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H1 INTRODUCTION

This ANNEX presents a study on the municipal and industrial {M&1)
water requirements to be supplied from the three studied river basin's

walter resources.

These requirements were estimated for the purpose of each basin's
water balance analysis and determination of the proposed dam schemes'

water supply capacities and benefits,

In making'the analysis, necessary data were gathered through the
relevant_ministriés of the Government of Korea and by provineial and
municipal offices through field survey. Some forelgn statistics were
also referred to for the study such aé Japanese industrial statistics.
Major references and data sources are listed in the last page of the
text of this ANNEX.



H 2 PRESENT CONDITIONS OF M&I WATER SUPPLY
H 2,1 M Water Supply in Xorea

H 2.1.1 Municipal water supply

Municipal water (M-water) supply in Korea has been rapidly improved
in these several years. 1Imn 1976, 3.9 x 106 m3/d of water was served
through municipal water supply system to 17.9 X 106 people. That
means a half of the total national population was served by municipal
water supply system with 220 litre per‘capité per day (lpbd) {Table H 1}.
Comparing with 1971, water supply has increased by 15.0 %'énnually.
Pipe~servéd populatioh has increased by 6;3 millidn duriﬁg those Five-

year period.

The pipe-water supply is concentrated in uyban area. In 1976,
87 % of the pipe-served population is gathered in cities with the
population of more than 100,000. 1In terms of supply volume, more than

a half of the total supply is concentrated in Seoul in 1976, =

H 2.1.2 Industrial water supply

In parallel with the rapid expansion of ecohomy of Korea, indus-
trial water (I-water) supply has increased rapidly in these several
years. At the end of 1974, gupply capacity of industrial water amounted
to 747,200 m3/d in total in 15 industrial estates (Table H 2) (Ref. H 1).
The major of these are (in order): Ulsan (with capacity of 170,000 mB/d),
Seoul (110,000 m3/d), Suweon/Anyang (100,000 m3/d), Pohang (100,000 mB/d)
and Masan/Jinhae (85,000 m;/d).

At present, there exists dual administration of industrial water
supply in Korea. Of the above 15 industrial watér supply systems,
those of Pohang, Ulsan, Masan/Jinhae, Yeocheon and Suweon/Anyang are 3
under the direct control by MOC, While the others are administrated
by local municipalities. In the Fourth Five-Year Plan, the unification
under the government control is considered to increase the effective

utilization of existing facilities.

H 2



The supply capacity in 1975 is reported to be 844,000 ma/d (Ref,
H 2), According to the above Plan, it is expected to increase to
1.9 x 106 43/q by the end of 1981.

H 2.2 M&I Water Supply in the Three Basins

H 2.2,1 Muanicipal water éupply

Detalls of municipal water supply in the three basins in 1971 and
1976 aré shown in Tables H 3 to H 8. As of August 1978, statistlcs are
available up to 1976. Adding some existing expansion plans, current

municipal water supply im each basin in described hereunder.

-(1) The Han bésin

Within the basin in 1976, 26 municipalities including Seoul
and Incheon were supplied with pipe-water by pumping the Han river
water, while outside the basin one urban city, Suweon, received its
supply partly from the Han, Populatlon served by pipe—water supply

 from the Han has increased from 6.1 x 100 in 1971 to B.7 x 106
in 1976 while the total populatlon of the corresponding area has

increased from 10.4 x 106 to 12.0 x 109 in the same perlod

Municipal water supply wvolume for the Han depending area has

been doubled during the five years of 197i- 1976 from 1.2 x 106 m3/d

to 2.4 x 106 m3/d which corresponded to 61 % of the total munic-
ipél'water supply in the whole nation in 1976. The annual increase
was 14 % for the same périod; In 1976, Seoul_océUpied 86 % of the
total éupﬁly of the area followéd by 9 % of Incheon. Adding Suweon
and_Anyang, these four cities located downstream reaches occupied

96 % of the total mﬁﬁicipal water'supply vqlume'of the area.

Per capita daily use has increased from 200 lpcd to 277 lpcd
as ‘an average in the area during the period of 1971-1976.
Seoul, per capita daily use amounted to 304 lpcd in 1976. Rurai
pipe water supply occupies less than 1 % of the ﬁotai supply of

the area.



{2) The Nagdong basin

Within the basin in 1976, 35 municipalities including Daegu,
Gumi, and Jinju were supplied with pipe-water by pumping the
Nagdong water, while outside the basin, three urban cities, i.e.

Busan, Masan and Jinhae received their supply eilther wholly. ox

)

partly from the Nagdong. Population served by pipe-water supply

from the Nagdong has increased from 2.9 X 106 in 1971 to 4.9 x 106

in 1976, while the total population of the area including outside the
basin has increased from 7.9 x 10% to 9.1 x 106 in the corresponding

years.

Municipal water.éupply.volume for the area has increased
during the five years of 1971-1976 from 0.5 % 106 ﬁB/d to 0.9 x 100
m3/d which corresponds to 26 % of the total municipal water
supply in the whole nation in 1976, The aqnual increase was 12 %

for the same period.

Per capita daily use has increased from 162 lpcd in 1971 to
193 1péd in 1976 in the average of the area. In Busan, per capita 4
daily use amounted to 233 lpcd and 195 lpcd in Daegu in 1976.
Rural municipal water supply occupied 5 % of the total supply of
the area in 1976.

(3) The Seomjin basin

_ Within the basin in 1976, only four municipalities, three
eubs and one myeon were supplied with pipe-water by pumping the

Seomjin water.

Population served by pipe-water supply from the Seomjin
counted only 32,000 in 1976 inside the basin. About 780,000
people depended on self-supply by themselves through either wells,
water-vendors or self—transportation of river water. This comes 'E§

from the rural characteristics of the basin.

While outside the baéin, Gwangiju received its supply though

limited to the amount of 100,000 m3/d from the Dongbog reservolr

H 4



(see H 2.2.3). Since January 1977, Yeocheon industrial estate has
been also pumping the surface water at the downstream Seomjin near

at Hadong (see H 2.2.3).

H 2.2,2 Industrial water supply

Based on the field survey, the up-to~date data as of August, 1978
on industrial water supply in the three basins were collected as

described hereunder,

(1) The Han basin

Industrial water supply facilities separated from municipal
water supply are installed in three industrial districts; Seoul
(Yeongdeungpo) , Suweon/Anyang and Weonju. Each supply capacity

is shown below.

. Unit: m3/d
Seoul .

(Yeongdeungpo) Suweon/Anyang Seongnam Weonju

130,000 100,000 5,000 10,000

As for the other areas than the'abdve, Incheon, Chuncheon,
Seongnam and Seoul excluding Yeongdeungpo industrial district are

supplied with theix industrial water through municipal water

pipelines.-
(2) The Nagdong basin

Within the basin two industrial citles, Daegu and Gumi have
1ndustrial water supply facillties separated from mun1c1pa1 water
supply. In Daegu however, most of the industrial water is supplled
through munic1pa1 water plpellne because of the small capac1ty of
industrial water supply. CIn Jinju, sincé no 1ndustrlal water pipe-
line is installed, industrles supply their water indlvidually by

either pumping - from the Nam river or using groundwater through wells.

_Outside'the basin, Masan has its own ‘industrial water supply

line which is branched to Jinhae and Changweon as well. Water is



taken at the Bongpori pumping station in the Nagdong lower stretch,
In Busan, most of the industrial water is supplied through municipal
water pipeline because of the small capacity of industrial water
supply line. To Ulsan industrial district, a new industrial water
supply line with the maximum supply capacity of 450,000 mB/d has
been installed in November, 1977 (see M 2.2.3). The pipeline to
Pohang will be completed by March, 1979 from the Yeongbheoﬁ reservoir

(see H 2.2.3).

Current (1978) industrial water supply capacity in the area

is as shown below.

_ “Undit: m3/d
Inside basin Qutside basgin
Gumi Daegu Masan Ulsan Pohang Busan
50,000 35,000 285,000 450,000  (220,000) 5,000

(3) The Seomjin basin

Within the basin, there is no industry that needs industrial
water suﬁply. Qutside the basin, however, in the southerun coastal
area, a chemical industrial complex has been established in Yeocheon
district and is supplied from the surface ﬁater of the downstream

Seomjin (see H 2.2.3).

H 2.2,3 New large scale development projects

In these few years, a number of large scale M&I water supply pro-

jects have been completed in the three basins. Furthermore, there are
some other Projects that are now under construction or under planning.

These projects are indicated in Fig. H 1 by pipeline routes.

{1} The Metropolitan Water Intake Project

At present (1978}, a large scale expansion work is being under-
taken for the metropolitan zone water supply (Ref. H 4). 1In the
first stage of this plan to be completed by the end of 1978, water

6

supply_fécilities of.l.Z x 10 mafd are to be newly installed.

H6
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In the second stage to be completed in 1981, further 1.4 x 10% 53

/d
capacity will be available,

.According to the plan, the Paldang reservoir water will he
conveyed through pipelines (54.5 km in total) to the cities of
Seoul, Incheon, Bucheon, Suweon, Anyang and Seongnam (Fig. H 1).
Banweol, a newly planned industrial town, will be also supplied

with water through this pipeline.

The main purposes of the Pfoject lie in substituting the
polluted water at existing intakes, ensuring the water supply
for industrial use in Suweon/Anyang district and for municipal

and industrial use in the newly planned Banweol industrial town.

After completion of the Project in 1981, the water supply

thrdugh this Project was estimated to amount to 1.9 x 106 m3/d.

(2) Pohang Industrial Water Supply Project

The pipeline to Pohang with the -capacity of 220,000'm3/d
will be completed by March, 1279 from the Yeongcheon reservoir
located in upper reaches of the Geumho river, one of the major

tributaries of the Nagdong (Ref. H 14).

The Project includes the constructions of the Yeongcheon
dam (40 m Qf:dam height), reservoir (81.4 x 106 m3 of effective
storage), pipeline (30 km in total) and tunnels (6f5 km in total).
The Yeongcheon reservoir water will be diverted through the pipe-
line to the existing Angye reservoir in the Hyeongsan river |

outside the Nagdong and further conveyed to Pohang district.

The main purpose of the Project 1s to supply water for in-

dustrial use of the Pohang Steel Mill and its associated industries.

(3) Ulsan/Onsan Industrial Water Suﬁfly Project

An industrial water supply pipeline to Ulsan/Onsan district
has been installed in December, 1979, The maximum supply capacity

of the pipeline is 45G,000 m3/d. “The Nagdong water is pumped at



the Weondongmyeon intake near Mulgetm and lifted by 84.5 m to the
existing Daeam reservolr and further conveyed to Ulsan district,
The total length of pipeline and tunnels is 15.2 km and 15.1 km,

respectively.

This water supply system aims at meeting the increasinhg _ .
demand of industrial water in Ulsan and its vicinity districts.
After the comﬁletion of Onsan Industrial estate that 1s now under
congtruction, tﬁe pipeline is planned to be extended further to
Onsan district. A part of water supplied through this pipeline

is purified and used for municipal purpose of Ulsan district.

(4) Masan Water Supply Project

At present (1978), Masan, Jinhae and Changweon are supplied
with Nagdong water by pumping at the Bonpori pumping station
located on the right bank of the Nagdong ﬁain stream, The
Bonpori pumping station, after reinforced by 200,000 m3/d in
1975, has the maximum capacity of 285,000 m>/d of which 50,000
textile factory in Masan, 15,000 m3/d to the Masan Free Export
Zone for industrial use, 40,000 m3/d to Jinhae and 35,000 m3/d

T

‘ m3/d is conveyed to Masan for domestic use, 60,000 m3/d

to Changweon districts for M&I purposes.

_ A new water supply project is now planned to convey the
Nagdong water to Masan (Source K-27) by pumping at the Namji .
intake on the Nagdong wain stream. .The supply capacity is plan-
ned to be 200,000 m3/d. The construction is planned. to start in
1979 to be completed in 1981. After the completion 6f this Projeﬁt,
M&I water for Masan including industrial water for a textile
factory and for the Free Export Zone will be supplied from the
new Namji intake and the Bonpori intake will supply eﬁclusively
to Jinhae and Changweon districts. f%

(5) Namgang Dam Water Supply Project

The southern coastal area outside the Nagdong including

cities of Samcheonpo and Chungmu are now supplied with water



from local sources such as surface water of small local rivers
and ground water. However, these local sources are found to be

insufficient to meet the increasing water demand of this area.

A water supply project to convey water from the existing
Namgang reservoir located in the Nam river; one of the main
tributaries of the Nagdong, to the abowve area is now under
planning (Ref, H 5). The Namgang_reservoir‘water will be divert-
ed to Sacheon~eub and Samcheonpo city through'pipeline which will
be branched to Goseong-eub, Georyu-eub, Gwando~eub.and further to

- Chungmu city. Thé Project aims mainly at domestlc water supply,
but the industrial purpbses of Samcheoﬁpo Industrial district is

also included.

Though the plan is not matﬁred yet, the construction comple-~
tion is expected by 1981 (Ref., H 5).

(6) Yeocheon/Gwangyang Industrial Water Supply Project

A new industrial water supply pipeline to convey the Seomjin
water to Honam Chemical Industrial Estate in Yeocheon has been

completed in January 1977.

The Seomjin water pumped at the intake 6.5 km upétreém of
Hadong is lifted by 68 m to reach Sueo reservoir (22.5 x 10° o’
of effective storage) 10cated'in'the upper reaches of the Sueo
river,'a small local river outside the Seomjin. From the Sueo
reservoir;'the water is conveyed through pipeline to Honam Chem-

ical Industrial Estate {Ref. H 33).

"~ The total length of the pipeéline is about 55.5 km inéluding
tunnels of 3.7 km from the intake. The maximum'suppiy cépacity
is'désigﬂed to be 300,000 m3/ﬂ, the éﬁbply being expected to
reach 250,000 m>/d in 1979, | B

The pipeline will be branched to Yeosu clity in the near
future. After the completion of this branch, the current water

supply to Yeosu from the Isa river, a small local river outside

the Seomjin, is planned to be shifted to Suncheon city.

H9



In the opposite coastal area of Yeocheon across the Gwangyang
bay, located is Gwangyang district that is planmed to be a heavy
chemical industrial estate in the near future. When this indus-
trial estate is established, the above pipeline system will be

branched to Gwangyang district te supply its M&I water.

This Sueo pipeline will also supply to Suncheon in the future.
Although Suncheon is at present supﬁlied by the Isa and Dong rivers,
local rivers outside the Seomﬁin, when their supply capacity reach~
ed maximum, the Sueo pipeline is planned to be braﬁched'to Suncheon

to meet M&T wéter demand in Suncheon.

At the future water demand in Yeocheon/Gwangyan industrial
district is estimated so large, an alternative measure will be
needed in the near futufe (after the capacity of the existing Sueo
pipeline reached its maximum,) to meet the water demand of these

southern coastal area outside the Seomjin.

(7) Dongbog Dam Water Supply Project

The Dongbog dam and reservoir in the Seoﬁjin have been con-
structed in June, 1971 to divert water to Gwangju city outside the
Seomjin. The dam (concreté gravity type with the height of 19.3 m)
is located in upper reaches of the ﬁongbog river, one of the main
tributaries of the Seomjin. -The catchment area is 187 kmz, the
effective storage of the reservoir being 2.6 x 10% ms. The main
purpose of the Project is to supply M&I water to Gwangju. The

maximum capacity of water supply is 100,000 m3/d.

“As the water demand in Gwangju has increased, the construction
of another Dongbog dam has been studied (Ref. H 30 and H 31). The
new dam is planned to be of the concrete gravity type with the
height éf 45;5 m. The existing dam is designed to be consolidated
as the coffer dam of the new dam. The effective storage of the
‘reservoir is .designed to be 91.7 x 106.ﬁ3. The new dam will be
equipped with a small-scale power station with the installed
capacity ‘of 2,750 kW. The water supply to Gwangju is planned to

be 350,000 m>/d.

H 10



H 2.2.4 Other information

(1) Water use by purpoées

The statistics of whole country on municipal water consump-
tion by purposes were not available. However, the sald satistics
were avallable for Seoul and Incheon, which are indicated in Table

H 9.

In the case of Seoul, domestic use occupled predominantly
as much as 63 % of the total municipal water consumption followed
by 21 % of factory and restaurant uses in which factory use were
estimated at 15 %, While in case in Incheon, factory use occupled
31 % of the total municipal water consumption followed by the

domestlc use of 29 Z.

(2) Non-adjusted ratio

The data on leakage loss caused by leakage of pipellne or
operation loss are not available. Instead the data on non-adjusted
ratio that is defined as the ratios of watef consumption with no
revenue for the water supply bureau to total water'prodﬁctioﬁ.are
available for some citles as shown in Table H 10 (Ref., H 4).
Although this can 6nly be one of the handhold to know the leakage
loss, a high non-adjusted ratio reflects to some extent a high
leakage loss. 1In case of big cities, the non-adjusted ratio is
naturally high, because water consumption for social and public
purposes such as yoad cleaning, fountain in a park, government
offices and fire fighting uses are not usually accompanied by

revenue to the water supply bureau.

As the table indlcates, the non»adjusted ratios in Seoul and
Incheon are comparatively high. But from the above reason, the
actual ratio of leakage loss is estimated rather low deemed to
be around é half of the figures. In cése of Seongnam, the dete-
riorated pipeline is pointed out {Ref. H 4) to be one of the
causes of’higﬁ ratic. As a whole, leakage loss seems from the

above data to be lowering in these. several years.



In Busan, the non-adjusted ratio currently falls in 35 to 45%
of which the leakage loss occupies 18 to 22% (Source 23). In Pohang,
the leakage loss of 30% was recorded in 1974 (Source 32). In Jinhae,
the non-adjusted ratio is currently reported to be 27% of which leakage

less occupies 24% (Source 30),

(3) Water charges

Historical water charges in major cities are tabulated in Table H
11 (Ref. H 3}. Water charge varies by,municipalities. Since the water
charges indicated in the table are those of the average of various kinds
of watetr use comprising domestic usé, iﬁdustrial use and commercial use,
etc., they are presented higher than those of domestic use only. Generally,
the average water charges can be said centering around 50 H/m in 1976.
urrent (1977) water charges of treated water in Seoul and Daegu are as

shown in Table H 12.

-

Current (1977) industrial water charges for major industrial water

supply are as shown below

Suweon/. . ' . /2 ' /2 /
Anyang Pohang Ulsan = Yeocheon Masan’> Jinhae!S Banweoll™

/1

T-water 12 8 15 12 . 15 - 15 10

charge
(W/m3)

Remarks : raised up to 15 W/m3 from 8 H/m3 in August, 1978

as of August, 1978

oy S S
15 IM ig—;

1

under plannlng stage and 10 H/m3 is for raw water,

while 43 H/m 15 expected for treated water

Source: Ref. H 4 and data collected Lhrough field

survey.

(4) Sewérage disposal and treatment facilities

Presently sewerage is collected by sewer and/or drained through
drainage channels. Efforts has now been made to improve the sewerage

disposal and treatment facilities all through the country.

H 12
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 Presently in most cities, newly constructed houses and build~
ings are obligated under regulations to be equipped with flushing
toilets and/or septic tanks. Present conditions and Ffuture plan

of sewerage and drainage of major cities are described hereunder.

(1) Seocul

Historical development of sewerage and drainage facilities
in Seoul is indicated in Table H 13. 1In 19?6, within 62,700 ha
of the whole area of Seoul city, 26,240 ha or 42 % of the whole

.citj area is delineated as planning area; of which 12,860 ha
or 21 Z of the whole city.area has been established with sewe-

rage facilities.

Carrent (1978) capacity of treatment facilities awmounts
to 250,000 m3/d. When the expansion works now undextaﬁen has
been completed, the capacity will increase to 450,000 m3/d by
the end of 1978. '

According to city office (Water Bureau), at present there
are 296,800 flushing toilets in Seoul, but still 378,500 toi-
lets are collected By séwer. Improvement from the sewer-
collected to flushing toileﬁ is underway at a pace of about
20,000 sites annually.. In additioﬁ, newly established flush-

ing toilets amount to about 40,000 annually.

Sewerage and treatment facilities expansion plan:is now

under study for the whole metropolitan area.
{ii) .Busan

A long term ﬁlén'for sewerage and treatment facilities
targeted at yvear of 2000 is aiready established. According
to the plan, treatment plants with total capacity of
1,146,000 m3/d will be installed by 2000.
(1ii) Daegu

Presently an excrement treatment plant is installed with
the capacity of 600 m3/d, which is drained into the Nagdong

river through the Geumho river after treated beiow 40 ppm in

H i3



terms of BOD.. A basic plan for sewerage and treatment facili-

ties is already established.

Industrial waste water is now primarily treated by each
factory. Currently (1978), about 15 % of the total industrial

waste water is treated below 140 ppm in terms of BOD -as shown

below.

Number of Factories with

Factory Factories Treatm't Plant

Inside the Industr'l.

| BOD
Waate Treated after
Water Water tréated

m3/d) (m3/d)  (ppm)

Estate 294 160 6,100 4,800 140

Qutside the Industr'l

Estate 1,784 71 36,000 1,400 140
Total 2,078 231 41,100 6,200

(100.0) - (15.1)

Source: Water Supply Bureau, City of Daegu

(5) Pollution problems

In July 1978, the Pollution Prevention Law has been abrogated

and consolidated after strehgthening_the regulation into the

Environment Conservation Law. The new law being provided with the

regulations and rules in enforcing the objectives of the law has

the provision of penalty against the violation bf_the law.

Currently in and around large cities such as Seoul, Busan and

Daegu, pollution has become a big problem to be tackléd with. As

for Seoul, the present conditions of pollution including water

pollution of the Han river and regulation for pollution prevention

are described below.

Out of 5,900 factories in total currently located in Seoul

city area mainly in Yeongdeungpo district, 5,800 factories or 98 %

of the total are nominated as sources of pollution hazards in which

air pollution and noise hazards occupy most, being followed by water

pollution.
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Under the long term plan started in 1976, more than 1,000
factories located in the non-industrial district are having been
forcedly moved to the delineated industrial district. Within
these three years since 1976, more than a half of them have been

already moved.

The Banwed new industrial town being constructed aiming at
lessenning industrial pollution hazards by relocating densely
established factories in and around Secul is also expected to be

considerably effective to the solution of pollution problem.

Water pollution of the Han river has been surveyed compre-
hensively covering main stem and major tributaries as well for the
first time by the Clty Office of Seoul in October, 1977 (Ref. H 41).

The surveyed sites amount to 179 comprising 38 in the main stem,

75 in tributaries, 39 at factory drainages, eipht at mining factory

dralnagés, 18 at small municipality drainages and one livestock

raiser drainage.

The result of the above survey is depicted in Fig. H 2 in
which the water pollution is presented in terms of BOD. Accord-
ing to the survey, as is shown in the above figure; the downstream
of the confluence of the North and the South Han is polluted most.
BOD rises as going downstream from the confluence. This is caused
by the inflow from the tributaries such as the Tan river, in which
industrial waste of Seongnam district 1is drained, aund the Anyang
river in wﬁich sewerage and industrial waste of Anyang district

are drained and by the sewerage of Seoul city draining into the Han.

~In the south Han, the upstream is more polluted than the down-
stréam due to the industrial waste drained from mining factories.
While in the north Han, water pollution is of no sipnificance like

the south Han except Gongji in which the sewerage of Chuncheon city

is drained.

The historical BOD at the sites of pumping station of Seoul
municipal water is shown below (Ref. H 41). As indicated in the
table below, water is polluted as it flows downwards from upstream

{(Gueui) to downstream (Yeongdeungpo).

H 15



1973
1974
1975
1976
1977

" Unit: ppm
Yeongdeungpo Noryangiin Bogwangdong Ddugdo Gueaul
7.0 5.9 5.4 2.9 1:8
5.6 3.6 4.0 1.5 1.3
8.5 6.3 7.4 3.0 - 2.2
8.1 5.6 ¢ 5.9 2.1 1.7
8.5 3.1 4.7 2.2
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B 3 - PROJECTION OF MUNTCIPAL WATER REQUIREMENT

H 3.1 General

In this study, "water requirement" is at-the-source quantities in-
clusive of oﬁérationalzlosses. “"Municipal water" is defined as the
water with the purposes of domestic use, commercial use, public use
that includes recreation uses, street cleaning, fountain, fire fight-
ing, government office uses, etc., and other non-industrial uses..
"Industrial water" is defined as the water utilized in the production
of industrial goods. It is required for manufacturing, processing,

cooling, cleaning, etc.

Projection of M&I water requirement was made for the demand centers
which depend their water supply upon the studied three rivers. The de-
mand centers were grouped by basin divisions which were delineated for

the convenience of water budget analysis.

In projecting the future water requirement, surface watet only was
taken into account. Grounﬁwatér is reported ro be pumped in some fac-
tories 1nd1vidually for industrial purposes but the statistlcs were not
available. The groundwater use for industrial purposes, however, will
possibly be checked by regulation in the future to prevent subsidence
of ground caused by excessive pumping of groundwater. While, as urban-
ization proceeds, the rural population is expected to decrease as is
historically recognized as stated in ANNEX A.and pipe-served population

‘will increase with time evén in rural areas as well..EThié is expected
to. bring the reduction of groundwater demand for munlcipal use in the
future, Actually in 1976 nmn1c1pa1 water use from groundwater in terms
of supply capacity occupled only 0.3 % of the total in the’ Han, 2.0 7
in the Nagdong and nil in the Sebm@ih.

From the above points of view, the groundwater demand was assumed
in this study to maintain the pvesent (1978) level during the study

period and not to affect the water budgeL analysis
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H 3.2 Demand Centexrs

For the projection of municipal water requirement, 116 municipal-
ities were selected in total of the three basins. Population, service
factor and per capita daily water use were projected individually for-
all of these municipalities. Otﬁer municipalities than the above, all
of which were those located in rural areas and were not pipe-served as 3
of the end of 1976, were incorporated in this study as "non-water-served”
area. Population and per capita daily water use of the non-water-served

area were projected collectively for each basin.

The selected 116 ﬁunicipalities include 42 in the Han, 62 in the
Nagdong and 12 in the Seomjin basins respectively. In the above 116
 municipalities included Weie those located outside the basins but
supplied from the river water of the studied rivexs; they amounted to

five in the Han, 11 in the Nagdong, three in the Seomjin.
The above 116 demand centers comprise the municipalities:

(i) being pipe-served presently (as of the end of 1976) and %
planned to be pipe"served in the future as well from the )

studied rivers

{ii) being pipe-served presently from the others than the studied
rivers but planned to be pipe-served in the future from the

studied rivers

(1ii) beding pipe-served presently from groundwater but planned to

be pipe-served in the future from the studied rivers and

(iv) presently not served with pipe-water but pianned to be pipe-

served in the future from the studied rivers.

The determination of the municipalities planned to be:pipe-served
from the studied rivers was made based on such information as indicated f%
in the Nationwide Wafer.sﬁpély Plan (Ref. H 5), the Mét:opolitén Zone e
Water Supply Plan (Ref, H‘A) and data collected thfough fielﬁ.survey.



H 3.3 Projection of Municipal Water Requrement

II 3.3.1 Population projection

The population of the selected 116 municipalities was projected
first based on the ratio method and the result was examined further by
the annual increase ratio.to determine the adopted projection., The
forecast made by the municipality office was referred to as well. For
the small municipalities with less than 100,000 population, however,
the simple eye-extrapolation method was applied based on the historical

trend.

To obtain the historical trend, previous population censuses exe-
cuted in 1955, 1960, 1966, 1970 and 1975 were analyzed for 116 muniec-
ipalities. Projection of nation populatlon indicated in ANNEX A was

utilized in applying the ratio method.

The historical and projected population of 116 selected municipali-
tles is shown in Table B 15. For 25 c1ties out of 116 municipalities,
the percentages to the national populatlon and annual average 1ncrease
ratios are indicated in Table H 14 and Fig. H 3 for both historical and.
pr03ected population Their historical and .projected populations are
deplcted in Fip. H 4,

H 3.3.2 Service factor and per capita daily use

- The’ future service factor and the per caplta daily use were deter-
mlned by reviewing the municipal water supply standard made by MOC
(Ref. H 4). Based on the 1971 and 1976 hlstorlcal figures of serv1ée
factor and per capita dally use, the above mentioned standard was
adjusted and extended through 2001. 1In obtaining the historical per
capita daily use, the water.supplied for industrial purpose through
municipal- water pipeline was estimated and deducted, because M&L water

requirement was projected separately in this study.

Service factor and per capita daily use were assumed to vary by
the size of municipality population, which is deemed reasqﬁable when

referred to the historical data. In projecting the service factor and
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per capita daily use, municipalities were classified into four groups
and five groups respectively in this study. The above groupings were

made based on the estimated 1986 popuiation.

The employed service factor and per capita daily use are shown in
Tables H 16 and H 17, In applying these for each mﬁnicipality‘tc obtain
its requirement in 1981, an adjustment was made for some municipalities
in such a way that both service factor and per capita daily use should
be larger in 1981 than the historical ones in 1976. As for these muni-
cipalities, their sérvice factor and per capita daily use differ from
those shown in Tables H 16 and B 17, The difference, however, diminishes
by the lapse of time to be nil by 2001. After adjusted as stated above,
future service factor and per capita daily use of each municipality were
projected as shown in Table H 18, For the mﬁnicipalities with population
of less than 100,000, as shown in the above table, the service factor and

per capita daily use which are common to each basin were applied.

For the'non"pipe—served population liﬁing in the pipe-served muni-

cipalities in the urban area, per capita daily use of 30 lpcd was applied.

For the non-water-served area in the rural districts, the same 30 lpcd
was applled to estimate their municipal water requirement. The non-~
water-served population was derived by subtracting the pipe-served
population from the total basin population which were projedted in
ANNEX A.

~ The total populatlon who depends water supply upon the studied
three rivers inclusive of out51de basins plpe-served population is

estimated for each basin as shown_ln Table H 19.

Based on the data presented before, future municipal water require~
ments were derived for each municipality for the pipe-served requirement
(Table H 20) and for the tbfal fequifement including thaﬁ of'nonfpipeﬂ
served and nonmwater—éerved population (Table H 21). Aggregating the
requirement of munic1palit1es, the future munlcipal water requiremean

for each river basin were derived as shown in Table H 22,

As indicated in Table H 22, municipal water requlirement is estimated

to increase by annual average growth of 4.3 % in the Han, 6.0 % in the

H 20
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Nagdong and 6.6% in the Seomjin respectively for the period of 1976~
2001, Comparing toi the projected annual population increase, the nuni-

clpal water requirement is projected to grow at as high rate as three

times in the Han, four times in the Nagdong and five times in the Seomjln
in the same period.
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H 4 PROJECTION OF INDUSTRIAL WATER REQUIREMENT

B 4.1 General

The future industrial water requirement was projected on the basis

of the present industrial water supply mentioned before in H 2.2.2.

A,

It was projected for 24 selected industrial cities in total of the Han

(8 eities), the Nagdong (12 cities) and the Seomjin (4 cities).
The basic methods of projection in this study are as follows:

(i) for matured industrial cities that have enough data to
estimate future trend of their industrial water requirement,
the annual increase rates were estimated from the historical

data taking into account of their future development potentials,

(1i) for such industrial cities as were newly constructed,
wmnder-construction or under-planning, unit industrial water
requirements per ha of factory area were applied to the

projected expansion of factory site, and -%

(iii) for some industrial cities having the industrial develop-
ment plans to be completed before 2001, the water requirement
after the sald completion year was estimated by applying the
annual increase rates of 1 to 5 % assuming that the factory

site would further expand by such a small increase rates as above.

Available projections were gathered through MOC and local govern-
ments and they were, after reviewing, esteemed as far as possible.
This came from the view that these existing projections could be
considered to reflect the industrial development policies of the

government. -

H 4.2 Industrial Cities

Industrial cities in the studied three basins were selected based
on the existing industrial establishments and future industrial develop-

ment plans as follows:
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The Han basin : Seoul, Incheon, Anyang, Seongnam,
Weonju, Chuncheon (Inside basin)

Smweon, Banweol (Qutside basin)

The Nagdong basin : Daegu, Gumi, Jinju, Yangsan (Inside basin)
Busan, Pohang, Masan, Jinhae, Changweon,

Ulsan, Onsan, Samcheonpo (Outside basin)
The Seomjin basin : Yeosu, Yeocheon, Gwangyang (Outside basin)

Banweol, Samcheonpo and Gwangyang industrial development are now under
planﬁing stage. Judging from the recent rapid economic growth of Korea,
these new industrial estates are deemed to be realized in the foreseeable
future. Therefore the industrial water requirement of these three dis-

tricts were projected and counted in this study.

H 4.3 ° Unit Requirement of Industrial Water

In projecting the future industrial water requirement, unit in-
dustrial water requirement per ha of factory avrea was applied for
such new industrial cities as Banweol, Changweon, Samcheonpo, Yangsan

" and Gwangyang.

In determining the unit induStria1=water requirement, Japanese
industrial statistics were referred to (Ref. H 7). Korean data avail-
able were alsq referred to whieh were presented In some reports such
as the "Present Conditions of Industrial Water Suppiy in Korea" (Ref.
H 1) and the "Basic Plan for Wide Range City Development of Yeosu and
Suncheon” (Ref. H 8). -These unit requirements including the adopted

ones are indicated in Table H 23.

In applying the above unit industrial water requirement to an in-
dustrial estate, the compositlon in terms of field of industry was
studied and one unit industrial water requirement was assumed to repre-

sent the average requirement of industrial water in the industrial estate.

The above—mentioned unit industrlal water requlrements are the net
requirement after deducting reuse and sea waler use. - As the industrial

water consumption increases in the future, industrial water re-use,
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which works to decline the unit industrial water requirement, will
prevail. At the same time, productivity in industries in terms of
factory area can be expected to increase with time, which will work
to raise the unit industrial water vequirement. In this study, these
two factors were assumed to be balanced, which is reasouable judging

from the historical data of Japan. Thus, constant figures weré adopted

Py

for the study time through 2001.

H 4.4 Projection of Industrial Water Requirement

Ou the basis of the aforementioned procedures, the future industrial
water requirement was projected for each industrial city as briefly des-—

"cribed below.

H4.4.1 The Han basin

(1> Seoul

In Secul, most manufacturing factories are concentrated in
Yeongdeungpo district comprising the industrial estate of Korean _%
Export Industries Corporation., Major industries of this area are
foods and.beverage, textile, steel, machinery, glasses, chemicals
and medical drugs industries. Factories located outside Yeong-
deungpo district are gradually having been moved to the delineated

industrial area as mentioned before (H 2.2.3).

Industrial water supplied to Yeongdeungpo district has been
pumped from the Han through Yeongdeungpo industrial water pipe-
line. The historical consumption is estimated at 50,000 m3/d in
1971 and 110,000 m3/d in 1976. The capacity of this pipeline has
been expanded to 130,000 m3/d in 1977. To the other factories
located ocutside Yeongdeungpo district, industrial water has been

supplied through municipal water pipeline, which currently amounts

to about 15 % of the total municipal water supply.

Futuré requirement was projected on basis of increase ratlo

in the past.
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Namely, the industrial water requirement in Yeongdeungpo was
assumed to increase by the rate of 10 %Z annually after 1982 (the
present supply capacity of 130,000 m3/d was assumed to reach its
maximum in 1981). For the factories located outside Yeongdeungpo

district, annual increase of 1 % was assumed.

On the basis of the above assumptions, the Ffuture industrial

water requlrement of Seoul area was projected as shown below.

Historical Projected
1971 1976 1981 1986 1991 1996 2001

I-water Requirement
(10> m3/d) 214.6  423.2 482.6 574.8 717.6 931.9 1,271.5

{(2) Incheon

Incheon is ranked with Busan as one of the oldest industrial
clties in Korea. Recently, Incheon has been shifting from the
light industrial to the heavy chemical industrial district in which
concentrated are steel, plate glass, machinery, chemical, oil re—

finery and thermal power industries.

Water suppl§ in Incheon has been almost wholly depeﬁded on
the Han except small amount of groundwater, As no industrial water
supply pipeline is installed, whole amount of industrial water is
supplied through municipal water pipeline, which'currently amounts .

to about 30 %X of the total water éupply to Incheon.

Future industrial water requirement was projected on the basis
of the estimated demand of 63,300 m3/d in 1976 and the estimated
supply of iOO,OOO_mBId in 1981 projected by city office. By apply-
ing the annual increase raﬁio of 10 % derived from the above his-
torical and estiméted amownts, the future requiremént of Incheon

was projected as shown below.

Historical _ Prﬁjééted
1971 - 1876 1981 1986 1991 1996 2001

I-water Requirement . '
(103vm3/d) 4 63.3 . 100.0 162.4 7264.0 4291 697.3
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{3) Chuncheon

Chuncheon, located in the upstream reaches of the Han is
characterized as an admlnlstratlve ceuter of Gangweon Do. At the
same time, it is an educational cultural and commercial center of

the Province. Industrial development has comparatively small signi-

iR

ficance at the present time as well as in the future.

At the beginning of 1970s, a small scale industrial estate
has been established with the area of about 50 ha. The major
industry is textile followed by foods processing, casting and

metal industries.

Industrial water is supplied through municipal water pipeline,
being estimated at 2,600'm3/d in 1976. Future requirement was
projected assuming an annual increase ratio of 5 % referring the
historical increase of industrial water in Chuncheon.

Historical ) _
1971 1976 1981 1986 1991 1996 2001

I-water Requirement ) .
(103 m3/a) 1.8 2.6 3.6 5.4 6.5 7.7 8.9

(4) Weonju

Located ‘in the middle of the trunk highway combining Seoul
and east coast, Weénju cccupies an important position in trans-

portation as well as in trading of commercial goods.

Industrial establlshment are not many in number, with the.
total estlmated factory area of about 400 ha, which, according to
the city office, is expected to be doubled in the future. The
priméry Industry is-paper.follQWed by édible oil, electrical,

medical machinery and leather prdcessing industries.

At present (1978), there exists an induqtridl'water supply
plpellne with the supply capac1ty of 10,000 m /d Current supply
is estlmated at 7, 400 m /d in which about 7, 000 m /d is supplied

to a paper factory,
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According to the city office, the supply capacity will reach
its maximum in 1991. On the basis of this estimation, future

requirement was projected as shown below.

Historical ~ Projected
1971 1976 1981 1986 1991 199% 2001

I-water Requirement : ' . _
(103 w3/q) 6.8 7.0 8.0 9.0 10.0 11.0 12.0

(5) Seongnam

Seongnam is one of the satellite towns of the capital, being
‘characterized more as a "bed~town" of Seoul than as an industrial
city. It has been newly established as a "Si" (city) in 1973 along

with the population dispersing policy.

At the present time, there scatter about 150 mahufacturing
factories in the suburbs w1th the total factory area of 160 ha.
Main 1ndustries are foods processing, electrical, textile, medical
drugs, chemicals and light metal processing. There exists no

concrete plan of establishing a new industrial estate at present.

Industrial water is supplied through municipal water pipeline,
which amounts to 5, 000 m /d in 1976. 1Tn 1981, it is estimated to
amount to 12,000 m /d by ecity office. Future 1ndustr1al water
requirement after 1982 was projected assuming the moderate .increase
ratio of 5 % by analogy of Chuncheon that has the similarity to
Seongnam -in industrial charactaristics, resulting the projection

as shown below.

Historical Projected

19?1_ 1976 - 1981 1986 1991 1996 2001
—wate§ Requ1remenL ) . .
(10 m~/d) 1.0 5.0 12.0 i8.9 23.5 28.5 33.4

(6) Suwéon/Anyang |
Suweon/Anyang district, located Wiﬁhiﬁ the'metropolitan zone
has, developed as an industrial area tapidly since the beginning of -

1970s. There concentrated are the light and chemical indu_stries

n 27



such as textile, paper, electrical code, electrical equipment,

chendical and foods processing industries,

At present, industrial water is supplied through Suweon/Anyang
industrial water supply pipeline that has been installed in 1974 '
with the capacity of 100,000 ma/d. . -

In projecting the future requirement, the estimation indicat-
ed in the "Basic Planning Report on Water Supply in Metropolitan
Zone" (Ref. H 4) was adopted until 1986. After 1987, the said
estimation was extrapolated by the annual increase of 10 ¥ that
was derived from the above estimate, resulting the future require-

ment as shown below.

I-Water Historical' ' Projected

Requirement 1971 1976 1981 1986 1991 1996 2001,

Suweon - 23.3 48.9  63.0  101.5 163.4 263.2

Anyang - - 47.3 98.7 . 119.0 181.7 . 308.7 497.1
Total - 7.6 147.6 182.0 293.2 472.1 760.3

(7) Banweol

Under the on—going Fourth Five-Year Plan, the establishment of
a new industrial town in Banweol district has been declared and
presently the construction is being under way. This new town aims
to mitigate the eXCESSive.concentration of population into the
metropolitan zone and to lessen the industirial pollution hazards
by relocating manufacturing factories now too densely established

in and arocund Seoul.

Banweol new industrial town located 35 km southwest of Seoul
will encompass planned city area of 317.7 km? in which the industri-

al district will occupy 8.2 kmz.

Land preparatidh of the planned industrial estate has been
partly completed and some factories will start their.operétion-by
the end of 1978. As of October, 1977, the number of industrial
establishment to have applied for entrance amounts to 484 corre-

sponding an area of 482 ha in total.
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Major industries planned to be established are light and
chemical industries such as textile, leather processing, chemical

including plastic processing, machinery, electrical, furniture and

food procéSsing.

Being located in the vicinity of the metropolis, a rapid in-
dustrial development can be expected in this district. Therefore,
in pfojecting-the future industrial water requirement, the whole
area of iedustfial estate {783 ha in net) was assumed to be devel-
oped fully'by 1986. The unit industrial water requlrement of 150
m /ha/d was applied to the planned factory area to derive the re-
quirement in 1981 and 1986 After 1987, the annual inecrease ratio
of 17 % was assumed from the similar increase of industrial water
requirement of Yeongdeungpo district in the period of itg initial

development stage of 1971-76,

BaSEd on the above assumptions, future industrial water re-

quirement 1n Banweol was pr03ected as shown ‘below.

) : _ Projected
I-water Requirement 1981 1986 1991 1996 2001
(103 m3/a) 23.6 117.5 258.6 569.4 1,253.7

H 4.4.2 The Wagdong basin

(1) Daegu

Daegu is a typical inland industrial city 1ocated in:the _
midway of the Seoul-Busan highway. The major industry is textile
followed by mechinery,-chemical, foods processing, wood processing

and paper processing industries.

Presently in Deegu, industrial water is sﬁpplied through the
industrial water sepply'pipeline with the capacity of.35,000 m3/d
by pumping the Gachang reservoir water,that is- located in one of
the tributaries of.ehe Geumho river. :As the supply capacity is
smail'compared to requirement, municipal water is. also used for

industrial purpose, which currently amounts to about 20 % of the
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total municipal water supply. In addition, some factories have

their own water supply facilities by pumplng groundwater.

Through field survey, no more information was obtained than
was indicated in the "Nagdong River Basin Delta Study" 1976 (Ref.

H 6) concerning the future industrial water requirement of this

JPEET Y

area.  According to the above study, the total industrial area
will be enlarged. to 835 ha by 198L. The total area of the six
'existing industrial zones encowpassing 1,040 ha will be developed
by 1986, It is further estimated in the above study to be doubled
by 2001.

in the above study, the unit industrial water requirement
200 m3/ha/day has been adopted, which was judged reasonable when

reviewing the industrial composition of this area.

‘Thus in this study, the projection of industrial water re-

quirement by the "Nagdong River Bagin Delta Study" was adopted.

Historical Projected &
1971 1976 1961 1986 1991 1996 2001 E
I-water Requirement ' :
(103 m3/a) 28.8 51.6 167.1 207.9 278.1 347.9% 415.9
(2) Gumi
Tndustrial development of Gumi started in 1968 aiming at be-
-ing an inland industrial city speciélized.in textile manufacturing
and electronic products. )
Presently installed are industrial water supply pipelines with
a capacity of 50,000 m3/d. The current factory area.comprises 680
ha in total, which, according to the city officé, will expand to
750 ha by 1981. _ %

Aécording to the most up-to-date plan of water supply ekpansion,
made by the city of Gumi (Ref. H 10), the industrial water require-
ment will reach 155,000 m3/d in 1991, This estimation gives the

unit industrial water requirement of about 200 m3/ha/d which seems
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reasonable when referred to the industrial composition of Gumi.
In this study the above estimation was adopted. After 1992, the
requirément was extrapolated by the annual increase rate of 1 %

assuming the factory site expansion of 1 ¥ per annum,

Historical Projected ‘ :

1971 1976 1981 1986 1591 1996 2001
Inwater Requlrement
(103 o /d) 18.7 38.9 66.9 113.2 155.0 162.9 171.2

(3) Jinju

The main industries of Jinju are textile, farm equipment and
machinery parts industries. Presently industrial water is Supplied

by pumping groundwater by factories individually.

Accbrdiﬁg to the '"Masterplan of Jinjurcity Development"” (Ref,
H 12), the development of industrial area of 334 ha including semi-
industrial area is planned. The kinds of industries expected to

be established are similar to those currently existed.

In this study, ad0pting the area extent indicated 1n ‘the above
masterplan ‘and aSSuming its full development in 2001, the 1ndustrial

development of Jinju was projected as shown below.

The unit industrial water requ1rement of 200 m /ha/d was adopt—

ed based on the estimated composition of field of 1ndustr1es.

: Projected
1981 1986 1991 1996 2001

Industrial Development (ha) 80 140 200 260 334
I-water Requirement (103 m/d) 16.0° 28,0  40.0  52.0  66.8

*
(4)  Masan _
Masan, Jinhae and Changwéon districts, being closely located
each other, are supplied with the Nagdong water from the common

pumping station at Bonpori.

In Masan, a large textile facéory is the major coﬁéumer bf
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industrial water that currently (1978) amounts to 60,000 m3/d
followed by Masan Free Export “Zone and some other industries
(15,000 m3/d).

According to the "Masterplan of Masan City, 1976" (Ref, H 13),
industrial area of Masan, in 1986, exclusive of the Free Export
Zone (54 ha) is expected to be 130 ha in which the textile factory

occupies 55 ha,

In projecting the future water requirement, the requirement
in 1986 was estimated on the basis of current requirement at
92,600'm3/d in total, i.e. 65,000 ﬁ3/d for the textile factory,
16,200 m3/d for the Free Export Zone and 11,400 m?/d for the other
industries. To obtain the requirement after 1987, the annual
increase in industrial site, consequently in water requirement,

of 1L # was applied.

_Historical Projected

1971 1976 1981 1986 1991 1996 2001
I-water Requirement
(103 m3/d) 28.9 71.0 85.3 92.6 97.3 102.3 107.5
(5) Jinhae

In Jinhae, major industries are a fertilizer plant, an édible
oil'factofy, a slate factory and a P.V.C. plant. Currently (1978)
total water use is estimated at 14,500 m3/d. The construction of

"a ship building yard is now under planning,

The future requirement was ?rojected applying the minimum
increase rate of i % per annum assuming the factory site increase
of 1 % per annum. The planned ship building yard ﬁas assumed to
operate in 1991 of which water use was assumed to be 2,000 m3/d

equal to the actual vse of Ulsan ship-building yard.

Historical B " Projected
1971 1976 1981 1986 1991 1996 2001

I-water Requirement
(103 m3/4d) 10.0 10.0 14,9  15.7 - 18.5 19.4  20.4
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{6) Changweon

Changweon is the newly established industrial estate special-
ized in wachinery industries comprising industrial, precision,
electrical and transportation machineries. Currently (1978) 49

factories are operating in the area of 1,005 ha.

In projecting the future requirement, the planned total factory
area of 2,310 ha was assumed to be fully developed by 2001. The

unit industrial water requirement of 150 m3/ha/day was applied.

Historical _ Projected

1971 1976 1981 1986 1991 1996 2001
Industrial
Development _
(ha) - 237 1,180 1,460 1,750 2,040 2,310
I-water Requirement
(103~n/d) - 21.6 - 177.0  219.0  262.5 306.0 346.5
(7) Busan

Busan is the primary coastal industrial area in Korea. In-
dustries of every field are gathering in this district comprising
ship-building, chemical, car-assembling, electronics, rubber and

foods processing and others.

Presently industrial water is mainly supplied through municipal
water pipeline except small scale (5,000 mgfd) industrial water
~supply. Like Seoul, dispersing the densely located manufacturing

factories is now under plamming in Busan,

Through field survey, the previous projection indicated in the
"Nagdong River Basin Delta.Study” (Ref. H 6) was reviewed and adopt—
ed in this study. The unlt industrial water requlrement applled in
the abeove study of 200 m./ha/day seems reasonable as an average

water use of industries located in Busan.

Historical Projected
1971 1976 1981 1986 1991 1996 2001

I—Water Requirement .
(103 m /d) 80.0 165.0 350.1 470.1 560.0 640.0 720.0
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(8) Pohang

Pohang 1s an industrial city of iron and steel industries,
which has been constructed in 1973 with the steel production
capacity of 1.0 x 106 tons/year. Steel mill will reach 5.5 x 106

tons/year after the completion of third phase expansion expected

Prc

by the end of 1978. After the fourth phase expansion, it will
reach 8.5 x 106 tons/year and finally 10.0 x 106 tons/year is
planned.

Current industrial water is supplied'from the Angye reservoir
located in the Hyeongsan river outside the Nagdong basin. Presently
construction of pipeline from Yeongcheon reservoir located in an
uPper tributary of the Geumho river is underway., It is expected
to complete in March, 1979. The supply capacity of the Yeongcheon
pipeline (38 km) is restricted to 220,000 m3/day. This capacity
seems to be the maximum to be diverted from the Nagdong with the
storage capacity of the Yeongcheon reservoir.  The exceeding re-
quirement must be met by local water source development or by sea

water use.

Future requirément was projected here in total basis includ-
ing the requirement exceeding the possible supply from the Nagdong.
In projécting the futureIIEquifement of the sieel mill industry,
the future expansion in terms of steel production'capacity was
assumed and unit industrial water requirement of 9,m3 per steel
“production (crude basis) was applied referring to Japanese in-
dustrial statistics. The water requirement of steelaliied factories
was prbjected.until 1991 on the basis of the estimation indicated
in the "Design Report of Industrial Water Supply Expansion in
Pohang" (Ref. H 14). After 1992, minimum increase of 1 % per annum

was applied assuming the factory site increase of 1 %Z per annum.
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Historical Projected

1976 198). 1986 1991 1996 2001
Steel Prod. Capacity : =
(106 ton) 2.6 5.5 8.5 10.0 10.0 10.0
I-water Requilrement
(103 m3/d) 51.8 135.6 209.6 246.6 246.6 246.6
Steel~Allied
(103 m3/d) 36,0 67.0 103,0 108.3 113.8

Total I-water Requirement
(103 m?/Q) 51.8 165.6 276.6 349.6 354.9 360.4

(9) Ulsan/Onsan

Ulsan and Onsan constitute a heavy and chemical industrial
zone 1ocated in the east coast of Korea. In Ulsan, factories
started operation in 1968. Main industries comprise oil refinery,
petrochemical, fertilizer plant, ship~building, thermal power and

car-assembly industries.

Industrial water to this district is supplied from the Nagdong

river pumping at near Mulgeum (see H 2.2.3).

In Onsan area, construction of factories are now under way.
A number of factories are already in operation. A water consuming
pulp factory is planned to be established. The full development

was assumed at 1986 in this study on the basis of field sarvey.

The current (1978) industrial water requirement is 240,000
m3/d in Ulsan and 30,000 m3/d in Onsan. Referring to the "Design
Report of Industrial Water Supply in Onsan District" (Ref. H 15),
water requirement for Ulsan district in 1986 was éstimafed_at
325,000 mB/d. In case of Onsan, assuming that a pulp_faétory will
start operation in 1991, water requirement in 1986 was estimated
at 155,000 m3/d. After 1987, 1 % annual increase was applied

assuming the industrial site expansion of 1 % per annum.

;ﬁistoriéal ' _ 'Projected_
1971 . 1976 1981 1986 1991 1996 2001

T-wate Requirement ' T o '
(103 wi/a) 77.3  138.5 349.0 480.0 573.6 602.8 633.6
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Although there are development plans of local water sources such
as Hoeya rveservoir and Taewa reservolr., Thelr capacities are
small compared with the Mulgeum — Daeam system. The bulk of
requirement was assumed to be met by the expansion of Dacam supply

pipeline,

(10) Samcheonbo

Samcheonpo is a fishing port town located in the south coast
of Korea. At the present time, there are 45 factories major of
which are foods processing, machinery and textile manufacturing.
Under the Second Five-Year Plan, Samcheonpo has been nominated

as an planned industrial area.

According to the latest information (Ref. H 5), the total
industrial area of 1,500 ha is planned. Out of this total area,
770 ha is scheduled to complete land prepafation in 1991.. But,
in this study, taking into consideration the government's policy
to postpone the new large scale project of industrial development
prospecting the oil supply difficulty, the full operation of 770
ha was assumed to be delayed by ten years in 2001. Although the
kinds of industries are not determined, 150 m3/ha/day of unit
industrial water requirement referring to that of Yecheon was

applied to derive the future industrial water réquirenent of

Samcheonpo.
Historical : Projected :

_ 1971 1976 1981 1986 1991 1996 2001
Industrial
Development
(ha) - - 50 230 4104 590 770
l-water Requirement . '
(107 m3/d) 0.5 1.5 7.5 34,5 61.5 88.5 115.5

Presently water requirements are met by local watér sources
from the'Sémcheonpo and Bonghyeon riveré with total supply capacity
of 7,800 m3/d. In the future, the Namgang reservoir located in the
Nam river, one of.the main_tributaries of the Nagdong, is planned

to supply water to this area through long distance pipeline.
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Sacheon has been also planned as an industrial area undetr the
Second TFive~Year Plan. Through field survey, the plan was found
to be limited to farm pfoducts processing and comparatively in
small scale (about 8 ha including semi-industrial area). Therefore,
industrial water requirement was assumed to be negligible in this

study.

(11) Yangsan

Yangsan 1s a rural area located in the vicinity of northern
boundary of Busan city. A small scale (150 ha) industrial develop-
ment is plamned here and the land preparation is now under way
expected to be completed in 1979, Foods-processing and other light
industries are planned to be established. As the expansibn of
factory are cannot be expected, future 1ndustr1al water requirement
was assumed to be constant of 15,000 m /d applying 100 m /ha/day of

unit requirement.

Historical .
1971 1976 1981 1986 1991 1996 2001

I—water Requirement .
(103‘m /&) - - 15.0 15.0 15.0 15.0 15.0

H 4.4.3 The Seomjin basin

- Inside the basin, any industrial development cannot be expected
either at present or in a foreseeable futﬁre."However, outside the
basin, in the Gwangyang bay area in the southern coast, Yeocheon in-
dustriél area is now in o@eration. Further, Gwangyang district is under
planning for its large scale industrial development, In Suncheon, one
industrial site is now under preparation and another district is under

planning,.

(1) Yeosu

Yeosu is a fishing port town located in the south coast.
Undet the city masterplan, an industrial area of 450 ha has been
delineated but at present no 1ndustry is established. According

to the development plan for Yeocheon and Suncheon areas (Ref. H 8},
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an area adjacent to Yeocheon industrial estate is planned for in-
dustrial establishment. A synthetic fibre, a fishing net and an

automobille tire manufacturings are expected to enter.

According to the above development plan, the future industrial
water requirement for this area was estimated at 22,800 m?/d in
full operétion. Though its timing is not indicated in the abowve 3
plan, the Full operation was assumed at 1991 in this study, cor-
responding to the assumed full operation time of Yeocheon district,
Future increase in water requirement after 1992 was projected assum-

ing the expansion of factory site by 1 Z per annum in average.

Historical - Projected
1971 1976 1981 1986 1991 1996 2001

I-water Requirement '
(103 m3/4) - - - 15.0 22.8 24,0 25.2

{(2) Yeocheon

Yeocheon is located at south-eastern part of the Gwangyang bay.
It has been planned as a petrochemical industrial center. Currently %
(1978) operated are an oil refinery, a series of petrochemical plants,
a feitilizer plant, a thermal plant and other petrochemical-allied
industries. The total planned area encompasses 674 ha of which 412
ha is now under operation. The present (1978)'iﬁdustrial water re-
quirement amounts to 50,000 m3/d which is supplied through Sueo

route pipeline.

. The total industrial developméht is expected by 1991 with
another series of petrochemical plant and the water reQuirement
at that time is egtimated at 360,000 m3/d (Ref. H 8), which.was
adopted inrthis'sfudy. Future increase in requirement aftér 1992
was estimated assuming the expansion of factory site by l.Z per

annum in average. ' _ . %

Historical I Projected
- 1971 1976 1981 - 1986 1991 1996 2001

I-water Requirement oo B
(103 m3/d) 7.5 . 13.0 275.3 323.9 360.0 378,5 397.6
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(3) CGwangyang

Gwangyang 1s now a coastal rural area lecated in the northemmn
part of the Gwangyang bay. According to the development plan of
this area (Ref. H 8), the total area encompassing 3,570 ha is plan-—
ned to be developed by 2001, The major planned induétriés are an
iron and steel mill plant with the steel production capacity of 12
X 106 tong in the final stage, a ship-building yard, an oil refin-

ery, a series of petrochemical plant and a thermal plant.

In projecting the future industrial water requirement, the
target year of total completion which is plammed in 2001 was post-
poned by 5 years to 2006 taking Into account of the recent govern-—
ment's policy to postpone the new large scale project of industrial
development prospecting the o¢il supply difficulty and other economic
conditions. Assuming the starting operation in 1986 (Ref., H 8) and
applying the unit requirement of 330 m3/ha/d calculated from the
above plan, future industrial development and water requirement of

Gwangyang area were projected as shown below.

- _ Projected
1981 1986 1591 1996 2001

Industrial Development (ha) - 650 1,230 1,780 2,310
I-water Requirement (103 m3/d) - 214.5 405.2 586.3 761.5

(4) Suncheon

Suncheon ig an inland city located near tco the $Suncheon bay in
the southern coast of the Jeonlanam Province. Being situated in the
midway between the Gwangju/Jeonju zone and the Busan/Mésan.zone,
Suncheon is characterized as an lmportant city fdr traffic and trans-
port in the southern coastal zone. Suncheon is_also characterized,
ranked with Yeosu city, as a local center of trade and commerce in -

the eastern area of the Jeonlanam Province.

In Suncheon, except an alcohol factory, there are only a few
small scale factories most of which are foods and beverage manufac-

turing, There are no water supply system specified for industrial
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purposes., Industries scattered in the city have self-supplied
industrial water by their own facilities from river water or from
groundwater. The industrial water congsumption through mumicipal

wvater pipeline is only a small amount.

Currently (1978}, an industrial district of 68 ha is under
construction at Seonpyeong-ri beside the express highway. The
land preparation is expécted to be completed by the end of 1978,
Thirteen light industries including foods, light machinery, elec-
trical, electronic and chemical industries are planned to be

established.

Another new industrial estate is plamned at Weoljeon—-ri of
Haeryeong-myeon located south-east of Suncheon (Ref. H 8. In—
dustries to be established include machinery industries, fabric,
textile and leather processing industries and plastic and aluminum
processing industries. The total factory area will extend in 118

ha, which is planned to be fully developed by 2001.

In projecting the industrial water requirement, a unit water
requirement of 200 m3/ha/d was assumed for the two industrial

estates after reviewing their compositicn of field of industries.

Industrial water reqﬁirement of Suncheon comprising the above

two industrial estates were projected as shown below.

) . Projected
1981 1986 1991 1996 2001

Industrial Development (ha) 43 73 104 133 16l
I-water Requirement (10° m>/d) 8.6  14.6  20.8  26.6  32.2

H 4.4.4 Annual industrial water requirement

The present and future industrial water requirement as estimated
hereinbefore are summarized in Table H 24 and are depicted in Fig. H 5

to show the trend.

As shown in the above table, in the Han, industrial water require-

ment is projected to increase to 7.1 times during the period of 1976-2001
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from 210 % 106 m3/yr to 1,470 % 106 m3/yr with the average increase
rate of 8.1 Z per annum. Since water requirement of Banweol new
industrial estate, estimated to be in full operation in 1986, was
projected to grow at a comparatively high increase rate, industrial
water requirement in the Han will show a steep rise after 1991, In
the Nagdong, it 1s projected to increase to 5.4 times during the same
period frqm 200 x 106 m3/yr to 1,080 x 106 m3/yr with the average
increase vate of 7.0 % pef annum. In the Seomjin, as the present
demand 1s so small compared with the projected industrial development
in Gwangyang bay area that the future increase in industrial water
requirement reaches as high as 95 times compared with 1976 amounting
to 450 x 106 m3/yr in 2001, with the average increase rate of 20 i

per annum,
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H 5  ANNUAL M&I WATER REQUIREMENT

The projected M&l water requirement is summarized for each basin
in Table H 25. In the Han, total MiTl-water requirement 1s projected
to increase to 3.8 times during the period of 19762001 from-990 x 106
m3/yr to 3,700 X 106 m3/yr with the average increase rate of 5.4 % per
annun.  During the same period, the proportion of industrial water re-
quirement to the total M&I water requirement is projected to be nearly
doubled from 21 % to 40 %. 1In 2001, 3,100 x 106 m3 or 83 % of the total
amount will be required inside the basin, within which 2,200 x 106 m3
or 70 2 of the total amownt will be for municipal water use, Most of
the requirement outside the basin is projected for industrial use in

2001 (87.% of the total outside basin requirement).

In the Nagdong, total M&I water requirement is projected to increase

4.7 times during the perilod of 1976-2001 from 500 x 106 mslyr to 2,500

X 106 m3/yr with the average increase of 6.4 % per annum, Peculiar to
the Nagdong is that more water is required outside the basin than inside
the basin. The situation will be unchanged even in the future, namely

in 2001, 1,800 x 10° m> or 72 % of the total amount will be required
outside the basin.  In this outside basin requirement, the propdrtion
between municipal and industrial water is projected in 2001 to be 53 %

for municipal and 47 % for industrial water use.

In the Seomjin, total M&I water requirement is projected to increase
as high as 24 times during the period of 1976-2001 from 20 x 106 m3/yr_
to 530 x 106 m3/yr with the average increase of 14 % per annum. The
industrial watex requirement is projected to increase as rapidly as
20 % annually, all of which will be required outside the basin., 1In
2001, 440 x 106.m3 or 84 Z of the total amount is projected to be re-

quired for industrial uge outside the basin.

Fig., H 5 was prepared for the convenience of comparison with the

previous projections,

In case of the Han, the present projection was compared to the
“"net surface water demand" of HRBS (Ref., H 37). However, the "contin-
gency" demand included in the HEBS's projection was excluded to compare

the two projections on the same basis.
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H 6 NET M&I WATER WITHDRAWAL

H6.1 Method of Calculation

The net M&I water withdrawal was estimated to supply the basic
data for the water budget analysis. The "net M&I water withdrawal" is
defined in this study as the net reduction in the river flow by the

M&I water use.

H 6.1.1 Basin-division’

Based on the need coming from water budget analysis, each basin
was divided into a number of basins-divisions depending on the location
of major gauging stations, the location of the existing and proposed
dams and the confluence of the major tributaries and main stem. The
Han Basin was divided into 20, the Nagdong into 19 and the Seomjin into

8ix basins-division, respectively.

The basin-divisions were delineated principally corresponding to
those that were determined in estimating the net agricultural water
withdrawals (ANNEX G). Howéver, for the purpose of water budget anal- _
ysis, the basin-divisions for M&IL net water withdrawal are not required '
to be divided into so small area as required in the calculation of
agricultural one. Therefore, sowme sub~basins for net agricultural
water withdrawal were aggregated into one basin-division for the
estimate of net M&I water wiﬁhdrawal. The bﬁsin-divisions.are indicat-
ed in Fig, H_6 for each basin and their correlations to sub-basins for

net agricultural water withdrawal calculation is shown in Table H 26.

H 6.1.2 Method of calculation
Net water withdrawal was calcﬁlated in the following way:

(1) For inside basin:

First,.water requirement was ciassified by;the location of
intake of each demand center into the requirement depending on

main stem and that depending on tributaries. In this calculation,
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the "main stem" was defined as the flows downstream of the exist-
ing dams (including the authorized ones) and the proposed dams;
others than the above were dealt with as the "tributaries". The
water requirement of non-water-served population in the rural areas

was all dealt with as tributary depending.

Second, net M&I water withdrawal was calculated for main stem

as well as for tributaries by:
Net water withdrawal = Water requirement x 30 %

- In other words, the return flow was assumed at 70 % of with-
drawal. As the data on return flow of M&I water are not available,
the return flow indicated in the "Nagdong River Basin Delta Study"

{(Ref. H 6) was applied in this study.

In case of Incheon though located inside the Han basin, as
its sewerage is drained directly into the Yellow Sea, the net

water withdrawal was calculated as 100 % of its water withdrawal.

In case of Paldang route pipeline after its completion, the
water pumping from the Paldang reservoir that belongs to Basin-
division H-14 will be conveyed through.pipeline to Seoul, Incheon,
Bucheon, Anyang, Seongnam, Suweon and Banweol all of which belong
to Basin-division H-13-3 and be drained into the Basin-division
H-13-3. Thus, for these water withdrawals, the retuin flow in
Basin-division H-14 was claculated nil. Consequently, in Basin-
division H-13-3, the retumrn flow amounts more than water withdrawal

resulting the net water withdrawal to be negative.

In case of Daegu in the.Nagdong, water is pumﬁed from three
basin-divisions separately and drained into one basin-division.
Namely, in Daegu, water is pumped from.the'ﬁagdong maln stem
(Basin-division N-7), the Geumho main stem (N-6-1) and the Geumho
tributary (N-6-2), while sewerage is all drained into the Geumho
main stem (N—6—1) Thus, like the aforementioned Pa]dang case,
the net water w1thdrawal was calculated to be negative in the
Geumho main stem (N-6~1).
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(2} For outslde basin:

After the requirement was classified into main stem depending
and tributary depending requirements in the same ﬁay as for inside

basin as mentioned above, the net water withdrawal was calculated

by:

Net water withdrawal = Water requlvement - Local water sources
The "local water sources" were defined here as such water sources
available outside the basin as groundwater, reservoir and surface

water of local rivers.

The supply capacity of local water sources were assumed to be
constant at the level as of the end of 1976 in this calculation.
However, for some basin-divisions in which the change in supply
capacity of local sources is expected in the near future, the up-
to-date information was incorporated. For example, Yeosu now
supplied from the Isa river, a local river outsidé the Seomiin,
is planned to switch its water source to the Seomjin through the
Sueo route pipeline, Thus, in case of Yeosu, the local water

source capacity was reduced after 1981 compared with 1976.

In case of Pohang outside the Nagdong, to which the Yeongcheon
reservolr water will be diverted from 1979, the net water withdrawal
was calculated through 2001 as 220,000'm3/d that is considered the

possible maximum supply of the reservoir.

H 6.2 Net M&I Water Withdrawal

The net water withdrawal calculated based on the aforementioned
procedure is summarized for each basin in Table B 27. 1In 2001, thé net
water withdrawal amounting to 1.9 x 109 mslyr (5.3 times comparing to
that of 1976) is estimated in the Han, 1.9 x 109 m3/yr (6.1 times) in
the Nagdong and 0.5 x 109 m3/yr (172 times) in the Seon&in basins res—
pectively. |

In case of the Seomjin basin, the net water withdrawal that will

be diverted to and around the Gwangyang bay area (Basin-division S$-5-2)
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including Yeosu, Suncheon, Gwangyang and Yeocheon is projected to occupy

almost all 99 ¥ of the net water withdrawal in 2001L.

The calculation of net M&I water withdrawal for each basin-division

is compiled in Table H 28,

H 46



H

10

11

12

13

14

15

16

17

18

REFERENCES

PRESENT CONDITIONS OF INDUSTRIAL WATER SUPPLY IN KOREA,
MOC, ISWACO, 1975

FOURTH FIVE-YEAR ECONOMIC DEVELOPMENT PLAN (1977-81),
EPB, 1976

ANNUAL STATISTICS OF MUNICIPAL WATER SUPPLY (1970-76),
MOC

BASIC PLANNING'REPORT OF MUNICIPAL WATER SUPPLY IN THE
METROPOLITAN ZONE - SECOND STAGE, Seoul District Office
of National Land Administration Agency, Nov. 1977

REPORT ON BASIC SURVEY AND PLANNING FOR NATION-WIDE
MUNTICTPATL, WATER SUPPLY OF EACH BASIN, MOC, Dec. 1975

REPORT ON NAGDONG RIVER BASIN DELTA STUDY, KOR-72-006,
UNDP/FAO, Dec. 1976

ANNUAL STATISTICS OF INDUSTRY'(VOLUME FOR INDUSTRIAL LAND
AND WATER USE) F¥OR 1968 & 1974, Ministry of International
Trade and Industry, Government of Japan

BASIC PLAN FOR WIDE-RANGE CILTY DEVELOPMENT IN YEOCHEON
AND SUNCHEON AREAS, Jeonla-Nam Do, Aug. 1975

MASTERPLAN OF CITY OF DAEGU, City of Daegu, 1973

REPORT ON BASIC PLAN FOR MUNICIPAL WATER SUPPLY EXPANSION
WORKS OF GUMI, City of Gumi, June 1978

BASIC PLAN FOR INDUSTRIAL DEVELOPMENT IN JINJU (SAPYEON
DISTRICT), City of Jinju, 1978

MASTERPLAN ' FOR CITY OF JINJU 1976, City of Jinju

MASTERPLAN FOR CITY OF MASAN 1976, City of Masan

DESIGN REPORT ON INDUSTRIAL WATER SUPPLY EXPANSION WORKS
IN POHANG, MOC, March 1977

DESIGN REPORT ON INDUSTRIAL WATER SUPPLY IN ONSAN DISTRICT,
MOC, Dec. 1974

KOREA STATISTICAL YEARBOOK 1977, Bureau of Statistics, EPB
STANDARD OF MUNICIPAL WATER SUPPLY FACILITIES, MOC, 1975

ANNUAL STATISTICS OF MUNICIPAL WATER SUPPLY 1977, Japan
Municipal Water Association, 1978

H 47

P



H

19

20
21
22
23

24

25
26
27

28
29

30

31

32

33

34

35

36

37

38

LONG-TERM ECONOMIC AND SOCIAL DEVELOPMENT

SURVEY REPORT OF WATER QUALITY IN THE HAN RIVER,
Special City of Seoul, Oct, 1977

MANUAL ON ENVIRONMENTAL CONSERVATION, Special City
of Seoul, July 1978

BASIC PLAN REPORT ON INDUSTRIAL WATER DEVELOPMENT
IN BUGPYEONG DISTRICT, ISWACO, Sep. 1974

BASIC PLAN REPORT ON EAST COAST DEVELOPMENT BY IMGYE
DAM DIVERSION, ™MOC, 1974

MASTERPLAN FOR CITY OF WEONJU, City of Weonju, 1975

BASIC PLAN FOR DEVELOPMENT oF BANWEOL NEW INDUSTRY

_CITY, MOC, ISWACO, May 1977

LONG-TERM EXPANSION PLAN.FOR MUNICIPAL WATER SUPPLY
OF CITY OF MASAN, City of Masan, 1976

BASIC PLAN REPORT ON SECOND STAGE EXPANSION OF INDUSTRIAL
WATER SUPPLY IN MASAN/JINHAE DISTRICT, MOC, Nov. 1973

MASTERPLAN FOR CITY OF SAMCHEONPO, City of Samcheonpo, 1976

MASTERPLAN FOR CITY OF SUNCHEON, City of Suncheon, 1976

BASIC PLAN REPORYT OF DONGBOG MULTIPURPOSE DAM, MOC,

June 1970
DESTGN REPORT OF DONGBOG MULTIPURPOSE DAM, MOC, June 1970
MASTERPLAN FOR GWANGYANG DISTRICT, Gwangyang Gun, 1974

DESTGN REPORT OF INDUSTRTAL WATER SUPPLY WORKS IN HONAM
CHEMICAL INDUSTRIAL ESTATE, MOC, July 1975

ECONOMIC STATISTICS YEARBOOK.1978, Bank of Korea

STUDY:REPORT ON THE YEONGSAN RIVER BASIN TO SUPPORT AND
THE SEOMJIN RIVER BASIN DEVELOPMENT, ISWACO, 1973

UNDP/FAO LAND AND WATER RESOURCES PLANNING IN THE NAGDONG
RIVER BASIN, KOR 16, 1971

USAID/MDC/ISWACO HAN RIVER. BASIN RECONNAISSANCE REPORT
WATER REQOURCES STUDY, HRBS, 1971

MANUAL OF ADMINISTRATTVE DIVISION 1IN KOREA 1978 Gwangdong
Publication Co., 1978

H 48

LN



39

40

41

42
43
44
45

46
47
48

49

FEASIBILITY STUDY REPORT ON MUNICIPAL WATER SUPPLY EXPANSTON
WORKS IN CITY OF YEOSU, City of Yeosu, May 1977

" REPORT OF MUNICIPAI, WATER SUPPLY EXPANSION IN CITY OF ANYANG,

City of Anyang, Oct. 1977

PREVENTION STUDY FOR WATER I’OLLUTION IN THE HAN RIVER,
City of Seoul, April 1978

STATISTICAL YRAR BOOK,

- do

- do

~ do

- do

~ do

City of Seoul, 1977

City of Busan, 1977
Gyeonggi Province, 1977
Gangweon Pro§ince, 1976
Chungbug Province, 1977
Gyeongnam Province, 1977
Jeonnam Province, 1977

Chungnam Province, 1977

H 49



DATA SOURCES:

1.

2,

10.
11.
12.
13.
14.
15,
16.
17.
18.
19.
20.
21,
22,
23,
24,

25,

Development Section, Natef Resources Bureau, MOC

Water Supply Section, Water Resources Bureau, MOC
Industrial Water Section, Industrial Land Dev't Bureau, MOC
Statistics Administration Section, Statistics Bureau, EPB
Construction Office of Ulsan Iﬁdustrial District, MOC
Construction Office'of Changweon Industrial District, MOC

Masan Free Export Zone Administration Agency, Ministry of
Commerce and Industry

Nagdong River Development Office, ISWACO

Construction Office of Yeocheon Indusirial District, ISWACO
Facilities Section, Water Supply Bureau, City of Seoul
Environﬁent Section, Environment Bureau, City of Seoul

City Planning Section, City Planning Bureau, City of Seoul
City Planning Section, Gyeonggi Province Water Supply Office
Area Planning Section, Construction Bureau, Gangweon Province
City Planning éection, Chungscheong-Bug Province

Water Supply Section, City of Incheon

- do - , City of Bucheon
~ do - , Industrial Development Bureau, City of Swuweon
~ do - , City of Anyang

- do - , City of Weonju
Flood Control Secfion, Construction Bureau, Gyeongsang-Nam Province
City Planning Section, Gyeongsang-Nam Province
Water Supply Bureau, City of Busan
Sewerage Section, Construction Bureau, City of Busan

Water Supplj Bureau, City of Daegu

H 50



26,
27.
28,
29,
30.
31.
32,
33.
34,
35,
36.
37.
38.
39,

40,

Construction Bureau, City of Gumi
Water Supply Section, Construction Bureau, City of Masan
City Planning Section, City of Jinju
Water Supply Section,_ ~ do -
- do - » City of Jinhae
Operations Dep't Changweon Machinery Industry Corporation
Water Supply Section, City of Pohang
City Plamming Section, City of Ulsan
- do -~ » City of Samcheonpo
Water Supply Section, City of Suncheon
~ do - » City of Yeosu
Flood Control Section, Jeonla—Bug_Province
Wéter Supply Section, Jeonla-Nam Province
Water Supply Bureau, City of Gwangju

-~ do - » City of Jeonju
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Table H 1 MUNICIPAL WATER SUPPLY IN KOREA (1971 & 1976)

1971
Groupings by Total Pipe-gserved Service Water . Per caplta
Population Population Population Factor Supply Dally Use
(10™ (10 ™ (107n/d)  (Iped)
More than 3 mil. 5,850 5,120 (44) 88 L,075 2310
500,000 - 3 mil. 4,270 3,160 (27) 74 566 179
190,000 - 590,000 2,320 1,620 (14) 70 199 123
Less than 100,000 4,290 1,700 (15) 40 125 74
Pipe—-served _
Area Total 16,720 11,600 (100) 69 1,965 169
Non~water—-served '
Area Total 16,163 - - - -
Nation Total 32,880 11,600 35 1,965 169
1976
Groupings by ' Total Pipe-served Service Water Per capita
Population Population Population Tactor Supply Daily Use
(10%) (10% (% (10334 (1ped)
More than 3 mil. 7,260 6,820 (38) 94 2,075 304
500,000 - 3 mil. 5,910 5,460 (31)y . 92 1,170 214
100,000 - 500,000 3,940 3,230 (18) 82 445 138
Less than-loo,OOO 4,350 2,400 (13) 55 257 107
Pipe-served
Area Total 21,450 17,920 (100) 84 3,947 220
Non-water-served '
Area Total 14,410 - - - -
Nation Total ' 35,860 17,920 50 3,947 220
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Table H 2  FACILITIES OF INDUSTRIAL, WATER SUPPLY IN KOREA (1974)
33
mn

Unit @ 107w /d
1. Han River Basin
Indﬁstrial District Supply capacity
Seoul | 110
Suweon/Anyang /2 100
Seongnam /1 5
Chuncheon /1 _ 4
Weonju : | 10
Sub~Total _ 229
2. Nagdong River Basin
Industrial District Supply capacity
Ulsan /2 170
Masan/Jinhae /2 _ 85
Pohang /2 o 100
Daegu 35
Gumi, | 55
Sub-Total 445
3. Seomjin River Basin
Industrial District Supply capacity
Yeocheon /2 25
4, Other Basins
Industrial District Supply capacity
‘Cheongju /1 : 2
Daejeon /1 1
Jeonju 35
Mogpo [L _ 10
Sub-Total .. 48
Nation Total 747

Remarks ; /1 : Supplied through M-water pipeline
/2 1 Under administration of MOC
Source : Ref., H 1.
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Table H 3 MUNICTPAL WATER SUPPLY IN THE HAN RIVER BASIN (1971)

Total Pipe-sgserved Service  Water /1  Per-capita
Municipalities Population  Population Factor USuEply Naily Use

{10 persons) (l03persons) - %) (103m3/d) (lped)

A. Inside Basin

Seoul 5,850 5,120 88 1,075.2 (88) 210
Incheon 670 590 87 112.0 (9) 191
Chuncheon 130 90 74 10.5 112
Weonju 110 60 54 6.0 97
Chungiju 90 50 54 3.4 68
Seongnam ’ 140 o0 71 3.8 38
Anyang 90 10 13 6.6 47
Bucheon 60 10 21 1.5 127
Euijeonghu 100 30 29 3.7 135
Less than 100,000 300 70 22 S 6.4 (1) 28
Inside Total 7,540 6,130 81 1,223.1 200
B. Outside Basin 1) 4] - 0 -

Pipe-served Area
Total (AIB) 7,540 6,130 81 1,223.1 {100) 200

Non—watef—served
Area (Inside) :
Total ..2,810 - - - -

Han Depending :
Area Total 16,350 6,130 59 1,223,1 200

Remarks ; /1 : Including supply for industrial use
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Remarks ; /1

8,700

Including supply for industrial use

H 35

Table H 4 MUNICIPAL WATER SUPPLY IN 'THE HAN RIVER BASIN (1976)
‘ Total Pipe-served  Service Water '/l Per-capita
Municipalities Population  Population Factor - . Supply Daily Use
' " (10°persons) (103persons) (%) (10§m3/d) (1pcd)
A, Inside Basin
Seoul 7,260 6,820 94 2,075.0 (86) 304
Incheon 830 730 88  208.0 (9) 283
Chuncheon 140 110 79 13.6 121
Weonju 120 100 80 16,1 163
Chungiu i10 B0 71 7.6 101
Seongnam 290 230 82 20.0 85
Anyang 150 110 73 9.5 90
Bucheon 120 80 69 12.3 150
Euijeongbu 110 8O 73 7.0 - 85
Less than 100,000 410 150 37 17.7 (D) 115
Inside Total 9,530 8,500 89 2,386.8 (99) 281
B. Outside Basin
(1) 100,000 - 500,000
Suweon 240 200 83 18.4 (1) 94
Pipe-served Area
Total (A+B) 9,820 8,700 89 2,405.2 277
Non-water-served
Area (Inside)
Total 2,160 - - - -
Han Depending
Area Total 11,990 73 2,405.2 (100) 277



Table H 5 MUNICIPAL WATER SUPPLY IN THE NAGDONG RIVER BASIN (1971)

Total Pipe~served Service Water’/l Per-capita
Municipalities Populatlon Population Factor gp Dally Use
(10 persons) (10 persons) ' (10 m3/d) (1pcd)
A, Inside Basin _
Daegu 1,130 . 850 15 135.5 160
- Andong 80 50 60 4,1 85
Jinju 130 90 69 11.2 129
Less than 100,000 640 230 36 19.4 85
Inside Total 1,980 1,210 61 170.2 140
B, Outside Basin
Busan 1,940 1,430 14 266.0 187
Masan 200. 160 81 22.0 139
Jinhae 90 70 71 4.5 66
Outside Total 2,230 1,650 74 292.6 177

Pipe-served Area _
Total (A4+B) 4,210 2,860 68 " 462.8 162

Non-water-served
Area (Inside)
Total i 3,670 - - - : C—

Nagdong Depending : _
Area Total 7,880 2,860 36 462 .8 162

Remarks ; /1 : Including supply for industrial use



Table H 6 MUNTICIPAL WATER SUPPLY IN THE NAGDONG RIVER BASIN (1976)

Total Pipe-served Service Water /1  Per-capita
Municipalities Population Population Factor - Supply Daily Use
(107persons) ~ (103persons) - (%) (10°m3/d) ~ (iped)
A. Inside Basin
Daegu 1,360 1,320 96 256.7 (27 195
Gumi 50 30 51 16.1 607/2
Andong 100 90 86 9.0 105
Jinju 160 150 95 16.4 107
Less than 100,000 920 540 58 44,7 83
Inside Total 2,590 2,120 82 343.0 (36) 162
B. Outside Basin _
Busan 2,570 2,360 92 550.0 (59) 233
Masan 380 280 74 39.4 (&) 140
Jinhae 104 97 93 6.8 (1) 70
Outside Total 3,060 2,740 90 596.2 (64) 217

Pipé—served Area . _ _
Total (A+B) 5,650 4,860 86 939.2 (100) 193

Non-water-served
Area (Inside)
Total 3,460 - - - -

Nagdong Depending
Area Total 9,110 4,860 33 939.2 193

Remarks ; /1 : Including supply for industrial use

/2 : 255 1lpcd excluding industrial use
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Table H 7 MUNICIPAL WATER SUPPLY IN THE SEOMJIN RIVER BASTN (1971)

Municipalities  Total Pipe-served Service Water/l Per-capita
Population Population Factor  Supply Daily Use
(103per30n5) L}p3gersons) (%) (1033/d)  (1ped)

A. Inside Basin
Less than 100,000 38 9 24 0.9 101

B. Outside Basin
Gwangju 520 315 61 72.5 230

Pipe-served Area _
Total (A4B) 558 324 58 73.4 227

Non-water-served
Area (Inside) _
Total 860 - - = -

Seomjin Depending
Area Total 898 324 36 73.4 227

Remarks ;  [1 i Including supply for industrial use
Table H 8 MUNICIPAL WATER SUPPLY IN THE.SEOﬁJIN RIVER BASIN (1976)

Municipalities Total Pipe—served Service Water/l Per-capita
Population Population  Factor Sugply Daily Use
(103persons) (103persons) (%) (10°m3/4d) (1lped)

A. Ingide Basin

Less than 100,000 89 32 36 1.8 56

B. Qutside Basin .
Cwangju 625 586 94 81.5 139

Pipe-served Area
Total (A+B) 714 6138 87 83.3 135

Non—water-served
Area (Inside) .
Total 7176 - - - -

Seomjin Depending
Area Total 865 618 71 83.3 135

Remarks ; /1 : Including supply for industrial use
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Table # 9 MUNICIPAL WATER USE BY PURPOSES
IN SEOUL AND INCHEON

Domestic  Industrial Commercial Bath Public Special Total

Use Use Use Use Use Use Use
Secul 02.6 ZO.Sll- S.Sl% 4.5 0.5 6.419- 100.0
(1978)
Incheon 29.3 31.1 25.6 N.A. 4.6 9.4 100,0
(1976)

Remarks; /1: Includes water use in faétories and
restaurants of big scale.

/2: Includes water use in marketing stores
and hospitals,

/3 Includes water use in government offices,
army and social organizations,

Table H 10 HISTORICAL NON~ADJUSTED RATIO
IN METROPOLITAN ZONE

thic: %

Municipalities 1870 1971 1972 1973 1974 1975 1976

Seoul 45.9 44,7 46.2 44,8  44.0  43.0  38.5
Incheon 41.0 42.0 42.3 43,1 38.3 34.1 32.9
Seongnam - - 52.0 21.0 29.0 44,0 42,0
Suweon - - - - 5.7 17.0 28.2
Anyang - - - 20.0 10.0 9.0 7.0

Source; Ref. H 4.

Remarks; WNon-adjusted Ratio = (Production - Revenued Volume) + Production

H 59



Table H 11 HISTORICAL WATER CHARGES IN MAJOR CITIES

it: W/md

Municipalities 1971 1972 1973 1974 1975 1976

Seoul 14.90 29,2 29.9 30.5 39.0  54.7
Busan 25.20  28.4  30.4 34.7  39.8  52.9
Dae gu 23.27 28.5  31.2 32.7  37.1 44.8
Incheon 25,20 29.96  30.8 33.6 . 57.1 50.5
Gwangiu 17.20 28.1 30.2 35.9 54.3 53.0
Daejeon 21.50  30.9 35.9 - 39,2 42,0 53.9
Masan 18.40 23.9 28.0 30.5 33.3 42 .6
Jeonju 20.0 20.0  36.0  N.A. 32.3  41.3
Seongnam 21.0 21.9 22.5 25.3 31.7 44.5
Ulsan 18.30 25.9  29.1 33,1 39.7  49.4
Suweon 16.40 18.4 20.7 22.3 31.9 41.1
Cheougiju 12.70 21,0 24,9  31.4  36.5  49.5

Source; Ref. H 4.

Remarks; (1) Water charges of treated water.

(2} Water charges in average of all kinds
of usage.
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Table H 12 WATER CHARGES BY USES (1977)

Domestic Industrial Commercial Bath Public
/1 /2

Use Use-— Uge— Use Use
Seoul
Basic Charge
Quantities (up to) 15 30 30 600 160
(m3/month)
Filat Charge (W) ' 226 1,500 1,200 15,000 1,000
' - 60,000
Excess Charge (W/m3) 25 - 60 80 - 160 50 30 - 250 10
Dae u
Basic Charge
Quantities (up to) 15 30 20 N.A. 30
(m3/month)
Flat Charge (W) 440 1,650 980 N.A, 900
Excess Charge (W/m3) 50 - 85 75 - 160 70 - 100 N.A. 37

Source; Seoul: Ref. B 4. _
Daegu: 'Water Works Project" City of Daegu,
Oct., 1977

Remarks; /l: Includes water supply for factories and
restaunrants of big scale.

/2: 1Includes water supply for marketing
stores and hospitals,

Table H I3 FACILITIES OF DRAINAGE AND
SEWERAGE IN SEOUL

Unit: Area : ha
Length: km
Drainage Sewerage
_ Planning Established .Non-established
Sewerage Sewer Sewer Sewer
Plant  Pump Pipe Area Pipe Area Pipe Area
1971 1 8 5,000 26,170 1,713 8,740 3,287 17,430
1972 1 7 . 5,000 26,170 1,845 .. 9,430 3,156 16,740
1973 1. 12 5,000 26,170 2,109 10,545 2,891 15,625
1974 1 13 - 5,000 26,240 . 2,343 11,574 2,657 14,6060
1975 2 15 5,000 26,240 2,517 12,442 2,483 13,798
1976 2 16 5,000 26,240 2,780 12,856 2,220 13,384

Source} Ref. H 42.
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POPULATION INCREASE RATIO AND PERCENT TO

NATILONAL POPULATION OF MAJOR CITIES

Table H 14

Annual Increase Ratio

Ags Percent of National Population

Historieal

Projected

Projected

T76-"91

Historical

‘60 ‘e 70 '75 81 '8 '91 '96 2001

'55

'92-2001-

'55-'75

The Han

O
i 1
[N

e
N
—t <
N

<y
—

o O
E
]
o~

21.0

2.3
£.8
0.6

7.3 9.8 13.0 17.6 19.8
1.5 1.6 1.8 2.0

1.3
1.2

2.5

1.6

7.7
4.7

Seoul
Incheon

1.0
1.1

1.0 1.0

1.0
0.7

0.9

c.9

0.9

1.7
2.0

3.1

Seongnam

Suweon

C.b

1.1

0.8
0.5

0.5

3.4

0.4

4.5

5.2

3.8

0.7

0.6

0.4

1.7

5.5

Anyang

0.6

0.6
0.5

0.6
0.5
0.4

0.5

0.4

0.3
0.4

0.3

0.3

2.3

5.6
2.2

Fuijeongbu
Chuncheon
Bucheon
Weonju

0.4

0.4

0.4

0.3 0.3

0.3

1.4

3.7

0.4

0.4

0.4

0.4
¢.3

0.3
0.3

1.3

3.0

0.3

0.3 0.3
0.3
0.5

0.3

0.3 0.4 0.4
0.3

0.3

0.4

0.9

2.3

0.3

0.3 0.3 0.3
0.4

0.3

0.3

oo
[

a3

Ghungjui

0.5

Ly

0.2

0.1

o
™~

—

Banwecl
2. The Nagdon
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2.0

3.0
4.0

7.7 8.0
4,1

7.5
£.0

&7 4,9 6.0 7.0
3.8
1.1

2.7

4.9

2.4 1.3

2.0

4.3

Busan
Daegu

Masan

4.0

£.0

~F

o

2.3

1.1

5.1

2.5
1.2

2.4

1.2

2.4
1.2

2.0
0.8

1.1

1.6
0.9
0.5

0.6 0.5 0.6

0.6

1.8

6.7

5.4

0.7

0.5

0.4

1.4
1.6

1.2

4.6

Ulsan
Pohang

0.8

0.8

.7

0.4

0.2 0.3

0.2

0.2

6.0

4.8

0.6 6.6 0.6 0.6
0.7

0.6

0.4 0.4
0.1 0.1

0.4

0.3

0.4

3.4
13.1

3.5

inju

J

0.7

0.7

3.6

0.4

0.1

0.1

0.1

2.1

4.3

Gumi

0.3 0.3 0.3 8.3 0.3 0.3 0.3 0.3

3.3

0.3

1.4 0.7

2.1

Jinhae

0.3

0.3 0.3 0.3
0.3
3.2

0.2
0.3

0.2 0.2 0.2

0.2

2.0
0.8
0.0

5.4
1.5

Samcheonpo
Andong

G.3 0.3
0.2

G.3
0.2

0.3
G.2

0.2

0.2

0.2

0.2

0.2 0.2 0.2

0.2

1.9

1.9

Gimcheon
Chungmu

0.2 0.2 0.2 0.2 0.2 0.2 g¢.2 0.2 0.2

0.3

0.0

L1

0.5

The Seomijin

3.

5.7

0.3 0.3 0.4 0.3 0.5 0.6 0.7 0.7

5.5 1.6 0.3

3.0
2.8

Yeosu

0.7 0.8 0.8

0.7

0.5

(18]

6.3 0.3 0.3 0.3

2.1

7.1

Suncheon
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Table H 16 SERVICE FACTORS BY MUNICIPALITY SIZK GROUPS

H 69

_lhlit I 4
Municipality Size Groups Historical Projected

by Population ‘1971 1976 1981 1986 1991 1996 2001

‘More than 3,000,000 87.5 94.0 95 95 95 98 98

500,000 - 3,000,000 74,0 92,4 93 93 95 95 98

100,000 - 500,000 70,0 82.1 85 85 90 _ 90 95

Less than 100,000 39.7 55.2 60 60 65 65 70

Table H 17 PER CAPITA DAILY USE OF MUNICIPAL WATER -

Unit : 1lpecd

. Historieal - Projected :
Groupings 1971 1976 198F 1986 1991 1996 2001

Pipe-served :
More than 3 million 21¢ 300 320 350 _ 380 410 450
500,000 - 3 million 180 0 210 250 300 320 350 380
100,000 - 500,000 120 140 170 210 230 250 270
50,000 -~ 100,000 70 110 140 180 19 210 220
Less than 50,000 130 150 160 180 190
Others :

Non-Pipe-Served - - 30 30 30 30 30
Non-Water-Served - - 30 30 30 30 30



Table H 18 SERVICE FACTOR AND PER CAPITA DAILY USE

Service Factor and Per Capita Daily Use

Historical Projected
1976l 19m1 1986 1991 1996 2001

Municipalities Z lpcd Z lpcd % lped % lped. % lped % lped
Han River Rasin
A, Inside Basin
(1) More than 3 mil.

Seoul 94 258 96 330 97 350 97 380 98 410 98 450
(2) 500,000 - 3 mil.

Incheon 88 197 90 250 95 300 95 320 98 350 93 380

(3) 100,000 - 500,000

Seongnam 82 64 85 170 93 210 93 230 95 250 95 270
Anyang 73 90 85 170 93 210 93 230 95 250 95 270
Bucheon 69 150 85 170 93 210 93 230 95 250 95 270
Chuncheon 79 121 85 170 93 210 93 230 95 250 95 270
Weonju 80 163 85 170 93 210 93 230 95 250 95 270
Euijeongbu 73 85 8 170 93 210 93 230 95. 250 95 270
Chungiju 71 101 85 170 93 210 93 230 95 250 95 270

(4) 1less than 100,000 /2 /2

47 109 60 140 60 180 65 190 65 210 70 220

B. Outside Basin

(1) 100,000 - 500,000

Suweon 83 94 8 170 85 210 90 230 90 250 95 270
Banweol - - 85 170 8> 210 90 230 90 250 95 270

(2) Less than 100,000 /2 /2 :
66 .76 70 130 70 150 70 160 70 180 70 190

Remarks; [1: Excluded industrial use supplied through
: municipal water pipeline

/2: Including data of municipalities supplied
from other rivers than the Han



Table H 18 Continued (2)

Service Factor and Per Capita Daily Use

Historical . Projected
197'61l 1981 1986 1991 1996 2001

Municipalities 4 lpcd % 1ped % lped % 1lped % lped % lped
Nagdong River Basin
A. TInside Basin
(1) 500,000 - 3 mil. _

Daegu 26 156 96 250 97 300 97 320 98 350 98 380
(2) 100,000 - 500,000

Gﬁmi 51 255 85 260 85 265 90 265 90 270 95 270

Jinju 95 107 95 170 .95 210 95 230 95 250 95 270

Andong 86 105 90 170 93 210 93 230 95 250 95 270

(3) less than 100,000 /2 /2
59 107 60 140 60 180 85 190 65 210 70 220
B. Outside Basin
(1) More than 3 mil.
Busan 92 163 93 300 95 330 95 350 98 400 98 450
(2) 500,000 - 3 mil.

Musan 74 140 93 250 93 300 95 320 95 350 98 380
(3) * 100,000 - 500,000

Ulsan 91 165 93 200 95 250 95 300 98 350 98 380

Pohang 92 127 92 170 93 210 93 230 95 250 95 270

Jinhae 93 70 93 170 94 210 94 230 95 250 95 270

Samcheonpo 33 151 90 170 93 210 93 230 95 250 95 270

(4) Less than 100,000 /2 /2 .
i 80 128 80 140 80 180 80 190 80 210 80 220

Seomjin River Basin

A. Inside Basin

(1} Tless than 100,000
36 56 60 130 60 150 65 160 65 180 70 190

B. Outside Basin
(1) 100,000 - 500,000

Yaosu 91 118 93 170 94 210 94 230 95 250 95 270
Suncheon 78 76 85 170 85 210 90 230 90 250 95 270

{(2) " less than 100,000 _
63 77 65 130 65 150 70 160 70 180 70 190

Remarks; /1: Excluded industriai use supplied through
: municipal water pipeline

/2: Including data of municipalities supplied
from other rivers than the Han
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Table H 195 POPULATION DEPENDING ON THE THREE RIVERS
Unit: 103 persons
_ Historical _ Projected
Grouping 1976 1981 1986 1991 1996 2001
Han River Basin
, /1

A. Inside Basin 11,900 12,800 13,900 14,860 15,700 - 16,500
Pipe-served 8,512 9,804 11,304 12,354 13,406 14,276
Non-pipe-served 1,017 797 722 741 607 597
Non-water-served 2,371 2,209 1,874 1,705 1,687 1,627

B. Outside Basin
Pipe—-served 233 398 510 652 724 831

C. The Han Depending
Population 12,133 13,298 14,410 15,452 16,424 17,331
Index (1976=100) (100) (110) {119) (127) (135) (143)

Nagdong Riwver Basin

. —— N _

A, Inside Basin 6,000 6,260 6,490 6,690 6,890 7,020
Pipe-served. 2,106 2,511 2,863 . 3,200 3,389 3,641
Non~pipe-served 488 - 532 595 548 542 476
Non-water-servev 3,406 3,217 3,032 2,942 2,95% 2,903

B. Outside Basin
Pipe-served 3,264 4,034 4,807 5,529 6,080 6,537

C. The Nagdong Depending | .
Population 9,264 10,294 11,297 12,219 12,970 13,557
Index {(1976=100) (100) (111) (122) (132) (140) (146)

Seomjin River Basin

/1

A. Inside Basin 870 830 800 770 760 750
Pipe-served 32 115 116 127 129 140
Non-pipe-served 57 76 77 " 68 69 60
Non—water—served 7181 639 607 575 562 550

B. Outside Basin
Pipe—served 208 341 451 575, - 637 713

C. The Seomjin Depending
Population . 1,078 1,171 1,251 1,345 1,397 1,463
Index (1976=100) (100) {109) (116) {125) {130) (136)

Remarks; /1: Derived from Fig. A 3
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Table H 20 PIPE-SERVED MUNICIPAL WATER REQUIREMENT

pipeline is excluded.

H 73

Unit : 103m3/d
Historical Projected
Groupings 1976 1981 1986 1991 1996 2001
Han River Basin |
A. Inside Bgsin
Seoul si 1,761.8  2,524.8  2,929.9  3,409,7 3,981.9  4,635.0
Incheon si 1447 225.0 339.2 419.5 502.5 577.2
Chuncheon si 13.5 23,4 35,3 42.8 51.1 59.0
Weonju si 16.1 18.8 27.3 32.1 37.3 42,1
Chungju si 7.6 16.2 22,7 25.7 29,7 33.3
Seongnam si 15.0 48.1 75.6 94,1 114.0 133.4
Anyang si 9.5 29,2 51.0 68.4 83.1 97.5
Bucheon si 12.3 19.4 30.3 37.4 44.7 51.3
Euijeongbu si 7.0 23.8 41.6 55.6 0 69.6  83.4
Less than 100,000 17.7 40.5 80.6 98.1 112.7 - 132.6
Inside Basin Total 2,005.2 2,969.2 3,633.5 4,283.4 5,026.6 5,844.8
.B. Outside Basin : o
Suweon si 18.4 44.8 67.8 93.2 112.5 141.1
Banweol Myeon - 12.8 26.0 41.4 51.3° 64,3
Less than 100,000 4.0 7.7 9.5 10,7 12,4 13.3
Outside Basin Total 22.4 65.3 103.3 145.3 176.2 218.7-
C, Han Depending _ . _
Area Total 2,027.6  3,034.5 3,736.8  4,428.7 5,202.8 6,063.5
Remarks Industrial use through munieipal water supply



Table H 20 Continued (2)

CUnit: 103 m3/d

S Histordical Projected
Grouping 1976 1981 1986 1991 1996 2001
'Nagﬁong River Basin
A, Tnside Basin . .
Daegu Si 205.1 360.0  480,0 558.7 651.7 744 .8
Gumi Si 16.1 35.4 51.8 71.6 81.4 94.9
Andong Si 9.0 15.9 21.9 25.7 29,7 33.3
Jinju Si 16.4 33.9 47.5 58.1 67.2 77.0
Iess than 100,000 4o 7 89.8 132.6 155.9 175.8 202.8
Inside Basin Total 291.4 535.0 734.0 870.0 1,005.8 1,152.8
B. Qutside Basin
Busan Si 385.0 792.4 996.9 1,170.4 1,473.9 1,764.0
Magan Si 39.4 144,2 233.0 319.2 382.4 465.5
Jinhae Si 6.8 18.0 24,1 28.1 32.1 35.9
Uisan Si 40.6 65.2 103.9 148.2 192.2 223.4
Pohang Si 17:8 32.5 53.6 72.7 88.0 102.6
Samcheonpo Si 6.0 13.8 22.5 29.9 36.8  43.7
Less than 100,000 . 8.3 15.4 21.4 23.8 26,5 28.4
Outside Basin Total 503.9 1,081.5 1,455.4 1,792.3 2,231,9 2,663.5
C. Nagdong Depending
Area Total 795.3 1,616.5 2,189.4 2,662.3 3,237,7 3,816.3
Seomjin River Basin
A. Inside Basin
less than 100,000 1.8 14.9 17.4 20.3 23,2 26.6
B. Outside Basin
Yeosu Si 14.2 28,4 47,5 64.9 17.3 89.9
Suncheon Si 6.5 29.6 47.3 67.3 81.7 102.6
Outside Basin Total 20,7 58.0 94.8 132.2 159.0 192.5
C. Séomjin Depending . .
Area Total 22.5 72,9 112.2  152.5  182.2  219.1
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Table H 22 - SUMMARY OF ESTIMATED M-WATER
REQUIREMENT AND POPULATLON

Annual
Growth
Historical Projected - Rate
1976 1981 1986 1991 1996 2001 192g;2001
Han River Basin
M-Water Req. 777.2  1,140.5 1,392.3 1,643.1 1,923.8 2,237.6 4.3
(106 m3/yr.) (100) (147) (179) (211) (24 8) (288)
Han Depending 12.1 13.3 14.4 15.5 16.4 17.3 1.4
Population (106)  (100) (110) (119) (127) (135) (143)
Nagdong River Basin
M-Water Req. 333.4 631.1 839.3 1,009.9 1,219.8 1,429.5 6.0
(106 w3/yr.) (100) (189) (252) (303) (366) (429)
Nagdong Depending 9.3 10.3 11.3 12.2 13.0 13.6 1.5
Population (106)  (100) - (111)  (122) (132) (140) (146)
Seomiin River Basin
M-Water Req, 17.4 34,5 48,5 - 62.8 73.4 86.6 6.6
(106 m3/yr.) (100) -~ (198) (279) (361) (422) (498)
Seomjin Depending 1.1 1.2 1.3 1.3 1.4 1.5 1.2
Population (106) (100) (109) (116) (125) {130) {136)

Table H 23 UNIT REQUIREMENT OF INDUSTRIAL WATER

Unit: m3/ha/day

Japanese

Field of _ Date Korean Data

Industries Ref. H.7 Ref, H8 Ref. H 1 Adopted
Flood Processing - 484 _ 351 125 350
Textile - 483 N.A, 448 _ 450
Pulp & Paper 1,781 N.A. 540 600
Chemical _ 719 - 240 403 K - 500
01l Refining 172 “51 46 100
Steel 271 354 N.A. - 300,
Machinery 8% 160 N.A. 150
Electrical 137 113 N.A. 150
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Table H 24 HISTORLCAIL ANTY PROJECTED INDUSTRIAL WATER REQUIREMENT

Unit: 100 m3/yr

Historical .Projected
1976 1981 1986 1991 - 1996 2001
Hlan River Basin
Seoul 154.5 176.1 209.8  261.9 340.1 464.1
Incheon 23.1 36.5 59.3 6.4 156.6 254.5
Chuncheon 0.9 1.3 2.0 2.4 2.8 3.2
Weon ju 2.6 2.9 3.3 3.7 4.0 4.4
Seongnam 1.8 b4 6.9 8.6 10,4 12.2
Suweon 8.5 17.8 23.0 37.0 59.6 96,1
Anyang 17.3 36.0 43.4 70.0 112.7 181.4
Banweol - 8.6 42.9 94.4 207.8 457.6
Total 208.7 283.6 390.6 574.4 894.0 1,473.5
Index (1976=100) (100) (136) (187) (275) (428) (706)

Nagdong River Basin

101.

Daegu _ 18.8 61.0 75.9 5 127.0 151.8
Gumi. 14.2 24 .4 41.3 56.6 59.5 62.5
Jinju - 5.8 16.2 14.6 19.0 24 .4
Masan 25.9 31.1 33.8 35.5 37.3 32.2
Jinhae 3.7 5.4 5.7 6.8 7.1 7.4
Changweon 7.9 64.6 79.9 95.8 111.7 126.5
Busan 60,2 127.8 171.6 204 .4 233.6 262.8
Pohang 18.9 60.4 101.0 127.6 129.5 131.5
Uisan/Onsan 50.6 127.4 175.0 209.4 220.0 231.3
Samcheonpo 0.5 2.7 12.6 22.4 32.3 42.0
Yangsan - 5.5 5.5 5.5 5.5 - 5.5
Total 200.7 516.1 712.5 880.1 982.,5 1,084.9
Index (1976=100) (100)y . (257) (355) {439) (490) (541)
Seomiin River Basin
Yeosu - - - - 5.5 8.3 - . 8.8 9.2
Yeocheon 4.7 100.5 118.2 131.4 138.2 145.1
Gwangyang - - 78.3 147.9 . . 214.0  281.1
Suncheon - 3.1 5.3 7.6 . 9.7 11.8
Total ' 4.7 103.6 207.3 295.2  370,7 447.2
Index (1976=100) (100)  (2,204) (4,411) (6,281) (7,887) (9,515)
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CORRELATION OF BASIN DIVISIGNS FOR NET

M&I WATER WITHDRAWAL TO SUB-BASINS FOR
NET AGRICULTURAL WATER WITHDRAWAL

Table H 26
1. The Han

M&I Water Agr'l Water

Withdr'l Withdr'l

H-1 HN-16(2)

H- 2 HN-16(1)

H- 3 HN-15(1)

B -4 HN-15(2)

H-5 HN-10(2)

H-6 HN-10(3)

H-7-1/1 HN-10(1)

H - 7-2 HN-07 (2) HN-08
HN-09 HN-10(1)

H-8 HN-07(1)

H~9 HN-06(1)

H- 10~-1/2 HN-05

H - 10-2 HN-02 HN~03(1)

. HN-03(2) HN-05

H - 10-3 HN-04(1)

H - 11 HN-04(2)

H - 12 HN-13

H ~ 13-1 HN-~-14

H - 13-2/3 HN-14

H - 13-3 HN~11 - BN-12

H -~ 14 HN-01{1) HN-01(2)

H~ 15 HN~06(2)

Remarks ;

/1

: A part of Sub-basin HN-10(1):

upstream of the confluence of
the flows of Gujeol dam
downstream and Imgye dam
downstream '

2 ¢ A part of Sub-basin HN-05;

upstream of the confluence
of the flows of Dalcheon
dam downstream and ChungJu.
dam downstream

3 : A part of Sub-basin HN-14;

upstream of the confluence

2.

The Nagdong

M&I Water Agr'l Water

Withdr'l Withdr'l

N~-1 NSB-01

N - 2 NSB-02

N -3 NSB~03

N ~ 4-1/4 (NSB-05)

N - 4=2 NSB-04

N = 4-3 NSB-05 NSB-06(1)
NSB-06(2) NSB-06(3)
NSB~06(4) CSB~05
CSB-06(1) CSB-06(2)

N-5 CSB-07

N - 6-1/

N - 6-2 ~  CSB-08 CSB-09

N-7 CSB-10

N - 8-1 CSB-13

N - 8-2 CSB~14

N-~9 CSB~12

N - 10 SSB-15(2) SSB-15(3)

N - 11 S$SB-15(1)

N - 12 SSB~16

N - 13 SSB~19

N - 14 8SB-17 §5B-18

N ~ 15 CSB-11

The Seomjin

M&I Water Agr'l Water
Withdr'l Withdr'l
5-1 SM-05
8 ~-2 SM~02(3)
5-3 SM-02(2)
S -4 SM-03 sM-04
SM-02(1)
§ - 5-1 SM-01
5 - 5-2 (Downstream of Abrug_:

diversion water to
outside basin.)

of the flows of Hwacheon dam downstream and Soyéng dam downstream

4 1 A part of Sub-basin NSB-05; upstream of the confluence of the flows

of Andong dam downstream and Imha dam downstream

5 ¢ C5B~08 and -09 are sub~divided into N-6-1 and N—6-2;'N—6-1 covering

the main stem of the Geumho, N-6-2 its tributaries
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