(5) History of previous flooding

There are no remarkable-inunddtion damages aside from the inland
-~ flood damages at low 1and area near the Tan Chong confluence
which was caused by the backwater of Tan Chong itself. This same
area also suffered’ damages during the flood of September, 1990.

3.2.4 Pollution Characteristics
(1) Diurnal variation of water quality

As a result of 24 -hour observations made at every 2 hours no
regular variation of water quality could be “found. " The diurnal
variation of the water quality in this river 1s,small as compared
with that of Anyang Chong and, especially, is stable 1n>the Yol
Chong.

(2) Seasona1~variation of watef quality

The results of the analysis of'rivel'saﬁeles'taken once a ‘month
at each observation point along the - Yangjae Chong are shown in
Fig.3.2-86.

The DO concentration shows a slightly complicated varildation,
but, on the whole, the variatlon shows such a trend that the
concentration becomes lower (about 3 -5 mg/l) 1n Summer - and
higher (5 _ 8" mg/]) in winter Observations made at Statlon 3
show such a hlgh values as 6 mg/l or higher even in summer and a
smaller annual -variation as compared with other  observation
points. o

" The BOD coneentration is 3 - 8 mg/l in the perilod from summer to
fall and 20 .30 mg/l 1n the period from winter to spring, but
the concentration fluctuates 1arge1y between each observatlon
point in- “the period from winter to. sprlng and such 'a- trend is
recognlzed that the concentration becomes lower during the pericd



Do

BOD
-COD
S8

Hay 31

F
Hay 31

L e

ECE

My 211

nahvet
TERRG
e
.‘.\\n..nu

T AT

B et =2

ey

AR
:

UL rkban b1 1n ) SV TAL S LA AW LA LR

I e i 88 o P

R O A
P

i o Y

1 éﬁusl
Y NHg SN

Hay
Hay 23
Hay

. Hey 22

]

fr.29

tlar. 21

Apr

&,
Har.21.

- 1&1’,'_—“"'—: .

iar, 21

T
]

Har 21

- T T T

] | E

Har 17

5
‘5

.l.a.l]i!l
AR

Har. & . mipr

5

tr. &
Feb. 6

.

5

Fetr,

Har. .
6
: Har

&

Feb.
Fab,

TFenl

i il

Jan. 17
Jan, 17T
Jan. 11
g

Jan.17
il

Jan. 17

8

“Jan5. '3l

. Jan5.

Do -
1d.24

Deg.24
Do, 24
“ Hwv.26 dan.

Nov. 28

bov.26  Jan.5.'91

6
.24
CNevi8 Jan 5,91
3

.

. &

R R e
- SR e |

| T
AT

o,
v

Concentration {mg/2)

(

Sep. 22
Sep 1T fot. 2
Sap, 22 v, 6
S6p.18 . Dob.ZE
2
%
=2 iil
H] i i
L1 B b
Sep. 22
o AT Oct.2t
o Sep.22
Lap, 16 [ =4
%5 Sep.28
Sap. 16 ot 22

e 25
.25

.25

P 25
Jul. g
: m,:.,g_

i
. fug
ol

e
i
_dun. 22 ol

Jul,ze

AARE
Jul13
-l
f
)
.
BERE
ENRE
ReTINE
RN

22

Jun.g
Jun. 22

_hin.22
et
Jen,

Hay 22

tay 28
oy

- Mpues

8

Ty 28
z T
ihy 28

_fipr, 20
fApr.2d .

B e R |

ipr
aer

]

|

|

i

_ : : R

_ vy S e
|

|

1

Har. 20
L

22
Isr,20

.22

o]
Feb.
Feb.22

Jan 2l 60 Har, 50
) Fen. 22

Jdan31,7
Tani. 31790

CJEn .00 ibr,z0
Fah

200,
168,00
fee.o
k2
@
B,

Water Quality Fluctuation of Yangjae Chong during the Study:Period
i—54

Fig. 3.2-8



when the flow rate increases, The COD (Mn) concentration repre-
sents such trend more obviously, with the value being about 5
mg/1 in the period from summer to fall and 10 -~ 25 mg/l in the
- period from winter to spring. As shown in Fig. 3.2-7, no clear
relation can be rccognized between the BOD and COD concentration,
but this may be attributed to the fact that in many cases where
these water samples were taken the flow rate was not in the
natural condition due to construction works.

The TN concentration is 4 -15 mg/1 all year round and represents
the same seasonal variation controlled by the -flow rate as both
COD and BOD concentrations do. The main constituents of the TN
are NHy-N and NOg-N and the TON content is 20% or less in many
cases. The NH4-N concentration is 3 mg/l or less in the period
from summer to fall and 5 - 10 mg/1 in the period from winter to
 spring, representing a definite pattern of seasonal variation.
The TP concentration is 0.14 -1.18 mg/l and 45 - 75% of which is'

PO4-P.

No seasonal variation has been recognized in the number of coli¥
form which'représents bacilli, but the number abruptly increased
‘i1 ‘November, 1980. ~'Sinice then, the number stays at such a high
level as 2,000 - 5000 MPN/100 ml with an especially high value at
Station 1 at the downstream side end.

CN and Hg were measured as harmful matters. Hg content was not
-extracted -but CN was slightly’detectedﬁsometimes;

(3}' Variation of water quality and pollution locad in flowing
direction

In order to recognize'the-polluted condition of the entire Yang-
'jae'Chong'system, water sample were collected at 3 points along
the:main ‘course and tributaries on the upstream side of the
section to be planned in September, 1990, and analyzed for COD
_..(Cr),'TNi and'NH4~N. The analysis results are shown in Fig.
- 3.2-8, ‘ '
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As easily understood from the figure, both COD and TN (NH4~-N)
conccntrations of the Yol Chong water are higher in the upstream
section and 1emarkably decrease toward the downstream- side
Therefore. it is considered that the self- -purification action
con51derably takes place while the river water flows.

When Stations 4 and 1 are compared with each other on Fig. 3.2-8,
the latter .is lower. in DO éoncentration and higher in both BOD
and COD concentrations in many cases. and, as the ‘whole, the water
quality worsens toward the downstream side. This.suggests that
" the sewage flowing'into the river from storm sewers between both
~ observation points largely affect the water quality. In many
- cases, on the other hand, Station 3 is higher in DO concentration
~ and lower in concentrations of "BOD,  COD, NH4 H, etc., than other
,Zobservation polnts, indicating that, at present, the sewage does
inot pollute the water quality.

" The reason why Station 2 does’ not show intermediate values of
" Stations 1 and 4 and Station 1 frequently shows abnormally high
" values can be attributed to the various possession works in the

h river carried on during the investigation period.
}:(4). Rei@tion between rainfall, water quality and polluticniloaa

In order to consider the variation of water qnaiityfafte% a
" rainfall, a total of 31.water samples were cdllected:nuring the
period from 11:00 o'clock on June 11 {20 minutes after the second
“ rain started) to 11:20 on June 14, 1990.

- The daily rainfalls on the 11th and 12Zth Iu, the basin of the
'_Yangjae Chong 49.5 and 7.7 mm, respectively ,'The”water level.
rose to the highest level about 8 hours after the rain started
and gradually decreased thereafter. =~ -

As understood from Fig 3 2~ 9 the concentrations of COD (Mn},
88, TN, etc., reached to their highest levels ‘within 10 minutes
after the water level started to rise and, especially,.the TON



concentration rapidly increased. While it 1s conslidered that the
earth and gravels excavated from and piled up on the riverbed due
'to.construction works might had largely contributed to the in-
crease in the S8 concentration, the [increases in the COD .(Mn} and
TN concentrations are. considered to be caused by'sludges which
were accumulated in the sewer pipe misconnected with storm sewers
and washed away by the rain water passed through the storm sew-
ers. -

(5) Correlation between Items related to water quality

A close correlation (r = 0.6831 to 0.798) is recognized between
the BOD and .COD :(Mn) concentrations at all observation points and
the BOD/COD ratio is 0.7 - 1.1.

While ‘the TN/TP ratio is 6 - 14 which 1s similar to that of the
' doméstic water in many cases, but-Station 3 sometimes showed high
ratio of 15 or more, indicating the mixture of drain water from
vegetable:gardens. As easily understood from Fig. 3,2—10; the
water -quality ‘at Station 1 along the Yangjae Chong is similar to
that of the s wage in the Seoul Metropolitan area '

(6) SelfjpyiifiéatiQn:capacity

In Yangjae 'Chong, the self- purifing capacity of ‘the river was
. addit’ionally'.sﬁrv'eyed with TKN, which can be easily measured,
because its influence was expected. The self-purification capac-
ity of the area between the Yongdong 2nd Bridge and Yongdong 5th
‘Bridge (flowing time: 74 minutes) was only measured once, and
extremely high TKN values (4 20 and 5.21 1/day) were obtained.
Since the flow velocity in the measured area was low and 46 -85%
of the S8S were submerged substances, it Is considered that large
‘quantities of pollutants settled during the flow and in the
process increased the self-purifying coefficient.



(7) Pelluted condition of sediment

Table 3.2-5 shows the amalysis ‘results of sediment samples taken
on December 5, 1990.° The extremely low concentrations of ‘heavy
metals -other than T-Hg, CN, and AS indicate that no pellution
source which discharges harmful materials exists in this basin.

On the other hand, the ignition loss (IL) of the sediment samples
is as high as 43 - 63%, indicating that organic matters have
deposited in a short period ‘even after'the large freshest of
September.

Regarding the macro benthos, only Limnodrilus socialis (a kind of
earth worm) was detected at Station 2 at a population rate of 132
piece/m2. -Such result might had resulted from the sandy river
bed material against such expectation made'from-the‘water'quality
that various Kinds of macro benthos lived on the:river:bottom.

Table 3.2-5 Result of River Sediment:Analysis of ‘Yangjae Chong
: . o : . _ : ‘Unit:mg/keg

Station CN  AS THg Cr(6+) Cd  Pb Sulfide DL{%) IL(%)

St.1 0.114 0.068 0.009 ND 0.149 1.267 5.54 40:4 ‘48.%
St.2  0.057 0.213 0.028 ND 0.177 1.520 6.01  40.9 63.0
§t.3 - ND 0.072 0.394 ND -0.152 ‘0.973 5.46 50.5. 43,5
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3.2.5 Sediment Run-off Characteristics
(1) Distribution of slope failures

'Slope failures scarcely develop in areas composed of gneiss or
schists, but develop in areas where granite is distributed.
According to the 1987 aerial photographs of the Yangjae Chong,
the east moﬁntain side of the dividing ridge of Anyang Chong and
Yangjae Chong is rich in slope failures.

These slope failures can be found in 148 places, and the -slope
failure area totals 0.45 kmZ, The average ratio of the slope
failure ahea"to the whole catchment area is about 1.3%, but the
ratio'becomes nearly 4% in a single unit basin where the slope
failures are most abundant.

(2) Quantities of sediment ¥ield and run-off sediments

Assuming that'fhe quantity of sédiments produced by one time of
flood from new slope failures and enlargement of already existing
slope'faiiures is 1.6 x 10% m3 and 10% of the quantity is kept on
the river channels, 1.e., the quantity of run-off sediments
becomes 1.4 x 1O6 w3, '

(3) ‘Rivér‘bed material and sedimentation characteristics

While the form of the river bed is not clear, since many sections
of-the-Yahgjaefchong are ﬁarrow,in low-water channel widfh and
low water ‘channels are filled up with water even in low-water
level periéds,j sand sedimentation was observed at part of the
downstream section.

The partid;e;sike'distributions of the river bed material samples
collected-ap:4ipoints in the section to be planned are shown in
Fig. 3.2-11. 'All of those materials are classified into sands,
but, due to pad:sqrtipg; all Samples contain coarse sands to fine
sands. o
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Tmmediately right after the flood of September 1990, sediments.
flowed into the river systems rich in slope failures, and natural
banks were destroyed in several places. However, public facili-
ties immediately downstream of already existing sediment control
dams or falling works were not suffered from the flood due to
effect of such structures.



3.3 Ui Chong

3.3.1 Present Condition of the Basin
(1) Topography, geclogy, and river system . -

The total length of the main course of Ui Chong is 11.85 km. 8.3

km belongs to Seocul Metropolitan, and was, therefore, the only Ul

Chong area included in the study. The Ui Chong basin extends in
the NW-SE direction and narrows downstream, Since the main

course deviates to the northeast side of the basin, all major

tributaries join the main course from the southwest side. - The

total catchment area of this river is 27.29 km? (Fig. 3.3-1).

The entire basin consists of granite and the narrow valley plain
is thinly covered with alluvium.

{2}  Administrative division and population

The entire Ui Chong basin is included in the Seoul Metropolitan
area. The basin has a population of approximately 320 thousand.
Population growth is éspécially remarkable in the central area of
the basin, while the downstream population tend to decreases.
The average population density in the basin is approximately 120
persons/ha. The population .density in residential areas, howev-
er, 1s extremely high indicating about 550 persons/ha.

(3) Land use and industrialization

The water source of Ul Chong above 100 m in altitude is included
in Pukansan National Park. The areas below 100 m in elevation

are mainly used for residential and'commercial-pufposes. Howev-
er, an 1industrial area has been discovered to exist for -quite

some time on the left banmk of the middle 1'-eaches_.'.D'etachéd_=
houses and low-storied house complexes are mainly predominant in
the residential and commercial ‘areas. Recently,'howeVer,‘large
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-housing developments can -be found on the right bank of the middle
reaches.. Food and printing factories make up the industrial
area. .

The.-area of the urban distriet of this basin calculated on the
basis of the city planning map of Seoul Metropolitan is 4.30 km<,
with the ratio of urbanization being 15.8%

(4} Park and green zone

The park area and green zone ratio upstream are 5.2 m2/head and
63.8 mZ/head, respectively, values which are much higher than the
average values of the entire Seoul Métropdlitan’due to the Pukan-
san National Park. - On the other hand, the park area and - green
zone ratio downstream where ‘a highly densened urban district can
be found, are only 2.3 mz[head and 3.3 mzlhead, regpectively.

{(5)  Pollution source and sewage_discharging'and processing

condition

The population in the basin which closed ‘the basé for estimating

-the domestic waste water discharging source is ‘already shown in
the above. Collected Data D "~ 9 indicates' that the generation

“unit load of domestic waster of Dobong-ku in 1989 was 200
l/head/dayy :

No-industrialznortpublic'pollutionfsource:which-discharges waste
water at a rate ‘of 1,000 m3/day of more is found on "List of
Companies:Discharging Waste Water in ROK, '1986" published by
Environment Bureau (1987). A total of 66 pollution sources exlist
in Kangnam-gu and Socho-gu, but!almost~all'of‘them”discharge
waste water at rates of 100 m3/day or less. However, it is not
clear that how‘many of them are included in the basin of Hi
Chong.

- The diffusion rate of:the :Ui: Chong Sewage :System is almost 100%.
A Separatetsewefage.system'is~addpted in ‘the developed area of



the middle reaches, while a combined sewerage system is adopted
in other areas. Sewage is sent to the Chungryang Sewage Treat-
ment Plant through the intercepting sewers installed in both
banks of the main course. It is then discharged into Chungryvang
Chong after secondary treatment. The average of BOD concentra-
tion of the treated water is 15 mg/l. :

3.3.2 River Improvement and Utilization
(1) Physical feature of river section

The average gradient of: the Ui Chong river bed 1s 1/240 from the
Chungryang Chong confluence up to 8 km-upstream,.and%itfis more
than 1/70 further upstream (Fig. 3.3-2). - '

The width of the river channel is 40 - 60 m, and excluding the
1.2 km upstream and- 1.8 km downstream planned- areas, - the cross
section forms a compound section. The width of the low!: water
channel which is about 10 m at the upstream side end of the
section to be planned becomes in 20 - 30 m in the section between
Ui Bridge 'and Shinchang Bridge in: the middle*course,fbutxagaih
narrows on the downstream side of Wolgye-ni ‘Bridge. IR

(2} River structures and underground works In river chamnel .

The construction of ‘the embankment ‘(one part of which is a spe-
cial embankment of parapet wall) on both sides of the bank of the
planned area is almost completed. The:height:differénce%between
‘the river bed and the embankment crest is 3.5 - 4.0 m ' upstream,
and not more than 5.5 m downstream. ' :

Falling works- (falling helght 1 -3 m) dare installed ¢ 8 sites,'
but no sluice way nor water gate is 1nstalled A

Intercepting sewers. are onlyuinstalledrwithinﬁ0.7 kmﬁdn the
upstream rightrbank area. - From.thisrarea:to,thenlowerwreachés,
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however, they are installed on both banks.

0f the section to be planned, a section of 275.56 m in length is
.covered. In addition, the downstream area of Daedong Chong, Kwao
‘Chong and Hwakohu Chong, the main_tributaries‘of Ui Chong, are
‘used as sewage rivers and are covered, Roads ‘are constructed on

‘these covered areas.

A total of 23 bridges are constructed in the section to be
planned, with 1 bridge belng ratlway bridge and the rest: being
road hridges.

(3) Retardiﬁg basin and drainage pump station

No retarding basin nor drainage pump station are installed to the
Ui Chong. ' '

{4) River'water utiiization

At present, the river water of the Ui, Chong is not utlllzed
However, underflow water is used as industrial water in some
places, Accordlng to Collected Data: C - 29, the number of ‘'wells
sunk in Dobong-ku is 17 and average pump discharge is 3. 99 ‘X 102

3/day It is presumed: that part of_the wells may be distributed
in the section to be planned although the'actual‘ebnditfoh is

not known.
15) Exterior:and interidr land

There is ‘a road constructed near the right bank embankment be—
tween Shinchang Bridge ‘and Wolgye 2nd Bridge. Traffic in this
road produces noisy sounds as it is heavy. The'majority of'the
neighboring areas of the planned area are. residential and ‘commer -
cial areas, and the old closely built small-sized houses were
successively replaced with large residential houses. Wlth the
exclusion of the housing developments between Shinchang Bridge
- and Wolgye~ni Bridge, most of the residential and ‘commercial



buildings are 2 storied buildings. The renovated area shows
streets lined with neat rows of stores and houses.

Most of the major bed is not utilized, except the section between
Ui Chong Bridge and Shinchang Bridge where it is utilized by
inhabitants as Vegetable gardens. It is considered that the
vertical revetment works installed to many sections:prevent the
major bed from being utilized by inhabitants.

(6) Sewage inflow to the river

The site where sewage was flowing into the section to be planned
from the flank at the time of investlgatlon was only one. The
location of the site and water quality and discharge are respec-
tively shown in Fig. 3.3-3 and Table 3.3-1.

The other sewage which is diéchafged into the river from the
flank is introduced to 1ntercepting sewers in fine. days, but
flows into the river beyvond weirs in rainy days. In order to
recognize the average conditions of the water quality and dis-
eharge,'it is necessary t0-centinue investigations for a long
period, because they vary in time and by days.

Table 3.3-1 'WaSte Water Quality Directly Flowlng t01U1 Chong

Station Wt pH DO EC Turbid. COD 'SS  Discharge
(" C) (mg/1) (mS/1) (mg/1) (mg/1) (mg/1) (w3/sec)

Ui-9  23.6 7.1 ~-- 0.8 20 100 --- 0.035

Sampling Date June 14 - 15, 1990 _
# : Sewer plpe was under construction
#»: Water was discharged from retarding basin
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3.3.3 Flow Regime Characteristics
(1) Relation between water level and discharge

H-Q curve prepared by the field measurements is shown in Fig.
3.3~-4. The relations between the water'lével (H) and discharge
(Q) of each observation point are expressed by the following
regression curves.

65.741396 x (H - 16.18003)2
45.513701 x (H - 27.40016)2

St. 1 : Q
5t. 2 :Q

il

(2) Daily variation of flow rate

While such irregular variations of water level as those caused by
rainfalls and freezing are seen in the cOntinuous_records of
automatic water level recorders, no water level variétion that
indicates the sewage'ianOWtand appears at a fixed time =zone
every day 1is found.

{3) Seasonal flow variation and characteristic discharge

Daily discharge estimated frém H-Q curve and rearranged 1n the
order as duration c¢urve are shown in Fig.3.3-5. 95, 185, 275,
and 355-day'discharges'and'SPecific_dis¢harges calculated from
the same data are reSpeétivély shown in;Tables 3.3-2 and 3.3-3.
Since these values aré"ébnorﬁaily 1argé as compared with the
values of the other 3 rivers and Yoju and it is considered that
the method or instruments used for the measurements were defec-
tive, Therefore, design values adopt the results of discharge
' measurement at draught days ‘shown in Table 3.3-4.
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Table 3.3-2 . Disc¢harge in Ui Chong

'Unit:ms/sec

Cdtchment

. Discharge )
station = Area (km?) 95-day 185-day 275- -day 855- day Average
5t.1 . 26.18 5.721 - 3.328 ‘2.250 1.312 T7.021
5t.2 16.86 1.572 (.995 0.865 ¢.436 1.845
# Dally dlscharge / Jan. 1 - Dec.. 31 1990

* As above values are abnormaly large, the

river planning from now on.

it is an adequate for

Table 3.3-3 . Spec1fic Discharge in U1 Chong
Unit: m3/sec/100km
Specific Discharge
Station 95-day 185-day 275-day  355-day Average
5t.1 21.85 12.71 8 59 5.01 26.82
St.2 9.32 5.90__ 5.13 7 2.59 10.84
Yoju 2.408 1.119 0. 505 0.207 '
1 - Dec. 311990

%+ Dally discharge / Jan.

{(4) Flow variation in the river profile

Table 3. 3-4 shows the results of discharge measurements at each
observation point during period free from rains At both points,
the flows are extremely small, but ‘the flow at Station 1 on the
downstream side is always slightly larger than that at Station
2.

"Discharge measured in Ui Chong in Draught Days

‘Table 3.3-4
' _Unit;m?/sec
Station =~ “Dec. 4 . May 28  June 1 June 10  June 13
st.1 0.03, 0.35 6.08  0.12 0.08
28 0.07  0.01 0.04

St?g .'_70; 




{5) History of previous flooding

The heavy rains that took place in the central region of ROK,
which includes the Seoul Metropolitan area, early in September
1984 flooded Wolgye'Dong and damaged 345 buildings in the area.
Inundation occurred when the_water Ievel of Chungryang Chong
increased and its backwater flowed into the Ui Chong.

It can be said that the possibility of this area suffering from
floods is very low, beccause only one record indicating that part
of Dobong-ku was flooded at the time of heavy rain visited this
area in August, 1979, is kept except the above-mentioned record.
Even at the time of the heavy rain of September, 1990, this area
was not flooded. ' '

3.3.4 Pollution Characteristics
(1) Diurnal variation of water qualitff

No regular variation of water quality could be found from the
results of 24-hour observations made at every 2 hours.

(2) Seasonal variation of water Quéiity

The results of the analySJs of the river water samples taken once
a month at each observatlon p01nt along the Ui Chong are shown in
Fig. 3.3-8.

The DO concentration is 4 - 7 mg/l in the period from summer to
fall and 5 - 9 mg/l in the period from winter to;spring.

Regarding_thé BOD Qoncentration, such a ‘trend that the concentric
is high -in spring_and iow in other sedsons is recognized, bﬁt
the trend is indistinet.  The COD- {Wn) is high not only in:
spring, but also in -fall. However, no definite Seasonal varia-

tion 1s recognized in both SS and NH,4- N concentrations. As Fig,.



3.3-7 shows, the relations between the flow and BOD and COD
concentrations are " not distinct.

While the TN concentration varies within the range of 2 - 6 mg/l,
no definite seasonal difference is recognized.

The number of coliform which represents bacilii has somewhat
Increased since November, 1990, but, even though, the number
stays at such a low level as 1,000 MPN/100ml or less.

(3) - Variation of water qual1ty and pollution load in flowing
direction

The water qualities at 2-¥m and 3-km points from Station 2 on the
upstream éide'wére'gOOG as compared with the water qualities
confirmed at Station 2 and its downstream side because the COD
(Cr), TN, and NH4 N concentrdtions were 2 mg/l or 1ess, 5.2 mg/l
or less, and 1.5 mg/1 or less, respectively,

When Stations 2 ahd 1 are compared with each other on Fig. 3.3-6.
the former is’ﬁigher in DO concentration and lower 1n COD 'and BOD
‘concentrations -in the period from summer to winter in many cases.
ESpecially, the " differences in both COD and BOD concentrations
are large in the same period.

The feason why the differen¢¢s are large in the period from
summer to winter can be attributed to the fact that Station 1 was
located on the upstream side: of a falling work and water stayed
on the -upstream side ‘of the- falllng work for a while, resultlng
“in the settlement of ‘organic matters.. In fact, Hy5 bubbles were
observed in the vicinity of Station 1 in summer.

(4) Relation between rainfall and water quality and pollution
load R | |

In order to consider the variatlon of water quality after a
rainfall water samples were collected, at evcry one hour from
14: 00 o' clock to 23:00 o clock August 31 1990, and a total of
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"12 samples were taken.

The rain started from 23:00 o'clock on August 30th and the rain-
fall had reached 20 mm or more when the sampling was started.
The total rainfall for two days of the 30th and 31st was 66.7 mm.

Fig. 3.3-8 shows the then variation of the water quality.

While the variation of the water quality in the initial stage of
the rain was not observed, the BOD, COD, and NH4-N concentrations
thereafter were several times lower than those obtained wunder
fine weather. Towever, since the SS concentration was 30 - 35
tlmes higher than that obtained under fine weather, it is’ under-
'stood that the mixing ratio of 1norganic matters, such as earth
and gravels, etc., significantly increased.

(5) 'Correlatioﬁfbetﬁeen items related to water quality

- In the Ui Chong, the BOD concentratlon is always. hlgher than the
COD (Mn) concentration and the BOD/COD (Mn) ratio is 0.8 - 0.7
which is very close to that of water. When the correlation
between BOD and COD (Mn) contents is taken into account together
with the fact that more than 70% of the COD content and more than
60% of the BOD content are contained in dissolved forms, ‘it can
be said that the main body ' of the organic matters contalned in
the rlver water of the Ul Chong may be such a substance that is
hardly resolved chemically and small in graln dlameter (smaller
than 1 u). ‘

‘The TN/TP ratio is usually 7 - 13, indicating a high mixing ratio
'of”domestIC'waste water, but, sometimes, rises to such a high
level as B6 - 104. Regardlng the ratios of NH4—N and TON to TN,
the water quality- of this river is 1argely ‘different from that of
the sewage 'In Seoul Metropolitan area, indicatlng that the mix-
ture of the sewage is very small (Fig. 3.3-9).

The important feature of water quality of this river is that the
NO3-N concentration is high and main constituent of the TDN is
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NH,-N rather than NOg-N. Since an experiment carried out for
accelerating the nitrification of the bottom deposit taken from
the Ui Chong gave a large value, It is considered that abundant
nitrification bacterium living in the bottom deposit quickly
oxidize NH,-N by using the oxygen abundantly dissolved in the
water.

(8) Self purification capacity of river

The self¥purification-capacity measurement was made only twice
under insufficient conditions (flowing time: about 30 minutes),
slnce no section provided with the conditions which sufficiently
meet the reguirement of the measurement was not avallable along
the Ui Chong As a result of the measurements, such high values
as 5.27 1/day and 8.15 and 12.48 1/day were obtained for BOD and
YKN, respectively. While these measurements must be,regarded-as
reference values due to the above—mentioned reason, it-is consid~
ered that such high values might have resulted from the river
environment where the DO concentratlon was high and pollutants.
were easily precipitate due to the slow flow speed.

(7) Polluted condition of sediment

.Table 3,3~ 5 shows the analysis results of sediment samples col-
lected on December 5 1980. . All of the CN, As, T-Hg, (6+),
Cd, and Pb contents are extremely 1ow indlcating the ansence of
any pollution_souree which discharges such harmful materials in
the basin. ' '

The ignition 1oss of the sediment samples are as high as .38 and
62.5%, _1nd1cating that organlc pollution took place in a short
period even after the 1arge freshest of September,

Regarding'the macro benthos, Chironomus yoshimatsu were found at
" two points, Statlons 1 and 2 _at population rates of 43 pieces/m
and 23 pieces/m {'respectlvely This river was the richest 1n'
macro benthos, because a total of 4 species of macro benthos were



found at Station 2 in addition to the above-mentioned species,

Table 3.3-56 Result of River Sediment Analysis of Ui Chong
Unit:mg/kg‘

Station CN AS THg Cr(6+) Cd Pb : Sulfide DL(%) IL(%)

St.1  0.409 0.133 0.063 ND . 0.100 1.133 6.68 36.4 38.0
St.2  0.250 0.233 0.054 ND 0.183 1.960 6.45 59.0 62.5

3.3.5 Sediment Run-off Characteristics

(1) ‘Distribution of slope failures

Acdcording to 1987  aerial photognaphs, the area in Ui Chong ba51n
whlch is'rich in slope failures is the upstream area of the main
river where the elevation 15 more than 200 m. Granites outcrop
from the steep slopes of the area.

There are 148 slope failures in the basin’ ‘and their area totals'
0.3 km The average ratio of the slope failure area to the
whole catchment area is about 2. 4%, but the Fitio becomes 3/ 1n a
single_unlt basin where the slope fallures are most abundant.

(2) ‘Quantities of sediment yvield and run-off sediments

Assuming that the quantity of sediments produced by one  time of
flood from new slope ‘failures and enlargement of already ex1st1ng
slope failures is 5.6 x 105 mS and 10% of the quantlty is kept on_
the river channels, the quantity of run “off sediments becomes 5. 1

x 10° mS.

' (3) River bed material and sedimentation characteristics

'In ‘the upstream section of the point which i's 300 m up the river
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from Baegun Bridge, granite directly crops out on the river bed,
but, in the downstream section  of the point, the constituént of
the river bed material changes from gravels to sands through
sands mixed with gravels. The river bed between Sekimon Bridge
and Wolgye-ni Bridge shows a medium-scale river bed form, because
alternating‘bars of about 500 m in length are Tormed on the river

bed.

The ‘particle size distributions of the river bed material sample
taken at 2 points in the section to be planned are shown in Fig.
3.3-10. Both of the samples are classified into sands, but the
sample taken on the downstream'éide contains more coarse grains
than the sample taken on the upstream side does, because the one
taken at Station 2 on the upstream side contains 56.5% of sands
and“37.0%;6f silts and clayey materialsf_whereas the sample taken
at Station 1 on the downstream  side contains 98% of sands and
2.0% of silts. | ' '

Immediately right after the big flood of September 1990, sedi-
ments flowed In the upstream area -of the main river and left
numerous pilés of sediments at the bottom of the mountain
streams. With the future occurrence of another flood, there is a
possibility that these-sediments will be flown downstream. The
river channel®in the middle course section was single and mean-
derlng before the flood, but has been Lhanged to double and
meandering -and ‘had a sand 1ayer of ‘about 0.5 m in thickness ‘on
the river bed immedlately after the flood.



3.4 Chungroung Chong

3.4.1 Present Condition of the Basin
{1) Topography., geology, and water system

The main stem of Chungroung Chong has a length of 10.85 km. The
7.6 km area downstream included in the Secoul Metropolitan area
was, therefore.-included in the study. The Chungroung Chong
basin extends in the E-W direction upstream and narrows in width
in the N-S direction downstream. The catchment area of Chun-
groumg Chong is 192.68 kmz, about 22% of which is occupled by the
basin of the Ryangkohu Chong (Fig. 3.4-1).

The entire basin Ls composed of granite, and the narrow valley
plain is thinly covered with alluvium. )

(2) Administrative division and population

The entire basin area is included in the Seoul Metropollitan area
and the population is -estimated at approximately 380 thousands.
The'average'pOpulation density in the basin is 250 - 350
persons/ha, but the population density in the residential area is
high at 500 - 600 persons/ha. Recently, however, the population
'tendS'to decrease just like the population In central Seoul

Metropolitan area.
(3) Land use and industirialization

The water source of Chungroung Chong above 100 m in altitude is
“one of the Pukansan National Park areas. The areas below 100 m
in altitude are mostly densely populated residential and commer-
cial'areas. There are not much areas left in the basin for
further developmént. '

" The area of urban district of this basin calculated on the basis
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of the city planning map of Seoul Metropolitan is 9.70 kmz, with
the ratio of urbanization being 49.3%.

(4) Park and green zone

Due to Pukansan Park, the park ‘area and the green area ratio in
the upstream basin are high at 2.8 mz/head and 39.4%, respective-
iy. The conditions downstream are considerably poor with only
0.7 m2/head'of park area and 18% green area ratio.

{5} Pollution source and sewage discharging and progressing
condition

The population in the basin which used the base for estimating
the domestic waste water dischargihg-source-is already described.
Collected Data I» - 9 indicates that the generation unit load of
domestic waste water in Songbuk-gu in 1989 is 200 x 10
1/m3/head/day.. | : x ‘

‘Such an industrial nor public pollution source that discharges
waste water at a rate of 1,000-m3/day or .more -is :not listed on
ColleCted”Data B -4. A total of 74 pollution sources exist in
Songhuk-gu andfTongdaemuﬁ—gu, but almost all of them are small in
‘scale and diécharge waste watersat-rateS'of,lﬂﬁ*msfday:or-less.
However, it is not known that how many of ‘them exist in this

basin.

The-sewage'diffusion:rate in. Chungroung Chong is ‘nearly 100% and
all areas adopt the combined sewage system. Through the inter-
cepting sewers installed on both banks of the Chungroung Chong
main stem, sewage is sent to the Chungryang Treatment Plant and
then discharged to the Chﬁngryang Chong after secondary treat-
ment. The average BOD concentration of the treated water 1is 15
mg/l. . ' '



3.4.2 River Improvement and Utilization

(1) Physical feature of river section

The river bed of the Chungroung Chong has”an'avefage.gradient of
1/180 from the Chonggye Chong confluence up to 2 km upstream,
From here up to within 6.7 km, the gradient average is 1/130, and
more than 1/30 further upstream (Fig. 3.4-2). :

There are no major bed within 0. 7 km of -the ~upstream right'bank
of the planned area, but compound e¢ross sections can be - found in
other areas.

The :width of the river channel i1s 30 - 50 m and the 1low water
channel width;is about 20 m .at the upstream side end of  ‘the
section to be planned and becomes: the widest  to 46 :m near the
point 200 m up the river from Chegi Bridge, but again narrows to
about 30 m in the downstream section.

(2) River_structureS’and underground works in river. channel

The construction of embankment (one  part of which is a special
embankment<of’parapet-wali) ontbothfbﬁnkswof'the.planned area -is
almost -over, and: the height from the river bed to the crest
embankment is 4 - 5 m. ' o :

Falling works (with falling heights of 1. - '3-m) are: 1nstal1ed to
4 sites, but-no sluice way nor water gate is installed. An‘
intake welr 1s-installed to the most downstream section, but the
welr 1s not used at present. ' -

Intercepting sewers are installed. below the major beds of ‘the
left and right banks, while open 1ntercept1ng sewers are -in-
stalled in areas without major beds parallel to the level of the
low water channel. ' ' '
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A total of 2,766 m or 36% of the planned area is covered. Fur-
thermore, the tributary Walgok Chong and the area upstream from
the planned area are covered and used as sewage rivers. ‘The
spaces on the cover are used as roads.

A total of 14 bridges are constructed, with all of them being

road bridges. .
(3) Retarding basin and drainage pump station

Only one retarding basin and dralnage pump station are 1nsta11ed
to the junction with the Chonggye Chong. The catchment area_and
water storage capacity of the basin are 43 ha and 11,0005m3

respectively.
(4) River water utilization

At present, the river water of Chungroung Chong is not utili-

zed.
(5) Exterior and interior land

Most of the areas adjacent to the river of the planﬁed area are
residential and commercial areas. 01d closely built small-sized
houses in this area were successively replaced with large houses.
Narrow roads are constructéd'in'the space between the river'éhd
houses. The residents use the roads for communication and recre-

ational purposes,

The major bed is not utilized well as a whole, since only part: of
the bed is utilized as vegetable gardens, parking lots,:and.
public waste material transferring places. The reason why: the
major bed is not utilized well can be attributed’to the vertical
revetment which is installed to many sections and prevents 1nhah*
itants from getting down to the maJor bed



{68) Sewape inflow to the river

The sites where sewage was Tlowlng into the section to be planned
from the flank at the time of Investigation made in July 1990,
are shown in Fig. 3.4-3 and the water quality and discharge of
the sewage are given on Table 3.4-1.

The sewage flowing into the river from the flank can be divided
into two groups, namely, the sewage directly flowing into the
river and the sewage introduced into intercepting sewers in fine
days, but flowed into the ‘river beyond weirs in' rainy days. The
water quality and discharge of the latter type of_sewage changed
in timé and by days. The total amount of the sewage which was
directly flowing into the river was about 0.08 m3/sec.

Table 3.4-1 Waste Water Quality Directly Flowing to Chungrong
Chong : - : : '

Station WI =~ pH ‘DO EC Turbid €OD SS Discharge
' (-C) © (mg/1) (mS/cm) (mg/1) (mg/1) (ng/1) (mS/sec)

1 = - - - - 2 - ~

9 '25.86 8.1 6.2 0.9 9. 35 .. - 0.012

10 - 23.8 7.4 5.9 0.7 0 4 - 0.002

11 24.7 1.5 4.6 0.5 40 172

16 25.2 8.4 5.9 0.7 93 124 - 0.048

17 22.5 7.8 7.2 0.9 6 - 11 - - 0.001

Sampling Date June 14 - 15, 1990
* :‘Sewer pipg was under construction .
~*+: Water was discharged from retarding basin



3.4.3 Flow Regime Characteristics

(1) Relation between water level and discharge .

H-Q cufve prepared by the field measurements is shown. in Fig.
3.4-4., The relations between the water 1evel'(H),and:discharge

(Q) of each observation point are expressed by the following
regressiqn curve. ' ‘

= 30.012379 x (H-12.93781)2

0
o+
.
o
i

St. 2: Q = 36269257 x (H-16.01848)2
St. 3: Q = 38.727405 x (H-25.01978)2

(2) Daily variation of water level.

Such a pattern that the water level abruptly rises and drops
twice a- day in time zones 10:00 to 14:00 o'clock and 20:00 to
2:00 o'clock is found from the continuous records of the automat-
ic water level recorders at the 3 observation points along the
Chungroung Chong The difference between the highest and lowest
water levels is 2 - 4 cm It, .was con51dered from the ‘time zones
that such pattern might had been. created by the sewage -flowed
into the river, but such water variation pattern has disappeared
since May 1981, probably due to:the repalr of ‘intercepting sew-
ers..

(3) Seesenal variation and characteristics flow

Duration curve prepared by the daily flow is shown in Figt 3. 4 5,
The 95, 185, 275, 355- day discharges and specific discharges are
shown in Tables 3.4-2 and 3.4- 3, respectively

The 275-day discharge and 275'day specific discharge obtained at
Station 3 at the upstream side end of the section to be planned
are 0.042 m3/sec and 0.419 m3/sec/100 kmz respectively, which
are slightly lower than those obtained at Yoju.
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Table 3.4-2 Discharge in Chungrong Chong

Unit:mS/sec

Catchment DiScharge
Station Area (kmz) 95-day 185-day 275-day 355-day Average

St.1 ] 19.40 0.434 0.244 0.109 0.012 1.028
5t.2 17.92 0.715 0.300 0.075 0.020 0.973
St.3 16.03 1.107 0.168 0.042 0.011 1.105

% Daily discharge / Jan. 1 - Dec. 31 in 1990

Table 3.4-3 Specific Discharge in Chungroung Chong

Unit:ms/sec/IOORmz

- Specific Discharge

Station 95-day 185~day 275-day 355—day Average
5t.1 - 2.287 1.258 0.562 0;062 | 5.299"
5t.2 3.990 1.874 0.419 0.112 5.430
St.3 11.037 1.875 0.419 0.1190 11.017
Yoju 2.408 1.11¢9  0.505 0.207 :

* Daily discharge / Jan. 1 - Dec. 31 in 1990

(4) Flow characteristies in river profile

Tdble 3.4-4 is the results of;pischafge'measurement:in draughf
days. The flow is always lafgest-at Section'S.”and'décreaSes
toward the downstream side. The fact that. the river water is
taken to an open conduit aﬂdathe river water itself bécomes_
latent flows between Stations 1 and 2 may contribute to such

phenomenon.
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Table 3.4-4 Discharge Measured in Chungroung Chong .in Drought
Days

Unit:ma/sec_

Station Dec. 4 May 28  June 1 June 10. June 13

St.1 0.71 0.03 0.005 - 0.012
St.2 0.29 0.08 0.004 0.01 0.04
St.3 0.47 0.23 0.19 0.19 0.10

Table 3.4-5 Result of River Sediment Analysis of Chungrong Chong
CUnit:mg/kg

Station CN AS THg Cr{6+) Cd Pb ° Sulfide DL(%) IL{%)

St.1  0.386 0.187 0.029 ND - 0.100 1.200 - 6.45 -33.0 85.0
5t.2 0.182 0.160 0.025 ND. 0.1106 0.793 = 5.46 49.3 - 51.5

(5) History of flooding disaster .
'No record regarding_a‘significant flood is left in this
basin. | ' |

' 3.4.4 Pollutant Characteristics

(1) Daily\v&tiatién of the water gquality

Since the water level abruptly rises and drops in. specific time
’zones as mentioned above, a diurnal Variation of the water quall-
ty may be recognized when water samples are taken at Shorter time
'-intervals “during the time zones
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(2) Seasonal variation of the water quality

The results of the analysis of the river water samples taken once
a month at each observation point along Chungroung Chong are
shown 1in Fig. 3.4-86.

The DO concentration is 4 - § mg/l in low season and 6-8 mg/l in
high season, but no periodic relation is recognlzed '

BOD and COD (Mn) concentrations in the high season become several
time as high as those (5 - 10mg/1) in the low season. These
variations also do not show any seasonal periodi¢ relation, but
such a trend thdt both concentrations become hlgher as the flow
increases 1s recognlzed (Fig. 3.4- -7).

The TN concentration shows such a high value of 3 - 10 mg/1 ail
year round. The main constituents of the TN are NH;-N and NOgz-N
and the ratio of TON to TN is about 6 - 15%. In addition, as
easily understood from Fig. 3.4-8, the water quality of the
Chungroung Chong is very similar to that of the sewage in the-
Seoul Metropolitan area,

The number of coliform which represents ‘bacilli hau 1ncreased
since November 1990, but, the number stays at such a low 1evel of
1,000 - 2,000 mpn/100 ml.

The harmful materials, CN and THg, could not be detected at any

observation point.

(3) Characteristics of the water quality and pollutant 1oad in

river proflle section

In comparison with the results of St 3 and St 1 on Fig ‘3. 4 8'
St 3 has a higher concentrdtion of COD and NH4 N' Regarding the
DO and BOD concentrations, however $t.1 is higher than St '3
before November 1990, Therefore, no constant regularity is-
recognized in the varlatlon of water quality in the flowing
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direction.

Since the river flow of Chungroung Chong shows an unnatural
variation as mentioned. above, it is considered that latent flows
largely affect not only to the river flow, but also to the varia-
tion of water quality in the flowing direction.

{4) Rainfall, water quality and pollutant load

In order ‘to check the variation of water quality correspohding
with rainfall, 12 samples were taken from 12:00 to 16:30 in
July 1991, ' '

Falling only 2.6 mm of daily rainfall in July 1st, but the rise
in water level was significant. As understanding from Fig. 3.4-
8, the variation of water quality took place almost parallel to
the“variation of water level, with the peak of water quality
' beihg-almost coincident with that of water level.
(S)TREIatiOHShip of the water quality elements

The €OD (Mn), BOD, SS and NH4¥N contents show extremely close

relations éméng them and high positive correlations are recog-
nized among them in any case.

Especlally, relativity of BOD and COD(Mn) is high (r = 0.896 to
0.940) and the ratio between them is about 1:1.

{8) Self purificaticn

The'selftpurification'survey could not be done to the Chungrouﬁg
Chong, because no section provided with conditions which suffi-
ciently ‘meet the requirement of the measurement was available.
(7) Pollutant condition of the sediment

Table 3.4-5 is the analyzed results of the samples taken in
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December 5, 1890. CN, As, Cr(6+), Pb are contained lowly, and
it is considered that no harmful matters exist in the basin.

On the other hand, a ignition loss (IL) at 'St. 1 and S$t.2 are
35% and 51.5%, respectively, therefore, it is presumed that
organic materials have been deposited in a -short period even
after the large freshest in September.

From the sediment, 1 piece/mzfof Chironomus - yoshimatsui at St.1
and 1 piece/m2 of Physella acuta at St.2 was detected. '

Table 3.4-6 Results of the Sediment Analysis

Station CKN AS THg Cr(6+) €d Pb Sulfide DL{%) IL(%)

St.1  0.386 0.187 0.029 ¥D  0.100 1.200 6.45 33.0 35.0
St.2  0.182° 0.160 0.025 XD 0.110 0.793 5.46 49.3 51.5

3.4.5 Sediment Run-off Characteristics
(1) Distribution of the siope failures
According to :the 1987 aerialfphotographs,ﬁthere*afe only feﬁ

slope failures in Chungroung Chong basin. These slope failures

can be found”On the east‘mountain side of'the-dividing:ridge of
Chungroung Chong and Hongje Chong. .

There are 34 slope fallures in the baéin and their area totals
approximately 0.13 km? . Total area of slope failures is approxi-

mately 1.3% to whole area,

(2) Quantity of sediment yield énd.ﬁproducedﬂénd run-off sedi-

ments

The sediment production caused by a flooding is estimated 3.4 x
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‘105 m3 considering new and existing slope failures, and 3.1 x 105
m3 is also estlmated on the assumption with almost 10% of diment
vield will be stored in river channel.

(3) River bed material and sediment characteristics

The river bed material is course-grain sands mixed with gravels
in the upstream section, but the material is composed mainly of
medium~grain sands in the downstream section. Only a small
stream 1s observed in the center of the river bed during the
low-water level season. The river bed near Chongnam Grand Bridge
shows the feature of a small-sized river bed form, since sand
piles ‘of about 1 m in-wavelength'are formed on the river bed.

The results’ of particle composition sampled at 2 points of the
planning séc%ioﬁ are shown in Fig. 3.4-10. All of these from
Statiqn'z ié well-sorted medium-grain sands, whereas the other
sampiés are not much sorted.

Immediately right after the blg flood of September 1990, sediment
flow “occurred. ~ These sediments are presumed to originate not
from the sippe'failures, but from the piles of sediments at the
bottém of the'mbuntain'streams 6r from the banks of eroded stre-
'ams.' Most of the sedimeénts are widely accumulated in the down-~
stream area of Station 3 and not at the 3 layered covered area.
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3.5 Examination of River Pollution Mechanism

3.5.1 Flow of Pollutant Load and Emission Load
(1) Flow of pollutant load

Depending on the improved and maintained conditions of the sewer-
age, sewage removal systems, the flow regime characteristics of
‘the river, etc., pollutants from the basin are discharged outside
.of the basin in various proportions through various routes. To
improve the flow duration and the water quality of a river and
maximize the effect, the route and the volume of the pollutant
load should be clarified and it is necessary to use techniques
which are most appropriate 1n most suitable positions.

In order to study this'cbnditions, the flow of the pollutant
load in the basins of the four rivers were schematically outlined
based on the present environmental conditions of the rivers
aforementloned in Sections 3.1 - 3.4, and shown in Figs. 3.5-1 to
3.5-4.

The Anyang -Chong basin is divided into three areas: the 1st area
(Area A) is made up of Anyang-shi, Kunpo-shi, Uiwang-shi and
Kwachon shi all of which are not provided with any sewerage
system the 2nd area (Area K) consists of Kwangmyong-shi, Shi-
hung-shi, and Puchon-shi, each of which is partially provided
with'a-sewerage-syStems:,the last area (Area S) 1s the Seoul
Metropolitan area which is almost entirely provided with sewerage
systems. The areas with scwerage systems are again divided into
'2:: the area using separate sewerage systems, and the area using
combined sewerage systems. Sewage exceedlng the  capacity of the
'1ntercepting sewers ‘of the former area flows directly to Anyang
Chong in ralny days It was previously mentioned too, that some
‘'of the sewage which are not drawn into the intercepting sewers
~Area S directly flows into Anyang Chong.
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The Yangjae Chong basin is divided into 2: the Kwachon-shi area
upstream, and Seoul Metropolitan area downstream, both of which
are provided with separate sewerage systems in their urban dis-
tricts. There are areas withlin Seoul Metropollitan, however,
using combined sewerage systems because the sewer plpes are
misconnected to the storm sewers. '

One part of the Ul Chong basin uses the separate sewerage system,
While'most of the area uses the combined sewerage system. Sewage
exceeding the capacity of the intercepting sewers of the latter
flows directly into Ui Chong in the rainy days. However, little
sewage inflow was observed in clear days based on the BOD/COD
concentrations and the NH,-N/TN. or TON/TN concentrations of the
water quality, indicating that the intercepting sewers are Kkept
in good conditions.

The entire Chungroung Chong basin is provided with  a combined
sewerage system. ~However, the visual observations results = and
water quality analyses 1ndicatéd that large quantity of sewage
floWs regularly into Chungroung Chong both during rainy. and clear
days. : ;

{2) Rough estimate of emission lcad of pollutant

It is not possible to show the pollution load of.eéch route,
gince the-actual-cbnditions'of'the sewerage routes is the most
important among the flowing routes of pollution loads shown in
Figs. 3.5-1 .to 3.5-4., could not be  investigated. In order to
consider the ratio of pollution 10adsidischargéd from each basin
bj'areas and pollution sources, emission loads of pollutants are:
roughly estimated on the following assumption: '

(a) The daily emission load of pollutant is calculated by
using the BOD as an index. '

{b) 'The emission load of pollutant from the non-point source
is calculated based on'the'divided areas, namely, the urban
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and non-urhan éreas by respective emission unit loads. The
arecas are described in subsections, and values of 80 kg/km2
and 5 kg/km2 are uniformly applied to the iirban and non-urban
area, respectively, as the unit emission loads of pollutants.

(¢) The values of domestic Waste water discharging quantity
are used from Collected Data D - 9 showing area-wise. The
actual conditions of sewage treatment have not been recog-
nized, and the treatment is considered variable by the areas.
Therefore, the emission unit load is uniformly adopted 90
-mg/1l from the actually measured water qualities of domestic
-waste water shown in Collected Data D-17.

(d) Since the actual treatment. conditions of industrial
waste Water is not clear, the upper limit value, 150 mg/l, of
the acceptable range stipulated by the Water Quality Preser-
vation Low is uniformly applied to the emission unit: pollu~
tion load. -

{e) 'The pollution load discharged by domestic animals is
neglected, since the load is very small as compared with that
of other pollution sources even in the Anyang Chong basin
where the domestic animals are most abundantly bred.

The composition of the pollution load of each basin: calculated on
the above-mentioned assumptions is shown on Table 3. 5-1. " The
areal ratios of emission loads in ‘Area A, K, and § are 15%, 7.7%
and 77.34, respectivelyx However, there is possibility that the.
ratio of Area A can be highly amount.The emission load from
Kwachon-shi is 25% of total in Yangjae Chong Basin, and most of
them is connected to the treatment plant, ' '
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3.5.2 Generation Load in the Planned Section

Since it is difficult to calculate the emission load itself as
mentioned above, the river pollution mechanism in the section to
be planned is considered by using the generation load, measured
pollutant load, 'and "apparent run-off ratio of poliutidn load".

(1) Method for calculating generation load

The generation load largely influences the water quality of the
river if the treatment of:the pollution sources and the improve-
ment and maintenance of sewerage facilities ‘are insufficient.
However, the method of calculation and its accuracy shall large-
ly vary according to the base data. The calculating method
adopted is as follows: o

(a) Pollution sources .are divided into 4 Categofiés, namely,
the domestic, mnon-point, industrial, and livestock sources,
arid the item to be used as a generator load index .is selected
to each source. ' Then the generation load of each source is
calculated by multiplying the index by the’ emlssion unit load
officially announced by an authorltative agency.

(b) The permanent”population in*ea¢hibasin 1n71990_1s used
as the generation'IOad index of the domestic s¢ufcé_of each
basin. The permanént population :is found by apprépriating'
the populatioﬁ totalized by admninistrative units (Annex A-3,
A-5) to every survey point (discharge point, water quality).
The values shown on Annex D-9 _are used as-unit genefatidn

loads.

(¢c) The category of land use is adopted as the génération
load index for the non- point source ‘Details of laﬁd use
condition are determined by land use map and other materials
Values shown on Annex C - 7 are used as unit generated pollu-

tant loads.
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{d) The discharged QHantity of waste ‘water 1e used as the
generation load index of the industrial source. The dia;
charging quantity is calculated by referring to the shipping
amount per'employee and unit discharging quantity of each
factory per unit shipping amount shown on Annex A-7 on the
basis of the number of industrlal wotkers by areas ahown on
Annex B-9. Values shown on Annex B-10 are used as unit
generation ‘load. 1In addition, industries are divided into
four. -categories, namely, textile, chemiecal, machinery, rand
others, following the classification of Kankoku Shoko-bu.

(e) The numbef of domestic animals 1s used as the generation
load index of the 1livestock source. . The number of domestic
animals by basins is obtained from Annex H-3. . Values shown
on Annex D-9 are used as unit generated pollutant loads. =

(2) Calculated results

‘Calculated results are coliectively shown 1n Table 3.5-2, and the
detalls are given in SUPPQRTING REPORT III. v '

The BOD amount from the industrial seurce is about twice as high
as that from the domestic  source in. ‘the Anyang Chong. Fven in:
the Ul Chong, the BOD amount from the industrial source. exceeda
the 30% of the total BOD amount in Yangjae Chong and Chungrouhg
: Chong;:on'the'contrary, the BOD amounts from the ‘domestic sources
account for the 90% or more and about 90% of the total amounts,
respectively. ' : o

Regarding the szaaonnt, contribution of the domestic source is
.rather than that of the‘indnstrial'sourCe_1n'the Anyang Chong:
Even in eachrof the Yangjae'Chong; Ui Chong, and Chungroung
Chiong, the generation load from the domestic source accounts for
the 80% or more of the total amount o In addition, the generated
pollutant load from the non-point source accounts for the 5§ - 7%
of the total amount in any basin and the percentage is larger
than that of the non-point source in the BOD amount.
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Table 3.5-2 Current Pollution Load Generation (BOD) iIn the
Planned Section

Anyang Chong : -
Unit:kg/day

Source St.1-2 St.2-4 St.4-5 S8t.5-8  St.3- Total

Domestic 16,298 10,175 30,898 17,929 66,797 142,097
Industrial 61,831 13,248 17,475 162,246. 17,005 271,605

Non-point 1,301 147 1,664 1,188 2,123 6,423
Livestock T 867 2,835 5,830 27 9,336

Total 19,237 24,237 52,872 187:193 85,952 429,481

Yangjae Chong
- ‘Unit:kg/day.

Source - St.1-2 St.2-4 St.3- . "Total

Domestic 8,529 1,278 4,390 14,197
Industriai . b4 - o . B4
Non-point 348 | - 140 54 542
Livestock 0 113 264 377
Total 8,931 1,562 4,708 15,201
Ui Chong S

_ Unit: kg/day
Source St.1-2  St.2- Total
‘Domestic . 12,209 .. 9,435 21,644 .
Industrial 5,561 5,622 11,183
Non«point 377 23 400
Livestock R N ¢ T
Total 118,147 15,081 33,228

Chungrong Chong _
Unit:kg/day

Source -8t.1-2  5t.2-3 Bt.3- -Total
Domestic . .- 4,640 19,922 - ... 989 25,551
Industrial . 317 831 1,669 . 2,817
Non-point 107 465 288 860
Livestock S B L I 1 o200
Total 5,065 21,218 2,947 = 29,230
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Table 3.5-3 . Current Pollution Load Generation (8S) in the

Planned Section

Anyang Chong

Unit:kg/dﬁy

Source - St.l1-2

St.2-4 - St.4-5 St.5-6  St.3- Total
Domestic ~ 17,897 ~ 11,173 35,928 19,687 73,348 156,033
Industrial 24,313 5,571 7,204 - 65,764 7,611 110,463
Non-point 3,367 . 364, 4,144 . 3,509 5,497 16,431
Livestock ~ 38 3,515 12,188 29,962 123 45,824
Total: -  45:615 20,623 57,462 . 118,472 86,579 328,751
Yangjae Chong

_ - L .. .. . Unit:kg/day
Source . - 8t.1-2 " 8t.2-4 - 8t.3- Total
Domestic 9,384 1,408 4,831 15,821
Industrial 27 16 0 43
Non-point 897 360 114 1,371
Livestock 0 536 1,510 2,048
Total 10,308 2,318 6,455 19,081 .+
Ui. Chong - : :
_ ) ) _ - Unit:kg/day |
Source St.1-2 St.2- Total
Domestic 13,322 10,295 23,617
industrial 2,264 ~ 2,315 4,579
Non-point 974 - 36 1,010
Livestock 0 -1 ' 1
Total 16,560 12,647 29, 207
Chungrong Chong . - coL :
- . L _ Unit:kg/day
Source st.1-2 = 8t.2-8  St.3-  Total
Domestic 5,063 - 21,739 1,079 - -27,881
Industrial 131 406 759 1,296
Non-point 297 1,205 740 2,222
Livestock o1 s 0 2 3
“Total 5,472 2,580 31,402

23,350
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3.5.3 1P011ut10nﬂLoad:Measured'1n;the'P1anned»Section_«-’
{1) Method for calculating measured pollution load ETRUEEE R TN

To calculate the pollution Ioad‘floWlng in the river, it ig”
necesqary to simultaneously obtain the djscharge anﬁ water quali~i
ty. .of - the - liver Since this kind of observation waq not imple-:
mented in the 4 riverq, we made use of the 19 mean leues exclud-i
ing both maximum and minimum va]ues, of the periodical observa-
tions conducted once a month from January 1990 to July 1991. )

The annual meafl value of measured pollution loads was not use
this time because it was not highly reliable.- 'Réliability shall’
improve though .as thé“ﬁumbefmbfL@gﬁshfeméhfs;iﬁéfeaées;in;fgf:

ture
SRR

(2) Calculateﬂﬁrééﬂlts G . LR

The present condition of measured pollutlon loads (BOD and:SS) in’
the above-mentioned manner 1s shown in Table 3.5-4.

Table 3.5-4 Current Pollution Load Measured- in the ..Planned
Section LT 2 o T e el

Anyang Chong L U unitikesday
St.1 St.2 St.4 '8t.5 St.6 .0 SE8

BOD 82,119 41,0i0° 18,678 si,s07 22, 406""""i§4j;1;"f
SS 32,880 '37 112 . . 23,827 . 24,534 18 943...~ 281 . ..

Yangjae Chong - i '. Uhf%ﬁkg/dayr‘

St.i - §t.2 - Stid-  St.8 -

BOD 1,801 439 281 274
SS 4,540 1,713 323 1,338
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Ui Chong Unit:kg/day

§t.1 S8t.2
BOD 1,827 264
SS 2, 359 888
Chdngreﬁg Chong | Uait;kg/day
$t.1  S8t.2 St.3
BOD - "683 450 1,845

- 88 453 226 1,106

'3.5.4  Apparent Run-off Ratio in the Planned Section
(1) Calculating method

The run-off ratio of pollution load means the percentage of the
pollution load reached to the river to the load dlscharged from a
pollution source, and is originally defined as the ratio of the
pollution load actually measured at a survey point to the total
amount of pollution load discharged from the basin.  In this
investigation. ‘however, -~ the pollution load generated from the
basin section between'each survey point is used instead of the
latter and the ratlio of the measured pollution load to the .pollu-
flon load generated from ‘the basin section is called as the
"apparent run-off ratio of pollution load".

In other words, the ' apparent run-off ratio of pollution load" is
the wvalue found. by dividing the measured pollution load by the
pollution load generated from the basin section between each
survey point. ‘Therefere.athe calculated. results can be negative.
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{2) Calenlated results

Calculated results are collectively shown inuTable 3.5-5 and the
details of the calculation is shown in SUPPORTING REPORT III1.

The survey points where the "apparent run-off ratio of pollution
load" exceeds 10% in both BOD and S§S are Station 4 of the Anyang
Chong, Station 1 of the Yangjae Chong,_and Statioh 3 of ‘the
Chungroung Chong and these calculated results are well agreeable
with impressions obtained by the reconnaissance survey. . Espe-
cially, the "apparent run-off ratio of pollution load" at Station
3 along Chungroung Chong indicates that more than half of the
generation load reaches the river because the maintenance of
intercepting sewers is extremely bad.

The "apparent fun—off ratio 6f pollution load" at Station 1 along
the Ui Chong is a little higher, but, even so, the ratio does not
exceed 10%.

Table:3;5?5 Preéenp_Apparent_Run—¢ff-Ratio.1p ‘the Planned
Section ' -

- Anyang Chong~ : : S S CoUniti%

St.1  S8t.2  .St.4 . St.5. .St.6 . Total

BOD 00001 0.231 0.065 0.170 --  0.002

'ss 0.101 -0.395 0.229 0.269 --  0.003
| Yangjae Chong . = ..  Unit:%

S§t.1 St.2 'St.4 Total

- BOD - . - 0.,215-0.075 ¢ -~ 07058 -
58 0.435 0.023 -- 0.050
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Ui Chong S0 Unit:%

St.1-2 St,.2-
BOD - 0.059 0.018
S8 | 0.089 0.070
Chungrong Chong - Unit:%

St.1 St.2 St.3

. BOD - 0,136 0,005 0.628
S8 0.139 -0.005 0,429

The  flow of pollutants in the sed¢tion to be planned along each
'river schematized on the basis’ of generation load, measured flow )
~ and’ apparent ‘Fun-off ratio of pollution load obtained by calcula-
tion is shown in Figs " 3.5-5 to 3. 5 8. :

3.5.5 Classification_of the Pollution Mechanism_and Water Quaii;
ty Improvement Countermeasures

{1) Classification

The "apparent run-off ratio of pollution 1oad" whlch controls ‘the
pollution of a river'largely depends on the extent of the sewagef
'treatment at each pollution source and the improved and main-
‘talned conditions of sewerage related facilities. a Since "the
actual condition ‘of sewer treatment at each pollution souroe has
not been checked the-p]anned sections of the 4 rivers can be
‘divided into the following 5 types on the basis of the improved.
and maintained conditions of sewerage related facilities '

Type AL

The" section which ‘is provided with a separated sewage system and
'sewage is surely separated from ra1n water and at the same tlme '
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interceptive collection of sewage is perfect. Therefore; signif-
icant pollution of the river water does not take placeé in this
section except tentative pollution caused by the first flush at
the time of a freshet. The section,between‘Stdtions 4‘and 2
along Yangjae Chong belongs to this type.. - D

Type A2 ‘ _

The section which is provided with a“separated:sewege_system_and
where the river water Is pollutedgby sewage which always flows
into the river due to sewer pipes.misconneCted to storm sewers.
The section between Stations 2 and 1 along Yangjae Chong belongs

to this type.

Type B

The seetion where sewage is collected nearly completely .through.
intercepting _sewers, but the sewage overflows Weirs and.. tenta-
tively pollutes the river water at the time of. a freshet because
the section is provided W1th a. combined sewerage system ,ln
addition, it may happen in this type of section that the sludge
discharged onto the river bed at the time of a freshet contrib-
utee to the pollution of the river water The upstream sectiont
of Statlon 2 along Ul Chong belongs to this type

The Section where intercepting sewers are installed but the
river water is polluted by the sewage which always leaks out to.
the river from deteriorated or, unfaithfully installed sewers In_
this type of" section pollution loads are added by overflowing
sewage at the time of a freshet While the leaking mechanism is
not clear. the upstream section of Station :3 along Chungroung
Chong belongs to this type

Type D T SN X PSS 5 R TS A SIS S
The sectionuwhere‘no intercepting sewer.is installed and sewage
always flow into river directly, causing the pollution of the
river water - The upstream section of Station 6 along Anyangw
Chong belongs to this type The upstream section of the Yoir
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Chong which is a tributary of Yangjae Chong also belongs to this
type, but the water quality is improved during course of the.
flowing down of water along the river, because .the quantity of
the generated pollutant load is small, since the basin is dis-
charged to a development restricted area, and the self-purifica-
tion capacity of the river is high.

Type E .

The section which has lost its original. function of a river,
because the entire length is completely covered to a covered
sewer conduit. This type does not exist in the section to be
planned, but Hwakohu Chong, Kwao Chong, and Daedong Chong which
are tributaries of Ui  Chong, Ryangkohu Chong which is a tribu-
tary of 'Chungroung Chong, etc., belong to this type. The mix-
ture of river water and sewage flowing through such a covered
conduit does not pollute the water of the main course under. fine
water, since the mixture is collected into an Intercepting sewer
immediately before the mixture joins the water of the main’
course, :

{2) . Wateriquélity improving measure by types

Type Al SR | -

It is necessary to'élean the surface of foads'and inside of storm
sewers when the water discharged from the storm sewers gives
‘significant influences to the river water at the time of a fresh-
et;.-Inladditibn,rwhenﬂthe river bed is gentle in ‘gradient, the
river: bed must be dredged as occasion demands, because the sludge
discharged at the time of a freshet may ‘deposit-on the river bed
and proditces a bad smell and river water pollution.

"Thé,basic'méasure_isitO'corréet the misconnection between a sewer
pipe andJStorm_sewer;r Such misconnection can be distinguished
when the storm sewer is observed at the time of fine weather, but
it is not easy -to accurately detect misconnected point. -In
' addition,  the capacity of .the ‘sewer pipe may become' insufficient
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when misconnection of the sewer pipe is corrected. When the
correction of misconnection cannot be done due to such reasons, a
water quality improving facilify must be installed to the river
channel or the sewage from the storm sewer must be discharged to
the outside through a water quality preserving channel.

Type B

The measure to be taken against Type B section includes the
disposal of overflowing water which is the disadvantage of the
combined sewer system. While various methods are proposed to the
disposal. of the overflowing water, it is necessary to study the
necessity of a measure against'the'Joverflowing water after
méking'clear the influence of the first flush to the pollution of
the relevant river. Table 3.5-8 shows the list of measures which
are currently considered as useful for the first flush in gener-
al.

Type C .

The basic measure  is to repair a deteriofated'ér unfaithfully
installed intercepting sewer, but, since the detection of the
defective part of such sewer and definition of the. leaking quan-.
tity of the sewage from the defective part require a large amount
of man-hour, a water gquality purifying facility can be installed -
to the river as an emergency measure.

Type D .
The basic measure against this type of section depends on the
kind and distribution - of pollution sources  in the basin. 'Namely,'
improvement of sewerage is preferential to the urban district and
sewage disposal by septic tanks installed to each house or - each
block composed of several houses is preferential tO'fhe'agricul—
tural district and development restricted area. When the meéasure’
against-the pollution -source takes*time;.installatibnuof'a=water
quality purifying facility to the-river can be considered.

Type E _ . _ _ e - -
In the case of a river, the<water=Qualityfdf which is extremely:
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U Chong

Chungnang Chong
sewage Erealment plant

‘Intercepting Sewer L_/ i 060,000
a Dhan | [
98.2% 94.1% 20
Secondary
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Chungnang Chong *
1.8% . 5.9% 1t
Ul ¢hong 1 ’ SLZ_ E s1.1
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“Fig. 3.5-7 Pollutant Migration in the Project Area of Ui Chong
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Chunqi'oung Chong
Intercepting Sewer
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Fig. 3.5-8 Pollutant Higration in the Project Area of _Chungroung: Chong
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polluted, the bad smell caused by the water can be prevented by
‘covering the river, but a riverside space which is important to
urban district disappears when the river is covered as possible,
so as to make proﬁisions against the demand of inhabitants for a
better living environment which may arise among them when their
1iving level rises.

As described above, the pollution mechanisms in the Study Area
can be classified by the sewerage system and the condition  of
interceptive collection.

However, the countermeasures on the water quality improvement in
this Study are specified as these matters applying in the ‘river
channel zone, therefore, discussion and planning mentioned  in
Chapters 6 to '8 will not cover the measures to the all of the
problems. .In'near future, when detailed investigations will be
performed, the improvement and rehabilitation measures will be
discussed on this kind of classification.

Table 3.5-6 Countermeasure to Overflowing Water from
the Combined Sewer System.

Improvement of existing Increase of the capacity 7
interceptive sewer F:Raising of overflowing weir
- Covering of opén interceptive sewer

Improvement of water —————T::Rehabilitation of old pipeline
leakage Improvement of comnection method ..

Alternatives of = —————
- sewerage system .

Restraint .of peak ———————— Storage in the pipeline -

— Rain. water storage pond

+— Storage pond on site

— Infiltration box

— Infiltrative pavement material

—‘Adopting of 4 separate sewage system

Reduce of pollution.—————— Land use.regulation
.load in overflowing . . Cleaning of a pipeline .
water . i—Cleaning of man-hole

' *—Improvement of pipeline 1nqtalled"?
by wrong sloping
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3.8 River Space Characteristics

3.6.1 Classification of River Space

In order to make a river space improvement plan, it is necessary
to recognize the characteristics of the planning section .Thére-
fore, each section to he ‘planned is divided. into Sevefal'areas
including the hinterland on the basis of the present environmen-
tal conditions described in Sections 3.1 to 3.4 above.

The divided results are shown in Figs. 3.6~1°to 8.6~4.  The
- characteristices: of each divided area of the 4 rivers are summa-
rized below including the ideal way of 1mproving parks and: green’

Zones.

(1) Anyang Chong

Area A :
This area is constituted mainly of farmland with scattered cattle
sheds, factories, and houses. Since it 1is expected that hlgh—

story apartment house complexes will be constructed in this _area,
Improvement. of parks and green zones- will be necessary according-

1ly.

Area B ,

Constructlon, of high story apartment house ‘gomplexes is in
progress in this area. S8Since it is expected that the population
will grow and the park and green ZOne'improvement*ratés»wrll
drops after the'completion‘Of'SUCh*complexes space 1mprovement
is des1rable for the sake of the new ‘inhabitants.

Area C : :
This area 1Is constituted mainly - of'mountains'and“forests“wfth:
scatters sChools'énd'factories: It is desirable “to make ‘Space

1mprovement in future 1n connection with the existing nelghbor-"
hood park adjacent to rlverbeds. ' '
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Area D

In this . area, the construction of Mokudong high~story apartment-
house complex is almost completed and the development: mode is
being changéd to a limited scale. The area of prark per head
reaches the average level of the Seoul Metropolitan area, but
green -zone must be increased 1nifuture,'because the area and
ratio of green zones are below the average levels of the metro-
politan area.

Area E
This'area.correSDOndsﬁto:Kuro'Industrial Zone and the ‘percentage
‘of factory workers to the permanent population is 10% or more,
which is' the highest in the Sebul-Metropolitan-area. “Improvement
of parks and green zones is extremely insufficient, because the
area of parks per head is less than the 50% of the average value
"of the Seoul Metropolitan area and the area and ratio of green
zones are about T0 to 80%. It is desirable to improve parks in
future by considering the use of parks by factory workers

Area F _

This area is also a factory district adjacent to Kuro Industrial
Zone and is lowest Iin the drea of parks and area and ratio of
green- zones .in the Seoul ‘Metropolitan area. It is desirable to
improve parks and greeh zone in future by placing emphasis on the
quantitative guarantee.

{(2) Yangjac Chong

Area A

‘This -area is Intluded .in a development restricted area and the
richest in nature in the Seoul Metropolitan area. Such recrea-
tion facilities as Seoul Great Park, Horse Riding Park, ete., are
provided in the neighborhood. While the population density is
the lowest in the Seoul Metropolitan area, the population growth
rateof this area shows a high increase. it is desirable to make
Improvement: in - future in ‘connection with existing parks and green
zones by uti]izing the rich nature in the peripheral area.
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Area B

This area represents a dense residential district with high-story
apartment-house complexes built on both left and right bank
sides. The area of parks per head'QXCEeds-the*aVerage value of
the Seoul Metropolitan area, but it is desirable to improve more .
parks by taking the population- growth expected in future  into

account.

Area C _

This area is 1ocated at the junction of Yangjae Chong and Tan
Chong and the riverside land :1s suitable for breeding wild birds
and insects and growing hygrophytes. Therefore.‘Such an improve-
ment that can preserve and create an environment habitable to
plants and animals living on water's edge is desirable.

{3) Ui Chong

Area A _ . . _
This area is adjacent to Pukansan Park and has become a base for

mountain type leisure.

Arca B , . .
This area has small houses built at*a'high'density‘and-a'populam
tion density of 300 persons/ha or higher. Lo g : -

Area C

This area is low in population density and has excellent specta-
cles of mountains and forests on both left and right bank Sides.
Since the construction of apartment-house complexes is expected
in this area, it 1s desirable %o improve parks by utilizing the

excellent spectacles.

Area D _ - . , ,

This area correspond to part of the old urban district and has:a
high population denSity, but-the;population»13=decreasing'due-to
the trend of getting decreased-in popﬂlation:seen'atvthe“heartcof.
Seoul.metropolitan. : ; - '
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{4} Chungroung Chong

Area A

This area corresponds to part of the old urban district and has a
high populatiOH density, but the population is decreasing due to
“the trend of getting decreased in population seen at the heart of
Seoul Metropolltan A neighborhood park is provided adjacent to
the right bank and the spectacle of this area is majnly obtained
from foreste

Area B .

This area is the highest in population density in the Seoul
Metropolitan area, but the population: itself shows a decreasing
trend. The spectacle is monotone, because low-story small-sized
houses are densely built. Semauru Activity is active in this
area and a stable community is Tormed.

3.6.2 Zoning and Selection of Model Site

In order to utilize the river space for the recreation purpoees,
it 1s necessary to grasp the citizen's demand and its applicabil-
ity by surveying the natural cendition, the social condition and
. the ‘site condition around the river.

In this study, therriver space utilization demand was -evaluated
by {1] the populatibn_ih hinterland, [2] population fiactuation
aﬁdf[é} park improvement condition, and the applicability -was
evaluated by [11 the accessibility to the river, [2] the natural
ehvironmentai preservation condition and [3] the width of the
:majér'beds As ‘a: reéult of these, the river: space was cla581f1ed'
-into five zones, referring to Supporting Report V.

Th@fmbdel sites of the river space imprevement projects were se-
'5lec%§d among the sites highly evaluatedjin”the above-said survey,
considering the location of the bridge; the'land;uSe conditicn
and ete. - - .
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.- Fig.3.6-1. River Space Division .. "¢, Fig.3.6-2 River Space Division
along Anyang Chong L e e .. along Yangjae Chong

. \\/_/-‘_,...__,_..-A A

Fig.3.6-3 River Space Division S Pig.8.6-4 River Space Division
along Ui Chong " along Chungroung Chong
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Chapter 4. Approach and Strategy ol the River Environment
Improvement Plan '

A water quality and flow duration improving plan and space im-
provement plan must be prepared to each river on the basgsis of the
present-cbndition of each river environment deseribed above, but,
hefore making these plans, it is necessary the {1] target years
and target levels (environmental target) of these plans, [21
needs of inhabitants to be reflected in the plans, (3} desirable
future water quality of each river which becomes the base of each
water quality purifying Tacility, {4] kinds and applicable condi-
tions of environment improving techniques, [51 premises and
restricting conditions from other wdrks, ctc., which may come
into conflict with the proposed river environment improvement
works. Since the setting methods of these conditions are common
to the four rivers, the methods are collectively described in
this chapter.

4.1 Approach of the River Environment Imbrovemsnt Pian

4.1.1 Approach of the Water Quality and Flow Regime Improvement
‘Plan '

On the water quality and flow fegime plan, first of all, 1t is
‘required to study why water quality problems and flow decrease
were occurred, then estimate apparent run-off based on the
generation load (described in Chapter 3). '

On the other hand, the standard of water quality and maintenance
‘flow are determined as administrative targets based on the exist-
ing condition and water quality environmental standard committed
by the Ministry of Environment. " Then, required discharge and
'pollﬁtaht load to be reduced in order to pass the target will be
discussed. ' '



After that, the technologies to improve river water quality'and
flow regime will be reviewed and some of them will be assigned as
adaptable one to the project implementation. From this, the water
guality in the future will be predicted by future generation load
and apparent run-off ratio. Installation points, functions and
scales of the required facilities will be planned in order. to
satisfy target. '

Above mentioned procedure is shown in Fig, 4.1-1.
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4.1.2 Approach of the River Space Improvement Plan

In the river space improvemeﬁt_plam,_preSent conditioh like lend
use, social accommodation, etc. of the planned sections will be
investigated (described in Chapter 3), and interview survey ‘and
questlonnalrjng will be performed to recognize needs of the ejtia
zens and the basic policy will be determined. '

In next, zoning and selection of the model site will be performed
in -the planned section, and concrete utilization style will be

discussed.

Above mentioned procedure is shown in Fig. 4.1-2.

4.2 Target .Ye.ar.__'

< The proposed river environment - 1mpr0vement plan con51sts of (a} a
basic concept which formulates d long term over-all plan and (b)
a concrete working plan, based on the ba31c concept for: works
that should be immediately implemented R

. The:period~of'time'required to accomplish-the variOUSIimprovement
works in a wide area with relative accuracy is estimated  at 20
: yeareﬂ .Therefore,,the targetryear of the baeie plan shall be the
. year 2010. T R

On the other hand, the 10-year workingdplen shall commence in
1992 and its target year shall be 2002. ‘This target year nearly
coincided with the Long Term Basic Plan of Seoul Metropolitan
formulated in 1981, since the Iatter sets its completlon year at 

in 2001,
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4.3 Environmental Target

4.3.1 Significance of the Environmmental Target

In order to promote an environment improvément work, it is neces~
sary to set a target and to 1nvest1gatp and execute target is
usualiy called environmental standard, the standard are not
necessarily set on the basis of scientific information only, but
on administrative judgment also after studying the level of
pollution preventive techniques, economical feasibility, social

influences, etec.

While ROK government has set environmental criterion levels to
water areas in ROK as described in 2.5.1 above, the set levels do
not mean that the health of residents will be injured or living
of residents will be suffered when the levels are not attalned,
but are set as "the maximum desirable levels for securing sound

environments,”

Since environmental standard which have been set with such pur-
pose will be changed after a sufficient quéntity'Of scientific
information is accumulated or a pollution preventive technology
or the living level of citizens is improved, the"étandard must be
updated always in accordance with changes in various conditions.

 4.3.2 Water Quality Target
The water quality target shall be established based on how water

shall be used. As previously mentioned in Chapter 3, the water
of the 4 rivers ‘is not used for irrigation, domestic purposes,

ete., and they merely exist as part of the residents living

environment. The water quality target, therefore, should be set
in Class V, one of the water quality standards determined by the
Environment Bureau and a category. which does not provide unpleds—

antness to the environment.



HoWever, a higher water quality level will be required to-restore
the function of the rivers which makes the residents to become
intimate with the river water and to actively utilize the func-
tions of the river as aimed by this plan.

Such functions include (a) water and a green space which give
people peace of mind, (b) a recreational place which provides
people with fishing, dabbling in water, riverside walking, etc.,
-(c) a place which protects a rich ecosystem including underwater
and waterside livings, and (d) a spectacle which adds an accent
to the urbanized view of inorganic structures. When protection
of fishes is to be taken Into account, therefore, it 1s desirable
to set the water quality target at Class ITT which is the water
quality standard for fishery Class 2. When dabbling in water is
to be taken into account, the water quality target must be set at
Class II which is the criterion for swimming areas.

The.water.quality_standard of Anyang Chong was categorized by the
Eﬁviroﬁment Bureau under Class V. The water quality standard of
the other 3 rivers was not determined because ‘they are Class C
rivers. However, the water quality standard of Tan Chong which
is joined by Yangjae Chong belongs to Class II, and that of
Chungryang Chong which is joined by Ui Chong and Chungroung Chong
belongs to Class III. Consequently, the water quality: targets
for Yangjae Chong, Ul Chong and Chungroung Chong shall be ¢lass
1L, ITL and I1I, respectively.  These water quality targets,
however, Shali:be reviewed 1f  they prove to be teéhnologically
and economically difficult to achieve.

Fig.w4j3¥1'shows ahrelqtion~bétween water quality . (BOD) and
livings or water area -utilization for a reference.
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Fig. 4.3-1 Relation between Water Quality (BOD) and
Livings or Water Area Utilization

4.3.3 River Flow Target

There'are'2 flows which.are necessary “in .order to maintain the
normal- functions- of the river. These are .the reserved flow and
utilized flow. There is no need to.conduct ‘a study.on utilized
flow since the water of the 4 rivers are rarely used. Instead,
it is necessary to discuss the reserved flow. The reserved flow
is the one which is decided- to be confirmed . even in the dry
season by collectively considering (a) transportation by ships,
{b) fishery, (c)'spectacles, (d) prevention of salinity problems,'
(e) river-mouth closing, (f) protection of river maintenance
facilities, (g)'maintenance'bf ground watér} (h) prOtection'of
animals and plants, (i) keeping flowing water clean, etec.
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