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. PREFACE

In rcSponse to a request from the Government of Socialist Republic of Viet
Nam, the Government of Japan decided to conduct a master plan and feasibility study
on Urban Drainage and Wastewater Disposal System in Hanoi City and entrusted the
study to the Jap'an International C'oopcration. Agency (JICA).

~ JICA sent to Viet Nam a study team headed by Mr. Michito Kato, Nippon
Koei Co., Ltd. and composed of staff members of Nippon Koei Co., Ltd. and CTI
Engineering Co., Ltd., three times between November 1993 and December 1994,

The team held discussions with the officials concerned of the Government of -
Viet' Nam, and coriducte_d field surveys at the study area. After the team returned to
Japan, further studies were made and the present report was prepared.

I hope that this report will contribute to the'prmuoﬁon of the project and to the

- enhancement of friendly relations between our two countries.

- I wish to express my sincere appreciation to the officials concerned of the
Government of Socialist Republic of Viet Nam for their close cooperation extended

‘to thf_: team.

February 1995 -

Kimio Fujita
_ President
Japan International Cooperation Agency



February 1995

Mr. Kimio Fujita

President

Japan International Cooperation Agency
Tokyo, Japan

Dear Sir,

We are pleased to submit herewith the Final Report of the Study on Urban Drainage and
Wastewater Disposal System in Hanoi City, Viet Nam. This Final Report compiles the
results of the Study conducted by the Study Team, jointly organized by Nippon Koei Co.,
Ltd. and CTI Engineering Co., Ltd., for one year and four months since November, 1993
under the contract with the Japan International Cooperation Agency.

The Report presents the study results on (i) the master plan for the urban drainage and
wastewater disposal system in Hanoi City with a target year of 2010 (Main Report, Part I),-
and (ii) the feasibility study for the To Lich River Basin Drainage Project selected as the
priority project .in the master plan (Main Report, Part II). In the course of the Study, we
particularly paid attention to reaching mutual understanding for issues related to the Study
through intensive and frequent discussions with the Vietnamese side. Many of the Study
results therefore largely depend on the cooperatlon and suggestions given by the Vietnamese
agencies concermed.

We wish to gratefully acknowledge the Japan International Cooperation Agency, the
Advisory Committee, the Ministry of Foreign Affairs, the Ministry of Construction, and the
officials concerned of the Government of Viet Nam, especially the Hanoi People's
Committee, the Hanoi Transport and Urban Public Works Service, the Hanoi Sewerage and
Drainage Company, the State Planning Committee, the Ministry of Construction, the
Ministry of Water Resources, the Ministry of Science, Technology and Environment, and
other concerned ministries and agencies, for their kind cooperation and assistance to the
Study. :

Moreover, we would like to express our sincere appreciation to the counterpart personnel
who rendered a lot of efforts to the Study Team throughout the Study period.

We hope that this Report will contribute to the development of Hanoi City. |

Very truly yours,

Michito Kato

Team Leader

Study Team for the Study on
Urban Drainage and Wastewater
Disposal System in Hanoi City
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i e Hanor Crty is the cap:tal eaty of Vret Nam and is the polmcal €conomic, and o
"+ .cultural ¢entre of the country. The Government of Viet Nam (GOV) has long since
" “been keen to’ improve- the drainage and wastewater disposal systems as quickly as -
. _i'poss:blc in order to sustam Hanor s economre growth and hygtemc 1mprovement BREE

RERTAN Exrstmg dramage and wastewater drsposal systems are fa]lmg mto a state of :
e dlsreparr and their conveyance capacities are being teduced. This results in frequent

flooding of the urban areaand deterioration of water quality in rivers and lakes of the
_s”'urroundmg areas. These have beein creating serious problems for the environment -
and - have: hampered economic: development activities. -In recent years; several
penpheral areas have been subject to rapid population increase and dévelopment
without - provrsron of adequate dramage and wastewater dlsposal systems ThlS L
farther aggravates the problems Rkt _ : c

. omemn

_ -The Study s objectlves are:’ (1) to formulate a master plan (target year 2010) o
on urban ‘drainage and wastéwater disposal systems in the central part of Hanoi City .
(almost 135 km2,- see the Location Map of Study Area), and (2) to conduct a’
- feasibility study (FIS) on urban:drainage systems and/or wastewater systems for the;
f—f'.,pnontlzed projects selected in: the master plan . i e ‘

; "f- whrch is surrounded by the Red River.(in the
‘hue’ Rlver (in the West), and the Old To Lich River (in the =
] pres_about 135 l(m2 (mcludmg the West Lake) whlle the total :



4 ommormm: PROPOSED PLA

o '41 Basic Policy

ln _th" _formulatmn of thls dramagelseweragc mastcr' plan (Master Plan),:_

nti inatinig with the City Master Development .
, p pl me"'_atlon plan of the: dramagdscweragc projects shall be -
- proposcd cons:dcnng thc su:table scale of each prOJect in ensunng \nablllty_ of the’

e From thcse vncwpo:nts-:ﬂ' 'he Master Plan-mainly consists. of two projects;: the
: Dramage Project and the Wastewater stposal Progect Both pro;ects ?are sch duled-=
o be lmplemented in stages unn! thc ycar 2020

A To L:ch Rwer Basm Drainage Plan'
B. _Nhue River Basm Dramage Plan _'
C Scwe_rlChannc! Dredging Works .

procun:mem of machmety
~ |~ Execution of the West Lake Co on

D. West Lake Copservation -

'E. . City Lake Cpnsérvalipp SR T

H.. Centralized Treatment System . - - Devclopmcnt of : zones wi h
. Sl --“-.2020 ’

I 0n~s_ite ‘I‘réa:meni _Sys_tcm e

I Pilot Wastewater Trcalmenl
Projects :

__ supporting the drainagelsewerage devel



- ‘beneficia

B -'*4,3 Outline of the Pnonty PmJect

The To Llch Rwer Basin: Dramage Pro_]ect (the PI‘OjCCt) has becn sclected as

.the pnonty pmject for implementation because this project has the highest economic
viability. among - the plans. ¢xamined .in ‘the master plan study and proves to be

: hown in- Tablc 2

: 'ruble-z" Outline ofthe Project

in’ unprovmg pe0ple $: lnvehhood and hygncmc condltlons The outling of -

' lst Stage Construcuon

(1995 2000)

2nd Stage Constrirction

|y River Improvemem
g 3 __"':_(improvemem bength 33 km)

Dramage Channels (Tolal Length 30 8 km)

Removal "sedxmems (as an urgem pro_pcct)"

swe

- 387 million m® |

33 km”

| R (Tplaces =

4 lakes_:' SR :

i ‘1'20k'm -

22x 103 m3

308 km o

":'7.__96;')la-co's_':'-. -

__(2000-2004)
CAsms

"'}..32..million i .

30.8km

- 99 places

L 14 lakes
11 Jakes . -

190kin "
. 94x103 m?

fa prelumnary review showed that
ars due. mamly to financnal constramts _.

The 1.mplemcntanon costs of major projects (structural mcasures) proposed in
csttmated at about U_S$ l 162 :mlhon cquwalent (Dong 12 550'_ :




[Fans :995-2000 2001 2005: S00E2010 '201(»2015 2016-2020 “Grand |

(Yearly Ave@ge)

Dramage Plan

: Wastewaier Disposal Plan
T Total T

rclatlvely large pmject costlng as much’ as US$ 177 mllhon: equi
“billion), as:shown in Table-4: - Hence, it is appropnate to. 1mpiemcnt the Project:in
stages; mainly to- distribute the financial burdcn overa penod of years. ln this: Study,‘
o A two-phase 1mplementat:on is proposcd :

Um 8% miltion aquw

R I e lét'S'tag'e'Cbhs't'ruéti:bn :
ﬁDeSclfipti(iyi'--'-"' | (1995 ~2000) ; i
L T e i-Fc . LC | Total || =

ConstructionCost -~ 800 [ 237 1037,
Procurement of Dtedgmg Equ:pmenl '_--8'.8 B B X - B
{ Sub-total . . RELE 246 | 1134 ] &
| Government Admlmslration Cosl _ 0 : 345 34170
Land ACQulstuon and Resettlcmcn( e 1527 152 o
| Sub-total Lo | ss [ iss 0
| Engineering Services . 107 laTbasa a2
1{ Physical Commgency oo e st 48 193¢
Total . 1088} 534 .'1’62-.2" 4

Price Contingency ~_ © BRSNS _44 135

GrandTotal - - [1179 j 618" 717972‘_ 110.

6 ':EVALUATK)_N- L

’I‘he proposed dramage and v_vastew
economnca!ly, ﬁnancxally, tcchmcally, NI
~River Basin Drainage’ Project, ‘selected as the. priofity: project_ ims t
control and drainage, and is also évaluated as lmpro\nn'g residentit
hvmg standards, and urban transpo ation systen et




s Economic Evaluatlon

T : The beneﬁts f & ,dramage pt‘o;ect and a wastewater dlsposal pro;ect relate to
e each other However, the' Study. assumes-that the ‘reduction in flood damage is the’
. “benefit of the drainage pro;ect and the 1mprovement of hygienic conditions, including
.- the'increase of land value, is the benefit of the wastewater disposal project. The
e :feconormc evaluatlon indexes were assessed in comparlson of the beneﬁts and the
e costs of prOJects as, shown in Table- . . ,

: Table-s Result of Economic Evaluation

: ‘ . ' Beneﬁt _ o
Fmanc:al Ecdneuuc- fUSSx 108 | (%)

Cost Cost - ~_-equiv.)
1604 | 1468 B X T I O )
*-;1510§q;=9j13&9_;_:,-’ 50 | 14

. B) NhueanerBasm DramagePlan 2067 leaames B e | e

o Wastewater Dlsposal Plan SR . R : 109

o *w~sé33 e | s
c B) On s:te Treatmem System

el . 61 | -

5895ff; :tx 695];“_ﬁ'f];52;e“

SRR _ In general the dramage plan ls econom:cally v1able takmg into account its |

o Economlc Internal Rate of Retum (EIRR) of more than 10%. For the on-site
‘treatment system ‘in the: wastewater disposal plan a negat:ve EIRR value was :

.. obtained.- However, the plan should be-assessed overall in view. of the necessity of

.:mprovmg the hygienic environment of Hanoi City as a whole. The overall EIRR of '

" _'5,2% is fa:rly adequate to jusnfy the plan as.viable for a sewerage pl‘O_]CCt :

Fmauetal Analysns

: _ pro;ectlon of ﬁnanc:al resources was attempted ona premise that natlonal.;

':.'budget would increase almost in proportion to the Gross Domestic Product (GDP) -
“growth rate (10 12 %lyear) and accordmgly the Hanoi's' development expendltures
uld also mcrease The pm]ected ﬁgures are shown in Table 6 below !

(Umt USS- milllon equlv )
2005} 2010
e "“LOSI__
e e




Dramage and sewerage development in :
_ _1mprov1ng living - standards and. water. qual:ty_,, nd hence ls regarded -the
development whlch would 1mprove the c:ty 5 envxronment The plans;fonnulated m}

1mprovemeat of the:Ctty , ( )
7 economic loss for the people, and 1s also one of the ma_m t‘acto_rs' aggravanng hygienic

:_Envmnmental ltetms . Assessment’ S

Peop}es lesctt]ement .Nega_t_lye =

Lakes/river basins | Unknown - ;,;_1 |
SRR A N1 R S | *-because dredgmg works m:ght causeanegatlv
theccosyste:

Landscape 1 Positive - Landscape at the pumpmg stauon! reservour il ¢l
) Lo 2 the natural scenery Hewevet,l will. be lposnive |mpactt.1"-

- ifi it is well coordtnated wnth' the development plan of. the
: ---'»"surroundmg areas ' '

-Gmu.ndwm_ef._fi* . : Unknown - ::s'Pos:tnve 1mpaCt in seﬂﬂal

.‘ 'Conscrvauon of &foundwater S

—--Momtoringls neccssa;y o
Sedlmentatlon in lhe ;-L:N;{:g'at_ipez _ :

' ,reservmr N FRRCIRE R

Sludge in the sewers |. Negative o

ang ¢_=hqnnels S




1) The Sewerage and Dramage Company (SDC) is the most 1mportant agency
_f"'.responsrble for the tmplementatton and operation and maintenance of the
.. 'drainage and sewerage projects. Its functions shall be strenghened by

- providing. of sufficiént O&M budget, remforcmg middle to senior class
o ;'~f';eng1neers and trammg techmcrans ' :

) A new orgamzatlon for the 1mplementatton of the To Lich River Basin
.~ Drainage Project shall be established in order to discuss and determine all -
<. collaborations required to lead the Pro;ect toa successful completlon both for
R _jmanagement and techmcal gutdance

-'._-.Comprehens:ve envrronmental survey data “have not been accumulated at .
.. present,. It is recommended that an "Environmental Momtormg Program“ be
SR ,_1mplemented separately from the pro_lects '

: "";::_.” _ll"-It is presumed that more than half of the Study Area has been subject to
Ll ground subsidence of 5-10 mm/year At is necessary to continue the
s ;-',Iobservatlon of ground subsxdences foilowmg a well established program ‘

o _S'Lakes and ponds in the Clty area play a very 1mp0rtant role in dramage and -
'rsewerage They should be conserved for. the future :

j' :'_ f'_ Any works retevant to the West Lake should be preceded by a comprehensnve
S [env1ronmentai study’ on the Lake Wthh should be commenced as early as
:V_f'.,{_possrble | : - :

';":.,:f';-lt is recommended that unused Iands adjacent to the Yen. So purnpmg station
o and reservoir be. reserved for the future expansnon of the pumpmg stations and

_"f'f ";:"'Substanttal 1mprovement of nversllakes ‘water quahty ‘cannot: be attamed :
. unless. wastewafer treatment systems are introduced. A-feasibility study shall
,be conducted in order to accelerate the program $ nmplementanon

9 *-._-.The role of the Urban Envrronment Company (URENCO) which is
b T;responsrble for. the collectlon and disposal of solid waste and excreta, is
BRSO aEE partlcularly 1mportant The reinforcement of this institution, together with the -
-7 provision® of the necessary. equlpment and facdmes should be camed out
X ":ff‘:underaseparate atd program ' S
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1. INTRODUCTION

l':1 : Background of the Study

Hanoi City, whtch is located in the Song Hong (thc Red Rlver) dclta, is thc'

-capital .city of Viet Nam and is the political, economic, and cultural centre of the

country. It has a total populatnon of about two mllhon of which.about one mllhon

hve in thc ccntra] urban area.

Exxstmg dramage and wastewater dlsposal systems are fallmg into a state of
dlsrepalr and their conveyance capacities are being reduced. This results in frequent
flooding of the urban area and deterioration of water quality in rivers and lakes of the
surrounding areas. These have been creating serious problems for the environment

-and -have hampered economic development activities. @ In recent years, several

peripheral areas have been subjeci to rapid population increase and development
without provision of adequate. drainage and wastewater disposal systems. This
further aggravates problems such as increase of flood damage. The Government of
Viet Nam (GOV) has long since been keen to improve the drainage and wastewater
disposal systems as quickly as possible in order to sustain Hanoi's economic growth
and hygienic lmprovcmcnt : ' '

GOV behcved that the primary actlon to be taken would be the formulation of

‘a comprehensive. plan, therefore, it requested the Government of Japan (GOV) to

undertake this Study, in December 1992, In June 1993, the Japan International
Cooperation Agency (JICAY despatched a pre-survey mission to discuss with GOV

- the Scope of Works for the Study, which was signed on June 10, 1993 (see Annex 1
of the Main Report Part 1 for the Scope of Works).

12 Obje'ctive of the Study

 Based on the Scope of Works agreed upon in June 1993, the Study's

: objectwes havc been set forth as foliows

(D To formulate a master plan (M/P) on urban drainage and wastewater
S "dlsposal systcms, including its phased implementation program; and

.(2)"_ To conduct a feasxbxhty study (F/S) on urban drainage systems and/or
.- wastewater systems for the p[‘lorltlzed projects selected in thc master
plan . o

13 Study Area

The Study Area comprises the central part of Hanoi City (existing urbanized

area and its adjacent areas), which is surrounded by the Red River (in the north and

- east), the Nhue River (in-the west), and the Old To Lich River (in the south), - The

- area occupies-about 135 km? (mcludmg the West Lake), while the total area of Han01
- "Clty is 925 km . . ‘



1.4 Implementatton Orgamzahon for the Study

The Study has been carried out by a Study Team orgamzed by J ICA The
-Study Team consisted of 12 expérts. JICA also orgamzed an Advnsory Commtttcc o
provnde tcchmcal guldance to thc Study Tcarn : :

On’ the Vtctnamcse side, ‘the Hanm Pcoplcs Commtttec (HPC) ‘was ‘the
counterpart agency for the JICA Study. HPC established a Steering Board to assist
the Study and discuss various issues related to the Study's output. ‘The Steering Board -
consisted of representatives from various departments of HPC and other related
ministries (scc Anncx 2 of thc Mam chort Part I for thc lm of Stccnng Board
Membcrs) ' . , g

1.5 Progress of the Study
~ 'The Study commcnccd in Novcmbcr 1993 w1th the amval of the Study Tcam :

in Hanox, and all the activitiés were completed with the submittal of thlS Fmal chon .
in February 1995 Thc progrcss of thc Study was as follows

" Month/Year | Reports Submltted ' Description

_'Nov 1993 a Inception Report . 'Présdutati_(')n .('):_f ‘stud){ plan_si'" |
Feb, 1994 " Progress Report (1) . Submittal of the results of the
L e - st field 1nvest1gat10n (for
| o R ' BN
CTuly 1994 Interim Report Submittal of the draft master
_ : . SR ‘plan studies _
Sept. 1994 Progress Report (2) Submittal of the results of the
2nd field mvcstlgatlon (for
B o F/S). .
Dec, 1994 Draft Final Report. Submittal of thc M/P and F/S
_ ~ Teports '
Feb, 1995 - Final Report - - Submittal of the final outputs

;. incorporating comments from
- the Vietnamese side

In Hanoi, the Study Tcam was stationed at the Hanm Sewera gc and Dramage
Company (SDC) and was engaged in thc field activities. :
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2, STUDY AREA - PRESENT CONDITIONS

21 Main Socio-cconomic Indices

. The Study rcvaewed various- socio-economic mcllces (populanon GDP,

“ national budget, currency exchange rate, inflation rate, etc.) on both a national and
 regional bases. The main regional indices of Hanoi City are summarized below:

Description K Uni_t: Hca_noi ~ Study Data used for estimating
e oo ity . Area ’ the followmg
S ' oL Total S (M/P) }. .
: (a) Area : : . s :'km2 ol 925 135
(b). Population: ~ | 1992 | million | ~2.I 120 |- Flood damage
2000 [ v | 23 1.38 |- Pollution load
2010 " 27 1.60 .
(c) RGDP - " 1990 Uss106 920 - - Property vatue
o 20000 | v | 3216 e S
- 2010 W f2sso |-
. GrowthRate -~ | 1989-1993| ®Aye | pg¥l| - - Growth of flood
R BT T ) I B 133 ... | damage potential
o © ] 2001-2010 148 ] - o o
 Per-capita RGDP: 1990 | USS$ 447 | - |- Increseof property
- 2000 " 1,382 - value
oo ) e ek 4715 - - .
(@ No, of Tourists - 71993 .{ million 0.45 "= o) - Sewerage benefit
) . 2000 n . 1‘5 . o . .
b 200 " 35 -
(e) - No, of Patients *2 - (Average} : - _ N : ‘ _
-Diarthea _ persen | 48,000 - |- Sewerage benefit
- Dysentery ' ) 4,800 - ‘
() Household Income - o : _
- Urban ' USS/yr - 960 -+ |- Capacity to pay
- Suburban Y R S B 11 - '
I,

GDP ‘growth rale for the whole country: 6 8% per year approxlmalcly S

- 2 ‘Estimated by the Study (Estimation of likely aciual number, including the number unacccumud for in

official statistics)

-~ The above indices were :ta'ken into account in various aspects of the Study,
such as the dctermmatlon of the framework of plannmg, and estimation of economic
beneﬁts :



22 Socto-economic Intervrew Survey

For obtammg basm 1nformatron and data on the socio-economic condmons of -
the residents in the Study Area, an interview survey was carried out by the Study
Team in collaboration with SDC, in December 1993 (samplmg survey on-some 160
_households) The followmg a:e the noteworthy results L

(a) AlL the households 1nterv1ewed recogmze the nmportance of '
dramage/sewerage 1mprovements The main reasons for the improvements are
as follows: (i) mitigate odor, (ii). mitigate mosqultoes/germs, and (i) obtain

- safe dnnkmg water (fear of groundwater contammahon)

(b) About 93% of the households believe that they should not ‘pay-morc than
20, 000 Dong (US$ 2 equrvalent) for sewerage per month

' (c) _More than 80% of the households are affected by ﬂoods whxch occur more_ )
than once a year, and 50% by frequent floods whwh oceur more than S times a

23 lntegretion with City .Mas'ter Dev'elopm'ent Plen S

The "Hanoi City Master Development Plan" (Planmng horizon: year 2010} -
was approved by the Government in March 1993. Figure 2.1 shows the.present land
use (prepared by the Study Team) and Figure 2.2 the future land use (envisaged by
~ the City Master Plan).- As indicated by the two figures; future development will
chiefly progress towards the northwest southwest and south along the main
highways.

In the formulation of this drelnage/sewerage master plan, primary attention -
was paid to.coodinating with the City Master Development Plan. Aspects particularly. . -
taken into account include the following: _ '

(a) Even in the future, the present urbamzed arca will remain the core area of
Hanoi's economic activities. This urbanized area would be the pnonty area
for dramage/sewerage development

(b) In the future, many lakes w1ll be preserved These lakes shall functron as
drainage facilities. : :

(c) Spectal attention shall be-paid to coodination with future road "and"drstnct R
development plans (e. g development plans around the West Lake, L1nh Dam
ete.). . .

(d) Part of the southwestem and southem areas will be left undeveloped and
: remain as- agricultural land and fishponds. = These areas shall be used
effectively in planning the drainage facilities.. - e et T

Under the City Master Development Plan, the drainage and .sew_erage sector i;s _
accorded high priority together with the transportation sector. . In- fact, the_
Government has already approved the 1mplementatton of (i) the Yen So pumpmg

station and (ii) the Yen So regulating reservoir, which are both key facilities in the g
proposed drainage master plan



24 . Physical Conditions (Topography and Meteo-hydrology)

244 Tobeémbhyfbreinege Basms )

. The Study Area possesses a very flat topography The highest area is in the
urbanized area in the northeast and has an elevation of 6 - 9m, while the lower area in
the south-(Yen So area) has an elevation of 4 - 4.5m. Geologically, the area is in the
alluvial plain of the Red Rivér delta, and consists of clayey and silt layers to a depth
of 20 m and a sandy layer in the deeper soils.

 The Study Area can be divided broadly into two river basins: the To Lich
River basin (77.5 kmz) and the Nhue River basin (57.9 km?) (see Figure 2.3). The To
Lich River basin is drained by four rivers (from west to east: To Lich, Lu, Set and
~ Kim Nguu) which flow into the Nhue River via the exrstmg Thanh Liet weir. The
Nhue River contains no major rivers, but is divided by main drainage channels into
four sub-basins (from north to south: Co Nhue, My Dinh, Me Tri, and Ba Xa). The

catchment area of each basm/sub basin is shown m the table in Subsectxon 243
below . . L _

__2.4.2' Meteo-hydrology

. The climate of Hanoi City is observed at the Lang Meteorological Observation
Station .which is nearly located -at the center of the Study Area. The average.

o temperature is 28°C and average yearly rainfall is 1,670mm. About 90% of rainfall

occurs in the rainy season which starts in April-May and ends in November. The
seasonal varlatrons of temperature ramfall and evaporatton are shown below

300+, — : — g 30

250-4— R RN A

250 . \ : 25
- 200 ; _ g _ | ... T

E .150 _7 . : ._,,.. _ B . : 15 5)
100 . : - R PR W p— . i¢
A Y zR % 7
L a..bEEVLHLELL.
oA ---3- 8- - - - - - 8- - 5
14U EHUE UL
?-???5?;;;??
Z8 74 78 71 78 78 78 78 78 78 7 Lo

Jan . Feb Mar Apr May Jun. Jul- Aug Sep Ocl Nov. Dec - -
Month ' :

r- Rainfsll F77] Evaporatlon -Eﬂ-- Temperature l



The water level of the Nhue Rlvcr tends to rise relat:vcly qu:ckly whcn the
basin is subjected to heavy rains caused by storms.- In this case, drainage by pumpmg
water into the Red River becomes necessary (see detailed descnptlon m the
subscquent secnon) 'I‘hc water levels of the Rcd Rlver are as follows

(Umt EL. m) :

Ramy Season _ Dry Scason "'. o Average

SO C(Augus) | March)

C Maximum . 1144 418 _\_6.’67_
© - Minimum' . - :_ 604 201 357
cAverage .o 855 .- 268 501

T ,:_':_No(e Based on lhe 1956-1990 necords at Hanon Stauon

" The ground levcl of Hanm Cnty rangcs mostly from an elcvatlon of 5 t0 7 m
(mcan EL.6 m). However, the water level of Red River is higher for about 4 months
of the year. Hanoi City is protected from flooding of the Red River by the exlstmg
Red River dykc The dyke is a very lmportant structure for Hanoi City.

2. 4 3 Des:gn Storm and Flood Runoff

“ In this Study, the des:gn storm was determlned to be a 5 year recufreénce storm

for urban dramage (sewer design) and 10-year recurrence storrn for flood control/river

“channel design, which corresponds to the current Vietnamese ‘planning criteria.

Design storm and flood discharges analyzed for the réspective basins are shown in the
table below, where thc ﬂood analys;s was bascd on the storage functmn method:

mmwms har

~_Usban Flood Control Plan According to Bdsins
Description Drainage ' . (River Improvement/Pump Scheme)
(Sewer) R :

. - " Tolich  CoNhue MyDinh- MeTd = BaXa
Re!um PCﬁ()d ’ Sfyeat ) . : lO - year - ’
Design Rainfall C T0mmhe . 310 mm/2days.

Drainage Area (km?) o T Ms ' 1_9..7 . 13.6 147 '9_-9 .
Deqlgn Discharge (m1ls) R o
~Alt 1) P 20300 005500 2000 0 3L 14
- A](T 6 . : Ci <

ST 7 S R A B o

Note: . Runoff analysis assumes the future land use (2010%: =~ -~
Alt. 0 : In case no lakes exist (hypothetical case)
“Al 1 : Under the existing lake flow regulation condition
Alt. 6 : After dmdglng of 18 main lakes o '

As rcpresented by the figures estimated for the To Lich Rlver basin, ﬂow -
retardation by lakes is relatwcly large In a hypothetlcal case of "no lake" (256 m3ls)



&
s

~ the peak flood discharge is 203 m3/s under the present lakes' natural flow retarding

condition, and in the case 18 lakes are dredged for providing extra regulation

~ capacity, the peak flood discharge is reduced to 174 m3/s.

244 Flow Capacity of Existing Rivers/Channcls

The flow capacity of the four rivers in the To Lich River basin (Figure 2.3)
varies by location/stretch, but in general can discharge only | to 1.2-year recurrence
floods. This implies the necessity for river improvement works if the flood protection

‘level is to be raised to cope with 10-year recurrence floods. The present bankful

capacity is assessed as follows:

To Lich Riyer : 10 m¥/s (upper reaches) - 50 m3/s (middle to lower

reaches)” :
- Lu River : About 10 m¥/s
- Set River : Less than 10 m3/s

Kim Nguu River 20 m3/s (upper reaches) - 40 m3/s (lower reaches)

The above 4 rivers receive inflow from many drainage channels. The overall
discharge capacity of the channels is barely enough to accommodate runoff of floods
with less than 1-year recurrence probability, though it varies to some extent according
to channels and locations. About 80 bridges/culverts, which have very small flow
sections and constitute bottlenecks for the smooth flow of floodwater, exist on the

channels.

2.4.5 Flood Inundation Analysis

Flood area mapping was carried out through verbal information collection and
an in-situ spot elevation survey. Figures 2.4 to 2.6 show the inundation areas of the

1984 flood, 1989 flood, and habitual flood areas for an average year, respectively.

Using this information as cross-check material, a flood inundation analysis
was carried out to simulate the cases of flooding of various return periods: 1.2- to 50-

~ year floods. Information obtained from the analysis, such as duration and depth of

inundation, was used to estimate flood damage.

2_.4.6 Low Flow Condition.

. No discharge measurement records have been accumulated for rivers/channels
in the City.. The Study carried out spot measurements of low flow at six places in
December 1993. Through the interpretation of these measurement data, water supply
quantities, and by referring to empiric data of low flow in Japan, the low flow of the

~To Lich River basin (at Thanh Liet weir) has been estimated as follows:

 (a) Low flowat Thanh Liet weir ;5.0 m¥/s
(b) Discharge due to water supply : 4.5 m¥/s

(c). ‘Natural runoff (low ﬂow)_' . 0.5mds

-8-



Of the above, (c) is regardcd as the runoff contnbut:ng to the dilution of
wastewater discharged into the river. _
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3" 'FORMULATION OF THE MASTER PLAN -

The master plan presented herein covers both the drainage plan and the

wastewater disposal plan. The plans were formulated through examination of

alternative plans and also paying attention:to the-interrelation between the drainage
and wastewater disposal functions. Thé drainage plan was formiulated in principle for
each basin/sub-basin, while the wastewater disposal plan was prepared by zone which
was determined taking into account drainage basms, thc populatlon dlstnbutlon and
other factors for future city development :

31 | Di'ainege Plan

3 1. 1 To Llch Rlver Basm Dramage Plan

The overall To Lich Rwer basm drainage plan has been proposed with the
foilowmg concepts :

| @ Runoff from the West Lake sub-basin (basm area: 9 3 km2) is
~ - temporarily stored in the West Lake (water area: 5.67 km2). -

(b) - Of the city lakes which are-fegarded as having drainage functions
. (flow retardation), 18 lakes which have not been dredged before will
be dredged in order to augment their flow retardation capacity.

(©) Runoff from the Upper Lu sub-basin will be diverted to the Set River

through the Lu-Set floodway, and runoff from the Hoang: Liet sub-

- basin will be conveyed to the Kim Nguu River through the Linh Dam

channel. This is to reduce flow at a bridge section on the National

Highway No.l (Kim Nguu River 3.9 km point - I km north of Van
Dien); otherwise reconstruction of the bridge may become necessary.

~(d)  Small floods which occur several times a year can be drained by
- gravity into the Nhue River. However, in the case of relatively large
~ floods (say, larger than the flood with a 1.2-year recurrence
probability), gravity flow becomes impossible dug to the risc of water
level of the Nhue River (reverse flow occurs in case the Nhue water
level rises sharply). This necessitates the construction of a pumping

statlon T he Yen So s1te is smtable for this purpose

e -Based on the result of a cost comparlson study, the optimum
.+ combination of pumpmg capac1ty and regulatmg reservoir capacity

;‘would be the followmg
Pumpmg capacuy , - g 90 m3ls
Reguiatmg reservoir capaclty 5 19 nulllon m3

The requ:red Teservoir capacnty wﬂl be secured by a combmanon of
. three lakes: (i) a new reservoir in the-Yen So area, (ii} the existing
Linh Dam Lake, and (iii) the existing:Dinh Cong Lake. -



)

In order to preserve nvemllakec and i 1mprove the. hvmg environment m
~“areas surrounding them, the plan envisages the provision of waterside
parks and other scenery improving measures around the c1ty lakes, at-

the Yen So reservoir, and along. the nvers/channels. R

On the basns of the above planmng concepts the To Llch Rlver basm dramage
works were proposed as summanzed below ‘An overal! layout plan is shown m

:Flgure 3 l
- (Maj or Works Only)
{a)’ Yen So Pumping Station: 90 m3/s (mcl two mlet channels of 3,100 m
C T " longmtotalandanoutle(channelofl600m
. 'lﬂﬂg) '
(b) Regulating Reservoir: . R TR L
- Yen So Reservoir (new):; . Regu!aung CapaCIty 3.87 million m3
che L .. Total lot area - 203ha -
- Linh Dam Lake (existing): * Regulating capacity -~ 1.07 million m? -
- Dinh Cong Lake (existing): Regulating capacity  0.25 million m3
(c) " River Improvement - Total length © . 330km
4 rlvers) . .. Floodgate . -6 places
: : - Bridge/culvert 20 places - -
) Dramage Channel Improvement (1n urbanlzed-_ ‘Total length - 308Km.
| -area). : .Floodgate - . T'place -
T .-Bridge/culvert + 81 places _
(e) Lake DredginglConscrva(ion N o : !
; - Lake dredging and conservation works. - .18 lakes .
" - Lake conservation works . 11 lakes - LT
(f)__Sewers Installation ‘Whole urbanarea - - 6,200 ha

3.1.2 Nhue River Basin Drainage Plan - -

The plan has been formulated with the following cOhcepts: T

(a)

®)

(0)

In cohformity with the Nhue -‘Riv;er_.improveroenti piaﬁ formulated by.
the Ministry of Water Resources (MOWR), disposal of flood flow into

_'the Nhue River will be restricted to-a specific discharge rate of 0.6

m3/s/km? and the rest of flood runoff will be retardeéd by regulating
reservoir(s). The rate of 0.6 m3/s/km? shall be subject to agreement
with MOWR when the plan is put into the next stage of studles

A cost companson between the grav:ty dlsposal scheme and the

pumpmg scheme indicated that the latter would be more advantageous

in terms of cost (land upgrading will be requnred for a 31 km?2 aréain -

the case of gravity disposal); The: pumping station will be provided -

‘with a gated-sluice structure in order to enable gravity outflow during

the period when the Nhue R:ver water level is low

The plan. mcludes the envnronmental enhancement measures as same'
as in item (f) of Subsectlon 3.1, 1 above



 On the basis of the: above concepts, the Nhue River Basin Drainage Plan was
_fonnulated as outlmed below A layout pIan is shown in Flgure 3.l

: Princi  Componen fh Pr | Nhue River Bs Plan
~ Description :' e subbasin - Total
Lo ' CoNhue MyDinh ~ MeTri BaXa
.. (a) Pumping Station * - 12 . 8 9 6 35

(b) Regulating Reservoir S AT CL , : .
- Regulating capacity (m3) - - 3,020,000 1,590,000 . 1,600,000 .1,070,00_0 7,280,000

- Water area (ha) 76 40 40 27 183
' "--Tolallotarea(ha) o e M M - 30 202
© Draifiage Channel' | 19,260 o -11400 13500 ¢ 8,700 54,800
: .lmpmvement(m)“ ool ' T
'(a)l'Sewers Installanon (ha) S 1970 670 j '_ 870 - 440 3,950

Note; * Wlth the installation of a gated slutceway for gravrty drainage.
Tk Inciudmg reconstmction of about 90 bndgeslculverts

ln this Master Plan it is pr0posed to construct alow levee!nvermde road on

o the left bank of the Nhue River'in order to protect the Nhue River left bank (east side)

ared from being flooded by-the Nhue River.  However, this plan will carefully be

reviewed in the feasibility study stage, including studies of other possible alternative

measures, - The levee, if justified, should preferably be implemented by MOWR as a

part of the Nhue River improvement works (see -Subsection 3.1.4 below), - The
specific discharge rate of 0.6 m3/s/km?2 mentioned in (a) above shall also be subject to

further review by MOWR in connection with the study of the Nhue River -
_1mprovement works

' 3 1 3 Dredging of Exlstmg Sewerlehannels (Urgent Pro;ect)

At present there exist- about 120 km of sewers (of combined type) and
31.3 km of drainage ‘channels covering the central urban areas, mainly in 4 urban
districts.” As a result of the accumulation of sedtmentsfsludges over-a long time, the
present deposued sediment volume is about:26,000 m3 in sewers (32% of sewer inner
- volume) and about 90,000 m3 in channels (24% of flow area). This significantly
réduces the flow-capacity. ' The accumulation of sediments causes frequent flooding
‘in urban areas and WOrsens the riverine envrronments (odor scenery, hygienic
condmon, ete. ) ' : : :

The dredgmg of exrstmg scwers/channels is very. necessary and can be started.
w1th1n a relatwely shott period. -Hence, the work is proposed to be carried out under
‘an urgent project.’ The project-will consist of "Supply.of Equipment to SDC" since (i)
technically, SDC :can carry out the dredging’ work-on: force account if it has
_ ‘eqmpment and (n) thls method would enahle the earllest commencement of the work.

- The procurement w1ll cover equrpmem spare parts and matenals required for

. -the proposed dredging -operation.” The equipment will mainly- include water jet

‘cleaners; vacuum trucks, grab-bucket excavators, and others, - A-detailed list is given

~in-Annex-3.1; The number of equipment-was assessed on.an assumption that the

initial dredging work shou_ld_ be completed within a period of 3.5 - 4 years.. .

18 -



3.1 4 Red River and Nhue River Improvement Works

In parallel with the 1mplementatxon of the To Llch and Nhue Rlver Basm o

" Drainage Plans, the following works should be carried out in future for the Red River
~ and Nhue River, Although these works are to be undertaken by MOWR outside the

Study Area, a descnpuon is given. below since they are interrelated with the works

proposed in this Study. Annex 3.2 shows the relatwe locatlon of the Study Area and
the Red RlVCI‘ and Nhue R:ver main stems : - :

O

_ Upstream Nhue River Improvement Works |
'?'(Upstream of the To Llch conﬂuence, 20 km long)

If flood control measures are provrded in the left bank area (Hanor.

-City side) according to. the Nhue Basin Drainage Plan (Ref Sub-

o section 3.1.2 above), the flood inundation condition in the right bank

_ area (Ha Tay Province side) will be worsened. Hence, flood protection
- measures should also be provrdcd in the nght bank area in parallel

with the left bank dramage works

Prmcxpal components of the nght bank ﬂood protectlon works wrll ber

. (i) construction of a right bank dyke along. the:Nhue River, ‘and (ii)
... drainage of inner lands (by pumping stations + regulatmg reservorrs) _
~.Diversion of flood flow to the Day- River. may be an altematlve

soluuon whlch should also be exammed ORI , R

-(Downstream- of the To Llch conﬂuence to Day conﬂuence 50 km_

Downstream Nhne Rlver Flood Control Works L

. -long)

At present, the drainage capacity of th’e'Nhue’..RiVer channel in the

lower reaches is very small and flooding occurs almost every year. It
is necessary to undertake flood control -work for the downstrearn area
in the future. River improvement work is foreseen to' requu‘e a long

- time and a great cost, so it would be practlcal to use a cost-minimumn
- approach, such as a reduced protection level in the initial stage, polder
- dyke protection for selected areas, use of low lying-areas as temporary
retardmg basms (mcludmg paddy fields as necessary), ete. '

meg to the current lumted capacrty of the Nhue Rlver lower reaches,

- discharge from the To Lich River is restricted to 30 m3/s, which

constitutes a great constraint to the planning of Hanoi City drdinage. -
In the long term, flood protection levels for Hanoi City may have to be
upgraded from the current planning level: (10-year flood) to:a 25-year.

‘flood level and further to a 50-year’ flood level.as the City's
: _development expands. In that case, an important measure may be (o

increase the pump drainage capacity at the Yen So.pumping station, - |
but it would be most advantageous -if gravity. drainage: (natural'

‘ dramage) mto the Nhue Rwer could also be practlced

'lncorporatmg thcse aspccts rt is. necessary to formulate a

- comprehensive -flood control plan covering the whole. Nhue_River
- basin.-. An initial activity would be to carry out a bas_mw_rde_ﬂoo_d: |

ST



L cont_re_t study by MOWR. . This stadyjs herein referred to as the

* " Overall Nhue River Flood Control Study.

Q)

y As dlscussed in Sub-sectton 2.4, 2 above, the exlstmg Red River dyke
 is the lifeline for Hanoi Crty because it protects the City from flooding.

-Red River Dyke Rehabilitation Work

The dyke which was built in 11th century, has been reinforced and is
presently in ahre_latrvely stable condition.  However, there are
encroachments of buildings onto the dike section, collapses of dike

-slopes and water leakages during hlgh water perlods at some places.

o -These should be remedred

o - MOWR is 1mplementmg a dyke rehabllltatlonlrelnforcement project
- under. financial assistance of ADB. It is scheduled that a major part of

_ the construction works will start at the énd of 1994, .In terms of flood
- control and drainage, the conservation of the Red River dyke will

continue to be the most rmponant undertaktng for Hanoi City in the

.. future.

3L 5 Non-structura'l Measures .

!n addrtlon to structural measures descnbed in foregomg Sub sections 3.1.1 to
31 3 the followmg non- structural measures shail also be 1mplemcnted

0y

‘Flood Plam Management

) Basrcally, ﬂood plam management aims at preventlng further increase

of flood damage potential in the area and is applied partrcularly to the

o _areas where structural measures are not undertaken in the near future.
: ,;Issues to be noted specifically mclude

:',E(a) : - Accordmg to the Clty Master Development Plan (2010), no

positive development is foreseen in the northwestern suburbs (a

- part of My Dinh-Me Tri), southern suburbs (a part of Ba Xa-
Hoang Llet) and southeastern suburbs (a part of Yen So-Kim
Nguu) in the future (Figure 2.2), These areas are subject to

.- heavy flooding (Figure 2.4). Construction of new houses and
. _factories shall be restricted in these areas. The areas shall be
- used for temporary floodwater impounding in the case of -

‘ ‘unforeseeable occurrence of floods larger than the design flood.

' ‘(b-)'. Part of the hrgh water channel of the Red Rrver (outside the

dyke) is. extensively used as residential land. Although

relocation of the. present residents is mpractrcal building -

permits shall be restricted in order not to increase the
o populanon beyond the present level. Installation of "risk
o ‘warning boards" (showing probable flood water levels) will

caution the people against building the houses in such flood
- risk areas. It is proposed to organize a separate study to
- examine these issues jointly by MOWR and HPC,
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Obltgatton to Prov1de Stormwater Regulatnon Facnhttes in Estate '

Deve]opment '

-Developers of. residential and mdustnal estates shall: have obltgatzon to

provide adequate stormwater regulatlon facilities in each estate. This

o “shall be clearly stated in- Government: regulattons along with desngn
o 'cntena and sha]l bestnctly enforced '
e (3) : '}‘__fFlood Forecastmg and Warmng System

| “In the case of the To Ltch River basm smce ﬂoods reach the Thanh

Liet - Yen So area within 4 to 5 hours after a storm occurs in the Ctty :
“area, there is no sufficient time for dissemination of flood warning

= after forecasting the flood runoff. This makes it difficult to establish a
" practically working.flood forecastmglwammg system for the To Lich

" River basin as far as'the forecasting is based on’ actual rainfall
- observahon ‘The Nhue River basin also has a similar characteristic. . -
"~ Nevertheless, a different approach may be’ possnble by introducing

* rainfall forecasting by usmg a rainfall radar system; the necessxty of

whtch would be exammed in future

The To Lich Basin Drainage Plan proposed :'iri'.for:e?g'oi'h'g :Suf)-s'ec_tidn

3.1.1" includes the installation of flood forecasting equipment.
“However, the ‘equipment will serve chiefly as & supportmg facility

‘which’ provrdes forecasting’ information required for operation of the
- Yen So pumpmg station and Thanh Lnet ﬂoodgates

"On the other hand, though thlS SllbjCCt i$ outsxde the scope of the

Study, it is neeessary to establish a flood warning system for the

“people who live in the high water area of the Red River. An adequate -
© forecasting/warning system shall be worked out through a study which

should cover an analysis of flood runoff in the upper Red River basin
and the preparation of forecasting models and proposed warning

" 'methods by MOWR. The establishment of this system needs to be
- studted separatety from this Master Plan -

@

Pubhc Informatlon and Educatlon

'The Government has already tssued a'set’ of regulations/guidelines

concerning the care and management of rivers and dramage/sewerage
facilities (¢.g. Government Regulation’ No. 6032). It is important to
provide rélevant public information and education so that the people
are conscious of and abide by the regulations, In particular, their

. attention should be drawn to the followmg

(a)' Prohtbttton of illegal encroa_chment on andlor occupatnon of o

rivers, ehanneis and lakes,

(b Prohtbmon of dlsposal of sohd wastes/sludges into rivers, -

channels and sewers

Tt would be fairly effective to’ use vnsual mass-media (e.g. TV) for
general information/education and warning boards installed at the sites
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for information on specific issues. More positive measures would be
to organize "campaigns for cleaning rivers, channels and lakes"
through the district peoples committees or cooperatives and call for
people s direct pax’ocnpatlon in the cleaning operations. - -

3.2 Lake Conservation Plan

3.2.1 . WéSt La_l"ce'Consérvat'ioﬂ Plan

The Wost Lake i 1s a vcry mnportant natural resource for Hanoi City in terms of
amemty, inland fishery, and tourism. For the conservation of the natural environment
of the Lake, the following works wﬂl be required in the future:

We t k 'ns'er'vati' n Plan

(a) Lake Shore Road/Parks/ -~~~ =~ . Prevention of encroachment (land filling} and

Shoreline Revetment Work waste disposal by the people
(b) Lake Bottom Dredging ~ '~ : :  Water quality improvement by removat of .

bottom sludges, inicrease of fishery production
ST . and increase of flood regulating capacity
{c} Reduction of Wastewater Inflow oo Treatment and/or diversion of wastewaters

Of thc above (a) w1ll be unplementatcd in parallel wnth the West Lake
Surrounding Area Development Plan which is under formulation by the Public Work
Design Company under the umbrella of the Transportatlon and Urban Public Works
Service (TUPWS). With regard to (b) and (c), it is recommended to proceed with
further steps on the basis of findings from the "West Lake Comprehensive

_ Envnronment Study" proposed separatcly

3.2, 2 Clty Lakes Conservatlon Plan

Hanoi Ctty has a .very unique atmosphere and. appearance owmg to its
numerous lakes and ponds. At present, these lakes:and ponds are not in good
condition mainly due to the deterioration of water quality, and constitute one of the
factors aggravating the city's living environment. Nevertheless, the lakes and ponds

- have a potential to be of great value for people in the surrounding area, and hence are
“regarded as valuable natural resources to be conserved carefully.

. Lakes and ponds plaji very important roles in the city' s-drainagc The lakes

-and ponds. proposed to remain in the City Master Plan as well as in this Study shall be

preserved in the future (86 lakes), and any s&gmﬁcant landfill should not be allowed.
The To Lich Basin Drainage Plan described in foregoing Sub-section 3.1.1 envisages
to. carry out dredging and conservation ‘works for 18 lakes, environmental
consérvation works for anothcr 11 lakes, and also lake water aeration works for 2
lakes under a pilot pr0ject (obscrvatlon of the acration effect on the improvement of
water quahty) :

In ad_dltnoh-'to the above, it is proposed to implement over a long term, similar
environmental conservation works for other small lakes (tentatively assumed to be
50) and also aeration works (for about 20 lakes) after observing the aeration effect in

the pliot pro;ects
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331 FormulationoftheMasterPlan - . - | s
(n Currcnt Issues
A serious problem of Hanoi C;ty is thc contarmnatxon of lakes and -
rivers and the deterioration of the people's living environment, which
“are being worsened day by day as wastewater yield increases in’
_ parallel with: urbanization. The city has no wastewater treatment
- facilities (except 3 small facilities for local use) and most of the
. existing sewers wcre bunll dunng the French colomal pcnod '
' (2). _ Basrc Planmng Framework | |
| _The basrc framework assumcd in the planmng 1s as follows
@ Target year 2010
(b) Objectlvcarca ) o 135 lcm2 o 3
| _(c')'gr Planned populatlon S Gl 597 000(2010)

(d) Umt pollutlon load generanon see table below (2010)

' Deséription e WasteWater Yicld" o Pollution Load - t
Domestic Wastewater: S e0) gleld
- Public water supply area o - 180 lfeid ' :
- Individual water supply area Lo 100 Meld o .
Commercial Wastewater:: - o 200 mg
- Small industries 15 Held N N
* - Offices and public facilities 40 Veld ;
' lndusmal Wastewatcr B 28 m3ha/d o 400 mgfl
Veid litredeapitarday 0l T

glcld granﬂcapatalday e
(e) Present and PrOJected Pollutant Load

~ Description” R o Presem' Projei:ted“
Wastewater yield (103m3/day) Co1ms o - 3?84

© Pofiutantload (tondday) . - . - - 642 ‘_-_1‘19_1_ o
" Average BOD (mgh) -~ o369 316
Average SS (mg/) ' 332 el 28BS
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Projection of River Water Quality .

[ Projected BOD (mg/l)
L _ Drainage : Estimated ~ Without With
No. River/Point Area BOD Treatment - Treatment
| | © (ha) (mg/)
. : 1992 = 2010 2010 .
:-..-(1)  Upper To Lich _ - 1,690 50 91 | 14
. (2) - To Lich-Lu Confluence -~ 2,960 46 &9 13
(3) To Lich at Thanh Liet 6,820 31 54 8
4 Lu 460 62 130 : 19
A5) . KimNguwu-~ . -~ 1,960 52 79 12
6): Set - ... - 2,850 41 54 3

j Not_{:: Accordmg to Vletnamcsc standards, allowable BOD of river water is 25 mg/l

‘Water Trcatmcnt Level
Populauon ' Requlred Target Treated Water Relevant River
... Density - Removal - Quality (BOD, mg/)
{person/ha) Efficiency : :
Domestic Industrial
s RE (%) Wastewater  Wastewater
‘Less lhan 50 'L 175 920 50 Lower To Lich,
S . : : Lower Kim Nguu
- 50-350 12 L 80 60 50 Set, Upper To Lich
L Col : Lower Lu
More than 350 ‘3 . 8BS .. 50 .50  UpperLu, Upper Kim
: ' Nguu

Note:  *1  Low population density area -
*2 . Medium population density area
*3. . ‘High population density area -

Overall Plan of Wastewater Disposal Systems

Thc objectwe area is divided into seven zones, taking into account the

_characteristics of the respective districts (e.g. land use, population
. distribution/projected pollutant loads as shown in Annex 3.3) and also

the configuration of drainage basins. Based on the results of studies
including a comparison of alternative plans for the respective zones,

~ 'the following plans were considered as- most recommendabie The
- proposed plans are shoWn in Flgurc 3.2
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Zone . Area’ -‘__Populalibn Wastewalcr _ .PfdeS.ed.Waéfe-\valer Disposal

(hay! ¢ (2010) < . Yield: . System (Master Plan)
_ o (m3Mday) o '
~Zone 1-1 930 . 40,000 8,300 -Medium-scale Community Plant
-Zone 12 0 1,060 - 47,000 ~ 7,900 Lafgc—s_c‘ale Coml_nunity Plant
-Zone2-1- - 990 304,000 - 73,400 Large-scale Cenlrahzed ’I‘rea!men( :
Lo STt s L e (s st stage plan)
~Zone2-2 .. 1,010 . 129,000, . . - 36,000 _Large—scaleCcntrahzedTreatment :
: - R K © 7 (as 2nd stage plan) -
Zone 3 C 1,350 299,000 ' 70,400 Med:um-scale Centralized Treatment
- Zoned . 500 190,000: 44700 - Medium-scale Centralized Treatment
Zone 5 R '2',500 S 244000 7 _ =56 500 Medium;scaie'.ééﬁztfaliied Treatment -
-Zone6-1 . . - 870 . 1140000 29, 800 . Mediuim-scale Centralized Treatment
N e L {as 1st'stage plan) _
L -Zome 62 2,290 180,000 _ 43 200 Medium-scale Centralized Treatment
S : . ' (as 2nd stage plan) = .
Zone7 s« 1,740 49,000 : .8,300 On-sne Treatmenthommumty Plant

(6) Wastewater D1sposal Facilities -

- The lypes of wastewater dnsposal faClllthS assocnated w:th the above
plans are as foilows

T

(a) Scparate Sewer o : ] :-'_-::-an_c 2-2,'Zonc'5 a’nd-ZoncG
T " (Areas to be newly developed)

b) - Partialiy Separate Sewer ) - ZoneZl Zone3and _Z(_)_nc 4

- Partially Combined Sewer (Areas where combined sewers exist)
(b) Disposal along Drainage Zone | and Zone 7

Channf_:ls

(Areas where on-site treatment/
community plants are proposed)

3.3.2 Centralized Wastewater Treatment System

About 72% of the objccuve area will be covered by five. centralized
wastewater treatment systems of various sizes. This Master Plan proposes to apply
the "oxidation ditch process” for water treatment and the "dry bed process’ ' for sludge
treatment. These are considered to be the most practical methods, but should be
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subject to further refinement according to each zone, in the subsequent feasibility
study and detailed design stages. The location of treatment plants will also be subject
to_further review according to the ‘actual social condition. The main facilities
contemplated for the proposed centrahzed treatment systems are summanzed below:

in iliti ' i Wasl n
Zone . § 'Dis'p'ossl Facilities Treatment Plant  Sludge Drying
: i : S - Lot Area ‘Bed-Lot Area
* Sewer . lnterceptorl EE Pump Station {ha) (ha)
{km) -~ Diversion Chamber -~ - (Place)
- ' : {Place)
Zone?2 392 4 5 9 5
Zoned 215 o1 3 8 *
Zoed 8T o tig 3 5 *
ZoneS 505 R 2 6 4
Zone6 - 589 - 3 .7 *

3. 3.3 On-snte Treatment Plan

Judgmg mamly from the topography and populatlon scale, prov1310n of a
centralized tréatment system would not be economical for Zone 1 and Zone 7. The
_introduction of community- -based treatment facilities and/or household septic tanks
seems most appropnate for these zones. '

Planf an ic Tank-

PRI O ,'Zon'e'l_' o Zone7
Land Use - . ~Zopel-l .- Zonel-2 . (ThanhTri South)

e (WestLake) - -~ (CoNhue) S
Industrial Area 14 plants lplant  ~ °  10plants
Commercial Area * - 9 plants
Residential Area ~ 32 plants ~ lplant - 900 septic tanks
Note: ' Plant = Community plant mstalled for each commumty andlor estate (residential,

mdusmal) _ :
: Septtc Tank =. Household septtc tank for trealment of both tollet water and | gray water
- _* Included in }ndustnal Area ' : :
- No fac:hty .

Developers of res:dentlalfmdustnal estates will have obhgatxon to 1nstall
adequate wastewater treatment facilities in each area. . For the installation of
community plants for existing v:llages and septic tanks for households, it is proposed
to establish a Revolving Fund’ System which would prov:de low-interest loans to
commumtles “and people so that they could build their own facilities (see also -
Subsection 3.3.7 below). Nevertheless there ‘may arise the necessrty of installing

ST

,_faczhtles_ phder public projects, and also other types of needs (e.g. installation of a

community plant instead.of household septic tanks), accordmg to the actual progress
' of urbamzanon in thaf area. These should be exammed in further studtes

g,



334 Pllot Wastewater Treatment Pro,)ect

The 1mplementatlon of the Centrahzed Treatment Systems is envnsaged to
commence after the year 2000. . Prior to this, some pilot projects may be formulated
for advance 1mplementatlon The followmg pro_|ects are worth takmg up 2 as ptlot
pro;ects . S gy S HIRT

(a) Klm Lien Sewerage ; . The rehablhtatlon works w1ll be camed out
Rehab:htatton Pro_|ect : _ to use the existing facilities effectively. The
. project will contribute to acquiring O&M
o technology for the Ox:datxon Dttch Process

(b) Truc Bach Treatment Works Treatment o_f wastewatcrs _dtscharged ,fro_m._f
S o .existing sewers is proposed. as a model -
community plant. The necessity of advance

implementation and time .schedule will
~ depend on how fast the deterioration of the’
“West Lake water quahty w1ll progress-

henceforwards
(c) Measures against Wastewater - : A temporary meastre may have to be taken'

Inflow into City Lakes : in case the deterioration of the lake water
S om0 quality - becomes: ant acute - problém,
~.Conceivable -measures are: (i) low level
“ treatment: of . inflow: wastewaters by:
sedimentation_tanks or_(ii). diversion . of
“wastewaters - by dwersnon chambers/
--Etnterceptors L e

For the above, some tentative plans have been prepared in this Study (see
Appendix E). It is suggested that the final formulation of the plans should follow the
recommendations from the two separately proposed studies: the "Sewerage
Feasibility Study for Zones 2 - 3 - 4" (for (a). and (e) above) and the “West Lake
an1ronmenta] Study" (for (b) above) o .

3.3.5 Flushmg Water Diversion Plan

This plan was examined on a very prellmmaty basis as a potenual plan Wthh
may be incorporated into a future program dcpendmg on: the ‘demand. After
centralized wastewater treatment systems are installed, most of the wastewaters are
delivered directly to the treatment plants and the discharge into rivers will decrease.
In Zones 2, 3 and 4, there may be a shonage of river maintenance dlscharges (supply
of irrigation water, ‘minimum discharge for river course conservatlon)

The West Lake and other city lakes do not have enough water resources to
meet this requtremcnt The only possible solution may beé to convey the Red River
water by pumping at Lien Mac. However, the use of the Red River water may cause
different environmental problems, such - as inflow of sediments and changes in the
ecosystem, which will need careful surveys and studies. ‘Moreover, there are other
measures 1o be tackled i in-advance, such as (i) the release of treated water as_for
upstream as possible (i.c. installation of a treatment plant in the upper reaches), (ii)
prevention of inflow of other pollutant loads into the river, ‘and (iii)’ penodlcal- .
cleaning of the river channels - - : :
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