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ABSTRACT

A Study on Proper Sewage Collection Methods of Developing

Countries - Vietnam, Bangladesh, Cambodia

Joung, Jun Pyo
Advisor : Prof. Kim, Sung Hong, Ph.D
Department of Civil Engineering

Graduate School of Chosun University

The research countries, Vietnam, Bangladesh, and Cambodia, are priority partner
countries for South Korea's ODA fund. With their recent rapid economic
development, the issue of water pollution has become a serious national concern.
These three countries are operating or planning to construct sewerage systems
using the Economic Development Cooperation Fund (EDCF) of the Export-Import Bank
of Korea, the World Bank (WB), the Asian Development Bank (ADB), the Japan
International Cooperation Agency (JICA) and other Multilateral Development Bank
(MDB) funds.

However, the concept of collecting sewerage developed by South Korean
consultants often does not fit the local conditions, as they adopt inappropriate
separate sewage collection systems. Therefore, this study aims to analyze the
problems related to the sewer collecting system in these three countries by
examining other cases funded by MDBs and proposing proper collecting methods
accordingly.

For reference, the ODA funded feasibility study for sewerage projects conducted
by Korean consultants is characterized by adopting a separate sewerage system,

such as Viet Tri and Siem Reap city. In contrast, feasibility studies conducted

- Vvii -

Collection @ chosun



by local consultants or other developed countries adopted combined or partially
separate system taking into account local conditions. |t was also observed that
Siem Reap wastewater treatment plant in Cambodia which was planned as a separate
system, and the Pagla wastewater treatment plant in Dhaka, Bangladesh which was
planned as a partial separate system, encountered difficulties in securing a
sufficient quantity of wastewater for normal operation due to the low house
connection rate.

In addition to the difficulties of adopting a separate sewerage system in the
researching areas due to structural problems of households, there are also
financial challenges to ensure the sustainability of the sewerage projects in
developing countries. Compared to the combined system, the separate system has
lower financial sustainability due to its higher construction and maintenance
costs, which often leads to increased tariffs for users and creates a financial
burden for the recipient countries.

Therefore, it is concluded that when applying the separate sewage system to the
existing urban areas of developing countries, the economic scale, GNI, financial
sustainability, and local site conditions should be more thoroughly
investigated. In the case of existing urban areas, measures to secure the
quantity of sewer for normal operation of treatment plant should be prioritized.
For new development areas, the implementation of separate sewer pipelines that
can effectively collect pollutants and transfer them to treatment plants should

be considered as a viable option.

- viii -
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.|
Ol04, el510F 98.3UF 22 olid=2 LEtHE2 Ot 20

7 = W &

N = OFEUHE(=R), SUHE(ER)

g = HIESQ = 21=(86%) S 544 2=

e Of HEZEAH(S8H), S0, ZHAH, 530, 2AH=0
S U S (8%), IE(7%), SFwHIE0 =3

S XM At2l =2 St

NIHIGDP =<= 20690 =JF = 4291010 121E GNI= 20218 JlE 3,590 = OECD

DACSl SMAS=22 AEEHN UL A=82E=2

ot HMIZ=Eel HIE0l 85%2 ZAEIALH

©

5%, B3 75MO0I0 A

]

E 32 HIEY SHNE (#2452, 2021)

2 = W =

MUPE | NHIAY 5%, MIZQ 40% SO 15%

FQ4EE | R, MY, BINEB, 442, AR, ¥, I, 2B S

FRAYUE [ JINB, MRNB, BANEB, A% L AUANK, INHE S

SENE | AR L ObA, UUTE, FANY OEER, A4, HE, UA S
SoILtRtets 1992 128 2220 +1E AIRGIACH EOCF X2 BHS 19954, 24
AZHHS 20000 MAGHLACH 2028 BT as, SIf SO S+ HEY Jlurol
Sellel OIS0l HIELN A& A20, HIEL TS SAsSS OlNES 2L,
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H 33 HEL-UB0R 2 2oiHY (FI4TASH, 2021)
2 = 20185 | 20198 | 20004 T EE
+E SrChl, BECOAZ00| 2
] 48,622,098 | 48,177,749 | 48,510,572
(2 22 M, PHEAII)
e
] 19,643,385 | 21,071,557 | 20,578,580 | RESLIIII, oF, HEE
(2 22
3.1.1. Viet Tri
MEY Viet Tric 450 G0l SHEOR o 70kn BOIK Y= RO Phu
Tho 40| AS0I0i, o 2600l 0170} HEGHD YUs KHOILH GH4Tel AgS ®
S5 MEOIL IS U ©S HEX M2 o4B MelStRCOL, AJIEHNY HHE
ShagMT S0l Y WRAS QO HHOIT EDCFABE A0 2009H 2E o
SEARIS ABOIRCH. SHEEALBA X ASHES 202118 128 AENOZ 2Edt
AL,
3.1.2. Ninh Binh
BIES Nitn Binh= HIEs =552l Day & enr M\;wfm’f"? S
R0 IXIGHD ASD, ol B Ly i fie |

¥ DEE2E et 93km Z

SIR20 fIXIctD U= &2

Binh &2 &d%=O0ICt.

Ol

Ninh BinhAl2l & HEZ 48.3

0ty (2017H) 22 Tam Coc(ZE=

©h), Cou Phuong(&IZ ), Van Long

So Chst 2SN 22 X0 T
N 2EZAH UL

Z2Hol detz Olgl /MSstHIMAS0 EH
MEOZ 20129 XS S8 otk At
NEI= L
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Z= MO Sl

CHOSUN UNIVERSITY

3.1.3. Hung Yen

HIEY Hung Yen2 =%2
Yen2| HEE 46.8kr, 014
XlotD QACH OIR% Ninh Binhdt DFEDIIXIZ 2 A&
P 2l ATA ISl AL Ol AIEEACH. 2013E 0| &2
, 28 XAl 28 ALEE(Poyry)dll 2o =+

Z= Hanoi%, §E2=xZ= Ha Namdb ©1&EGHD RULCH. Hung

Ol

2

2 3.1 Hung Yen 9IXI& (Hung Yen PPC, 2008)

3.2. g=ctUlAl

OIS et DICHOL ALOIOI SIXISHD U= YSetdlAls HE 148 knf(SHEHE2] 2/3HH) O
O, AP 1.79E2=2 =2 L2 OfeHE 2L,
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2 = W
N = g2l ==

o = = 01(98%)

e of A=0(SE0)

S u Ol=&10(89%), &S (10%)

S XM O 2 L 24 Al

NIHGDP=®= 2060 =Jt& 38%10IH 121 GNI= 2021 JIE 2,750€cl=2 OECD
DACSl SMAS=LZ AEEHN UL, A=E2E2 97%, B3 73MO0IH MEIAE

ot M=l HIE0l 87%2 ==280I0H

T 3.5 222HAl BRXE (2428, 2021)

7 & W 2
ATE | NHIAY 5%, RIZES 31%, =2 13%
FR4EE | oR, S42, YSAB(HAE), B0, )5
FR4UE |9, IR, ABANB, BY, AEE
SEGE | EIIA, UMXH, HE

fellictets 19732 1228 182 =1 E AIFOSIAULH. EDCF At €& =2 19738, 24
FXAEE2 2014801 MZotRULCH. 2023F &M CH&tel=2 Mg J[gt JIFS0l &3
2

ctOlAIO M=ol U2DH, E3HUAIAS SFASEZ2 OfcHEL 2L,

H 3.6 Y3ctUAl Reltctetel RAsE (st=2+==22d, 2021)

-+ 5 20184 20194 2020 FRESI

*E BB, BHLN, 59 L O
_ 1,238,299 | 1,282,342 | 1,033,331
(& ¢2) or=

4o

o2 o= 2 AlHZXS

(5 o) 346,507 404,703 392,918 | 2=, 2= dMES, dEHES
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3.2.1. Chittagong
Karnaphuli 2210l fIXI8t Chittagong2 &2c2t0IAl SAl & HM22 ZAIOIAF HI1<
= SR AIOICH. Z2ctAIel ZHAEES SAN RAXS TAIZ Stsh-HIE8ALAD|

2608tHe 2 REFSH QI
CEE Jl=AHEY o
9

(P IPSE

QI0ICH. 2011 J|Z=QI7 of
TOb 2 2002 YIAHAl 2Dt ot

2 6.8%2 EPIHEEA=

=+ s2 280 =2 ¢
F 2030 °F 3702tHe| @l
. d=cdAle BHdE

I 3.7 Chittagong !=2=H (World Bank, 2017)

Population Projected ) )
Projected Population
o from Census | Growth Rate(%)
= 2011- | 2020-
2011 2015 2020 2025 2030
2020 2030
Chittagong 2,592,439 3.9 3.4 | 2,808,681 | 3,111,125 | 3,403,938 | 3,730,950
TEAn 23
T
&= Rangpur
L S
15 WESEA o
= Maiman-
Ao TR Rajshahi sy Sylhet
El;gal{-“*l Dhaka 7
Bangladesh 3 )\/"1,.
. v g P
[WE
) Khulna Chlft?é@ng\
. P Barishall" -)\v\ |
: i
e {( i
> "\{\\ly\\‘
INDISCHER ‘«\'J\'I\R
QZEAN
18 3.2 Chittagong #IXI%=
3.2.2. Dhaka
Dhaka= 22ctOlAlISl ZTHC T AIOI0Y £=%O0ICtH. 217= 1,6132+H (2016 )28 15

AIJI Ol& BISLUA Olsg TAIZ BHIZotRULH
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8002t H2Ib HZFoll) USLMB, Dhaka A-t= EH HA 1,400kmw0 1,9002+F 0] A
P

3.3. Z2LI0t

SYOAIOF =1t HIEE ALOIOI X =
4/584)0104, Q172D 15 8MOtHOZ G =2 UBIHES Otei HE2H 2 L.

ol
N
$0

Ir
0¥
HI
a
(=)
rr
[‘D
J
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T 3.10 Z200-2cltetete 2Hs s (8242228, 2021)
- = 20184 20194 2020 =S
== ANsi, JIsaE, #A=Z, ¢
= 660,426 696,530 567,210 B = =
(& &) 205
%= 0| o=, MEESG, AEE MDD
_ 314,477 335,922 318,112
(& &) Jl, LARAMS
3.3.1. Siem Reap
OIEXIOILE BFEO] YAZEN RAXIE ZECI0te] HAEES 181,035km2 Ef=1 2t A,
HEYD 24 AN QUL Q7= 2F 1,7008tHOZ 2020 2UHSAHGP) 2= &
25391 &210|0 120E ZOIEAS(GNI)= 20008 3004 E =10tst 0|1 R=ol &
ot 2020 JIE 1,560 £=Z0ICH. AR XHO! Siem Reap2 MIAHIHCI HAQI 23
2 KA0| AXGtD JUASH, Z2CI0F 2HAHS =2 =URJA0ICH. et ZE2CI0t
85 = World Bank, ADB, EDCF2l o2l X222 Sdoll Siem Reap &&= JHAGHI X Sl
CAAEE AEHEOZ 2=5610 UL

Gulf Shailand
d ﬂ‘; .
Y~

2 3.3 Siem Reap HX= (
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3.3.2. Phnom Phen

Phnom Penh2 ZUECIO0F2] ZCHS T AIOIH £=%OICH. Q1= 2F 23

ZELI00IA DS el10F B0, ZAIS HE2 678km=2 1412 &

AUSMH 02 (Mekong),
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T2 3.4 Phnom Penh 9IXI= (JICA, 2016)
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M 4% ARHAXIAO Gt
4.1. HIEY
4.1.1. EAEE

Viet Triol dt+= Al

S/HHE (Phu Tho Water Supply J.S.C, 2012)
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F=H X &M & (Phu Tho Water Supply J.S.C, 2012)

" 4.4 Viet Tri Jt=s A

S NZ =0l 201U ZEO0I0I L=l ot
£ 3e

? 80 MM 20l =S
U £ HMelotl= FHSZ ot=biXIIt 0IF

e XNg AL dEC2 &

=)

SICH JIE ot==tiMe&E 2 Ot Ot 2L,

_27_

Collection @ chosun



(a) Ot= W B3hx (b) HSEH AMES HEHE

8 4.5 Viet Tri 3t ¥ =CHot==tHHM &

H 4.3 Viet Tri 2o =2 XA Z20 (Phu Tho Water Supply J.S.C, 2012)

AR XALZ D}
S
pH COD | BOD5 | NO3- | NH4+ | NO2 | Coliform
s=(gest) | 1X| 6:95| 128.0 460 038 195 3.5 2.100
Mel== ozt | 7.12] 1583.6| 55.3| 0.16| 24.2 - 4,800
M=(ast) | 1X| 6.95] 238.0| 130.2| 880| 68.8 4.8 11,000
Mel== ozt | 7.12| 2446| 136.4] 1.30| 52.9 4.7 12,500

P HOAMS 20 28 SF A A2 2 X0l 22
(o]

O Y= NEH2IPO L 5142 2
_28_
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Ninh Binh& 2012& Ol &
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SRl Aoy 4FHEME &6t A 20128 Ninh Binh
ot AAE D= ol BEted ZALE =80otL] World Bankel Xt&t= &AIFHSHII0
Olesiel, =2 o=k AIE FdUlEs2 OteHE2 20

I 4.4 Ninh Binh atz=ZAIZH & (Ninh Binh City, 2012)

2 = W
= SHHGT 20204 (1SH2H]) 2030 (2EHAI)
= Xe2lels o 81,528¢2!
 SE2E 9%
» 33 H2 1 140 ¢ ped
HEIX=E = Ol &
Mt _ e _
A Spa st & tHetw | 8 JIEt
12,776 | 4,670 403 743 810 455 2,260
S TEIAlA . /_\IQ%%t : 15,000m /L (1EAHI), 25,000m" /L (2EHA)
» Hel3Y : Aerated Lagoon
= 2E2 0 D150~D500mm, =17, 2km
of=2&=2 » NSRS 0 D600~D1,000mm, =2, 3km
(1&H1) s QESAHEZE 1200
= Hi==AglHZ 2 0 D110mm, [=25.5km (It S 20m)
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General Layout of Drainage and Wastewater Collection Pipes

Waste Waer Sewer Phase i
Drainage Sewer Phase ii
~————| Waste Water Sewer Phase ii
- Existing Outlet
—=| New Outlet
@ | Waste Water Separated Manhole
"] Direction
o WP
) Waste Water Boosler Pumping Station

Q@ =15,000 m*/d

1% 4.7 Ninh Binh St==X2|HIZ < (Ninh Binh City, 2012 HE &)
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T 4.6 Hung Yen ot=BH MY Hl1w (Hung Yen PPC, 2008)

Combined System

Combined .
[tem with Wastewater | Separate System
System
Interceptor, PS
Potential for Odours X X XXXX
Potential for Blockage by
) XX XX XXXX
Solid Waste
Release of Wastewater to
] XX XXX XXXX
Environment
Capital Cost XXXX XXX X
Operation and Maintenance
XXX XX X
Costs
Simple Operation XXXX XXX XX
Skilled Operators
) XXXX XX XX
Required
Resettlement Required XXX XX X
Energy Demand XXXX XXX XX
Householder Costs and
XXX XX X
Fees
Cost and Need for Septic
X XX XXXX
Tanks
Affordability XXXX XXX X
Financial Sustainability XXX XXX X
Compulsory Connection
] XXXX XXXX X
Required
Step—by-step Development XXXX XXXX X

= Notes: XXXX = excellent, XXX = good

, XX = fair, X = poor

Collection @ chosun
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TS ASE §
ErE
7= 50] ol

SSEHM S &

Chittagong2 Al2tst SHH2ME oHZotDXA 20178 St HUID|I2HE S ot
Ch. S HHEE 2030822 £&otD A=+ 3702tH0 Holl 604 MelREez2 2
SHCH. HMel7E2 XNE0A, of=0152 E0/4d & SSotsHelAlEe 2X=E
Old S0l 125t dFEA2D, 1 S OfeHERF 2Ch
4.7 Chittagong S30ot=HMelAlZH & (World Bank, 2017)
7 2| M2ANEY | H=AR(2) | MelelF(e) | BE=2E(%) | NS (m/e)
STP-1 | Halilshahar 1,195,212 749,531 62.7 150,000
STP-2 Kalurgat 867,366 316,868 3.5 86,000
STP-3 Fateabad 417,565 293,737 70.3 60,000
STP-4 | East Bakalla 577,798 405,483 70.2 80,000
STP-5 | North Kattali 363,773 174,274 47.9 52,000
STP-6 Patenga 309,239 249,748 80.8 100,000
Al 3,730,952 2,189,642 58.7 528,000

ZICollection @ chosun
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gt=2c2t0lAl Chittagong St=XclH & =
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A2 9l ¢ 300,000¢1
AL 1 60,000m'/Y
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A1 320,000%1
AA-85F ¢ 86,000n/ Y

| #el9l T : 175,00091 [
[ 1487 : 52,000/ |4
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{.1 *

A2l 1 750,0009!
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% 4.14 Chittagong HEdlax=Hel 2= (World Bank, 2017 HEHZ!)
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&= (Dhaka Water Supply and Sewerage

£ 2 X6tk ost==FEIJ|IZ2HES =35t
f2 Chittagongdt R ALStHH, 20124 HEE 1104 ot=Xel&®
=Xl 1A 23010 &0 HMel29e ot XMl E
(@]

(H, DhakaAll dtx=E=FHIJI2HES S& HEEHE Grontmij

no o @

ag
ANS & HE S0l

ddotd 112

Collection @ chosun

Heleln TR SRR ARUE
No. Xel=4 He|l2d
(el) QmR e (ha)
1 Savor 400,000 46,000 69,000 5
5 Tongi/ 800,000 92,000 138,000 10
Gazipur 400,000 46,000 69,000 5
3 Rupganj 500,000 57,500 86,250 6
4 Keraniganj 400,000 46,000 69,000 5
5 Uttara 1,600,000 184,000 276,000 20
Trickling
6 Mipuir 2,800,000 322,000 483,000 Filter 34
7 Dasherkandi 2,400,000 276,000 414,000 25
8 Kamrangichar 1,600,000 184,000 276,000 20
9 Pagla 4,200,000 483,000 724,500 51
10 DND-Demra 900,000 103,500 155,250 12
11 Narayanganj 1,400,000 161,000 241,500 17
— 39 —
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A& (DAWASA, 2012)
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H 49 ot=Xtd & 0l&2et gl (World Bank, 2017)

- = Option 1 Option 2 Option 3 Option 4 A=Y
=8 AHAAM Low Medium High Medium/High |  Low/Medium
I elgd High High locally Medium Medium Medium

SA&2 Holz High Very High Low/Medium | Medium/High Very High

234 Medium Medium/High High High Low

AL 75% 80% 60% 70% 4%

2 AtHI Low Medium/High High High Very High

F0+E4 High Low Low Low Medium

p ES k=i Low Low High Medium Med ium/Low

Chittagong2 2t&otE Sl =220 502 A2 XMHEALS 2HotH Gt &
ot St=XEYHE SHIHCR §RAS 2H0ls A2 HEZRJUCH. Dhaka ot
= of ZEFOI HIRNLALH, O 82 USHEA 2L
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CHOSUN UNIVERSITY

20| 25~33% +==021 30,000~40,000m /20| RLT D A= Aoz X ALZJACEH. (Wor Id
bank, 2020) =L@ Cl2 S&3IE 7 AJIKl XFo 234 AZAHE L ZS &4
HBEZ LIEtRCH. Jl HE=E HAHE Dhakall ot==XMclH&2 G J8 &0t
Ed } "é’.,i-‘\ @ T g
3 PRy 2 ¢
va 1%
‘ W & 12_ -
y W:J ructnmmrl 9
) B 4 Qe system z
g_ : ext’ I Guisharvganani ?&_

Priority Pump Stations

E =i ¢

’5"‘ ;

umla

i Fnaﬂty Fl.lmp'alt.i.em
£ New Construction Gulshan

Construct Mew Dasherkandi
Qumc 'ﬂ'lmml let a

A r— =y —
' Construct New Transmission
Malns to New STF

5o
' Eastern Trunk Sewer:
|| Construct new pump -
stations in Khllulen ares

-
Iy Homy Pump Statlons
Nuv Construction Bashaboo

Pﬂo Pump Sta

| wfgvonmg.ﬂon Galaphagh
F—.

Replace Enstern Sewsr ‘

Main Priority Works

Nndhuhm {rmear 'I!]nnn; to Pagla)

T
E22000

=

,fhr.gh sTe ‘@
Modute 1 = s —
Trickling Filter + Existing Facultative Ponds ‘
(Cumul ative Capacity 200,000m3/day)
| | .
T Samee Sa0iw samoe Py Lasae P

18 4.18 Dhaka 1&tH ot==SH =
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(51

Ray erbazar
Re-direct Asad GateiNewmarkey
Jigatola/Haziraba
pump S1ations to New treatm ent plant

Dhiaka Weet l: atohim ent;
Sewarage System, Transm lssion Malns
and Treatment Plant

’ E | J
Raysmbazar, CoOnstrust new
Sewage Treatment Plant

—— n -y
F N\ 4
wrbazar W
Reliabllieste and Expand Colleation System I A
"\f‘f Ditaks South Catchments: /
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h'“"";_':_— - | Pump Stations | 1
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12
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& 4.19 Dhaka 2&tH ot~ A2l (2015-2025) (DAWASA, 2012)
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CHOSUN UNIVERSITY

L3217 RO 512004 Eiiee SERG00 o S0
L

Gazipur Catchment:
Sewerage w'l'rmsmhslon Mains

M m:isme"l'zutment Plant f'g

S35000

Bado0n

. |, Module 4 Trickling Filter
"N~ Module § Trickling Filter

and Sewage Treatment Plant

16000

T
sr30en sIzoes S S T

8 4.20 Dhaka 3&HHl Gt== =& (2025-2035) (DAWASA, 2012)

SEdaen
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4.3. ZLLCI0t

4.3.1. TAEE

Seam Reap Province HI& =(Provincial Department of Planning)0l 28, 2019& |
Z Siem Reapl °l1F= 257,509¥HO0|IH, ®HMQIFS 2 61.6%2! 158,776H 0| M+

[

1

LHOl HZ=otes X2 LIELGCE. Siem Reap XMl 2l 217 & IJt=&=2 Us 2%

— A —

J

'L

m

HE 4.11 Siem Reap X2l & Ji=4 (s8=245228, 2020)

HE A Melel(el) n=2(s) r=gelqns=(ol)
Sla Kram 50,686 10,160 5.0
Svay Dankum 48,039 9,931 4.8
Kouk Chak 33,684 7,801 4.3
Sala Kamraeuk 26,367 4,935 5.3
Total 158,776 32,827 4.9

Siem Reap2 7 MG FHCN UL JIEM2FES 2x 22000 HEE

KX 21 |S Center@F World Bank ZHR0| S = WIS, ETSHeI*<, ADBIAO| &

=l IS Combined 40 Xe2l7<O0ICH. HE XMl REE IS North West, IS South, IS
= 0

Center (South) 2l 30 HM2IRHOZ EDCF Xt& £20| HEZO UCtH.
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Tertiary Network
Secondary Network diameter
200
— 300
e W)
— ()
Catchment
&  Pumping stabon 1o be rehalwitated
Existing Sewers
===~ Force main

S3otrXelAlE2 20098 ADBXAt2C=Z == AXIEZIUSMH, 20148 [Hetel= EDCF

bl

tZEAIE 2 28 2EOIRUCH. XclsE
X

SE2 SHe=Z, J|lX, d8x, 4=
FAEDN UL sHAXNMCIYEES HEHOZ AlE &2 Otch2t &2Cf.

Hu

2= Funding Source ANEES(m/Y) H 1
1EHA| ADB 2,776
2CHH| EDCF 5,224
Al 8,000
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@ i cuersan

. ' MG trminintraton Suiding)
i B Sronmramy renea peing

» '. 1mﬁqﬂ§“m‘l“!ﬂ

'. EMSRNIATEE s ememndation Budeing]

! ' . remannintia Bmyiisalima:

[Werkstg Sarsgs Bustirag]

! . . T LR it st

I & mrwlpnmnm jous snans)
PSR AT (Arseschs oty
(BN BRI frmcrsnione Poradt
[BILRTLIE fahamration Paed]

508 Tanaumicnn pudpe Doyng sed)

= <+ [ODGRIAICTIGIHE Foss Main Sewer]

e ROV rroce Flow)]

ISR M tiow)

18 4.22 Siem Reap St=HMElAlE SEE (825228, 2020)

20118 ~ 20134 (2014 2EHH SHEAMY &) HMelAld =ZZAHBOD) 21 XA 130
mg/L ~ ZICH 204mg/L2 RO 50mg/L OI2tez YR RULCE.

H 4.13 Siem Reap B35t=HMelAlE =& & (=228, 2020)

Date S BOD(mg/L) SZ BOD(mg/L) Helas(%)
Apr. 11, 2011 144 47 67.4
May. 11, 2011 130 33 74.6
Jun. 11, 2011 197 32 83.8
Jul. 11, 2011 172 36 79.1
Aug. 11, 2011 146 35 76.1
Nov. 11, 2011 150 47 68.7
Feb. 1, 2012 200 37 81.5
Sep. 11, 2012 155 31 80.0
Jan. 16, 2013 204 34 83.3
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Z2CI0F FAI Z=2HUAl, HEZW [AE Bi=&£8I12 SMES JHA LD JACH. 3t
X204 J= XIotol S5IA20, =2 EXIT0 JACH. Jt=s2t 26301 810 = Z 2
= X6t figt 201 §l, IS LH0 AKX =22 Xet0It =0t si+=&H8|
HAZE0| M ROt

JE 44 ot=Xel790les & 32 L= HEZEO

AULH. 20098 F A FFRAL
= 3ol ot==Jt FE= Wat Chork
£ HEE EOCFXt20l EE Hel?
2 Y0} Sala Kenseng SHEBZE2 Jts SXS0/04, Chunlong &
S

=
Bz A 230 UL

Z H=EE IS Combined Mel2<= UM

(e)
HEBLZZO0 o 2ES0I0. 2014E =

Eisting systen
----- Tons main o &=
—— s sewer = | I
Faclaws X 3 5 |
& Pumping dation 4 ,{" :‘-
—WWTP iy i =
Lo dhsion \'\
s I Sala Kenseng
-grértmeo 3 {2014, EDCF)
15 Cenier Q=13 127 m'{day
[ = Mo Vet
1S South
.'"‘-\I..\ _
. Wat Chork
b (2009, ADB)
/-’ Q=13,824m'
By fday
B o Intermittently
A 7 Operating - -
, X Chunlong
“SWPWTP Siom Reap (2014, EDCF)
5 Intermittently
e . ] Operating
& 4.24 SiemReap L+SHELE 2HSE T (SH=24+2U28, 2020 WHEY)
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2200 H2= JIE 4 HMelRY9oA 300 HelRY sH&sS st=2 EDCFAI2e =2 A
2ot QUALH. 20208 EIEH XZAIE +=HolFM, o222 E=: H2lAIEQ
12,500m /2 =SH0| HEC/UCH. Sl 20148 2SH EDCFAI Al 2574 ol&=% AlA
80| =ot0 Hi=&Hl HZE0] RS SMES HZot0A 7,244017 2| Hi=4H| A
ZS HEoID UL (st==52 28, 2020)
I 4.14 Siem Reap ol ANAED SHAHE (SI=245 28, 2020)
2 2 HEH=2
H &GS e QWA 25,000m /L
c SHESH 1 12,500m /L (J]E 12,500m /L
XelAlA _ .(. . )
- M2lZ2Y : Waste Stabilization Pond
[ + D200~D600mm, [ =44 . 8km
» D150mm, [=149.98km
Hi =& Hl
e Q=80 1 7,24400
*Box : B2.0mxH2.0mx 1&d ~ B4.5mxH2.5mx2& |, L=10.47km
=2
« JHH : =6.68km
,-r"'ETE;Tl,?nu;H;&_"'HH - Population: 147,320 Persons
{ ; IS Horth Wast - Coverage: #0%
R el 11 v ot 25,004 -
e —e 1008 m
" I3 Center, 13 South Ditribedion
N - Wastewater = “‘mm Chamber
T—— ._ EOCF B WWTP
(12500 mday)
) Q= 25,000= Iday,
0 450mm A
-_.: EDCE | WWTP
inkand Distribution ' (8125 m'iday)
Ghames=r
ADE WWTP
(4,375 miday)
12 4.25 Siem Reap ol=AIAEN HE RAIE (&
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d2tUAl= HAHE oAUl MADINA REAII= 2tH Z2C0ts MdD|l =HIt
Hwd & 0[F0X1 ALt X &S =
£ Yol UAA2H, =2 N&2
=

A LIEHSECEH.

I 4.15 Siem Reap =L06Id (ER)LZES & (8t=24E228 | 2020)

- =2 & A 1N PINE 3N 4K <
BODs mg/L 99.1 103.3 103.0 60.5
CODe; mg/L 203.3 206.6 210.0 123.0
TSS mg/L 61.1 68.1 68.6 33.8
TN mg/L 41.2 39.8 40.1 32.0
TP mg/L 0.83 0.71 0.82 0.58

& 4.26 Siem Reap X229 W =2 AGt& &=

=}

-

Phnom Penh2l Z2< 2016 ZECI0F §2It L=2=HME S H(JICA) 0DAXI22Z Phnom
Penh2l St=S&HIJI2HEES ot JI2HEL =R SHS TAIQ AU
StEXelAlAES REOZ JI2HE2 L2 ALEEHE(CTI, Nippon Koei, Katakyushu)
o 2ol +=HEACH, S S22 =2 S3otHelAEd2 A2H, A2 HLXIS &t
S=HelAlZ0] HE 2Z =022 ZAEUL

)Collection @ chosun



T 4.16 Phnom Penh St==Al& & & (JICA, 2016)
oA SHEA S2(%) SIEA SHEH(%)
Connect ing
(It32) No Yes _ g Septic Tank | Pit Latrine
to drainage
352,702 7.1 92.9 71.8 19.7 1.3
J|E o2 & 55knE =2 UM 92 ot ASCH, 1 S&2 0ot O
o 20,

(JICA, 2016)

=k
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JI&E otdelAME2 A2 HEXO AN H=0ICH. HM2lAIES HE N AL
b EX Y 2ES0|H, 1 &2 OleHEe &0,
H 4.17 Phnom Penh CHA2 JHEXl otx=xXcls & (JICA, 2016)
ol HEFR | ol==E
=13 (m =] =2 C T D EH
1 | Boueng Kok 133 A F=H | 40,000 =4 Ct=d3l L
2 | Diamond City 80 M =H 5,000 =4 Lagoon
3 | Camko City 119 =A 10,000 =S4 St &KX
4 | Grand Phnon Penh 233 A, F=H 12,000 =4l Bio—Filter
5 | Chroy Changvar 13 ate - =4l Unknown
6 | Satellite City 380 A, =H | 40,000 =4 Unknown
7 | Pratinum City 140 =N 8,000 =4 Ct=d3tx
8 | ING City 2,572 =A 300,000 =S4 1= PN
9 | BTP 10 =A 1,000 [t Aol
Hd20 ool S2HEE=E B3I HES SEHTZE 20322 AF6Ig2en, 1O U
22 005 To 20
I 4.18 Phnom Penh Gta=XelAl& HE (JICA, 2016)
- = W =
* Cheung Aek M2l : 282,000m /& St=XelAlE AlM
- o132 1,093, 1559
- A 1 4,702ha
- Ol | EFA
_=° - GtaXelzY - BAsIRY
ot==H el _ S
e Tamok Xl @ ©@SXxel(On-site Sanitation)
- 017 : 481,423%
- A& : 6,019%ha
« JIEHXIY @ HgX AXI(elF 1,292,522H)
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Study area applying
off-site treatment

- ': Study area comparing

'e = = ON- and off-site treatment

& 4.29 Phnom Penh
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3
Jz

St=XelAHE S (JICA, 2016)
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