Since the above-mentioned (a),(b), (d), (e), (f) and (g} have no
relation with the objective Tour rivers, the reserved flow can be
set from the viewpoints of maintaining and restoring the water
familiarity functiomns in (¢}, (h}, and: (i) above.

No formula 'has been established to estimate the amount of re-
served flow objected restoring and utilizing the water familiar-
ity functions. There were some examples to estimate reserved
flow, when recall of the fishes was intended, calculation was
made from the flow velocity and water depth, influence the living
action of ‘objective fishes, and when the flow restore was intend-
ed to satisfy the spectacle, estimation was made from the desira-
ble water width and flow velocity.

The - reserved flow was, therefore, -calculated based on the width
' of 'the river forming a‘beautiful view. The means of securing the
reserved flow was then studied. If this application is techno-
logically and economically Iinappropriate, a second plan in which
only the surface of the areas with demands for high water famil-
jarity functions shall be structured, shall be formulated.

4.3.4 Target of River Spéce Improvement Plan

In the Seoul Metropolitan area, improvement of parks and green
zones was promoted by'taking the advantage of the opportunity of
the Seoul Olympic in 1988. However, the per capita park area
still remains at a level of 8.3 m2 (as of 1989) and that of city
parks providéd with facilities is only 2.7 m? {1988}, with large
differences between each zone,

In addition, the.budget of Seoul Metropolitan for environment and
green zones iiakes the acqulisition of new land for parks difficult
in the city areca due to the increased demand for roads and park-—
ing lots and sudden rises in land price, while the ratio of the
budget to the whole budget of the city shows ‘an annually increas-
ing trend. Therefore, it is'presumeddthat the intended target of



Seoul Metropolitan of acquiring park areas to a level of 14.9
m?/head within 2000's may be difficult. '

There is always a possibility that the river space could be
flooded. However, the area shall bring about large socio-
economical impacts if restructured as a park, because It can be
acquired freely as well as the fact that it is rich in trees. and

greenerles.

Therefore, the per capita area of the city parks in the Seoul
Metropolitan area, when the entire planned areas are improved, is
calculated on the assumption that improved river spaces will be
used as city parks (Table 4.2-1). The results show that only 20%
may be increased even in the expected sectidns. On the contrary,
in the some sections, the per capita park area will Be'decreased
due to the rapid population growth when the original city parks
are not improved. :

Therefore, the river space improvement plah shall cover -the
entire planned arcas in the studied rivers.
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Table 4.3-1 ‘Areal Change of Urban Park per Person When the
Planned Section Would be Improved

Unit:mS/per

River/Bank Section 1988 2002 2010

Anyang Chong

Right bank Upper reach of ' 1.12 .88 1.27
the confluence of
Torim Chong ,
Lower reach of 2.58 2.47 3.10
the confluence of '
Torim Chong

Left bank Lower Reach of St.é 0.25 0.35 0.82

_Yahgjae Chong

Right bank Upper reach of St.2 4.1 3 3.8
Lower Reach of St.2 4.5 4.18 4.3
Left bank - = Upper reach of §t.2 4.1 3.8 3.8
: o - - Lower Reach of S8t.2 4.5 4.18 4.3
Ui Chong _ N : -
Right bank Upper reach of St.2 5.2 4.7 4.8
' Lower Reach of St.2 2.7 2.3 2.2
Left bank Upper reach of St.2 5.2 4.7 4.6
: -Lower Reach of §t.2 3.2- 2.9 2.7
Chungroung ' g o
Chong.
Right Bank 2.92 2.57 2.45

Left bank _ 2.92 2.57 2.45

« Figures above shown does not contain the water area. When
the water quality of the river were improved, the water area
- should be contained in the urban park area.
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4.4 Needs of Residents for River Environment Improvement

The results of the questionnairing distributed during the survey,
indicate that most of the residents share- the same oplnlon about
the plesent condition of the 4 rivers studied They stated that
" the rivers are contaminated," "the river beds are*devastated,"
'and that "there is little familiarity with the river water”.
Moreover, about 70% of the residents stated ‘that "the rivers are

not suitable places for recreation and relaxation" and as
children's playground "

A few residents think that "the present condition of the rivers
is okay", but more than 90% think that "the contaminated riVers
should be cleaned” and that to do =so, “qecesSary'régulations
should be. actively stipulated." The common requests stated were
" the transfdrmation of the_river spaces into pérks-for~recrea—
tion and relaxation”, "water quality must be must be improved and
basic condltions must be provided to ‘create familiarlty ‘with the
river water_' and “river spaces must be 1mproved 'so that people
can commune with hature. - As for Ul_Qhong and Chungroung Chong,
however, the demaﬁd "to place the rivers- in box culverts" was
stronger than the demand "to maintain the natural use of the

rivers."

The results of the interview conducted to the users of the Han
River Park show .that 60% of the frequent visitors ‘of. the park
live within 30 minutes walking distance. - 40% of these visitors
frequent the park for a stroll. .80% of the users indicate'satis-
faction with the park facilities, while very few think that the
park structure is in harmony with nature,
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4.5 Future River Water Quaiity

4.5.1 Prediction Method of Future River Water Quality

When .a water gquality improving measure applicable to a ‘river
channel is to be established and tho effect of the measure is to
be evaluated, it is necessary to use the river water guality
realized at the time when the measure is implemented as a base,

The method for estimating the future river water quality may vary
depending upon the kind  and accuracy of available data, and, in
this plan, the future water quality is calcuiated in- the follow-
ing manner:

(1) The future fiver-waterrquality is calculated by the follow-
ing formula:

(Future generation load) x (Future apparent run-off ratio)

(2) There are a few rivers where the flow rate and pollution
load are mot well balanced between each reference point due to
the ‘effects of sewage directly flowing into the rivers and latent
flows.. Thelefore, the future river water quality is calculated
individually at each' reference’ point’ and no adjustment must be
-made to the continuity of the balance between then. '

(3) : The future generation load ‘is calculated from the future
frame described: in- the following paragraph by using the genera-
tioﬁ Joad calculating method described in 3.5.2 above. it is
assumed -that the generation unit locad will' not - change from the
preésent “condition. ' ‘ o

(4): The future "apparent'run ~off-of ratio" is lafgely influenced
by i the improved ‘condltion. of. sewerage and intercepting - sewers.

Therefore, :When - the -sewerage and intercépting sewers  is not
'improved the future apparent run-off ratio" 1is used present
‘one, and when sufficient repair and improvement are expected to
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the facllitles, future "apparent run-off ratio" is considered . to
be improved to 0.02 in BOD and 0.07 in SS on the basis of the
values of the smallest "apparent run-off ratio" at present.

(5) Since the present river flow Is the mixture of that of its
orlginal river water and that of sewage, the future flow natural-
ly decreases when the intercepting rate of sewage is increased.
The actual river flow,-whén its sewerage—reiated facility is
improved, is obtained by the proportional ‘allotment of the meas-
ured discharge to the water quality of the sewage of the Seoul
Metropolitan and the original water quality of the river (water
quality at the Water source section of the river). '

(8) The self-purification of the rivers is not taken into ac-
count, because the estimation is rough in:accuracy.

4.5.2 Fature Framework of the Basin

While the future river water quality is calculated by multiplying
the future generation load and "apparent run-off ratie" in the
basin, the framework in the future, being the basement factors of
the mentioned loads .and factors, such as. future population, land
use, and the quantity of ‘industrial waste water are:set in the

following manner:

the future population of each basin is calculated by distributing
the estimated populations by administrative divisions of 2001 ‘and
2010 (shown. in Annex A-4) are allocated to the basins in the same
manner as used caléulating-method to  the present ‘populations by
basins. Populations of intermediate years are decidéd;by‘linear
interpolation from the values of 1988 and 2001 or 2010. Details
of the future population of-each-basithhus'éstimated-and'generé
ated domestic population load .of each - basin- calculated on the
basis of the estimated ' futire population are given in SUPPORTING
REPORT II1. o : o IR



The future area of land use is considered to be unchaﬁged, be~
cause, according to the Annex A-4, the policy of the Seoul Metro-
politan government is to promote the future demand for land by
high-density redevelopment in the developed areas rather than new
areal development.

The future quantity of industrial waste water is decided in the
same manner as that used for calculating the present quantity of
waste water on the assumption that the amount of shipment of all
kinds of industries may increase annually 5%. Details of the
future quantity of industrial wastc water thus estimated and
industrial .generated pollution load caleculated on the basis of
the estimated quantity are given on SUPPORTING REPORT III.

Since no drastic change may occur in the number of domestic
animals, the present value is usedifor'the futpre (see’ Annex H-
3).

Caleculated results of the ratios of the future generation loads
thus calculated to the present generation loads of the planning
sections in each river area are shown in Table 4.5-1,

Tabie 4.5-1 Ratio of Generatlon Load in Future to Current
Generation Load in the Planned Section

Anyang Chong

Source. §t.1-2  St.2-4 - St.4-5 St.5-8 St.3-
2002/1990(BOD) 1.724 .. 1.879 . 1.609. 1.738 - 1.497

(SS) 1.423 1.215 1.112 - 1.422 1.070
2010/1990(BOD) 2.437 . 2.222  2.090 2.513 1.896

(SS) 2.087  1.732 1.618 2.004  1.592
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Yangjae Chpngﬁ

Source St.1-2  8t.2-4  St.3-
2002/1990(BOD) 2.598 2.624° - 2.602
(8S) 2.336 2.061 2,131
2010/1990(BOD) 3.238 2.939 3.118
(ss) 2.'784 - 2.1986 C 2,462
Ui Chong
Source .St.i}z St. 2-
2002/1990(BOD) 1.570 1,602
(SS) 1.617 1.659
2010/1990(BOD) 2.032 . 2.105
(88) 1.734 1.816

Chungroung Chong

Source . St.1-2  St.2-3  St.3-

2002/1990(BOD) 1.878 1.858 1.793
(SS) 1.720 1.698 1.595

2010/1990(BOD) 2.218 2.207 - 2.345 °
(88) 1.930 1.925 1.888

4.5.3 “Predicted Results of River Water'Quaiiﬁy

The future water quality at each observatlon point wi]l be esti—
mated .in the manner descrlbed in.-Section 4.5.1 by using the
future framework -set in Section 4.5.2, and the estimation will be
performed on the following caSes clasSified in ‘accordance with-
the improved and maintained conditions of sewerage facilities,



Anyang Chong

Case -~ 1: If the present maintenance methods of the sewerage
facilities shall not be changed in the future.

Case - 2: The sewage treatment plan in the upstream ‘area of
Station 6 shall be executed as scheduled, and the
BOD concentration at the (St. 6) upstream end of the
planned section shall be improved to 23.7 mg/l (see
Annex D-17 for future target). ' This plan shall only
proceed, however, if case 1 is implemented. '

Case - 3: While changes shall be made in the seWage treafmént
located upstream of Station 6, the sewerage facili-
ties in the Seoul Metropolitan area shall be suffi-
~ciently improved and rehabilitated; ‘and the "appar-
ent run-off ratio" shall be improved to 0.02 in BOD
and 0.07 jin SS. '

"Case. - 4: -The sewerage treatment plan 'in the upstream area of
' ‘Station 6 shall be executed as scheduled, and the
BOD concentration at the (St. 6) upstream end of the
“planned section shall be improved to 23.7 mg/l. At
“the sane time, the sewerage facilities in the Seoul
Metropolitan area shall be suffieciently improved and
rehabilitated, and the "apparent run-off ratio" of
- pollution load™ shall be improved to 0.02 in BOD and
0.07 in SS.

Yangjae Chong and Chungroung Chong

Case

- 1: Tuture change shall not be made in the present main-
tenance'methods,of_the_sewcrage facilities.
Case - 2: The improvement and rehabilitation of the sewerage

facilities shall be sufficiently impleméhted, and



the Tapparent run-off ratio" shall be improved to
0.02 in BOD and 0.07 in S§S.

The water:quality and sewerage facilities in Ul Chong are consid-
ered as favorable, it shall be kept in the same condition in
future, too. :

The BOD estimates are shown in Table 4.5-2.

Table 4.5-2 Predicted Result of the River Water Quality in
Future (BOD} :

hit:mg/1
Anyang Chong
St. 1 S5t. 2 St. 4 'St. 5 St. 8 St. 3
1990 55.5 59.5 52.5 55.7 48.6 22.9

Case-1 2002 148.1 158.9 148.8 164.9.: 84.5 38.2
2010 211.3 226.7 213.6 238.4 122.1 48,4

Case~1 2002 110.2 . 118.2 -106.9 115.9 23.7 38.2
2010 .150.0 160.9 . 146.0. 159.0 23.7 48.4

Case-3 2002  86.7  90.0  83.2  92.0  84.5  38.
2010  124.5 129.3  119.7 133.0 122.1  48.4

B

o]
-3
e

Case-4 2002 38.0 37.7 33.7. 35. 23, 38.
2010 47.3 | 44.7 32.8 41 .2 23.7 48 .4

Yangjae Chong

St. 1 St. 2 St. 4 St. 3

1990 13.5 5.5 5.1  11.2

Case-1 2002  45.3  13.4 5.1 29.0
2010 55.6 . 15.3 S 5Nl 34,7

Case-1 2002 8.8 . . T.7 5.1 10.T -
2010 10.2 8.5, 5.1  12.9




Ui Chong

St. 1 St. 2

1990 3.5 3.3
2002 5.7 5.4
2010 7.3 - 7T.1

ChﬁngrbungVChOng

St. 1 8t. 2 St. 3

1990  14.0  11.2 19.0

Case-1 2002 25.5  20.2  34.0
2010 32.4 26.3  44.5
Case-1 2002 6.4 5.5 1:3
2010 7.8 6.7 1.6

4.6 .- The Existing Water Quality and Flow Regime Improvement
Technigues: . . _ . _ o

4.6.1  Applicable Water Quality Tmprovement. Techniques

‘The water quality improvement techniques considered at present
are broadly' classified into (a) those applicable to polliution
sources,'(b) those applicable to the area between the pollution
sources and rivers, -and (c) those applicable to river channels.
‘Tible 4.8-1 further classifies these three techniques, and the
. necessary precautions to be:taken of each are described:below:



(1)

Applicable techniques to pollution sources
la Restriction of installation

l.ocations of factories are large in emitted pollﬁtibn load
and those whibh may discharge harmful matters are regulated
by legislation, etec. The development limitation being ap-
plied by the Seoul Metropolitan government is a kind of
location regulation. However, it is difficult to appily this
kind of regulation to the industrial area 1ikéfkuro Indus-
trial Area, already established, becéuse a large amount . of
expenses may be required for shifting many large-scale facto-
ries and compensating factorles to be shifted for business
suspension. 1In general, such regulation is applied to an
arca where its good environment must be maintained from now
on by keeping the developéd_form-of,its ﬁrban zone{: 

1b Restriction of discharge
When the restriction of installation is impractical, the

pollutant content and discharged quantity of waste water from
a factory, etc. is to be regulated. In the case of ROK, the

- -waste water:emission’ standards settled;byxtheﬁNaturaI'EnVi4

ronmental Preservation Act correspond to this regulation. No
effective results can be expected from such regulation unless
the regulation 1s supported by an executable monitoring
system and  fair monetary penalty system. - -Location: regula~
tion

--1lc. Installation of waste water treatment plant

In order-to control emission.concentration of the waste water

for. the. regulation,  the treatment plant Canfbe,installed”ﬁn

-each”factoryHOr-district,:\Generally, installationﬂandfcpera+

tion cost must be spent by the private company, its’ competi-
tive power will be down iIn comparison with other competitors
who don't need to do so, because production cost must cover -



-those treatment cost. In the result, there can be a case
-that factorles shift its location to the unregulated area and

- pollutant sources spread. Therefore, this kind of regulation

(2) .

and. -

shall be dutied accompanied with a administrative support
Jike a subsidy for 1its practical management.

Table 4.6-1 List of Water Quality Improvement Techniques

- at the source

(1) Countermeasure la _Restriction of installation
' {;1b ‘Restriction of_discharge

‘1¢ Install waste water treatment
plant

(2) Countermeasure 2a Sewerage improvement
between the river {EZb ~Repair of existing sewer pipes

and source 2¢ Removal of sludge in sewer pipes

-and retarding basin

—3a Removal of bed sediment in

{3) Countermeasure

at the river o rivers . _
channel | l—3b Sedimentation pond
' -3¢ Contact oxidation with cobble
plant .

—3d  Ground-still

— 3e - Sheet flow channel

p~3f Aeration facility

-~ 3¢ Dilution with clean water

Applicable techniques to the part between pollution source
rlver channel

.. .2a  Sewerage improvement

Sgwerage improvement is the most popular means for preventing
rivers from being contaminated by domestic waste water, human
waste, industrial waste water, etc. However, this may not be
economical when pollution sources lle scattered, because the
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initial cost for installing sewers may become much higher
- than the construction cost of treatment plants. The séwage
discharging systems can be divided into the combined system
which discharges sewage with rain water and the separated
system which discharges sewage separately from rain water.
In the casec of the former, the sewage may flow into rivers
when the discharging quantity exceeds the capacity of the
sewers and discharge may decrease in during a dry season. In
the case of the latter, on the contrary, installation of the
sewers may require a lot of time and money, but the river
flow does not decline, because railn water is made  to flow to
rivers, and quantities of pollutants flowing into the rivers
are small in compared with the combined system. While a high
sewerage diffusion rate has been attained in a short péeriod
in the Seoul Metropolitan area due to intercepting sewers
‘installed along rivers, the sewerage system thus installed
causes water pollution: and declines in flow to the rivers,
because the main part of the system is combined system,

2b Repair of existing sewer pipes

‘When the sewer pipes are installed along a river channel as
in the Study Area, rehabilitation work of the damaged sewer
pipes are very important because the damaged sewer pipes
directly cause water pollution to the river. Leakage of
sewage from aged sewer pipe was not observed in this inves-
tigation, but at some places it was found that sewage was
flowing into rivers due to the design problem of intercept-
ing,portion(finsufficient'interceptingquantities)-1n-the"
combined sewerage system and due to wrong connection of sewer
pipes to storm sewers in the separated system. Therefore, it
is necessary to replace the wrongly connected sewer. pipes'ﬁnd
to review and modify of the’ design of defective intercepting
ports. '



(3)

2¢  Removal of sludge in sewer pipes and retarding basin

According to the investigations: carvried out by Public. Works
Research. Institute, Ministry of Construction, Japan, the

pollution load: by the sludge deposited in sewers in an area

equipped with the comblned sewerage system corresponds to 56
- 66% of the emitted pollution lcoad of river basin. And,; also
in the Study Area, a great volume of deposited sludge is
estimated in the sewers. In the Study Area, many retarding

‘basins and pumping stations are installed in the Seoul Metro-

politan area to prevent inland water flooding, and the pollu-
tion load by the sludge deposited on the bottom of the basins
is estimated to be equivalent to or more than the pollution
load by the sludge deposited in the sewers. Therefore,
removal'of the ‘sludge from such sewers and retarding basins

may have afconsiderable effect on the reduction of pollution

load flowing into rivers.

Applicable techniiques to river channel

‘3a Removal of bed sediment in rivers

~In the Anyang Chong, water quality is very close to that of

sewage, it is considered that: one reason of the water pollu-
tion may be attributed to the sludge deposited on the river
channel in-addition to the sludge deposited in sewers {The
sludge described here means soft organic silts and clays).

- Consequently,.: removal. of ' the slﬂdge deposited.on'the river

channel by dredging may be considered to be one means for

~improving the;quality:Of river -water, but, since deposition

of. the sludege will be repéated;unless the'pollutahts~are

.prevented from' flowing into the river, .the dredging timing

must be decided by :taking .the repéated deposition into ac-

count.. . - o .
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3b  Sedimentation pond

Sedimentation. ponds are installed so as to remove preéipita—
ble pollutants by keeplng waste water containing a large
amount of pollutants in a stationary condition. The sedimen-
~ tation ponds can be divided into ordinal sedimentation pond
- where pollutants are preclpitated by gravity only and chemi-
cal sedimentation pond where chemicals are added so that
‘pollutants may settle by flocculate sedimentation.

3¢ Contact oxidation with cobble plant

This plant purifies river water by passing the water through-
a tank.charged with cobbles after ‘a shfficient quaﬁtity of
- dissolved oxygen is added: to the water and decomposing organ-
- ic pollutants by means of microorganisms :adhering 'to:the
surface of the.CObbles in an oxidizing atmosphere, +This
plant contrived after paying attention to the strong self-
purifying action in ‘mountainous streams where numerous ¢ob-
bles are deposited and sufficient quantities of oxygen are
supplied. Among the facilities:which: directly burify river
water, this facility is the only facility which utilizes the
. technique,. the treatment effect of which has been quantita-
tively evaluated, and many plants have been installed.

. The advantage of this plant-includes (a) ‘cobbles to be ised
for -adhering microorganisms are abundant on. river. beds  and
.can be obtained at low costs,-(b)”pdsSibilitierof‘produ01ng
secondary troubles is ‘low, since the1putifying=proce59*of'
- this plant is the same as the_éelffpurifying process of
rivers, {(¢) . the plant may :not be damaged easily: even wheéen a
flood, -etc.,. takes place, sinCe?the'filler'is:ébbbleS"héVing
.strdng'mEChanicél-strengths;;(d)xno'much’cqsts*Will-be-re—
quired for the maintenance and management of the 'plant,
because cleaning of the cobbles and reémoval of the sludge may
be made once for about (e) years except the case where the
- river water to be treatéd-is especially high‘in_ss concentra-
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tion, and so on,

On the other hand, this plant has such disadvantages as (a) a
large quantity of sludge depositS‘in a short period and the
cobble cleaning and sludge removing works must be made fre-
guently when the S8 content of the water to be treated is
high, (b) the activity of the microorganisms decline and the
treatment capacity 1s lowered when the treated water 1is 80
mg/1 or higher in BOD content, (c) the activity also declines
and  the capacity 1s lowered when the water temperature be-
comes lower. These advantages, however, can be eliminated to
some extent by adding appropriate pre-treatment facilities
and controlling the water quality and water temperature.
Refer “to (3) of Section 4.4.3 about the pollution removing
effect of this plant.

3d OGround sill

This facility forms a fall in a river channel and removes
organic pollutants from the river water by utllizling the
oxygen dissolving into the water when the water drops along
the fall. ‘'Therefore, this work cannot be installed unless
the river bed has a:certain'gradient-in the longitudinal
profileﬁ-.The purifying capacity of this facility varies
dEpending upon the ‘fall, river width, oxygen demand of the
river water, etec., and, therefore, quantitative evaluation of
this-facility is difficult.

For such a highly pollutéd river_as Anyvang Chong, it may be
possible'that 1nstallation of a drop work may Increase the
offensive odor instead of reducing the odor. In addition,
‘when -this facility is installed to.a river channel having an
'iﬁsufficient'floWGrate, algae may grow and organic matters
may deposit dn,fhe'upstreamﬂside-of-thé'droprwork'and-an
offensive odor may beAproduced.'because the river water  tends
to.stay:on the upstream side of:the work.
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3e Sheet flow channel

This facility not only supplies oxygen to the river water to
which this facility is installed by spreading cobbles all
over the river bed which 1s increased in width and reduced  in
depth, but also promotes decomposition of organic matters by
means of microorganisms adhering to the surface of the cob-
bles. -Since the oxygen supplying method and water 'staying
time are limited, this fTacility can only be applied to riv-
ers, the water of which is not much contaminated. Moreover,
since the flow passing through this channel becomes an eddy
current, reduction of the SS contamination.canmot be expect-
ed. At present, it is difficult to make gquantitative evalua-
tion on this facility, because test data are -insufficient.

3f Aeration facility

This facility forcibly supplies oxygen to river water by
using machinery, such as blowers, etc., so as to prbmote
decomposition of organic pollutants in -an oxidizing atmos-
phere. Since the river water must be acrated for ‘about. 35
hours to reduce the BOD content by about 50%, a wide facility
area will be required when this facility 1is. installed to a
river with a large flow. {(For exampie,'When'the*quantity of
the water to ‘be ftreated is 1.0 m3/sec.-the:aeration tank to
be installed must have a capacily of about.140,000 m°
when the depth of the tank is 3 m, the required ‘area becomes
about 50,000 m2.)

, and,

3g Piluting with clean water

This method 1s used for lowering the pollutant content of
contaminated river water by adding river water or undergfound
water having a good quality and, at the same. time,  for im-
proving the self—purifying‘capacityqofche river. - This- is‘an
excellent method When.a-water soﬁrce:havingfa'good;water
quality and a large water quantity is availabie,”sihce the
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maintenance and management costs are inexpensive, but 1t must
be .noticed that at least the same amount of dilution water is
required for reducing the pollutant content of the present
river water quality to-a half even when the dilution water 1is
significantly clean.

4.6.2 Applicable Water Quality Improvement Techniques toe the
Riverbed and their Evaluation

(1) Evaluation on applicable water quality improvement techniques
in the river channel

This study evaluated the techniques applicable to the river
channel (countermeasures that are feasible as river work) and the
results are shown in Table 4.6-2. The applicability of each
countermeasure and technlques to each river to be planned is
discussed in Chapters 6 to 9.

Table 4.6-2 “Evaluation of Water Quality Improvement Techniques
Applicable to the Rlver Channel :

Type of - Possibility Equivalent " Experience

Investment . of Enlargement Evaluation
Removal of bed sediment I | o A oo
in rivers :
:Sédimeht.atiqn'bond o ifR_ o o _ | _-d | A
‘Contact oxidation with -  I+R o . . o0 0

cobble plant

. Ground sil] | I 0 x  A
Sheet flow channel - 7. _ -.I - 0. N : X A
feration Tacility IR a0 a A
Dj_lutién ,ﬁth --c;iéan: w_;te_r . IR : .o. L L0 o

*+ 'The I'4nd R of the "Typé of investment” column' meéan "Initial
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cost type" and "Running cost type", respectively.
¥ Exper1ence are those obtained 1n Japan

Among the water quality improvement techniques applicable to the
interior of the river channel, sedimentation treatment and con-
tact oxidation with cobble plant can evalﬁate,quantitatively
effect of improvement are discussed below.

{2) Quantitatively evaluation on water quality improving effect
of sedimentation pond - . :

The sedimentation ponds. used for water treatment:can be divided
into gravity and chemical treatment types as mentioned above "and
the selection of the pond must be made on the basis of the
pollutant contamination of the water to be treated and the re-
quired water. quality ’ '

In the case of the sedimentation pond, it-is generally. said that
about 30% of the BOD content and 35% of the SS content .can be
removed at retention time of 3.0 hours and a water area load of
25 m3/m2/day (Japan Sewage Institute: -Design Handbook for Sewer-
age Facilities), but the removal ratios ‘vary dependihg'npon the
nature of the water to be treated. Especially, when the river to
be treated is high 1in 1norganic S5 (sedlments. etc.,) content
1ike Yangjae Chong, it s expected that the SS removal ratio may
reach 35% or more. N | -

Since the pollutant removal ratio with the chemical settling pond
varies depending upon  the nature of the water to be treated and
the chemical used for the treatment, it is desirable ‘to decide
the ratio by carrying out jar tests every time. '

The jar tests carried out on'the water.sample (CoD (Cf) 23 mg/l}
collected from Anyang Chong {(at St. 6) in- September 1990 'by
varyihg the .injecting ooncentration of chemicalsr FeCl3 and
A12(804)3, from 50 mg/l to 1,000 mg/l give good results at in—'
Jecting concentratlons of 300 mg/l for’ ‘both FeCl3 and A12(804)3,
w1th fhe COD (Cr) removal ratio being about 60%. However. thq'_



water treated with FeClg was slightly colored in reddish black.

From the above-mentioned results, A12(804)3 and 300 mg/l will be
selected as the chemical to be used and injecting concentration
to be set when the chemical settling pond is used in this plan.
Under such condition, the removal ratios of both BOD and SS can
be set at 50%, The deétention time and water area load are set to
the same values as those used for the sedimentation pond.

{3) Quantitative evaluation on water quaiity imprbvihg ef'fect of
‘contact oxidation treatment with cobble plant o

The contact oxidation treatment with cobble plants can be d1v1ded
into the pre- aerated contact oxidatlon treatment with cobble
'plants_(a:suff101ent amount of dissolved oxygen is added to .the
water . to'be treated before the water is made to'flow to the
treatment tank) and the contact oxidation treatment with aerated
cobble plants (the water to be treated is ‘directly aerated in the
treatment tank), ' The Ministry of Constructlon, Japan, recommends
the latter when the BOD content of‘theUWater toe be treated ex-
ceeds 25 mg/l on the basis of inveStigation results.

Since the contadt oxidation treatmeﬂt with cobble plants is a
kind of biological'treatment,'the=aEtivity of the microorganisms
~and, accordingly, the BOD removal ratio decline when the water
temperature becomes Tower. In order to study the effect of the
water temperature on the treatment function: of this treatment
method, the probability that the water temperature of the objec-
tive rivers becomes 1.5 - 22.0 'C was calculated by using the
water temperatures measured at the time of periodic water quality
observations in 1990 (see Table 4.6-3) and, at the same time,
the relation among the water temperature, BOD removal ratio and
‘detention time 'Wés'calculated by using Howland's equation to be
used for the fixed type biological treatment (see Table 4.6—4)1
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"Table 4,6-3 Non-Exceed probability of Water Temperature of
Objective Rivers

Water Temp. (" C) © 22,0 " 17.5 13.0 10.0 5.0 1.5
Non-exceed . : - 83 58 35 - 25 10 5
Probability (%) 303 212 128 92 . 37 18
Day

Table 4.6-4. Relation among Water Temperature, :BOD Removal Ratio
and Detention Time in the Contact Oxidation with Cobble Plant

ﬂhit:rémoval rdtio %

Time ‘Water Temperature(® C) :
(hr) 22,0 - 17.5 13.0 10.0- 5.0 1.5
0.5 49.0 40.0 31.0 32.5 27.3 24,2
1.0 75.0 64.0 53.0 49.6 41.8  37.0
1.5 87.0 77.5 68.0 57.6 48.5  43.0
2.0 94.0 - 86.0 ° 78.0 - °62.3 52.4  46.5
2.5 97.0 . 91.0 85.0 64.1 54.0 47.9
3.0 98.4 94.2 - 90.0 65.2 - 54.9 48.6
Ratio 1 1.1 1.0 0.91 0.72 0.81 0.54
‘RAtio 2 1, 1.1 '

1.0  0.80° 0.87  0.80

As ‘far as the BOD removal ratio at detention time of 2.0 - 2.5
hours which are standards for the pre-aerated contact oxidation
treatment with cobble plants, the ratio can be lowered at temper-
atures which are being used as design standards in Japan: ‘in such
a way that-the ratiOzcaﬁ be lowered to about 90% at 13 * C, about
70% at 10 *C, about 60% at 5 °C, and about 54% -at 1.5 “C. . When
1t is tried to.secure the same removal ratios even when the
"design standard water temperatures are lowered, the required
facility-becoméS'excessively larger 'in size, because the deten-
tion time must be prolonged. . - :.



In this plan, therefore, the facility is ‘designed so that the
removal ratio at 17.5 "C can be secured 100% against the water
temperature (13 'C) of 75% in annual frequency of occurrence and
the removal ratio can be secured about 80% even when the water
temperature drops to 10 °C. However, 1t is necessary to carry
out pilot tests to validate these Tigures and confirm the removal
ratio before ‘starting actual contact oxidation treatment ﬁith
cobble plants.

(4) Quantitative evaluation on water quality improving effect of

composite treatment .

When composite treatment is considered by adding treatment with a
sand basin. seﬁimeﬁt basin, chemical settling”besin, aeration,
etc., to the upstream or downstream side of -the contact oxidation
treatment with cobble plants, the pollutant removal effect of the
composite treatment can be calculated from the’ sum of pollutant
removal ratio of each unit treatment When the pollutant removal
ratio of each unlt treatment is set to ‘the values shown on Table
4.8-5 in accordance with the -descriptions of the (2) and (3)
above, the. pollutant removal ratio of each comp051te treatment
becomes ‘the value shown  on Table 4.6- 6 '

Table 4.6-5 Pollutant Removal Ratio of Unit Treatment

Kind of Pollutant removal Treatment conditions

treatmeént o ratio- (%) : Detention ‘Surface loading.
‘BOD-. - 8§ time: - (m%/m?/day) -
{115and settling ST e = . =60 sec . - 1800 .
[2]Gravity settling 3 - 38 . . 30hr - . 25
[3]Flocculent Settling - 50 .- B0 = 8.0 LT ] R
{41Pre-aeration €C.0.C. 75 .. -85~ . 2.0 '

‘[5]Aeration €.0.C. : -~ 90 - 80~ - 3.0

» In the flocculent settling 300 mg/1 of A12(SO4)3 shall be used;
# C.0.C.: Contact oxidation treatment with cobble.
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Contact ‘oxidation with cobble plantlis'one of the treatments used
‘'to eliminate organic matters. It was observed that to reduce
organic activity water tempefature must be'kept low. It was also
observed that the process reduces the removal ratio of BOD.

Table 4.6-6 Polliution Removal Ratic of Composlte Treatment

Type - Treédtment flow _ Pollutant removal ratio
‘ | " BOD Ss
Type 1 [1] + [3]1 +:[5] + Re-aeration 95 % 90 %
Type 2 [1]1 + [2] + [5] + Re-aeration 93 87
Type 3 [1] + [2] + [4] + Re-aeration 82.5 80
Type 4 [1] + [5] + Re-aeration 80 80
Type 5 [1] + [4] + Re-aeration 75 85

# [1] + [5] : see Table 4.6-5

4.6.3 Applicable Flow Régime Improvement Technigues

The flow regime improving techniques c¢onsidered to be useful at
present can be .divided .into (a) countermeasures: to improve the
water holding capacity of basins, (b) countermeasures to transfer
water from another basin, and (c¢) techniques'to make river flow
by water works. The feature, -applicable condition, and precau-
tion to be taken, etc., of each countermeasure and techniqué are
described below: ' '



Table 4.6-7 Flow DUratibn.Improvement'Technique

— 14 Conéervation of Land Use

(1)Countermeasure
to enhance the —1b  Improvement of River Structures
water retaining  |—1c " Improvemént of Infiltration Ability of
capacity ' Land Surface
‘—1d  Reversion of Treated Water to Ground
(2)Countermeasure -~2a Utilization of Reservoir Water
to supply water -~ 2b  Utilization of Groundwater
from another — 2c  Utilization of Another River Water
water source —2d Utilization of Patable or Industrial Water
— 2e Utilization of Treated Water of Sewerage -
Treatment Plant
(3)Techniques to keep 3a Improvement of Low Water Channel

water surface 3b Installation of Weir

(1) Countermeasure to cnhance the water retaining capacity

la Conservation of land-use

In order to maintain the water retainingICapaCity of the
basin, development of forests and farmland, are high potenti-
ality in the water holding capacity, shall be limited by
legislation, etc. -When these-land'contain-private area,
compensation must he made to the owners, because  limitation
to the exercise of their private rights is required.

1b TImprovementi of river structures

River bed and embankment shall be made as natural ‘condition
by removing concrete lining, and groundwater come to flow
increasingly as river base. However, it'is necessary to

consider decline of flowing capacity and erosion of'the.
embankment on the view-point of flooding. Besides, There is
possibility river does not flow duringfdry seasoﬁ when the
ratio of under flow is large. '
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(2)

-1ec. Improvement of infiltration abiiity of land surface

This method is to promote infiltration of rain water into the
ground in wurban area by providing infiltration boxes, infil-
tration basins, infiltration pavement, etc., so as to reduce
the percentage of the rain water flowing out. - These facili-
tles must be the structure to cause scarcely clogging. When
these facilities are-installed to an area with low water
permeabllity, good results may not be expected.

—1d Reversion of treated water to the ground

This method is to reverse groundwater by allowing the treated
water of the sewage In each house or block to percolate.

The .infiltration facility used for this method must be the

structure which hardly cause clogging. 1In addition, meas-
ures must be taken so as to prevent occurrence of ground
water contamination,

Countermeasure to supply water frbm another water source
2a Utilization of reservoir water

This countermeasure 1s to supbly storage water of the reser-
veoir to the riVer&during draught days as maintenance
flow. Generally, large amount of investment and long con
struction period are required for a big scale of new water
resefvbir; -As.mentioned in' Chapter 3, agricultural water
reservoirs exist on'the upstréam in Anyang Chong and Yangjae

Chong basins and these reservoirs may be used: for this = pur-

pose, because the using quantity of agricultural water has
decreased, but no such water reservolr exists in Ui Chong
and -Chungroung Chong basins. '

2b .Utilization of groundwater

. ‘This cduntermeasure;is;to_secure;the maintenance flow by
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discharging pumped -up groundwater to.the river. ~Judging from
the geological condition described in Chapter 3, it is con
sidered that little groundwater is available’ for this pﬁrpose
in the periphery of the Seoul Metropolitan area except latent
flows flowing through reversible. It is necessary to confirm
the condition and volume of the aquifers.

2c  Utilization of another river water

This 1s countermeasure to supply maintenance flow by intro
ducing the water from different river bsasin having -an ample
quantity and relatively good water quality to the river
through a conveyance'éanal or pipes. ~ When the water source
1s far, the length of the canal or pipes becomes ‘longer and a
larger -amount of investment is required. :In addition, there
-is possibility to make troubles on water- utilization in
-source river ‘basin by the flow reduction.

2d Utilization of potable or industrial water

This is a countermeasure to secure the maintenance flow and
improve water quaiity by - potable: or industrial water having
guaranteed water quality. It shall be first condition that a
plenty of water is prepared for potable and .industrial waters
-however, since operation and mainteénance cost will ‘be- very
expensive, water recycling-use is common system. :

Ze -Utilization of treated water of sewage treatment plant

~-This countermeasure 1is to secure'the:maintenancefflow_by
reverse circulating the treated water of a sewage - treatment
- plant. ‘The pollutant concentration of ‘the treated water must
be lower than that of the river water, because, when the
quality of the treated water is worse than that of'the_river_
water, the river water is contaminated by ‘the treated water
at the cost of the recovered flow rate. The'tréated water
from the Anyang Chong Sewage ‘Treatment Plant is very bad,
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(3)

with the BOD being 80 mg/l, because the plant treats éewage
in the prihar& étage only. Whilelthe sewage treatment plants
installed to Tan Chong, Chungryang Chong and Kwa Chong treat
the sewage to the secondary stage, the treated water from

‘these three 1s 15 mg/1 or higher in BOD. At present, there-

fore, use of the treated water from these plants cannot be
recommended for this purpose from its qualities.

Technigue to keep water surface

3a Improvement of low water channel

- This technique is to be taken when a sufficient water flow

canmot be secured in a river channel, and forms shallow water
channel in order to collect and keep water surface. For a
river with a large quantity of latent flow, the loss of the
flow rate can be prevented when three-side lining is applled
to the river, however, landscape is not interesting.

3b  Tnstallation of weir

This countermeasure is to taken to a low water channel when a
sufficlent water surface cannot be formed by the improvement
of the channel. Water is dammed up by the weir and forms a
water surface with gentle slope allowing the water to stay
longer. A gate weir is desirable for this:purpose, since a
fixed weir may affect the flood controlling function of the
river. Rubbish and contaminants tend to gather on the up

stream side of the weir and, when such rubbish and pollutants

are not removed from time to time, the landscape and water

“quality of the river channel become worse and, an-offensive
~odor may  be :produced iIn certain circumstances: N

‘Of-thefflow*duratiOn'imprOVing-technology, those which are
+applicable'(executable-measures:as river improvement works)

to the objective river :¢hannels of this study is summarized

in Table 4.6-8. ‘The applicability of each countermeasures to

each river is discussed in Chapters 6 to 9.



Table 4,6-8 - Evaluation of Flow Regime Improvemént Techniques
Applicable to the River Channel ' '

. Type of Possibility Equivalent Experience
Investment  of Enlargement: Evaluation

Improvement of T : o X : A
river structures

Use of storage water in 1 ' o " 0 ' X
reservolr

Use of groundwater - I+R A A

Water transfering I+R 0 X A
from another river

Use of potable water . R X A A
Improvement of low water 1 A A : 0
channel '

Installation of the welir I+R A 0 0

* The I and R of the "Type of investment” column mean "Initial
cost type” and "Running cost type", respectively.
% Experience are those obtained in Japan.

4.7 Restrictions in River Space Utilization

4.7.1 Location and Use of River Space

In general, river spaces are roughly divided into land L spaces
consisting of major bed space_s, which are '»tempo'r'ar-ily_cove'r'ed
with water at the time of flooding but can ‘be released- to ‘people
as much as possible, and embankments and water space the use of
which is usually limited due to flowing water. | |



{1) Land space

The use of the land space various according to the characteris-
tics of the location, the social conditions of the hinterland,
the shape of the major bed and the natural conditions in the
river space. Therefore, the sections to be planned will be
divided into several zones on the basis of the combination of
‘these elements and the utilizing form of each zone is studied by
taking the characterlstics of the zone into account.-

In this plan, the following zones shall be established.

Multipurpose. =zone
Places ﬁith relatively wide spaces for the establishment of
playgrounds and health care facilities which shall be open
not only to the local residents, but also to the residents of
neighhboring areas.

Family zone .

A zone which shall be constructéd near areas to promote daily
communicate between  the young and old generation and between
parents and children. '

Nature zone

‘This zone shall-be conistructed in a place blessed with good
landscape and natural environment. This place shall encour-
age people to commune with nature, the sketching and viewing
of the flora and fauna, and the pursuance of recreational
activities such as bicycling.

Nature: preservation zone

This .zone -shall be constructed in a place where the ecologi-
cal system is still preserved. The protection of the system
shall be a priority in this zone, and aside from river im-
}prOVemént.works,=artfficial:impfovement works shall be re-

- gtricted :in this area. ' ‘ C '
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Landscape lmprovement zone

The river shall be the principal axis of rows of houses. The
creation of a waterside landscape that blends with the rows
of houses dn this area is desirable.

{2}  Water area

Contrary to the above-mentioned land space uses, flood control
functions shall take precedence over the water spaces uses.
Especially, for rivers as Ui Chong and Chungroung Chong having
steep river bed gradients, utilization. of their water: areas with
objectives other than flbod éontrol must be'avoided from the
point of safety, because the water level suddenly rises at fresh-
et time, S '

4.7.2 Flooded Frequency and Major Bed Utilization.

The major bed is usually submerged ﬁhen floods océur,'and'the
frequency. of inundation and its inundated condition largely
affect the growth of plants and the maintenance of the .various
kinds of facilities. Therefore, the_utilizing form and maintain-
ing and managing methods of'the.major bed must be studied by
paying attention to the frequency and condition of inundations.
The general relations between inundation and plants betweéen the
inundation and park facilities are described here.-

(1}. Inundation and plant growing environment

The distribution of reversible vegetation are controlled by the
physical and chemical properties (watér;COntent,-granular vdaria-
tion, humid content, etc.,) of the soil and the flooded” condition’
of plants. ' R

A flooed not:only washes away*plants-andfburies:planfs‘WIth?éarth
and sands transported from the'upstream-side‘by ‘the = flood, but
also affects the soil in such way that inundated soil becomes to-



contain excessive water and 1s lowered In air-permeability,
resulting in root humus of plants which are not highly water
resistive,

It is said that the period until the gravity water drained from
the soaked soil and air-permeability of the soil is restored
after an inundation is several hours for sandy soil, 24 hours for
well-drainable soil, and several days for clayey soil. Planting
in the major bed shall be, therefore, conducted in areas which
are not directly'affected by floods. Moisture resistive plants
which are suitable for the soil of the major bed shall be planted
such areas. ' : ' '

of the broadleaf trees widely distributed in the Seoul Metropoli-

.tan area and its Vicinity{ the aspan, popiar, acasla, lirioden-
dron, elm (Ulmas Davidians var. japonica), azalcas can be consid-
ered to be higher in moisture resistance and applicable to the
sections'to be planned. ' '

In addition, water resistive flowering plants include the Cali-
fornia poppy, Komachi-sou, red poppy, cosmos, cornflower, Haru-
sha-giku, Ookinkel-giku, babies'-breath, pechunia, scarlet sage,
marigold; wild pink,: cte.

{2) TInundation and facility improvement

:Inundationulimit:spacefutilizingrexténts and states. Generally

speaking,' as the frequency of inundation increases, ' natural
- preserving facilities become more sultable. than artificial facil-
ities, linear facilities become more suitable than planar facili-
"-ties,wand;stafic.facilities-become-more suitable than dynamic
facilities, . - '

The facilities listed ‘on Table 4.7-1 can be considered as con-
crete examples -of -the facilities.

Where the;freqﬁency;ofyinundationris high, in-additlion, facili-
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ties which are transferable and can be structurally disassembled
shall be chosen, and they shall be water-resistant and steri-
lized.

Table 4.,7-1 Relation between Flooded  Frequency -and Applicable
Facilities '

Frequency of Applicable facilities
inundation
Low Sporting facilities : Football ground, tennis court,
- volleyball court, '
T Playing facilities : Trapezes, Slides, seesaws, ladders
' Resting facilities ! Resting ‘places, benches,

‘outdoor tables
View improving . _ :
facilities : Trees, flower gardens

Nature protective . o
l. facilities : Nature watching parks,
High aquatic zoos

4.7.3 Coordination with a River Space Utilization Plan Having
Objectives Other Than Environmental Improvement

The demands for the nse of the river. bed space ‘is considerably
high in the Seoul Metropolitan area whichzis-notably.lacking'in
space. The Traffic Bureau is pressured with the immediate solu-
tion . of traffic problems and consequently formulated_a:plan to
cover the rivers and retarding basins and construct parking lots
on them. On the other hand, the Construction Bureau 'plans to
widen the highways and build new ones. '

The use of the river space as land for rOad‘and*parkingrlots.for

its preservation as a part of nature has become a controversial
issue. The present condition of -a city which-had' the: same pr054

IV 42



lem in the past may be suggestive.

In Tokyo, for instance, many small rivers and canals were filled
up with earth, sand, and gravels in 1980's to meet the increased
demand for roads, but, at present, a great effort is being spent
for restoring and maintaining natural environments of the lost
rivers, etc., at a huge cost. It can be said that such effort
has resulted from the increased needs of the inhabitants to
better environments as their 11ving level rose and the re-evalua-
tion of the rivers as an important element to make Tokyo a charm-
ing city. In addition, the important role of the river space as
a safe area at the time of natural disasters and noise intercept-
" ing zone is also recognized anew.

The demand concerning the improvement of the living environment
. is presumed to escalate gradually in future in view of the rapid
progress in the Seoul Metropolitan' standard of 1living. It would
be wise, therefore, to improve and preserve the river space as a
part of nature and not to use it for the construction of the
planned roads and parking lots which are only beneficial for a
short period of time.












Chaptef‘s Fundamental View for the Baslic Concept of the River
Environment Improvement Plan

In this chapter, such items to be discussed before making basic
pians to individual rivers as [1] water gunality improving plans
to be adopted when the attainment of the target quality by coun-
teriteasures which are only applicable to river channels is diffi-
cult, [2] flow durationfimproﬁing plans to be applied to the
rivers which have not been subject to flood control, [3] problems
which must be guaranteed upon executing the river space improve-
ment:plan, : {4} concepts about run-off sediment controlling plans
required for protecting water quality and flow duration'improving
facilities and space utilization facilities from sediment disas-—
ters are described.: '

This chapter describes the basie conception of the river environ-
ment imprbvementaplan shall be established in four objected
rivers, as below.
- {a) ‘Approach of water quality planning when the‘target of
water quality cannot gained by the countermeasure applied in
‘river channel ‘ '
-{b)* Approach of the river flow regime planning when water is
mnot utilized - for any purpose ’
-(c) ‘Safety -to be pguaranteed in the river space improvement
plan for FTlooding protection - :
" (@) ‘Approach of the ‘sediment run-off plahning in érder to
‘protect the water quality and flow regime'improvément‘facili—
‘ﬁtieS'andrriver55pace'ﬁtilization-facility.

5.1 Fundamental View of the Water Quality Improvement Plan -
Various -water: quality’ improvement techniques were. introduced in.
Section 4.6.1 and ‘the most basic technique 1s the ‘one that can

reduce: the discharge of polliuition lodd to the least minimum
quantityxatredchﬁpollutlon source. - :However, as the pollution
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load moves farther Trom the source, it becomes. more difficult,
and the mixture of clean water greatly affects the fluctuations
in the water volume and the water quality and worsens the effi-
clency of the purifying facility.

The locational regulation is based on the concept that no pollu-
tion source is allowed in the basin of a river and the develop-
ment limited area designated by Seoul Metropolitan neafly-follows
this concept. Most of the Study Area is designated to the devel-
opment limited area. Therefore,'as'a-first-prerequisite=to
prevent the further deteribf&tidn of the river water quality, the
designation should not be dissolved. Additionally, it is neces-
sary to 1nstall appropriate waste water treatment facilities
against direct pollution sources (mostly domestic pollution
sources, but many stockbreeding pollution sources also -exist 'in
the Anyang Chong basin).

The improvement and preservation.of the sewerage facilities are
very important measures between the pollutant sources and.river.
It is already described in 2.2.1 above that the sewerage system
diffusion rate in Seoul Metropolitan has reached. 95% of the
planned dralnage area, and other local governmeﬁtsgin~the_basins.
their sewage-related facilities are not yet. improved sufficlently
at present, are actively executing sewerage construcdtion works,
like sewers, sewage treatment plants, intercepting sewers,: etc.
Therefore, when these facilities are completed and used: as ééhed—
uled, it is expected that the ratios :of domestic and industrial
loads directiy discharged'to:theirivérs willibe=rémarkably re-
duced and.the'Water quality of the rivers will'be-improvéd\after
2001, especially in the Anyang Chong basin.

However, -as mentioned in Chapter 3,  many sewefszin:the»Anyang
Chong basin are directly connected to the river withbut-inter—
cepting and this is the largest cause of the ‘increased pollutant
load in: the Study Area: Even in the Chungroung-ChOng,wherefthe
sewérage'system-diffusion rate 18 100%, the water quality is
close to. that of sewage and tracer iHVestigatiOns clearlYEshow-



that sewage 1s leaking from intercepting sewers to the river in
some sections. Moreover, several places where secwage always
flows Trom storm sewers to the river are confirmed along the
Yangjae Chbng equipped with a separated sewage svstem.

If the sewerage system'will still Include structural problems of
sewerage and intercepting sewer and "waste sludge and sediiment in
the sewer pipe_and retarding basin, the river water quality
cannot be improved with upping of the sewerage diffusion ratio.

Accordingly, it is very important to rehabilitate structural
pfoblems of the existing sewage and intercepting sewer and to
-remove. sediment waste in the pipe and retarding basins in Seoul
Metropolitan, in order to avoid additional water quality prob-
lems. ' '

Since a sﬁrvey on the actual conditions of the pollutant sources
and the sewerage was not conducted, the ‘basic concept of river
classification stated in Chapter 6-9 shall only ‘study ‘the water
quality improvement technique'applicable to the river channel.
If the desired water quality is difficult to-achieve, the pollu-
tion source countermeasure and the ‘improvement and rehabilitation
of sewerage facilities must be implemented.

5.2'~~Fundamenta1'V1ew”of the ¥Flow Regime Improvement-Plan

The various technigues for- the improvement of the flow regime of
the river were previously discussed in Section 4.6.3, and among
these is the technique to strengthen the water holding capacity
in the river basin. -However, this techniques will require large
amount of money and a. long period of time before the results ecan
be observed. . :In addition, only 1little effect can be expected
from the use.of this technique, even if 1t is most applicable,
in Ul Chong and Chungroung Chong, if the principal tributaries
_-beCome séwagetriVers wherve16Whis intércépted'by the sewers
before it reaches the confluence, -and -where “the volume of under-



flow is large in the main stem.

On the other hand, the countermeasures of supplying water from
other sources is considered to be very effective in directly
increasing the flow of the main river. However, this counter-
‘measure can only:be implemented if there is a nearby source with
adequate Tlow and water quality.

Furthermore, even with the availability of such 'source, large
amount of construction expenses and operation and maintenance
expeﬁses should not be made to colleect and convey water from this
gsource if, like the 4 study rivers,--the improvement of the Tlow
regime 1s only aimed to recover and ‘activate wdter.familiarity
functions and not:for .the attainment of water use benefits. In
this regard, the conveyance of water from other rivers and the

use of potable water are not considered as practical.

If the constant Securement-of=regu1ar flow ‘is difficult due to
restraints  in the budget and problems with the water source, the
use of the wide water surface of: the. area with limited but clean
flow will have to suffice. The establishment of weirs and the
Amprovement of ‘low canals would be, therefore, effective in this

situation.

The flow rate at St. 3 {(downstream of Torim Chong) of Anyang
Chong and'that.at~Stl:3fof:'ChungrOUHg Chong havelbecome;smalier
by one figure after intérbepting—sewefs were repaired in the
upstream~side sections of the stations. .= On: the other:hand, the
fiow rate of the Ui Chong 'which was ‘considered to contain little
sewage. from'its_waten quality has~been'extremelyfsma11=at<10w;
water level. time. right -from the: beéiﬂning of the observation.
These facts 1indicate that.‘when:intercépting sewers alfeady
dinstalled along a river are répalred, the: flow fate'df.the-river
will decrease, but ‘the water -quality will be improved.-

Therefore;,. whileuit}is;expectedathatgtheffldw:fateSaof—'Anyang
Chong and Yangjae Chong may ‘decrease 'in futuré, no!countermeasire



is considered agalnst such decreases in flow rate of both rivers,
‘because the maintained state of sewage-related facilities was not
investigated.

5.3 Fundamental View of the River Space lmprovement Plan

The use of the river space of each river shall be determined
according to the characteristics of the areas classified on the
basis of the presént natural and social conditions of the catch-
ment area and the river improvement and utilization conditions.
In addition, areas with large -and suitable demands shall be used
as model sites, and facilities in these areas shall be considera-
bly :improved.

As for ‘river space utiligzation, there 1is a need to generally
inspect the degree of safety of the area against floods. Howev-
er, the inspection was not conducted and the appropriate cross
Section data wefe'not:kept and changes were conducted evérywhere
in the embankment of each river. The river space improvement
plan :shall. be Tformulated, therefore, under ‘the: premise that it
.shall'be completely safe from flcods. - Furthermore, a utilization
plan which s$hall change the features of the major bed:and cause
further deterioration in flow efficiency, shall not be adopted.

The major bed is assumed to be easily submergible. According to
the results stated in Section 4.7.2, the area shall- be used,
therefore, in a manner that will assure less flood damages, and
the  facilities to -be installed shall be water ‘resistant and
sterilized. :

5.4 Fundamental View of the Run-off Sediment Control Plan
If the planned are ‘Is affected by sediment run-off, it is neces-

“sary to formulate countermeasures that can:approprlately protect
the:waterﬂqnality11mpr0vement'faCilities-and'the river space



utilization facilities from flood damages.

The distribution of slope failures in the water source area of
ecach river and the quantity of the sediments produced by and
running off from the slope failures are already described in
Chapter 3. However, 1t 1s very hard to study what influences the
run-off sediments will give to the river beds in the planning
sections, because no data are available about the transition of
the longltudinal profiles of the river bed. WMoreover, the sedi-
ment storing effects of already existing sediment controlling
facilitles are also difficuit to study. since most“of.fhem-are
not controlled by Seoul Metropolitan.

Therefore, the influence of run-off sediments must be:estimated
from the river bed variation and river bed materials observed
immediately after the freshet occurred in September 1990, during
the investigation period. :

Driftwoods, sands and gravel accumulated in the upstream area of
the 4 rivers. However, only Chﬁngroung'Chongswas directly af-
fected by sediment run-off, and the sediments that accumulated
downstream of Station 3 weére removed by'hand;: No influence was
observed -from the planned sections of the other rivers. The
sediments that were accumulated upstream ‘of the planned sections
shall gradually move down-stream along with the  next flood or
freshet and this occurrence shall only affect the planned sec-
tions slightly.

In'sbite.of the assumptions made above that the run-off sediments
accumulated upstream shall be gradually removed at everyﬁerShet,
soil saving facilities must still be installed upstream as a
basic measure. ' |

The sediment controlling faciility shall be_basically combination
of two types of sediment controlling. dam, oneiis.screénftype to
Intercept big rolling-FOCks'flowing—trees,;andmother‘is'high_
concrete type to ‘store sand sedimentation.. By the both: effect; -



sediment run-off to the project area shall be protected.

Details of the structure and arrangement of these sediment con-
trolling facilities afe described on SUPPORTING REPORT IV, but it
1s desirable to construct such. facilities by paying sufficient
attention to the preservation of the spectacle of the installed
areas.












Chapter 6 The Basic River Environment Improvement Plan fTor
Anyang Chong

The water guality standard desired for Anyang Chong is Class V,
" and compOsite-treatment'which shall mainly impiement contact
oxidation with cobble plant shall be the basis of the water
quality improvement plan Tor this river. Treatment fTacilities
shall be installed sﬁccessively toward the downstream area from
5t.6 while observing the improvement in the river water quality
caused by the progress of the sewerage treatment works upstream.
However, if the maintenance and improvement of the sewerage and
intercépting scwers in the plammed area remain unchanged, except
for St.6, it would be difficult to achleve the desired water
gquality for this river. It is, therefore, necessary to concur-
rentiy"conductlthe*répair of the defects in the sewerage and
intercepting sewers, the reﬁoval of sludge. accumulated within
the pipes and +the retarding basins and the installation of the
treatment faclilitles. “Furthermore, the removal of sludge in the
river channel might increase the effectivity of the water quality
improvement work cbnducted'in,the'planned section.

There is no need to implement the flow regime’imprOVQment plan in
Anyang Chong because it has enough flow to propagate water famil-
iarity functions.

‘Since- the demands for the use of the river space in the planned
downstream sectionis: high ‘and the mﬁjor bed .is wide enough to
accommodate various recreational activities, recreational =zonés
are*inStalled-in 3’ 'places in response to the needs of the resi- -
dents. Of the 3 zones, two were structured into multipurpose
"untiltization zones with health and sports facilities. The zone
installed ‘at the Anyang Chong and.Kehwa Chong confluence was
structurediinto?a~ﬁature zone ‘since the area is presumed to be
habitually flooded:: The facilitlies to be installed in this area
shall be water: resistant and sterilized



6.1 Problem and Future Qutlook on River Environment

Prior to establish the basic environment improvement plah in
Anyang Chong, present condition and future outlook of the envi-
ronment, as referred to mainly in Chapters 3 and 4, are- summa-
rized "below by the .Tield of water ‘quality, ‘flow regime, - space
utilization and flood control.

6.1.1  Water Quality

(1) The water quality in the planning section is especially,poor
during winter-spring seasons just like sewage of Seoul Metro-
politan  when the river has little flow.. Even in summer-fall
seasons, the ‘water quality is improved a T1ittle bit, hoWever,
still lower than Class V of the river water quality standard.
Self-purifying ability has been almost lost. and ‘HoS 'gas is 'seen
in a broader range of :the .area. : :

(2} The pollutant load emitted at the*upstream-beyond'St.—6 is
presumed to be about.15%-of the entire basin, however, thig
section occupies more.than 50% of the load of the-amount:measured
at St. 2 or St. 1 flowing down the river because of untreated
gewage In this area. '

(3) Although fhe sewage system has éiready'beengimproved in .the
Metropollitan, the load was:largely increased between St. 5 and
St. 6. According to the investigation with tracer, no-leakage of
sewage was observed from the intercepting sewer.on: the right bank
of the downstream past S$t. 6. -Theréfore; the=increasédﬁloadsin
this section is'believed'mainly due to the waste water-discharged
to the river directly. ' :

(4) The‘d0wnStream seéction past the confluence: of Taolin Chong
is affected -tidal flow, so the polluted materials are apt to
sediment, sludge deposits'denselytandjﬂés is.making:bad;smellgg;_
This sludge is believed to enhancefthe,deterioration~0f the'water
quality considerably. On the other hand, the'pollution concen- .



tration.is decreased between ST. 5 and St. 4 with decreased
river flow, therefore, the water quallity is considered to be
improving through the filtration-effect accompanying the under-
ground flow.

(5) During the period of observation, the replacement work of
the intercepting sewer was executed and the work completed in
December 1990. At present, the water quality at St. 3 is much
improved and: the load run-off ratic in the future shall be main-
tained at-a lower level.

(6) Anyang-shi, Kunpo-shi and Yiwang-shi are planned to con-
struct a sewage treatment plant - jointly in Anyang-shi -and com-~
Plete it by 1992. The construction work has been commenced
already. According to Annex D-17, these 3 cities have a plan to
expand the capacity phase by phase even after 1992, and by 2001,
100% of the waste water in the citles will be treated. Also when
this: plan was -implemented, the water quality of Anyang  Chong at
5t. 6 1s expected to be improved to 23.7 mg/l. in the annual
average of BOD.

8.1.2 Flow Regime

(1) In the planned section, more than 1/3 of the low water
channel width is covered by water, even when in the low water
level. Therefore, the maintenance flow is sufficiently supplied.

(2) - However,. there are places with stored waste water . at the
outlets of sewage to - the river directly and front of the over-
flowing of  the intercepting sewer. This ‘is not only spoiling
the.surroundihg scenery but also the source of bad smell. The
regime at these locatlon 1is also to be improved.

(3)  In the construction plan of :the sewage treatment facility of
‘Anyang-~shl as ‘menticned above, the treated water would be dis-
charged: into. Anyang Chong. ' Therefore, the flow .of Anyang Chong



would never. decrease even after the completion of the sewage
treatment facility. '

6.1.3 Space Utilization

(1) Since the major part on the right -bank of the planned sec-
tion is distanced by the roads and rallroad COvoreer1th'heavy
traffie from the residential area. This makes .difficult and
endangers that the residents visit to the river. Noise is also

staying in the river space.

(2)  Also the majority of the planned section is a quasi-indus-
trial zone, so it lacks green and spectacles. '

(3)°  No Tish inhabitating the river has been confirmed and no
wild bird has ever been sighted in the urban -area of the Metro-
politan because the river water quality is very.poor:. Botanical
plants in the riverbed ‘are also scarce and monotonous - Accord-
ingly, there is few natures to be protected.

(4) On the left bank in the planned section, a large scale con-
struction of high-storied condominiums are progreésing'and the
rapid increase park and green area is estimated with increase of
the .population. ' ' :

(5) -“In -2 Ynagping retarding basins on the right bank of . down:
stream, parking lots are constructed utilizing the upper space of
the basins. Construction plan of the similar parking lot are
also -progressing in 2 retarding basins of Toksan and -Shikong.

6.1.4 Flood Control
(1) - In the planned section in Seoul; the river. renovation:ratio

is'reaohing lOO%,-inCludingftheltributaries; éo:the'damage'dﬁe.to'
the water from the outer area is:considered mostly ‘prevented.



(2) However, the damage due to flood is occurring almost every
year because the increase of run-off coefficient in the basin
under the rapid urban development and the back water of the Han
River.-are overlapping.

{3) . Seocul is striﬁing for té reduce the damage due to flood by
adding the capacity of its drainage pump station though, what is
longed for 1is a long-term, comprehensive flood control project
which would iuvolve other cities in the basin.

6.2 Water Quality Improvement Plan

6.2.1 Baslc Policy

Basedwon'the problehs and future outlook as referred in ‘the above
~paragraphs;‘following basice policy'bn the water quality improve-
ment plan shall be set.

(1) To improve :the water quality of Anvang Chong fundamentally,
it ‘is mnecessary to improve sewer system 1in the. basin of Kaihoa
Chong andVWuryu'Chong.and intercepting ‘sewage runriing in the
planned-séction in addition to the improvemerit of sewer in the
upper basin bevond St. 6. B

(2) NThese~measures'arento be executed as a sewer project, howev-
er, ‘the “execution of which would takes considerable time while
the improvement of the residént'.1iving-envir0nment and the
‘effective utilization of the river space could not be expected.
Under such circumstances, any Teasible measure shall be used, to
execute as the river improvement works, so as to improve the
water Quaiityrasiearly as possible.

:(3) - The:measures to be applied to the river shall be ‘executed
from upstream .phase by:phase while checking ‘the water quality to



maximize the investment effect.

(4) When failed to attain the target water quality by the appli-
cation in the river channel, it is necessary to execute counter-
measures against pollutant source and the part between source and
river channel, however, concrete program is not mentioned here.

6.2.2 Target Water Quality

Environmental Bureau determined that the water quality of this
river should be Class V, however, the actual water quality: is
lowering " the limit that would not give any disconformity to the
people's daily life (Class V)" greatly, and terribly stinky.

Therefore, tentative target of water quality on Class V. (BOD
concentration is below 10 mg/l1) shall be set. This water quality
is the limit of making no bad smell caused by the decomposition

of organisms.

As stated previously, Anyang-shi's sewage ‘treatment fécility will
be operated fully (100%) in 2001, and the water quality at St. 6
is expected to be 1mprovéd by then to BOD .concentrations of 23.7
mg/1l, and- the target mentioned above could be attained until
2002 by operating appropriate river purifying :facilityf

However, judgihg-from'the current load measured in the downstream
past St. 6 and a possible‘increment of the load occurred here-
after, it appears to be very difficult to-attain the target in
the entire planning section by 2002, even It the arrangement  of

sewer were executed as per plan.

In order to clear the hurdle of Class V- in -the: entire.planning
section, it 1s necessary to execute orderily arfangements-and_
repair of sewage-related facilities in the downstream past St

in ‘parallel with the installation of water- guality- purification

facilities,



6.2.3 Selection of Applicable Technology

In the downstream side of the confluence of Torim Chong, which
river width is narrow, is belonging to the tidal area, sludge is
deposited -on -the river bed and HoS gas is generated through the
year. According to the survey  report of Environmental Bureau
prepared .in ‘1987, the thickness of sludge in this section was as
much as 30 cm, however, sludge is believed to be more than that
at present. Also, sludge would deposit arcund. the outlet of
dralnage pipe, intercepting sewer, etc. with bad smell.

‘Therefore, i1if the technology of "removing of sludge accumulated
in the river channeél" 1is applied, this would be very helpful in
improving the water quality, egpecially TfTor the prevention: of
stink though, it is difficult to evaluate ‘it quantitatively.
With the quality of water as'present, sludge would deposit again
in a short time, therefore, dredging should be done only after
the measures reducing the emission load and run-off ratio were
applied and the water-quality.is improved to a certain degree.

Besides, the removing of the sludge deposited in the river- chan-
nel will expand the area ‘of discharge section in the segment, it
"would definitely improve the safety of flood: control. ‘

The installation of "drop works" and "sheet flow channel" are not
sultable in the cases that the gradient of river bed 1s not so
sharp in the planned section. These facilities are expected
‘certain effects when the pollution of water quality is not terri-
ble, therefore, the application cannot be considered under the
condition as it is, because it would only increase the stink and
- expedite the deterioration of environment  as: the sludge wmuld
. deposit in the upstream.

‘The' 'application: of "installation of direct aeration system" and
"introduction of purifying water™ are difficult beecause such
facilities would require theilandfcorresponding to the discharge,
‘in. the case of Anyang Chong where the dlscharge is~ big and the
'water quality is extremely bad.



Conversely, "sedimentation pond" : and . "contact.. oxidation with
cobble plant" can be applied to the rilver chammel in the planned
section with considerable effect. expected.

However, according to the prospect of Water.Quality made in
Section 4.5, if the sewage treatment of the upstream remains as
it is, the water quality of the planned section in 2002 may have
BOD concentration of 84.5 mg/l even-at St. 6 and hardly expect of
the effect of contact oxidation:with cobble plant even if it was
applied. : :

If the sewage. treatment -of the upstream progressed on  schedule
~.and the water quallty of St. 6 is improved to 23.7 mg/l as envis-
aged, the target water quality-at 8t.6 could be attained by 2002
however, : the .attainment of this target water quality would be
failed if the condition of intercepted waste water in the Metro-
politan area remained as it is,

As a consequence .of .the above study, the - sedimentation pond: ‘and
contact -oxidation with cobble -plant shall be installed  and
simultaneously apply the measures eliminating the direct run-in
of sewage in-the_plaﬁned section in:order .to 'gain the target
water quality of Anyang Chong, and it is desirous to:dredge the
sludge deposited in the river channel:-after applying: these: meas-
ures to improve the water quality completely.-

8.2.4. Design Standard of Major Facilities
(1) . - Design water qualify

BCD concentratiou is adopted as envisaged in.Case'C of 4 cases
-set forth in Section-4.4:.1 applicable'tb'thefwaterfquélity
improvement facilitdes. in the river channel. Incidentally, S8
concentration shall. be worked out: from BOD concentration using
58/BOD ratio. wof the period-of investigation.: - The results are 
indicated in Table 6.2-1 below: S R IR



Table 86.2-1 Designed Water Quality of the Water Quality
Improvement Facillity in Anyang Chong

‘Anyang Chong Unit:mg/1

Year(Item) St.1-St.2-St.4 St.55t.6 8t.3

1990 (BOD) -55.5 59.5 52.5 5b6.7 48.8 23.0

(88} ~ 56.4 53.9 67.0 42.9 41.1 42.0
2002 (BOD)  '39.0 37.7 33.7 35.3°23.7 38.2
(S8) 58.5 56.6 50.6 53.0 35.6 57.3
2010(BOD) - 47.3 44.7°39.8 14,2 23.7 38.2

(88) 71.0 67.1 59.7 61.8 35.6 57.3

(2) Design discharge

The design water quallty described above has been worked out
'basing on the:aﬁerége value of the water gquality imeasured every
- month during 3anuafy 1990 and May 1991. Therefore, they could be
considered as 50% value. Accordingly, as regards the design dis-
chargé corresponding to them, ordinary dischargel(Q185) which is
approximate to 50% value, is adopted, however that in Table 3.1-
4, ‘the-values of St. 1 and St. 4 are made smaller than that of
the‘ﬁpstream being'affectedﬂby'the'underground flow, so a supple-
mentary correction was made as shown in Table 6.2-2, referring to
specific discharge, ete.

“Table 6.2-2 Designed Discharge of ' the Water Quality
: . . Improvement Facility 1n Anyang Chong

"'Aﬁ§apg Chong f ) . _Uﬁii;mS/l

St.1 O Sti2 'St.4 St.5 St.6  St.3

P 'QilssﬁdaY)_egssz 8.962 7.494  5.630 3.252 2.268




(3) Treatment method

When the deslign water quality has values as shown in Table 6.2-1,
the load to be removed to clear the target water QUaliLy {BOD
concentration: 10 mg/l) at each standard point is calculated as
shown in Table 6.2-3. And simultaneously, the type of treatment
corresponding to the 1oad to be removed 1s selected from Table
4.4-8 and added it to Table 6.2- 3, providing that installing the
facilities from the upstream down is a precondition.

Table 6.2-3 Removal Load and Treatment Method for
Accomplishing the Target Water Quality

unit:kg/day

St.1 St.2 St.4  St.5 St.8
2002 ——— 17,291 9,346 34,751 3,862
_ R o ‘ o . (type 4)
2010 — 22 241 12,574 53,554 - '

(type 5) (type 5) (type 4)

(4) -Treatment'eapacity

Fig.6.2-1 represents the relation between the treatment capacity
of the proposed contact oxidation with cobble plant-at” St. 6 and
the river flow or the water temperature. :

The actual river flow exceeds the design ~discharge for approxi-
mately 170 days per year, however, it is expected that the target
water quality can be sutisfied in the’ mixed condition of the
treated water and the river flow, because it is recognized “that
‘the BOD concentration tends to ‘decrease ir the river flow in-
creases. In winter season, the water quality deterlorates and
the removal ratio of the plant decreases, However, it is possi-
ble to maintelin the ‘equivalent réméoval ratio at” the de31gn water
‘temperature by extending the detention time because the river
flow gets lower than the design discharge.
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6.2.5 Expected Water Qﬁalitf Improvement Effect

As there is no .effective alternate measure applicable to the
water quality of this river, only the effect of the water quality
improvement of these case as established in 8.2.4 which would
Install treatment facllities from- the upstream down is expfgssed'
by the river water dquality and amount'of load_(Figs. 6.2+2 and
6.2-3). '

To attain the target water quality in the entire planning sec-
tien, it is necessary to install a complex treatment faéiiity
comprising of the sediment pond aﬁd contact oxidation with. cobble
plant from St. 6 to St.2 phase by phase though, it is gquite
obvious ‘that thé effect of installing such facilities at St. 5 is
great. ' -

6.3 Space Improvement Plan

1

6.3.1 Basic. Policy

Based on the problems and future outloock as described in the
preceding paragraphs, the ba$jc;policy,of the space improvement
plan of Anyvang Chdng is determined as follows.

(1) Improvement shaii:be proceeded with recovering and gféwing
the nature, almost défunct'HOWadays, Surrounding the river.

(2) Since the mﬁjsf?béd‘haé“theibrOadéf-width.which is eﬁbugh to
harbor sporting facilities theréin. sporting and-heéltthOntrol
facilities will be provided for the residents. .

(3) ”Inithe areajwhere'a'highetfffequency of ‘lpundation 1s antic-

ipated, arrangement .and improvement preconditioned inundation
shall be made. '

Vi—-12



mg/|

Start of St.2 Plant

BOD in 2002
100
50
] ¥ithout Countermeasurs
B . b MEG Plant 4
™ ""_:" . ] Start of 5t.5 Plent T
Start of St.4|Plant .
=
St St.2 St4 St.5 ’ 5t.6
T gl
BOD .111 2010
100
50 . . L ',
- - : - ¥ithout Countersapsure
| .tﬁ__ o \_w Plent

Start of Slt.i Plant Start of S5t.5 Plant

st $t2  St4 St.5

§t.6

“Fig. 6.2-2 " Estimation of Water Quality when Water
Quality Improvement Plant Installed

VI-13



in 2002

wn

t.5

Fig..6.2-3 Estimation of Pollution Load;Balance when
Water Quality'Improvemént-Plant Installed .

Vi-14

Hase Batance of BOD {a Anyang Chong at 2002 unkt:kg/day
Enflov Lord
3264 4694 10512
Bun~of{ Eord J
) __2%330 29192 21820
\ Z751
v e S U
Resova! Losd :_3852
E S g & &
E g 3 = ol
St1 St.2 St st5 ste
Mazs Balance of BOD {n Anrang Chong At 2010 unlkt:kg/day “in 2010
Inflor Load '
47 © 88a2 5129 13382
1125
Run-of t Load
; ._.base
"275?
1573 3862
t+ Rezoval Load :
o] = .
8 & g 3 g
b 3 B b “
St1 " St2 st 516



6.3.2 Zoning and Improvement Plan for Each Zone

Zoning in the planned section is provided combining the space
classification described in 3.6.1 and the land use mentioned in
4.5.1 (Fig. 6.3-1). The established zone is divided into 3
“types, i,e. multipurpose zone, family zone and natural zone. The
results of zoning'is'shown in Fig. 6.3-1 and the layouts of the
3 zones are shown in Fig. 6.3-2.

Multipurpose zone

"3.75 km)
5.5 km)

Area to be improved: Left bank (L
Right bank (L

1

Improvement policy:
a. Walking road shall be provided to have the segment .
under plan kKeep a link with it. N
b. The facilltles ‘shall be utilized by factory workers
to "have them enjoy spofts or rest

Major facilities: _ _
Walking road, sport ground,-gréen plaza(provided with health
increasing equipmént and playthings), esting park (provided
with bench and shelter).

Family zone
Area to be improved: Left bank (L
Right hank (L

8.8 ki)
7.8 km)

Improvement policy:
a. Walking road shall be provided to have the segment
under plan keep a link with it
.~ b. Flowers Shall'be'planted to beautify the major bed
Major facilities: |
 Wa1k1ng road, sub-area park, flower bed, and green plaza.

. Natural'zone

 Outline is referred to. 6 3 3, since'it is corresponding to
‘M3 area of model site. ' '
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6.3.3. TImprovement Plan for the Model Site

Based on the comprehensive evaluation made with regard to the
utilization demand and the degree of adaptability'of'each ‘section
as shown in Section 3.6.2, 3 sites of planned section in Anyang
Chong shall be improved as the priority sites.

ML site (Right bank No. 79 - 95)

Area to be improved: 12 ha (L = 800m)

Improvement policy:
a. To provide Tacilities to have people 1mprove health

while playing sports. '

b. To provide a plaza to have people hold events

Major facilities: IR
Plaza (1), tennis court (5), volleyball'cbﬁrt' (3), Zgreen
plaza (1), walking road, resting fa0111ties (bench - 340,
shelter - 2), lavatory (2 points), control facility {stair-
cases - 3 places, trash bins in 5 polints)

M2 site (Left bank No. 84 - 102)
Area to be improved: 12 ha (L = 900m)
Improvement policy'
a. To provide facillties to have people improve health
while playing sports
b. To provide a plaza to have_people'ho;dfevents

Major facilities: Plaza (1), soccer'coat'(1);”teﬁnis:couft (2),-
volleyball court (1), - -green’ ‘plaza (1)._ 
flower bed, resting facilitles (bench - iéO.
shelter - 2), lavatory (2 p01nte), '
control facility (staircase3'~ 3 places,
trash bins in & p01nts) ' L

M3 site (Left bank No. 146 - 159)
‘Area to be'improved"_s ha (L = 650m)
Improvement policy }
a. To nurture the natural env1ronment utilizing a varlety
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of plants comprising trees around the riverside.
b. To arrange and improve the area to enable people to
enjoy walking or rest In the natural environment.
Major facilities: '
Natural walking road (1,100 m), natural embankment (630 m},
resting Tfacilities (bench - 24), lavatory (2 points), con-
trol facility (trash bins in 6 points)

6.3.4 Facility and Planting plans
{1) Facility plan

In the facility plan, the following points shall be considered
specifically. '

(a) Precast concrete and Plastics shall compose the major
part of facility and material used therefore, to minimize the
damage due to inundation. .

{b) Lavatory, control structure and sporting facility shall
be of portable construction in consideration of the time of
inundation

(c) facilities must be easily maintainable and controllable.

(2) Planting plan

In the planting, the following points shall be considered specif-
ically.

(a) When growing flowers on the major bed, flowers inhabit-
ing aroundlthe riverbank shall be transplanted for the sake'
of the maintenance of nature. _

(b) For the major bed that would suffer inundation, plant
flowers which could easily beatify the surrounding, less
‘expensive, highly anti-hygro prytic, selecting the Kkinds
capable to bloom even under haphazard control.
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Chapter 7 The Basic River Environment Improvement Plan
for Yangjae Chong

The water quality standard desired for Yangjae Chong is Class 11
and composite treatment which shall mainly implement contact
oxidation with cobble plant shall be the basis of the water
quality improvement plan for this river. Due to the river space
restriétions. the installation of treatment facilities at the
upstream area of the Yangjae Chong and Yoi Chong confluence is
difficult. The water quality in St. 1 is expected to further
deteriorate in future, and the installation of treatment facili-
ties in this area will only affect 300 m of the area. - The treat-
ment facilities, therefore, shall be installed near St. 2. The
' desired'water<Quality standard in the St. 2 area can he-achiéved
despite the future increase in the pollution load from the up-
stream basin covering Yoi Chong. However, it is difficult to
reach Class V.if the misconnection of the cess pipe and the storm
sewer in St. 2 downstream is not repaired.

There is no need to implement the flow regime improvement plan in
Yangjae'ChOng‘because-it has enough flow to propagate water
familiarity functions. '

In contrast to the other rivers, the Yangjae Chong area is
blessed with a rich natural environment. The quality of the
water between St. 1 aund St. 2 can be actually improved up to fhe
desiredslevel“by 2010 if the misconnection of the cess Pipe and
' the storm sewer ‘is repaired. - High water'familiarity functions
which are farely'attained; can’ be achieved through the implemen-
tatibn of an appropriate river space 1mprovement plan. Plazas
that will help propagate water familiarity functions shall be
constructed in 2 places, the confluence of Yangjae Chong and Tan
Chong shailibermade;into:a'nature zone i for the consideration of
the ecological system, and a zone for the preservation of the
naturalfenvironment-sh&llibe.construCted upstream from the con-
fluence of Yangjae Chong and Yoi Chong. '



7.1 Problem and Future Qutlook on River Environment -

Prior to planned the basic concept of environment improvement
plan of Yangjac Chong, the problems and future outlook of the
present environment condition, referred to mainly 'in Chapters 3
and 4, are -summarized as the filelds of water quality, flow

regime, space utilization and flood control.

T7.1.1 Water Quality

(1) BOD and COD concentrations lower Class V- of.the river envi-
ronmental standards. However, summer-fall Seasons when discharge
is large, the water gquality will be improved coﬁsiderably. i.e.,
the water quality will clear nearly all items of Class II1I of the
river water quality: standard. :

{(2)  The-majority.of- the load-discharged.from'the'basin.is'of-the
domestic origin; presumably 25% from Kwachon-shi and 75% from.the

Metropolitan.

(8) . In planned section, the water quality is deteriorated from
the upstream to down. Water flowing from Yoi Chong and' the
sewage coming from the rain duct opening its outlet on the right
bank-at a point between St. 2 and St. ‘1.are considered to -be the

main causes.

(4) When the erroneous connection: of the sewage pipe to the. rain
duct was not renovated, BOD concentration of St. 1 would exceed
40 mg/l in 2002 and 50 mg/l:'in 2010. On. the other -hand, if: such
renovation is executed cbmpletely.-BOD concentration may remain

in 10 mg/l or so. -

(5) - The major part of the basin of Yoi Chong, one of the tribu-
taries, 1is 1included in.the;development'restrietedﬁarea,whoweVer;
the water-.quality is averaging worse thanﬂthat'df?theamainwriver;
especially in the upstream.;-ThisxiSfmainlyrcausedfbyntheg“domes»



tic sewape of the villages discharged into the river directly
gsince no intercepting sewer is provided In fthe upstream.

7.1.2 TFlow Regime

{1) Since the separated sewerage system is applied in the urban
area and treated water of the sewage treatment plant in Kwachon-
shi igs discharged into Yangjae Chong, reduction of river flow has
never occurred due to the orderly arrangement of sewage treatment
system. Also the fact that the natural environment is well
maintained in'the upstream area is believed to contribute to the
flow mainténance.

{2). - In the Yangjae Chong basin, non-urban area is occupying -a
great part, and the majority of which are deslignated as the
development restricted zones. To maintain the present level of
river flow, keeping of this development restricted zones "and
maintaining of the pnatural enviromment would be essential.

7.1.3 Space Utilization

(1) In the downstream, the vicinity of river is reclaimed so the
difference in height between the embankment and the major bed
hecomes 10 m or more where the depth is great and'the gradient of
slope becomes 1 : 0.5 or so. Up-and-down approach: to’ the major
bed via embankment would be danger. )

(2) On the left bank between Yongdong 2 Bridge and Yengdong 6

‘Bridge, a vehicle road is running in parallel with the river.
This makes the approaCh by the people living nearby to the river
difficult. o

(8) Since the exterior land at the confluence with Tan Chong has
good conditions to have wild birds, insects and hygrophytes
Ainhabit  there. It is very desirous to kecp such natural condi-.



tions for. ever.

(4) It is not known if there is any plan to occupy the river

space.

T.1.4 Flood Control

(1) ~The flood control of the river in Seoul is relatively good
as the renovation ratio of the river channel is: reaching 100%.

(2) Howéver.:in the lower land ‘in the vicinity of Tan Chong
confluence, the damage due to the inside water occurs during the
flood season. It 1is therefore necessary to provide a drainagé
pump station while raising the ground level of-this area. .

7.2 . Water Quality. Improvement Plan
7.2.1 Basic Pelicy

Basing on the points st issue and future outlook as referred to
in the preceding paragraph, a basic policy of the water quality
" improvement plan shall- be established as follows.: :

(1) -Since this .river provides a relatively good water in quanti-
ty and gquality except=for-some parts, . it can be expected to
attain high standard recreational.zonegwith.water~familiarity-by
water quality improvement work which cannot be executed 'in other

‘river section.

(2) For such a reason,  erroneous connection of the sewage pipe
to the rain duct between St. 1 and St. 2 should be renovated. .
When this renovation was not made.’the'targét_water quality of
this segment could not be attained by 2002.: S Vo

{3) ‘The reason.why the water qUality-ofrﬂpstreaﬁ"beyohd St. :2:is



comparatively good 1s that the proportion of the development
restricted area occupied in this basin is great. Therefore to
maintain a good water quality, It 1s necessary to keep this
development restricted area and ensure that the sewage treatment
- of this area be operated properly.

(4} Since the tributary of Yol Chong has few sources of pollu-
tion, it does not affect the river water quality of the river,
however, when the development progressed, it may also influence
the river. Therefore, the discharge of Yoi Chong shall be in-
cliuded. when the measures for the river channel ‘is considered.

7.2.2 ‘Target Water Quality

This:river_lacks the water quality standards established by
Environmental Bureau because of ~ a quasi-river. The Seoul Gov-
ernment - has' never determined thils standard. HBowever, the water
quality of Tén.Chong Jolining this river is classified as Class II
‘by Environmental Buréau. Therefore, the target water quality of
this river shall be defined as Class II.

This standard -defines this river as a model river of the small-
medium river ‘environmental - improvement. project at such a level
that "is suitable to ‘swimming and playing in the water and this
concept is cOmpatible with the basic policy’' of this scheme 1in-
tending to create a quality recreation space possessing a great
deal of hydrophlle properties.

- Av St.-4;=the-curtent annual average water quality has cleared
Class IIT ‘and would not worsen even 2002. However, when the
improvement of pipe. intercepting sewage did not progress, BOD
concentration at St. 2 may eXceed 10 mg/l in 2002 under its
‘influerice. Thefefore o clear the target water quality of the
river c¢hannel, we need some water puriflcation facilities.

- Also, when' the erroneocusly connected sewage plipe to the rain duct



between St. 1 and St. 2 was not renovated, BOD concentration of
§t. 1 would exceed 40 mg/l1 even in 2002. -Whereas, this segment
is in the downstream of the segments under plan, so providing any
purification facility in the river channel makes no sense. - It is
therefore indispensable to renovate the erroneous connection if
intended to attain the target water quality.

7.2.3° Selection of Applicable Techniques

Since the major material of the river bed'is sand and there is
not much deposited sludge to be removed, "dredging of sludge
deposited in the river channel” will not be applied.

As to the installation of "fall works " and "sheet flow channel",
the equivalent evaluation is.difficult about the application, ‘the
effects of water quality improvement by these. facilities are
expected.in—this-river-beCauSe the gradient of the river bed is
- relatively steep and the water quality is not - so -bad. . Installa-
tion of a pilot facility to measure the effeéct, in accordance
with water familiarity, can be considered.

"Direct aeration system" and "introduction of ‘water for purifica-
tion" will require - land of ‘the facility corresponding to the size
~of discharge;, so the application is difficult in:the. case -of this
river. as it has plenty water. S : :

As described above, what is advisable in Yahgjaé Chong is .that
sediment pond treatment and contact oxidization with cobbles
plant shall be used, and if the results of pilot facilities will
be. in : success, Tall works and sheet flow channel will also be

applied.

In01dentally, the water quality puriflcatlon facllity is-desirous
to be installed- at a spot where ~the water quallty found to- be
worst. But when it W1ll be installed at St. 1, the improved
section will be only 300 m.: Also, -the river width in thersvieini-



ty of 8t, 3 is narrow and the intercepting sewer is provided in
‘the small tiers of the bank of the both sides, hence the instal-
lation of purification facility is difficult. Therefore, such a
purification facility shall be installed in the vicinity of 8t.
2, and the water quality improvement of the downstream of that
shall be done by renovating the erroneous connection.

7.2.4 Design Criteria of Major Facility
(1) Design water quality

The river water quality shall be adopted ~-Case 1 of two cases
provided in Section 4.4.% with assumptions the worst condition,
which will be the base on designing facilities. ' As the index of
water quality, BOD_and-SS'Concentration'shall-be'adopted, S8
concentration  shall be worked out from BOD concentration using
S8/BOD ratilc during the period of investigation.

The result is shown in Table. 7.2-1.

Table 7.2-1 Designed Water Quality for Water Quality ILimprovement
Facility in Yangjae Chong

Unit:mg/1.
Year(Item)  St.1  St.2 St.4 St.3
1990 (BOD) 13.5 5 5.1 11.2
(s§) .. . -83.9 21.3 24.4 13.2
22002(BOD)  45.3  13.4 5.1  29.0
(88) .~ 181.2 53.6 20.4 116.0
2010(BOD) 55.6 15.3 5.1  34.7

.(88) . . 222.4 . 61.2 20.4 138.8

(2) 'Design discharge -

The design water quality deéscribed abové' has' been worked out
based -on the average of measured values every month during July



1990 and May 1991. Accordingly, this could be taken For approxi-
mately - 50% wvalue, Therefore, with regard to corresponding to
the above, the ordinary discharge (Q185) is used as the design
discharge (Table 7.2-2).

Table 7.2-2 Designed Discharge Water Quality ImproVement
Faciliity in YangJae Chong ' : -
Unit:ms/sec

St.1 st.2  St.4 St.3

Q{185-day) 0.736 0.645 ¢.397 0.152

(3) Type of treatment

When the - purification facility is installed at the 'St.2, the
load -to be moved to clear the target water quality (BOD concen-
tration 6 mg/l) is calculated 411 kg/day in 2002 and 520 kg/day
in 2010. Accordingly,. Type 2 of-Table 4.4-8 is con51dered to-be
appropriate.

{4) Treatment capacity

Fig.7.2-1 represents the relatlon between the treatment capacity
of the proposed contact 0¥1dation with cobble plant at £t.2 and
the river flow or the water. temperature

The actual river flow exceeds the design discharge for approxi-
mately 170 days per year, however, it is expected that the target
water quality can be sutisfied in the mixed condltlon of the
treated water and the river flow, beeause it 1is recognized that
the BOD concentration tends to ‘decrease 1f the river flow in-
creases. In winter. season, the water quality deterlorates and
the removal ratio of the plant decreases. However, =1t is possi-
ble to maintein the equlvalent removal ratio at the design water
temperature by’ extendlng the detention time. because the rlver
flow gets lower than the design discharge. .
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7.2.5 Expected Effect of Water Quality Improvement

If such a water purification fTacility as-described’above was
provided, the target water quality will be obtained ‘at St. 2,
even if the load flowing will be increased. Also, when the erro-
neocus connection of the sewage pipe to the rain dUctrbetWeen'St.
2 and St. 1 was renovated, the quality will be attained Class IT.
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7.3 Space Improvement Plan

7.3.1 Basic Policy

Basing on the problems and future outléok as enumerated in the
preceding paragraphs, the basic pol1cy of space dmprovement plan
of Yangjae Chong 1is. ‘defined as follows. '

(1) As the rich nature remains'in the vicinity of the planned
section compared to the other rivers, improvements shall be made
with the utmost care of not damdglng such a natire. Especially,
creatures living around the riverside shall be kept and nurtured
carefully so as to enable the inhabitants intimate with them.

(2) Since the river water quality is relatively good, highly
water familiarity will be provided. '

7.3.2 ZoningIand'Iﬁprovement”PlénffotiEéch Zdne{

Combining the space segment shown in Section 3 3.1 and the mode
of utilization ' shown in Section 4.5.2, zoning between the sec-
tions is preparﬁd (Fig. 7.3-1). - The provlded zones.are 3 types ,
i.e., natural zonefnaﬁural preservation zone and family zone.

Natural zone

Area to be improved' 2 ha (L = 0.25 km x 2)
Improvement pollcy
a. Walking road shall be provided in the segment under plan
to have the segment keep a link with_lt.
b. Breed and nurture the creatures and plants around river-
side paying attention to the natural ecosystem so as to
make the-spectacle'of rich nature last long.

Major facilities:
Walking road, resting facilities and control facilitles
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Natural preserving zone

Area to be improved: 5 ha (L = 1.1 km x 2)
Improvement ‘policy: '
a. Walking shall be provided in the segment under plan to
have the segment Keep a 1ink with it.
Existing natural environment shall be maintained.
¢. Improvement having a link with the adjacent public park
shall be made.
Major facilities:
Walking road, green plaza,planting, resting facilities and
control facilities. : '

- Family zone

Area to be improved: Left bank 14 ha,
‘ right bank 16 ha (L= 3.04 x 2)
Improvement policy:
a. Walking shall be provided in the segment under plan to
have the segment keep a link with it. -
b. Improve the facilities so as to enable the riverside
people to take rest and increase health. '
Major facilities:
Walking road, green plaza, resting'facilities*'and control
facilities, ' ‘ o
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7.3.3 TImprovement Plan of the Model Site

In accordance with the comprehensive evaluation made with regard
to the demand for utilization and aptitude level of each area as
shown in- 3.6.2, 2 areas shall be given the. priorities . in the
improvement of section under scheme of Yangjae Chong. '

ML site (No. 49 - 73)

Area to be improved: 11 ha (L = 2.4)

JImprovement Policy:. o : .
Improve the space so as to enable the people to take rest on
the river bed comfortably at any time as it is located close
to the residence area.

Major facllity:

Hydrophile plaza (2}, . L o e S
green plaza (30,500) ha),walking road (total extension 3,600
-m),  health increasing equipment (30), resting - (bench - - 30
shelter - 40 control facilitiés (staircases - 6 places and

trash bins in 6
M2 Area (No. 100 - 120) .

Area to be improved: 7 ha (L = 2 km)

Improvement Pdlicy: .
{a) Improve the park road to endble the riverside people and
the frequenters to the adjacent park to enjoy walking and
rest, '
(b) Improve the facilities to enable the people to enjoy
sports.readily..

Major facilities: .
Hydrophile plaia (2),natural walking road (9 hydrophyté
garden (6,000 mz), health increasing equipment (15), resting -
tacilities (bench - 15, shelter - 4control facilities stair
case -~ 10 and trash bins in 10 ' ' R



7.3.4 Facilities and Planting Plan

(1)

(2)

Facility plan

(a) Any type of facility and the materials used therefore
shall be such that would suffer less damage even under the
flood.

(b) Only materials giving natural feeling shall be used to
harmonize them with the surréundihg natural environment.

"{c¢} Facilities shall be such that are easily maintained and

controlled.
Planting plan

(a) In the natural zone and the zoné utilizing the nature,
transplant the types of trees growing by the riverside.

(b} * On the embankment in.the Tamily zone, plant taller trees
so that a good green belt would be made without interruption
and plant the flowers having hydrophile properties in the
ma jor bed.
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Chapter 8 : The Basic¢ River Environment Improvement Plan
for Ui Chong

The water quality in the planned Ui Chong area is presumed to be
roughly - mdintained at Class I11 the year round, because the
apparent run-off ratio of pollution load ig low, Conscquently,
there will be no water quality improvement plan for this river.
Only a flow regime improvement plan shall be formulated.

Flow maintenance in this river can be viewed through the recovery
and activation of water familiarity functions since the river
water is not used for particular purposes. However, it is esti-
mated that about 0.1 w3/s of water supply is required when the
water level is low. This water requirement can be supplied
through water conveyance from Han River and the construction of a
dam upstream. Both means, however, are considered as economicai-
1y impraetiCal.‘-Therefore, a water surface with a fixed extent
shall be formed-by'constructing a weir at the base where the
demands for water familiarity functions are particularly high.
As a safety ‘Precaution against floods, movable welrs shall be
used, and ‘to prevent the water from standing, water collected
from the upstream tributaries shall be delivered to the upstream
section of the weir.

In addition, the low water channel shall be modified to create a
visually satisfying flow ‘and,. at the same- time, to quickiy remove
sludge dlscharged from the sewer pipes during rainy days.

“The water quallty in St. 2 tends to deteriorate due to standing
‘water. Therefore, the modification of the low water channel is
expected to improve the water quality in this station.

A ‘plaza’ shall be mainly eonstructed on the water surface afore-
mentioned. : The: constructlon of the plaza is aimed to develop the
1nterre1ationsh1p ‘between the ‘old and the young generation, or
the new and:the 0ld ‘residents. Perpendicular revetmentis can be
:fbund-dbﬁnStream?fromﬁthe,weir, and since these revetments spoil



the landscape, they shall be modified to improve.the landscape.

8.1 Problem and Future Outlook on .River Environment

Prior‘to-planning‘the:baSic environment improvement :plan,. the
problems and fTuture -outlook of ‘the environmental! condition de-
scribed in Chapter 3-4, are summarized.

B8.1.1 Water Quality -

(1) - 'Seasonal variation of the water quality was not observed- . in
this river, and almost clears the Class TII standard.

(2). -However, the water quality:at:-8t.1 is lowered Class III
level frequeritly. - The. reason is. that this point is .located
upstream -of the:fall work -and therefore ﬁater-Wouid-Stay when the
discharge is a: littlie -and organisms are' accumulated.. H,8 is also
generated here:in summer with bad smell. :

(39:- The maJority of the pollutant load- discharged from the basin
-is: of the domestic origin. * R : :

(4) Many restaurants and hotels are built up in the upstream
beyond Pukansan Bridge and- for. service to the visitors, and
waste water flows to the river directly and trash’ and . junks are
scattered.qevérywheve; ' ' '

8.1.2 Flow Regime

(1) . The flow is a little- thfough‘the year, a considerable. part
-of. the river has no-water or few:during the dry or low: water
season. Thils is: explained that major tributaries,.Daedong Chong,
Hwakohu .Chong-and -Kwao' Chong, are:transformed to :'sewage rivers
‘and the flow of these rivers: 1s 1ntercepted ‘before- reaching the



confluence with the main river, and that the under flow water of
the main river is relatively not small.

{2) Because of a scanty flow, a water-staying area 1s made in
the upstream beyond the drop work only to invite junks, trash and
organisms which in turn deposit there and cause to generate algae
scattering stink and spoils the spectacles.

8.1.3 Space Utilization

(1) While the upstream is favored with relatively rich nature
and .excellent spectacles, no such natural environment and specta-
¢les worthy to appropriate exist in the downstream. -Also, in the
downstream, many obstacles such as.‘overhanging of road, parapet
wall fence, etc. are preventing the approach to the exterior
“land. . - ' ' :

(2) - There is a plan to cover the river over 6860 m to construct a
~parking lot in the vicinity of Wolgye in Nowon-gu.

8.1.4 TFlood Control

(1) Since the river improvement ratio has .reached 100%, while
development of the basin ‘is closer to the point of saturation,
the:discharge hereafter will be not increased. greatly..

(2} However;-the:50%Year'f100ding.probability-iS‘COnsidered.to
be insufficient as an urban river, it'is'necessary=t0'expandfthe
planning size hereafter. '

1(3) ! Also - the damage caused by the 1nland-water attiibutable: to
The “back flow of ‘Chungryang -Chong occurs occasionally, so a
.comprehensive flood control plan including - Chungryang Chong
would be required.



8.2 Tlow Regime Improvement Plan .

8.2.1 Basic Policy

Environmental Bureau 1s not establishing the water quality stand-
ard of this river though, the water quality standard of the
confluence of this river and Chungyrang Chong is made Class 11T,
According to a prospect made with regard to the water quality,
the water quality at 2 measuring points could clear Class ITI in
2002, ‘even no special measures were applied to this river.

-Aiso; even in 2010, BOD concentration would slightly exceed 7
mg/1. Therefore, by applying.the flow regime improvement meas-
ures ‘asg- described in the following paragraph, it -could contain
BOD concentration under 6 mg/l. ' '

Accordingly, with regard to this river, we would not consider the
water quallty improvement plan particularly but plan the flow
regime improvement plan only. The~b631c.pollcy“of‘flow reglme
improvement plan shall be established as follows basing on: the
status as described.above and the future outlook.

(1) From the viewpoint of keéping water familiarlty function,
the supplementary water shall be introduced to.cover the shortage
©of. flow under the current condition.

(2) However, when a sufficient supplementary water. cannot - be
gained, or even had, if it is considered to be difficult to
-eXecute it technically,and:econbmiCally,-a’planVeHSuresxcertain
level of. water as the second best policy,.

(3) Also, modification of the river flow, by improVing the flow -
regime as far as possible during the dry -and low water level
seasons, 's0 as to create a certdin water-surface as .the object ‘of
a spectacle. while preventing the: deposit of - sludge during ‘the
flood season. R fe



8.2.2 Target Flow Regiie

There is no established method defining the flow to be maintained
from the viewpoint of recovering and utilizing the hydrophile
function, as already described in 4.2.3. Therefore, in the case
of 'this river, the flow to be maintained under such a concept
satisfying  visually, if at least 1/3 of the low river channel
width is covered with water. The result is shown in table 8.2-1.

Tabie 8.2-1 Trial Calculation of Maintenance Discharge in Ui
Chong

Station Width of Width of _Maintenance Mean Maintenance
Low Flow: . Flow - Depth -~ Velocity Flow
Channel Surface ‘
(m) - (m) -~ (m) (m) (n3/sec)
St.1 13.0 4 S 0:1°te 0.2 0.1 0.04 to 0.08

8t.2 34.0 11 “0.1.to 0.2 0.1 0.11 to 0.22

# Mean velocity was calculated from measured values.
When the flow at 2 base points Joined together, the flow-to-be-

maintained:wOuid‘become 0.1 m3/s or so. The flow to be lost-
through'evapofation and/or- underground water duaring the .course of
flowihg~d0wﬁ-is'¢ailed "the lost flow”: granting that such lost
flow is 0.1 m3/s.or so, the ‘total flow ‘would be 0.2:m3lsr--Since'
the:flow at St.1 -and 8t. 2 during the low water level is. . 0.05 -
0.1 m3/s, during such a season the supplementary water to be
reéquired would be 0.1 - 0.5 mS/s.

8.2.3. Selection of Applicable Techniques
il).*Utilizationwof:water of reservoir
-Since there-is no: reservoir in the’ Ui Chong basin, 1t is required

to construct new reservoir in. the: upstream to secure the supple-
mentary water. iThe gradlent: of this river is.sharp and the



development is advancing far up to the upStream. “Therefore, the
point to secure a certain volume of water is limited to an area
of 200 m above, the sea level. (area of basin: 7.5 kmz).

And, the relation between the dam height and water to be reserved
from the t0pogfaphy of this point and discharge the supplementary
water can be calculated trial in the preceding paragraph during
the low water level season (0.1 - 0.15 mS/s) from such a reser-
‘voir, the numbher of days capable to discharge the water would
become as shown in Table 8.2-2.

Table 8.2-2 Relation between Dam Height and Water Supply Days

- - Dam -Height Storage Flowing Days

(m) (m3/sec) {day)
40 - - - : 453,000 52

30 - © 204,000 - 24

25 .. L ©1285000 15

20 - - - - 70,000 8

Even 1f such a'dam -having a height of 40 m was provided, ‘it could
supply -only half the requirement of low water level season. If
taking .the. expenses such. as the compensation for the land. pur-
chased, construction -of new roads, works called for:--to - prevent
the earth and.sand flowlng out, etc. 'into consideration,  the
secured - of flow to: ‘be maintained by constructing a new reserV01r
may-. not be. Justified as realistic.

(2) Water take-in at the upstream

Daedong Chong, Kwao Chong. and Hwakohu - Chong, tributaries on the.
right bank, are sewage rivers. 1In normal time, the flow of these
rivers,'togetherrsewage flows in the. pipeWihtercepting:them'at
the confluence with the main river and ‘never flow in the main
river. Therefore, it is conceivable to provide ‘a water: ‘take- in
station in the upstream'ofwthese.tributaries.-introducerthe"flow
to the main river by pipe’ or culvert before it would mixed in



with sewage and use it as the supplementary water.

This «concept has ‘such merits that the distance conducting water
is short and not requiring any large dam and pump station, etc.,
though, the area of basin of 3 tributaries is not big, and Tor
such a reason, -the available water during the 1low water level
season would be less than 0.01 m3/s in total. Accordingly, it is
difficult to secure the quantity to be supplied, under the previ-
‘ously calculated figures.

{3) Utilization of ground water

The "ground of the basin of this river 1s granite and the river
drift covering it is almost nil, hence the: opportunity of obtaln-
ing ground water other than the underground water is considered
to be Very'low. Judging-from the geographical map, the point
where underground would concentrate  is the vicinity of the- con-
flUGnce of Kwao Chong. As stated in 3.3.2, the average volume to
be able to suck from a well 1s 4 x 10% m3/day or so (1f defined
the sucking hour is 8 hdurs; then 0.014 m3/s). To grasp the
supply-potential and the volume available for sucking, a separate
investigation' of ground ‘water will be necessary, however, it
would be . not enough to cover the volume to be supplemented.

{4) .Regulatidn of ‘low water channel

Since the low water channel work of this river in the planning
seCtionais:not=regulated at ali, the flow during:  the low water
level season tends to discontinue or become stagnant and acceler-
ates evaporation and underground Water; By the regulating and
eliminating such discontinuation and stagnancy, it would not only
affect the spectacle favorably but also improve the water quality
‘and flow.. B ' '

.'(5) Installation of the weir: (Dam)

In . the section to be Pprovided certain water-surface on the spec-



tacle, the necessity of providing a weir should be considered in
addition to the regulation of low water channel. Such weir,
however, should be removable to ensure the safety in the time of
flood.

As stated above, as this river.lacks an appropriate means to
secure. the Supplementary' water over the entire segments under
prlan, -improvement of spectacle through the regulation of ‘the low
water channel should be the base of all planning.-

Especially, for the segment reguired of a higher hydrophile
function (the model site for instance}, a welir shall be provided
to secure a certain area of water-surface. This weir should bhe
removable and the flow shall be supplemented with water -taken -in

the upstream avoiding stagnation there.

8.2.4 Design Criteria of Major Facility
(1) Removable weir

A rubber dam shall be considered because simple in mechanism and
easy to maintain and control. The point where rubber weir will
be provided in the vicinity of Point No. 59 which then becomes
the base point of the space improvement. At this point, a water
surface surrounded by a weir of 650 - 700:-m (L) x 1.0:m (H):x 8 m
(W) will be formed. To prevent local wash-excavation by provid-
ing the weir, "water-bashing", protecting-bed: work, major -bed
protection work shall be made over 10 m in -the downstream of the

welr.

(2) . Water conducting work

Intakes work shall be provided in the upétream of Daedong~0h6ng;
- Kwao Chong and Hwakohu Chong, tributaries on the right bank, and

water shall be conducted to the:main-riVer-by.ductsf :

The size of water conducting facility shall ‘be defined -as -shown



in Table 8.2-3, considering the volume of low water at each water
take-in point (used the actual specific discharge of 1991 meas-
ured at St. 2 i.e. 5.13 m3/100 km?/s).

Table 8.2-3 Design Details of Water Conveyvance Work

Planned ‘Slope Diameter Total length
Discharge of pipe of pipeline
(m3/s) (mm) (km)
Daedong Chong 0.077 1/50 250 0.85
Kwao Chong 0.041 1/90 250 1.85
Hwakohu Chong 0.087 1/20 200 2.4

{(3) Low water channel

Thé section to be regulated in No. 35 - No. 145 (L. = 4,550 :m) and
the width would be 68 - 10 m. The height of embankment shall be
about 50 cm taking the depth of the low water channel into con-
slderation. Natural stones available in the local shall be used to impro
spectacle.

8.3 Space Imprdvement Plan
8.3.1: Basic Policy

Basing on the points at issue and future outlook as referred to
in the preceding paragraphs, we would define the basic policy of
the space improvement plan of Ui Chong as follows.

(1) ‘Improve the situation under which -the residents of old and
new communities formed in the upstream and downstream without any
~strong relation. between -them so as to make them associate each
other through the river. ' )



(2)° The: downstream basin having dreary look shall be improved
modifying the spectacle. ' oo ' :

8.3.2 Zoning and Improvement Plan of Each Zone

Zoning is made for the planned section combining the space shown
in section 3.6.1 and the mode of utilization shown in Section
4.5.1 (Fig. 8.3-1). The established zones are family =zone and

landscape improvement zone.

Family zone

Improvement Area: 9 ha (L=4.55 km X 2)

Improvement policy: Ol
Provide a walking road for the embankment and low water
channel . in the exterior land. '

Major - facilities: . .

Hydrophile plaza, low water channel, walking road, - control
facilities, resting faciliﬁies-and:planting;'

Lahdscape improvement zone

Area to be improved: 4 ha (1.75 km x 2}
Improvement policy: '
Cover the perpendicular embankment ekposing“bare”éonérete
with plants so as to improve the speétacle.
Major facilities: . ; Y
Improving landscape of the perpendicu¥ar embankment.

8.3.3 Improvement Plan of: the Model Site
In accordance with‘the-comprehensive:evaluatidn'maderlth regard

to the demand for utilization and aptitude level-of ieach segmeént
as shown in 3,86.2, 1 area shall be given the priority and im-

Vi —10



	Chapter 4. The Approach and Strategy of the River Environment Improvement Plan
	4.3 Environmental Target
	4.3.3 River Flow Target
	4.3.4 Target of River Space Improvement

	4.4 Needs of Residents for River Environment Improvement
	4.5 Future River Water Quality
	4.5.1 Prediction Method of Future River Water Quality
	4.5.2 Future Framework of the Basin
	4.5.3 Predicted Results of River Water Quality

	4.6 The Existing Water Quality and Flow Regime Improvement Techniques
	4.6.1 Applicable Water Quality Improvement techniques
	4.6.2 Applicable Water Quality Improvement Techniques to the Riverbed and their Evaluation
	4.6.3 Applicable Flow Regime Improvement Techniques

	4.7 Restrictions in River Space Utilization
	4.7.1 Location and Use of River Space
	4.7.2 Flooded Frequency and the Major Bed Utilization
	4.7.3 Coordination with a River Space Utilization Plan Having Objective other than Environmental Improvement


	Chapter 5. Fundamental View for the Basic Concept of the River Environment Improvement Plan
	5.1 Fundamental View of the Water Quality Improvement Plan
	5.2 Fundamental View of the Flow Regime Improvement Plan
	5.3 Fundamental View of the River Space Improvement Plan
	5.4 Fundamental View of the Run-off Sediment Control Plan

	Chapter 6. The Basic River Environment Improvement Plan for Anyang Chong
	6.1 Problem and Future Outlook on River Environment
	6.1.1 Water Quality
	6.1.2 Flow Regime
	6.1.3 Space Utilization
	6.1.4 Flood Control

	6.2 Water Quality Control Plan
	6.2.1 Basic Policy
	6.2.2 Target Water Quality
	6.2.3 Selection of Applicable Techniques
	6.2.4 Design Standard of Major Facilities
	6.2.5 Expected Water Quality Improvement Effect

	6.3 Space Improvement Plan
	6.3.1 Basic Policy
	6.3.2 Zoning and Improvement Plan for Each Zone
	6.3.3 Improvement Plan for the Model Site
	6.3.4 Facility and Planting Plan


	Chapter 7. The Basic River Environment Improvement Plan for Yangjae Chong
	7.1 Problem and Future Outlook on River Environment
	7.1.1 Water Quality
	7.1.2 Flow Regime
	7.1.3 Space Utilization
	7.1.4 Flood Control

	7.2 Water Quality Improvement Plan
	7.2.1 Basic Policy
	7.2.2 Target Water Quality
	7.2.3 Selection of Applicable Techniques
	7.2.4 Design Criteria of Major Facilities
	7.2.5 Expected Effect of Water Quality Improvement

	7.3 Space Improvement Plan
	7.3.1 Basic Policy
	7.3.2 Zoning and Improvement Plan for Each Zone
	7.3.3 Improvement Plan of the Model Site
	7.3.4 Facilities and Planting Plan


	Chapter 8. The Basic River Environment Improvement Plan for Ui Chong
	8.1 Problem and Future Outlook on River Environment
	8.1.1 Water Quality
	8.1.2 Flow Regime
	8.1.3 Space Utilization
	8.1.4 Flood Control

	8.2 Flow Regime Improvement Plan
	8.2.1 Basic Policy
	8.2.2 Target Flow Regime
	8.2.3 Selection of Applicable Technology
	8.2.4 Design Criteria of Major Facility

	8.3 Space Improvement Plan
	8.3.1 Basic Policy
	8.3.2 Zoning and Improvement Plan of Each Zone
	8.3.3 Improvement Plan of the Model Site



