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PREFACE

The Government of Japan, in respénse to the request of the Government of
the Republie of Korea, agreed to carry out the survey for the long-term

multipurpose dam schemes in fhe four major rivers in Korea, namely, the

_ Han, the Nakdong, the Geum and the Seoumjin rivers and commissioned its

implementation to. the Japan International Cooperation Agency {(JICA), an

orgénization.to execute overseas technical cooperatioﬁ schemes of the.

Government of Japan.

JTCA @ispatched a preliminary survey team consisting of five (5) experts
headed by Mr. N. Aihara to the Republic of Korea for a period from June
15, to June 30, 1977. ‘The survey bLeam confirmed the purposé of the

survey and decided the scope of work.

The reguest of the_Go?ernhent of the Republic of Korea is to'sélect 3
~to 10 damsites out of the 24 prospective damsites which can be developed
advantagedusly both technically and economically, and to carry out the

preliminary feasibility study necessary for the long-term development

of water resources in the Republic of Korea.

It was decided to carry out the survey in two stages; 1o select 8 to
10 damsites in the first'stage, and to carry out the preliminary fea—
gibility study on each of the selected multipurpose dam schemes in the

second stage.

The period decided for the first stage was for six months from.October
1977 to March 1978.' The field survey team consisting of ten (10) ex—
perts headed by Dr. H. Waki was dispatched to the Republic of Korvea
from Ociober 10, 1977 ‘to Decémber 17, 1977. Baséd on the results of
the field survey, the study to select the high pfiority'daﬁ'schemes

was carried out in Japan,



The results of the first stage survey are contained in this report
together with the recommendations necessary for conducting the second

stage survey.

In closing, T wish to express my heartfelt gratitude to the survey
tcam member for their effort, the deernment officials of the Re-
publie of Korea, officials of the Japanese Embassy in the Republie
of Korea for thoir.kind cooperation and the Ministry of Foreign Af-
fairs, Ministry of Internafional Trade and Industry, Ministry of .
Construction and Ministry of Agriculture and Forestry for their

support in dispatching the survey team.

June, 1978

Shinsaku Hogen
President
Japan International Cooperation Agency



LETTER OF TRANSMITTAL -

Date: June, 1978

Mr, Shinsaku Hogen

President

Japan International Cooperation Agency
Tokyo, Japan

Dear Sir,

We are pleased to submit our survey report on the first stage
survey conducted for the long—term multipurpose dam schemes in the
four major rivers in Korea, namely, the Han, the Nakdong, the Geum,

and the Seoumjin rivers,

The purpose of the first stage survey is 1o sélect, out of 24
proposed dam sites, 8 to 10 high priority project sites; on which
the preliminary feasibility study is to be performed in the second

stage survey.

To gttain the above purpose, the survey team conduéted.the.
field investigation from October to December, 1977 and the
preliminary:studies and analysis at home office from January to
Phréh 1978. A1l the results of the field investigation and study
are compiled into the Draft Survey Report, which was cubmltted to
the Government of Korea in March, 1978 ¥ith regard to the draft
report, dlscu551on meetings were held in beoul on 27th through
30th, March, 1978, participated by the staffs of the authorities.
coucefue& of the Government of Korea and the First Stage Survey
Team, Both partlies agreed that the contents of {he draft report

were generally acceptable.



%”

Tt is our sincere hope that the preliminary feasibility study
of the selected schemes be successfully carried out in the near

Tuture,

Taking this opportunltv, we ‘would 11ke to express our grdt1tude
to the pelgonnel of wyour Agency, the J&paneee BEmbassy in Korea and
the authorities concerned of the Government of the Republic of :
Korea for the courtesies ‘and cooperatlon extended to us during our

field survey and home olfice works.

Very truly yours,

Haruo Wali

Team Leader .

¥First Stage Survey Team, JICA for
the Long-Term Multipurpose

TDam Schemes
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‘SUMMARY AND . CONCLUSION

The field survey of the Long-Term Mulbipufpose Dam Schemes in the four
major river basins in Korea was carried out for about two months from
October 10th to December 17th, 1977, with such scope of work as the dam
sites reconnaissance, hyﬂrological data collection, flood control survey,
agricultural sucvey and municipal and industrial walter survey. Based on.
this field survey, the proposed 24 dam sites were studied and compared.
in respec¢t to the development scale and economic viability. As a result,
10 dam sjtes were selected fér:furthef investigation taking into
consideration the'magnitude of needs for'development to meet the

increasing demand for water in each basin.

In this ilrst stage survey, the follow1ng manners were applied for

survey, plannlng, cost estlmate, benefit calculatlun. economic

evalvation and selection of dam projects.

1. Procedures and Methods

(1} Proposed dam sites surveyed

In principle, those dam sites shown in "the Report on Pobential
Hydropoweré, "the Han River Basin Report" and othef relevant
reports were selected to be surveyed in this firsﬁ stage
survey. ‘These are referred to in this report as "the proposed
dam sites" by the Government of ROK. But in the following

cases, the alternative sites were adoptled:

a. In case the river gradient at the proposed dam site was
steep and the alternative site could be fohnd:iﬁ its upper

reaches: Hupeong, Gujeol and Hamyang

~b. 1In case the'pfopqsed dam” site was foun& geologically

inapprdpriate'fbr dam construction: No. 2 BOSéonggang;_

¢. In case the topoglaphy could not allow to construct ‘8
sufflclently hlgh dam and the alturnatlve site could be

found in the lower reaches w1th a bigger catchment area: Chlbo
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(2)

(3)

(4)

(5)

d. In case bhe alternative site could be found in the vicinity
of the originally proposed site, the both of them were

studied: Bamsednggal and Inje..

Developmént scale of dams

The appropriate development scale of dams was determined based
on the economic study in which four alternative cases i.e.
100%, 8C%, 60%, and 40% of development ratio, the ratio of

effective storage volume to mean annual inflow, were compared.

In addition; the following conditions were taken into

consideration:

a. The topographical and geological restrictions and the
consideration to protect local towns located in the upper
~ reaches from being submerged by reservoir: Bamseonggol,

Weolhak, Hongcheon, Panun, Dalcheon, Ganhyeon and Chibo

b. The topbgraphical and other restrictions caused by the
location of another propoéed-dam site in the upper reaches
of the dam.site surveyed: lInje, Dogog, Sutong and

Myebngcheon

Hydrological data

The monthly discharge data shown in "the Report on Pofential

Hydropower", "the Han River Basin Report! and other relevant

' reports were utilized with supplemeniafy correction as required.

Design flood

" The 200~year flood was assumed.

Txpe of dam

Eiﬁhef concreté-gravity type or rock fill.type was adopted for

cach dam after the comp&rative study .



(6)

(7}

(9}

Work quantilies of main civil structures

a. Dam

The work quantities of dam were estimated based on the site
reconnaissance by drawing the assumed rock lines on the

surveyed cross section chart of the dam axis.

b. Spillway

The work quantities of spillway were calculaﬁed by applying

an empirical formula based on the design flood..

Facilities of power stabtion, transmission line .and substation

In principle, it was assumed that each dam would be equipped
wiﬁh jﬁs own facilities of power station, transmission line and

substation.. ‘The installed capacity was determined to enable

. peak generation for five hours per day. The transmission line

was planned to connect each pdwef station with the nearest

existing power station or substation.

Compensation

"The Compensation Survey" provided by MOC was referred.

Construection cost

a. Cost for civil works.ConSisting of dam, spillway, watervay,
.pbwer station and others: The unit construction. cost
inéluding déﬁreciation cost of machinery was determined
referring fo the unit cost provided by MOC;

b. Cost for faeilitiesrof power station, tfansmissionrline and
substation: “The unit cost per kiJOwatf and per kilometer
were assumed. The cost for flood'forecasfing system is

included as well.

¢. Cost fqr=pfepafatofy works, general expense nnd_contingéncj:

These were calculated as a proportion of construction cost

5~ 3



(10)

(12)

and cqmpensation; The_20% of the total of construction
cost andicompensation including cost for preparatory works

and general expensc was considered as the contingency.

d. Interest during construction: The interest rate of 8% per

anoum was adopted.

Annﬁal cost

a. Capital 1écovery:coéf The du1dt10n period of 50 yedrs

and annual interest rate of &% were aseumed

_ h.'.Operatidn and méintehance:(O&M) Qost:' The. 0 & M cost was

caleulated based on 0.5% of construction cost for dam and
2.5% of construction cost of the facilities for power
station including waterway, pbwer plant, transmission line

~and substation.

Beneflb of hydro power genelatlon

a. _Kllowatt (kw) value: The k¥ value of 38 820 Won was
_de1]ved based on the assumed thermal alternative with
installed capac1ty of 300 My, unlt_constructlop ‘cost of
450 dollars per kW, duration period df.Bijears and interest
of 10.3% per annum.

L. Kilowatt-hour (kWh) vaiue: ‘The kWh value of 9.475 Won was
derived assuming -the fuel cost of 40.21 Won:per litter.

 Benefit of watef supplv'

Tor: each ba31n, the unlt benefit of water Supply that - ranges

-From 5. 8 to 9.0 Won per cubic meter was derived from the

'ZWE1ghted avelage of the unit cost of annual water supply‘ln the-

drought year that was calculated from the construction cost of

" an alternative dam exclus1vely used for water %upply.



(13)

(14)

(15)3'

(16)

Benefit Bf:flood contro1
The flood coﬁﬁrol was studied based on the surcharge methed.

In case no multipurpese dam was constricted downstream and

~consequently the filood control effect of the proposed_dam'ﬁas

deemed to be big enough to.proﬂect the'downstream:alca from
tiood, the benefit of flood control of the dam was detelmlned
by the constluctaon cost of an a]ternablve dam exclu51vely
used for flood control., As for other dams than the above, the
beneflt of flood control was derived from the Sepazable cost

for flood control function of +the multxpurposo dam.

Economic evaluation

Tach dam project was evaluated by the benefit-cost ratio (B/C).

Study on exclusion of power generation

In such cases that the eXclusion_of power generation would make.
the dam project more advantageous, the study of dam pfojecf
with exclusive purposes for flood control and for waﬁer‘supply

vag. carried out,

Selection of the dams fbr second s{age-survey :

-The selectlon of dam sites for second stage. survey was carried
sout based on economic evaluatlon taklng 1nto Lon51derat1on the

_ m&gnltude of needs for water Tesaurces development in earh

ba51n.' The.lesult_of econ0m1c_eValuat10n aud the mdgnltude of

needs for the coﬁstruétion of each dam area listed in the

Table S-1.



2. Conclusigg

i,
i

2
o The conclu31ou ol the first stage survey obtalned through the above
procedures is shown in the f0110w1ng table in which the dam sites to

be surveyed further in the second stage ave listed,

Dams Pxoposed for 5ﬂcond Stage Sulvey '

Dams not Proposed

1) -y I
Basin Ihe Highest . }?gh for Second
Priority Dams - Priority Dams Stage Survey
(B/C>1.5) (B/C>1.0) g Y
Han Bamseorggol (Ay) ‘Gujeol (Bg) = . Wolhak, Panun,
river Inje (Ay) o Dalcheon or Ganhyeon (By) Suju, Dogog,
-Hongcheon (As) Hupyeong (By) _ Pyeongchang
Nakdong Imha (An) Bonghwa (B3).' Chibo; Dogsan
river - ' Hamyang (By) ' .
Geum . o : Yongdam, Sutong,
river ' : " Myeongcheon,
Simcheon
= : Seumjin _ Jeokseong or Juam (32) . No. 2 Boseonggang
4 sites 6 sites 14 sites
vhere Ajy: advantageoue for each development of

hydropower, water supply and flood control

edventageous.partieuleriy for development
of water SUpply and flood control

Aj: adv&ntageoub partlcularly for development
of hydlopower

"advantageous for development of water eupply
and flood’ control

Bj: advahtagenus for development of hydfoPoWef



1-32
2-23
322
4-30

13-35
14-43
15-36
16-51
17=53

18-62
19-63
20-64

21-69.

22-77
23-82
24 -A4

Remarks:

- no mark and in parentheses is the 'separable cost for flood contrel function of the multlpurpose dam.. W

Table S-1 Evaluation of 24 Long-Term Mullipurpose Dams

: L B/C W/Power Plant | Total [B/c g{gniowel Charactleristic Beono, | . Topo.&|Material | Access Urgency Bvaluation Remarks
Name of Dam VE/QY : Const . Evalu—| —=2M2: [Geo. .
' By, BotBe BptButBi|Cosl |mefc (Bwpe)| ¥S P WS . noP |ation Cost Ws FC P
c C 105y C FC FC
P
5
Han K. -
I kn =
Bamseonggol {up) g% | 1.13 2.16 2.20 [28,570|1.80 1.85 | A B A A 0,49 | A |Soil  fimp. 17.5 oo
Hupyeong (up) 60 -1.03 1.11° 1.13 |30,78110.22 ' 0,25 B B B 0.23 A - new 14.3- < B
Inje (up) 100 1.35 1.59 1.60 |60,518 |0.48 0.50 A A A 0.59 | A |Soil  |imp. 11.0 e P A
Weolhal 31 0.56 0.65 0.68 |[28,570(0.13 0.18 D 0.65| ¢ -  inew 3,5 9 & D
. _ (2.20) _ 1(2.22) : A . e v
Hongcheon 60 0.89 2.18 1 2.59% | 58,564 [ 2.18 | 2.87%] A A A 0.79 By lAggregatejimp. 23.0] 3, 0. g A
| | | R g |
Gujeol (up) 60 | 0.91 1.06 1.10 {18,104 | 0.44 - 0.53 B B B 1.21| A [Aggregatelimp. 12,0 A o : B
Pyeongchang 100 | 0.66 1.12 . 1.14 {41,693 0.51 0.55 B’ B 0.66 | A {Soil nev 6.0/ & 2 C
Panun 5 0.49  0.57  0.59 {16,581 [0.13 0.16 "D | 0.96| A |Soil - @ - c
Suju 100 0.52 0.90 . 0.92 {35,164 |0.57 0.59 c 0.29 | A~ Soa& & Inew '17.5 Bt g C
Dogog T 33 0.64 0.98 1.01 {22,339[0.56 0.60 B 0,33 B EETE: lnew 4.0 a8 . c
' _ {(1-42) : 1(1.52) B 37 M .
Dalcheon 40 | 0.42 1.39 L1 91* 39,850 | 1.48 | 2.27%] A At A 1.52 | A - imp, 2.0 A 0 n _
s(l .62) t(z-.39) B . : k| B
Ganhyeon 35 0.46 1.61 2,03 32,796 | 2.37 | 3.23%] A Al A 2,08 | A - new 15,0 o 7
' N'dong R. &
Bonghwa 100 1.12 1.36 1.37 |[40,012]0.41 0.43 B A B 0.25 | B - imp. 25.0) o K B
_ ‘(1.66) (1.42) N e
Imha - 100 | 0.70 1.64 t 2,11% 45,3811 1.40 1 2,09%] A A A 1.53 | A - new 5.4 we~0 & . |a
. _ !(1.26) t(1.22) : : - ; A g
Chibo {down) 32 - | 0.49 1.24 1 1.,79% 92,608 1.19 t 2,05%| B B! A 3.34 B ‘|Aggregate] = - £g+£ 0 o C
Hamyang (up) 80 | 0.89 1.24 1.26 |35,603|0.67 0.69 B B 0.50 | A - imp, 9.2] B & 3 q B
Dogsan 80 | 0.49 0.96 0.98 |25,932|0.70° 0.74 B 0.78 | & - - G . c
. o Geum R %
Yongdam 100 | 0.62 1.23 1.24 152,773 1.03 1.04 B B .80 A4 | = new . 6.0, 9 o C | These dams. are
Sutong 20 } 0.74 1.34 1,35 32,277 1.02 - 1.04 B B 1.40 | A [ Soil new 10.5 . 49 A C | developed when
Myeongcheon 34 0.58 1.34 1.35 |'56,766]1.16 1.17 B B B 3.23 A Soil imp. 5.5 £ .2 42 il C |water demand in
Simcheon 100 | 0.40 0.81 0.83 [47,071}0.65 0.69 C 2.28 [ B |[Soil imp. 3.5|.@ R D | the basin exceeds
. N E : . : g 1n R 2N . ;apagi_’by of
o : _ o : _ T e S secheong dam
Jeckseong 80 | 0.26 '0.82 0.85 |24,192]0.79° 0.82 c 0.89 | A Aggregatelﬂm- 2.1 2 -f B '
Juam 100 | 0.37 1.120 1.14 73,729 0.98 1.0l : B 3.66 | A SRR - 5
No. 2 Boseonggang 40 0.15 0.86 ~0.89 [13,644{ 1.15 1.30 B 0 B 3,14 B S0il & - 5
' (up) ' ' ' Aggre.

VL = Effectlve storage capac1ty, Oy = annu&l mean 1nflow~ B.= Bemnefit, .p = power, w water supply, f = flood control In the column of B/C: flood control
benefit for the figire with asterisk is derived from the construction cost of an alternative dam: exc}u31ve1y used for flood control and for the figure with

= Water supply, FC = Flood control, P = - power,

noP = 'a case vhere it is profitable to delete power fac111tles, Comp Jcast = ratlo of cnmpensatlan cost to dam construction cost, in column of Topo. & Geo.
"A" ... the'site is reliable to contruet dam, "B" ... not so reliable, "By" ... fault is expected in river bed, "C" ... troublesome; in the column of material,
mentioned matérials are required to be investigatedj in the column of access, imp. improvement of existing road iz required, new = access road is newly
constructed, "Q" in F(Cof urgency ... effective to the lower reaches of the river, S - 7 '



Spécific Features of Bach Dam Site

The specific features of the 24 proposed dam sites are briefly

described hereunder.

t s

1~32Ll Bamseonggol (Rank : Al)

: The benefit-cost ratio is greater than 1.0: for the sole purpose of

hydropower generation. The upstreém site was found more advantageous
after studying the alternative sites. ‘The scale of development is
seieéted at such capacity of resevvouir as VE = 0,58 Qy. (VE:
effective storage of veservoir; Qy: mean annual inflow at the dam

site)

2-23 Hupeong (Rank : B3)

The benéefit-cost. ratlo is greater than 1.0: for the sole pufpose of
hyd;opowei gpneldtlon. Out of three alternative sites selected in
the upper, middle and lower reaches, the upstream Slbe was found
most advantﬂgeous. The deve]opment scale of about VE = O 60 Qy is

more advantégeous to this dam prOJect.

3-22 Injc (Rank : A3)

The benefit-cost ratio is greater than 1.0: for the sole purpose of
hydrepower genervation. The upstream alternative site was Adopfed as
it was found more advanlageous than the downstream alternative site. .

The large scale development such as VE = 1.00 Qy is deemed possible,

In this report, the 24 proposed dam, bltps ‘are, for convenience
‘of reference, given bheir proper  number in suoh a way that the
-consecut]ve numbers of 1 through 24 newly glvnn in this first

stage survey are hyphenediwith the one given in the ”Repoxt on

Potential Hydropower" prepared by MOC. As_an_ex<9pt19n however, -

these 4 dam sites that were not shown in the above report but
surveyed this time are numbered headed by A: = Al through A4.



4-30  Wolhak (Rank : D)

g% The scale of development is restricted Lo about VE = 0.31 Qy from
) the topographical and especially geological reasons. The benefit--

cost ratio is rather low.

5-A3 Hongeheon (Rank : A2)

This dam site is advanbageous not only for water supply and flood
control, but also for hydropower generation. The high watler level
(HWL) of the reservoir should be determined at such height that can

aveid the submergence of Hongcheon town,

6-3 Gujeol {Rank : B3)

The dam site is selected at Dogam upstream of the gdrge. The power

station site is selected at Gujeci downs tream end of the gorge,

The reservoir and power stabion are.connecfedfby a tunnel .of 14.3
kilometers long. Although ﬁhé available discharge is not énough,
the highest head in Korea of more thaﬁ 300 meters. is av#ilable. The

%% benefit-cost ratio is greater than 1.0 when beﬂefits-acérued'from

. - water supply and flood control are ad&ed to th&t of hYdropoﬁer

generation. This site Has compénsation problem at Kedari town.
This town may be moved to the pléteau in Lhe vicinity facing on the
.reservoir. Situating along the highway connecting Seoul and Kanwon,
this sité has an_advantége for tourism development. T% is also
conceivable to construct the dam on the middle reaches between
Gujeol and'Dogam aiming at avoiding the compensatibn problem of the

Kedari t@ﬁn and increasing the catchment -area and available discharge.

If resérvoir water is diverted to the cast coast, thelhead of more
than 660_meters (2 times. of the present plaﬁ) cah be bbtainéd with
‘.a shorter tunnel of'about”10.0=kilométers. Thus, the power sﬁatiah
with the higheét.heéd in Korea cén be expecfed. In this case; it 'is
conﬁeivahle to'inéreaSE'the available discharge.by_pumping ﬁp wdter
from the adjdcént”bésin; After the diversion'through'the.high-heaa:

power station méntioned dbove,another power stalion to be located



downstream could use both the diverted discharge and the discharge

from its own basin. The released water through these power stations

could be supplied to Kanwon city and its vicinity as municipal and

irrigation water,

7-9 Pycongchang {Rank : C)

The benefit--cost ratio is greater than 1.0: with total benefits
accrued from hydropower, wuter supply and flood control. The large

scale development such as VE = 1,00 Qy way be advantageous.

§-10 -Panun-(Rank : C)

The dam site is situated downstream of the Pyeongchang dam. The HWL
is selected al such height that may protect Cheonbgn town from being
submerged. The benefit-cost ratio is less than 1.0: with total

“benefils accrued from hydropower, water supply and_flood_control.

.However, if the sand. dep051t could be Ieduned by the constructlon of
Pyeongchang dam, the effectlve volume of resérvoir will be LnCteaSEd

%% and the more-preierab]e conditions may be expected.

9-13 Suju {Rank': C)
Even if the development scale of Vi = 1.00 Qy can be realize& the

benefjt cost .ratio is less than 1 0 with the total benefits accrued

from hydropower, water’ supply and flood contrel.

10-12 Dogog (Rank : C)

Belng located do»nsileam of buJu dam site, the scale bf=deve10pment
of this dam site is restricted to VE = 0. 33-Qy _The benefit-cost

ailo is nearly equal to 1.0: Ior total benelits accrued: {rom’
hydropower, water %upply and fluod oontlol - The fdvourdble COHdltiOn
to be noted is that the 1at10 of (Ompenbdtlou LOSt to construction

‘cost of dam is compa1dt1vely lov.
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1Al Dalcheon (Rank : B2)

The U¥L is settled at such height ax ecan avoid the submergence of
Goesan town. The benefits accrued from water supply and Flodd control
are expected tu be large. Its construction will lafgely depend upon
the magnitnde of demand for water supply and needs Tor flood control.
The ratioc of compensation cosl to construction cost of dam is
considerably high.

12-A2 Ganliyeon (Rank = B2)

The HWI: is seliled at such height as can avoid Submergence ol Weonju
(abqnt FL.124 m) and Heongseong (dabout E..llﬁ.m). This dam site is
udvantégecus for water supply and:flood control, The rvatio of

compensation cosl to construction cost is comparatively high.

13-35 Bonghwa {Rank : B3)

Two sites, ﬁhe upstream and the downsifeam siteé, are reméined to be
“selected by further survey iﬁ the second stage. In tﬁis_SUrvey reﬁort,
g%_' _ however, the'upstream.site is tentatively adopted. The benelit-
cost ratio.fs-greater than 1.0: for the sole beﬁefﬁt'df:hydropower
generat{on. The deévelopuent scale is sejentéd_ai Ve = 1.00 Qv .
The Following Stagé survpy.wjll include topographic survey of the

right bank hill and study of railway relocalion,

14-43 . Tmha (Rank : A2)

This dam sité'is.loca{ed favoﬁrably_fo confriﬂufe {o the developnrient

“of the lower reaches of.the haih Nalkdong river, Thé'éca}e'of:ddm .

. is.selected al VE .. 1.00 Qy, by whiéh Chedngsong viliage (abéuf EL.170 m)
will bc:submerged. The benefit-cosl ratie is not fhisod up by lower-

ing. the HWL.

15-36. Chibo (Rank : )
The height of this dam is reslricted by the compensation prdblem

ol Andong city (about EL.Y0 wm),

s
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The dam éité, Toéated downsbream of the originally proposed site,
1s Seiected to obtaid the bigger storage capacity. The left bank
has a geologlcal prob]em. vhich should be surveyed in the follow1ng

'stage gurvey.,

Being. 16catéd.d0ﬁnstfpﬁm'of Andong and Tmha dams, this dam can
contribute in’ great extent to the development, of the lover veaches
of Lhe Nahdong_rlver...The dam sqtp is advantageouq for waber
su?ply and fioo& control, while the ratio of compensation to

construction cost of dam is very high.

16-51 Hamyang (Rank : B3)

The dam site is selected at Shininwol upstream of the gorge and the
power station site at Monhwa village downstreém'ofithé'gbfgé. The
dam and power station are‘conneéted by a'tunhél of 8., 4:ki10meters
long along the lelt bank side.  The high head oi 190, 7 meters is
obtalned whieh can produce an ¢t11a(11\9 amount of h)dlopower of

about 53,800 LY,

A.prqbiem is the compensation of Siléangﬁtemple-and its neighboring
villages. Theée‘?illages'may be moved to the plateau by the

reservoir to create a lakeside resort,

The scale of dam is'selecthd at VE - 0, 80 Oy, -whlch should be studied
in_detailgln the fOl]OWln" stage taklng into due - c0n51d61at10n the

amount. of compcnnatlun.

:17 53 Dogsan (Rank :C).

This dam b1he is planned w1th a tunnel f)pe power ‘station. -As the
benefltncnst 13110 cdnnut exceed one even if tho benefits trom water
supply and flood dontrol” dle added’ to thdt of hvdropower generation, -
this site w1ll be developed in the later 5Lage ‘The dam scale_1k

selected tentatlwely at VE == 0,80 QOy.
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18-62 Yongdam (Rank : () .

This dam site has been conceived very advantageous as a diversion
dam, diverting the water of the upper main Geum river into the

adjoining Mangyeong vriver basin through a hydropower tunrel,

Howefer, as the irrigation water for the Mangyeong river basin
or1p1n111v planned to be supplled from the Yongdam dam has been
changed to be supplied from Lhe Dae cheon dam through a long
waterway from its downstream, the favourable characteristics of

this dam as a diversion dam as deseribed above was diminiéhed In
this Survev.report this dam is planned with a dam type powerstation.
The beneflL cosb ratio is uredter than 1. 0: _ w1th the totdl benefits
1nclud1n0 the effect -of hydropowe: generatlon increase at the
down&tleam ﬁaecheon powel station and the beneliis accrued from
vater supply and flood control -in thp lover reaches. The ratlo of
compensation to constluctlon cost of dam is high. :The benef1t—cost

ratioc may not be raised up even when the HWL is lowered, . The

deVﬂloPmout ot this dam site depends on the magnltude of increasing

demand of water in the Geum river bd?ln.

9——03 Su’(ong {Rank : C)

Due to such favourable cond1t10nq thaf the raflo of compensatlon

Losb to (onstxuctlon cost. of dam is the lo“est in the Geuam- 11ve1

ba51n and also endowod with fqvorablo topography, the dam has &
high benefit-cost ratio, The bL&]G of development is selected_at

VE = 0. 20 Qy to draw ha(kwater to the Yongdam dam 51te. :Tho

jdevelopment of the dam site depends upon. the extent of the demand.

increase of hdt r in the Geum river. bﬁsjn. S

20464 ‘Myeongcheon (Rahk‘:'C)
Th1s dam site is located downstledm of butong dam and obfalns a
beneflt cosl ratio as high as that of butonc dam ] Buf the rdtlo

of Lompenoahlon cost 10 Couqtluctlon cost is hlghef than that Of the

Sutong dam, The @cale of dam is sclectbed at VE = '0.34 Qy, which is

8 =13



determined by the height to draw back-water to the upstream Sutong
dam. The timing of the dam construction depends upon the future

increase of water demand in the Guem river basin.

21-69 Simcheon (Rank : C)

The benefit-cost ratio for the total benefits is less than 1.0.
This dam site has such unfavourable conditions &s-coﬁﬁensation
probilem for Hwangkdn town (FI.160 - 170 m), relocation problem of

a nat1onal highway and some geological proﬁlems. Coﬁsequently, the

prlorlty for development 18 comparatively low.

2277 Jeokseong {Rank : B2)

In the Seoumjin river basin, there ave iwo existing dams; the
Seoumjingang dam in the uppermost stream 6f the main stem and the
No. 1 Boseonggang dém in the uppermost étream.of the Bdseong river,
one of the tr1butalleq of the Seoumjin river. Neither of them,
however, con[rlbute to qupplv water lo the lower reaches of the
Qeoum31n river, because the water of the former dam is diverted 1o
the Doggln river basin and the lattey to the southern coast, in both

cases after generat1ng hydropower.

Such being the present situatien in the Seoumjin river basin, this
dam site is conceivable to cover.the shortage of water supply in the
basin., Although its benefit-cost ratio is less than 1.0 and’ less
than that of the Juam dam, this site hAn an advantage that: the ratld
'of compensation: to the construction cost is comparatively low. The

discharge regulated at the Jéokseong dam ean be taken in downstleam.

The development scale'is selected at VB :f0;SO:Qy. In the following
stage survey, the diSchargé_dﬁta.at_thé both existihg déms.shbuld be
collected aud'analyzéd for more precise study and-planningffor’:

development.
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23-82 Juam {(Rank : B2)

The scale of development of the dam is selected at VE = 1.00 Qy.
The preblem is that the ratio of cempﬁns&finn cost to construction
cost of dam is.the highest among all the dam_sites survéyed this
time. DEven il the ﬁWL is lowered, the benelit-cost ratio may not

become higher.

24-A4 No. 2 Boseonggang (Ranlk : C)

Based on.the site reconnaissance, thé mere favourable dam site than
the original one was found from the view pqints'of topography and
geology. The dam scale is decided at VE = 0.40 Oy in consideration

of No. 1 Bosconggang dam upstream.

Thé ratio of compensation cost to construction cost is very high.
The benefit-cost ratio for the total benefits is less than 1.0,
however, if the power genération is éxcluded,.the above ratio will
exceed 1.0. This.is, among 24 dam sites, the only one ecase in which

the exclusion of power generabtion favours the benefit-cost ratio.

The Seoumjin River Basin Survey

Phe overall basin survey has not been carried out for the Secumjin

river basin. It is desired that the overail basin survey will. be

made as soon as possible noi only for the basin itself but also for
the adjacent areas that can be benefitted by the dams to be
constructed in the Seoumjin_baéin‘ The heightening of the existing

No. 1 Boseonggang dam is desired to be studied as well.
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1. PRESENT STATUS OF WATER RESOURCES DEVELOPMENT

1.1 OQutlook of Land, Water.Rosourcés and Fconomy

The'repubiic of'Korea'(HOK) is'generaily mountainous with peaks as high
as 2,000 meters in the Daebaek mountain range that lies'northfto—Soﬁth
along the past coasi. Aboul 80 percent of the land is béiow*eleva%ioh
500 meters above sea lovel, and over hall of it is #bofe elevation 100,
Most of the land below elevation 100 lies along the rivers and coast-line
in thp:west and the southern part of the counfry, From geological point
of view, most ol the. 1and 15 composed of nemtherlng granlte, somé parts
being laid exposed In general, land has a poor water holdlng c1p¢b1ty

due to thin top_SOil, small vegetaL1on and forestatlon.

" The average annual rainfall in Korea is 1,159 millimeters. During the

four months from June to Sepbember, Korea receives 70 percent of its annual
precipitation. Korea has thus a dry season in:winter and a rainy season

in Summer.

The ROR covers a total area of appr0h1mdtely 98,480 km2 which is composed’
of many blg and small river basins. . Of them, the four major river bhasins
- the Han, the-ﬁakdong, “the Geum and the'Seoumjin - spread in an area of

66,260 kmZ in total or about 67 percent of the total land.

Tho Wafer reSoﬁroés endo&mént dnd-charactériétics of.riverﬂdischarge aré
as shown in the wale 1. 1 The - lun—off coefflclentq are comparailvely low
and flood d1qcharges are comparat1vely hlgh thxoughout the country. At
the same tlme.blg_dlfferences:are found between the max1mum_and the minimﬁm_f

discharges, which results in big coefficients of river regime.

The population of the ROK as of 1975 was approximabely 35.3 million, with

a'density of 359 per square kilomeler, which is one of the highest in the

world: The annual rate of increase in'ﬁopulation was 1.8 percent during

1970-T75.
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The Korean economy has so rapidly expandeﬂ since early 1960s that its
gross. natidnal produdt (GNP) in real terms rose 9. 3.pércent per anpnum
between 1961 and 1975 reaching 18.8 blllion dollars in 1975. During

the same period, populatlon increased 2.3 peraenb per annum from 2) million

~dn 1961 to 35.3 million by 1975.: As a result, per capita real GNP in

current dollars increased from $83 in 1961 to $532 in 1975 at an annual

rate of 7 percent.

The . successful 1ndustr1allzat30n stratcgy has’ brought a conzlderable

change in the industrial stlu(tule In 1961, Korea remained a backward

. rural economy, with the prlmary scctor accounting for about 40 percent

of GNP, and the mlnlng and manuidcturlng sectorforonly about 15 pelcent
As the industrialization proceeds the share of mining end. manufactullng

sector in GNP increased and ‘reached about 30 percent in 1975, while the

‘share of the primary secctor declined to 25 percent.

According tothe Fourth Fiveiyear Plan (1977-1981), ‘the Korean Government

has set a Largeb growth 1ate of 9.2 percent per annum durlng the plan
perlod. When this target is achleved GNP in 1981 w111 reach 33, 5 billion
doliﬁrs (in 1975 price 1eve1} Total population of 35.3 m1111on in 1975,
if 1ncreased at 1.6 percent annually, will grow to 38.8 mllllon in 1981,
Thus real per caplta ‘GNP of 257 thousand won in 1975 w;ll increase to 418
thoﬁsand woh in 1981, If the e#changé rate of 484 won to the U}S._ddllar

s maintained during the plan period, this is eqﬁivﬁleht:to an iﬁcrease

from $532 (in 1975) to $1,512 (in 1981) in current prices. (See Table 1.2)



" Table 1..1 Water Resources Endowment and Characteristics

4%% of River Discharge
Whole Nakdong | Sumjin Four Basins
Country Han R, River = Geum R. - River Total
Catchment Area (km?) 98,477 26,219 23,656 11,488 4,896 66,259
Average Am:m'.a,l ' . 1,159 1,200 1,106 1,230 1,344 1,158
Rainfall (mm) :
Water Resources 114.0  30.4 25.5 14,0 6.6 76 .5
Endowment per: annum - '
(billion m?) _
Volume of Loss - 51.0 12.4 0.5 7.0 2.7 32.6
River Run-off . 63.0 18.0 15.0 7.0 3.9 43,9
Flood Run—off © 39,0 12:1 8.5 4.0 2.4 27.0
Ordinary Run-off 24.0 5.9 ° 6.5 3.0 1.5 16.9
Run-off Coefficient (%) 55.26  59.21 58.82 50.0 59.1 573

Coeffici.ent: of River Regime Tor 393 1 372 1+ 298 1': 715

% "~ Annual Av_efa e : :

= Discharge (m/s) C O 8T3 476 203 124
95-day Discharge 435 362 154 94
Ordi.nary Discharge ' _ 183 152 65 | 40,
Low Discharge s ' 115 95 41 25.
Droughty Di..scharge _ - 09 57 24 15



Table 1.2 Magnitude and Growth Rate of the Fconomy

1975 1981 1977 ~ 1981
Unit o Actual planned . Average Annual
(A) (B) B/A Rate of Growth (%)
GNP Bil. won in 1975 priees 9,080 16,214 1.8 9.2
Bil. dollars in 1975  18.8 33.5 1.8 9.2
prices
Bil, dellars in current 18.8 58.7 - _ -
prices
: s : : _ 1.6
Population Million persons 35.3 38.8 1.1
Per capita GNP Thous. won in 1975 prices 257 418 1.6 7.6
Thous. won in current - 257 732 - -
 prices ' '
Current dollars. - . 532 1,512 - -
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1.2 Present Status of the Four Major River Basins

(1) Han river basin

The mammoth.citﬁeé of Sédul and Incheon,.situating in the lower reaches of
the Han River, are to be.profected from flood and served with municipal

and industrial (M & I) water. The supply of irrigation waler, though deve~
loped.fnrm land is comparativoiy Small.alpng the North Han River from

tcpographical reason; is to be ensured as well.

In the North Han River basih, many dams and power stations are developed

by stagewise; including, in order of their lobatidns from wpstream, Hwachon,
Chunchon, deangdng Ton a tpjbut&ry); U{am and Chongpyong &am—hyerPOWer
stations. Out of them, Chunchon, Uiamund Chongpyong dams.are mainly utilized
for power generation, The Chougpyong pumped storage power station that

will be the first of this type in Korea, is now under qonétruction, utilti-~

zing the existing Chongpyong reservoir as the downstream reservoir for

~pumping up. In addition to these dams, there are:many potential dam sites

surveyed this time in this basin.

In the South Han River basih,‘only oné small'hydropowér statibn; Goésan!

is constructed on the uppermost of a tributary. In the middle-reaches,

the Chﬁngju'multipurpose dam will start its construction in the near

future. The scale being big enocugh, the Chungju dam is expected to contribute
80 much for the development of water resources in the South Han River, There
are many other promising dam sites in this basin which were surveyed thlb

time,

There are the farm land of 10 to 20 thouaand hPCtdleS downstledm of Yeo;u

that would be 1rr1gable by water from some upstleam multlpurpoqe dam.‘

At the dowustream ef the confluence of the No:th Han and the South Han

rivers, the Paldang dam is construched, ' This is the dam malnly ubed for

hydropover génefaﬁion with a low head.

Around the estuary of the Han River, there is a reclamation plan of so big

scale that an estuary barrage will be requived.
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{2) Nakdong river basin

In the Nakdong river basin, irrvigation area of 40 to 50 thousand hectares
extends along the main stem including the estuary:area. The irrigation
and flood protection of this area have the utmost jmportance' In the lower

reaches, demand for M & I water has been lapldly 1ncr9331ng recently. In

'the-uppe redLhOS of the main Nakdong river, the Andong dam was completed

laqt yedr. The Andong power station is constricted as a pumped storage type
utLlelng the dam as an upper poundage and the re—regulatlng welr as a 10wer
pondage. The Ahdong‘dam.has'another purpose of supplying river maintenance
water.tbatlis needed in the lower reaches for proftecting the intrﬁsioﬁ-of
salty ﬁaﬁer. This purpose, however, will be atiained by an'estuary bafragé
vhich will be constrﬂc{ed'in the future. In general, it may be said that
thé main streaﬁ of the Nakdong river is at the initial stage of its develop;
ment of water resources. There are potential dam sites in the=up5ﬁfeam as

well as downstream area of the Andong dam, which were surveyed this time.

In the Nakdong river basin, its tributaries are not less imporbant than the
main stream in terms of the development of water resourceé,_ On the Nam '

river, one of the downstream tributaries, the Namgaung dam is constructed

to divert the maximum flood of 4,600 mB/sec through the.diversion channel

of 12 kilometers into the southern Sachon Bay. This dam contribubes not
only fer the flood control of the lower reacbes of the main Nakdong'river,
but also for the development of newly cultivéted farm iénd.of-tﬁe lower
reaches of the Nam river, Purther, the dam can Supply M&IT wafer_to the
area downstream of the diversion channel, along the Sachon bay . Any up-
stream dam surveyed this time will Ielnforce the Namgang dam in its capa01ty

of water supply and flood control.

Considerihg the importance of thp-tfibntaries covering a wide irrigation
area of about 280 thousand hectales, FAD survey team 1nvest1gated 18 multl—
purpose dam 51tes, respectlvely representatlve of the maJOr 18 trlbutarles,
and made a recommendatlon to construct them in proper stages Out of them,
the Hapchon multipurpose dam is given the hlghest priorvity to bequhstrﬁcted
in the carliest stage. This dam project.has such advantage fqr.hjdroPGWer
geﬁeration.thaf a high head can be obtéined utilizing downstream gorge.

Further, this dam will contribute to water supply and flood control of

1 -6
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the lower reachies of the Hwang river,:qne of the tributaries of the Nakdong

river, as well as the lower reaches of the main Nakdong river,

{3) Gewn river basin

In the lower recaches of the Geum river, bheve extends a wide farm land of

“about 390 thousand hectare#, cové:ing the adjoining Mangyeong river basin

ahd_the dovnstream plain of the Pongjin river. The demand-for.wdter to
irrigate theée areas is Gery_largé.' The irrigation water controlled by
the Daecheon daﬁ_wiil be taken in the lower reaches and carried through a
long waterﬁay. The dpntroljed discharge of the Daecheong dam will be
diverted at the middle reaches and will irrigate an area bf about 14 thou-

sand hectares in Cheongju plain,

The M & I water [or Daeaeon and Cheonggu cities will be taken from the
reservoir, - The dam 1150 has a great advantage in hydropewer generatlon._
This dam 15 SLbuated in the middle ‘course of the main Geum river. In its
upper.re&ches, four dam'31bes were studied in- the plesent survey. Wheb
some dam will be construched upstream, the Daechean dam may be reinforced

in its capacity for floed control, water:supply'and,power generation.

In the lower reaches of the Geum-river, an irrigation project with an area
of more than 20 ihousand hectares is-under. operation, whose vumping facili-
ties are installed near Ganggyeong along ‘the main Geum viver. After the

complietion of the Daecheon daﬁ,'this project will be benefited greatly by

the stabilized discharge of the dam.

Any dam studied this {ime would sitrengthen the capacity of the downstream

Daecheong dam.

(4) Sedumjin Tiver basin

In’ the Seoumgln rlver baaln the Seoum31ngang dqm is CUnstjuctpd in the
uppermost reaches by Submerg]ng the()ld Unam dam. .The water of the Seoumjln
river is dlverted to the Lonngn river basin: Ih:ouvh the waiPrway -of the

Chilbo hydropowef station attached to the Seoumalngang dam. By this water
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diversion, the Scoumjingang dam is sﬁpplying irrigation water along the
Dongjin river bo the farm land of about 30 thousand hectares which con-
slitutes the southern parl of 390 thousand hectares extending widely along

the west coast.

Tn the Boseong river, one of the southern tributaries of the Seoumjin river,
the No. 1 Boéeongrwng dam is constructed. The water of the Boseonggang
reservoir is also diverted to the southern coa%t plaln by a tunnel and used
for hydropower gene ration and irrigation water supply. These ex:st1nﬂ 1wo
dams are of dlversron types, having no function to supply water to the
Seoumjin river’ bw%ln lt%e]f As the demand for watef iq rapidly increasing
in the Seoumjin river basin and in Lthe southern Ooa%tal areas as well, the

construction of a dam in the basin is strongly required.

To meeb this dcmand a dam is to be constructed in fhe upper reaches .to

"increase the river flow in ihe downstr&am, which" w111 be conveved to the

demand area through a8 waterway.

Mearniwhile, the Seounjin river is, among wajor rivers, the only one river on
which the river basin survey was not carried out. Its early execution is

desired covering the beneficiary areas adjacent to this basin as well.
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2. NECESSITY OF WATER RESOURCES DEVELOPMENT

In Korea, out of available water resources, only a Small portion:is
estimated to be dctumlly ut1llzed because of the dev11ted seasonal dis-
tribution of prGCIDIldtIOH and 1nuuff1clent 1esorVQ1r fa0111tles. In
recent years, to promote lhe utnlladt1on of water resources, several
multipurpose dams” have been construcfed;_these include_Seoumjin, Chunéhon,
Nam, Soyang aﬁd.Andong'damS., Tn addition, the Daecheong dam is'now-under'
construction and Chungju and Hapchébn dams are mow in their preparation

stages.

Thedémand-foreéast of water in the four méjor.riveribdsiné have been

made in the Repor£ on Coﬁprehensjve Survey of Rivers in Korea by MOC.
Based on this report demand. curves are drawn in Figs. 2.1 through 2.3.
These curves show*that in the Han and the Nakdnng rivers, dam constructlons
will be peeded to weet: the lﬂCIeaGLHg watel demand, They also Show that,
in the Seoumjin rlver, whose exlbtlng dam waters are diverted and not used
in its downstream areas, a new ddm will be needed to fulfil the ILQ1ng

demand of water in the basin.
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3. BASTC CONCEPT OF WATER RESOURCES DEVELOPMENT BY MULTIPURPOSE DAMS

The'waﬁer resource%'are'onc.of-fho valuable natu111'resources ol the

Ropubllc of Korea, gLVLHg her. the firm bases of the national gruwth thrcugl
aurlculture and 1ndustry As the agriculture dndrlndustry have_been deve-
loplng remark&bly, the demand for_water has incereased rapidly in Korea. To
nect’ such increasing demand for water, several multipurpose dams have been
constructedth'm@jor rifefs. .Méredver, there are some dams now under con--

struction and others under study.

The water resources are_develdped_mainly-hy dams., Meanwhiie,'the appro— -
priate sites for dam construction are 1imited-by‘natﬁfa1 potentialities _
such as topograph1ca1 wnd geolegiaal ‘ond1t10ns. Lonsequently, the number.
of p0531blc dam Slbeqzuuithe scale of. thclr development are ljmlted - There-
fore, as +he advantageouq dam Q1te% w1ll be doveloped Qu009551ve1y to meet.
the_rapldlyllncxeablng demand for waler, there remdlgs scarce-dam sites to

be.developed'adﬁanﬁagebusiy in fubure.

A dam %1te, when once doveloped is very difficult to be redeveloped agaln.

.Therefore, ater resources dpve]opmen% through ‘dam’ constructlon should be

planned=based on the long Llerm perspectlves.

All dam sites surveyed this time have, except for a few special ones, pre—

- cious and ‘characteristic potentialities.

Owingto such climatic features in Koreﬁ‘that-precipitation is biased

ZCOHQiderabiy by'monﬁh and by year, %ome'reservoirs would be required to.

have effeot1ve capac1tv of more. than 100% of annual river f]ow, provided

'the flow is to be regulated f]Tle bhloughout a yeal.

Seme dam 51tes can be detormined their: scnlos compaxat1vely freely, but

the other dam sites are reatrlotcﬂ Lhe;; scalea bv fopographlcalandgeolo— N

glcal-conditions and/or specifiec compensablon problems.

As Ffor the labtbter dam sites, it is desirable thaﬁ‘they,will'ﬁé.developéd
in such a Suffidion+'sc11é as the conditions mdy allov, When dams are

cnnstructed bLepWLSO sUL00551v91y, the scale of downstream dam is reﬁtr1(ted



by that of upstream dam. Even in such case, the scale of downstream
dam should be as big as the conditions may allow. Thus, the water resources
are desired to be develbped in such a. way to approach the ideal plan as

close as possible,

1n some cases, heads For hydropower generat1on are created not only by daws,
but alse by waterways advantageously. When there are some rapid or bend
for short cut- downsbieam of lhe dam, such topography can be utilized-for
creating héad for hy&ropower generation by constructing waterway. The
regulated’dischargé'of the upstream dam can also be ibilized by the down-
stream pdwép statipn.:_Thus, it is desired that head poﬂeﬁtialitiés éhoﬁld

be utilized economically and complelely.

It is desired that all dams newly planned are to be muitipurpose type and
that they are to be constructed successively in order of priority that
will he determined comprehensively based on the effects”of'hydrbpower

generatidn; watéf supply and flood conlrol.

In EValuatlnc the projects, 1n ddd1t10n to’ tanglble beneilts, such intangible

benefits are to be taken into con31derntlon as the development of tourism
and resort area that can he provided bv cremtlnﬂ lakes on plateau or in

mountains. The development of- 101e5t1y and fish éulture arc to be con81dered

~as well. These are also 1mportant benefits broughb by the development of

water resources.

In determining the priority of déms, all these benefits and needs are to

be comprehensively taken into consideration,
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4. PRELIMINARY SURVEY AND PLANNING CONDITIONS

4.1 Topographical Survey

The layoub of dai and power statlon 1nclud1ng thejr alternative plans
were qtudled on the topog1aphlca1 maps on the SCdle of 1:50, 000 and _
1:25,000. - Those maps were also. used for the fleld reconnaissance. The
stagemdrea btormge curves for all the proposed damSLtes were prepared

based on “the maps mentjoned above

The river cross sectibn alohg the'center line -of the 15 proposed dam
" sités were newiy Surfeyed'aﬁd prepafed‘by MOC in the scale of 1:1,000.
As for the remaining;9 sites? the availab]e déta attached to eéch study
‘reports were used. As for the alferﬁative.sites, Of'which:sﬁrveyed data
were nob available, the rough-ri%ef_cfosé_Seéfions were preparéd in the
field rECdnnaiSéance. These data were uscd to estimate the work

quantity of each dam.

All the data available are listed in Table 4.1.




 Table 4.1

Availability of Topographical Survéy Result -

Provided by

2382 Juam §

2169

Seoumjin. River

2277 Jeokscong

24FA4 No. 2 Boseongg&ng

Dam MOC this - Others
' - bime
North Han Rivgf
1-32 Bahseoﬁggol 0 Rough sect10n measured on 1econna15b¢nce
s for upstleam alternatlve site _
2-23 'Hﬁpyeﬁng._ .SOCthn attached in study reporL 1963 and
S louéh section for alternat1ve sites.
3.22 Tnje Section atfached in study report,_1962
4;30 'ﬁedlhak' 0 Rough section fqg ulterngtiVG-site
5-A3 Hongcheon . Sectidh in:HRﬁR, 1971
‘South ﬁan River _ _
63 Gujeél _ 0 Rough section for upSfrédm alternative site
7—9 Pyeohgéhaﬁg '"b o |
8~10 Panun ' 0
9-13 ‘Sujﬁ _ 0
10-12. Dogog 0 I
11;A11-Da16h90n ':Sebtion in HRBR, 1971_
12-A2 tGanhyéon.: .'Rough section measured_bn réconnéissénée
.Nakdoné Rifer_ _ .
13-35 Bonghwa Section in.studj report, 1962 .
: 14—43 Imha " _ _ ‘
15—36 Chiba Rough sect1on for dovnstream alternative 31te
: 16~51IHHamyang_ 0 Rough sectlon fox upstream alternatlve 51te
17;5? :Dogsan. 0
 Genm Rivef -
18-62 Yongdam Surfe&ed;map,_iQGZ-{
19-63 Suiong__ _Senfioﬁ in Study féport,.1962
20-64 Myeongcheon 0 3 '
. Simcheon 0

Rough section measured on reconnaissance
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4.2 Geological Supvéy

The geological maps on the scales of 1:250,000 and 1:50,000, and the
ones attached to some.reports were collected and ﬁtilized,fcr_field

reconnaissance.

The geological reconnaissance was 6dfriéd out for all 24 dams and
power.station sités inélu&ihg‘their'alternative'sites. Based on the
reconnaissance, the surface géoldgical maps'WQré"ﬁade;_ The ‘assumed
rock 1ihe waé'dfawn‘bn thé‘fivér:crosé'Sectian 516ng thg'center line of

ecach dam to estimate excavabion quahﬁity‘of dam foundation,

Further,'thé possibility'of‘dam:constfuction was examined; léyout of

power station was studied; the earth and rock materials were surveyed;

acpessibility to the site was examined:; and efflux of sand from the

basin was investigated on reconnaissance bases.
The reéulfs_of these geological'syfvéy are bfiéfly'deséribéd for each.
dam in this main report, and are shown in debail in Appendix 1T

"Geological_Survéy Reportﬂ.:



4.3 Hydrologic_sthdy

The hydrologié study of this investigation was made based on the available

data given in the "Report on Potential Hydzopower ,'“Report'on

Compxehen51ve Survey of Rivers" and others.. The rainfall data were

: examined to determine basic hydrologlc dala which su1t the objective of

the.studyl

(1)  Amnual a%érage run-off

The proposed dam sites ha?e already been investigated in the past and
monthly run-off for more, than 10 years have been calculated and ma&e

ava}lable in a number of reporis. In partlcular, the "Report on

Potential Hydfopowér"-proﬁides'data.for the same perlod.for all Qf the

project sites so that it was pbsSible to determine the annhal averagé

. run~off data of each 51te through reexam1nat10n taklng into account of -

ralnfdll data durlng LOlleSPOHd]ng periods. and basin condltlons For'
sites with 51m11ar rainfall and basin oondltlons, a standard gauglng
station was selected, based on which zepresentat1ve run—-off of the gloup

vas determined,

(2) Monthly run—off -

The monthly average run-off data for the 16ngesf available period at the

standard gauging stations weve utilized in this study.

'(3) Natural firm discharge
The monthly average run-off data at the standard gauging_statibns.were

arranged in descending order and the discharge corresponding to 95% .

from the largeét was taken as the natural firm diséharges of those

stations; which'were.prqpoftioned to each catchment area to obtain the:

natural firm discﬁarge at each éite,

{4) Regulaféd firm discharge

=Us:Lng the monthly run—off at the. standard gauging station 1epresent1ng

“the group,'a Flow mass curve was drawn. In a case where there was a

dlscontlnulty in the run-off records caused by the Korean Disturbance,

two separ&te mass ¢urves were plepaled. The minimum dlscharge obtalned



s,

on the mass curve for each effective storage. capacity was adoﬁted:as

' the regulated firm dlsch&rge, which was proportloned to each catchment

area to obtain the regulated firm discharge of each s1te (Evaporation
and obher losses from the reservoir were estimated and adjusted in

Section 4.4)
(5) Design flood'diséharge
De51gn flood dLSCharges were detelmlned through reexaminations of those

of the piopobed dam sites given in existing reports and of the’ damn 31tes

existing and under coustruct1on referrlng the Creager curves.

The exlstlng flood hydrographs rélated to the proposed dam s1tes were
dndlyyed and the rosults were applled to estlmaie flond durat1on hours
of the dam 51Les.' The S1mp11f19d flood hydrogxaphs comb1n1ng the above
with the design f1o0d discharges determined above were utilized to

calculate flood hydrographs.

{6) Dvapordtlon
Evaporat1on data are given in Hydrologlc Annual Report 1n Korea and
other reports. Of the récords available, the data of Chuncheon, Hwacheon
and Andong which are relat1vely close to the p1oposed dam sites were

utiiizéd,



4.4' Resarvoir,and Dam

It was assumed thdt each dam would be consbructed &fte: the completlon
of dams now under cnnstructlon and preparatlon and the’ sequence of dam

constructlon was not considered in this Study.

The powéi genérating facilities were assumed to be provided to each dam
in priﬂciple; however, dual—purpdses dam for-water.éupply and flood .
control was also studled on each elte, to see if the p10v131on of power'

facilities were advantageous or not.
Planning conditions of present study are as follows:

(1) Dam .sites shown in “the Report.on:?éteﬁtia]'Hfdrdpﬁﬁér". Uthe
Han RlVGr Basin Report" and ‘other leIEVdnt reports were adopted to be
Surveyed in thls first Stage Survey in pr1n01ple These are 1eferred to
as "the proposed dam sites" by the Government ‘of ROK. But in the

f0110w1ng cases, “the alternatlye sites were selected.

N as In case the river'grédient at the proposed dam site is
%% ' qulte steep and the alterndtlve site conld be found in its uppex

reaches Hupyeong, Guaeol and Hamydng :

b. In case the proposed dam site was found geologlcally

unfavourable for dam tonst1uct10n ,Nh; 2 Boseonggang.

C.. In case the topogzaphy could not allow to. construct a -,
Sufflclently high dam.and the ¢1ternat1ve site could be found in

the lower reaches with a blggel storage capac1ty.m_0h1bo

ld._ In case the alfernaflve site could be found in the v101n1ty
of the' 0r1g1nally'pr0posed site, the both of them were studied:
Bamseonggol and Inje.

(Q)IIThe scale of dam,'ﬁhoughrit'will be finally determined by the :

second stage survey, was studied roﬁghly in ‘the following manner: .
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.Thé_scale of dam was determined from the point of topographical and

geological conditions. The location of local principal municipalities,

.of which submergence should be avoided, were considered as well,

(Bamseonggol, Weolhal, Hongcheon, Panun, Dalcheon, Ganhyeon’and Chibo}.
The scale of dam was also restricfed by the location of the upper dam

it any. (Inje, Dogog, Sutong and Mycongcheon)

In case it could be determined freely from these bohditions, the scale

of dam was determined based on economic study comparing four cases in

which the effective capacity of reservoir (VE) was selected respectivély
at the level of 100%#, 80%, 60% and 40% of mean annual run—of T (Qy) at
the dam site.

{3} The allotment of reservoir space was determined as follows:

a. The sﬁaee of sard deposit was provided for a periocd of 100
 years and was estimated based con the unit quantity of sand deposit

shown below.

Dem site Sand d9p051t

m /km [yt
Pyeongchang, Panun Hupyeong,
Bamseonggol, Hamyang. Dogsan, Weolhak 700
Gujeol, Inje, Sujun, Dogog, Bonghwa - 600
Hongcheon, Dalcheon,  Ganhyeon, Ybngdam
Sutong, Myeongcheon,. Chibo : 500
Imha, Simcheon, Jeokseong,-Juam, .
No. 2 Boseonggang L 400

_ b.  In case of mu1t1purpose dam with power fac111tles, “the

normal high water level (NHWL) and Tow water level (LWL) were set
- s0 that the effectlve storage capa01ty'c01respond1ng +to the .
: déveiopmént scale could be prOVlde between those water 1evels

The drawdown was set equivalent’ to 30% of the head betwean NHWL

and tail water level. In case the elevation of the sand deposit



was higher than the LWL determined by the above standard, the

assumed elevation of sand deposit was taken as'LWL{

The water supply for irrigation and M &1 watel use were 1ntegrated

into one component in the Study.

In case of dualupulpose dam w1thout power fa0111t1es, LWL was set
~at the elevation of sand dep051t and NHWL was loweéred $o bliat bhe
effective storage capaclty corlespondlng to the development scale

could be setb between those:water'levels.

cf' The=flood control volume was determined by the suréharge

volume,

(4) Type of dam was determined based on’ map study and site

reconnalssance .

(5) The foundation of dam was det91m1ned from tock surface marked

on surveyed proflle of dam srte after 51te 1econnalssance

(6) The crest of dam was detelmlned at the Ievel of 5. meters h1gher
than NHWI for each dam,=as the flood control was studled by surcharge

'method The depth of surcharge was determlned at the Ievel of 2 meters

f01 f111 typc dam and 3 meters for COnclete type dam. But for a few

dams that may give a great £160d control effect to the downstream area

"due to the fact that no dam is constructed downst1eam, the depth of .

'surcharge was determined by an_equlvalent ra1nfall_sPec1flcally assumed -

for each dam.

{7) The dam height was measured from the asswned rock surface to

dam crest.

(8)'_The crest léngfh of dam was measured on the Surveyed'river:

cross section.

(9}. The flll dam was d931gned with crest width of 8 mete1s, and

‘slope’ of 1: 4 5 in total of upstream and downstream slopes



=

(10) ' The concrete dam was designed with fundamental triangle

secbion with slope of 1:0.9 in total of ﬁpstream and downstream slopes.
_(11)_ The design_f}bod for spillﬁay was determined at'the discharge

equivalent to 200-year flood.. The fixed ratio method was adopted for
flood control,

{12) DJvaporatien and other losses frbm reservoir were estimated
by the fellowing formula.
Loss = AP& ~ (AP-AE) = A {E - P (1—o<)}
Where, A = Reserﬁqir surface area (m2)
P = Average precipitation

ok = Run-off coefficient out of reservoir
surface area prior. to dam construction

E = Evaporation from the reservoir surface (m)

In this study the value of E was taken at 70% of
evaporation from the smallwsizé pan (20 em dia.)
and oL at 90% of the run-off coefficient at dam site

out of the whole basin.

(13) :Availéble firm discharge is the discharge that the évaporation
and other losses are deducted from the regulated firm discharge mentioned

in Section 4.3.

(14) Construction cost: of the dam was estimated according to the

items classified in Annex 1.

" (15) Work quantity of the dam was calbulafed.based on the'sufveyed
profile and raugh section measured on reconnaissance and formula shown

in ‘Annex 2.

(16)  Unit construction cost was as tabulated‘in Annex 5. These

costs included mechinery cost.
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(17) - Construction cost included the necessary miscellaneous

cost, preparatory works, geuneral expensés, contingency and interest

during construction, according to the Annex 1.

(18) 'Compensation'cnst was estimated based on the compensation

survey by MOC.

(19) The feservoir and aam are the common facilitiss for
multiﬁurpose.dam projects. *he annual costs foriﬁhése common facilities
are calculated as a total of capital co#t and OM & R cost by applying
the follbwing Tactors. -

. i@yt
Capital recovery factor = W"I
Where 1i: interest ratio, 8% adopted

n:. durable period, 50 years

OM & R cost is estimated at 0.5% of construction cost.
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4.5 .Hydro Power Generation
The Tacilities for hydrepower generation were studied as exclusive use
by the following standards.

{1) Layout of waterway (Type of hydropower station)

Not only dam typé, but also dam-and-conduit type was adopted if

.advantageous for the site.

The refégulating bay was considered when it seemed to be needed.

The layout of waterway structures were surveyed in field reconnaissance

and studied on the topographical maps on the scale of 1:25,000.

{2) The wax i mun di$charge was determined at'24/5.: 4.8 times of

firm discharge assuming 5 hours/day generation to meet peak demand.

(3) The rated effective head was determined by subtracting loss
head from the gross head between TWL and the reservoir water level that

was set at the level lower than HWL by 1/3 times of drawdown.

(4) Installed capacity

The combined efficieney of turbine and generator was seleéfed at 88% for
each power station. The installed capacibty was calculated based on this
efficiency, the maximum discharge and raled head. (8.65 x maximum

discharge x rated head)

{5) Dependable peak power
The dependable.peak power was calculated by the following F.P.C. formula.
Pd = 1/2(Pmin + Pi)

where Pd : dependable pe&k.powef
Pmin : power (kw) for the LWL
Pi : installed capacity (kw)
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for reservoir and dam)

(6) Annual encrgy output

The annual éﬁergy ohtput was_calculated based on the diséharge obtained
by analysis of mass curve multiplied by energy output per cubic meters

of the power.stdtion.

The increment of annual energy output accrued by the downstream power
station was added in benefit calculation.
(7) Construction cost

The construction cost of waterway structures was caleulated in t he same

way as that of dam i.e. estimated work quantity multiplied by unit

construction cost.

The c;aSSificéiion_of work iﬂems, formula of work quantities and unit
construction cost are shown in Annex 3, 4 and 5‘respeCtiveiy.
(8) The cost df.péwer.generating facilities was estimated based

on the unit cost per kW as shown in Annex Fig. 2.

The .cost cbnsiéts'of design, manufacturing, transportation and -

" installation costs.

(9} The transmission line was considered to be connected to the
nearest ex1st1ng power station or substation. The cost .of transﬁiséion
line and extension of existing substation was estlmated based on the

cost data shown in Annex 6.

Cost bf_the.fléo&:fdrecasfing system ﬁaé included.

. (id) Annudl cost for hvdrofower'generition was:caléﬁiated as a -
sum of capltal cost and OM & R cost (refer to the calculatlon of cost
1.51 . "

Capital_recdvery'factdr = 11

where i 1ntereqt rate = 8%
‘1 i dirable perlodlz 50 years

OM:& R cost : 2.5% of construction cost
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(11)  Annual benefit

In calculating the benefit accrued from hydropower generation, an
alte:hative standard thermal poﬁer sfation, 300 MW {durable periodi_

30 yeafs, interest rate :.10.3%) was assumed.

The unit benefit values of'gw and kWh were calculated based on the

above standard thermal power station,

The benefibs were obtained from the unit values of kW and kWh multiplied
respectively by dependablé peak.power and anmial energy output which

included thé energy increase at the downstream power station.

K¥ and kWh values are as follows;

k¥ value : 38,820 Won/kW
kWh value: 9.475 Won/kW¥h

‘Analysis of the unit values is shown in Annex 7.
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4.6 Water Supply

In carrying out the economic study, water supply for irrigation and
M & T use were intepgrated into one component. The facilities Tor
exelusive use of irrigation and M & I water were not considered in this

s t'lldy .

The annusl increase of the guaranteeﬂ firm discharge of each dam vas
derived from the difference between the possible water supply volume

in the drought year estimated for each proposed dam and the 95% drought
discharge observed at the same site (equivalent to the poésible water

supply volume on the present conditions},

But‘in'case the.proposed dam is located upstream reaéhes of a large

dam already cdnstructedjl the anmial increase of the guaranteed firm
discharge‘of the proposed dam was défived from the balance of the discharge
out of the downstream dam before and affer construction of the profoéed
dam, considering the fact that the water of the proposed dam will be

dischﬁrged, after being rereguléted, from the downstream dam.

In calculatlng the unit benefit of water supply, the altelnatlve dam ex—
01u51ve]y used for water supply was asqumed for éach proposed dam site.
The annual cost of the alternatlve_uams were derived as a sum of
dapitallcost and OM & R cost that were calculated based on the samé_
formula as shown in the section 4.4.(19); Thus, the unit benefiﬁ of
watef suppiy for each basin was derived as the Weighted.average of the
unit costs that were calculated by the above annual costs of the
alternative dams divided by the annual increése-of the guaranteed £irm

dischargq broﬁghﬁ by the proposed dams.

As a fesult,'the unit benefit of water supply for each basin was obtained

as shown below (refer to Annex 8).

Al “The large dam alreﬁdy constructed“ includes the f0110w1ng dams
that are either completed already or under constructlon Hwacheon,
Soyangan, Chunju, #Aundong and Daecheon dams .

4 ~ 14



the Han river i 8.56 w/mo

the N&kdong_riﬁer : 6.32 ¢
the Geum river : 5.85 "
the Seoumjing river : 9.03 "

4. 6 1 Munlclpa] and Indubtrlal Water

" In the 1st Lﬁge sulvey, data on demand for M & I water is obtained

from the "Reporb on Comprehensive Survey of Rivers in Korea.

4.6.2 Irrigation Waler

In order to conmceive an irrigation development plan in the basins under
invéstigation,-a long term forecast of the future démand of ifrigation
water is esséntial. The increase of the future water demand will be

primarily brought by following'three categories:

Category-A: Additional su?piy‘fdr the area now either partially
irrigatéd or rainfed, where irrigation System will

be improved to fully~irrigated’le#e1'in the future,
Category-B: = Supply for newly developed area, and

Category~C: Additional Suﬁply for imprdvement of current farming

practices prevailing in this country.

In recent years, 1rr1gat10n system in the partlally 1r11gated and the
rainfed areas have been remarkably 1mproved _ Accordzng to the "Year
Book of Agrlculture and Forestry Statlstlcs, 1976" publlshed bj the
MOAF, the total hecﬁareage of the fullynlrrlgated area amounts to some-.
1 065 x 103 ha which is eqULvalent to 84% of the whole paddy fleld
'(1,276 x 103 ha).1n thls country. A sharp incredse. of additional water

demand of %he'CategoryfA} therefore, will not be expected in future.

The s-.'_e;f-s'ufficieﬁ;y:of staple food in this country has been attained .

" in recent yeafs. Domestbic price of the staple food is so higﬁ, compared
with'thé inbernational price. Hence, the'new:feclamatiop;of_paddy field
and upland will not be economically Just1f19d . The fufuré increase of
the 1rr1gat1on water demand induced by the Category-B will net be

‘anticipated too.
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Prom‘the'dbove viewﬁoint Lhe agrieultural development inthis country
has “to place sPec1al empha51s on- (i} the:stobility of its production

and (ii} the vitalization of farmers economy These two strategies

will be attained through 1mprovement of farming practicee, relevant to

“the Ca;_teg‘ory-c..

The st1b111aatlons of land and labour produot1V1t1es in agrlculture,
whlch are the basic components of the farming 1mprovement, will be _'
v1sua11&ed by the improvement of 1nfrastructu1es for agrlculture. The
land- consolldatuon and upland 11r1gatlon are the prerequls1tes for the

attalnment of these strategies. These two works will effectlvely

_'contrlbute to the agrlcultural devolopment in the b351ns under

' 1nvest1gatlon.

The irrigation water demanded by these workslwooid'be supplied=from the

.dams proposed in:this 1nvest1gatlon Almost all the dams for'water
resources development will be proposed at the maln " reaches of the relevant
'rlvels. bo, in order.to 1rr1gate the area expandlng along the

'tributarles of the rlvers, long 1r11gat10n canals, hlgh—llft ‘and large— '

scaled pump1ng units bave to be: 1nstalled. ‘The 1rr1gatlon development

in the bas1ns ‘of trlbutarles w111 not be economlcally sound, as far as

the 1rrlgatlon water for these areas’ is dependent on the dams located

at the main reaches of “the’ IlVEIS. The farm land extendihg. along lower

,maln reaches of the Tivers, therefo1e, will be plcked up for these

works fzom economlcal viewpointd.

In "the Korean Agr1culture , the. author1ty oonoerned stlpulated the
targets that some 46% of total extent of paddy fleld all over the
country would. be con8011dated by 1981 Whlle, the attalnable target in

the ba51ns under 1nvest1gat10n are ranglng from 40% to 80%, owing to the

='top0graph1c and ex1st]ng on-farm cond1t1ons 1n each ba31n. After the

oomplet1on of the’ ‘land oonsolldatlon works, the 1rr1gat10n and dralnage

canal system on-farm 1evel wlll be dlstlnctly aligned and the dralnage
condition on-— farm 1evel will be 1emarkab1y 1mproved Theref01e, the
1mp1ementatlon of the - 1and consolldatlon works will cause the substantlal

1n01ease of water iequ1rement on-farm level, due to such an. allgnment
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and an imbfovemeﬁﬁ. Judging from_the past experienoee of the land
consolidation works implemented in Japan, somé 25% increase of the
water requ1lement is ekpected, about 20% from the well- dralned
condition on-farm-level and 5% from the eeparate ailgnment of the

relevant facilities.

On the other hand, some 19ﬁ increase of yield of rice w111 be.
antlclpated after the completion of the consolidation works, due to the
remarkable improvement of drainage condltlon on—farm level and the
tlmely irrigation whlch w111-be conveniently practiced through the
1mplovement of - the on-farm facilities. An infenSive and 1drge eoaled'
agricultural mechan1zat10n will be also realized by the 1mplementat10n
of the land consolidation works, such as enlargement of paddy plots,
rearrangement of paddy field, land leveliing and'rehabilitation of farm
road networks . Furthermore, about one third of farmlng labour force
will be substantially curtailed through.the mechanization. Con81derable

surplus labour will be shifted to a multifarming in the future.

The'upland ifrigation should also be developed'et arable lands scattering

along the main reaches of the rivers to eflectively utlllze the developed

water r95001ces at the series of dams. The water sources for the ‘upland

31r1gat10n w111 also be dependent upon the proposed dams. The notable
contllbutlon of the upland 1r11gatlon to dgrlculture w111 ba51cally

comprises,

i) sharp increase of the yieid of upland crops, such as

vegetables, fruits and other upland crops,
ii) gqualitative improvement of the crops, and

iii) stable production of the crops.

_ These effects brought about by the upland 11r1gat10n will increase the

marketablllty of the product and the expansion of upland eult1vat1on in

these ba51ns in bhe long run. The water requirement of the upland

“irrigation in these basins is approzlmately estlmated at 300 mm, on the

basis of the meteorologlcal and pedological data prov1ded by the

“authority concerned,.

4 - 17
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Based on the basic éoncept as mentioned above, the development areas for

the land consolldatlon and the upland 1r11gat10n in the basins under

' 1nvest1gat10n are estimated on the topographic maps on a scale of

1:250,000 assuming the attainable ratios of land consolidations

.previously mentioned. The additional newly required irrigation water

corresponding to the said development areas are approximately estimated

as shown in Table 4.2,

As clarified in the tablé, the Geum river basin has the largest
potentiality for the future demand of irrvigation water, whereas the

Seoumjin river the smallest,

Table 4-2 Development Areas and Demand for Irrigation Water

Demand fog I§r1gat10n

Command Areas {(ha) Water (10 i  /venr)

‘River Basin s _ _
' Paddy Upland Total . Paddy _ _Upland Total

Hah River (Northern) 12,040 8,220 20,260 33.23. '35.51:_ 68.74_

" " {Southern) 24,900 9,590 34,490 63.99 41.43  105.42

. Nakdong River 15,120 14,080 46,200 110.28  67.02  117.30
Geum River 55,360 9,800 65,160 143.38 42.24 185.62
Seoumjin River =~ 3,540 2,140 5,680  11.33  9.10  20.43

The detailed study on the irrigation plén in the'respéétive basin is
compiled'in Appendices I- 3. 4As a result of analysis, the'justifiéble
expendltule for the 11r1gat10n puxpose of multlpurpose dam is estjmated

1o range from 18 W/m> to 26 W/m among the four basins.
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4,7  Tood Control
4.7.1 General

(1) TProblems in the study
The flood control effects of a dam are'detefmined by such factors as
characteristies of rainfall and the resulted flood hydrograph, design
£lood discharge and.operational schemes. of the dam, hydraulicICharab—l

teristics of the river in the downstream reaches of the dam and topo-

graphical conditions of the surrounding areas of the dam.

Therefore, in the study.éf flood control effects éf a’dam,:sﬁch pre-
1iminary studies as the existing hydraulic and hydrological survey and
analyseé,'bﬁeratiohal Schemes bf the dam group; ian& ufilization'of
the downstream areas, and a nature of a flood damage may have to be

studied as 1nd15pen<ab1e prervequisites.

The proposed twenty-four dam sites for the present study scatter over
four major river basins and their hydrological and social conditions

of the benefited areas differ each other.

On the other hand, to determine construction priority of the twenfy¥

"~ four. dams, it is a criteria to cvaludte floed. coutlol effects of tbe

dams on an egualized ba51s, and to incorporate the respectlve dams

into the comprehensive flood control schemes of the whole river systéms.
In the first stage survey, the evaluation of'the'flood_control_effects
was made.in the manner described below taking into consideration the

findings and thé available data-obtaihed.in the field reconnaissance.

(2) Assumpﬁions and prerequisites

.The twenty—four dams .are lelded 1nto two groups from the wviewpoints

of f)ood control effect geograph)oal and hydraullc characterlstlcs

'1) the group of dams w1th flood- control functions - coverlng vhole down-—

stream reaches of the rpspoct1ve maln T} ver%, “and 2) the group of dams

_alth_flood_contlol functions covering only a_pdrt of the downstream

areas. Since the dams in the Fformer group will require considerably

4~ 19
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1argo flood storage capa01tleg in future, their flood cont101 beneilts
_ are leasonably antlclpated to reach as lurge as the Justlflable expend-

_iture of an alternative flood control dam, In case of the dams in the

latter grbup, with a surcharge of 2=£0 3 meters for the flood control
laid on top of the water supply storage, it is oon51dered that there
will be the flood control benefits equlvalent to the separable costs of

flood control purposo of mu1t1purpose dam,

Though.sﬁch factors as hydrological and land utilizafion in the down-
stream areas, mechanisms of flood damage are not taken into consider~
ation, the demand for flood control pfojects are ever increasihg, be~
cause of such actual conditions qf'the country as a rema?kable economic
growth in recent years, changes in land qtilization, urban concentration
of-pbpulati0n and asSets,'incfease of damage potentials;‘Stébilizati&n

of the national livelihood and reorgahization of the national foundation,

Theréfore, in this study, il is assumed that the flood conbrol benefits

equivalent to the dam constriction costs can be expected;

4.7.2 Characferistics of Plood Damage

(1) Floodfdamage

The annual ‘average of flood damage between 1967 and 1976 is WlS 267 X

(1n 1976 prlce) " This is equlvalent to 0.45 % of_tha GNP-of the
correspondlng period. -The damage amounting to 1.4 % of the'GNP_in'1969,
about 1.0 % in 1970 and 1972 is reported. A heavy damage is observed in

urban areas. such as Seoul and Pusan.

In spite of the progress of the river improvement in recent yeafs, there

is an increasing tendency in inundation areas and death toll.

(2) Flood damage by rivér'systems

_The flood damage occurred in the four major river ba51ns during the past

ten years is almost equlvalent to 50 7 of that of the natlona] total.,

of the damage occu1red in the four major river basins, 74 % had occurred

in the Han_and Naktong rivers.,
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Tho amounb of flood damage is the heuv1est in the Han Ilver fallowed by
the Naktong, the Geum and the Seoumjin rlvers, the areas of inmundation is
the widest in the Naktong river followed by the Geum, the Han and the

Seoumgln rivers.,

Thus thé;Han river basin has been sufferred the heaviest flood damage.

Tts flood damage shows characteristics of urban flood represented by

damage of publlc fa0111t1eb, such as rallway, road bzldge and building.
In the three river. basins other than the Han river, abhout 60 percent of

the flood dammge is occurred from agrlcultulal damage.

4.7.3 .Devélopment of” Flood Control Projects
(1) Flood damage of the respecfive'riﬁer basins
a. Han river'

As Seoul the capltal and polltlcal city, is located in the down—'.
‘stream reaches, the effects of flood prevention of thls districts

1nclud1ng Seoul- Inchon industrial zone are of paramount 1mportance.

Soyangang dam is now complebed on the North Han river_fbr-flood'
'control On the Soﬁth Han River, howe#ef,'since no flood control
dam has been constructed yet, flood damage is quite frequently

leported

b. Nakdong river

Aldng'the main river course of the Nakdong ri?ér,”farmland is
spreading exten51ve1y, and about 50 % of the flood damage is

somehow related to agllculturo.

Aiong the_midfstream 6f the river,.chgngés inuiahd utiliZation
(Gumiilndustrial Fstaté) is obser#ed ) Topography of the river
Tba51n and allgnment of thc river Lhannel call for - constructlon of
more flood control dams on the rlver, however, sultable dam sites
for the flood control are hard to be found. The Ilood damaﬂe is
1ncrea51ng due to a rise of Tiver bed caused by sedlment load

and inland water.
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c.,. Geum river
The forestation along the river is rather poor, hence a floqd
flushes rapidiy, and most of flood ﬂamage is concentrated in the
_downsfream areas. Since the.Daecheong dam under construction is
located in the mid~stream:of-the main river, itis expectéd to
bring on considerable effects of the flood control, Just like
the Nakdong river, a damage'cﬁused by inland wéter is relativély

high.

., d. BSeoumjin river

About 73 % and 13 % of the catchment areca are mountainous aréas
and-farmldnds respectively. Pqpulation is the smallést'among the
four.major'fiQer'basins. Tt is an under-developed area.  The areas
suffering_fréquent flood'damage can be seen in bhe mid- and down-
stream areas especially concentrated in the downstrean df the No.2

Boseongggng dam.

(2) Ex1st1ng flood control facilities of the respectlve river

systems

Trt the national=écale, the rate of progréss of river improvement.is
only 28.8 % (as of October,.1977) of the probosed total impro?ement
section of.thé‘rivers. The promotion of constructlon of large scale
flood conbrol progecte is expected in the near future. Among the - four
major river basins, thg rate of progress of the-rlver 1mprovement-1n '
the Han riVer‘ié"fhé lowest of 32.7 % in.the section sﬁperviséd direct-

iy by the Government.

"{3) TFlood §dntr01 caﬁacity of the dams of existing and under
cohstruction '
The flood control storage of the dams - ex1st1ng as well as’ under con~r

struction - are below 100 mm w;th regard to “the equlvalent pr901p1ta—

. tion with only exception of 185 mm ‘of the Soyanggang dam.- The natlonal

'dverage prec1p1tat10n equ1valent to the ilood control storage is 71 3

mm, and this shows flobd control dams are stlll too few in numbel and
too small in storage volume. More flood control dams may have to be

cbnstruéted.in'the future.
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4,7.4 Flood control effects of the 24¥damé

Flood control projecis are generally regarded.extremely'high in'pubiic
1ntercstq, and construction of such proaects are usually*flnancod hy

domestic capitals. In tine with the natiopal pollcy, ‘a substantially
low interest rate is usually allowed for such pro3ects and effects of

flood contro? proaects are all highly evaluated.

With regard:to flobd control in multipurpose dam projects; a justifiable

expenditure constitubes an important factor, and the benefit-cost ratio
is computed aséuming an appropriate intérest rate. Accofding to Japa-
nese practlce, duratlon perlod of 80 years, 1nterest rate of 4.5 %,

and capltal recovery tactor of 0.0464 applled for EV&lUdtlno a flood
control PrOJeCt.' Slnce in the current %tudy, duratlon perlod of 50
vears and interest rate on flood control at 8. 0 % are con51dered the

capital recovery factor is nearly doubled to 0.08174. These factors

~should be re—éonsidered in the following stageé.

The flood control benefits are calculated in the present stuﬁy based on
the alternatlve Justlfldble expendlture method and the separable COStS“
1ema1n1ng benefits method. It is recommended that the benefit~cost
analy31s of flood control of a dam will be carried out in an orthodox

procedure at the time of the_2nd stage burvqy.

(l) Classification of dam group from the viewpoint df flood
control .
The 24 dams are cla851f1ed as below ow1ng to their locat]on and allgn—
ments of hhe river’ channels._ '
a, Dam groups with flood contrqi'funptions covering the
downstream réachesjbf_the méin river channel

i) Han river: - 3 dam groups, namely, Hongcheon,

Ganhyeon and Dalchéqn

ii} Nakdong river: 2 dam grpups, namely, Imha and Chibo
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b de groups ﬁith flood control functions covering only a
part of downsiream areas of the dams. (Group of 19 dams

other than group a.)

The ébqve clagsification are based on such factors as location of the

existing and proposed dams, flood profeétion areas in the downstreams

" of the dams, topography bf the dam sites and alignments-df.the Tiver

channeis'aﬂd:availablelsurvéy'datéf' Since the dams uhder_thé group
(a)_will.fequire'consiQerabiy large flood storage cdpacities in future,
such benefit equivalent to justifiable eﬁpéndithfe of the &iteinaﬁive
flood control dam.is aﬁticipated. F0r=the dams undef fhe group (n),

a.flbod_storage of 2 to 3 meters was surcharged on top of the design.

vater supply and power generation storage in anticipation of the flood-

control benefits equivalent to the séparable'costs. With regard to the
dam group of (a) above, the separable costs are also computed for the .

purpose of reference.

(2) . Annual expenditure for flood control in- the group (a)

The alternati#e justifiable expenditure of flood control was cdmputed

- on the fiyé dams of the Han and. Nakdong river basins referfing to pre-

cipitation'eguivalént to the flood cohtrol stérage'Of the exisfing‘dams;
assuming 1) period of duration of flood control facilities at 50 yegfs-
and 2) interest rate at 8 %. The computcd annual expendi%ure is shown

below.

- Dam River = -Annual expéndifure (lO6 W) 5:
Hongcheoﬁ © " Han : 2,158
Dalcheon =~ o _ 1,868
Ganhyeon = b _ 1,260
Tmha. Nakdong 1,915
Chibo " S 4,527
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(3) Separable cost for flood control in the groups (a) and (b)
The separable cost were cgicﬁlatéd=on the 19 &ams.(groﬁp b) as well as

on the 5 dans (group a). The results a:e:shdwn'below.

The surcharge lqvel'wés déterminéd ét 2.0 meters for rdckfillxdams and -

3.0 meters for concrete dams.

Dam Annual Expenditure-

(106 W)
Bamseonggbl o . SS
Hypyeong : - L 45
.'Ihje _ - 66
Weolhak . B 74
Gujeol | 78
Pyeoﬁgchung . -.84
'_Panun : - _ _ 29
”Suju _ ' 35
Dogog- : o _ 45
Bonghwa . ; . 35
Hamyané ' | s 36
Dogsan AT =
Yongdaﬁ_ | 48.
Suﬁong_: : . : 28
Myéongéhéon o : 46
Simcheon B _ i _ .574
JedESeong : S 55
S
N§;2:Béseonggang" _ D CoaT
.Hoﬁgcﬁéon o : Cam
Gaﬁhyéon-_ | ' 34'
Daicheon : . 107
Imha | 61

Chibo L 141
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5. OUTLINE OF MULTIPURPOSE DAM SCHEMES

The outline of the 24 multipurpdsc dam schemes is. summarized in Table
5-1 and the cost estimate in Table 5-2, based on the study in accordance

with the plamming conditions sfipulatéd in the Chapter 4.,

The'outlihé of each dam is attached in Annex 10. -

®
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Name of Dam

1-32

2-23

3-22
4-30

5-A3

Remarks: 1. Flood conbrol '_capaciiay_wi{h asfériék_

{up})

Bamseonggol 58 %

Hupyeong (up)} 60

Inje (up) 00
Weolhak 3t -
Hongéheon 60

Gujeol{up) 60
Pyeongchang 10G

Panun ) 5
Suju 100
Dogog 33
Dalcheon 40
Ganhye on - 35
. Bonghwa 100
Imha 100

Chibo{down) .32
Hemyang {up) 80

Dogsan . B8O
' Yohg;‘taﬁm : :100
Sutong = . 20
. Myeongcheon ' 34
Simcheon oo
Jeokseong BO
Juam ' 100
- {up)

Boseonggang 40

2. Dam type

VE/Qy

Catchment

Area

km

582.7

305 |
1,043.3
563.4

1,473

100.8
485.3
652

328.9
192.6

1,348

1,180

1,105
1,230

4,550
. 264
231

949
1,526
2,003

©640.3

1,004
1,010/2

457/2

Table 5-1

Ann, Ann,
Precipitation Inflow
mim iOsmé
1,350 525.5
1,360 | 275.1
1,340 | 941
1,280 | 497.5
1,430 |1,333.2
1,210 | 83.9°
1,330 408.6
1,320 548.9
1,440 | 287.3.
1,420 | 430.3
1,220 |1,054.2
1,420 1,068
1,020 | 655.1
1,040 | 729.2
1,040 2,439
1,400 | 251.4
1,550 | -230.9
1,340 766.1
1,310 .{1,174.2
1,260 11,503.4
1,160 |1 462.4
1,390 187
1,410 | '709.3
1,410 | 175.6

R.TF. : Rockfill
C.G. : Concrete gravity

Principal  Features of Long Term Malti-Purpose Dams

121 119 112,17 6.9 13.6 100.5

is calculated besed on equivalent rainfall

/1 Includes” the catchment area, 763 k_mz, of .the_ Seoumjingan (l-&m.‘ .

42 _Inc]l.u.des' the_.catchment area, 275 krﬁz, o=f'the_ No,

.1 Boseonggang “dam,

270.

R eservoir _ ] Dam _
Fw.L.. HW.L. LW.L.. Crowdown Reserveir Gross 'Effec;ive Firm ' Flood Type Height " Volume  Design
Area  Storags Capacity  Discharge Control X Flood
EL. EL.. ElL. (NHWL) Copacity Capacity Crest . Leagth Discharge
T INHWL) s s
) . . : L -3 - ) . - % a -k
m m.oom m km* 10 10'm° fMeec  10m mxm  1Om  Meec
302 300 264, 36 11.8 400.6 303 12.66 19.8 | R.F. .~ 88x303 2775 5,400
568.4 566.4 521.6 - 44.8. (6.7 180,4° 165,1 6.70  14.0 |.R.F. . 88.4x327 2,960 3,830
346 344 300.6 43.4 31 1,300 ° 941 26.31 67.8 | R.F.°  125x362 5,206 7,200
302 300 - 278.4 21.6- 9.8 . 254 1547  9.05 20.9 | R.F 81x357 3,330 © 5,310
- : S Sy 2025 : T
123.5 120 99.3 20.7 49 1,314 799.3 30.40 f(;90,0). C.G. 85x351 700 8,460
744.5 742.5 T717.9 24.6 4 57 50.3  2.03° . 9.0| RiF. 54.5x193 790 1,870
422 420 388.6 31.4 16.9 598.8 408.6 11.71  35.6 | R,F.  -102x424 5,570 4,570
282 280 273.9 6.1 5.8 8.1 27.5 . 5.09 8.5 | R.F. 48x285 ° 1,090 5,310
434 432 . '3%9 33 - 14.8 = 380 287.3 8.28 . 31,8 R.F. - 107x483 6,300 3,720:
327 325 301.5 23.5 8.3 213:3 1415 9.16 - .16.2_| R.F. _T0x415 3,000 4,610
' : _ _ 185.4 | . - - _
119.8 115.8 102.9- 12.9 48.5 710 421.7 14.39 {(118,5) C.G. '56.8x313 300 6,980
_ : : _ _ - 162.2% o ;
115.3 111.4 99.6 11.8 .3% 673 .. 374  14.45 i(130.7) C.G. 48.4x264 192 17,670
305.8 303.8 269.6 34.2 29.3 1,015  655.1 17.74 53.4_ R.F. 128.8x302 5,920 6,360
: o 84.9%| ' ' '
193.5 192 169.8 .22.2 '48.8 1,055 729.2 . 19,60 f(107;4) ‘B.F 83x376 3,020 6,700
o . C ) ) Co 314.0%| . o : :
91.0  B7.7 . 77.6 '10.1 73.3- . 900 776 . 58.68 {(380) C.G. . 48.7x579 . 476 11,780
382.5 380.5 328.2 52.3 6.1 218  201.1  6.83 :13.0 | R.F.  95.5x402 3,780 3,290
"160.4 158.4 130.4 28 9.2 244  184.7 6.26 17.0 | R.F. - 77.4x371 2,880 3,280
271.7 269.7 248.8 20,9 48.8 1,220 -76@;1 20.77 = 86.1 | RiPF. f9.7x465 3,460 5,92¢
{202 200 185 15, 20.9 379 232.3  18.73  48.9 | R.F. - . 62x246 1,580 7,390
152 150, 136.5 13.5 53.5 910 507 28.42  105.6 | R.F, . 61x314 - 1,800 8,350
172,7 170.7 151  19.7 34.7 715  462.4 12.42 55.4 | R.F. 76.7x327 2,810 4,870
135 133 116.2 16.8 13.7 240  149.6 . 5.01 27.0 | R.F. ~ 66x389 2,320 6,580 |
126,5 124,5 106 18.5 61.3 1,100 709.3 19.79. 124.5 | R.F 76.5k424 3,070 6,590
70.2 . 3.08  30.5 | R,F. - 25x239 4,430

RRRT X

Waterway

Tunne! for

Power

Dx L
mx m
5.2x 2,200
4,1x11,500
6.9x 5,200

.6x14,300

.7x 1,700
.5x 1,900

4.1x 8,400
4x 3,200

[

Powerstation

.1x 2,000 |.

| Rated Max,
Head _ Discharge
,

m Miee
103.6 - 61,26
195.2 - 32,4
130.6 127.73

63.4  43.95
| 60.6 147.85
315.4 9.9
95.1 © 56.99
45.1. 24.73
91.9 - 40.14
59,8 44,26
37.3  Tl.52
34.7  70.98
100.4  86.62°
65 0 96.34
'29.6 . 285.41
190.7  33.03
;78;6 30.31
61.3 101.53
a4 90.69
40 138.59
57.8 - 61.25
49,2 24.45
54 97.34
20 18.30
5 =2

. =lnstelled
Capacity

S kw
54,900
54,700
144,360
24,100

77,500

27,000
46,900 -

9,650
31,900

22,900

23,100

21,300

75,200

54,200

73,100
54,500
20,600

53,800
34,500
47,400
30,600

10,400
45,500

3,170

Ann.
Energy
Cutput

lOskwh
116,3-
118.5

277.6°
64.8 -

182.0

60,2
83.5
40,2
60.3
58.4
66.7

63.6

149.4

107.1

164.8
109.8 . -
45,2

106.5

-105.4

130.1
0.2

21
836.4

7.9



Table 5-2 Construction Cost of Long~Term Multipurpose Dams

Unit : 106 Won

: ' Cost of Dam & Reservoir : : ' ’ orstati ;
Name of Dam v /Q . e : _ | Total _ Cost of Powerstation Grand
ane ' Y Compen~ General Comin- Inferest Sub~ Dam  Prepera- Generat Contin- Intetest  Sub=- Cost Woﬂ”wny Power=  Genarating Prepa- Generol Comtin ~  Interest  Sub- Total
sation FExpense MY duing Total - inchd. tory Expense gemy  during  Total inclyd...-  station Facilities ratory Expense  goncy  during Tatal Cost
s Const. Spiliway : ‘Gonst. Regulating includ. Const. -
' Pond Trans - :
mission

1-32 Bamseonggol(up) 58%| 3,900 © 468 874 503 5;745 7,903 79 958 1,788 1,030 11,758 17,503 {1,861 1391 5,240 21 902 1,683 969 11,067 |28,570
'2-23 Hupyeong (up) ~ 60 | 1,800 216 403 232 2,651 7,725 77 936 1,748 1,007 11,493 (14,144 {4,891 315 6,038 51 1,355 2,530 1,457 16,637 |30,781

322 Inje (up) 100 | 8,270 992 1,852 1,423 12,537 13,775 138 1,670 3,117 2,394 21,094 | 33,631 |6,408 851 10,406 70 2,128 3,973 3,051 26,887 |60,518
4-30 Weolhak 31 | 5,750 690 1,288 742 8,470 8,570 86 1,039 1,959 1,128 12,782 21,252 | 269 227 4,468 4 596 1,113  64l- 7,318 | 28,570
5.A3 Hongcheon 60 |12,720 1,526 2,849 1,641 18,736 15,850 158 1,921 3,586 2,065 23,580 | 42,316 | 756 616 9,418 11 1,324 2,471 1,423 16,248 | 58,564
6-3  Gujeol (up) 60 | 3,170 380 710 545 4,805 2,585 = 26 311 584 449 . 3,955| 8,760 [2,648 146 3,342 27 740 1,381 1,060 9,344 |18,104
7-9  Pyeongchang 100 | 8,350 1,002 1,870 1,077 12,299 12,552 126 1,521 2,840 1,636 18,675 30,974 |1,840 363 5,053 21 873 1,630 939 10,719 [41,693
8-10 Panun "5 | 3,790 455 849 489 5,583 3,900 39 473 - 882 508 5,802 | 11,385 | 730 118 2,672 8 423 790 455 5,196 | 16,581
9-13 * Suju 100 | 4,000 480 896 688 6,064 13,556 136 1,643 3,067 2,355 20,757 | 26,821 1,198 255 4,037 13 . 660 1,233 947 8,343 |35,164

10-12 Dogog 33 | 2,500 300 560 - 323 3,683 7,530 75 913 1,704 981 11,203 ]| 14,886 | 516 220 4,318 6 607 1,133 653 = 7,453 |22,339

11-A1 Dalcheon 40 |12,250 1,470 2,744 1,580 18,044 7,980 80 967 1,850 1,040 11,87229,916 | 313 276 6,150 5 809 1,511 870 9,934 |39,850

| N ‘ ; . | | O, 34T® | S |

12-A2 Gavhyeon - 35 | 9,380 1,126 2,101 1,210 13,817 4,460 45 541 1,009 581 6,636 | 20,453 {l 278 247 6,936 4 896 1,672 963 12,343 | 32,796

13-35 Bonghwa 100 | 3,610 433 809 621 5,473 14,526 145 1,761 3,286 2,524 22,242 27,715 ,747*'522 6,832 11 973 1,817 1,395 12,297 | 40,012

o R - - - | | - |psaTs* ‘ o o \

14-43 Imha 100 |13,400 1,608 3,002 1,729 19,739 8,663 87 1,050 1,960 1,129 12,889 | 32,628 { 506 453 6,803 8 943 1,761 1,014 12,753 |45,381

15-36 Chibo{down) 132 |34,100 4,092 7,638 4,400 50,230 10,100 101 1,224 2,285 1,316 15,026 ] 65,256 {- 986 778 15,604 15 2,086 3,894 2,242 27,352 |92,608

1651 Hamyang(up) 80 | 4,500 540 1,008 774 6,822 8,960 90 1,086 2,027 1,557 13,720] 20,542 |3,821 317 5,757 40 1,192 2,225 1,709. 15,061 | 35,603

17-53 Dogsan | so | 5,580 670 1,250 720 8,220 7,040 70 853 1,593 917 10,473 18,693 1,454 185 3,260 15 590 1,101 634 7,239 {25,932

18-62  Yongdam 100 |16,600 1,992 3,718 2,142 24,452 9,066 91 1,099 2,051 1,181 13,488 37,940 |1,457 460 8,136 17 1,208 2,256 -1,209 14,833 |52,773

19-63 Sutong 20 | 8,050 966 1,803 1,039 11,858 5,703 57 691 1,290 743 8,484[ 20,342 375 350 7,372 6 972 1,815 1,045 11,935 |32,277

20-64 Mycongcheon 34 |20,680 2,482 4,632 2,668 30,462 6,330 63 767 1,432 825 9,417| 39,879 | 518 477 10,461 8 1,376 2,568 1,479 16,887 |56,766

21-69 Simcheon  ~ 100 [17,680 2,122 3,960 2,281 26,043 7,667 77 929 1,735 999 11,407 37,450 | 572 292 5,660 7 T84 1,463 843 - 9,621 | 47,07

22-77 Jeokseong 80 | 6,260 751 1,402 808 9,221 6,935 69 840 1,569 904 10,317 | 19,538 '310.121 . 2,724 4 379 708 ' 408 4,654 | 24,192

23-82 “Juam 100 [32,100 3,852 7,190 4,142 47,284 8,674 87 1,051 1,962 1,130 12,904|60,188 | 984 405 7,792 12 1,103 2,059 1,186 13,541 |73,729 -

2 265 495 190 | 3,161 (13,644

24-A4 Boseonggang(up) 40 | 5,560 667 1,245 478 7,950 = 1,753 18 213 397 152 . 2,533 10,483 | 224 - 63 1,922

* Cost of regulating pond
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6. COMPARATIVE STUDY OF MULTLPURPOSE DAM SCHEMES

Annual benefits and benefit-cost analysis of the 24 multipurpose dam

schemes are tabulated in Tables 6~1 and 6-2, which indicate some index

for economic comﬁarison._ Based on the result of the study and consider—
ation on urgency of development of water resources of the respeqtivé

basins, ten schemes mentioned in the Summary and Conclusion are derived.



Name of Dam. - /
Vi/Qy
1-32 Bamseonggol{up) 58%
2-23 Hupyeong (up) - 60
3-22 Inje{up) 100
4.30 Weolhak._ 31
5-A3 'Hongcheon 60
6~3  Gujeol{up) 60
7-9  Pyeongchang 100
§-10 Panun : 5
9-13 Suju 100
10-12  Dogog 33
11-Al Dalchecon 40
12-A2 Ganhyeon_ _ 35
13-35 Bonghwa 100
14-43 Imhe 100
15-36 Chibo (down) 32
16-51 Hamyang(up) 80
17-53 Dogsan ' 80
18-62° Yongdam 100 -
19-63 Sutong - 20
20-64 Myeongcheon 34 .
21-69 Simcheon 100
22-77 Jeokseong . 80
23-82 Juam - 100
24-A4 Boseonggang(up) 40

Total

Table 6-1

Power & Energy Benefit

Annua) Benefit of Long-Term Multipurpose Dams.

Benefit of Watef Supply

Benefit

of Flood Control-

Installed -
Capacity

Pi kW

54,900
54,700
144,300
24,100

77,500

27,000
46,900

9,650
31,500
22,900

23,100

21,300

75,200
54,200

73,100
54,500
20,600

53,800
34,500
47,400
30,600

10,400
45,500
3,170

1,067,220

“Ann. - - kW kWh
Energy Benefit Benefit
Output : :

6 6y

6 105y 106W

10" kWh/y @38820 . @9.475
116.3 1,870 1,144
118.5 1,945 1,138
C277.6. 4,944 2,809
64.8 823 635
182.0 2,646 2,096
60.2 1,012 571
88.5 1,608 890
40.2 355 389
60.3 1,082 580
58.4 767 562
66.7 787 - 706
63.6 727 674
149.4 2,568 1,555
107.1 1,851 1,014
164.8 2,498 1,561
109.8 1,907 1,072
45.2 699 458
106.5 1,838 1,107
105.4 1,178 1,033
130.1 1,618 = 1,332
60.2 1,045 600
21 355 199
86.4 1,553 819
7.9 108 75

2,345.3

Annual
Benefit

106w
3,014
3,083

7,753
1,458

4,742

1,583
2,498
744

© 1,662
1,329

1,493

1,401

4,123
2,865

4,059
2,979
1,157

2,945
2,211
2,950
1,645

554
2,372
183

Remarks: Figures with asterisk in surcharge capacity is calculated based on eQﬁivalenf

Ann.

106w

2,761
246
1,365
225

6,835

249

126
1,223
710
3,454

3,473

908
3,853

6,296

1,202

1,102

2,901
1,796
3,920
1,728

1,214
4,826
849

inmﬁmeﬁr Decrease_ Net Unit
of Apn. - due to  Increment Benefit  Benefit
Suppliable Existing : .
Woter Dam : )
loeﬁ&y 106m3/y -106m3ﬂy W/m3
1326.0 -3.4 322.6 8.56
173.1 ~144.4 28.7 - 8.56
699.1 ~539,6 159.5 8.56
216.3 -190 26.3 8.56
798.5 — 798.5 8.56
52.5 -23.4 29.1 . 8.56
314.3 -112.4 201.9 . -8.56
87.1 ~72.4 14.7 8.56
222.1 ~79.2 142.9 8.56
231.0 -148.,1 82,9 8.56
403.5 —_ 403.5 8.56
405.7 e 405.7 - 8.56
535.1  =395.8  139.3.  6.52
590.9 —_— 590.9  6.52
965.7 —_ 965.7°  6.52
184 .4 —_ 184.4 6.52
169.0 — 169.0 - 6,52
550.5 ~54.6  495.9°  5.85
430.6 -123.6. 307.0 5.85
691.5 -21.5 670.0 5.85
328.7 -33.4 295.3 5.85
134.4 — 134.4 . 9.03
©534.4 —— 534.4 9.03
94.0 — 94.0 9.03
rainfall

Surcharge
Depth

NN
o0

t

u.
T

NN PR N
e RoloNole!

4.0 {(

. 1.5 (

!

™M W
©.Cw

[NSIAN R 6 N
sR-ReRe!

SR
000

Surcharge Ann

Capacity Renefit
106m3 100w
'19.8 28
14.0 45
67.8 66
20.9 T4
202.5 % f2,158_
190.0) (131)
9.0 78
35.6 84
8.5 . 29
31.8 35
16.2 T 45
185.4 * { 1,868 . -
138.5) (107)
162.3 * 1,260
130.7) - {34)
53.4 35
84.9% 1,915
107.4) (61) -
314.0 % 14,52_7'
380.0) (141)
13.0 36
17.0 .57
86.1 48
48,9 28
105.6 46
55.4 74
27.0 - 55
124.5 131
30.5 47

Total
Benefit

106w

5,863
3,374
9,184
1,757
13,735
i(11,708)

1,910
899
2,920
2,084
6,815
(5,054)
6,134
(4,908)

———t e

5,066
8,633
1(6,779)
?14,382
{10,496)
4,217
2,316

5,894
4,035
6,916
3,447

1,823
7,329
1,079



1-32

2-23.

322
4-30

5=-A3

Nar f Dam-
ame © amvE/QY

{up)
Bamseonggol 58%
Hupyeong (up) 60
Inje(up) 100
Weolhak 31
Hongcheon 60
Gujeol(up) 60
Pyeongchang 100
Panun 6
Suju 100
Dogog 33
Dalcheon 40
G@nhyeon 35 -
Bonghwa 100
Imha 100
Chibo {dowvn) 32
Hamyang (up) 80
Dogsan 80

.Ioﬂgdam 100
Sutong 20
" Myeongcheon 34
Simcheon 100
'Jéokseong 80
Juam 100
Boseonggang 40
{up)

Dam & Reservoir

Table 6-2 Benefit Cost Anslysis of Long-Term Multipurpose Dams

. Power Facilities

Compen~
sation
Cost

(1)

5,745
2,651
12,537

8,470

18,736
4,805
12,299
5,583
6,064
3,683
18,044

13,817

5,473
19,739
50,230

6,822
8,220

| 24,452

11,858
30,462

| 26,043

9,221
47,284
7,950

Const. Total = Ann. OMR  Total

Cost Capital (2)x " Cost

Cost _ 0.005
{(3)x
0.,08174
(3 (6)

(2} =(0)+(2) 4y (5)=(4)+(5)
11,758 17,503 1,431 59 1,490
11,493 14,144 1,156 = 57 1,213
21,094 33,631 2,749 105 2,854
12,782 21,252 1,737 64 1,801
23,580 42,316 3,459 118 3,577

3,955 8,760 716 20 . 736
18,675 30,974 2,532 93 2,625

5,802 /11,385 931 29 960
20,757 26,821 2,192 104 2,296
11,203 14,886 1,217 56 1,273
11,872 29,916 2,445 60 2,505

6,636 20,453 1,672 33 1,705
22,242 27,715 2,266 111 2,377
12,889 32,628 2,667 65 2,732
15,026 65,256 5,334 75 5,409
13,720 20,542 1,679 69 1,748
10,473 18,693 1,528 52 1,580
13,488 37,940 3,101 67 3,168

8,484 20,342 1,663 42 1,705

9,417 .39,879 3,260 47 3,307
11,407 37,450 3,061 57 3,118
10,317 19,838 1,597 52 1,649
12,904 60,188 4,920 65 4,985

2,533 10,483 857 13 870

OMR  Total

(7T)x Cost
0.025

Const. Ann.
Cost C&pitﬂ.l
Cost
(7)x
‘0.08174

: (10)

(9)=(8)+(9
277 1,181
416 1,776
672 2,870
183 781

(7
11,067
16,637
26,887

7,318

(8)
904
1,360
2,198
598
1,328 406

16,248 1,734

764
876
425
682
609

233
268
130
209
187

997
1,144
555
891
796

9,344
10,719
5,196
8,343
7,453

9,934 812 248 1,060

12,343 1,009 308 1,317

12,297 1,005 308 1,313

12,753 1,042 319 1,361
27,352
15,061

7,239

2,236
1,231
592

684
37T
181

2,920
1,608
773

14,833 .
11,935
16,887
9,621

371
298
422
240

1,212
976
1,381
786

1,583
1,274
1,803
1,027

497
1,445
337

116
338
79

381
1,107
258

44,654
13,541
3,161

Cost

(1)
=(6MIO)
2,671
2,989
5,724

2,582

1,733
3,769
1,515
3,187
2,069

3,565

3,022

3,690

4,093

8,329

3,356"

2,353

4,751
2,979
5,110
4,145

2,146

6,430"

1,207

Unit =

106W0n

183

Benefit : : .
Power . Power & Water Supply Power,Water Supply & ¥lood Control
Benefit Benefit gup- . Benefit g
of Total of . -
B/C B-C Water : *oB/e B-G Flood Tobal B/g B
_ Supply © | Control B :
13) {14} R (7 S { ¢ s} - 120) {21) (22)
(12) =%y ~gzran| (15) <2+u a0 -an | (19) ~(2xEM9) =20 =20-a1)
3,014 1.13 343 12,761 5,775  2.16 3,104 88 5,863 2.20 3,192
3,083 1.03 Y94 P 246 - 3,329 .1.11 340 45 3,374 1.13 385
7,754 1.35 2,030 {1,365 9,119 1.59 3,395 66 9,185 1.60 3,461
1,458 0.56 ~1,124 | 225 1,683 0.65 -899 74 1,757 0.68 ~ -825
g . o : -E(131) {11,708) {(2.20) {6,397)
4,742, 0.89 -569 16,835 11,577 2.18 6,266 [2,158 | 13,735 2.59 8,424
1,583 0.91 - -150'| .249. 1,832 ‘1,06 99 78 1,910 1.10 177
2,498 0.66 -1,271 [1,728 4,226 1.12 . 457" 84 4,310 1.4 - 541
. T44 0.49  ~T71 126 870 0.57 -645 29 899 -0.59 -616
1,662 : 0.52 -1,525 |1,223 2,885 0.90 =302 [ 35 2,920 0.92 -267
1,329 0.64 —740 710 2,039 0.98 -30 45 2,084 1.01 - 15
- ' ﬁ(107)_i(5,054) !(1;42) ‘(1,489)
1,493 0.42 -2,072 {3,454 4,947 1.39 1,382 [4,868 {6,615 ' 1.91 3,250
: ' (34) (4,908) ({1.62) ({1,886)
1,401 ©.46 1,621 |3,473 4,874 1.61 1,852 &,260 i 6,134 { 2.03 3,112
4,123 1.12 433 908 5,031 1.36 1,341 | 35 5,066  1.37 = 1,376
' | | (61){ (6,779) 1(1.66) (2,686)
2,865 0.70 -1,228 | 3,853 6,718 1.64 2,625 |1,915 .' 8,633 2.11. 1 4,540 .
R RS _ oy (141) ((10,496) j(1.26) 1(2,167)
4,059 0.49 -4,270 16,296 10,355 1.24 2,026 h,527 14,882 { 1.79 { 6,553
2,979 0.89 =377 1{1,202 = 4,181 1,24 825 36 4,217 1.26 861
1,157 0.49 -1,196 11,102 2,259 0.96 - -94 57 2,316 0.98 . - =37
2,945 0.62 -1,806}2,901 5,846 1.23 1,095 48 5,894 1.24 1,143
2,211 0.74 768 1,796 4,007  1.34 1,028 28 4,035  1.35 1,056
2,950 0.58 -2,i60| 3,920 6,870 1.34 1,760 46 6,916  1.35 1,806
1,645 0.40 =~2,500| 1,728 3,373 0.81 -772 74 3,447 0.83 -698
554 0,26 -~1,592[.1,214 ' 1,768 0.82 -378 55 1,823 0.85 .  -323
2,372 0.37 -4,058| 4,826 7,198 1.12 - 768 131 7,329 1.14 899
0.15 -1,024 849 - 1,032 0.86 -175 47 1,079 0.89, -128
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7. RECOMMENDATIONS

The scope of the second stage survey is as atbached in the Annex 9.

"The following data are needed for the second stage survey to increase
the aCCHPdCy’Of survey for the 10 selected long-term multipurpose dam

schemes.
(1) Topographical survey

a. All the plane {scale 1:1;000 tao 1:5,000) are required
for 10 dam sites (including alternative dam sites), excluding

some already available.

b. . The permanent B.M, at each dam site is required to be
installed for all the dam sites above deseribed, excluding some.

already installed.

¢. The installation of center line'logs along the provisienal

%% center line of dam is required.
"d. For the sites where the head for power generation is to be
obtalned by a headrace or tallrace tunnel, the preparatlon of river

profile is required based on field survey.

e. For the tunnel type power statlon, the plan (scale 1:1 ,000
to 1:5,000) along the provisional center line of penstock is 1o be

prepared based on T ield survey.

f. The general pian in and around the pover station (sCale
1:1,000 to 1:5,000) is %o be prepared by’survey irncluding’ the
location of B M

The detailed Scope of survey works will be determihedibaSed en‘ihe'
discussion made between the MOC and the second stéée'Sufvéy team.

{2) Compensafien sﬁrvey

a. Supplemental survey of compensatlon for the qelected dam

sites; the Survey ol large towns is to be made independently, .

i




‘C%"
f’;’,’. 3

W

b, The survey of length of highway, main local road and

rallway to be %ubmerged in the reservoir, if any.

‘¢c. The survey of market prices to estimate the increase

of compensatidn cost.
(3) Geological survey
a. Drilling investigation

Three bore holes along dam axis are required, and their location

and depth:are shown on the geological map.

b. Permeability test

The sur#ey.df permeability‘coefficient or Lﬁgeon's value by

pressiﬁg Pure water with hydrostatic préssure of about 1.5 times

of water pressure caused by HWL for evéry 5 meters after reaching
hard rock. ' ' '
C. Seiémic'exploration

The seismic exploration is to bé made in prihCiple at each dam site.

The detalled Scope of geologlcal survey works is to be determlned

.based on the discussion made between the MOC and survey team taking

into account of tepography and dam type.
{4) Hydrological survey

a. 'The arraﬁgement of stage-discharge records at the gauging

stations related o thé proposed dam sites (including the periodical

- discharge measurement) .

I+t is d951rable, if pouelble, to install the self gauglng statlon

‘at each proposed ‘dam site.

b. "The records of-reservoi:'wdtér 1e¥e1, inflow and oubflowy

and operation of existing power station.



c. The records of water pumped-up at major pumping stations

(for M & I and irrigation water supply use) in each basin.

d. The data on storm rainfall {(daily and hourly) during

flood periodforeéch basin._

e. The data on stage ahddischarge during flood periods

- for major stage—disdhargé gauging stations.

f. The data con hourly stage and discharge of existing dams
during flood periods.
g. The data on disghargé and density of salty water observed

at the lowest intake site of each river basin during drought period.
(5) Municipal and industrial water

a. The data on intake facilities of M & I water in big
cities or ihdustrial'complexés in each basin and the records of
water supply. '

b. The data on public works plénhed during the Fourth Five-
year Plan périod;-.(mainly the location of intake, its facilities
and design-intake-discharge).

c. The forecast of water demand and the development concept

after the Fourth Five-year Plan.
(6) Irripation water
a. Required data for irrigatioﬁ development
a.l The existing irrigation areas that are located
along the rivers under investigation.,
a.2 The jrrigable;éréas plong ‘the rivers under investiga—
Lion whiéh'aré to be provided with water by the dams
‘proposed in this survey. L
a.3 The irvigable areas ldcatEd in obther basins which
- are to be provided wiﬁh;waﬁer-by diversion from

the dams proposéd in this survey.



ot
i

)

The above data should contain the following items, if possible.

b.1

bh.3

“h.6

Present conditions of irrigetion and drainage
(i.e. general conditions, irrigation & drainage
system, command area, irrigation method, irrigation

practice, water management, water rights, ete.)
Data on invéntory of the facilities,

Current’ situation of land consolldatlon work
(1.e. implemented hectareage, constructlon meLhod

& cost, on-farm arrangement, etc.)

Data on soil and land use.

‘Data ou cropping_?attern, cropyield, farming

practice, agricultural mechanization, crop
diversification, production cost, farm inputbs
! 3 1

&_outputs,'etc.

Data . on farm econony.

{(7) Flood control

" a.

Data

a.l

b.3

related to flood damage

The records of inundaﬁion at‘the maximun floods for

each basin (arca, stage, duration, etc.), if possible.

The data on areas of habitual flood and abtributable

causes for each basin.
related to the present status of each river

The data on longitudinal and cross sections along

the related area on the downsbream of each river.

_The data -on dlscharge capa01ty of flood for each

I‘lVeI‘ ‘

The data on the observed f]ond dlSChdIUeS and flood

" traces for cach xlver, if available.

Data related to the improvement of cach river.
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