarges thet are equeoled or exceeded in 95 days 185 daoys,
275 days and 355 deys in a2 year

Geolégz

Host of the wntershed is of Tertiary formatign, The leadwater-
region i1s of Wu«laiSeries, composed of medium rrﬁiner sendstone and
black shzle. The centrel region._is of grry sondstone, shele and soft
sendStone, The 1owe1 reach in the plain is of clay “nd grevel, ’

Forest

In the headwntef§ 6f 'tEe ci-kang Chi, above Blev. 2,000 m,,
virgin forests of conifers as cypress, red cypress, spruce»ehd'plne
¢rnd virgin forests of nardwoods can be seen, In-the Nin<kahg Chi
w~tershed, hardwoods occupy about 70 percent of the forest area with
oniy tulnly scattered conifers,

Temkerature

“In this besin, the lowes® tnnuzl ayerage temperature is 10}709C
at Sun:-llng, '23.3°C 2t Tastu, and 23.7 C at Sen-kwai-tso, Nan-tou
wsien. Tie costern watershed is:; region of cong‘rgtlvely low temgerctLre,
the maX. nontrly wverage tenyer<ture is about 30 C

The lowest ;ecoraed temperature is 4,7 C in January at Sung-ling.
and tic nlﬂnest recorded temperature is 2948 € in-July at Chlng-shu1"
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'Bvagvra%ion ]

Bveporat1on record can only ge found for Tai-chung, The record
covered 42 years start1ng f¥om 1900, 'The Feeord. shows-.an average of
annual evaporation of abgut 1,500: mm, ‘The rznge is from 1200 mm to 2000 mm,
An estimated of 800 mmﬁn:the yearly evaporatlon in -the mountainous
district might not be far off, The evaporatiodn is high in June, July
and August the max, for this period being 230,2. rm., It is low in ’
January and February, <

'Bé§ih'Develngment

The nydrologlc and tonograyh1c phenontena make it possible that
this river has a plentiful. otdlnary flow and is one of the best rivers
for development of cheap hydro—power.

Tfﬂh'urea of 26, 600 héectares under' the Nan-touj;  Ta-tun, Neng-kao,

Ching—hw“ Feng—Jung, and Ta-chia-hydraylic Associations is irrigated
by..this river water. (Fig. 19) of this area, 24,400.hectares are-two-
¢crop’paddy fields. There is no shoztage’ of.;rrxgation weter 1q:th15
basin.

For de?eipﬁment‘of this basin, the good characteristics of the |
river ought to be fully utilized, and measures of preventing the future
flood menance cught to be developed.

"'rDJeCtS fO'r ﬁevelﬂpment

Trere werée three nroposals for developnent of Tthe Wu-chi bas;n.
the first and ‘second are alternate hydro-electric development plans and
the tn1ra consists of other development plans.

Birst PerOSed»System of Hydro—power Development

The first pnopgsed systen consists of 5 plants at TUng—feng,
Kwan-tao Sh1h—kang, Pu-1i'No; 1 and Pu-1i No. 2.- BaCF ‘plant .is ex—
plained as follows- . :

1. Tung-feng Power Plant

: This scheme covers a 30-meter high .concrete"dam on tne headwaters
of Pei-kang Chi, about one kilometer downstreamfrsm the’ confluence of
Ho-shui Chi ‘to divert 12:€m8 through a horse=shoe tunnel of L.4:m
radiu$ in lue Zigiii bank-with 2 lengtir of 5,400 m. Fae tunnel will
reach the Yu-sheng region of . the” ‘Mei~yban She and the plant is to be
located a2bout 800 m dowrstream from; the confluence of- TUng—feng Chi.
it is estlnated that 14, 094 kw of" ower could beé genernted with an
effective hégd ‘of 141 mg‘ The thil water dischzrges back into the
‘river. -~



2, Kwan-tao Power Plant

At the canyon 1,800 m downstream from the Tung-feng Pplant;
another concrete dam, 30 m high, as planned to intercept the tail
water from the Tung-feng Plant and theé%nexzfby tributariés.and to divert
a flow of, 17 cms™through a-tunnel & 100°# long in the left bank, The
plant is: te be situated at Pei-pa~la and wili.geneiaté 27,709 kw under

an effective . head of-198 m,- .
3. Shih-kang Reservoir Yower Plant

Shib-kang is 6.50 km northwest of Pu-1i, on the Shih-kang-
keng Chi, which has a drainage area 12,90 sq kn above Shih-kang. I
was ‘proposed that -an earth dar, 35 m high, and containing 590,000 M~
of eépfh-worg be built across the gorge neaf Shih-kang:to store
16,000,000 m~ of water. This reservoir filled to capacity .has a
water elevation of 490 m and will have 1,30 sq km of water area,

This reservoir will have its int..e from Pei-kang Chi, A di-
version dam, 20 m high, is to be buiit on Pei-kang Chi upstream from
Mei=yuan She, 1,500 m downstream f rom the Xwan-tao Plant, This 20-
metér dam will control & watershed of 370 sq km. Any flow of. Pei-
kang Chi below 30 cms will be diverted through a 2,150-m tunnel into
Shan~shan Chi‘(drainage 2rea 16,10 sq km) where the water after passing
a desilting basin, will enter another 5,450-m tunnel, which will.feed
into the Shih-kang Reservoir. Water will be-taken f rom the reservoir
through a pressure tunnel,-500 n iong, to 2 surge-tank, and then flow
through 2 'steei penstocks each 100 m long to the plant. The tail water

will go to Nan-kang-Chi, '

The plant estimate follows:

Effective head . 38m
Max, power 6,200 kw |
Firn power ' 2,500 kw
Average power ‘4,600 kw

4, Pu-1i Plant I

A 53-meter dam, to be built 800 m downstream from the junction®

of Mei Chi and Nan-kang,Chi, will create a reservoir with a total
sturzge of 205,495,000 M, This reservoir will submerge the westerly
{iftn of the Pu-ii basin, A power-.intake 29 m below ihe reservoir sur-

face wili give an effective storage of 170,000,000 M~, The reservoir
fuliy described in a following suction’will control a total watershed
of 637 sq km of ‘which 237,7 sq km’is for Nan-kang Chi watershed, The
plant wiil be located'at Taemao~pu, Kud=hsing. The pertinent figures
follows :

Maxifium Q 52050 (ms Ordinary Q 33.80 cms
Effective head 10 6 m Maximum power 46,000 kw
Firm power 29,700 kw
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;é. " Pu-li Plantfli,

~This- plant takes water fror the ta1ljxace of‘thé Pu*lzuFlrst
Plant;, The same water is:t2ken through a 8{850 m; Iong ‘tunriel ‘on*
the left of Namwkang Chi. to Tsu-kowwkeng, ~FSao~tufi. ‘Hsiang, Nan-tou’
Hsien,. Mhere the: forebay, penstosk:and power . plant "willibe bitildt,”
Herg the’ max. eff%ctave hegd is 124 meters, The max,: ‘power- is- 54 000 kw
and’ the,flrm ﬁbwer 1s 34 800 . kw.' )

Second Alternate Systen of Hz_;o-power,ngelopment

The second ‘system is an ?1t:rnat1ve plan and cons1s£s of Syplants, -
the upper .two being. the same 2s. ﬂhe first system.: The other three:are -
Pel—.:ng:ch‘ Plant, Kuo-hsing: Ll and Tou-pien-keag Plant (Fig. I7)-
which are exp1a1ﬁéd assFollows:

1.; Pei-kang-chi Blant (Plant'(3*) in Fig.. -175'—-

4 The plant will be Bf :un”of~river type. 1S 40—neter high cﬁﬂ-fJ;
ﬁrete dam toibe built in the narrow gorge: of -the Pé1-kang Chl,wlll i
torrept the tdil water of _the’ Ewan-tao Plant .apd the- trlbutarles below

tutthe upber damg #This, reservoir at!'full stage will'have 2 water: surface~~f
area:of ~only- 0.08 isq.kn. The: .space behing the dam will soon be f111ed
by silt.deposit, : Hence only a very Minor regulaflng»effect can be
expected. - .A max, flow of 23,31 cms will be diverted by this dam -
througha:7, 350 m long runnel on the left bank. ‘A round power 1ntake",
tunnel~1,92 m in diameter will ‘take: the water to a surge tank wheré the
water enters the perstock to the Plant. Power of 33,590 kw cari-be v

generated with an effecilve head of 173 m,

-

2. Kuo-hs1ng Power Plant (Plant (47) in Fig; 17)

In Kuo-hsing, 2. concrete gravity dam, 55'm high, can be built
to create a reservoir. w1th 2 max1mum watgr surface area of 3,96 sq kn
and an effective. storage of 924550,000 m above_ the max drawdown of 30
meters, The plant located downsuream from. the dam will gener te 14,800
kw with an effective head of 49 m and a discbarfe of” 36 Lms; ¢ The tail
watet‘flows back. to: the . Pei- kang Chi,

.3, | Tou-pienwkeng:#owef. Plant (Plant,5% of Fig. 17).

The plant would-be located at TQU—pzeaneng T km east “of Tai- .
chung: City... The intake -would be effected.-by & diver$ion dam-30 m high
at Shuang—ch:-tsuz on Wu Ghi -below . the .confluénce of : ‘Pei-kang Chi and .
Nan-kang Chi. This.ds:also the site bf;the Wumchi Reservoir Dam’ » '
descrived in a later section. The water would- be taken through a
10-km tunnel to the headwater of Nan-kang Chi, in the: reglon.of Ta-
ch1en-ch1ao., A dlscharge nﬁ 41.30 cms With an effectivé head of 80 m
will’ generate a maximum power of 27,000 kw, The tail water flowg into
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a lower reservoir described in @ subsequent section, where the water

is regulated to 46 c<ms and, flows to.anather. plant. (plant 6' of Fig. 17)
right below the reservoir to 'genérate 23,000 kw. at an effective head of
60 m. The ta1l(water can be conveyed 1nto canals irrigating 30,000 ha.
between Ta-chia Chi “and Wa-@his

The distribution of dirrigatibn water among Chéng-nﬁa and other
Rydraulic Associations requires studying before project 1mp1ementat10n
since there are 9,800 ha. on the. other (sotth) bank of Wu_.Chi now_being
supplxed W1th 1rr1gat10n water from Wu Chi, °

Gther Development Progects

Ufhct development projects’ 1nv31ve COnstcuctlon of multllle or .
single.purpose reservoir projects, The p0531ble dam .5ites, (Fxg, 18)'
function, feasibility and priority are shown in the next table-

RésarvéirZ Farc-fion- Fcasibilify°; Priority

e i — S L L LS04
%a~h51-to~pang “Power’ o Requlres further study A
;Shlh—kang 'Powé;' Requxres furthex‘study A
Pei-kang-chi "Multlapurpose Requlres further study 'éf
Li-yu-ku Irrlgatlon “~ Fea31b1e A A
Nan~kang-chi Irrigat%on and 'Requ1res further study A

‘ power

Pu-ii . : Power - _ditto | A
Wu-chi Multl—DUIPOSL :ditto B .
Touépien-ngn;kgng Irrxgatlon_ Hitto A
Téfkené g 3 Irrigatiohr. ;%Easiﬁle B

Eor the follow1ng dtta, plcase cefer to the tables in the Ch1nese
version of the report:
Irrigated area under the various hydraulic associations

Information of 16 wcather stations in the basin such as latitude,
longitude, elev. date intervals of recording,

Monthly rainfall (from starting date to 1941)
Ave. montiuiy rainy days (sSoue sta, up to 1941, some to 1935)

Flow records of two gaging stations (Chuan-chung-tao and Kuo-hsing)
on Pei-kang Chi and one (Pei--shan-keng) on Nan-kang Chi

Temperature of eight stations in the Wu Chi basin
Tai-chung evaporation records (1900-1941)

The details of the above nine projects follow:
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Ma—h51—to~gang Reservoir (No; 25)-
(See Fig.'20.~ 24)

. .The dam s1t§ 1s docated at Ma~hsi- to-pang, on the upper reach

of the Jea-kung Ch1 A storage of 92, 540 000 m” ‘can be obtained by
building 2 100=n hlgh dam,. An 800=i head can be developed. “The .
prOJect 15 primarily for power generatlon. Thée reservoir will centrol
a watershed of 157.5 sq.km. The fainfall in this watershed is abundant
and has a fairly un1form.d1str1but10n. The average annual precipita-
tion is 3,240 mm and the maximum daily is 339 im. . ThesS~yr. recoxd
(1937-41) of Chuan—chung—tao River Gauging Stztion shows a~ maXimum
record -of 284 cms., a mininun of 1.74 cms and an average:of 17,9 cms.
TTG‘ﬂ;leuﬂ flood has been eSlected to be 4,330 cms by using the
rational formuld, ©

Fig."20 and 21 show: tha% a 100-m high dam’'wili . have an effect;ve
StuI&ge-ﬁf 68,340, ,000 with a drawdown, of 40 meters, During the low
stage period, October - Februqry ‘the réservoir regulated flbw will.
increasé the low discharge-from 1,74:cms to 10 cms.. This increase wpuld
benefitrgreatly ‘the, lower. power plants. The flow used for power genera-
tion ranges between 10 and” 21 £ns, “The amount of power generaztion has
2 maximiim of 16,500 kw and a £irm. power of 6 ,650 Xkw,

Thxs reservoir will have 3 large capac1ty and the dam site is .the
only site on the headwater of Pe;-kang Chi. If the power of the Wu
Chi weré to be develo>ed this project would be required to regulate
the flow as well as to beneflt the lower power system; The dam site
region is not of easy access and very thinly populated. This situation
would of course increase the construction difficulties.. Due to.the
inconvenient access and shortage of camps, the Reconnaissance Party™
was unable to visit the site, Thie above study was based on 1 inm
50,000 topographic map. ’
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Shih-kan: Reservoir (No. 26)
(See Fip. 25 ~ 28)

Tre provosed dem site is on Shih-keng Chi, a small. tributary of
the Me =-cang Chi. Ther=s have bLeer two projected ‘sites, Hsiao-pu She
red Shin-ler--reng. (Flg. 25)

. it was oroposed to build an carthdem 'wh

ih-fans Ch* to form a reservoir whi ch is also
weter diverted from ‘ei-kang Chi, Tt wes rezorted by the
het this damsSite had been surveyed and . development glan
de zround 1943. " Some bench merks were found mneer the foot-
fi.ea at op.hi-kenz—reng, This project wes not bu:xlt because Warid War

1L brsaic out,

hed Geen

Geology:

The dom sitess 2t 7 rejion .f rollin_ country and low hills. Mo
o3¢ outcrdy wes flund. The Pul. basin is of the Eocene Series of the
Tertiary System, composing of rlternate layers of szndstone and shale.

Reservoir Plannings

T:.e drainage arez at the Shih-kang Reservoir is only 11.58 sg. k.
Therefore it Is .lanned to divert a maximum »f XD cms from Fei-keng Chl
weter 2t Mei-vvan She where the drainage area is 341.60 sq.km. The
dLverted flow would (o through 2 tunrels, 2.60 km zrd 3.50 kn. before
rezaching the reservoir, The 2.6 kn tunnel takes the water t~ a desilt-
ins “asin on Shen-shen Chi, a small tributesry of Pei-kang ‘Chi. The
desiltiny bas'n catches zndther waterashed area ~f 16,11 sq. km. of
the Stan-skan Chi. Other enginezring fectures are as fzllows (based
on 1:50,9% topogrephic map)

Type o~f dam Earthdam
Crest elevation 494 m,
Bese zlevetion 454 m,
Height of dam 40 m,
Crest length 380 n.,

| Mex. weter level 490 m,
Dgad water level 474 m,
Tatal storage 23,500,00 M3
Effective storage 15,900,000 M3
Dead storage 7,600,000 M3
Earthwork ) 600,000 M3

The orizinal datzare not available., Detailed survey is required,
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Benefits:

The reservoir regulater flow hes a nininum of 8 cms and an avera
of 20 cms. The maximum jower tu Be generatsd is 6,200 kw. of which
2,500 sw s firm power.

Ot informatio

A total of 130 ha. of lend will be covered by the reserveir. Of
these, 13 ha. are of yaddy field, 78 of dry ferming land and 39 of

ge

waste lend. 1In addition, .60 famkl* es will have t. be removed and 2 km.

of highways will have t. be relocated.
~ An existir] hi _hway and @ Sugar Coorporation railroad lead from
Pu-1i to the Gawsite at Mei-yuan She. Earthdam material is locally

available,

Although this _roject has only a small _ower benefit, it will
grea tly benefit the lower two projects of the Pu~1i power systeﬁ.
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Pei-ken~=-chi Reserv ir (No. 27)

(See Fig. 29 - 32)

Tne prornsed dam site is near the istake of the Kuo-hsing Canal
in Ta-zn, Kuo-hsirg Hsianp, about two kilometers upstream from the
Jjunction of Shui-cheng-1liu Chi and Pei-keng Chii, Based on the 1:50,000
7nep, tuo elevation »f the.rivervbed at tile s.te is 262 m. About one
%ilometer u.Stream from the sitc, the valley o ens out int~ 2 table

1-né ab..ut 40-50 neters avive t ¢ riverbed. In order to create 2 -
ivr’e reservoir cagacity, a dam wust be hi_her then fre tsole land.

neolo-~ic fommetion is assentielly of hard blac: shales ‘end’

wiite iiceous sendstone of L'g Tertlary Age. The strike is apzro-
Rimpto 180 E. The ¢ is 15 —15 . Mo fault ‘s found-in-the -dem -
site.

Treciv_tation

foll~wing rain zavgs rccords ar- avallable.

Stetion DPerizd Years
Surg-1-n~g 1923-1944 21
{lo-huan-shan 1936
Chui-fen 1935
Scn-chis-feng 1912-1934 24
Wu-she 1536-1%44 8
Pu-1i 1902-1037 35
Te-tu-cheng 1914-1944 30
sei-uang-chi 1902-1943 41

Szie sf the above stetiine are too far zoart and some are too close,

River flow
Drainaze A (5g.Xm.)

ceavsd s sf, Station Location Ferzod absve station
Chuang-Chung-tao 10 Km. zbove 1937-1941 382.02
dam site ’ *
Tun-nsin 2 Xm, bel .y
g below  1929.1040 518,79 (Fei-kans dem

dem sitec
drainage grea

430.54 XM°)
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The above dischzrge record shows$ "thet the-discherge at Chuan-chung-
tas for January-June, 1939 s larzer than that of the lower station at
Kuo-hsing, Whether tihis is a misteke or due to other reasons is not
known.

. . The Kuo-hsing record is used for water study since it is very close
to the proposed dem site (F.g. 30)

Flood Estimate

The flood at tine confluencc of Pei-kang Chi and Nan-sang Chi is
estimated by the rztional formula. Above the confluence, the drainage
area is 527.50 Sq. Km. The estimated flood is 5,280 cms based on 2
daily raxnfall of 466 mm. S8ince the drainage areez above the dam site:is on.y
BQ54gimte 5,280 cms for the flood discharge is considered satisfactory.

Regulated Flow
3
Bascd on an effective storage of 412,000,000 m , and the mass curve,
the minimum regulated flow will be 33 cms and the maximum, 46 cms
(Fig. 30)

Fro:osed Reservoir Features

Type of dam ..Straight Gravity Concrete
Crest Elevation 404 m,
Base Elevation 262 m, -
Height of Dam 142 m.
Crest Length 500 m,
Max. Flocd Level 400 m. (Fig. 31-33)
Full Water Surface Level 390 m.
Total Storage 445,;000:,090.m3
Dezd Storage (Below Eilevation 306 m) 33,000,060 m3
Effective storage 412,000,000 n
Max., Spillway Cajacity 2,940 cms
Syillway crést length 43 m,
Benefits
a. Power Maximum 39,000 kw. Average 28,000 kw, -
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b. Flood Control

hutomati¢ Control Gates 10 g. high if installed above the spilli-
wzy crest will hold 52,000,000 m of water. Ordinary floods could be
eliminated. Extra ordlnary floods could be reduced by 44. 3% (Fig, 31-33;

‘¢, CIgrigation

Tiie minimum flow recorded ss 4.5 cms, Aftér comgletion of the
dem, the regulated flow could be 33 ams. This increased flow will
zreatly benefit the Iower land. - The proposed resérvoir will inundate
297 hectares .f 1and (287 hcctares of double crdu and 10 hectares of
single crop), 200 family hoes snd involve the relocation of 3,000

etwrs hlﬁhway.

Confwnication znd Enrineering material

There is z rurel L7ghwey l:ading t- the dem c.te from Kuo-hsing
where It is cornected with the provinc 21 hishways, The nearest
large city is Tei-chung which s about 30 kilometers away.

Conclusion’

Téi-iang Chi Is the ma.n $trean of WosCa+ ~¥md controls 2 lorge
drzinaze area. The upper vclLLy -S narrow tnd steep. Lzndslides are
‘prevalent, There is n; good reservoir site. - The centrel resch is
wi.der, but there is not 2 grod site in this stretch either. The pro-
tosed site controls four fifths >f the drainaje area and might be worthy
of further investigation,
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Li-yu-ku Reservoir (No. 28)
(See Fig. 34 - 48)

Tae proposed site at Li-yu-ki, 4.km east of Pu-1li, is at the
south end of a dry creek, where rain water collected in a depression
naites a natural lake, During,rainy season the amount of water in
this lake may reach 500,000 M", During the reconnaissance on Jznuary
16, 1953, in the dry winter, the lake still contains considerable
waters -The loczl peple report that the lake water is still abundant
even in the driest year. This indicates that the underground.strata
is rather imperviols and -this Iocation might be a good dam site.

Here the drainage area is only 3.40 sqg. km. Xt has been; suggested
by the Meng-kao Hydraulic Association that water of Mei Chi, a tribu-
tary of Nen-rang Chi, may be divegted from the left bank of Nan-kang
Chi at Shih-tzu-tou to this reservoir as a supplementery supply.

Geology

The proposed site 1s c.vered y brownish soil of disintegrated
sheale. No roch outcroz can be found. The geolsgic formation of the
Mei Chi valiey contigupus 5 this region is composed of lustrous, '
medium and coarse greined s-ndstone, and black shale =f the Tértiary
Formation, The dam. site should be drilled to determine the silt.deposit..

Stream Flow
There .s nz record for the creek water at Li-yu-kw, If the Mei
Chi water is to be diverted, the following S-year record ¢f Mei Chi

at Shin-tzu-tou would be of value.

Average Flow of Mei Chi in cms

1940 1941 1942 1943 1944
Jenuary 1.94 1.94 1.48 2.15
February 2,12 1.60 1.52 1.16
March’ 6.96 1.24 1.71 2.00
April 3.08 9.89 1.31 6.89 35,03
Mey 9.49  16.32 4.30 2.14 5.27
June 20.69 27.45 5.48 7.03 17.56
July 12,70 10.06 6.85 22,72 8:14
Auzust §.31 7.95 11.27 19,67 7.88

- 70 -



Se?tember
“U¢tober
ﬁbvember

b
December

Reservoir Planning

1940 1941

1942 1943

16,16 5.95

" 5.1 3.94
2,53 2.56
1,47 2,85

7422 6,35
4,34 3.45
1.86 (  2.98
1,56 230

1944.

3.87
2.30
3.26
2,60

Two.dam sites- (A and B,- Pig, 34) are proposed by the Reconnaissance

Paty, " Three,aite;nate plans

‘all based on the idea of dlvertlng Mei

Chi water txrough ‘a 4,50 ki canzl and-a 350 m. tunnel. are tabulated

as foilows:

Draifiege area (sSq,km)

Type of dam

Elev, maxy*water.surface:

Free board (m)

Crest elev,

Base:-Eley,

Max height (m)

Crest length (m)
Barth volume (M3)
Storage capacity (M3)
Dead storage (M3)
Effective storage (M3)
Max. flood (cms)

Max. spillwcy capacity

(cms)

Diversion canal capacity

(cms)Y#

1st Plan
3,40
earth dam
542

3

545

520

25

400
750,000
8,240,000
540,000
7,500,000
110

23,5

4,00

2nd Plan
“j"3.,409
earth déam’
562

3

565

520-

45

480
2,920,000
22,300,000
300,000
22,000,000
110

23,5

7.80

3rd Plan .
20,20 .

Ctearth’ dan

560
1,66
563.5 .
51%

950 -
6,730,000
85,000,000
15,500,000
69,500,000
1,390

150

20,00

# Including 1.43 cms for the existing irrigation canal, Shou-

cheng Canal,
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Benefits

Ist Plan 2nd Plan - 3rd Plan
Irrigation (ha.) . 1,503 1,800 ' 1,800
Power (kw) 1,700 1,700

Coﬂcluﬂioﬁ'

The natural lake and sorie dey land 2nd some uncdiltivated land ‘will
be under the reserveoir, The commimnication is convenient, Highways.
lead from Pu-1i- to Tai-chung, -Sun-meon Lake and Wu-sha. The.dem site is
only 500 m, ;from the Pu-1i Wu-she Highway, - Barth dém material cam be
collected nedrby, ' -

“¥n the;?u—li basin, there is a totﬁl&a;éa of 3,800 ha,, parf of
whichk is not yet irrigated and devends on this reserveir for sopply
of irrigatidh water, '

The‘sflt trouble will not be so ser;ous since the reservoir de4
pends lakrgely on the flow diverted from Mei Chi,

The water storage capacities per cubic mefer of earth dam for the
above thtee plans are 11,00, 7,70, and 12,70 M~ respectively, The -
first plan is the easiest’ one to build because it involves the.lowest

dam ;and. the smallest amount of fund.



Nan-kanpechi .Resetyoir (No, 29)
(See Rig. 49 «~ 64)

This preposed site is at ha:.-ch:.a—tao—kengr flve kilometers south
of Pu-li. A concrete gravity dam is ‘proposed to be built at the gorge,
Tt.e Nan-kang Chi originates from the Mt. Shui-she-ta and Mt. Hao-lan,of
the Mt. dsin-kzo. The small tributaries from Yu-chih, 'Ta~11n, mao-lan,
tu-li-lan and Nei-chia-tao-keny mecet at a point upstremnfrom the site,
forrming ¢ fan-shaped basin col lectln a watershed of 76,3 square kilometers,

Geolﬁgz

The gevlogic formation of Nan--kang Chi basin is largely.of Wu-lai
Series of the Tertiary, composing of:medlum -grained szndstope,-black slate,
and derk grey shales. The outcrops near the dan site are blacA slate and
derk gray shole with a strike of - N40°E and “dip of 75%. Tbe_left
zbutment is good, but the right abutnent is. gomparq@xye@y poor, crevices
and joints being prevalent,

Site Froblem

During the reconnaissance of this region on January 20, 1953, the
discharge was estimated to be 1.20 cms, The water looked clear., The
farmers reported that the flow was dirty during floods “but c¢léct during
ordinary or low flows, : No silt data aresavailable, The silt trouble
could be reduced’ by work of watershed muncgenent

Precipitation

No raim gauge reeoids are available in the Nan-kang’ Chi basim.
:Data for txg three nearby stations at Shui+she, Pu-li and Ta-tu-cheng
an be used for referénce. The maximum daily and yearly average rainfall
is iisted as follows?

Shui-she Pu=li Ta=-tu~cheng
Max. drily rainfall (mm) 315 379.70 451,70
Yearly average rainfall 2727,90 2317,40 2471720
Years of teford: 8 35 30-

River=Flow
No flow records are available upstream from thé proposed ‘dam site.

Scme measurements are available at a lower staztion nomed Pei--shan-keng.
Tre flood has been estimated by the three following methods,
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a, By synthetic unit hydrograph method (Fig, 52-54)
q=3,12 cms/ImmR (R=Max. daily rainfall)
"R=451.7"r_r\xm;

Q=QR=3.i2 X 451,7 E”l;qidhcmsé

b. By rational formula
Q=3,340 cms,

Ce. By Creager's equation (Creager & Justin: Hydroelectric Ezand=

book,.p 62)
C=100
A=76.5 sq. km, = 29,5 sg, mi.
q=2000 cfs/sq. mi. = 56.6 cms/eq. mi.
Q =qA=(56.6) (29.5)=1,670 cms

Plannine Reservoir Features

~Type- of dem Ogee type concrete
gravity

Crest elevation .(Fig. 50) 540 m,
Base elevation (Fig, 50) 491,50 m.
Height of dam (Rig, 50) 48.50 M.
Crest iength.i 70,00 m,
‘Drzinage area 76,50 sq. km,
Max, weter surfzce aren 3.24 sq. km,
‘Spiliway c&est length 50 m,
Spillway capacity (Fig. 55-59) 1,030 ams,

. e r . _ . ~.3
Estimated concrete volume. of dam 85,000 M
Benefits

a, Power: From:a mass curve based on the Pu-li records, it is
estimated that a regulated flow of 2.65-4,10 cms might be
obtained, Assuming a maximum drawdown of 25 m. and 2 teil-
face elevaiion .of 470 m:, a maximuw head of 70 m, can be
obtainéd. . Then
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Minimum power <

Maximum power

b.’

2,65 x 1000 .x 57,5 _
102

1,500 KW

1f
i

4,10 x 1000 x 57.5
102

= 2,300 KW

Irrigati n; 'Assumlng dut y of weter of 538 hectares/cms
EJEﬁR 1051° Annucl Repor») 4 ‘totel area, 2210 ha., can be

“sup :lied With the xegulated flow for. 1rr1g?txon. This

would solve the water yroulem in the Pu~li basin,

" Flobded Areas The flooded area will include 123”6"ﬁa._of

rice field, 30.9 ha. of dry land, 23 ha. of fofest and wasté
land, and- 126 5 ha. of w»ublic 1°nd In addition, 50 families
occupying about 2 ha. will have to be removed, four - &t - of
Taiwan Suger Cooperctlon 11ght treeck railroad from Wai-che-
ehenr to Pu-li, anotner 15 km. from'Pu-li to Yu-chih and 5 km
of power ‘and telephone lines havé to be reloceted.

Transportation and Bngineering Mdterial:

highways from Pu-1i to Tai-¢hung and Shui-li-keng and” light
railroads from Pu-li to Yu-chih and Wai-che~cheng can be used
for transportwtlon of englneeg1n5 materials. Aggregates can

be collected from, both upstream and downstream of the dam site.
The "concrete aggregates for. Wurshe ‘Dam are being . cpllected Trom.
Chu-tzu-shan, "about. one kllometef dewnstrean from thée proposed
dam site,
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Pu~1i Reservoir (No. 30)
(See Fig. 65-70)

The proposed dam site® is ebout 800 m., downstream from the con-
fiuence of Mei Chi and Pei~kang Chi, and about 300 m, upstream from
the existing intzke of Pei-shan-keng Hydro-plant, The site is very
good because a low cnd narrow dem would create a reservoir of large
capacity.. (Flg. 65) The_ only drawback is that the re$ervoir would flood
about twenty percent of the Pu-ii basin which is agriculturally pros-
perous, The possible power house at this location is .described in a
preceding paragraph ’

Reservoir‘?lanning

The;. g;oposed damr is a 53 m, concrete dam. The power. plant is to
drﬂw its Supply from an intake tower in' the TeServoir near the right
bank through a 1.8 km, tunnel, using @n effective ‘tiedd of 106 m. The
flow through the plant will be 52.5 cms as a maximum and 33.80 cms
as an average., The tail water goes' to Nan~kang Chi. e general
features of the reservoir are as follows:

}}pefaf dan Ogee type ‘concrete
: gravi?y
Maximum water..surface .elev. 430 n,
"Elevation of ‘river bed 377 m,
Height of dam 53 m,
Length of dam 160 m,
Max. drawdown 29 m,
Total storage 205,490,000 'S
Effective storage 170,000,000 M
Dead storage 35,490,000 M3
Max. flood (estimated by 3,390 s
using rational formula)

Crest length of spillway 150 m,
Head on spillway crest ' 3.10 m,
Concrete volime of dam (astimated) 180,000 M3
Drainage crea - direct 349,68 sq. kn,

indirect 341,60 sq. km,



Other Informction

The paweér 1o be generated is 29,700 kw as firm power. " The.maximum
power is 46 OOO‘kw and the average 34 000 kiw. The resefvoir formed by
a 53-meter. dam would' £fIood 1 ,000 hectares of cultivated land, 800
families and 12,50 km. of transportatlon line.

The Ta1-chung Pu=-1i Highway runs thrOugh the sxte. Gqﬁﬁiﬁggpreté
agrregates are available in the vieinity,

if a.123-mgter dam is to be built,’ the cgpac1ty‘wou1d be’
2,985,000,900 M, This site is .the best on tﬁls island,=2 s far as
tne reservoir. chpaC1ty is considered, ‘It ‘would not-be. econom1cai if
the reservoir. is suiely used for, power, since .ther¢ -afe many good site
for power development.
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[ . .
w,g“-ghi Resetvoir (No. 31)
(See Pig: 71-79)

(This' is aldo the Tou-pien~keng Power Plant)

The proposed reservoir will have 2 dam at Shudng-chi-tsui,
Kuo-hsing Hsiang, Nan-tou.isien, zbout 200 m. downstream from the
junction of Pei-kang Chi and Nan—kung Chi, This dan site is in 2
narrow gorge and the valley upstieam from it widens out to form a
large storage capacity. A hydropower project was proposed during
Japanese Uccupatlon petiod fof a_ Qﬁ-neter dam here. diverfting a flow.
through 2 1,200 h. tunnel dlong *he left bank for gemerition of
12,200 kw at @ head of 49,5 m. A bi?h dam would for a reservoir
large enough’ for mu1t1p1e purposes of power, flood control, and
irrigation, ‘ :

Geology
In the vicinity of the dam’site, the geologic formation is of
Ma-an-lizo Strzta (Miccene Series) of the Tertiary. There is the
Ta-heng-ping-shan Syncline in a north and south direction. The for-
mation just upstream from-the junction of Pei~kang Chi and Nan-kang
Chi is of the Pai-mao Strata, zlso of the Miocene Series of the Tertiary,
Here is the Kuo-hsing Anti-syncline also in a north and south direction,
Lbout 800 m, east of the junction are the Kuo-hsing Fault and the Chu-
keng Pault in nortz and south direction across the reservoir. About
2 km, downstreem from.the dam site are the Ta-heng-ping-shan Fault
Chien~kow and Shuang-tung Fault, Ma-an-liao Strata is composed of
thick layers of sandstone and alternate layers of sandstone and shale,
Pai-mao Streta is composed of dark shales intruded by smandstone. The
rock outcrop at the dam site is composeg of thick.layers gf sandstone
intruded by shele, with a strike of N40E and 'a dip of 50 . The
rock 'is hard and massive, but the dip changes abruptly due to the
syncline, Whether the geologic cendition is favorable for a reservoir
site requires further investigation,

Precipitation

, There are eleven rain gauging stations in Wu Chi, Ta-chia and
. Cho-shui valleys. (PWCB Bulletin No. 9) The periods of record are
as follows:



Station

Sung-~-ling

tiu-ghie
(Cho-shui Chi)

Ta~tu
Nan-tou

Chui-fen

Years of Record

1923-1944

1937-19%9
1951-date

1922-date.

.1920~dute

(Cho-shui Chi)

Ta~-tu-chernig

1955-d"te

19141944,

Station

Shui-she '
(ChO—Shui Chi;

Shui~ti-1lie
(Ta-chia Chi)

Pei-kang-chi
Chung-liao

Scn—-kyai-tso

Years.of Record :

1932-date
1902-1945

1902-1943
1933-date
1918-date

The moxinun precipitation for the Wctershed_abave the dan site
has been calculated to be 401,70 mm, (by Thiessen's me*hod) Tbls was
used in fldod ‘estimate; (Fig. 73)

Strean Flow

The available strecm flow drta are 5 years (1937-1941)-records of
Chucn-chung-tao Station, 3 years (1937-1939) of Pei-shan-keng Stationy
and 2 years (1939-1940) of Kuo-hsing Station. The.mass curve in Fig, 74

and duration curve in Fig, 75 are based on these records,

The flood was eStimated’ by using the “rational formula®™,

Q = 0.2778 frA (See-PWCB ‘Bulietin-#9, P. 154)
A = 959.8 kn®
H=1.81 km?
L =60 kn
H,0.6 1,81.0,6 1 0.6 - _ |
- 2 o ] L . = - =

Hy = 72(2)7 7 = T2(=55) 72(35,) 8.78
— 3_9_(_)__ = 6.83 hrs,
*T W, 8.78 -
r = 401,7/24 = 16,72 mm/hr.,

; 24.2/3. . '
=% C 2 7.2 387 mna-
'q'g'9,2778f'(0;8) (38.7) (959,8) = 8,230 cms.
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Reservoir Features

":fybe of dam Concréte?arch,gravity
prfeleyétion 344 my
River bed elevafibn 220 .
Height of dam 124 m.
“Top length 580 ﬁ,
Full water level 330.5.
Maximun flood lével 339, 90 M., (F1g. 78)
Total capacity 710,000,000 M (Flg. 72)
_Bffective capacity. QO0,00Q,QQO¥M2_(F;g._72)
bead storage ’”119;000,000,m% (Pig.,7£i
Max. sgiliwéy capacity ZJSOO.c&s (fig, 77;795
Spillway crest length 50,

Benefits
a, Power
The regulated.flow t5 bé used by. the hydro<~plant will be 54
cus. The maxinum is 77 cms. (Fig. 74-76), The firm will be 44,500 kw
and the maximum output will be 63,400 kw.,

b. Flood Control

& total wolume of 180,000,000 m3 is available for flood contrcl
This would reduce 58, 1% of .the uncontrolled flood peak. o

Ce Irrigation
The tail water can be used for irrigation,
Conclusion

The reservoir controls 95%.76 sq. km. of watersheq'and is an
ideal site for a thorough $olution of flooéi¢onirol problém: in Wy Chi
basin. One d1sadvantﬂge of this site is the large area flooded by
the reserveir, . which 1nc1udes v111ages namgﬁ Shuang—qh;-tsul, Xan-tzu-
1ir, Lung-tu-skeh, Chu—keng, Kuo-hsing,’ Mel-tzu—chl, Ta-mao-pu, Chung-
kwa-keng, Wai-pan-an, etc., 750 hectares of paddy field, =nd 1,100
hectares of hilly ground. The existing Pei-shan-keng dydr&—power
flant will also be under ‘water. In’'addition, 12 km, of highway have
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to be relocated, The geologic condition of this site is another phase
wothy of further investigation,

This site and the Pei-kang-chi-Reservoir site are the two good
sites in the Wu Chi basin., The latter site is inferior in flood
control:benefit. and ‘superior in geologic formation,

For'the¢ method of.estimation. of maximum and average power genera-

tion by: use of :duration curve' and‘"duration area. curve”, see H, L.
Foster®s.article in ASCE:Transaction: Volume 99 (1934),:pp. 1213-1267,
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Tou-pien-nan-kéng Reservoir (Ne. 32)
(See Fig., 80 - 88)

A plain area of 2,500 he lies ezst of Tai-~Chung Clty on the
east bank of Ta-1i Chi, west of tre foot of the hill, south of
Chun-kung-liao, and north of Wu-feng, zbout 3 km.in the,east.and west
d1rect1on and la kn in- the north and south d1rect1on. Only small
areas of ow eleVﬁtion along the crecks are béing irrigated. 1In
order to irrigate the 2] ,500 Ha. 2nd to suﬂply domestic water supply
for the 10,000 people in this region, two reservoir projects, Tou--
piea—nan—keng Reservoir Project and Ta-keng Reservoir Project are
proposed.

Tou-pien-nan-keng Chi is 2 branch of Ta-1li Chi, a tributary
.of Wa Chi, (Fig. 80) It dreins 74 sq. km. The low flow is only
nominzl and enough for irrigation of over ten hectares. It was
proposed during the Japanese Occupation period to build azn earth dam
in tke gorge on the Tou-pien-nan-keng Chi., After Restoration in 1948
the PWCB Tai-chung Construction Office made a prelininary plan,
Topographic idaps of 1:25,000 scale are availeable,

Geologz

The rock outcrop is brownlsh soft, and medium gralned sandstone
intruded by shale, striking N 82° B with 2 dip of 40 upstream, The
gqo}qglc condition is in general good but borings are necessary,

Precipitation

No rainfall record is availeble in the Tou-pien-keng valley,
Records from the following rain gauging stations are availeble,

Station Location BElev, Yrs. of record

Tzi-chung City 7 kn, West of - 1928-1952
dan site

Ta-nzn Nursery, 12 km N, E, of 500 m. 1933-date

Hsin-she~-chuang dan site

Ta=-tun Hydraulic 8 km S, W. of - 1952~date

ALssn,, Wu-feng dam site

Shui-ti-~liao 11 km N, R, of 520 m. 1902-1944
dan site



Stream Flow

Tou-pien~-kang River Gauging Station was esiablished-in hprll
1940 and dropped in Décenber 1943 -+ 1t was reesfrol¢shad.1n January
1947 and dropped again in September 1948 During the observation
periods, records of June, July and August are incony ‘lete. due to washing
out of the gauges. The following records are ‘missing.

1940 June 5 - Seytember 18,

1941 april g - 30.

1942 June 25 -"July 4, July 13 - 21,
HKugust+9 = 31, Se_ tember 13 - 21,

1943 “Jurie 22° - July 23.

1947 - 48 Only gauge records avezileble.

In view of the incomplete flow record, some study wes made on the

relation between rainfzll and stream flow; In the apove raip: gauging

stations the Tai~chung Station was considered ‘too low (Blevs 80 m,)- to
be cpplicable.. - The Wu~feng StctLoq TeEord 13-%00 short,.. ThesShui-ti-
liao Stationris:too for From the area concefned. ‘Hence dute from Tz=nan
Station wes selécted-for such study.‘ The rainfz1l°in millimeters and
the runcff in cms-days for each month of eackh year in the period 1941-
1947 were studied. Tie runoff coefficient for' theésé yests is found
to be ranging between 0.57 and 0,77, The stre m flow data for 1941.
1942, and 4947 used..for the conputatl n.aré messured-records and. that
for 1943 1944, 1945.2nd 1946 #re estimated figures.

The catchment basin of the Tou-pien-nan-keng Dom site is 60,4%
of that of the Tou-pien-keng Gauging Staticn. The flow-hydrograzh at
the dem site istobtzined by aphlving o correction fector to the figures
for the Tou-pien-keng Gauging Station., (For detailed computgtlon See
the Cninese versicn-of the report).

Fiood Bstimate-

The flood is estimated by using tie rational formula: -
Q = 0,2778f<h
A (Draincge-zrea)
f (Runoff coeff,)
IO(H?X' rainfall)

fl

44,60 sq. .km,
0.33

485 3/24 = 20,2 mm (Shu1-t1-llaolla1n
G&ug:n” Stutloﬂ)

u

n
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L (Length of basin) = 11,94 km,

H (Diff."¢f eley. in the basin) = 0,91 km.

Wz“ -—: ‘~72:€§)03 ;6!= 15..30. km/hr,.

T =?"- = Q,782 hrs,
“2

Q

The time

24 2/3.
T

Y = 198,2 T,

frA = 2,040 cms,

Water Requirement

The- totad: water requirement is estimatod for 2=crop paddy fieldi
The first crop AFgb, -1=Jun, 26) requires 949,6 mm. and:the Second
crop (Jun, 15.% Octs:. 31) requires. 1,006,5 mm,. The- greenm .manure in
September -téguires 45 mm. . The total requirement is 2001,1 mm.
monthly requirement per 10,000 ha, is tabulated in the following:

Water Requirément

bese of the hydrograph (Da) has been found to be 14
hours, (For the method ,used, sece fiydroelectric Handbook by Creager
and Justin, p. 79)

Month Depth (nim)- 106M3/10§000‘ha@ : CMS: (Ave,)
January - . - ' -
Eebruary 2 51.6 - 5,16 2:13
March 241,0 24,10 " 9.00
hpril 270,0° 27.00 10,40
May 279.0 27.90 10,40
June 146,2 14,62 5,64
July 225,8 22,58 8.48
August .279.0 27.90 10,40
September 270.0 27,00 10,40
October 193,5 19,35 7.25
November 45.0 4,50 1,73
December - - -
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The effective rainfall data from the Tai-pei Agriculture
Experinent Station are shown below:

Janwary - 90% llay - 60% September - 90%
February - 75% June - 60% October - 90%
March - 60% July - 75% November - 90%
April - 75% fugust - 75% December - 90%

The net monthly water recuircment for each of the seven years
1941 - 1947 is thus obtained by subtracting the effective rainfall
from the total water requirement., Assuming 900 ha.. of land to be
used as two-crop paddy field, the maximum storage capacities. required
for the following dry periods are shown in the following:

Period Eff. Stora :e Required
Oct. 1941 - Apr. 1942 3,830,000 M
Sept. 1942 - Apr. 1943 1,800,000 M
Aug, 1943 -~ May 1944 2,800,000 M°
Sept. 1944 - Apr. 1945 1,900,000 w
Sept.1945 - May ‘1946 2,300,000 M°
Oct, 1946 = apr. 1947 1,900,000 M

Inciuding 20% for evaporation and percolation Iosé} the maxigum
storage required for 900 ha, of 2-crop paddy field is 4,600,000 m

(3,830,000 x 1,2),

Another arrangement of the total 2,500 ha. is 500 ha, of 2-crop,
1,000 ha, each of first and second crop, This arrangengnt would re-
quire’a total effective storage cspacity of 5,800,000 M°, Inclyding
eveporation and percolation the required storage is 7,000,000 m ,

Ihe curve in Fig. 83 shows zn effective storage of 4,800,000 m
t an clevation of 158 m, assuning dead storzge below 140 m. If an
utomatic gate, 3 m. high, is installed on the spillway crest, an
rdditional effective storage of 2,200,000 m” could.be obtained,'
riising the total effective storage to 7,000,000 m~, which would
be adequate for the irrigation of the 2,500 ha, of land.

sl

P I
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Reservolr Featuftes

Locatinn Tou-pien-nan-keng
#Aatershed 44,80 sq. km,
Type ~f dem . earth dam
Ton elevztion 165.80 m,
Erse elevation 127,00 m,
Hei_ht of dzm 38.8" m,
Crest length- 2%@.:00 m.
Spiliwey Cﬁest elevatior 158.00 m.
H?xi>%§€er surface elev.

(Gaeinlnsed) 161,60 m.
Dead witer elevaiion 140,30 -
Tstal storage (Gate opered) 5,400,000 m3
Tstal store_e (’Gate closed) 7,600,000 m3
Dead storzze 600,000 m3
Effective siorare (Gate closed) ‘7,({_‘09:,0'09 m3'
Mex. flosd elevation 163.8 m,

Max. spiilway capacity 1,500,00 cms.
" Barth dam volume 1,112,900 M

About 30 family homes will be inundated, Very little paddgy field
will"Be submerzed,
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‘Ta-keng Reservoir (No, 33)
(See Fig. 89-95)

The proposed dam site is on Ta-keng Chi,: the ‘headwater of Ta-1i
Chi, zbout 300 m. upstrean fron the Ta~keng Tsun, The site controls
z watershed af 19,30 sq. kn. Topograph1c maps for the dam site
(1:500) and reservoir (1:2,800) had been made., During the recon-
nzissance in iarch 1953 the PWCB ‘had a party there to meke further
survey znd to draft a grelxmgncry vlan for irrigationi

Geology

The rock cutcrop is brownisk, soft sandstone 1n;ruded by .2l ternate
thin strata of shkale and sandstone, This shale resemblES’sILte. Wheq
scaked in water, very fine powder cen be scratched off; the- Shate-with
the finger naii. The rock strata dip downstrean, 11-1cl1c¢1:1_n(T necessary
consideration of poss;ple‘le(4"gg!

Precipitation:and Strecm Flow

N rain gauging stctlon in this small basin is ava1lable. The
three stations gt Ta z-cnung, Ta-an. Nursery, and Shul-tl—llao mentioned
in the Tbu-glenhnan-keng Reservoir Project may be used.

The Te-keng-chi River Gauging Station was established in 1940 and
abolished in 1949, The record was incomplete. There was no record
in 1945 w146, Tne gauge wes, occasionally washed out. Only stages’
were reqorded aur1n~ 1948 "- 49, The cross-section at’ tie stat;qn
chonges greatly during floods., Tire records in CMS are as follows:

iiiin 1940 1941 1942 1943 1044~ 1847 ‘1948 1949
i - 3,42 1,97 1.63 1.86 2,25 - =
2 -~ 5.68 °1.72 5.34 0.95 2,07 = -
3 - 23.24 0.75 6.53 2.87 292 - -
4 15,89 17,24 '1.45 6.62 18.83 9,12 - -
5 51,04 11,68 5,54 2,70 80.49 38,71 - -
6 112,85 71.52 5.65 53.04 170.78 168,34 - -
7 24.54 123,05 ‘15,84 34 56 16 18,90 48.91 = -
8  10.38 24.99  7.61 33126 11,93 42.23 = -
9 0.84 18,53 24,29 5,45 5,72 7.16 = '

10 3.82 1.42 3,69 0.81 1,63 6.59 = &

11 2.0 3.58° 17,30 1.59 1,77 3l45 - -

12 1.36 5.5 1,58 2,30 3,90 2,30 - -

NOTB: Records underlined are incomplete,
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The flood kas been estimated to be 928 cms. by using rztional
formula,

noon.
xf%
G
3
&
h
&

= 19,30 sq..km. f =0.80 . L &9,72 km,
i = 0,627 ka, . 385.3_ /hr .,
ro h; 24 3 20.2 m'-/tlr.‘
L | .
T = §= 04685 his. =(_2.§32/3 = 216,50 mn,

Q7 928 €MS. -

hrea to be.lrrigated

Due to the insufficient water supply of the Ta-keng Chi, only -
a part of the 2,500 ha. in the Che-lung-pu district can-be included in
this project. The proposed plan has been t> convert single crop into-
double crop paddy field and to convert dry farming Iand into single
crop paddy field, The totdl that could be thus converted is 520 ha,,
of which 220 ha,.{100:.of single czop -and 120 of dry farming) belong
of Pu~tzu and 300 ha. (50 of single crop and 250 of .dry .farming) belong
to San-pien,

‘A study of water demand-and supply shows that.a demand of _
1,400,000 m~ during, 1941-42.is. a maximum, Including 20% for evapnrgtion
and percolation, the requircd reservoir storage will be 1,650,000 .m
(Pig, 95)

-Reserwvoir Peatures .

Barth dam top, elevation 188 m,
- Barth dpm basg elevation 163 m,
. Dam height ‘ 25.m,
Length.of dam, 170.m,
Full water level 183.m,
Dead water level 176.m, .
. Total storage, 2,550,000 @?
. Dead storage: 650,000 m3:
Bffective storage — 1,960,000 g3
- Max, flood lgyel 186 m,
Spillway capacity 800 cms.'ﬁ
. Barth danm volgnme 319,000 mgg
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Other Considerations

The stored woter is adequate fdr the irrigation of 520 ha, and the
domestic supply for 10,000 people, The reservoir flooded area will
include about 30 families with little paddy field, The floodgd-arez’
consists of dry farming land, waste land, and forest,

'Theftransyortatioﬁ,is‘CGHVenient. Clayey material.for 'the, earth
dam ias to be located,

The small wafershed is a drawback to this projéct. Ta~keng is
only zpcut 8 km. away from the Ta-chia Chi., Diversion of Ta-chia water
to Ta-keng might be considered for irrigation as well as power develop-
ment,

Conclusion
et bl

A review of the two projects reveals that tie Tbu-ﬂ1en~n?n-keng
Reservoir is superior to the Ta-keng Reserv01z‘ But both sites will
have- tke silt problem. The 1ifé-of the reservoir should be investigated..

The watét supply of the wS reservoirs could .be-increased by
diverting the Ta-chia Chi znd Wu- Chi into them. Diversion of the Ta~chia
from a plzce about 2 km, upstrezm from the Ta-pan Third Nursery through
an 8-~km, turinel to the Ta-keng ReserVolr wi 11 develop a-heéad of 240.-m,
D1vers1on of the Wu Chi ffom Kuo-fising through a;10-knm. tunnel to the

Tbu-pien—ngn-keng Reserv01r will‘develop a head of 00 M,
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Cho-shui Chi Basin
 (See Fig, 96)

Géreral Description

Cho-shui Chi, in a total length.of: 170310:km; drains.a watershed
of $,114 sq. km, Along its heidwatér tributaries, Wy-she Chi and _
Wan~ta Chi, a2nd the main stream down to Wu-chieh Dam, hydro—power has
been developed, const1tut1nr the major portion of the Tai-wan power
system, The central reach is nostly undevéloped: The -lower. stretch
is an alluvial "laln. On- the two ‘banks of. the lower port1on, dikes
have been built for flood control,

_ An area of 107,000 ha, in the plain under the administration of
five lccal hydrau11c assoc1at1onsns supplied by Cho-shui for 1rrigatrﬁn;—
Of this arez, 43,800 ha, aré of two-crop paddy-:field, the:remaining
belng one-~-crop padﬁy fleld ‘rfotdtion plant=tion: f1e1d ‘etc. It is es-
fimated that there are another 42 ,000 ha, of .dry farmlng land and tidal
land. Due to the vast area to be irrigated and the low flow during low
stages, (Mipimum Q at Lin-wei 23.09 cms) there have been serious water
shori“ge and disputes have-been very complicate,.

Qur1ng floods, the turbulent currentiwashes away levees, floods
low land, and carrles large- que nt1t1es of :sand, gravel and debrls
resulting in numercu$ unstable streams,. The riverbed in the, lower reach
is graduzlly rising., The goverpment has to invest immense amount of
movey for diké maintenance and flood control. Yet the menace of flood
is ever increasing.

The geologic formation along the upstream tributaries Wan-ta, Tane
ta, Chun-ta, etc, is black slate, brittie, weak and easy to disintegrate.
The following table gives the appezrance of the water at various places
during reconnaissance survey: ’

Appearance

River Place of water Remarks
Wu—she Just above Wu-she Dam Clear
Wan-ta fo=wan=ta Huddy
Cho-shui  Wan-ta jupction Muddy Due to nuddy Wan-ta
Cho-shui  Just below Wu~chieh Dam Clear Due to desilting effect,
Cho-shui  Su~hsi Chi junction Clear Su~hsi Chi is clear

during dry season.



Lppecrance

River Place of water Remarks .
Cho-shui ~ Chia-she Chi junction Clear Chia-she Chi is clea:

during dry season.

Cho=-shui ﬁchunataAjunétiqn Muddy - Tan=ta and Chun-ta
are both muddy,-

Cho~shui Lugg-shen-chiao Muddy Chen~-yu~ian Chi is
' clear during dry sSeason,

In view of the above situation it is obvious that Cho-shui basin
development woulC involve projects of two cztegories: (a) those for con-
trzl of silt in the hecdwsters and (b) those in the middle streich fox
multi-purpose development,

Trpography

_acﬁa—shui, running through Nan-tou, Chang-hwa, Chia-yi and zunélin
of -West-Triwan, 1is the'Secopd larcest river on this idand, The upper
and ceatral valleys- belong to three high ranges of the island, Central
Renge, ‘Mt. Hsin-kao and Mt, A-1i.' The eastern -end of the Cho-shui basin
is tie dlv1de of Cho-shui Chi ond Ta-chia- Chi headwaters, The northern
boundary extends from the -east peak of Mt.. Ho~huan (3,418 m.) in a south’
west direction to connect with San-chio-feng (2,374.6 m.), Mt. Kwan~tou
(1,534,8 m.), Mt, Tui-wan, Mt. kai-hou Mt., Ta=chien, etc. to adjoin .
Nu~ch1 Pei-kang Chi, and Nan-kang: Chi. Starting from Mt., Ta-Chien,
the- runve rises ‘again to join Mt. Shu1—she—ta (2,057.6 m,) and Mt, Pu~
¢hi (1,351 m,). The divide -range ends in the- headw ter of the Shui-l1i
Chi.

The nertheastern portion of the basin, from it. fo-huan tc the
north peak of the Mt, Chiwlai-chu, adjoins Li-wu Chi, From here- to
Mt, Chi-lat—chu (F,558,90 m.), Mt. Neng-kao (3,261.40 m.), %wan-men,
Mt. Ta-shih-kung (3,048.5 m,), Mt. Tan-ta (3,370.9 n.) etc., the divide
adjoins Hwa-lien Chi valley on the east. The boundary then turms
southwest to Mt, Mei-po-la-sze (3,806,10 m,) and Mt. Hsiu-ku-luan
(3,803 m,): to aivide the Hsiu-ku- luan-€hi valley and Cho-shui Chi valley,
The dividiAg range théen runs through Pa-tung-kwan (2 840,6 n,) to
Mt, rei (3,833 m,) and Mt. Yu of &t, Esin-kao and Mt. Brh-yu of HKt,
A-1i (2,588 m,) to adjoin the hsia=-tan-shui valley, This portion of- the
range runs through the highest perk (3,950 m,) on this island, The
divide then runs north ‘to Mt. Wan-sui (2,467 m.) and westward toc -peaks
(abave 1,500 m,) near Shui-che~liao, Here the boundary is adjacent to
Tserig-wen Chi valley-on the south. From here the range slopes towaid
the plain, '

The basin consists of the most mounta’ 'ous and precipitous slopes
where detritus avalanches are prevalent. Along the river, there are
gentie basins as the Sun-moon Lake. )
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Géology

The ge010g1c formatlpn within the begsin ‘is nost;y Terilary. The
rocks near Tﬂn~ta Chl aré grz shite stone and leminated sandstone of
Tertlary.' Westward from Tan-ta Chi the rocks_zre. slate and lus{fous,
medium-gréined sandstone,. end bicck shale, Further downstream, the

»rocks #re ‘lustrous coarse grcined sandstone lying southw:rd from north
of Sun-moon Lake.. Still further downstream the-rocks are ddrk gray

sandstone ana shhle, and soft, lustrous sandstcnes . The formation west
of Chi-chi and in the coestal pizinm is 211 of .sand-gravel-clay of the
JQuatgxnary,"

Forest -

In the headwater region above 3,000 m. there are forests. of COﬂ;fers
nardwooGs or both.. The. w“terskeﬂ s fine. - In the Ju—she dlStIlCt '
2t thé northwest side of" t;e river ‘there are Doriglnes,who use 5’ ciezr
thg. nountaln s1opes by fires to ulant 5weet pot?to znd:Gefrnan- .111et ’
in thi »Center reach, oniy conifer u‘grow on 1t :Chib-mao and Ht, Luan—ta.
.Around Sun-noon bake forests zre ztmost all } ardwoods “hAlong the rlver
cultivated lands a:a Sonﬁtlmes -seén. - At Ch1en—cla~wan She and’ Jen-lun

She;- irrigated Adand can ve seems THe lower basxn_ls 2Ll cuLtiéaféé;M‘
Bﬂrboos are zbund“n» in thu~sh¢n. ”

Ra1n£311

The 2nnual” Ialnf 111 din th & upper strédm of the basin where mountains,
about 3 00C. m.” tﬂnd reaches 1,800 mm., the centrel basin, 2 ;300 mm.,.
the Iower basin 1 500 nm,, anc tre estuary, l 270 sm. .Rains ore zbundent
in .42y tkhrough August scarce from ltovemver througd Jenuary. The rain is
nexinum in June ond ﬂ*n;nun.<r lovemoer. “The ‘ebundent, rainfzli in the
summer-iis due toc the ronsoon frotr tie soathwest— thunéerstorns, and
typhoons, Tie puhiber of rainy d~ys in ¢ yeir in this basin'is 100—150
doyss:. The nortneasterr bas1n nezr Y*ng—feng, Jel -sngng, ‘enC—kao mzy have
aroudd 18¢° d“ys of rain. -

There, are 28 rain geging st:tLOﬂsLof'whigh 6 started recording from
1903; 5 fron 1912L1913 3. from i 922-1928 and Q.fron 1930-1937, §&ix
statlons were d1SCDnt1nued The elevutlona of these stations range from

10 m. to 3,416 m. ebave the sea level.

Dischatge

ConS1der1ng the r1ver abové the confluence of Chxng—shul with
Cro-shu1, the clange of river flow is abou+ ‘trhe, same. . Stited in dis-
charge ver 100 sq. kmu, the flgures arfé =s folliows:



Very low flow 1.50 cms

Low flow 2.60 cms (1.7 times very low flow)
?;ginary flow 5,10 cms (3.4 t;mes_ééry‘lgghﬁigw),

High flow 8.70 cms (5.8 times very low fiow)
Yearly zverage 8.80 cms

Considering Ching-shui Chi and the lower Cho-shuyi Chi, the.
ordinzry flow is usuclly small npa the high.discparge is about the
same as in the upper-stream. - The yearly average is 12.53 tnms.

There are five river gaging stations, one on Tan-ta Chi, gne on
Cnun~ta Clki, two on Chen-yu-lan Chi, and one on Ching-shui Chi. The
lopgest record, is only 4 years.

Temperature

0‘.The Xearlg_aygragg temperature in tie lower besin is between
23°C - 24 C. .1t decrepgses grndually with increase of elevation.

Temperature records for 19 stations in this besin are availabie.
The .period of record renges from 2 to 60 years,

"Température °c)

Location Elevation Annual Ave; " Jan., - ¢ "PFeb." July
Pe—tung-kwan 2818 9.4 4.3 4,9. 12,9
She-tou - 40 24,8 19.2° 18.5 29,6
}Ma-hsi-ta— -£573+ - 1773 12,1 13500 .21.2
lun She

Evepors tion
ool 3F b Sl

_ Bveporation records for A-li-shan (2496~ﬁ.) in the period 1934-1941
are avzilsble. The yearly znd monthly averages (mm) are listed as foi-
lows:

Jeouary - 62,3 May 65.1 September 58.5
Eebruary 59,5 June 62.8. October 73.3
Morch j6b.3 X July 59;0 Hovember : 73.0
Fpril 69.3 August 58,6 December 73.1

Yéafly Everage T74,6

- 93__



Communication

The communication-in the lowar basin downstreamlfron Chi-chi is
convenient since taere are existing highways and wrailroads., A rail-
road branch was built from Erh-shui to, Wai-che-cheng through Shui-1i-
keng for the construction of the Sun=moon Lake Power System. On the
mein river, a2 highwey leads to Lung-shen-chiao, 0On the tributary,
another higbwzy wes built leading from Pu-1i to the Wu-she Dam and Wan-
ta Power Plant., On other tributcries as Wan-ta Chi, Su-hsi Chi, °
Chia-she Chi;, Tan-ta Chi, Chen-yusian Chi, etc.Unly trails are available,
Communication in the hezdwoters and the: centr stretches of tributaries
Tan-ta and Chun-ta is especially inconvenient since the aborigines
moved away to the tributary Cuen—yu-l(n Chi,: Above Chih-maod very: few
people Cpuedr, uCC;déﬂt”lly ev wood cuttefs go thefe. Om. Chen—yusiaii
Chi, a highway leads up to Hei-mao-pu, ~Above MNei-nao~pu, there is only
temporary highway for shipment of lumber, -Upstream fiom Tung-pu only
trails are ayailable. '

Along Ching-shui a highway leads up to Lao-shui-keng; however,
tiis rdad-is always subject to flood because it runs along -the riverbed
On the Ching-shui headwater, the Provincizl Water Conservancy Bureau
built a2 road to Tsao~lin Natural Reservoir., That road was cut after
the failure of ‘the natural reservoir in 1951,

Basin Developmént’

Jihe basin development may Ue considered in the following four
districts:

.1, The Sun-moon Lake Hydro-power. Developnrent Region

The region consists of (a) the area upstream from Wu~chieh,
controliing a watershed of 501,20 sq., km., (b) the Sun~moon Lake
Watershed, 82,50 sq. km. and (c) a portion each of the Su-hsi Chi
(41 sq. kr.) and the Chia-she Chi (125 sq. km.). The development
of this region is primerily for power generation.

2, Cho-shui Multi-purpose Development Region

This region will control a total watershed 1553,50 sq. km.,
covering :tie z2tea downstrean from Wu-chieh, part of Chia-she Chi,
part of Su-hsi -Chi, Tan-ta Chi, Chun-ta Chi, and Chen-yu-lan Chi,’
One or two reservo1rs could be built for flood control, power -
generation and irrigatien.

- 04 -



3. Ching-siiui Chi valley

Ching~shui Chi is a2 large tributiry on Cho-shui Chi. It

control 413.80 sq. km,
The development of the above: 3 regicns will be further described
sepnrately later,

4, Dike Protected Region

" The lower Cho-shui alluvial plain, 150,000 hectares is now
protected by existing dikes.
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Wu-she Dam Project (N61;3ﬁ);
(See Fig, 97-108)

_ The Wu-she Dam was originally designed by Mr, Nishiyama, a
Japanese Bngineer and the construction was started in.1938 but -
discontinued in 1945, The finished work consists of all prepara-
tory work, communication lines, plant installation and 5% of dam
construction. The work was resumed in 1951 by the Taiwan, Power.
Company. Due %o -the long period of discontinuation some ffiStdlled
facilitiés have: to-be replacedior repaired,.

The original design -features are listed as follows:

Drainage area: 217,9 sq. km.

Weighted mean annual rainfall: 3,807 mm,

Flood estimate: By Creager equation 3,360 cms.

By T. N. Hsu's formula 3,500 cms.
Design flood: (Spillway capacity) 3,500 cms.
Maximum flood on record: 1,200 cms.

Dam: 97 m, high, 185 m. long, of which 100 m, is Ogee type
spillway, concrete volume 350,000 cu, m,

Storage capacity: Gross 115,000,000 cu, m,, effective
94,500,000 cu, m. drawdown 43 m,

Bffective head used by plant: 62 - 109 m,
Discharge: 8,78 - 22,60 cms,

Intake: 8mﬁ vertical shaft, 64,15 m. long, controlled by
2 high pressure gates @ 4 x 5 .

Pressure tunnel: Circular, 369 m. long, of which 231" is
’ 3.5 m. in diameter and 138 m. is 2,89 n,
in diameters

Power house: Reinforced concrete, indoor type, built in 1943,
Two turbines, vertical Francis type, Japanese made
each rated capacity 11,200 kw; 2 generatoxs each
11,500 KVA,

Teilrace: .4 m., in diameter, .concrete lined, 976 m, long.
Total cost estimate (November 1952): US$1,314,600 & NT$133,000,000,~
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If the Wu-she Resérvoir is to be so operated as -to produce
maximum benefi.t. fof thie Sun-moon-Lake, the total increase of firm
power in average yegr -is 372 %710 -kwh, and that of secondary
energy is 20,4 x 10 kwh, Assuming a power rate of NT$0.16 for
firm energy and NT$0.08 for_secondary efergy; the annual benefit
is NT$29,110,000, With 6% interest, 2,5% depreciation, and
NT$41,3/KW of annual operation and maintenance cost, the total

annual cost is NT$13,100,000., This would give a benefit cost ratio
of 2,22, ’

The Retonnaissance Pa:ty checked the estimated’flood’by_uSiﬁg
“synthétic unit hydrograph" (Fig. 106). Flood routing diagrams
were-also prepared. (Fig. 107),

The Party.did ‘not think it.proper to estimate the flood by
nerely basing-on two empirical formulas, nor did it thinmk reliable
to estimate the life of the reservoir by merely basing on the silt
data in one year period. Based on-this meager -data, ~the dead storage
was estimated to be filled in about 30 years. The silting situation
of Wu-chieh’dam indicated ‘an amnual-silt ef 2,100,000, two-thirds of
which-wa§ ésti%iatéd by Japanese engineer to-be' fiom Wan-ta Chi -and
one=third from/Wui-she Chi, ‘Recent observation indicated a smaller
portion from Wu-she Chi, The party also noticed that the Wurshe Chi
is mu€h-fore“cheafer than the Wan-ta Chi, After thé Wu-she Dam is
completed;*the Stability of the sumberged slopes will be’reduced by
resekvoir drawdown dnd more deposit is expected.
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The “resent Features of Sun-moon Lake (Pa. 35)
Power. - Deveiopment znd Its Puture Bxtension
(See Fig. 109 - 111)

Bxisting Zlants

Wan-ta Plant

A 13-m dam, of concrete gravity type, 46 m lofg, was built on
Wan-ta Chi 2t Ao-wsn-ta to divert the flow through a 6.30 km tunnel
and 575 n penstock into the plant, With a net head of 276 m and
a flow of 2,4 - 6.6 cms, the capacity of -the-Pelton wheel is 16,500 kw..
The plant wes built in 1943, Due to.ihe lezkage-in the tunpel . iining
cdased by & fault, the generatcd power wes- rﬁuuced to 5 OOQ,kw. During
the ReCoLnalsshnce Party's visit (January 1953) the repairing WK
was progressing

Sun-itoon Lzke No:-1 ?lant. (Ta-kwan.?lant)

.This piant; was finished in 1934. The intake is at Wu-chieh on
Cho-shui Chi where a 48-m concrete dam, 91 m, long, was built with 11
spens,;of taintor gate installed.on dam. In additios, three. flood
tunk€ls  were: provided. ' The watershed abgve- the Wu-ch;eh Dan is 501 2
sq. km. -The. spiilway: capacity is 5,000 cns‘, The. storage capaczty
is 1@;600 000 cu, m,,with .the gates opened, and 17 400,000. cu, m, with
the gates closed. The space.below the spillway crest we.s gll s11ted
in about six years after completion, The flow from the intzke was
diverted in a 15-km channel, 14-km of which is of tunnel section and
has 2 cezpacity of 40 cms, to &z lzke formed by two earth dams., One is
Shui-she Barth Dam built of rolied fill with clay and reinforced conw
crete core wall,  This dam is 6 m on top, 30 m above ground and
364 m long. The other is Tou-she Bartir Dam 6 m on top, 19 m zbove
grouré and 164 m longi 'The Sun-moon Lake has z total effective
storzge of 124,000,000 cu n with a maximum-drawdown of 21 m. The
lake watér goes through a 3 km pressure tunnel and z surge tank into
the piant. ‘The plant uses a discharge ranging from 23,18 to 41.53 cms
and a2 hezad renging from 305 to 320 m. The zlent has five units of
20,000 kw e=ach.

Sun-moon Lzke No. 2 2lant (Chu-kung,Plant

This plcnt tzges the tail water from the Ta-kwan ¥lant through
2 4.20 kn waterway. Tire head used ranges from 123,50 to 125 m, Two
Francis wheels with a total installed capacity of 43,500 kw were
instzlled, The plant was started in 1935 and finished in 1937,
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Plants. Under Constructipn and Other - Proposed Pxojeécts.

Wu-shé No.'1 ’maﬁt

This work was 'stdrted by the Japanese ‘but wis.left unfinished.

The intake is to be from the reservoir behind the Wu-she Dam, the plant
°s already installed in the Wan-ta power house.  With tke Wu-she Dam
com_leted, the runoff from 217,90 sq.. km, of watershed will be regulated

and the low flow will be increased from 2 70 to 11,30 ¢ms. The regu—
lated flow by the Wu-shie Dam would, . greatly benefit all Iowér plants
in the system, The generated firm power for the Sun-moon Lake No. 1
Plent would Le raised from 58,300 KW to 84,000 XW and that for the Sun-
moon Lake No, 2 Plant from 26,640 KW to 33,000 KW.

‘The Wu-she Dam will be separately reported later,

Wu-she No, 2 Plant

_The proposed plan is to divert the tail water of the Wan-ta and
Wu-she No., 1 Plant through an 8,05 km. tunnel to Chu-~ping She, Tzu-mei-
yuan at the left bank of Cho-shui Chi, The maximum power output is
27,000 KW with 12,700 KW of firm power. The effective head is 113 m,

Sun-moon Lake No, 3 2lant

The plan is to divert the tail water of the Sun-moon Lake No, 2
Plant through a 12 km, tunnel to a power plant at Lin-wei. An effective
head of 77 m. would generate a maximum output of 26,500 KW with a firm
power of 15,000 KW,

Su-hsi Cri Diversion Project (Fig. 109)

This project is aimed to increase the inflow of the Sun-moon Lake,
An 8-n dam on Su-hsi Chi about 2 km upstreamfrom its confluence with
the Cho-shui was proj.osed by Japanese to divert 0.5 - 2,50 cms through
a 4,50 kn, tunnel to Wu-chieh. Theelevation of the top of the dam
is 771 m. and thaet of the diversion intake is 766 m, The watershed
above the dam is 41 sq. kn,

Chia-she €hi Diversion Project (Rig., 109)

Also to increase the inflow of the Sun-moon Lake, another low dam
was proposed to be built on Chia-she Chi 4,5 km upstream f rom its
confluence with the Cho-shui, The watershed above the dam site is
125 sq. km. A flow of 1,80 - 7.50 cms is to be diverted through a
9.3 km. tunnel to the Su<~hsi Chi.
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Sun-moon Lake Capacity BExtension Hei}

Some engineers of the Taiwan Power Company siiggested {ntrédsing
the capacity of the Sun-moon Lake by 20% by hdghtening the dam. This
would involve enlarging of the 15 km intake tunnel sinceits capacity
is limited to about 40 cms. Such proposal should be carefully-inveg~
tigated before adopted,

The maxirim reServoir surface could be raised 1.60 m by encroach-
ing the 3 m. freeboard without helghten1ng the dam. An increase of
12,800,000 cu. m. of effective storage and 12 800 ,000 kwh of energy could
be effected
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Lqupshen—chiao Reservoir (No, 36)
(See.Fig, 1i2 - 121)

Two diternate dam sites were proposed near Lung-shen-ch1ao, the
junction of the Cho-shii and its tributary Chen~yu=lan Chi. Oné sité
is upstreanm from the junction, (B" in Fig. 1i2). The other is.down-
stream from it, ~ (A in Flg. 112). During 1951-53 the PWCB made some.
investigation. The fotibwing data is available:

1, Reconnaissance report,

2, A Preliminary report for multi-purpose deveXopment
of Chg--shui basin,

3. Trpographic maps: 1:5,000 for the reservpir and 1:500
for the dam site,

4, Geological report of the dam site »nd the reservoir. '

The geologic survey in 1953 revezled that the axis of the lower
site (including Chen-yu-lan Chi) is located on the Shui-li-keng Fault,
the biggest fault on this JIsland, About 500 m, to the west, there.
are two other faults. These faults result in very much dlstortaf
geologic formpation., The upper site, losing the catchment arca of tne
Chen-yu-lan Chi, is geologically much betté¥, Both Sites have the
disadvantage of losing the tailrace flow of 23,2 -~ 46,2 cms from the
Sun-moon Lake No, 2 Plant, The site suggested by the Reconnaissance
Paty (B -in:Fig, '112) is between the upper and the lower sites mentioned
above, -

- Geological :Features

Ihe ‘whole vicinity is comtosed of metamoruhlc rocks derived from
sedimentary grocks of the Tertiary of the Cene201c Era. The bed rocks
of Bocene formation are hard and compact quartzite sandstone with whlte

and gray colors, The upper porticn consists of thick layers of sand-
stone ningled with thin layers of -slate.. The lower portion consists,

of z2lternzte layers og sandstonc and slate, The dip is 20° - '50, The
strike is between N30 W and N10 E AIhe geologists are certain that the
chance of percolation of water from the reservoir would be very small,

Water Studz

The flood has been estimated to be 8,320 cms using synthetic unit
hydrograph method, The fiow mass curve was prepared using the-record
from the Lin-wei- Station., Adjustments were made for difference of P
catchment zrea by proportion (Lung-shen-cn1ao catchment area = 1712 km ,
Lin-wei catchment area = 2,304 km ), For ; .wer est1matc duratlon curve
and duration area curve were plotted,
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Reservoir Features

Catchment area l;ZIchﬁ%
_ Flood level 390 m,
Ordinary high wateg. level 380 .m,
‘Dead  water “level 3%0'm,.
Dead water capacity 93;900,000 ms
Bffective storage 207,000,000 m3
Dam (top width:5m; central . Concrete arch gravity’
angle 104 , radius 200 m.}
River bed‘elevation- 310 m.
Blev,, top-of dam 395 my
deight of dam 85 mq
Top length 350" 6l
Spillway crest¥ Elevation 380 m; Length- 160 m.
Tow elevation of thékgafé on spillway: 390 i,

Benefits
m

The regulated flow will range ‘from 32 ¢6 63 cms. The power output- -
is 20,000 kw of firm power. The maximum power will reach 39,000 kw,
Benefits could be increased by joint operation of this reserv01r with
the lower Chi-chi Reservoir. Large amount of water iﬁ‘the‘Ldng;shen-chiuo
Reseqyoxr may be released 1n-a short interval, and reregulated by :the
Ch1-ch1 Reservo1r downstream “soirrigation- act1on will still be retaln—
ed.t”If the’ reserv01r is esaeC1ally designed. for 1kT1gat10n large amount
of water may be’ dlscharged in ‘the ¥ery dry seaSon, such &s March:each
year, the beneflt caused by irrigation would. ve nuch Hore enlarged.’

What would be the iost ecomomice ¥ ‘operation of the’ two ‘regervoirs
deserves careful ~lanning. The'operation of .the movable gatés on the
Splllway and ‘the use of diversion tunnel as aux1lllary flood tunirvel can
be made most effective to flbod ‘control, This ‘reservoir, die to its
upstream location, would necessarily catch the silt dep031t ‘and

thereby lengthen the life of the lower reservoir,

Otﬁer"Iriformafi’én

. The Submerged area will be about: 167" hectar;% ef padd?“fleid along
'ghe:r1!er bed. ' ABout 100 ‘famiifies will have to vé ncvedv ‘A highway -
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icads up to the dam site. A roilway branch linc comes within 4 km.

of the site. The quagxtzite sandstone at-thé site.is good concrete
aggregate, Good sand has’ to bé--$hipped. in from bdutside. One disad-
vantage 15 that the height of the dam will be limited to 85 m. as the
saddle on the right bank is low, (395 m.) If the top of.the.dam could
be brought up to elevation 420 m, the total storage capacity would be
600 x 10 cu, .m,.
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:Chi-chi Reservoir (No. 37)
(See Fig, 122-153)

General Desbrigtion

The site is at Lin-wei, Nan-tou, near the Cho-shui Suspension
Highway Bridge. Here the Cho-shui narrows from 3,500 m. to 500 m.
The controlled drainage area is 2,304 'sq. knm. An 80-m -high dam
here would create a reservoir of 1 ,170,000,000 cu, meters in capacity,
with a2 water surface 4 km, wide and 10 km long. However, the .submerged
area would include over 10 villages, of which Chi-chi, Lin—wei, Chai-
tou-chiro, Tung-chio , Shui-li- keng eic. are on the north of Cho-shui,
Kwei~tzu-tou, Fan-tzu-liao, Ping~tzu=ting, Ta-chiu-yuan, Wai-cheng
are on the south,

Geologz

Geologists believe that the Cho-shui gorge at Lin-wei was formed
after the fault movement of the recent geologic era, The Cho-shui
formerly run through the Nan-tou plateau from Ta-shih-kung., The geo-
logic formation of this site, being Cho-lan Strata of the Tertiary is
composed of alternate 1ayersoof grayish yellowosandstone and dark
gray sandy shale, dipping 35 and striking N15 W, The layers are clear
and regular with a thickness of two to three meters. "The rock should
be capable of withstanding all pressures of an 80-meter gravity dam,

The Chi-lung-shan Pault is found about 800 meters downstream
from the suspension bridge. Bast of the fault the rock strata are
badly distorted. This fault, being outside of the reservoir and the
dam site, will probably not effect its stability, provided core drilling
w111 be 1nvest1gated

Meteerological Data

The monthly averageotemperature for 192631936 at the Chi-chi
Station ranges from 17,3 °C in january to 27,5 C in July. A record of
41 years here shows a yearly average of 116.3 rainy days. In this
Cho-shui valley as a whole, the rainy days in a year varies from 150
days in_the upper region and 100 days in the lower regiomn. The amount
of prec:rltatlon in Chi-chi within the July-September typhoon period
reaches 2,374 mm., averaging 1,614 mm,, or 67.7% of the annual average
pre01p1tat1onm

The maximum daily precipitation in the 41 year record of Chi-chi

Station is 418.1 mm, (August 11, 1929) and that in the 21 year record of
Niu-wen-lu Station is 445.6 (July 19, 1913}.
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Hydrological Data

There were 14 rain gauginy stations, - Noné self-recording - in
the Cho=shui basin, all established durlng the Japanese Occupation
period, Records of 20 - 30 years are available., The average yearly
precipitation of the whole basin is 2,520 mm, varylng from 4,800 mm
for the mountainous reglon, 2,500 mm for the central }g1on ‘and 1 270
mm for the lower region, Thc rain season:-is May, - October:, Typhoqn
prevails in June - October. The Isohyet map (Fig. 129) is based
on maximum daily records (at different times) and the average maXimtim
daily precipitation in the basinis found to be 440 mm which is used-
for :flood estimate, -

In the year 1951 - 1952 -the evaporation: was 3455 mm. Basing on. . o
this data, the evaporatlon loss of ‘the resérwoir is 0.845 m x 26,000,000 M/
365 xx86,400 =.0,684 cns,

Streamfﬁlow

The Lin<wei Station has stream.flow records fox 1941:< 1944:and
1948 = 1952, The Nia-wen=Iu Station keeps records for 1926 - 1937,
Float method:-was used. - It was reported that the river stages were
recorded three times in iow stage and six times in high stage,

The recorded maximum'wzs 3,152 cms (1947) and the minimum was
23,09 cms (1942).

The monthly discharges vary from 1,001 - 25,026 cms days (Fig, 131).
The seven-year average is 138 cms, varying from 94 - 181 cms.:- The run-
of f mass curve and the requ;red storage is shown in Fig, 133 134 and
148.

The flood was estimated by different methods ED foliows:

Rational method Q= 0,2778 frA = 12.000 cms
o 24273 L . H.0.6
f = 0.78, = ro(T ) T = W, W, = 72&L)
- 440
=3

Creagef's equation (refer to Creager and *Justin: Hydroelectric
Handboak.. p...62)

Q = Aq = 10,400 cms = (g=410 cfs/%q, mile = 4,5 cns/kg
A = 889,2 Mile = 2.303.3 km
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T, N. Hsu's flood formula for Tai-wan
- 2100 (A2,
Q = 2100 (75507 = 16,600 cms
Schwarz and Taylor: Syrthietic udit hydrograph

vqph: 23.9 ems/1mmR(pig, 126)
@ =23,9 x 440 = 10,600 cms

Silt Content.

The silt content by % in weight of Cho-shui at Lin-wei is shown in
Fig, 138 - 140, The ‘three - year average is 0.927%, and the maximufi is
4.854%. The samples were taken at half depths, -

Four year ‘record at the Wu-chieh Reservoir showed an average .annual
deposit of 0,18% of annual runoff

Dlscharges and §ilt contents were plotted but showed no, def;nite
relationship. There were no data*to show the density of: the silt and
the silt disteibution in a cross section. Thus ‘the: stuﬂy~on the life
. of Chi-chi.Reservoir is ‘based on the record of:the Wu~chieh Dam,

. .- R
Reservoir Planning

Catchment basin 2,304 sq. ki,

Ordinary flood level | 275 n,

Ordimary full water level 265 m,

Dedd water level 247-m,

Dead storage . 385 x 10° cu. m,
Ef?€31ivehstotagelxtb be subject to silt study) 375 x 106 cu, mn,
Flood storage . 265 x 106 cu, m,

Dam - contrete gravity; top elev. 277.5 m; Height 77.5 m;
top length 620‘ﬁ, of which 110 m. is spillway wifh crest
elgvation at 265 n,
Concrete yolume -.(300,000 M3 for spillway sectionh1,36o,000,M§
N for damdi..eeceavsesess.1,660,000 M3 "



Flsad Cortrol

Due to. lacP ~f data frr stu dy of flood frequency, the maximum ' ro-
bable f1.°d czn not be estifdted. TP;'xlaﬁf routirg wes based on the
1.6 estircted Ly tke $ynt‘ etic Unit Bycdrograph. T‘c spillway wes
assued t rave free fell.: W 'th 2 crest -spillway léngth of .110 m. the
maximum s.illwey czpecity is 7,700 cms with ¢ surcharge of 10 m. The
flocd would be reduced by 27%. The flond stora_eaiS‘ZéS,OOQ,OOO m

There should be zn economical balangce between the loss from the
reservoir flooded arez znd the gein from z corresgond.ng increase of
effective storeze. Pigs 146 and 147 were intended for this study.

"No flood déﬁage datea age available: 1t is difflcult to estimate
the flood controi benefit. . ¥ortion of #ie river bed dJunstream from
the dam ¢0uld be reclaimed, but would be subject to extraordinary floog. -

The spillway Section is to be at the middle of the Gem with: movabie
gates installed on the crest. The use of sluice .ipes used in Shasta ’

Dam may be considered in this glan.

Tower Gencrations

Assumings a2 tail water elevotioen of 200 m and ,swer plants_ins-
talled on both banks, the power outptt to be expected “is “as. fcllows-

1000x120x0,85x57
102

Pnax = = 57,000 KW

1000?66 0, 85x57
1n2

Pprimary = = 31,000 kW

e 8 P
A totel energyof 3.46 x 10 IWH will be genserated.

Irrigatior:

The existir> Irrigrti? sSyStems sugbliéd by the Cho-shui Chi
are as follows: ST -
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3-yr, Miscel- :
District " 2-crop (ha.) l-crop(ha.) Rotation  laneous’ Total -
che.) o _(he.)

Chia-nan Cenezl

Chocomat Hain - 72260 2,074 43,512 - 52,546
gz;:iiz gi:gl 607 1,601 14,566 - 16,774
Ba-pao Canal’ x19,4§4 ‘ - - 1,663 ‘21,147
Pei-tou 15,069 1,428 708 - 17,205
Map-tou 1,334 - - 976 2,310
Total: 43,754 5,103 58,766 2,639 110,282

The rossible extension:area in the various:districts. are-as
foliows:

Coast land Dry 1énd Hizh lend  Submergéd Tatal

District (ha.,) - _;(ha.)  _ (ha,) land (hz.).
Chia-nan Canal 6,000 ' 6,000
Tou~liu Cznal 10,000 ' 10,000
Ba-pab Cznal’
rei-tou Capal 8,300 14,87% 23,171
Man-tou 3,000 3,000
Total: 14,300 10,009 3,000 14,871 42,171

The mein crops are rice, suzarcene and miscellsnebus crops. The
duty of water for the 2-crop paddy field ir the Ch:a-nan area is
900 ha./c.mt.s. The water for su_arcane i8'1/4 5f that for rice and
miscellaneous cro,s také 3 of that for sugzarcane, Better utilization
of rainfell might raise the duty of water to 1,100 ha./cms.

Thé ..ass curve based on the seven-year rundoff record at Lin-wei
indicated that the rezulated flow in low flow Leriod (October —March)
is 66 cms. znd 120 cms. in the remginin pericd of the year. Proper
operation of the reservoir would Le able to supply fuli.irrigation to
42,171 ha. to be developed and supglementary irri~ation to 110,282 ka,
of existins irrizated area,

Other Information

The area submerged by the reservoir will include £07 ha. of paddy
field, 700 ha, of dry land and lrnd in the riverbed, 10 km of reilroad,
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15 km of highway, and about 5,000 {amilies in over ten villages men-
tioned under “General Descriptiom,™

Life of Reservoir

The percent in wolume -of sikt in Cho-shyi..at Wu~chieh is 0,18%,
If this peraent. caf sidt ds appligd to Lin-wei. the silt gar.sled in an
average yeat: wnuld be 4 320 x 107 % 0,18/1Q0,. 5 ¢$8 % 10 .m-;y The 9%
above reservoir. plann;nv agsunes. to -provide a. de&d starage of 385 : 10 M
which will be enough for 50 years,

Anothet approach as shown following will.result in a.much shorter
life,

Silt content (by weight, at Lin-wei) = 0.00927 .(1948-52)

Silt contéit (by weight, 2t WUachieh} G, 00463 (f9I6—18)
6

Sili-carried: in Cho—shu1 at L~n~we1 = 4,320 %1€ _m. /yeax

Let ‘= STlt -content in M /year
p = Density of silt in tons/’m3
E = Rate of deposit
V =:Yeariy deposit _
fQﬁ='§eaf1§ fIow in ms/yE%r
JB_= Ratio of -sijt-content in yearly flow by weight. .
S = PWQ
V=5
p
rad

B can be considered constant before thE«rEServ01r is 50%
q;lted i1At Wu—chleh

0:0046:8 . B
. o 2P
"ASSuming . sameﬁ“for Chi~ghi~“as fot Wu-chieh,

- 0e00927E
q P

- v—.—

0.00183 =
. = 0,396

Thén’ at Wu-ch;eh =0,00367
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V =.0,00367Q =15,8 x 196 M3/y§§r

. 6
... - 385 x 100, _
Effective life = 55 '-iﬁé = 24.4 yrs

The life of the reservoir-could be increased by reforestation,
ample provL51on of sluicing device, and compacting the deposit by
periodic emptying ‘of the reservoir. Without effective measures,
the life'of the reservoir¥ would be very short and :the economy . of-
reservoir would be hlvhly questionable,

Within the long reservoir surface area large particles will
dep051t in th& upper portion and fine ones it the lower portion,
The power intzke should be.placed belbw the dead storzge level,

To provide for later silting, it should be made possible to place
the intake at different lévels. No effeetive means of sluicing
the reservoir silt is known. . Sluicing device can only sluice the
silt nezr the gate.  The possibility of utilizing density current
for sluicing during floods ought to be thoroughly investigated and
studied,

Backwater Bffect

Due to incomplete flow records and lacking detail survey, back-~
water can only be studied basingon 1:50,000 topographic map, (Pig, 150).
The backwater curve obtained is.ulse based on the assumption that the
loss of head due to friction and turbulance is the same as the mean
velocity ‘head between the two sections., The effect of the tributaries on
the backwater is also neglected, Therefore the backwater obtained is
only 2 rough one. This backwiter indicates that the proposed dam with
the spillway crest at elevation 265 m, would not.affect the tail water
(elev. 276) of the power plant at Shui-li~keng. “If the Chi-chi Dam
is to be increased in beight by,10,m., the effective reservoir storage

would be increased by 2,6 x 10° m, the regulated flow by 14 cms,”
thc average head by 5 m. and the power output by

2758247
2
102

1000x94x( ~ 200)x0,85

~ 37,300 = 10,500 KW

In the mean while, reduction of:tiie power output of power house at
Shui-li-keng, due to ten-metet ircrease of the Chi-chi Dam would be
2,500 kw, Obviously there should be a.balapced study between: the
increcse in cost of a higher dunm ond the cost of removing the power
plant on the one hand angd.the incresse-of power output on the other,
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Soil Conservation of Watershed

Tre main reasons for' the heawy.silt content in Cho-shui are weak
geologic formation, and uncontrbolled deforgstation. Landslides are
prevalent on the héadwaters, In order to prevent soil erosion, the
following three measures are vitally important:

1.

3.

Checking burning znd cultivating t..e mountain slopes,. ‘The
esbprigines are to be. removed away to facilitate administration
and .direction .of work,

Improving_ farning method: - Better: terracing %nd}adppting con—
tour plowing.

Forestetion:: In:order to chneck or reduce landslides, the
following measures are necessaryy

a2, Constructing check dams, not for storing deposit, but
,for improving the river bed slope and SlOWlng down:.the
r1ver velocity, :

b. Providing proper plant coverage,.

Cs 1nvestigating effective measure for. top soil conservation.

d.  Studying erosion.an¢ weathering-of:clay slate for £e-:
ference of river control design,
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Ching-shui-chi Reservoir (No, 38).and.
Ching-shui-~chi

‘(See Fig. 154 - 159)

The Ching-shui Chi ds 2 large branch onm the lower Cho-shui: Chi,
The east of the watershed boundary is-Chen-yu-lan Chi with the
Mt,:A~1i running. between in north and -south direction, The south is
nezgnborlnr ‘Tseng~wen Chi, . On the west is the hecdwater of the
Pei-kang Chi. On the Ching-shui Ch: headwater, the watershed con-
dition is good: and the forest is well preserved. Cliffs and big
landslides are common in the upper =znd. centrzl region,

ove Chang-hu and Hei-li:.0 the river flows between gorges with
many rock c1iffs and slides.. Below Chang-hu, the river bed opens' up
to nearly one kilometer, It .gets still wider azt Lao-shui-keng., The
whole Ching-shui valley has a total watershed of 413, 80 sq km, 70% of
which 1s forest,

Geology

The. upper and central region is mostly of dark gray sandstone
and shale of the Tertiary., The lower basin is of soft, lustrous
scendstone, The gravelly clayey formztion at the confluence of
Ching-shui with Cho-shui is more recent, The basinas a whole has
e forriztion of soft Sedimentary rock, In December 1941, a sprious
earthquake caused an avalanched massiof about 120,000,000 m. This
big mass chokgd the river and formed a natural reservoir holding
150,000,000 m~ of water with a maximum water depth of 117 meters.
This mzss had an average height of 160 m ond o crest length of 1.2 kn,
It is 100-200 m wide on the top and 4.8 km wide on the bottom,

Hydrologic Data

The yearly precipitation or the headwaters of the Ching-shui
basin raonges from 3500 - 4500 mri, The highest precipitation reached
7,000 mn, The lower basin has @ yearly precipitation of:about 2,000 mm,

The cverage flow records azt Tung-tou Station follows:

Very low flow/100 sq km of catciment area 0,45 cms
low flow/100 sg km of catchment area 0,77 cms

. Ordinary flow/100 sq km of catchment area 3,46 cms
Eigh flow/100 sq km of ccichment area 8,53 cms
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The meteprologic and hydrographic stztions it the Ching~sh01
basin. are iisted below:

1. A-li-shen (rain gauging) 35 yrs. (1910-1944)
?; Yu- yeh-11n (rain gaualng) 41 &fso,§1904;1944)
3. Tsao~ting (rain and stream‘ghug1ng) 5 wrs.: (1947-1951)
4, Tung-tou (streanm gauging) 29 }rs. (i913~1941}
5 ﬁrhagén—ping (rein gnging) 15 yrs. (1913—192%)
'6. Chino-li-ping (rein gaugins) 3 yrs. (1913-1915)

Prpject of Egvelopment

Due ‘to the fact that the change in seasonel flow is’ tremendous
el 1ow flow i's extremely smcli,‘gnd the slope of “the middle port10n
is comparct*veiy flatter, there is little ciance of aeveloplng power
by construction of runoff river piunts. soWever, reservoir reoulated .
flow could be used to irrigate high land in Chu-chl, asiao-mei, Ta~11n,
Tou-llu, etc, as well as to develop power, . The existing irrigated azea
is abbut’ 2,700 ha ’ as follows:®

. Krea Irri- * Of flowi . “Hydraulic
ane of Canal gwted (ha.) gztltisf 1 kssociation -
Lung-an 29,83 _ - Chu-shan
Lao-shui~keng 12,58 - - e
Shan-pien 26,69 - "
Szu~chueh-tan 16.17 - "
Xo-tzu-keng 22,93 6% "
Ho-cii-tso 97,25 16% b
Tou-liu 2,383.00 - Tou-1liu
Others 160.C0 78%

Total 2,748,45 100%

In February, March and April, the river flow is often less than
1 cms, which is far from being enough, Water stezling coses and serious
water disputes resulted., The PWCB often had to dispatch a squad of
nen to distribute the water and to settle the disputes. 3ut the
nost effective and fundamental measure would call for weter storage
and regulation by reservoirs.
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Above Nei-liao, the river flows through narrow gorges, but no good
reservoir site of large capacity is available, The natural reservoir
at Tsao-lin was washed in May, 1951,

Geologlsally Yun—ta1-ch;ao, can be considered as a good dam gite

but the storage capaC1ty i$ small, Thé storage capac1ty is based on 1
in 50,000 topographic map. (Pig, 15§5) It is to be ndted!'that the' to-.
pogr@gny had a remarkable change since the failure of,the Tsao=lip, Re-
servoir. More exact planning of the reservoir would necessitate. o 3
resufvey of the topography., Fig. 156, shows a storage of 5,000,000 m

2 dam of 80 m height, 14,500,000 m™ at 120,m height,;and 137,090,000
n” at 200 m height,

The minimum inflow to the reservoir is only 0,5 cms. The estimated
flood is 4,800 cms. : After constriiction of “the reservoir, the minimum
regulated- fIOW'w111 be 8,00 cms. This regulated flow, after generzating
power, could be released to supply irrigation in the lower basin or be
diverted to the Sblh—tzu—tou Reservoir to supply ixrigation. water to
the Chla—Yl plaln.

_‘During the Japaneseg. oc;upatzgn period,.a detaxled survey of the
whoie river was made. ¢ Report on'‘the survey of Ching-shui poss1b1e
power sites, 1940). However no.plant was built, This may be due to
the serious avalanche and other disadvantages.
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Chenfyuflan Chi Basin

Toeognaghz

Chen~yu-lan: ‘Chi is’ the: hargest tributdry of Cho=shui and ‘has

a catchment area of 453,81 sq: kii, ' The east boundary borders the
Chun-ta witershed. . On_the south, the divide line 1inks the pedk’
of Mt. Pa«tunp—kwan, Mt Pei, Mt, hs:n—kao, Mt, sti“Mt Ch;tenl .
Mt, ' Lu-1ip, Mt. Sh1h, Mt Erh-yu, etc, and borders Lad-nuhg Ch1 ‘and
Nan—tzu-hs1en'Ch1* of the Hsia-tan-shui Chi systen, ~ The west Water—
shed” boundary is. Mt. Ta-ta, Mt, Sung, Mt, Wu-y1-1ung, Mt, Chln—kan-shu,
Mt, Feng-iuang dividing Chen-yu-lan €hi on one side and’ TSeng—wen Chi
and Chingmshui Chi on the othér,

The watershed ‘slopes northward, There are practically no level
ground on the two banks, Cultivated area by the abor1glnes can-be
frequently seen., Thete are also many cliffs-and-avelanches,

Geoiogz

The " geologic formatinn is of.. Iert;ary._ In fthe south east basin,
lustrous and medium gra1ned sqnﬂstmne and black shale are fourd, In
thé centizl - ba81n, ‘the rock is mainly. lusttous, coarse .grained .$and-
stone. "The .f6ck in the western part:of the wwtershed is dlmost all of
‘dark’ grgy sandstone- aﬂd shale, Along the .river, bank “of the'headwater
‘someé. igneous rocks-are found..' There areé many. 311des. The rivér debris
is-abundant in flood, However, the flow is fairly clear in low stages,

Forest

,:gpzon ttie headwaters, conifers are found. ~ At lower elévatlons,
are 't&d" cypress ard cYpfess, ete, Around élevation 1,500, is seen
‘beautiful forest of “conifers and hardwoods, Below thlS ~are beautifyl .
‘forest of hardwoods. Albng‘the Mt.;A-1i, there ar¢ forests of the
c61d “zone- as ‘well 'as those of the tropic zone, -

G@ging Station

1. A-li-shan (rain) 35 years record (1910-1944)
2. Nan-tzu-chiao-wan (raifi) 32 years record (1913-1944)
3. Tung-pu-(rain) (1923-1937, 1948-date)

(flow) 5 years record (1938-1942)
4, Pa=-tung-kwan (rain) 22 years record (1923«1944)
5. Nei-mao-pu (flow) (1937-1938, 1948-date)
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Rivaz Course

Chen-yu-lan Chi originates from Mt, Pei of Mount Hsin-kao,
Pa~tung-kwan; eté, It meets the tributary SHawli-hsien CHi at Tung-
pu, Ho Chi at Ho-<shej and other small tributaries in the lower course,

It joins Cho-shui Chi at Lung-shen-chiao,

The lower. Course is fairly wide with small islands which are,
now gradually cultivated., The river upstream from Ho She has slope
of 1/20 %o 1/60 “The: 1ower strefch has an average gradrent of 1760
to 1/80, and the river is 800—1 000 meters- -wide. No ‘good reservoir’
sxte is found. ‘Along, the lower. cpurse, thexe are somie - paddy’ f1e1ds
on’ the two banks, ‘the. 1rr1gat10n water .for which'is’ taken from the. _
creeks nearby, Downstrean from Nei~mao-pu, the terraces and mountain’
slopes are all planted to banana tress, whlch are producing ill
effect on soil conservation,

szro—gower_Develbgment.ilan \

‘The following run-of-river piants are cited below:

1. A low concrete diversion weir is proposed to be built abeut-
.30 m. below the Jjunction of Ho-she Chi and Chen-yu-lan Chi to divert
12,2 cms through 'a tunnel, 11, 2 km,- long on 1: 1900 slope, to_the plant
in the forest of Natlonal Taiwan, Unrver51ty at Nez—mao-pu. The power'
to be generated is 25 900 K.W.- for an effective head of 249 m, ' The
ta11 water is d1verted to the lower ‘plant,

2. The above tailrace flow of 12,2 cms. is diverted through a
tunnel, 10,550 m. long, to 2 plant at Niu-wen-lu on the left bank
of the Cho-shuz Chi. The power is 18,951 kw for an effective head
of 162.5 m, using-a flow of 14 cms of which can be intercepted £ rom
two! trxbutarres in the amount of 1 2 and 0O, 60 cms, The tunnel is
2,80 m. in dlameter on 1/900 slopc for the upper stretch For the
lower stretch the tunnel is 3 m, 1n ‘diameter. on 1/1000 slope. . The open
channel for the supplementary supply is 4000 m, long, having. a “battom
width of 1 meter and a gradient of 1 in 300,

Silt Control Plan

There is a plan for silt control in this jbasin. (refer to 'The
Silt Control Plan of the Taiwan Water Conservancy Bureau)
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Silt Problem in Choshui Basin

Available Data

Thé?fbuf~statieﬁs from which some silt drtes areavzilable are
listed tn-the{ollwiny TE51&: -

Station

Lin-wei

Niv-wen-lu
Tzu-mel-yuan

Tzu-mei~yuan

Siit content recorded at Lin-wei Station

-

Yearly runoff

Observztion Period

1948, 1951, 1952.

Sert., 11, 1915 -
Jan. 1. 1617

Dec. X, 1919 -
Sect. 30, 1923

C July, 1917 -

Juine 1912

‘No. of observetion

2 = .5 per morth
457 gays

Every day

- Unknown

Solid matter in’
yearly runoff

Silt % (Wt.)

(Ton/s) day -

Annual Averzge

238 0,688
374 G.564
591 1.523

cms day
1948. 34,682
1951 66,316
1952 38,844
Total: 129,842

Average
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Siit Content Recorded 2t Niuzwen-1lu Station

’ Run-off '“ Sediment Run->ff Sediment Concen-
Month cms Days Ton/s - Days trztion % by wt.
1 1261.8 0.635 9.050
2 1215.6 1.155 0.095
3 2972.2 5.669 0.191
4 3120.5 4,739 0.149
5 2238.2 2.426 0.108
6 3977.7 7 389 0.186
7. 3689.2 3.582 0.097
8 7446.3 53,703 0.721
9 9191.8 54.393 6. 592
10 6578.5 15,081 0.229
11 3604.6 1.971 0.055
12 2572.8 0.497 0.017
Totzl 42,172.2 151,240 Average 0.314

Note: Semples -f 700 cc. were taken but the method of Sampling
is unknoun.
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Silt Content Reécdrdéd-at-Frusmei=yiran Station
(Wu-chieh Dam)

(Besecd o1 the monthly averapes between April 1920 -~ Sept. 1923)

:Q Sediment Runoff S:1t & (ﬁf.)

Month €ces) “(Ton. day) " (Ton/month) #
Jeruary 9.74 342 | 10,610 0.7406
Fébruary  17.4 1,938 54,295 . 0.1290
March 28.8 2, 400 £1,103 0.0965
April 21.6 2,311 69,340 0.1240
Hay 70.5 26,375 817,590 0.4330
June 60.7 18,038 541.150 0.3440
July 60.1 26,222 812,877 0.5060
August 48.1 28,367 879,270 0.6830
Septgmber 70.1 57,745 1,732,370 0.9550
Gctober 28.0 11,517 3;6,946 0.4770
Moverber 15.65 71,705 51,030 0.1264
decarer i3.?5 675 20,929 0.0565

Titall  444.54 177.631 5,427,510

Everaze 3740 14,803 452,293 0.453

R

Note: Method of qpsgiyéfion is unknown.

Source: Hydro-elegtric Power Developrient Pirn of: Cho-shut
Taiwan Power Company

# Not shown in the zbove source of inforzation.



Silt Content Recorded at Tzu-rnei-yuan

(Besed on fecord from Jury 1917 < Jane 1918)

Discharge (Q) Silt Percentage‘ Sediment

Month cns cms~-days by Volume (Pv) Run~off (Q?v{
”i 9.34 35554 0.0221 0.0639
2 9.71 1271.88 0.0466 0.1260
3 21.70 672.70 0.1170 0,7875
4 26.29 788.70 10.0502 0.3950
5 34,00 1046.29 0.0442 0.4620
6 54.31 1630, 30 0.0792 1.2900
7 64,19 1959.59 0.2145 4.2700:
8 64.75 2007.25 0.2260 4.5300:
9 52,92 .1587.60 0.1097 1.7400 .
10 30.69 951.39 0.0695 0.6600
11 22.73 621,90 0.0421 0.2870
12 14.66 456.46 0.0472 0.2140:
Total: 12,371.90 13.8254

13.8254

kverage: 12,371.90 * 100 = 0.117%

Scurce: Te:wan Water Conservancy Bureau's series No, 6 "Essent.al
Hydrawlic Works in Teiwan® P, 258,

Methods .f ostservetion is zot srown.
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Silt Content Recorded at Tzu-mei-yuan

. (Based ar a study méde by Mr. Yo :Mesu Tani in June 1930)

ﬁischatge (@i Silt_PefCentage _Sediment:

Month ;cm§ cms=days _by Volume (Pv) fBun-offA(PQQ)
1 9.74  301.94 0.925 0.075
2 18.1 . 496.8, 0.075 0.372
3 29.5 914.5 0.058 0.530
4 21.8 654.0 0.074 0.455
5., 70.5 32.183.5- 0.260 5.68

6 60.7, 1,821.0 03206 . 3.75
7 58.4_ 1,810.4 - 04306 5.54
8 48,1 1,491.% 0.410 6.11
9. 69;8. 2,094.0 Q.568 11.9

10 28.8 892.8 0.275 2.45
11 15.7 471.0 ' 0.076 0.358
12 13.2, 409.2 0.032 0.131
Total. < 15,542.24 .37.39
iwverece 37.39x100

555,24 - 0-2405%

Source: k& pager ent.tled "Fro.lem of Desilting Basin" in

"Hydro-clectric Power Development Plan of Cho-shui,
Taiwan rower Company.
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Method of observat%on;%s~not*hnéan No -record ~f 3fecific gravity
for the sediment is availables Mr. Yu Masu Tani estimated -that
6,000,000 -tons -of suspended load were carried per year.
another 16.7% for bed load, the total yearly sedigent is 7,000,000
tors. The avereze annuel runoff is 874,200,000 m”, - The sjit

percentage by weizht is 0.8%,

The

fdding

dreinage zrex is 458 km™ .+, The

sediment ‘has 2 rafézbf z§%%§;9QQ = 15,300 toss per sa. km, per

yea¥; “r 15.3 kg. persm per vear.
assumptio~ thet ore m of sediment

Year

1935
1936
1937

1938

Total

Average

Source:

Rate of ‘Wu~chich Reservoir -Sedimentation

This estimate is based on an
weighs 1.66 tons,

Annual Annual Space Silted Trap Intake
Runof ‘Int4l§ 6 3 Efficiency Ratio
Gohty  (ohig, (107 ) w % -
) (27 . (3> (=3AL)  (5)=(2)/(1)
1,218.522 4274647 3.429 '0.281 35.1
. 819.338 491,023 1.284 "0.157 59.9
901.063 565,958 0.881 '0,0979 62.8
.1,085.311  508.669. 1.768 0.163 46.9
4,024.234 1,993.297 7.362
- 1,006,059 49¢.324 1.841 0.183 49.5

"Tseng-wen Chi Reservoir Survey Report" syﬂh. Suehiko
Miya-i P. 5 subiished by Teinan District Office.
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Annual Runoff and“ﬁnnuwi"ﬂatE“nf Sediment . Flow

Catchment Area Lverage Annuall
Station absv i iStation.. - Rundff’
Wulchieh " 501 K’ 1,006 x lbém3
Luitz-shen 1712 Kh? 2, 625 x 106m3
Higd-wen-lu 2172 sz 3,330 x 10 m%
Lin-wei 2304 Kni 4,320 x 10%°
‘Sediment Unit Rate of
Station . . ‘Cqﬁtenjg?tion Description Sediment Flow
Lin-wei 0.927% (wt). 1948, 195}, 17.4 kg/hz/yr.
1952. |
Nigswénelui  0.314% (wt) 1916 6.03 ug/m Yyr.
Wu-chieh 0.463% (wt) 1920 - 1923 9.39 &g/h /Yr.
Tzu-mei-yuan 0.117% .(Vol) 1617« 1918 2.34 l/h /yr.
Tzu-mei-yuen . 0.2405% {(Vol) 4.83 1/n° /yr.
Tiu—meigYuan 0.8%. (wt) Yu Masu Tani 16.1,kg/hg/yr.

Tt i83%> te noted thet ° etween Lin-wei and Niu-wen-1lu there
are ro large tributaries, yet the sediment zt-Lir-wei is 2.9 times
that at Niu-wen-lu. Hence the sediment stedy of Lun--shen-chizo
Reserveir ouskt to e based on the silt dete f the nezrer siation
Lin-wei.

Erediction of Annual Ressrvoir Sediment

Let @ * Dry weight of:unlt uo}amé of sediment in reservoir, and
assufie all sediment settles ip the reservoir, then the followin
table stands:
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Annual Sediment Rate of

. P 4 zorosity Void 105M3 . Sedimentation (%)
(Ton/M™) (%) "Ratio  Chischi Lung=sien- Chi-chi. Luag-shen-
. o eNT20 - - Ciiao
0,208 92.15 11,75 . 192,5 117 16.45 13.77
0.5 81.90.  4.34 80.0. 4846 6.84 5.72
1,0 62.20 1.65 40.0 24.3 3.42 2.86
1.5 43,40 0,77 26,7 16.2 5.28 1.905
1.87 29.30 0.41 21.4 13.0 1.825 1,53

In the United States, Actugl records on ) velues og reservoir sediment
range from 13 - 117 1bs/ft or 0.208 - 1.87 to-s/M , and the effective
life of 2 reservoir is-considered to te 60% of its.orizipal capeacity.

_Records at, Wu-chieh showed thet the trzp effeciency or the ratio
2f reservoir suzce occuplied to an-wal ru.-off is 0.183%. Assuming.
the seme rztis te spplied to Chi-chi and Lun;-shen-chiao then the follow=
ing results:

Annuzl reservoir sediment

Chi-chi. 4320'x 10° x 0,00183 = 7.9 x 10° m3/yf.
Lung-shen~chiao .2625 x 106 x 0.00183 = 4.8 x 10?~m;/yr.

Fercentage of Annual Sediment to Capacity

S 7.9 = n.
Chi-chi TTaeT * 100 = 0.675%

- - . 4.8 Lot -—
Lung-shen-chiao X Y00 = 0.565 %

850

This problem may be investigated in a dif ferent way as follows:

Let S = Totzl sediment-earried in the flow (Ton/y¥:3
E = Percentage o total sediment deposited in the reservoir
V = Reservoir srf%e'occuf ed ner vesar,
G ® Annual runcff, in m3 er yr.
P

w = Percentage by wt. of sediment



w
) E v = FP
v = ngE = -—§- — -
2. P Q ?
In Wu-chieh V_ _ 0.00443E _ 0.00183
Q e
B )
— = ) 306
e

I3 - E - e el 3 -
fssuming seme = = be applied to Chi-chi and Lung-shen-chiao,

p
e -%~ = 0,396 x 0.00927 = 0.00367

V = 0.00367G

- 3
For Chi-chi, V = 0,00367 x 4320 x 106 = 15.8 x 106 m /yr.

6 3
For Lunz-shen,chian, V = 0.00367 x 2625 x 106 =9.63 x 10 m /fyr.
Rate of Capacity reductioa:
. 15.8 _ ,
For Chi-chi 170 X 100 = 1.35% per yr.

For Lung-shen-chiao  9.63

<50 X 100 = 1.13% per yr.

The factors affecting P, avc distribution of particle size, the

rawdown condition, =nd years of service. The factors affecting E
are width of reservoir arez, length of back water, and velocity of
rlﬁW’ The rel-tior of @ and years of service is often represented
by P r = ?0 + X log T where P is vrlue of  in the initial stage,
is value of @ after T years 3f service. Mr. Brown, in his study on
control of rescrvoir sediment, indicated that when the reserwir is .
amptied, the reservoir sediment, after lons exposure under sunshine
will shrink to ore helf of its original volume,

Conclusion:
It may be seen frorm the above thet the effective life of Chi-chi
Reservoir (60% of total Capecity) would very {rom 3.65 to 88.9 years

and thet of the Lung-shen-chizz Resesrvoir from 4.36 to 106 years.
Necessity for further collactiosn of silt dota is irdicateds
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GEOGRAPHICAL NAMES

(North & Central Taiwan)



A-yu

C

Central Range

North Taiwan

L

W e il

(Chung-yang-shan-mai)

Chia-nan

Chia-yang

Chia-yi
Chieh-cheng
Chih-hu Reservoir
Chih-hu Tsun
Ching-chuan
Ching-tsao-hu
Chin-shan-mien
Chio-pan-shan
Chiu-kang (Ti-kang)
Chiu-liang-hsi
Cho-lan

Cho-lan Hsiang
Cho-lan Reservoir
Chu-keng
Chu-keng Reservoir
Chu-kwang-keng
Chu-lin

Chu-nan

P&

e

&

R
A

R

H 3238
And(ALE)
& Hsls

HAE (KA)

A BAE (A2-F)
=5

S o
MR

3%

R B

AR IR,

#*
&

Lk

;
&

-

Chu-nan Hydraulic Association

Chung-kang Chi
Chung-li
Chu-tung
Chu-tung Canal

AR 8

R K

Construction Office of Taipei City

Government

AL T H S R

E
" Erh-chung-pu —FH
Erh-pen-sung Bl %

F
Feng-yuan No 1 2 B—it
Feng-yuan No 2 ¥R R
Feng-yuan No 3 LRI
Fu-hsin iR

H
Hai-shan S
Ha-pen v A&
Ha-pen Reservoir b AR B
Heng-chun 15 A
Heng-lung-shan Station Mt LRl
Ho-ping Hsiang For - 40
Hou-li BE
Hou-lung #H
Hou-lung Chi HBALE
Hsiang-pi f--4
Hsiang-pi Police Station £ #4505
Hsiang-pi Reservoir 2 ARE
Hsiang-shan &
Hsiao-li )
Hsiao-tsu-keng DAY ¥
Hsi-ho Dam o5 ¥ 3%
Hsi-ho Reservoir TR B
Hsin-chu W 4r
Hsin-chuang D
Hsin-kwei-shan A fB.b
Hsin-kwei-shan Plant e L)

Hsin-tien }H
Hsin-tien Chi %



Hsin-tien Fault
Hsi-shui-shan Station
Hsuan-yuan
Hsueh-shan-keng
Huan-shan

Hu-kow

Hwa-lien
Hwo-shao-liao
Hwo-yen-shan Dike

I-lan

J
Jen-lung
Jih-nan
Juan-chiao
Jui-fang

K

Kan-kow
Kao-hsiung

Kao-kang (San-kwang)

Kao-ling
Kao-yixlan
Kee-lung City
Kee-lung River
Ke-ya Chi
Ku-kwan
Kwan-hsi
Kwan-tu
Kwan-yin

Kwei-chu-lin Reservoir

Kwei-chu-lin Tsun
Kwei-shan

#EE &

b 9% SN EE:L 9
5,
52

Rik=]

#.3%
K&

X T

A%
A&
#45

T
AR

M

)

Mk

A2 kK B
14T AR AT
Bl

_ Qi —

L
Lao-hao % 0 MR
La-hao Reservoir I gE R R
Lao-chieh Chi * By ik
Lao-chuang Chi * ik
Lao-tien-liao Chi W R
Li-mo-kan FEF (FEF)

Li-mo-kan Reservoir $)E FR AR

Li-yu-tan wBE
Lower Ta-chien (lsia-ta-chien) TFi% X,
Lu-chang J %5
Lung-tan i
M
Ma-an-liao L¥°Y
Ma-chu-keng ) XS
Mai-fu-ping Reservoir SR IE IR
Ma-li-ko~wan BT E
Ma-lun BA ()
" Ma-mei (Ma-ming) s (%5
Miao-li Hsien RS
Miao-li Hydraulic Association
HEARFERE
Ming-teh Reservoir A B AR
Ming-teh Tsun B &4
Mt Ho-huan S0
Mt Nan-hu e NE
Mt Ta-pa-chien K K
Mt Tsu-kao kg (Ba)
N
Nan-chuang 2l
Nan-kan 3%
Nan-keng Chi & ik
Nan-shih )2
Nan-shih Chi # B

Nei-wan Tsun 7 A



Nuan-nuan : R
Nuan-nuan Reservoir E g AK B
o
O-mei KB
O-meij Chi uk JBIE
P
Pa-chieh AN
Pa-hsien-shan Al
Pa-hsien-shan Lumber Yard
PNCAINTY &
Pa-hsien-shan Railway PNCAINTY 73
Pai-leng Gi%
Pa-kuai A
Pa-tu AR
Pei-pu Thermal Power Plaut
JEHR KT B A
Pei-shih Chi bl
Ping-chen “F4L
Ping-lin A
Pi-ya-nan-an-pu B d#H
S
San-chu-hu Reservoir kAR R
San-chu Tsun kA (M)
San-hsia Z3
San-i =5
Sha-hu-li R
Shang-ping Tsun IR
Sheh-liao-chio AREA
Shih-erh-liao + = &
Shih-kang &8 (BH)
Shih-ling 8] A~
Shih-men &N
Shih-men Reservoir pALY S
Shih-pah-erh +AH

Shih-tan Hsiang o £

Shih-ti P2y
Shih-ting ~ BET
Shou-feng ' HY
Shuang-chi “E
Shuang-chi Reservoir R B
Shui-ti-liao AR
Sung-shan Ay
Sung-shu-chiao #&ﬁ?ﬁ?
T
Ta-an Chi P32
Ta-chi X%
Ta-chia Chi KP¥%
Ta-chia Chi Development Commission
XPEMBEAET
Ta-chien e B0
Ta-chien Reservoir ZARE
Ta-hsi X%
Ta-hu X
Tai-chung 5
Tai-chung Hsien & ik
Ta-ko-nan (Ta-ku-nan) xgld (k+téd)
Tai-nan £
Tai-pao-chiu ’ P 78
Tai-pei Bridge i
Tai-pei City FIbF
Tai-tung D 4

Tai-wan Power Company £%% /A3
Tai-ya-kan AEF (A¥HH)
Tai-yu-ku £ .20
Ta-ko-kan Chi X %%
Ta-ko-kan Railway Bridge X #4645

Ta-kwan P A
Ta-nan-pu K
Tan-shui River JART
Tao-shan CoAE



Tao-shan Police Station k.2 5k ¥ #7

Tao-yuan A
Tao-yuan Heik
Tao-yuan Canal HE k3
Tien-leng Fih
Tien-leng Reservoir Kb K

Ti-kang (Chiu-kang) #A GLE)

Ting-pu Canal T Y
To-lo-ku Chi weRE R o
Tou-chien Chi R E
Tou-fen Erg0
Tou-wu Hsiang I8 B
Tsao-shan (Grass Mountain) 2.y
Tu-cheng EX 1
Tung-hsiao BF
Tung-shih F &
U

Upper Ku-kwan (Shang-ku-kwan) k%

— iV —

w
Wai-shih-tan shRiE
Wan-hwa 5%
Water Conservancy Bureau KA B
Water Resources Development Com-
mission KA RABLERE
Wu-lai (FEE) Bi

Wu-lai Police Office B R Rk T
Wu-lai Series (Urai Series) R %
Wu-lai Reservoir (k##3%) BAkKE

Wu-tu BM
Y

Yuan-li jAE

Yuan-shan &l 1

Yuan-tung-tzu -5 &

Yu-cheh-kou pi R A

Yueh-mei AE



A

A-leng Chi
A-li-shan Chi
A-li-shan Station
Ao-wan-ta

C

Central Taiwan

M
TR
o ANER: 21
A¥, %

Central Range (Chung-yang-shan-mai)

Chai-tou-chiao
Chang-hu
Chang-hwa
Chang-nao-liao
Chao-an-liao
Chao-jih

bk
R
21k
AE R
R
R

Che-lung-pu. (Kwang-lung Tsun)

Chen-yu-lan Chi
Chia-nan Canal
Chiao-li-ping
Chia-tsou-liao Chi
Chia-yi

Chia-yi Hsien
Chi-chi

Chi-chi Reservoir
Chi-chow
Chien-cho-wan She
Chien-kow
Chien-kow Fault
Chien-pu-tso
Chih-kan
Chih-mao
Chi-lung-shan Fault
Ching-pu
Ching-shui

BE O CGLEH)

R %
=) K
X7 3F
R
B
#?74){?71119?
A

F 2B
R
HOHRER R
AT 3

% 5p

SR A

#40

F R

-

j—

Ching-shui Chi

Ching-shui-chi Reservoir

Chi-tou

AL

S )

R

Chiu-chiun-lin (Chiu-hsiung-lin)

Cho-lan
Cho-lan Strata
Cho-shui Chi

Cho-shui Main Canal

Chuan-chung-tao
Chu-chi.
Chui-fen
Chu-keng
Chu-keng Fault
Chu-kung
Chung-kwa-liao
Chung-kwei
Chung-liao
Chung-niu-keng
Chun-kung-liao
Chun-ta
Chun-ta Chi
Chu-ping She
Chu-shan
Chu-tzu-shan

E

Erh-shui
Erh-wan-ping

F

Fang-li
Fan-tzu-liao
Fen-chi-hu

LH
M
HARSBE
NP &
/",}AJ%
&7
IR
LB &
4 x

AE I b
it
¥
&4 3%
SRk
ARk
AR E
i &2
s
#F

=K
B

5Y
&F %
B AT



Feng-jung
Feng-yuan
Fu-hsing

" Fu-shih

H

Ho Chi

Ho-chi-tso Canal
Ho-huan-shan Station
Ho-she

" Ho-she Chi

Ho-shui Chi

Hsiao-mei (Mei-shan)

Hsiao-pu She

~ Hsia-tan-shui Chi
Hsi-lo

Hsin-chu
Hsin-she-chuang
Hsiu-ku-luan Chi
Hu-wei

1

I-na-kuo

J
J én-lun She
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MONTHLY RUN-OFF HYDROGRAPH

MA-HSI-TO-FANG RESERVOIR
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Fig 27
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Fig 30
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Fig 31
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Fig 32
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Fig 33
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Fig 34
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Fig 35
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Fig 36
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Fig 37
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Fig 38
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Fig 40
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Fig 43
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Fig 47

RUN-OFF ACCUMULATED IN /06 M3

30~

L1-YU-KU RESERVOIR

DURATION & MASS CURVE
FOR SITE B
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X
© 54 19.9¢mS @max OF DIVERSION CANAL FOR 3.6 cms, USE RATE
=
W
w
A
]
§ Qmax OF DIVERSION CANAL REQUIRED FOR 3 CcmS. USE RATE
& 104
71941-42 AVERAGE RUN-OFF 5,96 cm S.
0 . .
Y 50 100
PERCENTAGE OF PERIOD AT WHICH THE ESTIMATED
FLOW EQUALED OR EXCEEDED 194/-71942
AT
1000 /r/
] NATURAL FLOW MASS CUR 1{5/
. \/ LT
., ,4/’/ // T
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: Al
o 6}4/
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| r //‘
- s /
4 y §
500 S L
T !/277‘|H||
1 ATTI LT || N avareasie Frow mass conve
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-l 2y
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s 18
: VQ 1 B3 ]|
A s | 3 Jise
. —-—*W JEI FHIN USE MASS CURVE
] 1 R MEAN RATE 143 cHs,
g 5
— q RNES
e IMBEL
X il i |
. B __,_._‘-—,—’ RESERVOIR Z'?/?SI‘/N ‘/){PlﬁiClT R(‘//Y-O/"-’F)‘O,Zlolc‘/ﬁs
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Fig 53

NAN-KANG-CHI RESERVOIR

D.A=76.3KM =29.5M1?
L=117KM=7.28 M.
Lca=4.05KM =3.13M .
SsT=0.0317
LLca=(7.28)(3.013)=22.78

M= 0.212,7(LLca)036=0.212./(22.78)9:3¢
=0.212/3.08=0.0689
¢'=0.64/8s7= 0.64°0.0317= 0.6,/0.178=3.37
Set FrR=6HR.
7PR=c' EM'7?R=3.37(0.0689)(G)
=3,37€0.4134 = (3.37)([.512)=5.l0HR,
AM= 0.121SsT°142_0.050
ML -MtAM”
=-0.0689+0.121(0.0317)0142_0.050

=-0.1189+0.12I(3Tggom@e)=-0.1189+(0.12) (753)
=-0.1189+ (0.121)(0.614)=-0.1189+0.074= - 0.0459

¢'=382 (LLcar 0-36=382(2278)"©-36=382,/3.08=124

QpRr=c’EM TR =124 (- 0.0459) ()

=24 075=1(24/1.32=04 CFS /532.Ml.

T=5 (tPR+ TR/2)=5(5.10 + 62)=(5)(8.1)= 40.5HR
Wso=4.75 (FROM PLATE 9. CORPS OF ENGINEERS 1948)

Wis= 2.75

& = (94)(29.5)=2770 CF8/J*g=1 1O CFS/JMMR= 3.12 CMS {MMR

If R=452MM/GuR
a=(452)(3.12)= 1410 c.M.s.




DETERMINATION OF EQUIVALENT

NAN - KANG CHI SLOPE
STATION |ELEVATION| A ELEV. L Si Jsi 7.6{_‘.'_
DAM SITE| 480
486 ¢ | 1,500 |0ooo0a00| 00633 1580
CHUNG-LIAO| 519 33 | 1,500 |002200(0.1483 | 678
TA-LIN s66 47 | 1,500 |003130|0.1770| ses
625 9 | 1,500 [0.03934|0.1975| 507
671 a6 | 1,500 |003070|0.1753| s70
seo | 189 | 1,500 |012600 casso| 282
1300 440 | 1,500 (029350 0.5420 84
;:;%”'E"' 1978 | 675 | 1,200 |056250|0.7500| 133
N=8 Z(Y5i=44.76

Sgr = l%(}fﬁ)ﬁ@/u.n) 2= 0.0317
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Fig 56

SHNOH NI 3NIL

ov o€ oz , ol o
N\ |
AN
\ 00S
\ \ " |
\ [
\ {
\ [
« 1\ ]
N\ [
‘ N\ |
3IAIND  MOJALNO --=Z
. 0001
NA
/
A\ [
IAYND MOIENIT -] \
/
VA T
00S|

FAHND MOT4LNO-MOTAN!

H10AH3S3Y IHO-ONVI-NVN

FOYVHOSIA

'S'W'D NI




Fig 5§57
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Fig 58
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Fig §9

NAN-KANG-CHI RESERVOIR

PU-LI STATION ANNUAL RAINFALL
23YEARS AVERAGE 2600 M.M.
ANNUAL ACCUMULATED |RUNOFF
YEAR RAINFALL RAINFALL COEF - |ANNUAL RUNOFF
M. M. M.M. FICIENT M
19 2 3161.5 316I1.5 |0.67|156,500000
192 2599.9 5761.4 |0.67|134700000
1 92 3406.1 9167.5 |0.67 179,200,000
192 25192 11686.7 (0.67 131,600,000
1 93 3094.6 1478 1.3 |(0.87 163,000,000
193 283 7.1 176184 |(0.67 149,200,000
1 913 26884 20306.8 o.e7ln4|,eoo,ooo
1 93 1 496.7 218035 |0.67 7 8,800,000
193 1 78 4.9 235%8.4 (0.67 94000000
193 27013 26289.7 |0.67|142200000
1 93 | 8904.2 281839 [0.67 99,700,000
193 244096 306335 (067 |1 29000,000
193 306 2.1 33695.6 (067 |161,300,000.
1 9 3 302 2.9 367185 |067|159100000
194 23 9 2.7 391112 |0.67 (126,000,000
1 9 4 2770.7 418819 |(067|145900000
194 21922 44074\ 0.67 |1 1 5,400,000
1 9 4 194 1.6 460157 (067102200000
1904 31476 491633 (067165700000
1 9 4 2790.1 519534 (067 147,000,000
1 9 4 | 8 44.0 537974 (067 97,1 00,000
194 36424 574398 |067 101,800,000
194 22 04.6 5906444 (067 |1 15100000




Fig 60

NAN-KANG-CHI RESERVOIR

. PU-LI STATION RAINFALL MASS CURVE
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Fig 61

IN mm.

RAINFALL

106000

NAN-KANG-CHI RESERVOIR
PU-L!I STATION RAINFALL MASS CURVE

1933~ 1937

MAX. OEFICIENCY 60,000000m?

RATE OF DISCHARGES. cms.

1933 4 1934 1935 1936 1937

5,000

RUNOFF IN CMS DAYS.




Fig 62

RAINFALL IN mm

10,000

NAN-KANG-CHI

RESERVOIR

PU-L1 STATION RAINFALL MASS CURVE

1938 ~ 1942

MAX  DEFICIENCY 60,000,00pM3

N

RATE OF DISCHARGE CMS

. 1938

1938

1840

1941

1942

5000

RUNGFF IN CMS DAYS




Fig 63

NAN-KANG-CH |

1943 ~1948

RESERVOIR
PU-LI STATION RAINFALL MASS CURVE

15,000

10,0600

RAINFALL /N mm.

5,000

16,000

3 “
8
)
/ N
§
$
3
2
3
Y
<
/ :
’/’/,/,,/,/// <
1944 1945 1946 1947 1948

5000

RUNOFF N cms DAYS.

1943




Fig 64

NAN-KANG-CHI
AVAILABLE RATE OF FLOW WITH MAXIMUM RESERVOIR
STORAGE CAPACITY 60000000M?

RESERVOIR

AVAILABLE RATE | AVAILBLE RATE | ORDER
YEAR cm.s.  |ARRANGED IN ORDER
C.M.§. NUMBER
1926 4.95 5.2 x
(927 4.7 5.2 2
1928 2.9 4.95 3
1929 .2 4.8 4
1930 4.3 4.8 5
HEER 3.6 4.7 6
| 1932 4.05 4.7 7
1933 4.2 4.6 8
1934 4a.15 4.3 9
1935 5.2 4.2 | o
1936 4.8 4.2 |
. 937 4.0 4.2 12
1938 3.2 4.15 (3
1939 4.2 4.05 | 4
(940 2.9 4.0 s
L 941 2.65 3.9 | 6
94 2 4.7 3.6 [ 4
1943 4.8 3.5 | 8
| 944 3.0 3.2 L9
19045 3.s 2.9 20
1 946 4.6 2.9 2 |
(947 4.2 2.65 2 2
3 = 90.70 AVERAGE RATE=9'<£20=4.I cC.M.5.
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Fig 66
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Fig 67
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Fig 68
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Fig 69
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Fig 70

000099y S6T ! 091 | 8 ) 81
o8yl OI'EEY o000LL'S vOo9 | o€Ev | L) L
osvi SO EEY 000'0S 1‘L 686 | 8LLI 9 | 91
o9€E | O6'ZEY 000'569' 8 S6€2 ooz $ 1 S
ol11 oL ZEY oocozv'o| §682 06s2 v vi
SO6 SE2EY 000'058° 1 | s6z¢ 0o0ZE € ! £
s29 cO'ZEY 000'080'0 0082 06 €€ z 1 Zi
gcY IS'IEP 00006 9 26 1 ol1ze2 1 1
Zle SEIEY 000‘000°S sect or9 | 01 0l
622 SI'1EV 000‘019‘E 800! 9S11 6 6
ooo‘ey9‘e SEL 099 8 8
000096" | S¥sS ol19 L L
000PSS | vey oey 9 9
0O00'P8 1} 62¢ 89¢ S S
681 (K14 000'816 ss2 062 1 v
000°299 ve ! oze € >
000 vLE vO 1 sSvi (4 (4
000'801 oe 09 i !
TWAYILNI 40 TYAYIINI | TUAN3LNI ONI .Z%wu._._“__zﬂo SN HIOAN3S SUNOH
ON3 1V 31Vd| 40 ON3 1V Lyng YIOAY3S| onINNIDI8 -3 OLNI MONd| NI QOO
ADYVHOSIO | NOILVA3TI |3y OINI MOTH| Jv 39WVHD [-NI 30 31VH | 40 ONINNIO d3is
><;..“._Em m_ozmwmwm NI 40 w.‘s.._g -s1a mzﬁz w:om_z%zﬁmz_ -39 h_o, INIL

HIOAY3S3Y
NOILVLNAWNOD ONILNOY-dOo014

17-Nd




v 809¢& TYNNNY NVYIW
W L10E ATIVG XV
NOILVLISIOFH o

E v 94656 4
v 98425 ONWMIAL

W 228y ONVANYN V' d

=
/.. _ > .
\ _
i 4/
000051 FIVOS \

H10AY3S3d 1 HD-NM /

1L 613
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Fig74

c.rS MONTHS

RUN-CFF IN

STATION & RECORD AVAILABLE

STATION

O A BRANCH PERIOD 0BS | REMARKS
KM?

CHUAN-CHUNG-TAO | 382 9 | PEI-KANG CHN 1937 — 41 | TAIWAN POWER CO.

KUO-HSING

5188 s 1939 — 40

PE-SHAN-KENG 412.2 | NAN-KANG cwil| 1937 — 39

WU-—-CH! RESERVOIR

MASS CURVE

ESTIMATED FROM RECORDS AT
KUO-HSING & PEI-SHAN-KENG ST.A.

2000
1800 T
70 CMS
3 80 /
1600 - - -
: } P
40 7/
1400 0 n ” R ]
d . '\-“’//f
/ 20 0 &
R s
0 /
| .
1000
i //éii;’”’/”’
§
e
_ _REGULATED 54 M8
\ 1939 AVERAGE YEAR

ASSUMED ON SAFE SIpE
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DETERMINATION OF -EQUIVALENT CHO-SHUI CHI SLOPE
AT CHI-CHI DAM SITE

STATION ELEVATION ELEQT,ON L | 8T 231
CHI-CHI
RESERYER 200 L500
214 14 K 0.00934 | 0.0965 10.37
226 12 0.00800 | 0.0895 11,17
240 14 0.00934 0.0965 10.37
260 20 0.01333 0.1154 8.67
260
260
270 10 0.00667 0.08186 12.25
280 10 0.00667 0.081 6 i2.25
295 15 0.01000 | 0.1000 10.00
LUNG'SHEN-CHIAO 297 2 0.00133 0.0364 27.50
300 3 0.00200 | 0.0447 22.38
312 12 0.00800 | 0.0895 i1.17
329 17 0.01132 | 0.1064 9.40
352 23 0.01533 | 0.1237 8.07
362 10 0.00670 | ©.0820 12.20
_ 371 9 0.00600 | 0.0775 12.90
395 24 0.01600 | 0.1265 7.92
4209 34 0.02262 | 0.1507 6.64
44 3 14 0.00934 0.0965 10.37
461 18 0.01200 | 0.1096 9.13
478 V7 0.01132 ] 0.1064 9.40
492 (4 0.00934 | 0.0965 10.37
508 Lo 0.0i067 | ©.1062 9.42
510 2 0.00133 0.0364 27.50
521 I 0.00734 0.0856 11.68
535 14 0.00934 0.0965 10.37
546 i1 0.00734 0.0856 11.68
5409 3 0.00200 | ©0.0447 22.38
553 a 0.00266 0.0516 19.34
554 i 0.00067 | 0.0259 38.60
557 3 0.00200 | 0.044 7 22.38
567 12 0.00800 | 0.0895 ti.17
580 11 0.00734 0.0856 11.68
507 17 0.01132 0.1064 9.40
622 25 00662 0.1285 7.78
631 9 0.00600 | 0.0775 12.90
640 9 0.00600 | ©.0775 12.90
647 7 0.00466 0.068 3 14.64
652 3 0.00200 | 0.0447 22.38
668 16 0.01066 | 0.1062 9.42
674 6 0.00400 | 0.0633 15.80
WU-CHIEH DAM 71 4 40 0.02665 | O0.1662 6.02
727 13 0.01280 0.:119 8.94
740 13 0.01250| o511 9 8.94
T ZU-MEI-YUAN 753 13 0.00867 | 0.0931 10.73
781 28 0.01870 | ©0.13¢68 7.32
797 16 Q0.01068 Q.1033 9.67
I-NA-KO | 832 35 0.02333 | 0.1528 6.55
847 15 _0.01000 | 0.1000 10.00
865 18 0.01200 | 0.1096 9.12
882 17 0.01131 0.1064 9.40
897 | 15 0.01000 | ©.1000 10.00
206 9 0.00600 | ©.0775 12.90
914 8 0.00534 0.0731 13.66
933 19 0.01267 0.1125 8.89
959 26 0.01731 0.1316 7.60
1000 41 0.02730 | ©.1650 6.05
1010 10 0.00667 | 0.0817 12.24
1022 12 0.00800 | ©.0895 1117
040 18 0.01200| 0.109¢6 9.12
1080 40 0.02666 | 0.1633 6.12
1150 70 0.04670 | 0-2160 4.63
1185 35 0.02333 | 0.i528 6.55
1220 35 0.0 2333 0.1528 6.55
1260 40 0.02666 0.1633 6.12
1304 a4 0.02939 | 0.1713 5.84
TO-LO-KU 1335 31 0.02065 | 0.1437 6.96
1375 40 0.02666 0.1 633 6.12
1424 49 0.03263 0.1 807 5.53
1462 3s 002534 0.159) 6.28
1600 3s 0.02534 | 0.1591 . 6.28
1740 140 0.09330 | ©.3058 3.27
1900 i 60 0.10680 | 0.3264 3.00
2100 200 0.1 3333 | 0.3650 2.74
2330 230 0.15333 | 0.3917 2.56
2520 190 0.12670 | 0.3560 2.81
27 60 240 0.1 6000 | 0.4000 2,50

N=77 =( Ygr)=1796.19,

ssT=(N/2 ( Vei)*= [77/7.oo.|9]2=0.00935

D.A.= 3.303.30KMZ=889.25%.MI.
L= I 15.5KM=72MI.

Lea= 45.8KM=28.5M L.

SgT= 0.00935

LLcA=(72)(28.5)=2052

M = 0.212( { ©36=0.212,2052 03¢
= 0.212/15-6 = 0.0134

€' = 0.4/557=0-6//5.60935
= 0.6/0.0968 =6.21

+pr = CEM7TR (6.21)E0.0314) (&
=(6.21) E0-0804 =(6.21) (1.084)
= 6.74 HR=6.8HR.
SET TR= 6HR

M= - M +aM".

aM'= o.2t SSTO'MZ’ 0.050

M = 0.1215¢1 0142 0.050-0,0134
= 0.121857 0-142-0.0034
= 0/12:(0.00935)°:142_0.00634
=(0.121)j 55,0143 ~0-0634

=(0.J20)/7F7-0.0634

=(0.120(0.515-0.0634

= 0.0623-0.0634==-0.00I|
C'=382(LLe yO36=382/15.8=243

gpr = CEM TR=(24 2)(0.001 1) (6)

= (24.3)E"90066- 5,4 3 /1009

= 24.2 CF5/5Q.MI.
T == 5(tppr+FR/2)=5(6.8+3)= 49
W50=25HR. Wy5=14.5HR.

TPR = ¢ EMTR(.21)E (0-0134)24)

=(6.21)E ©-322-4; 21)§.379)
= 8.5728.6 HOURS.

SET TR= 24HR.

9PR— C"EM'fR:(24_3)E(-0.OOI N(24)
=(24.3) E79-0264=(24.3)/(.027)
= 23.70 CFS/5Q.MI.
= 5( 7PR+7TR/2)=5(8.6+12)= O3 HR.
Wso = 24HR.
W75 = 14 HR.

PR = C'EM 7R =(¢.21)EL0-0134)(12)
=(6.21) EO16=(6.21)(1.174)
= 7.3HR.
se1FR=12HR.
gpr= C"EM TR=(24.3)e{-0.001102)
= 24.3 g—0.0132
= 24.3/1.013 6 =24 CFS/M!2

T =5(*PR + T1R/2)= 5(7.3+6)=606.5HR.
~ W5g=25HR.

W95 =14.5HR.

ge 164
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Figl134
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CHI-CHI RESERVOIR
FLOOD ROUTING
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CHI~-CHI RESERVOIR
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