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CURRENCY EQUIVALENTS

Currency Unit - Korean Won

US$1 = Won (W) 485

W 1,000 US$2.06
US$ 1 million = W 0.485

W 1 million = US$2.062

UNITS AND EQUIVALENTS

1 meter (m) = 3.28 feet
1 kilometer (km) = 0.62 miles
1 hectare (ha) = 10,000 square meters

= 2.47 acres

1 square kilometer (sq km) = 0.386 square miles
= 100 ha

1 cubic meter (cu m) 35.31 cubic feet
= 1000 liters (1)

= 264.2 U.S. gallons

1 million cubic meters (MCM) = 810 acre-feet
1 megawatt (MW) = 1,000 kilowatts (kW)
1 gigawatt hour (GWh) = 1 million kilowatt hours (kWh)
1 kilovolt (kV) = 1,000 volts (v)
1 ton = 1,000 kilogram (kg)

= 2,205 pounds

ABBREVIATIONS

ADC = Agriculture Development Corporation
DCF Discounted Cash Flow
ECI = Engineering Consultants Inc.
El. = Denotes elevation above mean sea level
EDR = Equalizing Discount Rate
EPB = Economic Planning Board
ISWACO = Industrial Sites and Water Resources Development Corporation
KDB = Korean Development Bank
KECO Korea Electric Company
lpcd = Liters per capita per day
MCI = Ministry of Commerce and Industry
MHSA = Ministry of Health and Social Affairs
mill = One thousandth of a US dollar
MOC = Ministry of Construction
OECF = Overseas Economic Cooperation Fund
USAID = United States Agency for International Development
USBR = United States Bureau of Reclamation

GOVERNMENT OF KOREA
FISCAL YEAR

January I-December 31
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KOREA

APPRAISAL OF THE CHUNGJU MULTIPURPOSE PROJECT

1. BACKGROUND

General

1.01 The Government of the Republic of Korea has requested Bank assist-
ance in financing the Chungju Multipurpose Project, a key element in the
multipurpose development of the Han River Basin covering 26% of Korea's
land area, and containing 50% of its industry and nearly one-third of Korea's
population including the capital city of Seoul. The water resources of
the Basin have been partially developed through the construction of multi-
purpose dams on the north branch of the Han River. However, by the mid-
1980s additional surface water storage will be needed to satisfy the Basin's
rapidly growing demands for municipal, industrial and irrigation water.
The proposed Chungju Project, consisting of a dam and power plant on the
south branch of the Han River, would meet the growth in future water demands
over a period of at least 15 years after its completion in 1984. In addition
the project would help to meet Korea's rapidly growing power demands and
also have significant flood control benefits.

1.02 The Government has recently secured financing for the Chungju
Project in the amount of Yen 14,000 million (US$70 million) from the Overseas
Economic Cooperation Fund (OECF) of Japan. The loan agreement was signed on
January 20, 1978 and the proceeds will be used primarily to finance the
procurement of powerhouse equipment and the employment of consultants.

1.03 The Chungju Project was identified as the next stage in the multi-
purpose development of the Han Basin in a comprehensive study of the Basin
published in 1971 by the United States Bureau of Reclamation (USBR). A feas-
ibility study of the project was prepared in 1976 by Engineering Consultants
Incorporated (ECI) of Denver, USA. This report is based on the findings of a
preappraisal mission comprising Messrs. W.T. Smith, K. Sigrist (Bank) and
D.G. Knott, J. Hilf, L. Wolofsky, and W. Bright (consultants) which visited
Korea in June 1977, and an appraisal mission comprising Messrs. W.T. Smith,
R.R. Morton, V. Talvadkar (Bank) and D.G. Knott and V. Brandt (consultants)
which visited Korea in October 1977.

Multipurpose Basin Development

1.04 The drainage basins of Korea's four largest rivers, the Han,
Nakdong, Geum and Yong San, account for nearly two-thirds of Korea's land
area. Because of Korea's mountainous terrain, most of its major cities and
industries as well as much of its best agricultural land lie along these
major rivers and depend on them for their water. Korea has the advantage
that an unusually high proportion of its annual precipitation, nearly 50%,
appears as surface water runoff. However, this advantage is offset by
Korea's high population density of about 350/sq km with the result that
annual surface water runoff per capita is about 2,100 cu m compared to
4,300 cu m for Japan and 13,100 cu m for the USA.
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1.05 In the 1960s it became apparent that water demands for cities,
industries and farms would soon exceed the unregulated flow in the dry
season (November through March) when only 15% of the annual runoff occurs.
Also, with the rapid urban and industrial development, and more intensive
cultivation of the farmlands, the consequences of floods had become much more
serious during the three months - July, August and September - when the
rivers carry 65% of the annual runoff. Recognizing also the large untapped
hydroelectric potential of these river basins, the Government commissioned
the preparation of multipurpose development plans for each of Korea's four
major river basins.

1.06 The Han Basin. In 1965, the United States Agency for International
Development (USAID) arranged for a three-man team to assist the Government in
a preliminary survey of the Han River Basin. This led to the Han River Basin
Survey, financed by USAID and carried out by the United States Bureau of
Reclamation (USBR), which began in 1966 and was completed in 1971. The
objective of the survey was to formulate a long-range comprehensive plan for
developing the Basin's water resources. Existing projects in the Han Basin
include the Hwacheon Project, built in 1940, and the Soyang Gang Multipurpose
Project completed in 1973. There are also several smaller hydroelectric
projects. An important finding of the USBR study was that additional storage
would be needed in the Basin by 1986 and that this requirement would be best
satisfied by construction of the Chungju Project.

1.07 The Nakdong Basin. A basin study was financed by the United Nations
Development Program with the Food and Agricultural Organization (FAO) as
executing agency. The study began in 1966 and was carried out by NEDECO, a
Netherlands consulting firm. The first phase of this study recommended early
implementation of the Andong Multipurpose Project on the upper reaches of the
Nakdong River. This project was completed in 1976 with financial assistance
from ADB. Recent studies have shown that a barrage across the mouth of the
Nakdong River will be needed by 1985 to meet the growing industrial and urban
demands in the Nakdong Delta, including Busan, Korea's second largest city.

1.08 The Geum Basin. A study of the Geum Basin was carried out in 1972
by Nippon Koei, a Japanese consultant. A key element in the basin plan, the
Daechung Dam, is now under construction and will be completed in 1980. This
will develop the only major reservoir site in the Geum Basin and will firm up
the river flows for a large area of irrigated land bordering the Geum River.
A further possibility for development of the Geum River, an estuary dam near
the mouth of the river, has been investigated under a Bank-financed project
(Loan 942-KO). This dam would provide water for urban, industrial and
irrigation use in areas outside of the basin.

1.09 The Yong San Gang Basin. Stage I of a development plan, prepared
by government agencies, consisting of four storage dams and related irriga-
tion systems, was financed by the Bank (Yong San Gang Project Stage I,
Loan/Credit 795/283-KO) and was completed in 1978. Work on a second stage
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of the basin's development also financed by the Bank (Yong San Gang Project,
Stage II, Loan 1364-KO) has recently begun. This comprises an estuary dam
across the Yong San River near the town of Mok Po, reclamation of 5,500 ha of
tidal land, and irrigation of 15,000 ha of presently cultivated land.

1.10 The Ministry of Construction (MOC) has jurisdiction over the
development and use of water resources throughout Korea. The Water Resources
Bureau of MOC is responsible for collecting hydrologic data and issuing
licenses for the use of water from the major rivers. Multipurpose projects
are constructed, operated and maintained by the Industrial Sites and Water
Resources Development Corporation (ISWACO), a semi-autonomous corporation
under MOC. The Agriculture Development Corporation (ADC), a semi-autonomous
agency in the Ministry of Agriculture and Fisheries, has authority to
construct dams for irrigation and reclamation of agricultural land.

The Power Sector

1.11 Korea's consumption of electrical energy in 1978 showed a sixfold
increase over 1968, an average annual growth of almost 20%. Per capita use
in 1978 was 725 kWh, compared with over 6,000 kWh for a highly industrial-
ized country such as Japan and 840 kwh for a developing country such as
Brazil. Industry accounts for some 80% of total consumption. About 95%
of the urban population has access to electricity, and through a vigorous
rural electrification program some 90% of the rural population will be
served by 1981. Over the next ten years annual growth in demand is expected
to decline from 15% in 1978 to 12% in the mid-1980s. Peak demand in 1986
is estimated to reach 13,400 MW compared to 5,300 MW in 1978.

1.12 Indigenous resources for power generation in Korea are small
compared to future demands. Hydroelectric development, usually in combina-
tion with other purposes such as flood control and water supply, is a com-
petitive source of peaking capacity; however, the total potential is only
about 1,500 MW of which nearly 50% has already been developed. Coal reserves
consist of anthracite which, because of its low heating value, has to be
used together with fuel oil. These coal reserves are an important source of
home heating fuel but are unlikely to be a significant source of fuel for
power generation in the future. Oil exploration, which has been going on for
several years, has yet to yield commercially significant discoveries.
Korea's tidal power potential is still under study. In order to diversify
its sources of imported fuel needed to meet the bulk of future demands,
Korea's long-range power program consists of a mix of oil-fired thermal,
coal-fired thermal, and nuclear plants. Future plans also include continued
development of hydroelectric resources as well as some pumped-storage instal--
lations. Korea's first nuclear power plant (600 MW) was commissioned in 1978,
four 600 MW units are under construction, and two 900 MW units are in the
design stage. The Korea Electric Company (KECO), formed in 1961 through
a merger of three smaller power companies, has the primary responsibility for
power generation, transmission and distribution. About 62% of KECO's capital
stock is owned by the Government and the balance by private shareholders. The
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Ministry of Energy and Resources, the ministry primarily responsible
for energy matters, supervises KECO's activities, exercises the Government's
rights as a major stockholder and recommends action on electricity rates.
KECO presently owns and operates 88% of Korea's installed capacities. It
purchases the output from a 300 MW privately-owned thermal plant and also from
300 MW of hydroelectric capacity at multipurpose projects owned and operated
by ISWACO.

1.13 The overall performance of KECO has been impressive in maintain-
ing a dependable electricity supply during a period in which demand has
doubled every four years. However, in the early 1970s, the financial
performance of KECO deteriorated considerably. It reached a critical stage
in 1974 when the rate of return on average net fixed assets dropped to 4.5%
and the debt service coverage dropped to 0.9. The main reasons for this
were the temporary overinvestment in generation facilities, delays in adjust-
ing tariffs to reflect a sharp rise in oil prices, and short-term borrowing
at high interest rates. However subsequent tariff increases of 61.7% in
1975, and 14.2% in 1976 improved KECO's financial performance resulting in a
rate of return of 8.6% in 1976. Tariffs were increased 11.3% in 1977 and
12.1% in 1978, and the Government intends to allow future increases in tariffs
to ensure a return of 9% on KECO's rate base, which would result in approxi-
mately a 10.5% rate of return on average net fixed assets.

1.14 Bank financing in Korea's power sector has so far been limited to
rural electrification. The Rural Infrastructure Project I (Loan 1216-KO
and Loan 1218T-KO) provided US$18.1 million toward the cost of providing
electricity to over 6,000 villages.

The Water Supply Sector

1.15 About 55% of Korea's population is served by piped water systems
compared to 22% ten years ago. Service ratios range from 90% in Seoul
and other major cities to 30% in the smaller urban centers. In the rural
areas, a major government program to construct simple and inexpensive systems
has brought piped water to over 40% of the villagers in communities of
over 20 households. However, in the rural towns (population - 1,000 to
20,000) the service ratio averages only about 5%. This is because these
towns are too large for the type of systems installed in the villages and too
small to support the more complex and costly systems adopted in the urban
centers. Over the next five years, the Government aims to increase the
percentage of the total population with piped water to 60%. The service
ratio will be raised to 100% in the six largest cities, and to over 20% in
the rural towns. Continued construction of small community systems is
expected to bring piped water to about 75% of the village population.

1.16 Water produced by the municipal systems in the urban centers
averages about 170 liters/capita/day (lpcd), with production in major
cities such as Seoul, Busan and Incheon on the order of 200 lpcd. Water



sold accounts for about 60% of water produced in most urban centers. The

high percentage of unaccounted for water, a characteristic of large and

rapidly expanding systems in developing countries, is gradually being reduced

through leak detection and inspection programs. The rural systems are
reasonably efficient because of their small size and limited possibilities
for leakage, and consumption is on the order of 80 to 100 lpcd. In 1978, the

total volume of water produced by municipal and industrial systems amounted

to 3,800 MCM of which about 90% was from surface water and the remainder

from groundwater.

1.17 The ministries concerned with the water supply sector are the

Ministry of Construction (MOC) and the Ministry of Health and Social Affairs

(MHSA). MOC has responsibility for all municipal and industrial water

supply facilities. Planning is handled by MOC's Housing and Urban Planning

Bureau and its Industrial Water Bureau. Construction services are provided

by Regional Construction Bureaus in each of the nine provinces. Some of

the major cities have developed their own capabilities for planning and

construction management of municipal water systems, and ISWACO (para. 1.10)

has planned and executed some municipal and industrial water systems in

connection with industrial site development. However, the activities of the

municipalities and ISWACO are subject to the review and approval of MOC.

System operation and maintenance is the responsibility of the local author-

ities in the urban and industrial centers. MHSA through its Environmental

Health Bureau is responsible for rural water systems and establishes policy

guidelines, allocates funds, and monitors construction. Planning and design

is carried out by county construction divisions subject to review by the

provincial administrations. The cities in the Han Basin have demonstrated

their ability to plan, design and operate systems to keep pace with their

growing demands. In Seoul, the production capacity of water treatment plants

in the municipal system has shown a 400% increase over the past 10 years and

there are firm plans to double the present capacity by 1984. Construction of

distribution systems can be expected to keep pace with treatment plant

capacity.

1.18 Water tariffs in Korea are reviewed and approved by the Economic

Planning Board (EPB) through its Price Control Division. At present tariffs

are based on a standard formula developed by EPB in which only operation

and maintenance costs and principal and interest payments on loans are

taken into account. In the near future, however, EPB plans to include

depreciation and a 7% return on investments in the water tariff calculation.

The present tariffs, although increasing almost annually, have remained low.

For domestic and commercial consumers average tariffs charged by municipal

systems range from W 25 (US$0.05) to W 60 (US$0.12) per cu m. Rates for

bulk supply to industrial areas vary according to the public investment in

intake and treatment facilities. Industries drawing water directly from a

river pay about W 4 (US$0.01) per cu m but the rate from government systems

in some cases is as high as W 30 (US$0.06). A study by the Asian Development

Bank indicates that present tariffs would have to be increased from 1.3 to

2.6 times to achieve a 7% return on investments and to cover depreciation.

1.19 Bank lending for water supply has so far been concentrated in

the rural sector. Rural Infrastructure Project I (Loans 1216-KO and 1218T-KO)
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provided US$5.4 million toward the financing of piped water supply systems in
4,073 villages which were completed in 1977. Rural Infrastructure Project II
(Loan 1530-KO) provides US$21.8 million towards financing of 7,400 village
water supply systems.

Project Formulation

1.20 The USBR Han River Basin Survey (para. 1.06) found that the existing
reservoirs on the Soyang and Hwacheon rivers, both tributaries of the North
Han, would provide sufficient flow regulation to meet water demands in the
Lower Han until the mid-1980s. Following a comparison of a number of poten-
tial projects and different sequences of development, USBR recommended the
construction of the Chungju Project to be in service by 1985. In 1976,
ISWAC0 retained Engineering Consultants Incorporated (ECI) of Denver, USA to
carry out a feasibility study of the Chungju Project and to prepare contract
documents. These services were financed by USAID. ECI updated the USBR
studies and reached the same findings as USBR in regard to the timing of
additional storage in the Han Basin.

1.21 Chungju is clearly superior to other potential projects, and also
to any sequence of alternative projects, as the next development in the Han
Basin. Compared with other potential storage projects in the Han Basin, the
Chungju Project would have the largest reservoir capacity, the lowest cost
per unit of storage, and the largest potential for hydroelectric power and
flood control. The project would provide almost complete regulation of the
runoff from 26% of the catchment area of the Han Basin. No other project in
the Basin can regulate so large a part of the Basin's runoff. Studies
carried out during project appraisal (Annex 2) confirmed the USBR and ECI
findings that the frequency and magnitude of surface water shortages in the
Lower Han would reach unacceptable levels in the mid-1980s, and that cons-
truction of the project to be operational by 1985 was justified. There has
been a four-fold increase in water use by cities and industries over the past
ten years, and demands are projected to more than double over the next ten
years. By 1986, without the project, there would be a 20% chance of significant
dry-season shortages in an area containing nearly one-half of Korea's industry
and one-third of its population. The project would also provide 460 MW of
peaking capacity to help meet Korea's power demands which are expected to
grow from 5,300 MW at present to 12,000 MW by the mid 1980s. Further justifi-
cation for the project rests on the urgent need to provide flood control to
prevent widespread damage which in the past has occurred about once in four
years.

1.22 ECI's report recommended construction of a concrete gravity dam
with a crest at El. 150.5 (about 100 m above the river bed), a normal conser-
vation level of El. 140.5, and top of gates at El. 147.0. The capacity of
600 MCM between El. 140.5 and El. 147 would be used for temporary storage for
flood control purposes. The report recommended installation of three 70 MW
generating units with the intake and power tunnel sized to permit future
installation of two additional units.

1.23 ECI investigated two alternatives to a concrete dam: a rockfill
dam with a central clay core, and a rockfill dam with an upstream concrete

membrane. These alternatives did not show any appreciable cost savings.



A concrete dam was, therefore, selected because river diversion would be

simpler and the consequences of an unprecedented flood during construction
would be less serious than with a rockfill alternative.

1.24 Although the dam site and reservoir topography would permit a
higher dam than proposed, the conservation level at El. 140.5 was oetermined by
the presence at the edge of the reservoir of a cement plant which has a floor
level of El. 142. An existing embankment surrounding the plant would be
raised to protect the plant during the short periods when the temporary flood
storage is used and the reservoir level rises above El. 142. During such
periods rail access to and from the plant would be interrupted.

1.25 In March 1978, ISWACO appointed Nippon Koei, a Japanese consult-
ing firm, to design the project and supervise its construction. The only
significant change from the feasibility design is the location of the power-
house on the right bank instead of the left bank as proposed by ECI. Other
changes are an increase in powerplant capacity to 460 MW (4 units of 115 MW
each), and lowering the height of dam by three meters to ease the problem of
protecting the cement plant from inundation.

1.26 Consideration was given in the ECI report to the possibility of
increasing the height of the dam by about 30 m at some time in the future.
This would not significantly increase the project's capability to control
river flows for water supply or flood control. With a higher dam the power
and energy output would be increased, but the benefits would not justify the
considerable cost of raising the dam, including the relocation of three
cement plants. Accordingly, ISWACO has decided that no provision would be
made in the design of the project for future raising.

2. THE HAN RIVER BASIN

General

2.01 The Han Basin (Map IBRD 13282) covers 26,200 sq km, or 26% of
Korea's land area, and contains nearly one-third of Korea's population of
35 million. The Han River system consists of two main branches, the North Han
and South Han, which join about 35 km upstream from Seoul to form the Lower
Han which flows through Seoul to the Yellow Sea. Besides the capital city
of Seoul with its population of 7.3 million, the port of Incheon (population
1.2 million) and the cities of Suweon and Anyang are dependent on the Han
River for municipal and industrial water. The industries of the Han Basin,
of which the greatest concentration is in the Seoul-Incheon area, account for
nearly 50% of Korea's industrial production. Because of its rugged terrain
only 400,000 ha, or 15% of the Basin, is cultivated and this area accounts
for 18% of Korea's cultivated land. About 140,000 ha is presently irrigated
from the Han River and its tributaries.

Climate

2.02 Korea lies in the path of warm, moist, southeasterly air currents
from the Pacific Ocean in the summer, and a northeasterly front of cold, dry
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air from the Asian land mass in the winter. The summer extends from May
through September with temperatures reaching 30 degrees centigrade. December
and January are the coldest months with temperatures often below freezing.
Seoul has about 220 frost-free days, whereas the mountainous areas of the Han
Basin have about 140. Annual precipitation averages about 1,200 mm at Seoul
and about 1,070 mm at Chungju. At higher elevations annual precipitation
averages about 1,300 mm. About 70% of the annual precipitation occurs in
four months - June, July, August and September. It is not unusual for 30%
of the annual rainfall to occur in one month. Typhoons and frontal storms in
the summer can produce intense rainfall and flooding, and storms producing
more than 400 mm of rainfall in 24 hours have been recorded at Seoul and
other stations in the Basin.

Water Resources

2.03 Surface Water. The average annual runoff of the Han River at
Paldang, just downstream of the confluence of the North and South Han, is
about 15,000 MCM. A high percentage of the annual precipitation, about
55%, appears as runoff because of the Basin's steep and rocky terrain. About
65% of the annual runoff occurs in the July-September period, and less than
20% in the six-month dry season from October to March.

2.04 The Lower Han is affected by tides in the Yellow Sea and at low
flows sea water intrudes up the river as far as Seoul. Although the main
intake for Seoul municipal supplies will be moved upstream of Paldang in the
near future, some major intakes for municipal, industrial, and irrigation
water will remain in areas subject to salinity intrusion. A minimum flow of
100-135 cu m/sec is needed to control salinity intrusion in the Lower Han
and also to dilute the industrial and municipal wastes discharged into the
river.

2.05 Annual surface water use in the Basin is about 2,000 MCM at present
(municipal 550 MCM, industrial 500 MCM, and irrigation 950 MCM). In addition
the annual salinity and pollution control requirement is about 3,000 MCM.
Seoul, which accounts for a large part of the municipal demand, has increased
its treatment capacity 400% in ten years and work is in progress for a
further 50% increase in capacity. Industrial demands have increased at a
rate of nearly 20% in recent years, and new industrial estates with large
water demands are planned in the near future. Irrigation use which is
largely confined to periods of high river flows is also increasing. Shortages
of irrigation water are becoming more frequent in June when low river flows
often coincide with peak irrigation demands.

2.06 Floods occur every year in the Han Basin and about once in every
four years the floods cause widespread damage to property and crops. The
Basin's second highest recorded flood occurred as recently as August 1972 and
caused damage estimated at US$25 million. There have been ten flood events
of a similar magnitude in the 60-year period of record, and numerous lesser
floods which have also caused significant damage.
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2.07 Groundwater. Good quality groundwater is found in many places

in the Basin, but aquifer yields are highly variable. The best yields are

found in alluvial formations of the Lower Han, and particularly along its

southern tributary the Anyang River. In some places the alluvium is 20 m

deep and averages about 14 m. USBR has estimated that about 350 MCM of

groundwater is stored in the alluvium along the main stream of the Lower Han

and about 200 MCM in the Anyang alluvium. These groundwater reservoirs

cannot be considered as independent water sources since experience in the

Anyang sub-basin shows that heavy withdrawals induce infiltration of surface

water and significantly deplete dry-season river flows. Groundwater is used

extensively at Anyang for industry, but primarily as cooling water because

the recharge is polluted by industrial wastes. The saprolite of bedrock

,Dedrock disintegrated in place) is a common source of groundwater throughout

the Basin for villages and farms.

Land Resources

2.08 The 370,000 ha of cultivated land in the Basin consists of 165,000

ha of paddy and 205,000 ha of upland. The paddy land is devoted to a

single summer crop of rice with barley grown on about 30% of the area in the

winter. The uplands are intensively cultivated in the summer for crops such

as soybeans, peppers, tobacco and vegetables, and about 40% of the area is

planted to barley in the winter. In the Han Basin, as in the rest of Korea,

the past 15 years have seen a substantial increase in the irrigated area and

about 80% of the Basin's paddy land is now irrigated. The uplands are not

generally irrigated because of the steep slopes, uneven topography and

distance from water sources.

2.09 Except for the possible reclamation of about 40,000 ha of tidal

flats at the mouth of the Lower Han, virtually all of the land suited to crop

cultivation is already in use. Large areas of uncultivated land are under

forest and the lower slopes are used by the farming communities as sources

of fuel wood. Over the past ten years the Government has implemented a major

program of reforestation in Korea and the use of forest land is strictly

controlled.

Present Status of Development

2.10 The surface water resources of the Han Basin have been partially

developed. There are seven completed dams with hydroelectric plants, and

numerous small reservoirs, diversion weirs and pumping plants used for

irrigation. The Soyang Multipurpose Project, completed in 1973 on the

Soyang River, a tributary of the North Han, is the largest project. It has

an active storage of 1,700 MCM and an installed capacity of 200 MW. Next in

size is the Hwacheon Project on the North Han built in 1944, with 600 MCM of

active storage and an installed capacity of 108 MW. There are three run-of-

river hydroelectric projects on the North Han - Chuncheon (58 MW), Euiam

(45 MW), and Chongpyeong (80 MW) - and a 3 MW project at Koesan on a tributary

of the South Han. The Paldang hydroelectric project (80 MW) was completed in

1971 on the Lower Han just below the confluence of the North and South Han.

The hydroelectric plants of the Han Basin accounted for about 20% of Korea's
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generating capacity in the early 1970s, but will account for a much lower
proportion as new thermal and nuclear plants are added to meet Korea's
rapidly growing power demands.

2.11 An important function of the Soyang Project is to augment the
dry-season flow in the Lower Han which is the main source of municipal and
industrial water for Seoul, Incheon and the surrounding industrial areas.
Water use in the Lower Han is now about four times what it was ten years
ago. The Soyang Project also helps to control floods in the North Han by
providing almost complete control of the runoff from some 2,700 sq km, or
25% of the catchment area of the North Han.

2.12 Irrigation has been practiced in the Han Basin since ancient times,
but it consisted essentially of efforts by small groups of farmers to conserve
rainfall and control local runoff. Some small storage and diversion dams
were built in the 1920s, but it is only since the early 1960s that major
efforts have been made to use the water resources of the Han River and its
tributaries for irrigation. The rapid development of irrigation in the
Basin has been stimulated by land reform and other Government policies aimed
at self-sufficiency in rice production. At present about 140,000 ha, mostly
paddy land, benefits from irrigation. Most of the irrigation is by diversion
from rivers and streams, either by means of weirs or by pumping, and there
are numerous small reservoirs on the tributaries of the main rivers to
conserve runoff for irrigation use. Direct diversions are made from the Han
River and its two main branches for several large irrigation schemes, such
as the irrigation of the Kimpo Plain from a major pumping plant downstream
of Seoul. Farmers have also made increasing use of groundwater in recent
years to supplement surface water, particularly in the early part of the
growing season.

2.13 The rapid urban and industrial development of the Basin, coupled
with the more intensive cultivation of farm lands, has created a situation in
which the consequences of flooding are much more serious than in the past.
An extensive system of flood embankment to protect the low-lying areas of
Seoul has been built in recent years. Also, some particularly vulnerable
towns and agricultural areas in the North and South Han are protected by
embankments.

3. DAMSITE AND RESERVOIR

Location

3.01 The damsite is on the South Han about 110 km southeast of Seoul.
The city of Chungju (population 110,000) is 6 km from the damsite. Chungju
is connected to Seoul by railway and a recently completed expressway. An
access road from Chungju to the damsite was completed in 1978.

Hydrology

3.02 Daily staff gage readings are available from 1917 to 1940 for a
station sited about 10 km downstream of the damsite. In 1956 the station was
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moved about 4 km upstream to a highway bridge and in 1968 it was equipped
with a water level recorder. ECI developed rating curves for these two
stations and used them to compute daily discharges for the periods 1917-1940
and 1956-1974. The average annual runoff for the 43 years of record is
5,200 MCM of which 60% occurs in July, August and September. Reservoir
operation studies (para. 4.08) show that the reservoir would almost com-
pletely regulate the runoff of the South Han at the damsite. The minimum
monthly runoff in the dry season, which at present often falls below 20 MCM
would be increased to 200 MCM in normal operation. In months of exceptionally
low runoff, dry-season outflow from the reservoir could be further increased
to meet demands in the Lower Han.

3.03 The highest recorded flood at the damsite occurred in August 1972
when the peak discharge was estimated as 14,000 cu m/sec. Two other flood
peaks exceeding 10,000 cu m/sec occurred in 1936 and 1959. The most severe
flood for the Han Basin as a whole occurred in 1925 and the peak at Chungju
was 9,000 cu m/sec. The project is designed to pass safely a probable
maximum flood of 26,700 cu m/sec with a volume of 3,500 MCM.

3.04 The proposed reservoir would greatly reduce the frequency and
magnitude of floods in the South Han. The reservoir would be drawn down to
its lowest level by the end of June and then the normal operating level would
be gradually increased up to the end of August in such a way as to maximize
flood control without jeopardizing the filling of the reservoir by the end of
the wet season (para. 4.09). A study of recorded floods shows that the flow
below the damsite could be kept within the safe channel capacity of the river
except for a few exceptional floods which would however be significantly
reduced (see Annex 4).

Sedimentation

3.05 Records of suspended sediment load and bed material data are
available for the gaging station near the damsite for the three year period
1969-1971. On the basis of these data, the feasibility report presents a
curve relating total sediment discharge to river discharge. This rating
curve, when applied to daily flow data for the 43 years of streamflow record,
results in an estimated annual average sediment yield of 5.4 million tons
from the 6,648 sq km drainage basin above the damsite. For practical purpose
the trap efficiency of the reservoir can be assumed as 100%, and if the
in-place density of the sediment is assumed to be 1.2 tons/cu m, the average
annual sediment deposit would be 4.5 MCM. Thus, the total sediment deposited
in 50 years would be over 200 MCM, or about 10% of the reservoir's gross
storage capacity. Although these estimates are based on a short period of
sediment data, it can be concluded that it would be many years before sediment
deposition would have any material effect on the functioning of the project.

Damsite and Reservoir Geology

3.06 The valley at the damsite is about 120 m wide at river level and
450 m wide at the crest level of the proposed dam. On the right bank, the
dam axis is at the center of a rock slide area consisting of a disturbed
rock mass overlying the schist bedrock. The slide area which extends 80-100 m
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into the abutment from the surface is stable under present conditions.
However, the excavation needed to found the dam and powerhouse on the schist
bedrock, would create a potential for a landslide. Therefore, extensive
excavation will be required to remove the slide material. About 200 m upstream
of the dam the slide zone merges into a "slump zone", which could become unstable
following the filling of the reservoir. The slump zone is similar in appearance
to bedrock but contains numerous shear zones and stress-relief fractures. To
preserve its stability, the toe of the slump zone will be weighted by placing
material excavated from the slide area.

3.07 The left bank consists of quartzite for about 50 m above the river
followed by dolomitic limestone. Sound rock is exposed in the lower part of
the left abutment and 8-20 m of overburden would have to be removed in the
upper part. There is some evidence of karsticity in the dolomite. However,
dolomite is not very susceptible to solution and karsticity is likely to be
localized and not present problems which cannot be handled by normal con-
struction procedures. The foundation for the dam in the river section is
composed of excellent rock, the quartzite/schist contact is near the left
bank and the rest of the river channel is in schist.

3.08 There are numerous faults at, and in the vicinity of, the damsite.
None are active or of engineering significance in terms of the design or
future safety of the dam, except for the faulting in the slump zone on the
right bank. In the major faults the fault material has been replaced by
amphibolite intrusions.

3.09 Seismicity in Korea is very minor in relation to damage effects
when compared to nearby areas of the "Circum-Pacific Belt." Seismic records
for Korea began in 1905. Since then 313 earthquakes have been recorded,
compared to thousands in Japan over the same period, and have produced
little property damage. Dam design criteria will provide for the potential
effects of minor seismic activity.

3.10 Above the town of Danyang, an area of well developed karsticity is
present in limestone bands enclosed within other sedimentary rocks. This
karstic limestone will not be a leakage problem as it is underlain by dense,
tight igneous rocks. The geologic conditions in the reservoir do not indicate
any features which will need remedial treatment and there are no indications
of any areas of potential leakage out of the basin.

Construction Materials

3.11 Construction of the dam will require about 1,100,000 cu m of coarse
aggregate, 550,000 cu m of sand, and 285,000 tons of cement. There are
deposits of sand and gravel suitable for use as concrete aggregate along the
river channel both upstream and downstream of the damsite. However, the
largest deposits sufficient to meet the needs of the project are more than
6 km from the dam. A potential quarry site in the dolomite just upstream of
t:he damsite has also been identified and tests show that this material would
be suitable for concrete aggregate. Korea is a major cement producer and
there are several cement plants within 60 km of the damsite.
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The Reservoir Area

3.12 Land Use and Population. At a reservoir level of El. 145 the
reservoir would have a gross surface area of 9,800 ha. ISWACO, in coopera-
tion with the provincial authorities, would acquire and pay compensation for
all land and property below El. 145 (Chapter 5). The possibility of the
reservoir rising above El. 145 is remote, and poses less risk than the river
flooding experienced in areas presently cultivated. Present land use in the
reservoir area is as follows:

Land Use Area (ha)

Paddy land 1,210
Cultivated upland 2,510
Forest 1,320
Towns and villages 450
Roads and railways 120
River channel 1,500
Unproductive land 2,690

9,800

3.13 Virtually all of the land suitable for crop cultivation has already
been developed, and all of the 3,720 ha of cultivated land and 1,320 ha of forest
land is owned by the farmers. The cropping pattern is described in para.
2.08. The forest land is used primarily as a source of fuel wood and fodder.
The timber has no commercial value and cuttings of trees is strictly con-
trolled by government regulations and local custom. The unproductive land is
mainly mountainous terrain, with no economic value, owned by the Government.

3.14 The area which would be inundated by the reservoir has a population
of 51,000 made up of some 9,300 families. Of these, 8,300 families own
6,320 ha of cultivated land of which 3,720 ha is within the reservoir area.
The farm size distribution (excluding forest) is shown in Table 3.1. There
is no clear distinction between urban and rural families since it is common
for families living and working in the town of Danyang (part of which is
below El. 145) and other communities to own and farm small plots of land.
However, nearly 90% of the reservoir population can be assumed as primarily
dependent on agriculture for their livelihood.
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Table 3.1: FARM SIZE DISTRIBUTION

Farm Size Holdings Area
(ha) No. % ha %

Less than 0.2 510 6 50 1
0.2 - 0.3 1,165 14 290 4

0.3 - 0.5 1,370 16 545 9

0.5 - 1.0 3,140 38 2,345 37
1.0 - 2.0 1,825 22 2,440 39

Over 2.0 290 4 650 10

3.15 Industrial Plants. The only major industrial plant to be affected

by the reservoir will be the Sungjin Cement Plant. At the plant an existing

dike will be raised to protect the plant when, for short periods, the flood

storage space of the reservoir is used for flood control. Several small lime

and fertilizer plants will also be relocated.

3.16 Mines. Most of the mineral deposits along the length of the

reservoir are above the proposed reservoir level. Measures will be needed,

however, to ensure continued operation of the Danyang Talc Mine. These will

include sealing the present entrance to the mine at El. 137 and closing

several disused entrances. The area between Chungju and Danyang is one of
the principal fluorite processing areas in Korea, but only one mine would be

affected by the reservoir. This is the Chungi mine at El. 120, with reserves
of about 100,000 tons of 60% fluorite, which ceased operation because of

financial difficulties in 1972. Although marginal, the mine could conceivably
be worked again in the future and some compensation may be negotiated
between the present owner and the Government.

3.17 Infrastructure. About 100 km of roads would be relocated along with

10 km of the Seoul-Pusan railroad. Further details are given in Chapter 4.
Also about 80 km of 66 kV and 22 kV transmission lines and two substations
will be relocated.
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4. THE PROJECT

Project Description

4.01 The principal features of the proposed Chungju Multipurpose Project
are summarized below and illustrated in Figures 4.1 and 4.2:

(a) construction of a 90 m high concrete dam on the South Han

River;

(b) construction of a powerhouse below the dam on the right bank
of the river;

(c) supply and installation of four 115 MW generating units and
appurtenant mechanical and electrical equipment;

(d) supply and erection of a 10 km long, 154 kV double-circuit
transmission line;

(e) construction of a reregulation dam about 20 km downstream of the

main dam;

(f) relocation of about 100 km of roads and 10 km of railway;

(g) construction of protective works in the reservoir area including
the raising of an existing flood embankment at a cement plant, and
miscellaneous works to ensure continued operation of a talc mine;

(h) implementation of a reservoir resettlement program including
compensation of some 9,300 families for land and property, and

assistance in their resettlement;

(i) consulting services for detailed design and construction super-
vision of the project;

(j) the services of an independent consulting panel to assist ISWACO
in their review and approval of the consultants' designs; and

(k) consulting services for detailed engineering of the Nakdong Barrage
Project, the next phase in the development of the Nakdong River

Basin.

Project Works

4.02 Main Dam and Spillway. The concrete gravity dam would have a

maximum height above streambed of about 90 m and a crest length of 450 m.

The upstream face would be vertical and the downstream face would have a

slope of 0.75 to 1. The spillway would have five 22 m high radial gates with

a span of 15 m. A stilling basin at the toe of the dam would dissipate
the energy of the spillway discharge. The dam would contain about 900,000 cu

m of concrete. A 7 m wide service bridge would be provided along the top

of the dam. The only unusual feature of the dam will be the excavation of
some 5 million cu m of slide material on the right abutment (para. 3.06).
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4.03 Diversion Tunnels and Cofferdams. A flood with a 25-year return
period is generally adopted for the design of river diversion works during
construction. The 25-year flood for the wet season (July-September) is
10,500 cu m/s, and for the dry season (October-June) it is 3,5000 cu m/sec.
In the proposed diversion scheme, a concrete cofferdam would be built upstream

and a rockfill cofferdam downstream of the damsite. The downstream cofferdam
would be armored with large rocks and heavy cable mesh to withstand overflow

in the wet season. The dry season flow would be diverted through two 12 m

diameter, concrete-lined, diversion tunnels each about 500 m in length.
It would be too costly to provide for diversion of the wet-season flood
since it would require additional tunnels and higher cofferdams. There-
fore, during wet seasons following completion of the tunnels, the cofferdams
would be overtopped and the river allowed to flow through the dam site.

4.04 Power Facilities. The power plant would be located at the toe of
the dam on the right bank. Individual penstocks, each 6 m diameter, would
connect the generating units to the power intakes in the dam. The power-
house would be equipped with four 115 MW generating units. The switchyard
would be about 1,000 m from the powerhouse and would be linked to it by one

single-circuit and one double-circuit 154 kV transmission line. A 10-km
long 154 kV double circuit line will link the switchyard to the main grid at
the Chungju substation.

4.05 Road and Rail Relocation. Sections of two highways totalling
100 km, including bridges with a total length of 1,600 m, would require
relocation in the reservoir area. The railroad connecting Seoul to Busan
passes through the reservoir area. About 10 km of track would have to be
relocated, including eight tunnels with a total length of 930 m and eleven

bridges with a total length of 500 m. Also a new 400 m span rail bridge
across the South Han would be needed.

4.06 Protective Works in Reservoir. An existing flood protection dike

surrounding the Sungjin cement plant would be raised by 1 m to El. 146. This
would protect the plant during short periods when the resevoir level rises
above its normal level of El. 140.5 for flood control. Works at the Danyang
Talc mine would include sealing of an entrance to the mine at El. 137 and two
disused entrances at El. 142 and El. 144. A new entrance would be opened at
El. 168. A retaining wall about 20 m high and 130 m long would be built to
retain the tailings from the mine and prevent the mine wastes from polluting
the reservoir.

4.07 Reregulation Dam. During the dry season the outflow from the
Chungju reservoir will be released through the powerplant for two or three

hours each day. Thus, without provision for reregulation of these releases,
there would be wide fluctuations in the flow of the South Han. These changes
in flow would cause wide variations in water levels and cause operating
difficulties at the numerous intakes for irrigation, municipal and industrial
water along the river. The reregulation dam is located 20 km downstream of
the Chungju Dam and, with a storage capacity of 8 MCM, it would store the daily
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inflow and release a uniform flow to the river. The dam would consist of a

gate-controlled concrete weir about 340 m long with a crest at El. 58.0,

some 8 m above its bedrock foundation. It would have twenty, 15 m wide bays,

three of which would be controlled by 5 m high radial gates. These gates

will control outflow in the dry season when the other bays would be closed by

stoplogs. Reregulation of powerplant releases would be unnecessary during the

wet season and the stoplogs would be raised to permit passage of flood

flows.

Reservoir Operation Studies

4.08 The maximum conservation level of the reservoir at El. 140.5 is

aictated by the presence of the Sungjin cement plant at the eastern end of

the reservoir which has a floor level at El. 142. The reservoir's gross

storage capacity at El. 140.5 is 2,200 MCM. The top of the spillway gates is

at El. 145 and gross storage at this level is 2,600 MCM. The reservoir

storage between El. 140.5 and El. 145 would be for temporary storage of flood

inflows. Table 4.1 shows the relationship between reservoir level, reservoir

content and generator output.

Table 4.1: RESERVOIR AND GENERATOR CHARACTERISTICS

Generator Output
Reservoir Gross Reservoir One Four

Level Content Net Head Unit Units Remarks

(m above MSL) (MCM) (m) /a ---- (MW)/b ----

145 2,600 73.5 115 460 Top of flood storage.

140.5 2,200 69.0 115 460 Normal maximum level.

138 2,030 66.5 115 460

136 1,860 64.5 115 460

134 1,730 62.5 115 460

132 1,610 60.5 115 460

130 1,480 58.5 112 448

125.5 1,170 54.0 100 400 Normal minimum level.

120 930 48.5 86 344

115 760 43.5 74 296
110 550 38.5 62 248

/a Assumes tailwater at El 70 and a head loss of 1.5 m.

/b Turbines would operate at part-gate at heads above 60.5 m in order to limit

generator output to 115 MW.
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t.09 The feasibility report proposed a mode of operation in which the
reservoir would be drawn down to El. 110 by the end of each dry season and
-hen allowed to fill as quickly as possible to El. 140.5. During appraisal,
alternative modes of reservoir operation were investigated to improve the
project's power characteristics and provide a higher degree of flood control.
These studies, described below, are based on simulations of reservoir
operation using a 43-year sequence of monthly reservoir inflows. The
aim of the studies was to develop operating rules which would:

(a) maximize the project's flood control function without jeopard-
izing the filling of the reservoir at the end of the flood season;

(b) maintain peaking capability at or close to 460 MW throughout the
year; and

(c) given these objectives, to determine the minimum monthly plant
factor and average annual energy generation.

4.10 The following rules were evolved:

Rule A: Gradually draw down the reservoir during the dry season so
that by the end of June it would be no higher than El. 130,
thus providing 1,120 MCM of storage capacity for flood control.

Rule B: Allow the reservoir to rise to El. 136 by the end of July,
to El. 138 by the end of August, and to El. 140.5 in September.

Rule C. Regulate the monthly dry-season outflow to maintain a plant
factor of not less than 10%.

4.11 The application of these rules is shown in Table 4.2 for the
year 1931, a year of average reservoir inflow. The rules are compatible with
the water supply function of the reservoir since they result in dry-season
releases of about 200 MCM/month which substantially exceeds the unregulated
flow in months of low runoff. The dry season flow could be increased above
200 MCM/month if needed to meet demands in the Lower Han, by temporarily
relaxing Rule C. The application of Rule C during the years of low runoff
would result in excessive reservoir draw-down and loss of peaking capability,
and under these circumstances the target plant factor of 10% might have to be
reduced for a few months. For the 43-year sequence of river flows the average
annual energy generation is 770 GWh. The peaking capability falls below 460
MW less than 10% of the time and very rarely falls below 400 MW. The monthly
plant factor is 10% for six to seven months in most years. In the remaining
months the plant factor is substantially higher but varies considerably from
year to year.

4.12 The mode of operation described above could be followed during
about the first ten years of the project's life. As water demands in the
Lower Han increase further after 1995, it will become necessary to draw
the reservoir down below El. 130, particularly in years of low runoff. The
effect of this will be to drop peaking capability below 460 MW for about 15%
of the time, and below 400 MW for about 10% of the time.



Table 4.2: RESERVOIR OPERATION (AVERAGE YEAR 1931)

RETENTION LEVEL 140.5 M. 460 MW INSTALLED CAPACITY

STORAGE RESERVOIR NET OUTFLOW PEAKING PLANT

INFLOW RELEASE CONTENT HWL TWL HEAD EVAP SPILL DISCHARGE ENERGY CAPABILITY FACTOR

(--- MCM --- ) METRES --- ) (--- MCM --- ) (GWH) (MW)

JAN. 79.4 136.0 1812.2 135.2 70.0 64.6 3.1 0.0 212.3 33.6 460.0 10.0

FEB. 96.3 123.6 1688.6 133.3 70.0 62.7 3.1 0.0 216.9 33.3 456.5 10.0

MAR. 254.0 -34.3 1722.9 133.8 70.0 62.0 4.4 0.0 215.3 32.7 448.3 10.0

APR. 871.4 -459.2 2182.1 140.0 70.0 65.4 6.7 0.0 405.5 65.0 460.0 19.4

MAY. 537.8 -.2 2182.3 140.0 70.0 68.5 9.5 0.0 528.1 88.7 460.0 26.4

JUN. 263.0 761.3 1421.0 129.0 70.0 63.0 8.0 0.0 1016.3 156.9 460.0 46.7

JUL. 1111.4 -456.4 1877.3 136.0 70.0 61.0 5.7 0.0 649.3 97.1 437.6 30.4

AUG. 1230.7 -191.1 2068.5 138.5 70.0 65.8 7.0 0.0 1032.6 166.4 460.0 49.6

SEP. 403.0 -151.6 2220.1 140.5 70.0 68.0 6.2 0.0 245.2 40.9 460.0 12.2

OCT. 156.8 48.5 2171.6 139.9 70.0 68.7 5.8 0.0 199.5 33.6 460.0 10.0

NOV. 154.1 51.4 2120.2 139.2 70.0 68.0 4.1 0.0 201.4 33.6 460.0 10.0

DEC. 175.5 30.9 2089.2 138.8 70.0 67.5 3.4 0.0 203.0 33.6 460.0 10.0

TOTALS 5333.5 -141.1 67.0 0.0 5125.4 815.4
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Investigations and Design

4.13 Prior to the ECI feasibility study, various planning studies and
investigations had been carried out over the preceding 20 years. Four
possible dam sites along a 5 km stretch of the South Han had been considered.
Two of these were rejected by the USBR Han River Survey Team because of the
very large volume of material needed to form the dam. ECI investigated the
remaining two sites, Axes 3 and 4. These were both ruled out because of
unfavorable geologic conditions on the right abutment. ECI identified a
suitable site between Axes 3 and 4 where the conditions on the right
abutment were relatively more favorable, although considerable excavation
would be needed (para. 3.06). Investigations during the feasibility study
included five adits to explore the right abutment, and a number of drill
holes on both abutments and in the river bed. Since the feasibility studies
were completed, ISWACO has continued site exploration to obtain additional
geologic data for detailed design. This has included extending three adits
on the dam axis beyond the limits of the slide zone. Drilling has also been
carried out to test the water tightness of the left abutment and to determine
requirements for pressure grouting below the dam.

4.14 The feasibility designs prepared by ECI were reviewed by the proj-
ect consultants appointed in March 1978 (para. 5.08). Their findings together
with a revised cost estimate were submitted to ISWACO in May 1978. The
consultants' report has been reviewed by ISWACO with the help of its consulting
panel (para. 5.09). Following this review, the consultants have prepared a
final design report and bid documents, and bid invitation for the dam and
power house is now scheduled for April 15, 1979.

4.15 A survey of land, property, and infrastructure in the reservoir
area was carried out in 1976 in the course of the feasibility study to provide
a basis for cost estimates. A more detailed survey to form a basis for land
and property acquisition for payment of compensation is being undertaken
by ISWACO and the provincial authorities (para. 5.16).

Construction Schedule

4.16 The project would be implemented over a period of six years,
including one year of preconstruction activities (Figure 4.3). Construction
would begin shortly after the award of the main civil works contract in
August 1979. Construction of the diversion tunnels would be
completed in time to divert the river by December 1981. During 1980 and 1981
excavation would proceed on the left and right abutments. Placing of concrete
in the dam would begin by March 1982. The construction of the dam, including
installation of spillway gates, would be completed by the end of 1984.
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Construction of the powerhouse would begin towards the end of 1981. The
generating units would be installed over a 24-month period beginning in
January 1983. The reregulating dam would be constructed over a three-year
period beginning in October 1981.

Cost Estimates

4.17 The total project cost is estimated at US$510 million, of which
US$236 million or 46% is foreign exchange. The foreign exchange component
reflects the large volume of excavation and concrete for which much of the
equipment and fuel will be imported, and also the fact that the turbine and
generators will be imported. The quantity estimate is taken from the consul-
tants' design report of May 1978 (para. 4.14) and their December 1978 report
on measures needed to achieve a stable slope on the right abutment. The
assumptions made in the consultants' report are, on present evidence, conserva-
tive. Unit prices and the costs of generating equipment, which include about
10% for taxes and duties, are in line with the recent bid prices for similar
work. The base cost estimate is in mid-1979 prices. Physical contingencies
of 15% have been applied to all civil works and materials, and 10% to equipment
costs. Compensation costs are based on the survey made during the feasibility
study and some recent data collected by ISWACO. Prices for land and property
are in line with recent compensation payments on Government-sponsored projects.
Expected price increases over the implementation period amount to 21% of
the base cost plus physical contingencies and assume the following annual
rates of price escalation:

Escalation Rate (%)
1979 1980 1981-85

Civil works and services 9 8 7
Equipment and materials 7 6 6
Land and property
acquisition 10 9 8

Details of the project costs are presented in Annex 1 and summarized in
Table 4.3.
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Table 4.3: COST SUMMARY

Foreign
Local Foreign Total Local Foreign Total exchange

- (W billion) ---- --- (US$ million) --- (%)

Civil Works

Site prepn. and buildings 3.2 2.1 5.3 6.6 4.4 11.0 40
Tunnel & cofferdams 2.5 2.5 5.0 5.2 5.2 10.4 50
Main dam and spillway 17.7 17.7 35.4 36.5 36.5 73.0 50
Powerhouse 2.8 2.8 5.6 5.7 5.7 11.4 50
Reregulating dam 2.2 2.3 4.5 4.6 4.6 9.2 50
Relocation and protection 9.6 6.4 16.0 19.8 13.2 33.0 40

Subtotal 38.0 33.8 71.8 78.4 69.6 148.0 47

Gates, Guides and Hoists 0.5 9.8 10.3 1.1 20.2 21.3 95

Powerhouse Equipment 1.6 31.9 33.5 3.4 65.6 69.0 95

Furnished Materials 2.1 4.8 6.9 4.3 10.0 14.3 70

Compensation 52.9 - 52.9 109.0 - 109.0 -

Consultants 0.7 2.7 3.4 1.4 5.6 7.0 80

Engineering and Admin. 8.7 1.0 9.7 18.0 2.0 20.0 10

Base cost 104.5 84.0 188.5 215.6 173.0 388.6 44
Physical contingencies 7.0 9.0 16.0 14.4 18.5 32.9 56
Expected price increases 21.3 21.6 42.9 44.0 44.5 88.5 50

Total project cost 132.8 114.6 247.4 274.0 236.0 510.0 46

Financing and Disbursements

4.18 The proposed Bank loan of US$125 million would finance 53% of
the foreign exchange requirement of US$236 million. An OECF loan of Yen
14,000 million (US$70 million equivalent) wouild finance 30% of the foreign
exchange requirement. Further financing would be needed in the amount of
approximately US$20 million for the supply and installation of one generating
unit (Unit 4) which is not covered by the above loans. An assurance was
obtained that the Government would arrange to provide ISWACO with such finan-
cing by June 1980. The estimated balance of project costs, of W 143 billion
(US$295 million) would be met by annual Government budgetary allocations to
ISWACO. A financing plan showing the allocation of the proceeds of the Bank
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and OECF loans is shown in Table 4.4. For the Bank loan, ISWACO would be the

Borrower. Disbursements from the proposed Bank loan would be completed by

December 1984.

Table 4.4: FINANCING PLAN

Cost Source of Financing
(incl. price Foreign Govern- To be

increases) component Bank OECF ment arranged
------------------- (US$ million -------------------

Civil Works 185 92 78/a - 107
Gates 26 24 24/b - 2 -

Powerhouse equipment
Units 1, 2 and 3 65 62 62 3 -
Unit 4 20 18 - - 20

Furnished Materials 16 13 13/b - 3 -
Compensation 130 - - - 130

Consultants 7 5 2 5 -
Engineering and admin. 24 3 - - 24
Physical contingencies 37 19 8/c 3/c 26 -

Total 510 236 125 70 295 20

/a 45% of total expenditures for civil works, plus 100% of the
contractors mobilization advance for the dam.

/b 100% of c.i.f. cost of imported equipment and materials
or 100% of ex-factory costs (net of taxes) for locally manufactured
equipment and materials.

/c Unallocated.

Procurement

4.19 Contracts for civil works construction and the supply of gates and

materials, except as noted in para. 4.20, would be awarded on the basis of

international competitive bidding in accordance with Bank Group guidelines.
There would be two major civil works contracts; one for the main dam, spillway

and power house (US$95 million), and one for the reregulating dam (US$10 mil-
lion), excluding contingencies and expected price increases. The total value

of contracts for the supply and installation of spillway gates, intake gates,

outlet valves and penstocks would be about US$21 million and for road and rail

relocation about US$30 million. ISWACO's policy is to supply contractors with

the cement and steel to be incorporated in the works. Materials would be

procured on behalf of ISWACO by the Office of Supply, Republic of Korea

(OSROK). Contracts would be awarded with total values of US$11 million for

cement and US$3 million for reinforcing steel; these would be divided into
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several contracts to keep the supply of materials in line with requirements.
A preference limited to 15% of the c.i.f. price of imported goods or the
customs duty, whichever is lower, would be extended to local manufacturers in
the evaluation of bids.

4.20 Contracts for protective works in the reservoir (US$3 million) would
be spread over a wide area and divided into a number of small contracts, and
would therefore be awarded after local competitive bidding. Contracts for the
supply of turbines, generators and related powerhouse equipment (US$69 million)
would be awarded following international competitive bidding according to
OECF guidelines.

Accounts and Audits

4.21 Assurances were obtained that ISWACO would maintain separate
accounts for the project and would employ independent auditors, acceptable
to the Bank to audit project accounts annually; and that the audited accounts,
together with the auditor's comments, would be sent to the Bank within four
months of the close of each financial year.

Environmental Impact

4.22 The displacement of some 9,300 families from the reservoir area
would be the main adverse environmental effect of the project. Prompt and
adequate compensation, combined with other measures described in Chapter 5,
would considerably ease the social problems faced by the reservoir population
in finding new land, homes, and employment. Downstream effects will be
almost entirely positive. Flood control will considerably reduce the
incidence of damage in the flood plains of the South Han and to a lesser
extent in the Lower Han. The reduced flood risk will lead to enhanced
agricultural production in the flood plains. There are no areas of flood-
dependent agriculture which would be affected by the changes in flood regime.
The release of essentially sediment-free water from the reservoir may create
a tendency for increased river bank erosion. However, this will be offset by
the considerable reduction in flood flows which are a major source of bank
erosion. Surveys carried out as part of the feasibility study found no
significant archeological, historical or cultural sites in the reservoir
area. A further conclusion of the survey was that there would be no signi-
ficant detrimental or beneficial impact on wildlife, but it was noted that
the reservoir could become an important fisheries resource.



- 25 -

5. ORGANIZATION AND MANAGEMENT

Implementing Agency

5.01 The Industrial Sites and Water Resources Development Corporation
(ISWACO), a government owned corporation, would be responsible for project
implementation. ISWACO was established on February 1, 1974 to (a) promote
and develop industrial sites for heavy and chemical industries and (b) develop
water resources for irrigation, flood control, electric power generation,
industrial and municipal water supply. ISWACO's predecessor was the Korea
Water Resources Development Corporation (KWRDC) which was established on
November 1, 1967 and dissolved on ISWACO's creation. ISWACO has planned and
constructed five industrial esates, three shipyards, and four multipurpose
iams. Three industrial estates and two multipurpose dams are presently under
construction.

5.02 ISWACO has developed into a large and competent organization with
a head office staff of 400 and another 400 in its branch offices. The
organizational structure of ISWACO consists of a President, a Vice-President
and seven Directors who are all appointed for a three-year period and an
auditor for a two-year period. The Board of Directors, which makes both
management and policy decisions, is composed of the President, the Vice-
President and the Directors. The Ministry of Construction (MOC) exercises
the Government's authority in matters dealing with ISWACO. The President of
ISWACO is appointed by the President of the Republic of Korea. The Vice-
President and the Directors are appointed by the Minister of Construction.
Any loans applied for by ISWACO have to be approved by MOC. The amount of
Government's annual capital contribution to ISWACO is determined by the
President of the Republic of Korea in consultation with other ministries,
including MOC.

5.03 ISWACO is a government-owned corporation which acts as the Govern-
ment 's agent or implementing agency for the construction of industrial sites
and multipurpose dams. With an authorized capital of W 200 billion, of
which W 49.3 billion has been paid as of December 31, 1978, ISWACO is owned
71.5% by the Government and 28.5% by the Korean Development Bank (KDB).
ISWACO's industrial sites and multipurpose dam operations are conducted
independently and with separate accounts.

5.04 ISWACO's chief sources of funds are periodic capital subscriptions
by the government, loans from KDB, foreign loans and revenues from its opera-
tions. Construction of industrial sites is financed partly from the Govern-
ment's contribution towards capital and by long-term loans from KDB; after
completion, these industrial sites together with related loan obligations are
sold to users at a price marginally above cost. Multipurpose dam construc-
tion is financed mainly by the Government's capital contribution and foreign
loans. The Soyang-River Dam and the Andong Dam, both owned and operated by
ISWACO, provide ISWACO revenues only from the sale of energy to KECO. The
revenues from this energy, determined by contract between KECO and ISWACO,
cover operating and maintenance costs, and provide a 3% rate of return on a
rate base which includes revalued assets and working capital allocated to
power. This return is designed to cover debt service assigned to the dams.
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TSWACO does not receive any revenue on the water supplied from its dams; the
Government, through MOC, however, collects a raw water charge from all
entities diverting water from Korea's major rivers.

5.05 As of December 31, 1977, ISWACO had net assets of about W 124.4 bil-
lion as summarized below:

W billion

Net current assets 4.23
Net fixed assets 120.17

Net total assets 124.40

Represented by:
Long term debt 59.07
Equity 65.33

Assets are revalued in accordance with the Assets Appraisal Law of Korea.
ISWACO takes the exchange risk on foreign loans. ISWACO's liquidity position
is good, current ratio of 1.34 is adequate and a Debt/Equity ratio of 47/53
provides the capacity for additional borrowing.

5.06 As stated earlier, the main sources of income are sales of power
and industrial sites. In 1977, the ratio of net income to operating assets
was a low 0.1% and the ratio of net income to capital and reserve accounts
only 0.16%. This is due to the Government's policy for the sale of indus-
trial sites and energy (para. 5.04). ISWACO has not declared dividends
to date and is authorized to do so only after retained earnings reach 50%
of paid-in capital, a point unlikely to be reached for many years. However,
the Government does indirectly receive dividends from ISWACO's operations
when it collects raw water charges in river basins benefitted by the multi-
purpose dams.

Project Implementation

5.07 Responsibility for engineering and procurement would rest with
ISWACO headquarters at Daejeon, while construction supervision would be under
a project office to be set up by ISWACO at the damsite. ISWACO's Director of
Dam Construction would serve as Project Director reporting directly to the
President of ISWACO. The staff assigned to the project would be organized
in four divisions. The Civil Works and Power divisions would handle engineer-
ing and procurement in cooperation with the consultants (para. 5.08) and
project accounts would be maintained by the Accounting Division. The Field
Operations Division would provide staff to work with the consultant in
construction supervision, and would cooperate with local authorities in
implementing the reservoir compensation program (para. 5.12).

Consulting Services

5.08 Consulting services for project design and supervision is being
financed by OECF. In December 1977, ISWACO invited proposals for design
and construction from three consulting firms. Nippon Koei, a Japanese firm,
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in association with Saman Engineering of Korea was selected in March 1978
and a contract was signed in May. Nippon Koei has wide experience in the
engineering of major hydroelectric projects in Korea and elsewhere. The
estimated cost of the consulting services is US$5.3 million. Average
billing rates per man-month are US$9,100 for expatriate staff and US$2,500
for Korean staff. The consultants, whose terms and conditions of employment
have been reviewed by the Bank, will provide the following services:

(a) detailed design and preparation of contract documents for the dam,
spillway and powerhouse;

(b) preparation of contract documents for mechanical and electrical
equipment;

(c) assistance to ISWACO in advertisement of bids, prequalification of
bidders, evaluation of bids and award of contracts for civil works
and equipment;

(d) supervision of civil works construction, inspection of equipment
fabrication, and supervision of equipment installation and
performance tests;

(e) review and certification of payment requests submitted by civil
works contractors and equipment suppliers;

(f) preparation of monthly and annual progress reports; and

(g) assistance to ISWACO in the initial operation of the project and
in establishing operation and maintenance procedures.

5.09 ISWACO will assign staff to work closely with the consultants in
all aspects of project implementation, and will provide the majority of the
field inspection staff. The consultants will, where necessary, make arrange-
ments for on-the-job training of ISWACO staff. ISWACO has appointed a consul-
ting panel to advise its management in the review and approval of the consul-
tant's designs and to advise on any special technical problems encountered in
the design and construction of the project. As presently constituted, the
panel consists of a concrete dam design expert, an engineering geologist, and
a concrete technologist. Other specialists may be retained if necessary. The
panel met twice in 1978 and during implementation will visit Korea about twice
a year for periods of one to two weeks. ISWACO will also appoint a consulting
firm, on terms and conditions acceptable to the Bank, to prepare designs and
contract documents for the Nakdong Barrage project. Man-month inputs would be
on the order of 130 man-months of expatriate staff and 100 man-months of local
staff.

Operation and Maintenance

5.10 ISWACO has considerable experience in the operation and maintenance
of multipurpose projects. Key personnel of ISWACO's O&M staff for the Chungju
Project, some of whom will be experienced staff from existing projects, will
be employed in the inspection of equipment installation and performance
testing in order to become thoroughly familiar with the equipment and its
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operation. The power plant will be an integral part of Korea's power system
and its daily operation will be coordinated with other generating plants
through the Korea Electric Company's central load dispatching system. The
principles of reservoir operation have been established in sufficient detail
for project formulation and assessment of project benefits. However, further
studies are needed to specify more detailed operating rules to be followed
in practice in order to maximize the benefits of the project. An assurance
was obtained that ISWACO would, by December 31, 1981, submit to the Bank
for review and comment detailed rules for reservoir operation.

5.11 The proposed dam is a major structure with a large volume of
storage and it would be situated so as to cause severe damage in the unlikely
event of failure. An assurance was obtained that ISWACO would arrange a
suitable maintenance and inspection program for the dam and would advise the
Bank in writing not later than December 31, 1983 as to how it proposes to meet
this obligation. The ISWACO proposal would include a description and schedule
of the maintenance and inspection program, the designation of the experts, if
any, to be employed, and, if applicable, a copy of their terms of reference.
The Bank would have an opportunity to comment on the proposals before they are
adopted.

Compensation for Land and Property

5.12 Details of population and land use in the reservoir area are
given in Chapter 3. About 9,300 families living in the reservoir would be
required to relocate and 3,700 ha of cultivated land would be acquired by
the Government. The total cost of land and property acquisition and other
forms of compensation is estimated at US$109 million exclusive of price
contingencies; details are given in Annex 1, Table 1. A major part of
this cost would be paid to 8,300 families as compensation for the portion
of their land holdings in the reservoir area. Payments for land would
average US$25,000/ha for paddy land and US$16,000/ha for cultivated upland.
Additional compensation would be paid for established tree crops. All
families, rural and urban, would receive removal and subsistence payments of
about US$220 per family. The average payment per farm household would be
about US$12,800 in 1979 prices.

5.13 In recent years, government agencies and local authorities in
Korea have gained considerable experience in land and property acquisition.
Since 1967, some 100,000 ha of farmland have been acquired to make way for
public works projects and industrial and urban development. The loss of
land has been more than offset by considerable growth in employment in the
industrial and service sectors. The Government's policy is to pay market
prices for land and property together with removal expenses and subsistence
payments during relocation. People displaced from their land make their own
decisions as to where to relocate and whether or not to resume their former
occupations. In Korea, a strategy of prompt and fair compensation is
preferred by the Government, and the families affected, to resettlement in
areas set aside by the Government. This approach recognizes the independence
and resourcefulness of the average Korean. It also recognizes the highly
articulated and sharply defined Korean lineage system which enables people
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to keep track of a very large number of relatives. As a result of increased
geographic mobility in recent years, chiefly rural-urban migration, nearly
every Korean has a widespread personal network of kinship ties that can be
extremely useful in achieving such objectives as finding a job, a house or a
marriage partner. Korean sociologists, who have studied the relocation of
farmers from the Andong reservoir, as well as from a number of industrial
sites, stress the importance of such kinship connections in enabling displaced
families to resettle in other communities.

5.14 Since 1967, ISWACO and its predecessor organizations have implemented
projects entailing compensation for the acquisition of some 15,000 ha of
land. Notable among these are three major dams, Soyang, Andong and Daechung,
all involving the displacement of large reservoir populations. ISWACO's
charter specifies that the following privileges will be accorded to persons
displaced by their projects:

(a) access to low-interest loans under the Housing Construction
Promotion, and priority for purchase of lots in new towns established
by the Government;

(b) exemption from purchase and registration taxes applicable to real
estate transactions;

(c) preference in employment by contractors employed by ISWACO.

5.15 While the funds for compensation payments will be provided by ISWACO,
the implementation of the compensation program will be largely in the hands of
the provincial and county authorities. The Chungju reservoir covers parts of
three counties all in Chungchong province. A provincial committee would be
established to review and approve the assessed values of land and property.
The communities would be composed of members of the community under the
chairmanship of the Vice-Governor of the province. Compensation would be
based on the average values obtained from two independent appraisals by pro-
fessional appraisers; farmers and property owners have the right to appeal
assessments to the provincial committee.

5.16 A survey of land and property to form a basis for planning a
compensation program is being carried out by ISWACO in cooperation with local
authorities. This will update the information obtained from the 1976 survey
(para. 4.15). During negotiations, an assurance was obtained that ISWACO
would, by December 31, 1979, submit to the Bank for review and comment a
report presenting the results of this survey, together with a timetable for
the acquisition of property and for the payment of compensation. In addition,
a study is being carried out by a local research institute to help ISWACO
develop a comprehensive compensation program. The institute will survey
experience of people previously relocated from other reservoir areas. It will
also conduct a socio-economic census of the Chungju reservoir inhabitants and
obtain their views on future ambitions regarding location and type of work.
On the basis of these surveys, the study will recommend resettlement/compen-
sation methods for different income groups and occupations.

5.17 In order to widen the oportunities for farmers to purchase land
with the proceeds of their compensation payments, the Government gives
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displaced farmers priority in the purchase of land in government-sponsored
tidal reclamation projects. This approach has been followed in ISWACO's
Daechung Project where a dam presently under construction on the Geum River
will displace about 4,000 families. An area of some 700 ha out of a total
2,400 ha of reclaimed tidal flats in the Bank-financed Pyongtaek-Kumgang
Project (Loan 600-KO) has been set aside for the purchase by applicants from
the Daechung reservoir at a price of US$10,000 per ha, with a 30% down payment
and the balance to be paid over 12 years with 3 years of grace and an interest
rate of 12%. This is potentially highly productive land and in 1977, the
first year of cultivation, good rice yields were achieved on about 1,700 ha of
recently settled land. The ongoing Bank-financed Yong San Gang Project:
Stage II (1364-KO) also includes 5,500 ha of tidal land which will be reclaimed
between 1980 and 1983. During negotiations an assurance was obtained that the
Government would give farmers displaced by the Chungju Project priority for
purchase of reclaimed tidal land including such land in Yong San Gang Stage II.

5.18 Also, some of the land acquired in the reservoir area will be
available for cultivation in the spring and early summer. All land below
El. 145 would be acquired, but about 600 ha of land in the draw-down zone
between El. 145 and El. 138 would not be inundated until the end of July at
the earliest. This could be used to raise spring vegetables (cabbage,
potatoes and radish) for which there is a strong demand. The purchase of
such land would be an attractive option for the farmers with smaller holdings.
During negotiations an assurance was obtained that by June 30, 1981 ISWACO
would present to the Bank for review and comment, a detailed proposal for the
allocation to displaced farm families of land in the draw-down zone of the
reservoir.

Project Charges

5.19 Power. As in the case of other projects owned and operated by
ISWACO, the energy produced by the project would be purchased by KECO. During
negotiations, agreement was reached that the rate per kWh paid by KECO would
be set to provide ISWACO with annual revenues sufficient to cover operation
and maintenance costs, depreciation at an annual rate of 2%, and a return of
6% on the portion of the project's gross fixed assets allocated to power.
This would be equivalent to providing a discounted cash flow rate of return of
8%. An assurance was obtained during negotiations that (a) by June 1983,
ISWACO would submit to the Bank for review and comment a proposed rate per kWh
together with any relevant supporting data, and (b) ISWACO would establish and
impose by December 1983 a rate for energy sales acceptable to the Bank. A
provisional allocation of project costs between power, water supply, and
flood control was made using the separable costs-remaining benefits method.
About 65% of capital and O&M costs would be allocated to power, 20% to water
supply and 15% to flood control; on this basis, ISWACO would have to charge
W 18/kWh (37 mills/kWh) for energy sold to KECO.

5.20 Water Supply. In the case of major multipurpose projects which
benefit in varying degrees a wide range of users, ISWACO does not impose
direct charges for water. A charge for raw water withdrawals at a rate of
W 4/cu m is, however, imposed on all users throughout the Basin by the
Ministry of Construction. Virtually all of the increase in water use in the
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15-year period beginning in 1986 can be attributed to the Chungju Project
(para. 6.13). Incremental revenues from raw water charges due to the project
would provide a rate of return of about 10% on costs allocated to water
supply. The Government is presently reviewing tariffs for raw water with-
drawals in the Nakdong River Basin, and the findings of the review and any
subsequent tariff increases will be applied to other river basins in Korea.

5.21 Flood Control. Although the economic benefits of flood control
would be significant, there is no way in which direct charges could be imposed
to recapture these benefits. A major part of the project's flood benefits
arise from elimination of flood damage. This, together with more productive
land use in the flood plains, will increase revenues to the Government and
local authorities, and reduce Government outlays for repair of public facilities
and flood relief programs. However, such financial benefits to the Government
have not been quantified since they cannot be estimated with any accuracy.
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6. BENEFITS, JUSTIFICATION AND RISKS

6.01 The proposed Chungju Multipurpose Project would meet the growing

demand for municipal, industrial and irrigation water in the Han Basin for

at least 15 years following its completion in 1984. It would also substan-

tially reduce flood damages in the South Han, generate an average of 770 GWh

annually, and provide 460 MW of peaking capacity for Korea's power system.

6.02 The rapid population growth and industrial development of the Han

Basin has been accompanied by a four-fold increase in water use over the past

ten years. A major factor in this development has been the surface water

storage provided by the existing reservoirs in the Han Basin which conserve

the monsoon flows for use in the six-month long dry season when only 20% of

the Basin's runoff occurs. The Chungju Project would provide the additional

storage needed by the mid-1980s when growing demands would exceed the regu-

lating capacity of the existing reservoirs. The projected water demands

in the Han Basin are summarized in Table 6.1. The basis for these demands

and the studies made to determine the Basin's storage needs are described in

Annex 2. In these studies a test of future demands was made against a

24-year sequence of historic flows taking into account existing reservoirs.

Without the Chungju Project, it was found that with 1986 demands there would

be significant shortages in 5 years of the sequence, and with 1991 demands

in 10 years of the sequence. Thus, the project is needed to ensure the

reliable source of water essential to the Basin's continued economic develop-
ment beyond the mid-1980s.

Table 6.1 WATER DEMANDS IN THE HAN BASIN
(MCM)

1976 1981 1986 1991 1996 2001

Municipal 500 800 1,100 1,400 1,800 2,200

Industrial 400 800 1,300 1,800 2,400 3,000

Irrigation 900 1,000 1,100 1,400 1,500 1,600

Maintenance flow 3,100 3,100 3,100 3,100 3,100 3,100

Total 4,900 5,700 6,600 7,700 8,800 9,900

6.03 In addition to meeting the storage needs of the Basin, the project

would provide a low-cost source of peaking capacity and energy to help meet

Korea's rapidly growing power demands. Peak demands are projected to grow

from 5,300 MW at present to 12,000 MW in 1985 and nearly 20,000 MW in 1990.

By 1985, efficient operation of the system will require that about 10% of the

installed capacity be designed to operate for short periods at times of peak

demand. An important contribution to this would be the 460 MW of capacity

provided by the project. A further important justification for the project
is the urgent need to control floods which about once in every four years

cause serious and widespread damage in the Basin.
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6.04 Comparison of the project with investments in alternative facili-
ties to meet the above objectives shows that the Chungju Project is the
least-cost alternative. In addition to a least-cost analysis, the project's
economic rate of return was calculated. The methods and assumptions used in
carrying out these analyses and the results obtained are described below. In
summary, it was found that, for the project as whole, comparison with the
lowest-cost alternatives for water supply, flood control and power results in
an equalizing discount rate (EDR) of 19%. The economic rate of return was
found to be 12%.

6.05 Foreign Exchange. Because of import duties and quantitative
restrictions, the official exchange rate understates the value to the economy
of foreign exchange used in carrying out the project and savings due to
reduced fuel imports. For this reason, a standard conversion factor (SCF) of
0.85 has been applied to all local costs and benefits before converting them
to US$ at the official exchange rate of US$1.00 = W 485.

6.06 Project Costs. For purposes of project evaluation, the total
economic cost of the project in mid-1979 prices is US$313.2 million. This
consists of civil works (US$162.2 million), furnished materials (US$13.5 mil-
lion), equipment (US$67.8 million), reservoir compensation (US$45.6 million),
engineering and administration, including consulting services (US$24.1 mil-
lion). The costs of civil works, furnished materials and equipment were
reduced by 10% to exclude taxes. The economic cost of compensation for land
was expressed as the present value (at a discount rate of 12%) of agricultural
production which would be lost in the reservoir area. For this purpose,
farm-gate prices for crops and inputs, and farm labor costs are based on the
staff appraisal report on the Ogseo Area Development Project, (Report 1728-KO,
December 1977). All local costs were multiplied by the standard conversion
factor to express them in terms of shadow prices.

Least-Cost Analysis

6.07 This analysis compares the discounted cost stream of the Chungju
Project with the sum of the discounted cost streams of the lowest cost alter-
natives for meeting the same water and power demands. The selection of the
next lowest cost alternatives for water supply and power are described in
Annexes 2 and 3, and briefly summarized below.

6.08 Water Supply Alternative. An alternative to Chungju in meeting
the storage needs of the Han Basin would be the sequential construction of
the following two projects:/1

(a) Hongcheon dam on a tributary of the North Han. Constructed by 1986
this would meet storage needs through 1991 (Cost US$176 million).

(b) Yeoju dam on the South Han about 50 km downstream of the
Chungju site. This would be constructed to be operational
in 1992 and meet storage needs until about the year 2000
(Cost US$290 million).

/1 The combined economic cost of the two projects would be US$322 million.
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Hydroelectric development would be justified at both projects but their
combined output (200 MW and 340 GWh) would be much less than Chungju. Flood
control benefits of Hongcheon and Yeoju would be about 15% of Chungju's flood
control benefits. For the least cost analysis, the cost stream for this
water supply alternative was reduced to compensate for these hydroelectric
and flood control benefits.

6.09 Power Alternatives. The project was compared with four alternative
types of power plant which could be in service by 1985 - oil-fired steam, gas
turbine, combined cycle thermal, and pumped storage. Chungju and its alter-
natives would each have different operating characteristics and, therefore,
can only be compared in the context of the overall power system. A "with
Chungju" system was therefore compared to "without Chungju" systems with
capacity equivalent to Chungju provided by the four alternative types of
plant. Cost streams were developed for each of the four alternatives con-
sisting of initial capital costs, replacement costs, annual operation and
maintenance costs, and the difference in fuel costs between the "with
Chungju" system and a system with the alternative substituted for Chungju.
The gas turbine alternative was found to be the lowest cost of the four
alternatives at discount rates above 10%. The capital cost of this alterna-
tive is estimated at US$115.5 million (460 MW at US$250/kW) and the annual
incremental fuel cost would be US$25.9 million.

6.10 Flood Control. The alternative to Chungju in providing flood
control in the South Han and the Lower Han would, theoretically, be the
construction of flood embankments and the raising of existing embankments.
In practice, it is unlikely that such an alternative to provide the same
degree of flood protection, would be technically and economically feasible.
Thus, as a proxy for the cost stream of a "flood control alternative," a
stream composed of the Chungju project's annual flood control benefits has
been used.

6.11 The cost streams for Chungju and its alternative are shown in
Table 6.2. The present value of the Chungju cost stream is lower at discount
rates below 19%.

Economic Evaluation

6.12 In quantifying the projects benefits, economic values have to be
assigned to the water and electrical energy supplied by the project. Where
the economic values cannot be measured directly, such as in the case of
energy and municipal water, it can be approximated by prices that consumers
are willing to pay less the costs incurred in constructing and operating the
delivery systems. The retail tariff has been adopted as a minimum measure of
consumer's willingness to pay, ignoring consumer surplus and the possibility
that the market clearing rate might be higher than the actual tariff. For
industrial water, the tariff for raw water withdrawals has been used and the
relatively small costs of intake systems have been ignored. For irrigation
water, the economic value is measured in terms of incremental crop produc-
tion. Flood control benefits have been quantified in terms of reduced
damages and enhanced agricultural production due to reduced flood risks.
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Table 6.2: LEAST COST ANALYSIS
(USS million)

Chungju Alternative to Chungju
Power alternative (gas turbine) Water supply alternative Flood control /a

Capital O&M & incremental Capital & O&M costs Power &

Year Capital O&M cost fuel cost Hongcheon Yeoju energy credit

1 (1978) 3.0
2 20.2
3 45.9
4 74.8 10.5
5 62.4 25.4

6 63.1 57.5 42.9 (12.5)

7 40.1 57.5 30.2 (12.5)

8 3.7 2.00 28.2 15.7 (5.2) 5.4

9 2.00 28.2 0.8 (5.2) 6.4

10 2.00 28.2 0.8 17.2 (5.2) 8.3

11 2.00 28.2 0.8 43.1 (5.2) 9.7

12 2.00 28.2 0.8 59.7 (17.7) 10.0

13 2.00 28.2 0.8 44.7 (17.7) 10.2

14 2.00 28.2 0.8 23.0 (12.4) 10.5

15 2.00 28.2 0.8 1.3 (12.4) 10.7

16 2.00 28.2 0.8 1.3 (12.4) 11.0

17 2.00 28.2 0.8 1.3 (12.4) 11.3

18 2.00 28.2 0.8 1.3 (12.4) 11.6

19 2.00 28.2 0.8 1.3 (12.4) 11.8

20 2.00 28.2 0.8 1.3 (12.4) 12.1

21 2.00 57.5 28.2 0.8 1.3 (12.4) 12.3

22 2.00 57.5 28.2 0.8 1.3 (12.4) 12.6

23 2.00 28.2 0.8 1.3 (12.4) 12.8

24 2.00 28.2 0.8 1.3 (12.4) 13.1

25 2.00 28.2 0.8 1.3 (12.4) 13.4

26 2.00 28.2 0.8 1.3 (12.4) 13.7

27 2.00 28.2 0.8 1.3 (12.4) 14.0

28 2.00 28.2 0.8 1.3 (12.4) 14.3

29 2.00 28.2 0.8 1.3 (12.4) 14.6

30 2.00 28.2 0.8 1.3 (12.4) 15.0

31 2.00 28.2 0.8 1.3 (12.4) 15.3

32 2.00 28.2 0.8 1.3 (12.4) 15.6

33 2.00 28.2 0.8 1.3 (12.4) 15.9

34 2.00 28.2 0.8 1.3 (12.4) 16.2

35 2.00 28.2 0.8 1.3 (12.4) 16.7

36 2.00 57.5 28.2 0.8 1.3 (12.4) 16.7

37 2.00 57.5 28.2 0.8 1.3 (12.4) 16.7

38-50 2.00 28.2 0.8 1.3 (12.4) 16.7

Equalizing discount rate: 19%

/a Flood control benefit due to Chungju (Annex 9) less 15% to reflect limited degree of flood control provided
by Hongcheon and Yeoju.
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6.13 Water Supply. The demand for municipal, industrial and irrigation
water in the Han Basin is expected to grow from 3,700 MCM in 1986 to 6,800
MCM in 2001 (Annex 4). Without the Chungju project, or alternative storage

projects, growth in demand beyond levels projected for the mid-1980s would
be physically impossible because of lack of water in the dry season. Thus,
virtually all of the increase in water use beyond 1986 can be attributed to
Chungju.

6.14 The basis for estimating the economic value of water for each of
the three uses is described below and the resulting values and economic
benefits are shown in Table 6.3.

M4unicipal: A retail tariff of W 40/cu m /1 was used, less O&M
costs of W 10/cu m, and less system expansion costs of W 16/cu m
capacity./2 Thus, the net economic value of municipal water is
W 14/cu m.

Industrial: The prevailing tariff for raw water withdrawal is
W 4.0/cu m.

Irrigation: An irrigation diversion of 7,600 cu m/ha is required
to increase rice yields from 3.2 ton/ha (rainfed) to 5.2 ton/ha
(fully irrigated), and leads to an incremental net production value of
W 396,000/ha, or W 52/cu m./3 Construction costs of W 2.5 million/ha
(US$5,000) have been assumed. The net economic value of irrigation
water is therefore W 9/cu m.

/1 The domestic tariff in Seoul for consumption exceeding 15 cu m/month/
household.

/2 Based on data from WHO Sector Survey 1974, adjusted for inflation,
capital cost for system expansion W 35,000/cu m/day. Assuming a load
factor of 75%, the annualized value of the capital cost (at a discount
rate of 12%) is equivalent to W 16/cu m.

/3 Based on Staff Appraisal Report No. 1728-KO for the Ogseo Area
Development Project, Korea, December 1977.
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Table 6.3: WATER SUPPLY BENEFITS

Type of use
Municipal Industrial Irrigation Total

Incremental Water Use (MCM)

1991 300 500 300 1,100
1996 700 1,100 400 2,200
2001 1,100 1,700 500 3,300

Unit Cost (W/cu m)

Gross Value 40 4 52
O&M Cost 12 - 10
Capital Costs 14 - 33
Net Value 14 4 9

Incremental Benefits (W million) /a

1986 0 0 0
1991 3,360 2,000 2,700 8,060 (15.1) /b
1996 7,840 4,400 3,600 15,840 (29.7)
2001 12,320 6,800 4,500 23,620 (44.3)

/a Net economic value multiplied by incremental water use after 1986. For
municipal water, the value is applied to 80% of demand to reflect system
losses.

/b Figures in parentheses are US$ million.

6.15 Power Benefits. The average annual gross generation of the Chungju
project would be 770 GWh. After deducting transmission and distribution
losses (8%), energy sold would be 708 GWh. The average revenue per kWh in
Korea on the basis of current tariffs would be W 24.2. The project's share
of investments need to expand transmission and distribution systems has been
estimated at US$45.0 million and US$66.0 million respectively./I The annual
O&M cost associated with this incremental investment is US$0.5 million for
transmission and US$0.8 million for distribution. These incremental costs
were deducted from the annual power benefit.

6.16 Flood Control. The project would substantially reduce the magni-
tude and frequency of flood damage in the South Han and the Lower Han.

/1 The incremental transmission and distribution investments, about US$100/KW
installed capacity for transmission and about US$147/KW installed capacity
for distribution, were based on KECO's past investments. The annual O&M
cost of these facilities has been estimated at 1% of capital cost for
transmission and about USi0.11/KWh supplied for distribution.
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Changes in the flood regime would also induce more productive use of agri--
cultural land in the flood plains. An analysis of the project's flood
control benefits is presented in Annex 4. There has been considerable urban,
industrial and agricultural development along the rivers of the Han Basin in
recent years. This would continue even in the absence of the project. Thus
for a given level of flooding, future damages in real terms would be greater
than at present. The annual benefit due to damage reduction is estimated to
increase from US$6.3 million, when the project is completed in 1985, to
US$12.2 million 20 years later. The annual value of incremental agricul-
tural production as a result of reduced flood risks is estimated to reach
US$4.3 million four years after completion of the project.

6.17 Economic Rate of Return. Using the foregoing assumptions and
discounting investment costs and water supply, power and flood control
benefits over a 50-year evaluation period, the economic rate of return of
the project is 12% (Table 6.4). The water and power benefits are primarily
based on retail tariffs which are minimum measures of consumers willingness
to pay. The sensitivity of the rate of return to higher estimates of
willingness to pay was tested; the results of these and other sensitivity
tests are given below:

(a) Water and Power Benefits: A 20% increase in tariffs
used as measure of economic value. 14%

(b) Water Demands: A 5-year lag in attaining projected
water demands. 10%

(c) Construction Costs: A 20% increase in construction
costs. 10%

Risks

6.18 ISWACO and other government agencies who would be concerned with
the project have considerable experience in the implementation of multipur-
pose projects, and there should be no problems in management and coordina-
tion of the physical works. A demanding feature of the project in terms of
management will be the timely acquisition of land and property in the reservoir
area, and in the prompt payment of compensation. However, programs of a
similar nature in Korea have been undertaken in the past without serious
delays or social problems. The only significant technical problem could be
in implementing the works required to deal with the geologic conditions
at the dam's right abutment. For this reason, ISWACO has selected as
engineering consultants a firm with considerable experience in dam design in.
Korea and elsewhere. ISWACO will also be advised by a consulting panel
which will include an expert in engineering geology.
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Table 6.4: ECONOMIC ANALYSIS
(US$ million)

COSTS BENEFITS
Power Water Flood

Year Capital O&M Retail value T&D costs supply control

1 (1978) 3.0
2 20.2
3 45.9
4 74.8
5 62.4
6 63.1 (61.0)
7 40.1 (50.0)
8 3.7 2.0 34.3 (1.3) 6.3
9 2.0 34.3 (1.3) 7.5
10 2.0 34.3 (1.3) 3.0 9.8
11 2.0 34.3 (1.3) 6.0 11.4
12 2.0 34.3 (1.3) 9.1 11.7
13 2.0 34.3 (1.3) 12.1 12.0
14 2.0 34.3 (1.3) 15.1 12.3
15 2.0 34.3 (1.3) 18.0 12.6
16 2.0 34.3 (1.3) 20.9 12.9
17 2.0 34.3 (1.3) 23.9 13.3
18 2.0 34.3 (1.3) 26.8 13.6
19 2.0 34.3 (1.3) 29.7 13.9
20 2.0 34.3 (1.3) 32.6 14.2
21 2.0 34.3 (1.3) 35.5 14.5
22 2.0 34.3 (1.3) 38.5 14.8
23 2.0 34.3 (1.3) 41.4 15.1
24 2.0 34.3 (1.3) 44.3 15.4
25 2.0 34.3 (1.3) 44.3 15.8
26 2.0 34.3 (1.3) 44.3 16.1
27 2.0 34.3 (1.3) 44.3 16.5
28 2.0 34.3 (1.3) 44.3 16.8
29 2.0 34.3 (1.3) 44.3 17.2
30 2.0 34.3 (1.3) 44.3 17.6
31 2.0 34.3 (1.3) 44.3 18.0
32 2.0 34.3 (1.3) 44.3 18.4
33 2.0 34.3 (1.3) 44.3 18.8
34 2.0 34.3 (1.3) 44.3 19.2
35-50 2.0 34.3 (1.3) 44.3 19.6

Economic rate of return: 12%
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7. RECOMMENDATIONS

7.01 During negotiations, assurances were obtained that:

(a) the Government would arrange to provide ISWACO with financing by
June 1980 in the amount of approximately US$20 million for the
supply and installation of a fourth generating unit (para. 4.18);

(b) ISWACO would maintain separate accounts for the project and would
employ independent auditors, acceptable to the Bank, to audit
project accounts annually, and that the audited accounts, together
with the auditor's comments, would be sent to the Bank within four
months of the close of each financial year (para. 4.21);

(c) ISWACO would, by December 31, 1981, submit to the Bank, for review
and comment, detailed rules for reservoir operation (para. 5.10);

(d) ISWACO would, by December 31, 1983, submit to the Bank for review
a detailed proposal for the maintenance and inspection program
of the Chungju Dam, including a description and schedule of this
proposed program, the designation of experts, if any, to be employed
and, if applicable, their terms of reference (para. 5.11);

(d) ISWACO would, by December 31, 1979, submit to the Bank for review
and comment a report presenting the results of a land and property
survey together with a timetable for the acquisition of property
and for payment of compensation (para. 5.16);

(e) the Government would give farmers displaced by the project preference
in the purchase of reclaimed tidal land including such land in Yong
San Gang Stage II (para. 5.17);

(f) ISWACO would, by June 30, 1981, present to the Bank for review
and comment a detailed proposal for the allocation to displaced
farm families of land in the draw-down zone of the reservoir
(para. 5.18); and

(g) ISWACO would submit to the Bank for review and comment by June 1983
a proposed rate for the sale of the project's energy to KECO, and
would establish and impose a rate acceptable to the Bank by
December 1983 (para. 5.19).

7.02 With the above assurances the proposed project is suitable for a
Bank loan of US$125 million for a period of 17 years including 4 years
of grace to the Industrial Sites and Water Resources Development Corporation
with the guarantee of the Republic of Korea.
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KOREA

CHUNGJU MULTIPURPOSE PROJECT

Cost Estimates

Item Unit Quantities Unit price Amount
(US$) (US$ million)

A. Civil Works

Site Preparation and Buildings
Access road L.S. 2.00
ISWACO housing
and office L.S. 3.00

Contractor's camps L.S. 4.00
Site investigations L.S. 1.00
Reservoir clearing sq km 100 10,000 1.00

Subtotal 11.00

River Diversion
Portal excavation cu m 77,500 8 0.62
Cofferdams L.S. 1.00
Tunnel excavation cu m 167,000 25 4.18
Tunnel lining cu m 58,500 55 3.22
Tunnel supports ton 1,000 700 0.70
Reinforcing steel ton. 1,000 100 0.10
Drilling and grouting L.S. 0.10
Minor items L.S. 0.48

Subtotal 10.40

Dam and Spillway
Earth excavation cu m 1,110,000 3 3.33
Rock excavation cu m 5,200,000 7 36.40
Mass concrete /a cu m 830,000 30 24.90
Structural concrete /a cu m 85,000 40 3.40
Reinforcing steel /b ton 2,300 100 0.23
Drilling and grouting L.S. 1.50
Minor items L.S. 3.24

Subtotal 73.00

/a Excludes supply of cement but includes form work.

/b Placement only.
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Item Unit Quantities Unit price Amount
(US$) (US$ million)

Powerhouse
Earth excavation cu m 745,000 3 2.24
Rock excavation cu m 555,000 7 3.88
Structural concrete /a cu m 82,000 40 3.28
Reinforcing steel lb ton 5,600 100 0.56
Backfill cu m 155,000 4 0.62
Minor items L.S. 0.82

Subtotal 11.40

Reregulating Dam
Earth excavation cu m 100,000 3 0.30
Rock excavation cu m 50,000 7 0.35
Embankment fill cu m 600,000 4 2.40
Slope protection sq m 185,000 12 2.22
Mass concrete cu m 55,000 35 1.93
Structural concrete /a cu m 15,000 40 0.60
Reinforcing steel /b ton 2,200 100 0.22
Bridge L.S. 0.70
Minor items L.S. 0.48

Subtotal 9.20

Relocation and Protective Works

Road Relocation
Earth work and paving km 100 100,000 10.00
Bridges m 1,600 3,500 5.60
Land ha 75 9,400 0.70

Subtotal 16.30

Rail Relocation
Earthwork and track km 9.2 300,000 2.80
Bridges m 900 5,000 4.50
Tunnels m 900 3,000 2.70
Land ha 10 9,400 0.10

Subtotal 10.10

/a Excludes supply of cement but includes form work.

/b Placement only.
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Item Unit Quantities Unit price Amount
(US$) (US$ million)

Power Facilities
Distribution lines km 80 5,000 0.40
Substations no. 2 100,000 0.20

Subtotal 0,60

Protective Works
Danyang Talc Mine L.S. 0.80
Sungjin Cement Plant L.S. 1.70
Miscellaneous L.S. 0.50

Subtotal 3.00

Public Buildings L.S. 3.00

Subtotal 33.00

Total Civil Works 148.00

B. Gates, Guides and Hoists

Diversion closure ton 380 4,000 1.52
Spillway ton 2,000 4,500 9.00
Power intakes ton 440 4,500 1.98
Reregulating dam ton 1,000 4,500 4.50
Draft tube ton 90 4,500 0.40
Stoplogs ton 635 4,000 2.54
Cranes: Spillway L.S. 0.30

Reregulating
dam L.S. 0.20

Tailrace L.S. 0.25
River outlet valve L.S. 0.65

Total 21.34
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Item Unit Quantities Unit price Amount
(US$) (US$ million)

C. Powerhouse Equipment

Turbines, governors
and valve no. 4 7,237,000 28.95

Generators no. 4 5,947,000 23.79
Transformers no. 4 880,000 3.52
Penstock tons 1i7.60 2,000 3.52
Powerhouse crane L.S. 0.90
Switchtear L.S. 1.84
Transmission lines km 10 70,000 0.70
Misc. electrical equip. L.S. 4.70
Misc. mechanical equip. L.S. 1.08

Total 69.00

D. Furnished Materials

Cement ton 285,000 40 11.40
Reinforci'ng steel ton 11,000 260 2.86

Total 14.26

E. Compensation for Land and Property

Paddy land ha 1,210 25,000 30.20
Upland ha 2,510 16,000 40.16
Building land ha 340 22,000 7.48
Forest ha 1,325 1,500 2.00
Fruit trees no., 37,000 27 1.02
Mulberry bushes no. 1,600,000 0.30 0.48
Houses no. 9,100 2,300 20.93
Graves no. 12,000 50 0.60
Small businesses no. 640 1,600 1.02
Removal Expense Families 9,300 120 1.11
Subsistence Persons 50,930 20 1.00
Mineral rights L.S. 3.00

Total 109.00
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Item Unit Quantities Unit price Amount
(US$) (US$ million)

F. Consulting Services and ISWACO Costs

Project consultants L.S. 5.30
Consulting panel L.S. 0.30
Preconstruction
engineering (Nakdong) L.S. 1.40

Engineering and
administration L.S. 20.00

Total 27.00
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Table 2

KOREA

CHUNGJU M1ULTIPURPOSE PROJECT

Expected Price Increases
(US$ million)

Calendar years
Total 1978 1979 1980 1981 1982 1983 1984 1985

Civil works and services 197.5 3.5 17.3 35.8 46.3 39.8 32.3 21.8 0.7

Equipment and materials 115.0 - 1.6 3.8 17.2 28.2 36.3 24.5 3.4
Compensation 109.0 - 10.1 30.0 50.0 9.9 9.0 - -

Subtotal 421.5 3.5 29.0 69.6 113.5 77.9 77.6 46.3 4.1

Expected price increases
Civil works and services 41.9 - 0.4 3.1 7.8 9.9 10.9 9.4 0.4
Equipment and materials 27.7 - - 0.2 2.2 5.6 9.8 8.5 1.4
Compensation 18.9 - 0.2 2.9 9.5 2.8 3.5 - -

Subtotal 88.5 - 0.6 6.2 19.5 18.3 24.2 17.9 1.8

Total 510.0 3.5 29.6 75.8 133.0 96.2 101.8 64.2 5.9

Annual price escalation (%)
Civil works and services 9 8 7 7 7 7 7

Equipment and materials 7 6 6 6 6 6 6
Compensation 19 9 8 8 8 8 8



KOREA

CHUNGJU MULTIPURPOSE PROJECT

Estimated Schedule of Expenditures
(US$ million)

1978 1979 1980 1981 1982 1983 1984 1985

Civil Works

Site preparation and access 12.6 2.7 7.0 2.9 - - - - -

River diversion 12.0 - 3.0 5.0 3.0 1.0 - - -

Mtain dam and spillway 83.9 - 3.0 16.0 19.0 15.0 16.0 14.9 -
Power house 13.1 - - - 2.1 4.0 4.0 3.0 -

Reregulating dam 10.9 - - - 2.0 4.0 3.5 1.4 -

Relocation and protective works 38.0 - - 5.9 15.0 11.5 4.6 1.0 -

Subtotal 170.5 2.7 13.0 29.8 41.1 35.5 28.1 20.3 -

Gates, guides and hoists 23.4 - - - 4.0 6.0 6.9 6.5 -

Powerhouse equipment 75.9 - - - 9.0 18.5 27.0 18.0 3.4

Furnished materials 15.7 - 1.6 3.8 4.2 3.7 2.4 - -

Compensation 109.0 - 10.1 30.0 50.0 9.9 9.0 - -

Consulting services 7.0 0.4 1.3 2.0 1.2 0.7 0.7 0.5 0.2
Engineering and administration 20.0 0.4 3.0 4.0 4.0 3.6 3.5 1.0 0.5
Expected price increases 88.5 - 0.6 6.2 19.5 18.3 24.2 17.9 1.8

Total 510.0 3.5 29.6 75.8 133.0 96.2 101.8 64.2 5.9

M
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KOREA

CHUNGJU MULTIPURPOSE PROJECT

Estimated Schedule of Disbursements

IBRD
fiscal year Accumulated disbursements

& semester (US$ million equivalent)

1980
1st 5.5
2nd 9.8

1981
1st 21.1
2nd 32.5

1982
1st 47.6
2nd 62.8

1983
1st 77.0
2nd 91.2

1984
1st 102.9
2nd 114.7

1985
1st 125.0
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KOREA

CHUNGJU MULTIPURPOSE PROJECT

Water Demands and Storage Needs

Demand Projections

1. Present and projected annual demands for the Han Basin are sum-
marized below and discussed in further detail in Attachment 1. These are
the demands for surface water, after deducting groundwater use and return
flows.

Water Demands (MCM)

1976 1981 1986 1991 1996 2001

Municipal 500 800 1,100 1,400 1,800 2,200
Industrial 400 800 1,300 1,800 2,400 3,000
Irrigation 900 1,000 1,100 1,400 1,500 1,600
Maintenance Flow 3,100 3,100 3,100 3,100 3,100 3,100

Total 4,900 5,700 6,600 7,700 8,800 9,900

Monthly dry-season
demand (Oct.-March) 330 400 470 530 630 730

Monthly demand in June 865 915 970 1,040 1,115 1,190

Streamflow Data

2. In the course of the Han River Basin Study, USBR developed monthly
streamflow data for the years 1917-1940. Because of numerous gaps in the
streamflow records, much of the above data were obtained by correlation of
rainfall with runoff. Prior to 1940 the Basin was essentially undeveloped,
therefore, the 1917-1940 sequence has the advantage that no adjustments are
needed for existing projects or large-scale water use.

3. The flow at Paldang, just below the confluence of the North and
South Han, is of particular interest since it represents the volume of surface
water available to meet the Basin's water demands. The data for Paldang,
developed by USBR, show a runoff/rainfall ratio of 0.64 which is unusually
high for so large a catchment. It compares with ratios of about 0.55 for
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other major basins in Korea, such as the Nakdong and Yong San, with similar
rainfall and topography. A study, during appraisal, using the technique
of graphical correlation indicated a ratio of 0.56. Therefore, for the
studies described in the Annex the streamflow data for Paldang have been
reduced by 10%. For the other stations in the Basin, the USBR data have
been used except for Chungju where runoff data for the damsite are taken
from the ECI feasibility study.

4. The annual runoff at Paldang averages about 15,000 MCM. About
65% of the runoff occurs in the three months of July, August and September.
Less than 20% of the annual runoff occurs in the six-month dry season (October
through March). In the 1917-1940 sequence the monthly dry-season flow
falls below 200 MCM in 10% of these months. This figure increases to about
450 MCM with the storage regulation provided by the existing Soyang and
Hwacheon projects. This firm flow of 450 MCM would barely exceed the estimated
1986 dry-season demand and fall below the 1991 demand. June is also a
critical month because, when the monsoon rains are late, above average
demands for irrigation water coincide with below average runoff. Recently, in
1976, the June demands were met only by excessive depletion of the upstream
reservoirs. The above figures provide a broad indication of water supply and
demand and show that additional storage will be needed by 1986 or shortly
thereafter. However, to permit a more accurate picture of the supply/demand
balance a simulation model of the Basin was developed during project appraisal.

Han River Basin Model

5. Outline of the Model. The model is designed to simulate the
operation of existing and possible future storage reservoirs within the Han
Basin but excludes run-of-river schemes. The following reservoirs are
incorporated in the model:

Hwacheon - existing
Soyang - existing

Hongcheon - future

Chungju - future
Yeoju - future

Paldang - existing

6. The analysis is based on monthly records of streamflows which are
inputs at each reservoir in the system. These flows, however, are modified
to take account of the effect of upstream reservoir operation and evapora-
tion. All system water demands are aggregated at Paldang, a simplification
adopted merely for the purpose of the analysis. At each reservoir initial
releases are made for power generation to ensure that a minimum plant factor
is maintained. The effects of these discharges are worked through the system
and the inflows at Paldang modified accordingly. Water demand is then bal-
anced against available flows in the river. Any resulting shortage is met
by further releases from upstream reservoirs in order of priority and subject
to a number of operating constraints. Where it is not possible to meet
demand a system shortage is recorded. When the water releases from the



- 51 - ANNEX 2
Page 3

reservoirs are finally determined, monthly energy and peaking capability
at each power station are calculated. The power calculations take account
of flows passed through the dam and the plant capability is adjusted as
required by the net head across the turbines. An upper limit of energy
generated is imposed by the generator capacity, and any water not utilized
for power is shown as spill. An example of the output from the model is
shown in Attachment 2.

7. Results of Simulation Studies. The system was simulated for
the 1917-1940 sequence of monthly streamflows to determine the number of
years in which shortages would occur at different stages of Basin development
and with different combinations of reservoirs added to the system. The
existing Soyang, Hwacheon and Paldang reservoirs are part of the system
in all studies. With no additional storage in the Basin, it was found that
significant dry-season shortages would occur in 5 of the 24 years at the 1986
level of demands. This is an unacceptable frequency of shortages for the
major population centers and industries in the Han Basin. Thus construction
of the Chungju project, to be operational by 1985, is justified. With Chungju
in the system, shortages would not occur until the year 2001 (4 years out of
24). An alternative sequence of reservoirs consisting of the Hongcheon and
Yeoju projects (para. 9) was also investigated. It was found that with the
Hongcheon project operational in 1986, shortages would occur in 5 years at the
1991 level of demands, and therefore the Yeoju project would have to be in
service by 1992. With both Hongcheon and Yeoju in the system, demands would be
met without serious shortages until the late 1990s.

Alternatives to Chungju

8. An alternative to upstream storage considered in the USBR study
was the construction of a barrage at Hangang downstream of Seoul on the Lower
Han. Such a barrage would prevent salinity intrusion and hence allow some
reduction in the maintenance flow requirements. USBR rejected this solution
because it would be necessary to divert all municipal and industrial effluents
downstream of the barrage. This alternative was considered during appraisal.
In addition to the objection noted by USBR it was found that even if the
maintenance flow were reduced by 60% in the six-month dry season (a total
volume of 900 MCM) it would defer the need for upstream storage for only
about five years. Thus, it was concluded that the Hangang Barrage was
inferior to upstream storage in meeting the water needs of the Han Basin.

9. Other than Chungju, the only large undeveloped reservoir site
in the Han Basin is on the Hongcheon River, a tributary of the North Han.
The dam would provide complete regulation of an annual runoff of some 1,000
MCM. Constructed by 1985, Hongcheon would meet incremental downstream water
demands through 1992. The project would have an installed capacity of 100 MW
and generate about 140 GWh in an average year. Flood control benefits
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would be negligible. This project was chosen as the first in the sequence of
projects forming an alternative to Chungju. There are three possible projects
to be considered for construction to meet demands after Hongcheon. These are
Yeoju on the South Han, and Dalcheon and Kanhyon both on tributaries of the
South Han. In the case of the latter two, the annual runoff is only about
1,000 MCM and would not be fully regulated because at both sites the
topography limits the reservoir capacity to about 700 MCM. At Yeoju, the
storage capacity is only 800 MCM, but the upstream catchment area is very
large and annual runoff is of the order of 7,300 MCM. The useful yield of
Yeoju would be greater than the other two reservoirs and would meet downstream
incremental demands for a longer period. Yeoju has therefore been chosen as
the next project in the alternative sequence to be in service by 1991.
The head available for power generation would be only about 20 m, and the
installed capacity would be about 100 MW and annual energy generation some
200 GWh.

HONGCHEON - YEOJU ALTERNATIVE

Hongcheon Yeoju

Date in service 1986 1992
Construction period (years) 5 5
Active storage (MCM) 1,000 800
Installed capacity (MW) 100 100
Average annual energy (GWh) 140 200
Costs (June 1979 prices) including
physical contingencies (US$ million):/a

Civil works 62 96
Mechanical and electrical equipment 24 26
Compensation and relocation 82 155
Engineering and administration 8 13

Total 176 290

/a Based on preliminary designs and estimate prepared by USBR
in 1968 and adjusted for inflation to mid-1979.

Input to Least-Cost Analysis

13. The least-cost analysis of Chungju as a multipurpose project is
described in Chapter 6 of this report. For this purpose a cost stream
for the alternative means of meeting the water supply function of Chungju
was developed. This is the cost stream associated with constructing Hongcheon
by 1986 and Yeoju by 1992. However, both of the projects would produce some
power and energy, although significantly less than Chungju, as well as a
limited degree of flood control. Therefore, the Hongcheon-Yeoju cost stream
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has been "credited" by amounts equivalent to the cost of producing their
power and energy output from an alternative source. The power and energy
credit has been based on the capital and fuel costs of equivalent gas turbine
installations using the data given in Annex 3. Flood control benefits of the
two dams has been assumed as 15% of the benefits attributable to Chungju
(Annex 4).
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Derivation of Water Demands

Municipal Requirements

1. For the purpose of deriving municipal water demands the urban
centers in the Han Basin have been divided into three groups, based on size
of town or city.

Seoul pop. 7.2 million

Group A Incheon, Bucheon and Gimpo; pop. 1.2 million

Group B Suweon, Anyang, Uijeongbu, Seongnam, Chungju, Yangpyeong,
Yeoju, Deogso, Yongin, Gwangju, Icheon, Janghowan;
pop. 1.0 million.

Population Projections (Million)

1976 1981 1986 1991 1996 2001

Seoul 7.25 8.61 10.00 11.30 12.47 13.77

Group A 1.22 1.47 1.88 2.29 2.78 3.23

Group B 1.05 1.30 1.68 2.09 2.56 3.10

Total 9.52 11.38 13.56 15.68 17.81 20.10

Source: ECI Report, Table VI - 1.

The population projections for Seoul assume a gradual decline in the growth
from the 4% rate of the past five years to 2% by the end of the century. For
each group, separate per capita demands and service ratios are projected.
The assumptions and calculations are set out below.
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1976 1981 1986 1991 1996 2001

Per capita demand (l/d)

Seoul 207 225 250 275 300 325
Group A 175 200 225 250 275
Group B 125 150 175 200 225

Service ratio (Z)

Seoul 90 93 95 98 100 100
Group A 85 90 95 98 100
Group B 80 85 90 95 100

Daily demand (MCM)

Seoul 1.35 1.80 2.37 3.04 3.74 4.48
Group A .22 .34 .49 .68 .89
Group B .13 .21 .33 .49 .70

Annual demand (MCM)

Seoul 493 657 867 1,110 1,366 1,638
Group A 80 123 179 248 325
Group B 47 78 120 179 255

Total 784 1,068 1,409 1,793 2,218

(rounded) (800) (1,100) (1,400) (1,800) (2,200)

Water Production in Seoul

2. Production statistics for Seoul over the last 12 years are given below.
Treatment facilities have been steadily developed over this period increasing
from a capacity of 0.5 MCM per day in 1965 to 2.17 MCM per day in 1976.
The treatment capacity will be increased to 3.17 MCM by 1981 under an ADB-
financed project. Further extensions to the system will be made as the
demand for water increases, and it is expected that capacity will be increased
to 4 MCM per day by 1990.
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Water Supplied In Seoul (1965-76)

Population Daily Per Capita
Served Production Production

(million) ('000 cu m) (1/d)

1965 2.59 422 163
1966 2.74 445 162
1967 3.01 506 168
1968 3.44 590 170
1969 3.96 688 173
1070 4.73 808 171
1971 5.03 983 195
1972 5.29 1,058 200
1973 5.53 1,123 203
1974 5.84 1,1,93 205
1975 6.15 1,267 206
1976 6.52 1,350 207

Industrial Demands

3. Estimates of actual water used by industry were made by USBR and
ECI in 1968 and 1976. The growth in demand between these years from 114 MCM
to 500 MCM, is close to the observed growth in the industrial sector during
the same period. The estimate of actual use in 1976 was used as the starting
point for the mission'.s long-term projections. Growth rates for five-year
periods are taken as the expected growth rates in Korea's industrial sector.
A considerable increase in the use of groundwater and return flows has been
assumed. The mission's estimate of industrial water demands is shown
below.
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Industrial Water Demands

Gross Annual Use of Groundwater Net Annual
Year Demand and Return Flows Demand

Annual
Growth

(MCM) (%) % MCM MCM

1968 114
20

1976 500 12 60 440
14

1981 960 17 160 800
12

1986 1,690 25 420 1,270
9

1991 2,600 30 780 1,820
7

1996 3,650 35 1,280 2,370
5

2001 4,660 35 1,630 3,030

Irrigation Demands

4. The presently cultivated area of the Han Basin is 370,000 ha
(165,000 ha of rice and 205,000 ha of uplands). At present, about 120,000 ha
of riceland is irrigated to some extent, with only about 30,000 ha having a
full water supply. It is estimated that by 1991, about 30,000 ha of upland
will be converted for paddy cultivation, and of the 195,000 ha of riceland,
some 80% will be irrigated as well as 10,000 ha of upland. Also, it is
assumed that 8,000 ha of tidal land in the Lower Han will be reclaimed. The
required monthly irrigation diversions for 1991 are shown below.

May June July Aug. Sept. Total

Irrigation
Diversions 100 540 370 260 130 1,400

(MCM)
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5. Maintenance Flow. In addition to withdrawals from the river system

there is a requirement to maintain a minimum flow in the Lower Han. This has
two purposes: firstly to prevent the intrusion of saline water; and secondly,
to maintain the water quality in the Lower Han, which will become increasingly
polluted as more wastewater is discharged into the river. Measurements made

by USBR showed that the minimum flow needed to control salinity was between
10 and 150 cu m/s depending on the state of the tide in the Han River estuary.

A figur-e of 100 cu m/s has been adopted for the Basin study. Detailed

analyses for a similar problem in the Nakdong River (second in size to the Han
River) were made by NEDECO (a Netherlands consulting firm) under an FAO

study. The required flow was estimated as 90 cu m/s.
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WATEP CrEAr1DS FOP 14rA. - wtTtioUT CliUI#GJU IRESFRVOZR

RIVER rLOA YCfAR 191

MOIN71 PIVLR STLIIAGE ENO ENDO NET EVAP DISCHARGE SPILL ENERGY PEAKING
ZX4FLOw H(LCl.Sr CONTENT J4WL HEAD CAPARILITY

mCM 1- C I, MCM M M YCM mCM MCM GWH MW

OPERATICII OF Hk.AC'OiJ IIiSTALLEL CAPFACITY 108.0 MW

JAN 23.5 4'6.6 437.0 161.2 55*9 .8 (9.3 0.0 9.1 70.2
FEB 226.1 0.0 437.u 161.2 54.7 .7 25.4 0.0 3.3 .0
frAn 51.0 0.0 437.0 161.2 54.7 1.1 49.9 0.0 6.4 6A3.n
firR 51.2 0.0 437.0 161.2 54.7 1.7 49.5 0.0 6.4 6A.0
P'AY 74.4 0.0 1i37.0 161.2 54.7 2.1 72.3 0.0 9.3 68.0
JUN 73.3 0.0 437.0 161.2 54.7 1.7 71.6 0.0 9.2 68.n3
JUL 873.0 -4C0.0 837.0 182.0 65.1 1.6 471.4 60.7 64.4 8%.p
ALG 629. 0.C0 137.0 I62.0 75.5 2.8 -- {26.2 200.4 7S.8 inl.0
SEP 147.5 .0 637.0 1A2.0 75.5 2.3 145.2 0.0 2r.9 108.0 n
OCT 59.4 42.7 7qu. 3 178.2 73.6 2.1 100.0 0.0 1e.1 1n0.n %b
1.9li 56.5 44.9 749.5 176.1 70.7 2.4 100.0 0.0 17.2 103.1t
CEC 38.6 (2.5 687.0 173.3 66.2 1.1 100.0 0.0 16.5 94.8

TCOTAL 2103.5 -203.4 19.3 le8O.8 261.2 265.6

OPERATICrt OF SOYANG INSTALLED CiPACITY 200.0 MW 

i f, 1o 2 G.2' 0.0 1072.0 162.3 80.3 1.4 14.8 0.0 2.8 I 65 
FEE: 91.1 0.0 1072.0 162.3 80.3 1.4 17.7 0.0 3.4 165.?
WAR 27.7 0.0 1072.0 162.3 A0.3 2.2 25.5 0.0 4.9 165.2

316.4 0.0 1072.0 162.3 AG3 3.3 33.1 0.0 6.3 165.2
P'AY 55.5 0.0 2P672.0 162.3. 800.3 4.0 51.5 0.0 9.8
"Jl t -, 39-7 0.0 1072.0 162.3 10. 3 3.4 35.9 0.0 6.8 165.2
JUL 461.0 -3!7.9 1429.9 171.7 15.0 3.1 I00.0 0.0 20.5 lS2.A
AUG 561.0 -4c7.1 l8A7.0 131.6 94.7 3.9 100.0 0.0 23.2 2nn.0
SEP 79.8 129.2 2757.8 179.0 9f8.3 4.0 ?05.0 0.0 49.4 20c..n
CCT 36.6 1-4.0 1603.8 175.7 95.4 3.4 187.2 0.0 43.8 200.0
l;CV 32.7 13Z.3 1473.4 172.7 92.2 2.3 .160.8 0.0 36.4 2nO.O
t_C 25.4 177.4 1296.1 lfd.4 138.6 1.8 201.0 0.0 43.7 2co.n

TOTA.L 1390.7 -224.1 34.1 1132.6 0.0 250.8
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WATER CEEA?JDS FOR 1986 - WTTIsOUT CHUt'GJU PESERVOIR

RIVFk FLO'& YEAR 1910

VCLTH RIVER STORAGr END ES'D NET EVAP DISCHARGE SPILL ENFRGY PEAKING
INIFLCW PELEASE CONTENT HWL HEAD CAPARILITY

wcr' IVC IV N9CM N M NcR NCR NCm GWII MW

OPERATICN OF PALDAN-G IIJSTALLED CAPACITY .0.0 MW

JAIr' 127.0 0.0 244.0 25.5 12.0 1.6 125.5 0.0 3.7 80.n
FE-' 94.7 0.0 ?44.0 25.5 12.0 1.6 93.1 0.0 2.7 80.n
MAR 244.4 0.0 244.0 25.5 12.0 2.4 242.0 0.0 7.1 F80.n
APR 251.7 O.0 244.0 25.5 12.0 3.6 2E:8.1 0.0 8.5 o0.n
OAY 471.4 0.0 2144.0 25.5 22.0 4.4 4f 7.0 0.0 13.7 80.n

JUL% 525.3 0.0 244.0 25.5 12.0 3.7 521.5 0.0 15.3 A0.0
JLL 25v2.5 U.0 244.0 25.5 12.0 3.4 2549.0 564.6 58.4 60.r
AUG 2394.6 0.0 244.0 25.5 12.0 3.6 2391.3 406.8 58.4 Ao.n
SEP 548.0 0.0 244.0 25.5 12.0 3.0 5'5.0 0.0 16.0 fln.n
G'T 427.7 C.0 244.0 25.5 - 12.0 2.7 425.0 0.0 12.5 80.0
ICV 426.9 0.0 244.0 25.5 12.0 1.9 425.0 0.0 12.5 80.0
EEC * 426.6 0.0 244.0 25.5 22.0 1.6 425.0 0.0 12.5 80.0

......... w . U e*t4t*$*4********* *$* ** * ****************-*****t*+* .***.**** ~* * *********t***t**** W****** ***
TOTAL 8530.9 0.0 33.4 8497.5 971.4 221.5

WATER CECMAICS FCP 1986 - tWIT11OUT CHUtJGJU nESERvoIR R

SUVNARY OF CEPANOS ANn SUPPLY

Vn.A T F n D E M A N 0 S RIVER SUPPLUS/ TOTAL TOTAL
MONTH UOrAt4 ItIGLSTRIAL IRRIGATIONJ SALINITY TOTAL /a FLOW CEFICIT ENERGY POe.ER

MCNc NC?' MCR 1MCM 1C0 ?'CM rM GWH MW
jAN 75.0n 00.0 -0.0 250.0 425.0 125.5 -299.5 1S.6 31=.4
FEE 75.0 100.0 -0.0 250.0 k25.0 93.1 -331.9 9.4 313.2
* NAR 7.Q0 1C0.0 -0.0 250.0 425.0 24?.0 -ieA.0 1P.4 3.3.2
APR 75.C0 10. -_n.0 25n.n 425.0 280.1 -136.9 21.1 313.2
NAY 75.0 10 (.0 90.0 250.0 515.0 467.0 -40.0 32 .8 .313.2
JUt. 75.0 100.n 465.0 250.0 910.0 521.5 -38A.5 31.4 313.2
JUL 75.0 160.0 360.0 250.0 789.0 2549.0 1764.0 143.2 311.0
AULG 75.0 1G0.0 245.0 250.0 670.0 2391.3 1722.3 120.5 3L8.0
SEP 75.f 100.0 120.0 250.0 545.0 545.0 -.0 92.3 3Pf.0
C'T 75.Q0 100.0 -0.0 250.0 425.0 425.0 -.0 74.4 3P8.0
t.CV 75.0 00 .0 -0.0 250.0 425.0 425.0 -0.0 6 .1 3G.8 
CEC 75.0 1LC.0 -0.0 250.0 425.0 425.0 -. C 72.7 !74.6 t 

TOTALS 900.0 1200.0 1300.C 3000.0 6400.0 8497.5 2097.5 737.9 n X

/a Since this computer run a small revision was made in water demands hence these figures differ
from water demands shown in Annex 2.
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Power Studies

Introducton

1. The studies presented in this Annex have the following objectives:

(a) to demonstrate that the investment in power facilities at the
Chungju project is economically justified in comparison with
alternative sources of power; and

(b) to provide input to a least-cost analysis of Chungju as a multi-
purpose project (i.e., a cost stream of the next lowest cost power
alternative).

Power and Energy Demands

2. A load forecast for the period 1977-86, prepared by the Korea
Electric Company (KECO) is shown in Table 1. A recent study of power demands
carried out by the Korea Development Institute (KDI) closely corresponds to
the KECO forecast. Peak demands shown in the installation program (Table 2)
follow the KECO forecast through 1986 and the KDI projections are used for
the period 1987-1993.

Installation Schedule

3. KECO plans to meet the growth in demand largely through a mix of
oil-fired steam, coal-fired steam and nuclear generation in order to divers-
ify its sources of fuel, all of which has to be imported. The program also
includes pumped storage and hydroelectric plants (including Chungju) as well
as gas turbines and combined-cycle plants. KECO's current installation
program includes provision for slippage of individual projects and contin-
gencies to cover underestimates of peak demand; consequently, it shows system
reserves greater than needed for operational purposes. The installation
program used in the studies (Table 2) was obtained by modifying KECO's
program to arrive at an estimate of the units which would actually be in
service each year; reserves are limited to normal operational needs. The
first three units of Chungju are scheduled to be in service in 1984 and the
fourth unit in 1985.
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The Power Component of the Chungju Project

4. Chungju's power facilities would consist of four 115 MW generating

units. The project's peaking capability would fall below its installed capac-

ity of 460 MW only about 10% of the time, and would rarely fall below

400 MW. Annual energy generation would average 770 GWh. For about seven

months in each year the plant factor would be close to 10%, and in the

remaining five months of the wet season it would be much higher but vary

considerably from year to year. For the studies, a wet-season plant factor

of 53% has been adopted. The investment required to exploit the project's

power potential would be about $153 million in mid-1979 prices.

Comparison of Alternatives

5. There are a number of different types of power plants which could be

considered as alternatives to Chungju. In order to show that Chungju is the

"least-cost" project, it has to be found superior to the lowest cost of the

possible alternatives. Four alternative types of generation, which could be

in service by 1985, were considered - oil-fired steam, gas turbine, combined-

cycle thermal, and pumped storage. Chungju and its alternatives would each

have different operating characteristics and, therefore, can only be compared

in the context of the overall power system. Therefore, a "with Chungju"

system was compared to four "without Chungju" systems, in each of which one

of the alternative sources of power is substituted for Chungju.

6. comparison of the alternative power system expansion program

requires the calculation of all system costs - capital, operation and mainte-

nance (O&M) and fuel costs - over an extended period of system development.

In this study a 30-year period of analysis was adopted. The systems were

then compared by computing the present values of their total costs over a

range of discount rates. All costs have been expressed in economic prices by

multiplying the local cost components by the standard conversion factor (see

Chapter 6, para. 6.05).

7. Capital and O&M Costs. The capital and O&M cost elements in the

cost streams can be considerably simplified because all components of the

"with Chungju" and "without Chungju" systems are common except for Chungju
and the particular plant substituted for it in the "without Chungju system."

Therefore, the capital and O&M costs of all plants common to the alternative

systems cancel each other out. Capital and O&M costs of the alternatives to

Chungju in mid-1979 prices are listed below:
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Capital Construction Replacement

Type of plant cost O&M cost period period

------ (US$/kW) --- … (Years) ---------

Oil-fired steam 450 9.0 4 25

Gas turbine 250 5.0 2 15

Combined-cycle 375 7.5 3 20

Pumped storage 355 7.1 4 over 50

8. Fuel Costs. The annual incremental fuel costs were calculated

for each of the four alternative systems in 1986, the first year in which the

Chungju project would be in service for a whole year. This required calcu-

lating total fuel costs for the "with Chungju" and "without Chungju" systems.

This was done by "stacking" the various plants in the system under the

monthly load duration curves in a sequence which minimizes fuel costs. In

estimating fuel costs for the "with Chungju" system, the seasonal variation

in Chungju's output was reflected by carrying out the stacking procedure for

dry-season and wet-season months.

9. The incremental fuel costs would, for practical purposes, remain

constant after 1986 except for the oil-fired steam alternative. In this

case, the introduction of a new more efficient plant, operating at a high

plant factor, displaces higher cost energy generated by older plants in the

system. This tends to reduce the difference in fuel costs between the "with"

and "without" Chungju systems. As th,e system expands, this effect diminishes

and the difference in fuel costs increases. Studies showed that from about

1993 onwards the incremental fuel costs for the oil-fired alternative would

be essentially constant.

10. The following fuel costs in mid-1979 prices for the thermal alterna-

tives were used in the study:

Oil-fired Combined

steam Gas turbine cycle

Fuel Bunker C Distillate Distillate

Heating value Million Btu/ton 40.3 41.9 41.9

Cost US$/ton 106.3 143.6 143.6

Heat rate Btu/kWh 9,000 13,500 8,500

Energy cost Mills/kWh 23.7 46.4 29.1
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11. For the pumped storage alternative, the pumping energy would have
to be generated by oil-fired steam plants, since the coal-fired steam plants
and nuclear plants would be base loaded. An overall efficiency of 67% has
been assumed and therefore the cost of energy generation by pumped storage
plants adopted for the study is 35 mills/kWh.

12. The heat rates and energy costs of existing steam plants in the
system are listed below. All new steam plants installed after 1977 are
assumed to have a heat rate of 9,000 Btu/kWh. The large coal-fired and
nuclear plants do not enter into the analysis since these would be base-load
plants and their operation would be the same in all alternative systems
considered.

Installed Heat Fuel
capacity rate cost

(MW) (Btu/kWh) (Mills/kWh)

205 15,000i 39.7
360 13,000 34.4
350 11,500 30.5

1,775 10,500 27.8
660 10,000 26.4
500 9,000 23.8

13. The incremental annual fuel costs in US$ million for the four
alternative systems are:

Oil-fired steam 10.7 in 1986 increasing to 14.7 in 1993
and then constant.

Gas turbine 25.9
Combined-cycle 19.9
Pumped storage 24.7

14. Results of Analysis. Comparison of the four alternatives to Chungju
showed that at discount rates above 10% the cost stream of the gas turbine
alternative has the lowest present value (Table 3). This alternative was
then compared with Chungju (the incremental investment in power facilities)
and it was found that Chungju has the lowest present value at discount rates
below 23%. For the least-cost analysis of the Chungju project as a whole,
described in Chapter 6, the cost stream for the gas turbine alternative was
used.

15. Studies were also made to compare a 345 MW (three units) installa-
tion at Chungju with the proposed 460 MW scheme. Cost streams were prepared
in the same way and using the same basic data as described above, but with
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the capacities of Chungju and its alternatives scaled down to 345 MW. The
gas turbine was again found to be the next lowest cost alternative. Compar-
ison of this alternative with Chungju showed that Chungju has the lowest
present value at discount rates below 22%. The cost of the additional 115 MW
capacity and 40 GWh energy (US$23 million for civil works and equipment)
is therefore justified. This additional peaking capacity will be needed by
the mid-1980s when about 10% of the 13,000 MW demand will have to be supplied
by plant operating at low plant factors.



KECO LOAD FORECAST (1976-86)

Item 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

Total energy sales GWh 22,979 26,439 30,107 34,225 38,963 43,794 49,150 55,174 61,947 69,269
Increase % 17.2 15.1 13.9 13.7 13.8 12.4 12.3 12.3 12.3 11.8

Lighting (Domestic) GWh 2,900 3,289 3,701 4,160 4,675 5,251 5,899 6,627 7,447 8,372
Increase % 16.0 13.4 12.5 12.4 12.4 12.3 12.3 12.3 12.4 12.4

Small industries GWH 4,660 5,334 6,002 6,738 7,546 8,430 9,391 10,467 11,672 12,997
Increase % 16.5 14.5 12.5 12.3 12.0 11.7 11.4 11.5 11.5 11.2

Large industries GWh 15,300 17,676 20,244 23,147 26,542 29,893 33,620 37,820 42,548 47,620 a'

Increase % 17.7 15.5 14.5 14.3 14.7 12.6 12.5 12.5 12.5 11.9 0

Agricultural power GWh 119 140 160 180 200 220 240 260 280 300
Increase % 19.0 17.6 14.3 12.5 11.1 10.0 9.1 8.3 7.7 7.1

Transmission
and distribution loss % 10.7 10.3 9.8 9.4 9.0 8.7 8.5 8.3 8.1 8.0

Gross generation
including plant use GWh 27,230 31,190 35,321 39,975 45,308 50,759 56,842 63,670 71,330 79,674

Annual load factor % 67.8 67.0 67.5 67.5 68.0 68.0 68.0 68.0 68.0 68.0
Peak demand MW 4,580 5,310 5,970 6,760 7,600 8,520 9,540 10,700 11,975 13,375

c3:rZ
(D <



ANNEX 3
Table 2

- 67 - Page 1

KOREA

CHUNGJU MULTIPURPOSE PROJECT

Installation Program

Installed
capacity Dependable Peak

Unit Total capacity demand Reserves
Year Plant MW MW MW MW % MW

1976 Existing 4,780 4,400 3,807 15.6 593

1977 Yeosu T/P #2 300
Yeongwol C/C 400
Incheon T/P #3 325
Bupyeong G/T 55
Ulsan C/C 220 6,080 5,700 4.,580 24.3 1,120

1978 Gori nuclear #1 595
Incheon T/P #4 325
Yeongwol C/C 200 7,200 6,590 5,310 23.9 1,280

1979 Yeongdong coal-fired #2 200
Ulsan C/C 100
Daechong hydro 90 7,590 7,090 5,970 18.7 1,120

1980 Asan T/P #1 350
Asan T/P #2 350
Ulsan T/P #4 400 8,690 8,450 6,760 25.0 1,690

1981 Cheongpyeong pump storage 400
Ulsan T/P #5 400 9,490 9,250 7,600 21.6 1,650

1982 Seohae coal-fired #1, 2 400
Ulsan T/P #6 400
Samcheonpo coal-fired #1 500
Retire (100) 10,690 10,450 8,521 22.6 1,930

1983 Samcheonpo coal-fired #2 500
Wolsong nuclear #1 680 11,870 11,360 9,540 19.0 1,820

1984 Gori nuclear #2 650
Chungju 1, 2 & 3 345
Thermal (oil) 1,500 14,365 13,085 10,700 22.3 2,385

1985 Gori nuclear #3 900
Chungju 4 115
Thermal (oil) 1,000 16,380 15,040 11,970 25.6 3,070
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Installed
capacity Dependable Peak

Unit Total capacity demand Reserves

Year Plant MW MW MW MW % MW

1986 Wolsung nuclear #2 680

Thermal (coal) 1,000 18,060 16,750 13,500 23.8 3,250

1987 Wolsung nuclear #3 680

Hapcheon (hydro) 100

Thermal (oil) 500 19,340 18,120 14,800 22.4 3,320

1988 Nuclear 900

Thermal (oil) 600 20,840 19,540 16,400 19.1 3,140

1989 Thermal (oil) 1,200
Nuclear 900 22,940 21,800 18,100 20.4 3,700

1990 Gas turbines 100
Pumped storage 400

Thermal (coal) 1,200

Retired (200) 24,440 23,800 19,900 19.5 3,900

1991 Combined cycle 300

Nuclear 900
Thermal (oil) 1,200

Thermal (coal) 600 27,440 26,620 22,000 21.0 4,620

1992 Nuclear 900

Thermal (oil) 1,200
Thermal (coal) 600 30,140 29,140 24,300 19.9 4,840

1993 Nuclear 900

Thermal (oil) 1,200
Pumped storage
Thermal (coal) 600 32,840 31,940 26,700 19.6 5,240

Note: 1. The KECO long-range development program provides for a considerable amount

of slippage. It was modified by the mission to obtain a more realistic

estimate of capacity which would actually be in service. In addition, some

installed capacities have been modified to reflect new information.

2. Dependable capacity takes into account seasonal variations in hydro capa-

bility, derating of some existing steam plants, and assumes that capability

of nuclear plants builds up as follows (60% - Year 1, 80% - Year 2, and 100%

- Year 3). Reserves cover maintenance and forced outages.

December 2, 1977
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Comparison of Alternatives

Present values of cost streams (460 MW)
Discount Oil-fired Gas Combined Pumped
rate steam turbine cycle storage
(%) ------------- (US$ million) -----------

9 265 271 277 269

10 240 237 246 240

11 218 210 221 216

12 200 186 200 195

13 184 167 181 177

14 171 150 165 162

15 159 136 152 149
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FLOOD CONTROL BENEFITS

Introduction

1. The Han River Basin has experienced numerous floods over the
years as evidenced by historic data from various sources and in more recent
years from systematic observation of river stages at strategic points in the
basin. The most devastating floods generally occur for short periods during
the months of July, August, and September, although it is possible, but
statistically rare, for a flood of significant magnitude to occur during
the months of June and October. Severe floods during the remaining months
of the year are virtually unknown. Seasonal variation of major flood
events is demonstrated by the following monthly distribution of all floods
occurring during the 60 years of available record at the Indogyo gage on
the Lower Han at Seoul.

Seasonal Distribution of Floods at Indogyo Gage

(%) -

April May June July August September October

4.2 0.0 7.0 50.7 22.6 14.1 1.4

2. The configuration of the river systems of the Han Basin, the loca-
tion of the existing damsites and the proposed Chungju damsite, and relevant
stream gaging stations are shown in Figure 1. Three gaging stations are of
significar,ce to the studies presented in this annex:

Indogyo: On the Lower Han at Seoul.

Yeoju: On the South Han near the town of Yeoju about 50 km from the
Chungju damsite and roughly midway between the damsite and the
confluence of the North and South Han.

Chungju: About 6 km downstream of the damsite.

The 10 highest flood events which have occurred in the past 60 years at
these 3 gaging stations are shown in Table 1.

Flood Reduction Due to Chunglu

3. The Chungju reservoir would have a gross storage of 2,800 MCM. In
each year, by the end of June, the reservoir would be drawn down to El. 132 at
which level the storage content would be 1,600 MCM, thus providing flood
storage space of 1,200 MCM. From the end of June until the end of August the
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reservoir would be operated according to a rule curve which specifies the
target pool level at different dates. The reservoir level would exceed
the target level only when necessary to store flood inflows. At the end of
each flood the reservoir would be gradually drawn down to the target level.
Detailed operation rules for the reservoir have yet to be devised but the
rule curve would be broadly as follows:

June 30 July 31 August 31
to

July 15

Target level (m) 126 136 140.5 /a
Reservoir content at target level (MCM): 1,230 1,860 2,200
Flood storage space available (MCM) 1,370 740 400

/a Maximum conservation level is at El. 140.5. The volume of 400 MCMt between
El. 140.5 and El. 145.0 would be used only for flood storage.

4. Reservoir releases during a flood would be allowed to rise to the
safe channel capacity of the South Han downstream of the dam, which is about
2,000 cu m/s. The remaining inflow would be stored. The volumes of inflow
exceeding 2,000 cu m/s for the ten highest floods are listed below, and
are compared with the flood storage space available at the time the flood
occurred. It can be seen from this table that all floods, except for the
1972 flood, could have been fully controlled. The 1972 flood could have been
substantially reduced, but the outflow from the reservoir would have exceeded
the safe channel capacity; it is estimated that the peak discharge would have
been reduced from 14,000 cu m/s to about 6,000 cu m/s.

Date of Flood Volume of Flood Flood Storage Space
- --- (4MCM)-

Aug. 19, 1972 1,200 770
Aug. 12, 1936 550 770
July 8, 1959 1,050 1,200
July 29, 1922 400 770
July 17, 1925 850 1,110
July 22, 1926 500 1,000
Sept. 6, 1958 600 600
July 8, 1920 300 600
Aug. 28, 1936 550 600
Sept. 18, 1970 400 600
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5. The storage of floods in the Chungju reservoir would have the
effect of substantially reducing peak discharges and flood levels throughout
the South Han and, to a lesser but nevertheless significant degree, in the
Lower Han. This is illustrated by the following table showing the estimated
effect that Chungju would have had on the 1925 flood, which is the highest
recorded flood at most stations in the basin, although higher peaks have been
recorded at Chungju. These estimates are based on flood routing studies in
which the "without Chungju" case takes into account the effect of the existing
Soyang reservoir on flood levels in the Lower Han.

Increase in Flood Levels Above Safe Channel
Capacity (1925 Flood)

Lower Han South Han
------------ (m) ------------

Without Chungju 6.6 7.0
With Chungju 5.1 3.9
Reduction 1.5 3.1

6. The reduction in the depth and duration of flooding due to the
Chungju rEservoir would lead to the following economic benefits:

(a) reduction in damage to crops, land, property, and public facilities;

(b) changes in agricultural land use and cropping patterns due to lower
flood risks which would lead to increased agricultural production.

The methods used to estimate these benefits are described below and benefit
streams are shown in Table 3.

Benefits Due to Reduction in Flood Damage

7. Detailed studies leading to estimates of benefits due to reduction
in flood damages were made by USBR in the Han River Basin Survey during
1968. The USBR methods, described below, were employed in the ECI feasibil-
ity study to update the flood benefit estimate to 1976.

8. In order to estimate benefits due to reduction in flood damage the
river below the damsite was divided into five "flood damage reaches" in each
of which an existing gaging station was chosen as an "index station" (see
Figure 1). There are three reaches on the South Han (S-1, S-2, and S-3).
The downstream reach, S-1, begins at the confluence of the North and South
Han and extends beyond its index gage at Yangpyong. The S-2 reach extends
further upstream beyond the index gage at Yeoju, and S-3 ends at the damsite
and its index gage is at Chungju. The Lower Han is divided into two reaches
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(D-1 and D-2). The upper reach (D-2) extends below the confluence, and the
Koan gage is its index gauge. The lower reach (D-1) includes Seoul and its
index gauge is at Indogyo.

9. For each of the five index gages the following curves were prepared
and assumed to depict conditions in their respective flood damage reaches.

Stage-Frequency Curve (without Chungiu): This shows the return period of
different water levels in the absence of the Chungju project.

Stage-Frequency Curve (with Chungiu): This is the same as the above..but
reflects the impact of flood control provided by Chungju.

Stage-Damage Curve: This portrays the value of flood damage at different
water levels.

The derivation of these curves is briefly described below.

10. Stage Frequency Curves. At each of the five index gages there is
an observed relationship between river discharge and water level (the stage-
discharge curve). The return period of a given peak discharge can also be
derived from the records of unregulated flows during the 60-year period of
record (a discharge-frequency curve). These can be readily combined to
produce a stage-frequency curve for the "without Chungju" condition. The
effect of Chungju is to change the discharge frequency relationship since it
considerably increases the return period for a given discharge, however the
stage-discharge relationship is unchanged. A new discharge-frequency curve
was derived by using the results of flood routing studies for floods of
various magnitudes. This was then used to derive a stage-frequency curve for
the "with Chungju" condition.

11. Stage-Damage Curves. During 1968, USBR conducted extensive field
surveys in the flood plains of the South Han and Lower Han to prepare inven-
tories of crops, property, and public facilities. Data on damages caused
by past floods were also collected. Estimates were made of potential flood
damage in each reach for 0.5 m increments in flood levels and the results
were plotted to obtain stage-damage curves. ECI, with the help of local
consultants, carried further surveys in 1976 and prepared new curves to
reflect the considerable development in the flood plains since 1968.

12. With the curves referred to above, the flood damage at 0.5 m
increments in water level was obtained. The return period for each increment
was also determined from the curves. The average annual damage in each
increment was then expressed as the value of damage divided by its return
period. For each reach, therefore, the average annual damage was obtained by
adding the values for each increment over the entire range of recorded flood
levels. This procedure was carried out for the "without Chungju" and "with
Chungju" conditions and produced the following estimate of the reduction in
flood damage due to Chungju.
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Flood reach Average annual flood damage Benefit
Without Chungju With Chungju
(W million in mid-1979 prices) /a

D-1 590 380 210
D-2 330 200 130
S-1 440 160 280
S-2 1,090 300 790
S-3 1,010 120 890

Total 3,460 1,160 2,300
(US$4.7 million)

/a Data from the ECI feasibility report were increased by 20% to
reflect inflation from December 1976 to mid-1979.

13. The above flood damage estimates represent the present (1978)
status of development in the flood plain. However, improvements and addi-
tions to property will continue to take place in the future as they have in
the past. Also it can be expected that crop yields in the flood plain will
follow the continuing upward trend observed throughout Korea. Thus, the
value of potential damages, in constant prices, will increase in the future.
For purposes of project evaluation, the growth rates in the benefits due
to flood regulation have been assumed to increase at an annual rate of 5%
through 1985, at 4% for the next ten years, and at 3% thereafter (see
Table 3).

Benefits due to Increased Agricultural Production

14. About 13,300 ha in the flood plain is subject to flood damage.
About 7,500 ha is devoted primarily to rice as a summer crop with barley on
around 40% of the area as a winter crop. The remaining 5,800 ha is devoted
to upland crops. Over most of the flood plain, upland crops consist chiefly
of spring crops (cabbage, potatoes and radish) which are harvested before the
flood season in July. Autumn crop cultivation is constrained by the diffi-
culty of land preparation on recently flooded land in early September. With
the flood control provided by Chungju, the frequency and duration of flooding
will be considerably reduced for much of the flood plain, except for the low
areas close to the river. The farms can be expected to take advantage of the
reduced flood risk by growing upland crops throughout the summer, and by
expanding the cultivation of upland crops in the autumn. Also, it is likely
that there will be some increase in the area of rice lands with a correspond-
ing reduction in the areas occupied by upland crops. Present and future
cropping patterns, yields and production are shown in Table 2. The annual
value of incremental production in the flood plains due to flood control is
estimated at US$5.3 million. It is assumed for project evaluation that the
changes shown in Table 2 would take place over a four-year period.
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Flood Events in the Han River Basin

Indogyo Yeoju Chungju
Date Peak flow Date Peak flow Date Peak flow

(cu m/s) (cu m/s) (cu m/s)

7/18/25 34,400 7/29/22 16,500 8/19/72 14,000

8/19/72 28,600 7/18/25 16,400 8/12/36 10,200

7/16/65 26,000 8/12/36 16,400 7/08/59 10,100

7/26/66 25,900 7/08/59 14,400 7/29/22 9,700

8/12/36 24,400 7/08/20 14,000 7/17/25 9,640

7/12/40 25,600 8/20/72 13,600 7/22/26 8,540

7/23/35 22,100 8/28/36 13,300 9/06/58 8,390

8/29/36 22,000 7/07/19 12,600 7/08/20 8,060

7/09/20 21,900 7/22/26 12,500 8/28/36 7,600

8/02/20 20,400 7/14/30 11,400 9/18/70 7,370
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Flood Control Benefits Due to Changes in Land Use

Gross Net Annual
Cropped Farm-gate production Production production net return

area Yield price value costs value (excl. labor)
Crop (ha) (ton/ha) (W'OO0/ton) - - ------- (WOOO/ha) - (W million)

Without Flood Control

Rice 7,501) 3.5 243 850 188 662 4,965
Cabbage 2,400 18.0 36 648 214 434 1,042
Potatoes 1,200 10.0 49 490 125 365 438
Radish 1,800 20.0 36 720 169 551 992
Tobacco 400 2.0 900 1,800 200 1,600 640
Barley 3,500 2.0 140 280 100 180 630

Total 16,800 8,707

With Flood Control

Rice 8,500 3.5 243 850 188 662 5,627
Cabbage 1,300 18.0 36 648 214 434 564
Potatoes 1,300 10.0 49 490 125 365 474
Radish 1,300 20.0 36 720 169 551 716
Tobacco 1,500 2.0 900 1,800 200 1,600 2,400
Peppers 1,300 1.3 890 1,160 135 1,025 1,332
Barley 3,500 2.0 140 280 100 180 630

Total 18,700 11,614

Incremental NPV (excluding labor) = W 2,907 million
Incremental labor cost - W 800 million

Net annual benefit = W 2,107 million
= US$4.3 million

/a The cultivable area of the flood plains is 13,300 ha in both cases. Thus the cropping
intensity increases from 126% without Chungju to 141% with Chungju.

/b Data on yields, prices and production costs are based on the Staff Appraisal Report "Ogseo
Area Development Project Stae I," December 1977. They are in January 1978 prices; no
adjustments have been made to bring them to mid-1979 prices since the effect on the estimated

annual benefits would be insignificant.
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Flood Control Benefit Stream

Reduction in Increased agricul-
Year flood damage tural production Total

------------------ (US$ million) -------------------

1985 6.3 0 6.3
1986 6.5 1.0 7.5
1987 6.8 3.0 9.8
1988 7.1 4.3 11.4
1989 7.4 4.3 11.7
1990 7.7 4.3 12.0
1991 8.0 4.3 12.3
1992 8.3 4.3 12.6
1993 8.6 4.3 12.9
1994 9.0 4.3 13.3
1995 9.3 4.3 13.6
1996 9.6 4.3 13.9
1997 9.9 4.3 14.2
1998 10.2 4.3 14.5
1999 10.5 4.3 14.8
2000 10.8 4.3 15.1
2001 11.1 4.3 15.4
2002 11.5 4.3 15.8
2003 11.8 4.3 16.1
2004 12.2 4.3 16.5
2005 12.5 4.3 16.8
2006 12.9 4.3 17.2
2007 13.3 4.3 17.6
2008 13.7 4.3 18.0
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Schedule of Early Events

Activity Target date

1. Appointment of consulting engineers March 1978

2. Appointment of Specialist Consulting Panel June 1978

3. Preliminary design report May 1978

4. Design report (final draft) and bidding documents October 1978

5. Final design report (approved by ISWACO) January 1979

6. Prequalification of potential bidders March 1979

7. Invitation to bid April 15, 1979

8. Open bids June 30, 1979

9. Award civil works contract August 30, 1979

10. Finalize reservoir resettlement and compensation plan December 31, 1979
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Related Documents and Data in the Project File

A. General reports and studies on the water and power sectors

1. World Bank, "Growth and Prospects of the Korean Economy, Annex E,
Energy" Feb. 1977

2. WHO, "Water Supply and Sanitation Sector Study" Dec. 1974

3. ADB, "Appraisal of Regional Water Supply Project" Nov. 1977

4. ADB, "Technical Assistance for the Asan Bay Thermal Power Projects"
Sept. 1977

B. General reports and studies relating to the project

1. ECI, "Chungju Multipurpose Project, Feasibility Report" 3 volumes,
Nov. 1976

2. USBR, "Han River Bain, Water Resources Study" Summary Report and 3
volumes of annexes, 1971

3. ECI, "Chungju Multipurpose Project, Draft Contract Documents"
7 volumes, Jan. 1977

4. Financial Statements of ISWACO, 1976 and 1977

5. Preliminary Design Report, May 1978, Nippon Koei

6. Consulting Panel Reports 1, 2 and 3, July-November 1978

7. Report on Investigation of Landslide Problem, Nippon Koei,
December 1978

8. Report on Landslide Control Works, Nippon Koei December 1978

9. Final Design Report, Nippon Koei, February 1978
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