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6.3 Measures and Projects for Achieving a Clean Water Environment
6.3.1  Basic Concept for Plan Formulation
(1) Planning Condition
1) Basic Concept

For the achievement of a clean water environment in Hanoi City, the Study
Team sels up three slogans, 1) Protection of Human Health, 2) Conservation
of the Living Environment, 3) Creation of Altractive Walerlronts.

(a) Protection of Human Health

Water pollution by toxic materials has a scrious impact on human healih.
Treatment and management of toxic materials is the minimum requirement.
Toxic materials (Cadmium, Lead, Chromium, Arsenic, Mercury, elc.) are
generated from a limited number of industrial activilies. The conirol method
is to prohibit industrial faclories or other activilics from discharging
wastewater that does not meet the standard.

At present, pollution caused by toxic matcrials is not scrious in Hanoi City.
However, preventive measures should be carried out to remove the fear of
damage to human hecalth caused by loxic material pollution.

In light of the above, the Study Team recommends the following:

* Reinforcement of the inspection system for operating industrial factorics
to maintain industrial effluent standards _

* Rcinforcement of the EIA check system for planned industrial factorics
prior 1o approval for commencement of construction. '

(An industrial cffluent standard has been sct up, and DOSTE has an
inspection system for industrial plants.)

(b) Conscrvation of the Living Environment

For conscrvation of the living environmenlt, all wastewater generated in Hanoi
Cily should be trcated properly. However, establishment of wastewater
treatment systems throughout the Study area is expected to take a long lime
and a large amount of expenditure. Establishment of the sysiem should be
carried out step by step.

The basic concept of sewcrage system development is as listed below.,

Areas with high population densily and/or high BOD pollution area have high
priority in establishing sewerage systems 3

Arcas in the basins of high polluted water bodies, such as urban rivers (To
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Lich River, Lu River, Set River and Kim Nguu River) or atiractive water
arcas, such as West Lake and other urban lakes also have high priority in
cstablishing sewerage sysiems

The new development arca, which is not large in size, but expected to be
expanded rapidly, such as ncw industriai and housing estates shall be required
1o have small scale sewcerage systems

Except for these areas, on-site treatment facilities arc to be installed properly
and a proper scplage collection system should be established.

a) Sewcrage Syslem Development

Scwerage system development is planned in light of these concepts. Hanoi
Sewerage and Drainage Company (HSDC) is responsibie for planning, design,
construction and operation, and maintenance of the public sewerage system.
Targels o 2005, 2010, and 2020 are cstablished separately.

The target for 2005 to be established

Area Population | Wastewater | Population | River Basin
in 2020 in 2020 Density

1) Pilot Sewerage Project in Paris - - - - Kim Nguu R.
of Kim Lien and Tru¢c Bach & Truc Bach
Arca

2)Small Size Public Scwerage | (930) (57,000) (14,820) (167) Wesl Lake
Systems in Waste Lake Basin

3) Kim Nguu and Set River Basin 1,033 255,000 66,300 247 Kim Ngun &
Sewerage System, Phase 1 Sel R.

4) Sewerage System in Tang Long | 2,110 138,000 49,900 (79) -
New Development Area

‘The target for 2010 to be established

Area Population | Wastewater | Population | River Basin
. in 2020 in 2020 Density
1)To Lich River Upper Basin| 1,350 299,000 71,740 222 | TYelichR.
‘Sewcrage System '
2) Lu River Upper Basin Sewerage | 500 135,800 15,308 272 luR.
System in To Lich River Basin -
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The target for 2020 to be established

Arca Population | Wastewater | Population { River Basin
in 2620 in 2020 Deusity

1) Kim Nbuu and Set River Basin 1,010 135,000 40,400 111 Kim Ngun
Sewerage System, Phase 2 R.

2) Hanoi  South  Ara  Sewerage 970 112,500 30,820 116 Nhue R. &
Systen, Phase 1 To Lich R.

3) Nhue River Left Bank Upper Arca| 2,405 115,500 45,620 73 Nhue R.
Sewerage System

4) Hanoi South  Area Scwerage| 1,898 149,500 43,550 79 Nhue R.
System, Phase 2

b) Community Plant (Industrial Estate, Housing Estatc)

When a cerlain arca such as induslrial estate, housing cstate, and/or business
center is newly developed, the devcloper should prepare a community
wastewaler treatment system in the arca. The system is lo be operated
according to the polluter-pays principle.

¢) Onsite treatment facilities

Large numbers of houses already have on-sile wastewater treatment facilitics
such as scptic tanks and vault latrines. However, insufficient maintenance of
the facilities makes them inoperative. It is necessary to collect seplage
frequently and efficicntly. URENCO has responsibility for setpage collection
in Hanoi. However, URENCO has an obvious shortage of septage collection
vehicles and of treatment capacilty.

The master plan for scplage collection is focused on the urban area.
Target seplage collection rate in 2020 is 90 %.

Basically, collected seplage is 1o be treated at wastewater treatment plants in
the futurc. Septage treatment plants are to be construcied temporarily until
completion of the sewage treatment plants.

All the exisling seplagc collection vehicles are to be réplaced because the
vehicles are too old.  Additional scplage collection vehicles are o be
procured gradually to mect the seplage treatment plan.

Basic clements of the seplage collection and (reatment plan are shown below.,
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Septage Collection and Treatment Plan

_ Targel Lo 2005 Tagget to 2010 Target 1o 2020
Hanoi Central | 35 % (from 215) 84% S0%
95m’*/day 124m’/day 16m3/day
Gia Lam 55% (from 15%) B5% S0%
20m*day 35m’fday -
Dong Anh 5% (from 5%) 55% 9%
14m*/day 23m'/day 82m3/day

) Upper row shows Septage Collection Rate, Lower row shows Seplage Collection

Amount
The abjectives of the septage collection and treatment plan are as follows:

* To prepare sludge collection vehicles to meet the seplage collection plan
* To prepare seplage treatment plants to compensate for the shorlage of
trcatment capacity of sewerage system.

() Creation of Attractive Waterfronts

Waterfronts are uscful arcas for recreation of residents and are also a tourism
aftraction. There are many small lakes in the Hanoi City urban area. For the
improvement of waterlront conditions, projecis are required not only for
water qualily improvement but also for preparation of proper infrastructure
around lake sites.

The master plan is focused on West Lake and 64 small lakes in the urban arca
of Hanoi City. *“West Lake Improvement Project” and “City Lake
Improvement Project” are proposed in the master plan as shown below.

Septage Collection and Treatment Plan

Targel to 2005 Target to 2010 Target to 2020
West Lake Environmental | All works to be - -
Improvement completed
City Lake Improvement Projects to 14 - Projects {050
[akestobe Lakes to be
compleied completed

3) Classitication of wastewaler disposal sysiem

* (a) - Wastewater collection system

Wastewater collection systems lo be applied practically in the Hanoi are
classilicd into three as follows:
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Ciassification of Wastewater Collection System

Ttem of Characteristics Combine System { Separate System Pmiasu)ig;f arate
Environmental Protection ® &k ok ¥
Construction Cost kkk * * %
Workabilily of Q&M *k E X3S *

Silting inside Sewer * sk Aok
Complication &k sk ™

Required Space for Sewer HkEk * %k
Buricd Depth of Sewer Fkk * ok

(Note) ***: Advanlageous
*t: Moderate
* : Tofertor

For the present urban arca, the cxisting combined system at the Old City
Center will remain in cffective usc. As for the other areas, the most suitable
from the above systems will be adopled, according lo their local conditions
and land usc plan for 2020. In principle, scwerage arca to be newly
developed should be planned by a separate sewer syslem from viewpoints of
environmental protection and workability of O&M.

{b) Wastcwatcr disposal syslem

For the treatment of wastcwater, the following three systems are considered
to be appropriate:

i) On-site  disposal  system: to  (rcat  wastewater at  cach
house/building/factory individually: This system includes two methods,
simple on-site treatment method to treat toilet wastewater only and high-
level on-site treaiment method to treat both toilet wastewater and gray
waler.

ii) Community disposal sysicm: lo freat wastewater al éach community zone,
such as housing/industrial estales and business centers.

iii) Centralized disposal system: to treai wastewater using the public sewerage
system,

Commercial waslewater should be treated by the same system as domestic

wastewater. However, indusirial waslewater will be tréaled individually or

communally by a proper system based on polluters-pay principle. In the case

of connecling with the public sewerage system, industrial wastewater should

be pretreated according to the level of acceptable effluent limits (400 mg/l as s
BOD Jevel).
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The scale of the centralized disposal system is classilicd, according to the
designed scwered population and service arca as follows;

i} Small scale disposal system:less than 100,000 or less than 5 km’
ii} Medium scale disposal syslem:100,000 - 300,000 or less than 10 km’
iii) Large scale disposal system:more than 300,000 or more than 10 km’

The schematic wastewater disposal system for each scale is shown in Figure
6.3.1.

The formulation of disposal system in the whole cily arca will be a
combination of the above three different scale systems, which would be
implemented by area and in stages. Onc medium scale system will be
proposed instead of several small systems and one large system instcad of
several medium scale systems, as appropriate.

(2) Zoning and Trecatment Methods

Sewerage development plan is formulated based on the approach as shown in
Figure 6.3.2 taking into consideration of the above-mentioned planning conditions.

1) Conceptual Treatment Zoning Plan

Sewcrage development zones should be delincated based on the following
technical factors, especially considering the quantitics of scwage and
poliution load and geographic conditions.

+ Zoning according to Environmental Zones to be prepared in this Study

» Zoning according o drainage basins

* Zoning according to land use (present and future)

¢ Zoning according o population densily (present and [uture)

» Zoning acéo’rding to wastewalter and pollution load generation

»  Zoning according to the conliguration of wastewater disposal systems

* Zoning accordir‘ig to the secwage collection system, particularly the
cx'isling sewer syslems

~+  Zoning according to the existing sewerage masler plan prepared by UPI

of HPC

The primarily conceptual treatment zoning plan in the whole area of Hanoi
and the urban arca, bascd on the above, is proposed as shown in Figures 6.3.3
and 6.3.4 respectively. The plan envisages dividing the Nhue River basin into
eight treatment zones and the subdistricts into nine treatment zoncs.
;% Characteristics of cach proposed treatment zone at the Nhue Rivr basin and
the subdistricts arc deflined in Table 6.3.1 and 6.3.2, respectively.  The
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planning conditions of the proposed public wastewaler trecatment zones are
summarized below:

The planning conditions of the proposed public wastewater freatment zones

Treatment - Service | Population W.-a stewaler
. Environmental Zone . in 2020 Scale
Zone Area (ba)| in 2020 (@)
U.T.Zonc 1-1 | Ho Tay Arca 930 57,000 14,800 Small
U.T.Zone2 Old City Center & Red | 2,250 350,600 | 106,700 Large
River Right South
U.T.Zone 3 Old City Center 1,350 299,000 77,700 Medium
U.T.70ne 4 Old City Center 500 135,800 35,300 Mediuvm
Ul Zone 5 Red River Right Nerth | 2,410 175,500 45,600 Large
West
U.T.Zone 6 Red River Right North 2,870 262,000 4,300 Large
West & South
G.T.7one 1 Gia Lam Urban Auca 4,100 311,600 | 101,300 Large
G.T.Zonc 2 Gia Lam Urban Arca 200 17,000 4,400 Small
D.T.Zone 1 Dong Anh Urban Area 550 75,000 19,500 Small
D.T.Zonc 2 Dong Aoh Urban Area . 660 75000 | 19,500 Small
D.T.Zone 3 Dong Anh Urban Arca 2,110 138,000 49,900 Large

2) Wastewater Treaiment Method

The relative merits of practical ‘treatment methods were cvaluated by
comparing scveral typical treatment methods, taking inlo account overload
ficxibility, the level of technology required for operation and maintenance
(O&M) work, adaptability for cxcess sludge disposal and land acquisition.
This is shown in Table 6.3.3. The process of iypical wastewater {realment
methods is illustrated in Figure 6.3.5,

From a viewpoint of suitability at the Urban arca, the results of the
comparison between the Oxidation Dilch {(OD) method, conventionat
Activaled Sludge (AS) mcthod and the Stabilization Pond (SP) are
summarized below:

6 - 41
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The results of the comparison

Item OD Mcthod AS Mcthod | SP Methed
Required Arca of Facilities (m¥m’) ' 1 0.7 03 8.9
Required motors capacily (w/im*) 2 6.5 15.3 2.0
Sludge Production to wastewater (%) 6.2 03 —*
Relative Construction Cost (OD:100%)
- Machinery and FEquipment 100 150
- Civil Works 160 60
- Totat 100 130 40
Q&M Cost (OD:100%) 160 120 50

Recommended — -

1 Required areas are only czleulated to a wastewater yield.

‘2 Required molors capacities per a wastewater yicld are only calculated for the main plant
facilities.

'3 Pcrbcnlagc is calculated by sludge production to a wastewater yield.

*4" There is no theoretic yield of excess sludge.

The Oxidation Dilch method (highest rating in Table 6.3.3) will be
rccommended in the urban area, and in the subdistricts the Stabilization Pond
method maybe is recommended since the subdistricts have cnough availability
of lands for construction of the trcatment plants.

The Oxidation Ditch method has been adopted in many developing countries
and was cvaluated as the most moderaie all-round wastewater treatment
method.  The cost of public sewerage system for wastewater disposal,
therefore, is based on the cost of the Oxidation Dilch method, for this study.
The Schematic layout of the Oxidation Ditch method is shown in Figure 6.3.6.

The treatment plant capacity has been designed 1o reduce the BOD level of
the wastewater from 334 mg/l to a levet of 20 mg/l in the urban arca and from
376 mg/l to a level of 20 mg/l in the subdistricts, This treatment BOD level
satisfics the environmental standard of 20 mg/l BOD level in Vietnam.

3) Sludge Dewatering Method

Usmé, the Oxidation Ditch | proccss total excess sludge yicld from the whole
study arca is estimated al 863 m'/d after sludge digestion tank treatment in
the urban area and at 829 m/d in the sub-districts. Altcrnative studics on
sludge dewatering facilitics arc examined as follows, in order to reduce the
shudge WC]bhl and lma!ly dispose of it al a dumping site. The following
'lax,lors mdlualc rc,laln.fcly rallos in case that the dry beds method is 100%.
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The factors of Sludge Dewatering Method %
(Unit: %)
Factors Dry beds Mechanical Debydrator | Incinerator *1

Volume of Dried Sludge 100 63.75 13-19"’

Required Area of Facilitics 100 30 60

Copstruction Cost 130 1,300 4,000

O&M Cost 100 1,500 4,000

Remarks ' L: Dewatering facilities (dry beds/dehydrator) are necessary before
incinerating.

*2. Volume of dried sludge is affected by the addition of a coagulant aid.
'3, Dependent on the waler content of the dewatered sludge.

The Dry Beds method is recommended and dry beds are located adjacent to
the wastewater treatment plant of U.T.Zones 2 and 5 in the urban arca, and
G.T.Zone 1 and D.T.Zone 2 in the sub-districts.

4} Potential Sites of Centralized Wastewater Treatment Plants

Site selection for centralized wastewater treatment plants is carried out
according 10 the following concepts:

(a) The plants are to be located at sites where wasiewaler from sewered
areas can be mostly collected by gravity flow.,

(b) Sites have ecnough space for construction of the treatment facilitics.

(¢) The plants are to be located at sites where operation of the facilities will
cause minimal environmental impact.

(d) Sites arc 1o be adjacent 1o the receiving watcrs of the treated wastewater.

(c) Sites are Lo be sclected from less extensive land use arcas (eg., open
spaces) both at present and also in the future.

() The plants arc to be located at suitable sites in order for the treated
wastewaier to be reused as maintenance flow or flushing waler for rivers
and lakes/ponds in urban arca during the dry season.

According to the future land usc plan, available land for plant construction is
limited. The potential sites for the treatment plants are identilicd below.
(a) U.T.Zone 1-1: Located at Buoi with more than 7 ha of available land,
Ownership of Gowmmcnl; Present/future Land Use of the West Lake
shoreline, or Localed at Thuy Khe with more than 3 ha of available land,
Ownership of Government, Present/future land use of green & park @

(b) U.T.Zone 2 (located at U.T.Zone 7): Located at Tran Phu with more
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than 350 ha of avaitable land, Ownership of Private, Present/future  land
vse of farmland/pond

(¢) U.T.Zone 3: Located at Lang Ha with approximately 8 ha of available
land, Ownership of Private, Present/future land use of Farmland/pond

(d) U.T.Zonc 4 (located at U.T.Zone 6-1): Located at Bach Mai Airbasc
with approximately 5 ha of available land, Owncership of Government,
Present/future Land Usce: Military land

(¢) U.T.Zones 3 & 4 (located at U.T.Zone 5): Located at Trung Hoa with
approximately 8 ha of available land, Ownership of Privatc,
Present/future land use of Farmland/residential

() U.T.Zonc 5: Located at Melri wilh approximately 300 ha of available
land, Ownership of Private, Present/future land use of Open space and
farmland

(g) U.T.Zone 6: Located at Tan Trien with approximately 400 ha of available
land, Ownership of Private, Present/future Land Use of Open space and
farmland

{h) G.T.Zone 1: Located at Doug Du with approximately 200 ha of available
land in Gia Lam, Owncrship of Private, Present/future Land Use of
farmland with ponds

(i) G.T.Zonc 1: Located at northern part of Yen Vien with approximatcely
100 ha of available land in Gia Lam, Ownership of Private, Present/future
Land Use of farmland

() D.T.Zones 1, 2 & 3: Located at Doung Hoi along the Red River with
approximately 200 ha of available land in Doung Anh, Owncrship of
Private, Present/future Land Use of farmland with ponds

The location of waslewater {reatment plants will be a subjcct 1o further
review according actual social condition and land use when F/S is carried out,

$)  General plan of public scwerage systems -

* The facilities of the public scwerage system in Hanoi are planned based on the
following design criteria.
(a) Design Flow
_ Sewerage facilitics, including sewers and waslewater treatment plants, shall
_,@ be principally, designed, based on the design llow as follows:
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‘The Design Flow for Sewerage Facilities

FINAL REPORT

Colleciion Syslem Facilitics Design Flow
Separate System Wastewalcr sewer HMAVF
Pumping station HMWI?
Primary/sccondary trealments DMWF
Influent/ Efflucal pipe HMWEF
Combined System | Combined sewer HMWF + DSF
Pumping slalion HMWF + DSF
Interceptor > 3*HMWF
Diversion Chamber > DSF - 2*HMWF
Receiving lank with pumps > 3*HMWF
Primary/secondary treatment plant DMWF
| Chlorination tank > 3*IIMWE
Influent/ Efflucnt pipe > 3*HMWF

Note: 1) HMWF: Hourly Maximum Wastewater Flow

2) DMWF: Daily Maximum Wastewater Flow
3) DSE: Design Storm-water Flow

(b} Hydraulic design of the sewers is based on Manning's formula.

(©)

Allowable low velocity:0.6 - 3.0 m/sce for wastewater sewer and 0.8 -
3.0 m/sce for combined/stormwater scwer.

(d) The minimum velocity should not be less than 0.6 m/scc for the

(©)

0]

wastewaler sewer and 0.8 m/sec for the combined/stormwater sewer in
order to avoid sedimentation and 1o keep consistency with the onsite
road gradient as much as possible. The maximum velocity should be
limited 1o 3.0 m/sce in order to prevent the pipe from croding.

The allowance of the combined/stormwater sewer capacity will be 10%
1o 20% of the design flow. The allowance of pipe capacity to design
flow for wastewaier sewer is 100% for less than diameter of 600 mm,
50% for 700 mm to 1,500 and 25% for more than 1,500 mm. The
above allowance is gcncrally‘ applied lo select sewcr pipes in
consideration of uncxpecied flow fluctuation and o prevent the
putrefaction of the sewage. The minimum size of pipe to be sclected
will be 200 mm for the wastewater sewer and 250 mm for the
combined/stormwater sewer 1o sccure the workability of maintenance &
operation.

The minimum earth covering is determined at 1.0 m (o prevent any
collapse of the pipes. The maximum depth of carth covering is
determined to be 7.0 m in order to minimize construction cosl.
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(g) Maximum manhele interval

Manholes should be located where changes in flow direction, pipe
gradient and diameter occur, and at the originating point of the sewer
pipeline and the junction of the pipes. The maximum manhole interval
for each size of sewer is proposed as lollows:

The maximum manhole interval for each size of sewer

Sewer Diameter (mm) Maxinmum lanterval (m)
< 300 S0
< 600 75
< 1000 100
< 1500 150
F > 1650 200

(h) A pipe bottom conneclion is recommended in view of the depth of the
pipe laying and construction cost. However, walter surfacc connection is
proposcd in case of a difference of diameters betwecn connection sewers,
so as o prevent backwater at the sewer pipeline.

(i) Pumping Station

The types of pumping stations are classilicd as follows according to their
purpose, and the pumping facilitics should be designed using the above-
mentioned design flow:

Scparalc system

* Relay pumping station : designed by HMWFEF for lifling and
(rapsporting wastewaler
* Stormwaler pumping station : designed by DSF for discharge of
) slormwaler
¢ Trealment plant pumping station @ desigued by HMWF for lifling wastewater

Combined system

* Relay pumping stalion : designed by (3- IDMWF) for lifting and
_ : transporling wastewaler
+ Stormwalter pumping stalion : designed by (DSF-2- HMWF)  for

_ : _ discharye of slormwaler
* Treatment plant Pumping station  : designed by (3 BMWE) for lifting
: wastewaler :
The necessary number of pumps is recommended as follows, bascd on
the Japanese standard:

+ Wastewater pump: Design flow (m3!scc) <05 :2 ~ 3 unils (one is spare)
' 05~15 :3~5
> L5 14~6
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)

(k)

U

* Stormwater pump: Design 110\\'(n13/sec) <30 2 ~ 3 naits (one is spare)
3050 :3~4
>50 4~ 06

Gril chamber

The design criteria of the grit chamber are recommended as follows:

* Number of grit chambers > 2 unils

* Bottom slope of grit chamber 1100 ~ 2/100

* Mean velocitly :0.3 m/sec

* Retention period :30 ~ 60 sec

* Depih of sand pit :>30cm

* Surface loading :1800 m3/m?- day for wastewaler

3600 m3/m? - day for stormwater
Screen

For wastewater, the screen is gencrally placed before the grit chamber,
and for stormwaler, it is located after the grit chamber.,

Manhole-type relay pumping station

In the case of HMWF being less than 0.5 m¥/sec, a manhole-type rclay
pumping slation, with the following criteria, is allowable;

* Minimum diameter of purap suction: 80 mm

* Type of pumip: Vertical detachable submersible pump

* Gril chamber and screen are not necessary

(m) Treatment Plant

An activated sludge process (oxidation dilch process) is recommended in
treating the waslewater gencrated in the Study area, because
biodegradable wastewater will be collected and treated via the
centralized disposal system, &vllilc toxic/hazardous waslewater will be
individually treated at each on-sile disposal system.

The general design criteria of neeéssary facilities for the oxidation ditch
process arc proposcd as follows;

* BOD-SS Loading ©:0.03 ~ 0.05 kg/SS kg day

« MISS 3000 ~ 5000 my/! |
. Acrélion time | 24 hours

* Return sludge ratio 150 ~ 150 %
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@ * Flow velecity of boltom : 0.1 m/sec
* Number of ditch :> 2 ditches
B Depth of ditch d-~3m
* Width of ditch > 6m

(n) Scttling tank :

* Surface loading 220~ 30 n13ln12- day
* Scitling time > 2.5 hours

* Weir loading 1< 150 m¥/m- day

* Nuniber of tank > 2 tanks

* Depth of tank 25~4m

(o) Chlorination fank

A chlorination tank shall be designed for (DMWF) for the scparate
system and (3+ HMWEF) for the combined system respectively. Contact
time is more than 15 minutes.

{p) Thickener is necessary for sludge dewatering facilities.

¢ Type of thickener: Gravily

* Moistuze contenl of excess sludge :993-~995%
* Moisture conteat of thickened sledge  : 98.0 ~ 98.5 %

* Solid loading: 30 ~ 50 kg/m?- day
* Number of tank: > 1 tank

(9) Dry beds is also necessary for sludge dewatering facilitics.
* Depth of dry bed: 1S cm
* Dryiog time: 15 days

6.3.2 Institutional and Regulatory Mecasures
(1) Setting Appropriate Standards for Water Quality
1) Ambient water quality

The Surface Water Quality Standard (TCVN 5942-1995) was sct up for
conscrvation of surface water quality. As mentioned in Section 1.3.1, the
slandard indicates two levels of water quality for the following types of
- surface watcr. ' o
; Level A: for surface water used as a source of domestic waler supply

Level B: for surface water used for purposes other than domestic water
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supply.

Basically, Ievel B of the standard is adopied for water bodics in Hanoi,
because most waler supply sources in Hanoi arc groundwater. Regarding
BOD values which are typical indicators of organic pollution, Level A
indicates S mg/L and Level B indicates 25 mg/L. With regard to the
improvement of watcrlronts and the living cnvironment, the Study Team
proposes BOD 10 mg/L as the standard for Hanoi. Generally, BOD 10 mg/L
indicates odorless and no-blackish water.

The Groundwater Quality Standard (TCVN 5944-1995) was set up for
conservalion of groundwater. The level of the standard is quite reasonable.

2) Effluent standards

The Industrial Wastewater Discharge Standard (FCVN 5945-1995) was set
up for the control of effluent of industrial factories. The standard indicales
three levels of water quality standard as indicated below.

Level A: for discharge into water bodies used for domestic water supply.

Level B: for discharge into water bodies used for navigation or irrigation
purposes or for bathing, aquatic breeding or cultivation.

Level C: for discharge 1o other water bodics

Level A of the standard is almost same as sccondary trcatment level {normal
scwage trcatmenl level). In the case of installation of central wastewater treatment
systems in industrial zoncs, adoption of Level A is quite natural. All new industrial
factlorics are cxpected to be constructed in industrial zones. Existing faclorics also
have a tendency to move into industrial zones. It is recommended that central
wastcwater treatment systems should be installed in order 1o meet Level A of the
standard in new industrial zones. 1t is also recommended that the industrial
discharge standard should cover not only the industrial zones, bul also other new
development areas such as housing and office development areas,

(2) Reinforcement of Regulations and Law Enforcement
The overall approach to water pollution contro! is fivefold:
*  sclling appropriate discharge standards for all facilitics

+ development of compliance agrecments 1o bring existing facilities into full
compliance with slandards s

*  cstablishment of more punitive systems for enforcement
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+ instituting a system of water pollution charges

* use cxisting and new EIA rcgulations on existing facilitics to force new
investments in pollution conirol measures

1} Appropriate Discharge Standards for all Facilitics

The cstablishment of an effective system of waler pollution control will
require that effluent discharge standards be sct for major industrial facilitics in
Hanoi City.

Discharge standards for cffluents from facilities definc the maximum
acceplable quantity of pollutants that may be discharged into the ccosystem,
arca or region. Discharge standards must set for specilic pollutants, and oflen
are stated as concentrations, or as discharge rates to incorporale the time
dimension. They usually are specilic to an area or ecological zone, and may
be set for specilic industries.

Facility specific discharge standards should be based on the amount of a
pollutant that may be discharged without causing the violation of water
quality standards. For this to be donc, the receiving environment (i.c., the
current waler quality conditions) for the pollutant must be characterized in
terms of cxisting levels. Predicled changes in ambient concentrations resulting
from the additional discharges should be compared against water quality

conscrvaltion criteria.

2) Compliance agreements 1o gradually reach ctiluent standards

- Existing pollution control rcgulations are not fully enforced because of
insufficient cnforcement capability of the Hanoi DOSTE. In addition, full
compliancc with the regulations will create economic hardship lor existing
enterprises. Furthermore, penallics, when considered appropriale are not

* always applied. At this time, it is ncither practical nor possible to introduce
strict dis‘chdrge standards as that might force many facililics to ccase
operating. Instead, progressive discharge standards should be introduced
with a specified timetable for imp]cmcntﬁtion' so that polluters have time 1o
~plan and prepare for the gradual modilication of their operations to reduce
_cliluent  without severe cconomic  hardship. This approach is to be
incorporated into compliance agreements.

3)  Penaltics and Fines
‘3’ Government  regulation on  punishment  for  administratively  violating
environmental protection legislation outlines the forms of punishment and the
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responsibilities and authority for enforcement. The various articles provide
for warnings and fincs for violations for all large number of violations of LEP
and suppbrling rcgulations. Untortunately, fincs are set al levels too low to
acl as disincentives 1o potential polluters. In addition, DOSTE inspection
division has limited authority aver national level industrial facilitics and
mining operations. For cxample, the Chief Inspector in DOSTE can not
revoke a permil issued by the national level. This means that the Inspection
Division of MOSTE will have to be involved in EMP Implementation to deal
with Central level SOEs.

However, the system of administrative punishments should be reviewed.
More punitive fine Icvels and other forms of punishment should be considered.
The proposed institutional strengthening of the Inspection Division is
designed to increase the enforcement capability. This combined with more
severe punishments will provide for stronger means for investigating,
prosecuting, and punishing scrious polluters.

4) Water Pollution Charges

The command and control measures, discharge standards backed up by
penalties and fines may not be completely effective. In many parts of the
world regulators are increasingly becoming aware of the limitations of
command and control approach. The major weaknesses of laws and
regulations are their failure to take into account the changing environment
and their tendency to be biased against technological innovation. While
pollution licenses are in effect for a specified time period, abatement

technology and environmental conditions are constantly changing. Once a
license has been issued for a specific length of time, the polluter has little
incentive to adapt to new economic, environmental or technological
conditions or to control pollution beyond the level required.

Enforcement  problems  and skcpliéism about com'pliancc with - direct
regulation have raiscd questions about the cficclivencss and efiiciency of
imposing further regulation. The GOV is proposing to introduce mandatory
pollution fees on waslewater dis’chargcs fo creale an incentive fo reduce
pollution. The intraduction of pollution fces on wastewater discharges will
greatly increase the likelihood of the aitainment of EMP's cnvironmental
quality objectives. ' S

5) EIA of Existing Facilities

The Environmental Protection Law requires that EIA reporls are to be
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preparcd for existing facilities. These reports are essentially inspections and
audits of the current cnvironmental impacts associated with existing
operations. Where these [acilities fail to meet environmental standards they
arc requircd by the law to underlake remedial measures to reduce the
cnvironmental impacts. However few existing industries have the financial
resources to conduct EIA of their operations and fewer still have the
resources to undertake remedial actions. However, these industiries arc a
serious cause of existing pollution and are a targel for substantial
improvement in environmental proiection or they may face closure.

MOSTE will issuing new guidelines in 2000 that will require the facilities 1o
prepare pollution abatement plans. These plans must be implemented within
live years. It proposed to use the requircments for existing facilitics to
produce an EIA report to ensure that compliance agreements are prepared to
gradually bring the serious polluting facilities into compliance with existing
laws and regulations.

1) Short-term measures: By 2005

In short term, the tollowing measures will be undertaken:

+ developing of discharge standards
» review of administrative penallies for violation of pollution control laws
*  complete pollution abatement plans based on EIA for all existing facilitics

2) Middle-term measures: By 2010

In the middle term, the following measures will be undertaken:

* institution of water pollution charges for all major facilitics
» completion of pollution abatcment programs for all facilitics

(3)' Organizalional Strengthening: HSDC (sewerage)

Organizational strengthening discussed in this section of the report deals with
needs related to operation and maintenance of the sewerage system and
management in general. The word “strengthening” means making improvements (o
management systems, and organizational structurc that are required 1o meet new
functions that HSDC will be required to carry outl. The ullimate goal is to ensure
that organizalional strengthening will lead to a reduction in pollution and the cost-
effective, responsive delivery of public services. Thc improvement siralegy is based
on achieving the following objectives:

+ develop a functional organizational struciure that jimproves mainicnance and
reduces the impact of operations on the environment
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» make human resources development a priority. Include sufficient funding in the
annual opcrating budgel for training and the purchasc of soflware, hardware,
cquipment, and tools to supporl cnhanced personnel skills.

» maximize cost recovery in order to achicve financial autonomy by promoting
self-financing (user pays) sanitation services

« improve maintcnance levels to  protect the signilicant  investment in
infrastructure

« Decpreciate & replace tixed assets based on economic life-cycle, using internal
funding to reduce dependence on transfers from HPC.

+  Strengthen tcchnical capacity of in-house personnet to support operation of
waslewater treatment plants and implement mainiecnance management systems.

The framework for organizational strengthening is summarized in the following

table:

HSDC Organisalional Strengthening Framework

OBJECTIVE

SHORT TERM 2005

MID TERM 2010

LONG TERM 2020

Re-organize Lo suit
new eperational
functions

Sewerage Funclions:

- Create new wastewater
trealment enterprise
Create a pumping stations
and regulator maintenance
group within each sewer &
drainage enlerprise

Acvepl responsibilily for
seplage colleciion. Create a
new enterprise to collect
septage and manage a new
seplage disposal facility in
Gia Lam.

.

Sewerage Functions:

- Creale new operational
units for each new
wastewater treatment plant

Sewerage and Drainage

Funclions:

- Create a new sewerage and
drainage enterprise for Gia
I.am urban district.

Functions:

- Create separate
operational divisions for
sewerage and drainage
functions.

- Create a new technical
services division o
provide engineering,
maintenance and
construction supporl 1o
sewcrage and drainage
opetating divisions

Sewerage and Drainage

Develop human
ECSOUTCES

Sewerage Fusiclions:

- hire and train personnel o |

operate pifot treatment - -
plants

- hire and train laboratory
personnel

- include funds for staff
training in the annual
operating budget

Managemen) Funciions:

= provide fraining and
develop skills for business
acoounting, flinancial
analysis and economic
effectiveness of business
operation.

Sewerage Functions:

- hire and train more,
waslewater trealment plant
opcrators and process
engineers to meel the
growing number of
ircatment planis

Management Funetions:

- provide training on pricing
strategics and tanifl selting
for cost recovery

Sewerage Functions:

- develop technical skills
required to supporl
wastewaler trealment

plant operators
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OBJECTIVE

SHORT TERM 2005

MID TERM 2010

LONG TERM 2020

Improve financial
managenient

Sewezage and Drainage
Eunctions:

- work with the Water
Supply Business company
to improve billing and
collection of sewer
Fevenues

Implement a cost
accounting system and
develop trends for major
cosl centers.

Sewerage and Drainage

Functions:

- implement progressive
tariff increases within the
limits of affordability to
recover the costs of
operaling new waslewater
treatment plants

- prepare multi-year
operating budget forecasts
linked to investment
program planning

Sewerage and Drainage

Functions:

- replace assets based on
economic life-cycle cost
analysis

- identify cost reduclion
opporlunities using the
oosl-accounting systen.

Inplement
maintenance
managenest systems

Seweiage and Drainage
Functions:

- integrate mechanical and
clectrical mainicnance
enterprises to provide
centralized support to
operaling cnterprises
responsibilily for
preventive maintenance is
shifted 1o trades located
within each operaling
group

Sewerage and Drainage

- implement a work order
system for scheduling of all
prevenlive and emergency
maintenance

- develop a sewer inventory

Sewerage and Drainage

Funclions:

- develop advanced
preventive maintenance
technologies

Provide technical
supporl to operations

Sewerage Funclions:

- implement a central
laboratory to support
treatnment plant process
control and operations

- Implement an approvals
and inspection unil for
communily and on-site
wastewater disposal
syslems.

Sewerage Funclions;

- implement a sewer
inspection unit within the
engincering department

- increase the capacity of the
central kaboratory

Scwerage and Diginage

Functions:

- Creale a new technical
services division to
provide engineering
supporl lo operaling
£roups

Components of the strategy are organized into a framework showing approximate
timeframes for implementation and which arca of the organization will be allected.
Specific recommendations for improvement are discussed in the following scctions:

1) Shorl — term measures: 2005

(a) Wastewater Collection

Al present HSDC carrics out a number of tasks related to sewerage:

+ Rchabilitation of sewers

Cleaning sewers and streel drains
*  Approval of sewer conneclions

The existing organization presented below, is well structured for coping with

mainienance of sewers and street drains.
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Existing Organization Structure
{Brackets indicate number of staff)

Equipment and tools for clcaning scwers have recently been provided under
the sewer rehabilitation component of the drainage improvement project
funded by OECF. Recent increases in personnel have been made under the
sewer cleaning and dredging project. These stafling levels will be adequate to
cope with required maintenance and should be maintained until 2010.

As treatment becomes available the wastewater colleetion system will be
improved and extended into urban areas. The number of maintenance
personnel required will need to be increased and new M&E skills will be
required for operation and maintenance of pump stations and regulators.

(b) Wastewater Treatment

Wastewater treatment facilities prcscnliy' do not exist and will be gradually
implemented over the p]anmg period. In the short ferm, two pilot- -scale
wastewaler (reatment plant will be constructed as part of the drainage project
funded by OECF and should be operational by the cnd of 2001. Based on
experience gained at the pilot plants, a full-scale wastewater treatment will be
conslructed 1o serve treatment zone 2-1 by end of 2005.

The implementation of wastewater treatment will ‘create a need to hire
qualificd and knowledgeable operators and engineers as well as trained
mechanics and electricians. 1t is, therefore, importanl that HSDC move
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quickly to hirc and train technical personnel for treatment plant operations.

Operational control of wastewaler treatment systems will require frequent
sampling and laboratory analysis to monitor:

¢ Influent wastewaler characteristics

+ Eifluent characteristics

+  Performance of the treatment systems and

*  Operating adjustments 1o various stages of the treatment process

Treatment plants will, therefore, ficed to be supporied by a properly equipped
laboratory and a team of technicians. Initially, the two pilot treatment plants
will cach have their own small laboratory for process control. However, with
the completion of a full-scale treatment plant in 2005 it is recommended that
a single, centrally located laboratory be constructed to provide lab services 1o
all wastewater treatment plants operated by HSDC.

A central laboratory will facilitate standardization, make it possible to obtain
consistent results, and reduce the duplication of lab equipment, space and
personnel required to support several treatment plants. Sampling can be done
on a rotlational basis by a team of traveling laboratory technicians.

¢) Organizational structurc for operations and maintenance (O&M)

The organizational structure will need 1o be modified to reflect new
“operational and maintenance activities:

* operation and maintenance of new wastcwater trcatment plants
+ operation and maintenance of new pumping slations and intereeplor
SCWCIS

There are generally three oplions for maintenance organization:

* centralized
* dccentralized
» combinalion centralized decentralized

Centralized maintenance provides a high degree of llexibility, good utilization
of resources and facilitates record kecping. However the main disadvantage is
the friction created between operations and maintcnance groups in
determining prioritics and scheduling work. For this reason it is preferable lo
try and integrate operations and maintenance. '

Decentratized maintenance brings maintenance and operations closer together
wilh the advantage that maintenance crews are readily accessible and more
‘;? responsive. Maintenance staff can become more familiar with the equipment
and travel time is reduced. The main disadvantage is inadequate utilization of
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FrCSQUICes.

A combination centralized-decentralized organization is recommended as a
way of gaining the bencefits provided by cach option. The existing clectrical
and mechanical maintenance enterprises will need to be re-organized inte a
single maintenance enterprisc to facilitatc ccordination of mainicnance
services. Regular preventive maintenance at sewage pumping stations and a
small percentage of minor repairs can be carried out by small district based
maintenance tcams scconded from the maintenance enterprise to each of the
three sewerage enterprises. Preventive maintenance and minor repairs will be
carried out by a specialized group ol skilled trade workers mechanics and
clectricians located at each trecatment facility. The central maintenance
cnterprise will provide crews for major repairs.

Trades pcople working at the treatment plant should be trained to understand
the treatment process and the operating paramelers that affect it.

It is reccommended that a new Wastewater Treatment Enterprise be created
for all operational aspects related to treatment including the laboratory. The
short ferm organizational struciure related to sewerage is presented below:
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HSDC Organisation Structure for Sewerage — 2005 (simplificd)

The new Wastewater Treatment Enterprise will have the following funciional

responsibilities:
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(d) Improved financial management @
.a) Revenue

Increascd revenues are required to fund operations and maintenance, and
climinate subsidics to gradually transform HSDC into a financially
aulonomous cntity operating on a commercial cost recovery basis.

Sewer revenues are based on a percentage of water supply billings. Therefore,
in the short term, it is recommended that TUPWS urgently implement
changes at the water supply company in order to improve water supply
billings and thus sewer revenues. Required improvements consist of: i)
increased number of metered connections, ii) improved billing and colleclion
systems, and iii) increased customer registration.

Furthermore, funds collected for scwer surcharges should be transferred
directly to HSDC. A special sewer fund must be created and for revenues
from sewer surcharges. HSDC should be responsible for administrating the
sewer fund.

b) Financial Management Information Systems

Achieving a commercially viable aperation will require the implementation of
a modern financial management information system to accurately identify and

manage the costs of operation and maintenance.

To facilitate proper financial management il is recommended that HSDC
implement an automated information system consisting of cost accounting,
budget preparation, and reporting modules. Automation provides many
benefils: (a) accurate and timely financial information on budgeted versus
actual performance; (b) simplities analysis of cost information to control
expenditures; and (¢) facililates the abstraction of performance data required
to prepare budgels.

The sysiem would be used to provide meaningful and timely ;c’por_ls'or:: the
financial performance of the establishment. The heart of the system would be
the cost accounting module, which would be used by the Accounting
Department to record income & ~expendilure transaclions, prepare trial
balances, and control expenditures. The Planning Department would use the
program to produce linancial management reporis highlighting budget
expenditures to date, amounts remaining,’ bud;:,ct vananccs (ovcr/undcr
spending) and other user defined. '
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% 2) Mid-term 2010
(a) Wastewater Collection

Increasing growth in the urban area of Gia Lam District will result in more
sewers and drains. HSDC intends 1o assume responsibility for maintenance
and operation of sewerage and drainage in Gia Lam. It is proposed that a
fourth sewerage and drainage enterprise be created to provide maintenance
services to Gia Lam.

The availability of freatment will open the way for expansion of the
underground sewer rcticulation system and result in a larger inventory of
sewer pipes that will need to be inspected, cleaned and repaired. It will
therefore be essential for HSDC 1o have a well-organized record keeping
syslem to supporl proper maintenance and response to problems such as
sewer blockages. 1t is rccommended that a database, known as a “sewcr
inventory” be developed. The typical inventory includes information such as:
pipe sizc, material, age, location, flow, repair history, location of connections.
The sewer inventory can be developed as the first slep in a larger sewer
inspection and maintenance program that will be implemented over the mid-
term to long-term. It is recommended that a specialized “sewer inspection
unit” be created within the Engincering Department to develop the inventory.

(b) Wastewaler treatment

By 2010, two more wastewaler treatment plants will be in operation.
Personnel for operation and maintenance of new plants should be hired and
trained before completion of the construction to ensure a smooth transition.
Praclical on-the-job training can lake place at cxisting treatment plants.
Equipment and personnel in the central lab will need to be increased to cope
with the work load created by new treatment plants.

() Organisation for O&M
The organizational structure will nced to be modificd to retlect new
operational and maintenance activities:

* operation and maintenance of new wastewater treatment plants
* maintenance of sewers and drains in Gia Lam urban arca.

‘The recommended mid-ferm organizational structure presented hercunder is a
logical extension of the previous shori-term structure.
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HSDC Organisational Structure for Sewerage: 2010

Each treatment plant will have ils own operation and mainlenance team.
Major repairs and maintenance continue to be carricd oul centrally by the
Maintenance Enterprise. Sewers and pumping stations are maintained by the
Sewer & Drainage Enterpriscs.

(d) Financial management

HSDC will nced to increase tarifls to cover the increasing costs of operaling
waslewater treatment plants,

A national water tarifl policy study financed by the ADB was completed in
March 1996 and the Government is presently reviewing ils recommendations.
The recommendations include a minimum monthly charge (covering Sm* for
domestic and 10m* lor non-domeslic customers), a lifeline block (varying
between 12 and 20m*/month depending on city size set at a minimum of
1,500 VND/m"), a progressive tarill with three taritt bands, and a separate
tarift for industrial and commercial consumers.

Changes in water tarifts will have a large impact on sewer revenues. Given
that present cost data is inadequate and future operations will be substantially
different from the existing ones, it is recommended that a tariff study be g
undertaken to review the adequacy and atfordability of the present system of
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% tariffs and to proposc moditications. The tarilf policy adopted by HSDC
should atlow for progressive increases to eventually recover the full cost of
providing services including capital costs associated with renewal and
expansion of the system.

Further study is required to determine appropriate tarill structures and rales
that will improve cost recovery within the limits of aftordability. The World
Bank is currently implementing sanitation projects in three citics: Da Nang,
Haiphong, Quang Ninh. In all three cases the cities have agreced with the
recommendation to implement wastewater charges based on a percentage of
water supply billings. This approach was sclected over the use of flat charges
because there are several advantages to linking wastewater charges to water
consumption. In particular is the more cquitable spread of costs to higher
consumption users. The World Bank also rccommended that the charges
collected by the water companics be remitted dircctly the Scwerage &
Drainage Company with deduction of an appropriate administrative charge to
cover the collection cost.

At present, budget planning is rather primitive and consisis of reviewing the
previous year’s expenses and adding a small percentage as a contingency for
incrcased cosis. Presenily there is no linkage between capilal expansion
budgets and opceraiing budgets. As a result of this gap, HSDC may not have
sufficient funds in its operating budget to hire stafl, operale & maintain new
facilitics. If HSDC is to become [inancially autonomous it will need to
forecast budget requirements suflicicntly ahead to plan for appropriate
increases in tarifls. Budgets should be forccasted at least on a five-year rolling

forward basis.

(¢) Maintenance management

A modern maintenance management sysiem is regard lo cnsure adequate
prevenlive maintenance of sewers, cquipment and vehicles. The system
should be automated and provide the following function:

* a sewer invenlory database with connection, pipe size, lype, age and
condition asscssmeil,

* preventive maintenance schedules, for sewers, mechanical and clectrical
cquipment

* sparc parls inventory control,

» Maintenance history and trend analysis lo identily increases in cosfs

£ related fo aging.
The system would be used to provide regular preventive maintenance, record
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cmergency maintenance and operating problems, and support decisions
regarding the cconomic cost/benefit of repair versus replacement.

3) Long-term 2020
(a) Organization for O&M

The level of sewerage development activily planned for the period 2010 to
2020 is significant:

* Two more trcatment plants in (zone 5 and 6)

¢ cxpansion of treatment plant for zone 2-2

*  new trealment

* plant in Gia Lam

* extension of collection system coverage in urban arcas to serve 90% of
the population

The significant investment in sewcrage infrastructure will require a
corresponding increase in operation and maintenance levels. The organization
will necd to devole more resources to scwerage operations and must be re-
organized to provide ellective maintcnance and quick response lo sewer
mainicnance problems.

Al this slage it is recommended that the drainage & scwerage funclions be
scparated in order to allow a greater level of flexibility in responding to
problems and a greater degree of specialization and ownership among stall.
The proposed long-term organization of HSDC to cope with wastewaler
treatment and collection operations and mainienance is presented below.
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HSDC Organisational Structure for Sewerage: 2011 to 2020

The organisation is restructured into four divisions: 1wo operating divisions
and two supporting headquarters divisions. Each division will have ils own
director responsible for directing middle managers in service. The directors
will form a management team and report to the Director General.

Collection maintenance units will be organized on a district basis and will be
responsible for:

* unblocking scwers

* assisting engincering depariment with inspection of sewers and manholes
* repairing sewers and manholes

* Pumping station operation and maintenance,

The functional responsibilitics of the Wastewaler Treatment Enterprise do not
change but additional units will be added for each new treatment plant that
becomes operational.

The Drainage Operation Center will continue 1o operate the Yen So floed

control reservoir and gates. Drainage maintenance will be carried out

scparately from scwerage functions and focus on cleaning canals, lakes, and
g maintaining levees.

Functional groups that supporl operations should be grouped under a new
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Technical Services Division to provide a higher level of technical competence
lo maintenance activilies. The maintenance enterprise and the construction
enterprise will continue lo provide centralized maintenance services to
wastewater and drainage divisions but will apply more technologically
advanced maintcnance management techniques to reduce operating and
maintenance costs and prolong the life of infrastructurc,

In the long term, accumulated depreciation of fixed asscts should be kept in a
scparate fund and managed to ensure there is sulficient capital on hand to
replace fixed asscls al the end of their cconomic life cycle. Funds
accumulated for asset replacement should not be used to cover other
operating expenscs or investment needs.

3) Staffing, cquipme'nl and financial implications of proposed reforms

Staffing requirecments are developed as part of Human Resources in chapter
6.11.3. Incremental staffing levels, investiment and operating costs for the
proposed reforms are presented for each year in Table 6.3.4. Annual program
costs arc summarized as follows:

Stalling Requirement %
. NO. OF STAFF (end of period)
DIVISION/ PROGRAM
2000-2005 2006-2010 2011- 2020

Wastewater ireatment 20 36 60
Callection syslem pump stations 10 20 35
Sewer inspection program 0 22 22
Sewer inventory 0 8 8
Tolal Investment costs

600 980 910
(000’s USD)
Anpual Operating cosls L _

20] 495 _ 748
(000's USD) . :
HRD Training cost

. - - 340t 430* © 1715
| (000°s USD) - :

* indicales total investment cost for the period, provided as lechoical assistance through ODA

**indicales average avnual cost, transferred to HSDC operating budget

Investment costs represent the sum of all capilal costs for the period incliding
cquipment replacement. Annual operating costs are for the last year of the
period indicated. s
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6.3.3

Improvement of Wastewater Disposal System

The improvement plan of wastewater disposal system is proposed as shown in
Figure 6.3.3. In this Study, the proposed public sewerage projects consist of nine
projecis: U.T.Zones 2 to 6, G.T.Zones 1 10 2 and D.T.Zones 1 102 since U.T. Zone
1-1 and D.T.Zone 3 are under implementation by Victnamese Government. The
total construction cost of the proposed ninc public sewerage projects is cstimated
at US$ 509 million as shown in Table 6.3.5.

As the public sewerage projecls arc obvious 1o require huge cosls of
implementation and O&M as estimated in Table 6.3.5, the implementation of the
projects should be phased from viewpoints of city development plan, social needs,
environmental requircments, and financial and economic conditions. It is alse
recommended that the public sewerage projects be implemented in harmonization
with city development, drainage projects and lake conscrvation projects on account
of being strongly related to each projecl.

The priority of zones 10 develop the wastewater disposal syslem, is assessed as

shown in Table 6.6.5, based on the conceptual zoning plan and the characleristics

of cach zone. The priority of zones for sewerage development is recommended, as

follows, in consideration of the index of the benefit (removed pollutant load as

BOD levels: kg) per construction cost (million US$) and the influence in receiving

improved water quality.

* Inthe urban arca,U.T.Zones 2-1, 4, 3, 2-2, 6-1, 5 and 6-2 using the centralized
disposal system

* In the sub-urban districts, G.T.Zones 1 and 2, D.T.Zones 1 and 2 using the
centralized disposal system

Wastewater trealment facititics in U.T.Zones 1-2, 7 and 8, G.T.Zone 3, and

D.T.Zones 4 and 5 where are recommended using on-site/community disposal

system will be constructed by each polluter according to the polluter pay principle.

. Implementation schiedule of the public sewerage projects is proposed as shown in

Figure 6.3.7 and the proposed projects at cach targeted year are described below
according to cach target year of cnv{ronmenial improvement:

(1) Short-term measures: by 2005
1) Priority projccls
The projéct of U.T.Zone 2 coveting the En_v_irbn"mcntal Zones:_ Ol City
Center and Red River Right Bank-South are selected for (he priority projects
and number o'll‘ beneficiarics is estimated at 390,000 persons in 2020. The
U.T.Zone 2 divided further into two sub-zones: U.T.Zone 2-1 for the Old
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City Center and U.T.Zone 2-2 for the Red River Right Bank-South.

‘The project arca is the city core center belonging to the Kim Nguu River
basin and has the most historical lake of the Hoan Kicm Lake. In order 1o
improve seriously poliluted living cnvironment, the following measure are

neeessary:
QOutline of Priority Projects
Project Componeals U.T.Zone 2-1 | U.T.Zone 2-2
3) Service Area (ba) 1,033 1,220
- . Separate System 233 1,000
- Partially Scparate System 800 220
4) Interceptor & Diversion Chamber (unit) 4 ' -
3) Relay Pumping Station (uait) 2 -
4) Wastewater Treatment Plant (rﬁ’fd) 66,300 40,400

U.T.Zone 2-2 will be implemented afier completion of U.T.Zones 3 and 4
covering the whole area of the Old City Center according to assessment of
priority for development.

2) Other short-term measures

The following non-structural measures are proposed to be undertaken as
activilics associated with the public sewerage development.

(a) Government Support for Instaltation of Flush toilets

The following government support is nceessary as local latrines (pit latrine or
bucket latrinc) should be upgraded 1o flush ionlcts w/septic ' lanks in
accordance with the sewerage development.

» Financial back-up to pcople through provmon of a soft 1oan wnlh a
revolving fund system for flush toilet installation.

» Sponsorship o educate the public rcgﬁrdlng, the necessily of flush toilets

» The enforcement of installing Nush lmlcl installation, cslabllshm;_, legal
regulations in newly developed arcas,

These measures are particularly required in U.T.Zones 1-2, 7 and 8,
G.T.Zone 3, D.T.Zones 4 and 5, and Soc Son suburban district where on-
site/fcommunity treatment systems are proposcd.
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@ (b) "Care for Drainage/Sewerage” Campaign

Dumping of domestic solid waste is one of the main reasons of pollution in
the rivers and lakes. "Carc for drainage/scwerage" campaign should be
sponsored and carried out by the government. ‘The campaign is to educate
the people of the need of drainage/sewerage lacilities and water disposal
praclices, in accordance with the regulations.

(c) Regulations for Installation of Eftluent Pre-treatment

Regulations on the installation of waslewater pre-treatment by industries
should be enforced 1o reduce the pollutant load in the public wastewaler
disposal system.

Additionaliy, solid waste and nightsoil collection systems are required 1o be
improved by URENCO as described later.

(2) Middle-term measures: 2010

The project of U.T.Zones 3 and 4 cover the Environmental Zones: Old City Center
which living environment is polluted scriously by wasicwater discharged from
houscholds, hospitals, factories, and so on. In order to achicve the target of clean
waler environment as mentioned in the Seciion 5.2.2, the following measure are
required and implemented by 2010:

Outline of Middic-term Projects

Project Compeonents U.T.Zone 3 U.T.Zone 4
1) Service Area (ha) 1,350 500
- Separale Syslem 160 110
- Partially Scparate System 1,190 190
2) Interceptor & Diversion Chamber (unit) 7 8
3) Relay Pumping Station (unit) 7 3
4) Wastewater Trealment Plant (m’/d) 71,100 35,300

(3) Long-term measures: by 2020

In order to improve the public sewerage system in the whole targeted area of the
environmental zones, the following projects will be implemented by 2020:
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Outline of Long-term Projects

Project Components UT.Zone 5 | WT.Zene 6 | UT.Zone 2-2 | G.T.Zone 2
1) Service Arca (ha) 2,405 2,868 1,220 200
- Scparate System 2,405 2,868 1,000 200
- Partially Separate System 220
2) Interceptor & Diversion - - - -
Chamber (unit)
3} Relay Puimping Station (unit) 2 3 4
4) Wa)slcwatcr Treatment Plant 45,600 74,300 40,400 4,400
(m'/d)

From the financial aspect in HPC, the implementation schedule of the following
long-term projects is postponed until 2025.

Outline of Postponed Long-ferm Projects

Project Components G.T.Zoue 1 D.T.Zoge 1 D.T.Zone 2

1) Scivice Area (ha) . 4,095 550 . 660

- Scparate System 3,704 - 550 660

- Partially Separate System 391
2) Intercéptor & Diversion Chamber 5 - -

{unit)

3) Relay Pumping Station (unit) 5 3 3
4) Wastewaler Treaiment Plant (m¥/d) 101,300 19,500 19,500

(4) Projcct cost cstimate and implementation schedule

. Projecl cost of the public sewerage projects is estimated as shown in Table 6.3.5
under the following conditions of cost estimate:

a) Adoption of unit prices in Vietnam at the place level of 999

b) Engincering Services Cost:About 15% of conslruction cost

c) Administration Cost:3% of construction cost

d) Physical Contingency:About 10% of the cost for construction, land acquisition,
engineering services, and administration '

Figure 6.3.8 also indicates the disbursement schedule at each drainage projecis
according to the recommended implementation schedule as shown in Figure 6.3.7.
The cost of the urban drainage project and annual O&M cosl at cach drainage
basin is summarized below:
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The cosl of the urban drainage project and annval O&M cost
(Unit: US$1,000)

Scewerage Project Project Cost Annual Q&M Cost Implementation
2) Priority Project: U.T.Zone 2 122,710 1,604 2002 - 2015
st stage: Zone 2-1 69,328 1,024 2002 -- 2005
20d stage: Zone 2-2 53,382 580 2010 - 2015
2) Middle-term Projects 149,711 1,960 2003 - 2010
3) Long-term Projects 212,655 2,376 2009 - 2020
4) Postponed Loug-term Projects 220,062 2,592 2016 — 2025
] Total 701,138 7,466 2002 - 2025

6.3.4 Improvement of Septage Collection and Disposal
(1) Need for improving septage collection and disposal

The amounts of scptage that require collection and disposal in the future will
depend on:

+ how scwecrage development proceeds over the planning period and

+ how frequently septic tanks arc cleancd

Sewerage development is proposed in three urban arcas within the Environmental
Master Planning area as shown in the tollowing table:

Sewerage Development Targets in Urban Areas

i . Pop. Connected To Sewer
.Area Environmental Zone. 2005 2010 2090
1. Nhue River | Tay Ho 25% 60% 97%
Basin Old City Center
Red River Right Baok, N/W and
S - | South :
2. Gialam _Urban Gia l.am 0% 0% 100%
. - 1 {Yen Vien Town)
3. Dong Anh | Phuong Trach center 0% | 9% 49%
' Coa Loa — Red River cenler :
Urban aica (others) - -

Note: Sub-urban zones with densitics lower than 30 p.p.ha. are excluded from %

The sewerage dwclopmcnl trends for the total sludy area arc deu,lcd in Figure
6.3.11. Accordm;, lo the proposcd sewerage plan there will still be a large
" percentage of the population using scptic tanks well beyond the year 2010.
;  Improvéments in  sewcrage will therefore need 1o be accompanicd by
corresponding improvements in septage collection and (reatment facilitics to
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prevent environmental degradation, sewer mainlenance problems and potential %
health hazards from the indiscriminant disposal of septage.

The quantity of septage collecied [rom scplic tanks and vault toilets must be
cstimaled in order 1o plan for collection and treatment infrastructure. The
quantitics of septage will depend mainly on the number of tanks in scrvice, the
cleaning [requency, and the size of the tank. The colleciion of the parameters
required to accurately cstimate seplage quantitics was beyond the scope of this
study. Howevecr for planning purposes it is nceessary to establish future trends

The calculation method used to estimate septage quantities in urban arcas requiring
collection and treatment is described in Fig. 6.3.15. The estimates arc based on the
following simplifying assumptions:

* one scptic tank (or vault Jatrine) system serves on average about 8 persons on
average. The average is higher than the number of people per houschold to
allow for larger installations scrving apartment buildings, hospitals,
commercial and institutional buildings.

* vaull latrines are counted as scptic tanks. Although they require more {requent
cleaning their number is small therefore their contribution to the daily amount
of septage waste is relatively insignificant.

» solids arc removed when tanks are % full. :

* septic tanks are removed when houscholds arc connected to sewers. If tanks
are not taken out of service the amount of septage that must be collected will
increase significantly despite the implementation of public sewerage systems.

An cstimate of seplage quantitics based on projecied sewerage development is
presented in Table 6.3.8 and summarized below:

Urban Populations with on-site sanitation systems

YEAR Nhue River Basin GialLam - ' Don Anh

Pop. (000°s) | m’d | Pop. (000°s) | m’d | Pop. (000's) m¥d
1997 L4 | A 129 33 C 114 29
2005 1,008 257 144 36| 140 36
2010 532 126 153 39 60 | 41
2020 40 10 0 . ¢ | 3 87

Nofe: Sub-urban zones with densitics lower than 30 p.p-ha. are excluded

URENCO collects about 75 m'/day which is relatively small compared to the
cstimated amounts if tanks ar¢ cleaned when % full. The low collection amount can
be caused by a number of factors: ' ' '

« very lew seplic tanks arc maintained properly - : : , @



The Study on Environmental Improvement FINAL REPORT
for Hanoi City in Main Report, Volume 3
The Socialist Republic of Vietnam

% » the private scctor is actively involved in collection and disposal

»  privale sector services are more allordable than URENCO services.

(2) Options for the treatment and disposal of Septage

The principal methods most commonly used for the treatment and disposal of
scplage are as follows:

+ Land application

+ Co-disposal with solid wastes

- Jand filling with solid waste
- composling with solid waste

+ Co-treatment with wastewaler
- biological treatment
» Processing at separate facilities including:

- Aqua culiure

- biological treatment
- lime slabilization

- composling

1) Land Application

Septage can be applied in liquid form directly lo the surface of the land with
spray guns, trucks cquipped with liquid spreaders, and liquid manure
spreaders used on larms. Spreading should be lollowed by a short drying
period and then disking to incorporate the dried sludge into the soil.

Scplage can also be dewatered in lagoons or on drying beds and applied
dircctly to land in a solid or semi-solid form. High annual raintall in makes the
use of sludge drying beds in Hanoi impractical.

Most of the problems associaled with surface application can be overcome by
subsurface application. The methods most commonly used for subsurface
application of septage are: i) the furrow cover method in which septage is
applicd in narrow furrows and covered with soil by a following plow, and ii)
the injeciion method in which seplage is injecled in a wide band or several
narrow bands 150mm below the surface of the soil. . Subject to loading
limitations, land application can provide cffective trcatment and disposat of
soil. '

@ In the Study arca, the use of seplage as fertilizer is widespread in low
population densily arcas. Land application of septage from is considercd
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sustainable for all sub-urban settlements in areas with densitics of less than 30 %
persons per hectar.

For Hanoi City and surrounding urban developments the daily quantities are
large. The principal concerns associated with direcl application of septage on
land are the potential health risks, the possible contamination of groundwater,
and the production of nuisance conditions and odors.

2) Co-disposal with solid waste

In the past, most of the septage collected by URENCO was disposed of at the
landfill site. The landfill site must be scaled properly to climinate
contamination of the underlying groundwater. The landfill site at Nam Son is
not designed for gas production and recovery, therefore, the application of
septage would Icad to anaerobic decomposition and the undesirable
production of gas (mcthane). Thercfore, co-disposal of septage with solid
wasles at the landfill site is not feasible.

Septage solids can be co-composted with solid wasles to produce humus-like
end product. Composting is the biological decomposition of the organic
matter in the seplage and solid waste {paper) in the presence of oxygen under
thermophilic (49 1o 57 °C) dewatered conditions. Composting of municipal
solid waste is ofien used 1o process the waste into a soil conditioner for
agricultural purposes. Analysis of the nutrients in the wastc was not
performed in this study, however, ranges of nutricnts commonly found in
solid waste compost arc:

Ranges of Nuirients

I Nitrogen 0.5% 10 3%
% Phdsphorous 1% 10 2%
! Potassium 1% to 2%

As such, solid waste compost does not lend itself 1o being markeled as a
fertilizer substilute. Adding nufricnis by septage sludge i is a method that could
improve the fertilizer value and marketability of the compost.

At present, URENCO applies scptage directly to composlmg piles at Cau
Dicn. While composting solid waste with septage can provide a much more
valuable [inal product, a proper mix-of solid waste and septage must be
maintained. The ratio of solid waste to septage that will compost properly is
usually 1:1 by weight when seplage is applied in liquid form with about 5% s
solids. Co-composling can only be used effectively if solids contents of the

6-73 -
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% seplage are high. Thus it is vsually only used for further treatment of the
solids scparated from the septage by drying or dewatering process.

The present composting process is incllective mainly because the waste
stream is not properly sorted to remove glass, metals and plastics which
interfere with composting. URENCO will be building a new composting
facility in the near futurc with the help of foreign ODA. The facility may be
able to process up to 50,000 tons of solid wasle per year. Therefore, if 137
tons per day of solid wasle are composied then 137 tons (or 137 m') of
septage with 5% solids can in theory be added to it. The success of
processing seplage at the composting facility will affected by many variables
which are impossible to predict:

* the quality of the solid waste

* the quality of the septage

* the proper operations of the composting process. _

In order to properly assess the composling process and its capacity for
trcating septage a pilot study is recommended. Due 1o the cost of even the
smallest mechanized operation, it is recommended that a manually operated,
small-scale composting plant be developed belore implementing the full scale
composting facility proposced by URENCO.

3) Co-treatment with wasltewater

Co-treatment with wastewater at a local waslewater treatment plant is usually
one of the most cost-effective methods for the treatment and disposal of
septage. Since new wastewaler ircatment plants are proposed by (he
waslewaler master plan the option of co-trcatment of septage with
waslewater appears lo be the most practical and logical way for seplage
disposal. However, because septage has higher BOD and SS loads than
“wastewatcr, the (reatment plahls will need sullicicnt excess capacity and
solids handling capabilily to process seplage. -

4) Scparale septage treatment [acilities
If wastewater treatment plants arc not available, consideration must be given
lo the construction of facilities specilically designed for the purpose of
seplage treatment and disposa_l. Septage processing at specially designed
facilities - can be accomplished by : a) biologichl treatment, or combined
physical and biological treatment, b) lime stabilization and ¢) chemical -
;}‘ oxidation. One of the major problems associated with the processing of
seplage al scparate facilitics is that some method must be found for the
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disposal of the liquid and solid portions of the seplage after treatment. %
Discharge of the liquid portion to receiving water body must mect the
Victnamese Standards tor Industrial Efiluent.

(a) Biological treatment:

The biological treatment of septage is usually accomplished in : ) cither
acrobic or facultalive (anacrobic/acrobic) waste stabilization ponds, ii)
conventional biological treatment facilities, and iii) combined physical and
biological treatment facilitics.

Where climatic conditions are favorable and land is rcadily available, waste
stabilization ponds can be a cosl-cffective way to treat wastewater and can
also be designed to receive solely septage. A typical flow diagram is shown in
Figure 6.3.12 :

Aerobic lagoons are shallow (0.3 t0 0.9 m) impoundments into which septage
is discharged. Oxygen is supplicd by the photosynthesis of algae. Facultative
ponds' provide acrobic stabilization of waste in the surface laycfs and
anacrobic digestion in the lower layers. Facullative ponds arc usually 1.2 to
2m decp. Typically at least two lagoons are used so that one can be
dewatered and dricd for solids removal. The dried solids can be disposed of
at the landfill site or spread on land. Pond eftluent can be disposed of i) in
infiltration beds, ii) by cvaporation, iii) by further treatment in maturation
ponds and construcied weilands before using in irrigation to remove risk of
pathogens. Facultalive ponds can in some cases lead to nuisance problems
such as odors and should be sited away from population centers.

Where discharge requirements for nitrogen and phosphorus are quite low, the
Ircatment of seplage is accomplished using more process intensive facilitics
such as shown in Figure 6.3.13. :

(b) Lime stabilization:

In the lime stabilization process, lime is added to destroy pathogenic
organisms. For the process to be effective the pH must be raiscd to a value of
12 or greater for at least 30 minutes. After lime treatment the solids must be
removed. The liquids and the solids must be disposcd of separately. Because
of the number of treatment steps involved in the process and the cost of
chemicals, this process is not often uscd on a long-term basis. However, lime
stabilization can be used 1o deal with short-term septage disposal problems.
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¢) Chemical oxidation

The most common chemical oxidation process involves the use of chlorine
gas for stabilization of the septage. Because of the cost and complexity of this
and other similar processes, chemical oxidation is not used cxtensively for the
trealment of septage and is not recommended.

d) Comparison of trealment oplions and reccommendations

A qualitative comparison of options is presented in the following table in
order to which methods are likely to be the most practical or feasibie for the
situation in Hanoi. Based on the evaluation of advantages and disadvantages

there are two possible options:

scpiage only.

Co-treatment of seplage with wastcwater at scwage treatment plants and
Treaiment of septage at waste slabilization ponds designed (o receive

Comparison of Septage Treaiment and Disposal Oplions

re-use of cnd product

walered o increase solids
content

de-watering is expensive
disposal cost for
composted scptage
outweigh the economic

DISPOSAL ; . .

METHOD ADVANTAGIES DISADVANTAGLS FEASIBILITY
Surface + oo treatment required potential health risks Large scale application is
application | + inexpensive groundwater and surface rejected because of

water contamination polential enviconmental
nuisance odors and health risks. Feasible
only for small scale use in
reral areas.
Landfill + convenient potential groundwater Rejected because of the
= no nced for scparate contamination negative impacts on
disposal sit¢ or formation of methaaoe in land il operations.
. : lreatment the landfill
Compost » polential for beneficial septage must be de- Requires pilot study to

determine feasibility. The
existing process is
ineffective and quality of
compost is poor making it
unusablé.

benefits

Scparale + high level of expensive Rejected because it is too
»5 conventiona treatment same lrealment can be expensive as an inferim

1 biological provided at wastewater solution,

treatment freatment facilities
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DISPOSAL

METHIOD ADVANTAGES A_ DISADY@ TAGES N i'El'.\.S‘]F-lrLl i.Y

helminth epgs
Lime + effective destruction « seplage musl be de Rejecied because il is
stabilization of pathogenic “watered expensive and increases the
organisms + water and solids must then | ameunt of solids that musl
+ simple trealment be treated separately be disposcd.
process + chemical intensive,
therefore high cost
Chemical + cflective treaimeat s expensive Rejected because it is very
| oxidation + complex expensive and complex

(3) Master Plan for improving seplage collection and disposal

The needs for septage collection and freatment infrastructure will vary over time
and will be different in cach environmental zone and each of the three main urban
development zones of Hanoi City, Gia Lam and Don Anh.

Master planning focuses on urban areas since the quantitics of scptage generated
by urban developments are relatively large and concentrated, and high population
densities make it impractical for residents to dispose of sepiage in an
cnvironmenltally sustainable way,

In suburban areas with population densitics of less than 30 persons per hectare a
varicty of sustainable disposal oplions already in praclice arc feasible at these low
densitics therefore suburban arcas are excluded from lulure scplage estimates and
planning for disposal infrastructurc. The following assumptions arc adopted in
developing a plan for future scptage collection and disposal:

¢+ Cleaning of scptic tanks will be on a regular basis

* Domestic septage will be co-treated at wastewater treatment planis where
possible .

+  Collection capacity will not exceed capacity to properly treal septage.

Projecied infrastructure needs are based on the following estimated quantitics of

septage and collection targets (assuming a four-year cleaning cycle).
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Future Scptage Quantities and Collection Targets

: NHUE RIVER BASIN GIA LLAM DON ANH
YEAR | Produccd| Collected] % of | Produced | Collected| % of | Produced| Collected| % of total
md m*/d tolal m/d m*d total m*d m’/d
1999 343 75 22% n -5 15% 29 2 5%
2005 257 175 62% 37 20 54% 36 16 45%
2010 136 130 96% 39 27 69% 41 3 80%
2020 10 9.5 5% 0 - - 87 83 95%

Note: Suburban zones with densitics lower than 30 p.p.ha. are excluded

The transition of planned scptage collection and sewerage population for cach
cnvironmental zone is illustrated in Figure 6.3.14. Environmental Zone 1 and Zone
7 (OMd City Center and West Lake) show a very rapid decrease in the number of
people connccled lo septic tanks as a resull of cxtensive sewéragc development
between 2000 and 2010, Environmental zones 2, 3 and 5 (Red River Right Bank
North West, South and Gia Lam show little change until 2010 {ollowed by a rapid
decline in the number of sepiic tank systems between 2010 and 2020, Despite
sewerage development, environmental zone 4 (Dong Anh) shows an increase in the
population using septic tanks because of the rapid urban growth. Environmental
Zone 6, which represents suburbs in different geographical locations, has no
planned sewerage development therefore the number of people using septic lanks is
proportional to the future population growth.

1) Hanoi City (Nhue River Basin)

In Hanoi City the ongoing development of sewerage systems will, in the long-
term, result in a steady reduction in the number of scptic tanks and thus the
amount of scptage requiring disposal. Nevertheless, the quantitics of septage
will remain significant well past the year 2010, cspécial]y il regulations
requiring cleaning arc enforced. Therefore the capacity to collect and trcat
seplage must be improved. The plan for improving septage collcction and
disposa'l is presented in Table 6.3.9 and described in the following paragraphs.

(2) Short-term 2000 - 2005

In the short term the quantitics of septage collecied in the City of Hanoi will
be signiﬁcanl. An interim’ disposal solution is required since URENCO only
has a- small capaéily. for co-trecalment of seplage at the solid waste
composting plant. In the interim it is proposed that scplage from Hanoi be
sent 1o a suilable and properly managed wasle stabilization pond to be
construcled in Gia Lam. |
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Improvements in seplage collection capacily should only occur if proper
trcatment and disposal facilitics are developed. Therefore, in the short-term it
is recommended that there be no increase in the amount of septage collected
in Hanoi until the treatment facility is constructed in Gia Lam. However,
since cxisting septage pumping trucks are very old they should be replaced
more powerlul modern vacuum trucks.

(b) Mid-term 2006 - 2010

The first wastewater treatment plant in Hanoi will be in operation by end of
2005 to serve the existing sewered arca of the old city center. It is
recommended that seplage be co-treated at this wastewaler treatment plant
once the trcatment process reaches a stable operating regime. By 2008 a
second trecatment plant will be available in Hanoi for the co-treatment of
seplage wilh wastewater, '

With the advent of wastewater treatment plants the amount of septage that is
collected can be increased in order to provide BOD loading on receiving
walers. A pricing strategy should be implemented at this stage 1o cncourage
the regular pumping of septic tanks. The total amount of _scptage'collcclcd
will thus depend on the affordability of the scrvice and the willingness of
houscholds to usc the public service.

By 2010, mandatory-cleaning regulations should be implemented and
enforced. The cost of service can be successfully recouped by charging a flat
rate to all residents. A flat rate also has the posilive clfect of simplifying
enforcement since cleaning will no longer be at the discretion of individual
houscholds but provided as a public service to all residents,

(c) Leng-term 2011 - 2020

Two more wastewater treatment plants capable of co-treating séptagc will be
put into operation in 2012 and 2015. By this time the amount of seplage
requiring disposal will begin to-decrease as more people are connected fo
scwer systems. By 2020 sewerage development covers 97% of the urban
population and the amounts of septage will have been significantly reduced.

2) GiaLam

In Gia Lam the development of sewerage systems will not take place until the

later parl of the planning period, Although the number of septic tank systems

in urban areas will increase steadily, the quantitics of septage will remain : &
relatively low throughout the planning period. By the year 2020 sewerage
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systems will serve all houscholds and septlage will be reduced to a very small
quantity. The plan for improving septage collection and disposal is presented
in Table 6.3.10 and described in the following paragraphs.

(a) Short-tcrm 2000 - 2005

Sewage treatment plants will only be available by 2020 therefore scparate
septage treatment facilities will be required. It is reccommended that septage
trcatment ponds be constructed near Gia Lam, strategically located to
minimize travel distances to the planned urban development zones. A location
near Dong Du has been identificd as a potential site for the future wastewaler
treaiment plant. The location is ideal for wasle stabilization ponds because
there is an abundance of lakes and natural ponds alrcady in the arca to
provide dilution water and cliluent disposal.

Scpilage from Hanoi will be disposed at the Gia Lam ponds until 2005 when
the first wastewater treatment facility becomes available.

Al present, seplage amounts are small and there is no urgent need to improve
collection capacity in Gia Lam. In the short term, until a scplage trcatment
facility is constructed, scplage could be disposed of at the Kicu Ky landfill
silc as long as measures are implemented to control surface and groundwater
conlamination and proper daily cover is provided.

(b) Mid-term 2006 - 2010

A scparate seplage treatment and disposal facility should be in opcration by
this time. The amount of seplage requiring disposal will have increased since
urban development will praceed withoul the implementation of sewecrage
systems. The septage collection capacity will need Lo be improved.

(c) Long-term 2011 - 2020

Wastewaler treatment plants will be operational around 2020 and septage can
then be co-frealed with waslewater. The waste stabilization ponds can be
abandoned or if there is a need it can be used lor the disposal of seplage from
surrounding sub-urban arcas where small pockets with higher population
densitics may make disposal of seplage to surrounding land areas impractical
or undesirable.

3) Don Anh

; In Don Anh, development of urban communitics is closely linked (o the
development of industrial zoncs. Master planning indicates that wastewater

6-80
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treatment systems for urban communitics surrounding industrial zones will be
provided as parl of the requirements for developing nearby industrial parks.
Therefore, Don Anh will be characterized by a large number of small-scale
communitly based treatment systems in urban areas clustered around industrial
zones. These communily systems will serve an estimated 50% of the urban
population by 2020. The plan for improving septage collection and disposal is
presented in Table 6.3.11 and described in the following paragraphs.

(2) Short-term 2000 — 2005

The quanlity of scptage is at present insignificant and not expected lo
increase in the short term. Collection and disposal is community based and
scptage is re-used in a sustainable way at a number of small sites scattercd
around the rural areas.

(b) Mid-term 2006 - 2010

Industrial zones will begin 1o devclop and populations in the urban
communitics surfounding them will increase. Each community will be

responsible for wastewater management and disposal of septage. A number of

small-scale community wastewater treatment plants will be constructed and
these may be uscd to co-reat septage if they are properly designed.
Alicrnatively, septage can be transported to the septage disposal ponds
proposed in Gia Lam district.

¢) Long-term 2011 - 2020

~ Rapid urban groWlh:trigg'créd by the development of industries will result in a

significant increase in the number of small-scale community systems septic
lanks in scrvice. Urban development will occur in a number of zones
clustered around industrial development as well as in two major centers: the
Co Loa — Red River Center and Phuong Trach Center. Seplage can be
irealed at the wastéwater treatment plants constructed to serve the main
population ccnters.

Facilities' required for co-trealing scplage at future wastewater treatment
plants in Hanoi City

Data on the characteristics of seplage are not available but they will be required Lo
design seplage treatment and disposal facilities in the future. The typical value of
important parameicrs are provided in the following tablc:
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% Characteristics of Scplage
Concentration, mg/l Uit Loading, kg/capita day
Constiluent Rauge Typical Range Typical
BODS 2,000 - 30,000 6,000 0.005 - 0.013 0.009
TS 4,000 - 100,000 40,000
sS 2,000 - 100,000 5,000 0.009 - 0.045 0.022
VSS 1,200 - 14,000 7,500
TKN 100 - 1,600 700
NH3 100 -800 400
TP 50 - 800 250
Grease 5,000 - 10,000 8,000
lleavy metals * 100 — 1,000 300

A= primarily iren, zinc and aluminum.

There is a wide range in valucs, therefore, seplage must be carefully characterized
by a sampling program before proceeding with facility design. The impact of
scptage on the proposed wastewaler treatment plants is quantified in calculations
presented in Table 6.3.12. The main problem is usually organic overloading and
suspendced solids that exceed plant handling capacity. As shown in the calculations,
in the year 2005, septage will represent a significant increase in loads on the
proposed zone 2-1 treatment plant. Therefore, the treatment plant will need to be
designed with sufficient capacily lo treat organic loads and suspended solids.

The wastewaler trecatment plants can easily be designed with excess {reatment
capacily for the liquid portion of the septage. Problems of organic overloading can
be overcome by collecling and storing the seplage during the daytime hours and
then discharging it slowly (o the treatment plant in the early morning hours or when
incoming organic and solids loading 1o the plant are at the lowest. Solids loading is
a morc scrious problem. Pre-treatment facilities will need extra solids processing
«capacily fo accept the highcr‘-Soii'ds conlents lypical of scptage. Loading will be
~within normal ranges once a sccond treatment plant becomes operational in 2008.

1t will be necessary to construct a seplage .]'CCCi\.F]'ng fa‘éility at each treatmeni plant.
Typically, as shown in Figurc 6.3.17, a seplage recciving facility will consist of an
unloading arca, a seplage storage tank, and at least (wo or more grinder type
transfer pumps. The storage tank is used lo store the sepiage so it can be released
to the treatment process in a controlled fashion. The storage tank should be
covered and ventilated for odor control.

Discharge to the headworks is usually preferred so the septage can receive
preliminary treatment for the removal of grit and screenings. If the scplage is
especially strong it should be diluted with wastewater. [n some cases additional
dilution may be required and can be obtained by using re-using treated clilucn.
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Investment cost estimates for the trcatment plants arc increased by 1% to allow for
the excess trcatment capacity required for co-treating seplage waste and the
seplage receiving facility. Operating costs are increased by 15% to allow for the
extra encrgy and chemical costs required for treating over strength septic wasle.,

(5) Waste siabilization pond facilitics

Process design for waste stabilization ponds is the same as for ordinary waste
stabilization ponds except a higher BOD value of 6,000 mg/l is used for scplage.
Septage ponds differ from normal waste stabilization ponds in their physical design
and opcration. The inlet 10 the facultative ponds requires a chute into which the
tanker trucks can discharge their load. In order to prevent sludge from
accumulating scveral chutes are normally provided and these are used in rotation.
it is also sensible lo add dilution water while the septage is being unloaded to
facililate processing and dispersion throughout the pond.

Waste stabilization ponds should be located near a river or drainage canal so that
water can be used 1o wash oul the tankers, wash down the concrete apron around
the inlet chutes, and o provide suflicient [low to balance evaporative losses.

Typically the treatment process is divided ino two or more parallel streams so that
one pond can be taken out of service for solids removal typically at 15-year
intervals. A flow schematic showing the typical waste stabilization pond
arrangement is shown in Figure 6.3.16.

Preliminary calculations for determining land requirements are provided in Table
6.3.13. The initial pond arca required for treating septage from Hanoi, Gia Lam
and Dong Anh is approximalcly 8 ha. The pond area can be reduced by about half
when seplage {rom Hanoi is co-treated with wastewater at newly constructed
trcatment plants. The level of trealment required will depend on the eftluent
standards for the recciving water body. The following Vietnamese Standard for
industrial effluent (category B) will be applicable if the ponds dlscharg,c efMucnt to
a watcr body used for irrigation or aquaculture:

7 !'muent ﬁ'landards '

Conslituent Concentration, mg/l

BODS S50

b5 - 100

TKN _ 60

Ammonia nitrogen 1 _

TP | 6 8
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The use of stabilization ponds alone cannot achicve the limits for nitrogen and
phospherous removal, therefore, additional trealment will be requircd. The usc of a
constructed wetland is recommended and has proven to be effcctive in treating
final eflluent to remove nutricnts.

(6) Management of septage in Nhue River Basin and Gia Lam

Waslewaler management, which is the responsibility of TUPWS and HSDC, has
consistcd mainly of cleaning sewers and drains to prevent flooding. With the
introduction of wastewater treatment systems both organizations will begin to play
a more important role in managing the impacts of wastewater on the environment.
They must ensure that treatment systems provide the benefits they were designed
to achieve.

The sewerage plan identifics several urban arcas where on-site and communily
systems will be in use. These systems require very little maintenance bul they rarely
gel any. As a result, many systems fail and creatc problems in high density urban

arcas such as odor nuisance, silling of sewers, cnvironmental degradation and in

some cases a public health problem. To ensure that onsite and communily syslems
function properly it is usually nccessary to give management responsibility to a
public sector authority.

HSDC will ultimately be responsible for wastewater treatment and co-treatment of
seplage at wastewaler treatment plants. Tt would, therefore, simplify coordination
and planning if HSDC was also responsible for the collection of septage and
maintenance of community and on-site systcms. Therefore, it is recommended that
TUPWS transfer managemenl responsibility, stafl’ and equipmeni for scptage
collection [rom URENCO to HSDC. The benefits of intcgrating septage with
wastewater management within one authority include:

+  Control over scheduling and impact of discharges on treatment plant processes
and ultimately effluent qualily

«  Contro} over the type of waste that is collected and disposed (domestic wasle
only and not indusirial liquid/sludge wastes)

«  Belter understanding of future sewerage development needs and prioritics
since collecting septage will allow HSDC to become more familiar with
location of systems, and types of problems.

. Collecting scptage from houscholds will provide HSDC with an opportunily (o
collect information useful for planning such as: inventory of sewer connections,
type of service (residential, commercial, high densily, low density), size of
seplic tanks, frequency of maintenance and characicristics regarding scwer usc
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and flows in various tributary arcas. %

The transfer of responsibility to HSDC for septage collection and disposal in Hanoi
City should occur before the construction of the wastewater treatment plants. An
carly transfcr is preferable because it would provide suflicient lcad-time for HSDC
lo colleet the data on sewer use required to support the design of wastewater
collection and treatment systems. Ample lead-time will also be required for HSDC
to become familiar with scheduling septage collcction opcerations to minimize
polential impacts on treatment systems.

HSDC will nced to assume a new range of responsibilities for the proper
management of seplage and waslewaler services:

* approval of design and construction inspection for on-site and community
systems '

»  design and construction standards for on-site and community systems
* annual or semi-annual inspection of community and on-site systems
+ issuance of permits to operate, failed system cilations, and abatement orders

+  scheduling septic 1anks maintenance

It is recommended that HSDC create an approvals and inspection section within
the cngincering department to carry out the above tasks. Scpiage collection
operations will be the responsibility of a new Septage Coliection Enterprise
transferred from URENCO with stall and cquipment. The recommended
organizational structure is shown below:
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Director Genenal
Director Drrector
Head Oifice Draipage Contod Ceater Wastewater Treatrment Sewerage & Drainage
Depatizents {29) Enterprise Enterpeise (typical of 3)
Filot Treztrnent Pumping Stations
ros als & - . PnE
Ai:f < |} Oeaning & Dredgiog Plants & Regulators
sptctions -
Enterprises 1
Treatrzect Flant )
Zone 21 Srwers
Design, and
Constpuoction Enterprise | i
Centrdd . Canals & Eales
Labonatory
-1 Maintenanct Entespdse
Scptage Collcction Operations
Entecprise

NSDC - Organizational Structure for Seplage Collection: 2005

1) Personncl

Stafling requirements will include drivers, laborers and mechanics for
collection vehicles, engineers for planning, approval and construction of on-
sitec and communily systems, inspeclors fo issuc permils, and monitor
compliance.

The new approval and inspection scetion will coordinate its activities closely
with the collection enterprise. Stafling levels in the approvals and inspection
seclion should be sufficiently high in the initial stages 1o accelerale the
inspection of several thousand septic tanks and collection of data required for
sewerage planning. Over lime, as maintenance improves and the number of
systems decreascs, the number of people required can be reduced.

- Incremental stafting levels, investiment and operating costs lor implementing
the priority project for Hanoi City (excluding collection in Gia Lam and Dong
"Anh) are prescnted for each year of the planning period in Table 6.3.14.
Annual program cosis are summarized as follows:
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DIVISION/ PROGRAM 2000-2005 2006-2010 2011- 2020
Colleclion and treaiment
. 22 18 0
(no.of stalf at end of period)
Approvals and inspection
program (no. of staff at end of 10 20 35
period)
Collection vehicles 22 14 . 0
Total lnvestment costs *
10,763 1,944 1]
(000's USD)
Aunnual t (s**
aual Operating costs 1.5 1.9 11.9
(000's USD)

* Investment costs are total capital cosls for the period including equipment replacement.
P pe g equip p

** Annual operating costs are for the last year of the period indicated.

(7

2) Financial implications of master plan for whole Study area

The main costs over the planning period will include: salary for staff,
investment for vehicles and facilities, incremental costis for operation at
wastewater treatment plants caused by treating exira strength waste. Funding
for stafl' and recurring O&M costs will come from the state budget.
Investment {funding will come from official development assistance.

A schedule of investment and operating costs for implementing scplage
collection and disposal in urban areas over the whole Study area is presented
in Table 6.3.15. These cost projections are generated for the purposes of
cvaluating the financial viability of the EMP from 2000 to 2020.

Priority Project for the Construction of a Septage Disposal Facility and
Supply of collection vehicles

1) Necessily

In Hanoi almost every houschold or commercial building has a scplic lank.
Tanks are cleaned infrequently resulting in high organic loads 10 scwers,
drains and receiving waters. URENCO collects aboul 75 mYd of scplage and
nightsoil from urban areas within the City of Hanoi. Disposal at the Cau Dien
composling facility is incffcctive because quantilies exceed processing
capacity and the composting process ilsclf is not operated properly.

Disposal problems arc expected to get worse in the very near future because
the proposcd new composting facility will only be able to process
approximately 10 m* day of septage. Disposal of septage at the new Nam Son
landfill site is not technically feasible, thercfore, an interim disposal solution is
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required for domestic septage in the shorl term.

In Gia Lam, rapid population growth by the year 2005 and the absence of
sewerage infrastructure until late in the planning period will create the need
for septage facilities.

Septage vehicles operated by URENCO are more than 10 ycars old. The

trucks do not provide suflicient suction power lo reach septic tanks located
behind houses and in long narrow alleys where trucks cannot access.

2) Outline of the project

Existing septage collection trucks need to be replaced with a smaller number
of new vacuum trucks thal can provide better scrvice. Approximately 22
vehicles are required between 2000 and 2005.

Based on the preliminary assessment carried oul in this Study it is
recommended that a waste stabilization pond facility be constructed in Gia
Lam to treat domestic s'eptagc from Hanoi and Gia Lam urban areas.
Approximalely 7 hectare of facullative pond surface arca is required plus an
additional 3 ha for wetlands or aquatic treatment sysiem to remove nutrienls
from the cliluent. A potential site has been identificd in Don Du south of Gia
Lam for the future wastwater treatment plant. This sile or another nearby site
would be ideal for septage treatment ponds because there is an abundance of
surface water and natural drainage to the Red River.

It is expected that the disposal facility will reccive domestic septage from
Hanoi until 2006 when the first wastewater treatment plant becomes available
for the co-trcatment of septage. Should the availability of the treatment plant
be delayed, the interim disposal facility can continue to provide treatment of
scplage.

. While the operation of wastc stabilization ponds is relatively simple the

facilitics must be properly designed to mitigate the potentially harmful
cnvironmental impacts ol scptage. Therefore, prior to the design and
construction it is reccommended that a feasibility study be carried out lo
determine among other {hings-

»  other potential sites for scptag,c disposal ponds,
. availablhly of lransporlahon routes and proximily of sites 1o collcction

- areas
+  optimum number of dlsposal siles
;; v sclection of preferred location

*  sile lopogrzi_phic survey,
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the surface drainage characteristics of the site,

bore holes to determinc geological characieristics, and groundwater
regime _

sampling of septage from typical houscholds, hotels, commercial and
institutional buildings, to dectermine strength and cstablish typical
quantitics '

sampling of water quality in any receiving streams,

environmental impact assessment

detailed design

cost cstimales

lmp]cmcntﬁlion

TUPWS should be responsible for the preparation and implementation of the
project. Presently, URENCO is responsible for collection of septage and
disposal at the composlihg plant. HSDC should in the near future become the
execuling agency for septage collection and treatment in Hanoi and Gia Lam.
‘Therefore, counterparts from both agencics should be involved in the study to
effcct a smooth transfer in management responsibility.

The feasibility study should take no more than one year to complete. Detailed
design, tendering and construction should follow shortly after the feasibility
study and take no more than two years.

Implementation and Disbursement Schedule

Schedule 2000 2001 2002 2003 Total

Feasibility study

Design, Tenderfaward

Constructionfprocurcment

Operation

lnvestment cost (000's USD) | 4706 836 4180 - 486 10,208

{8) Tntroduction of Public Toilet as Part of Seplage Collection System

As explained in the previous sections, septage collection and disposal was planned
tor the entire Study area not served by sewer system. According to the proposed
sewerage plan, there will still be a large percentage of the populalioh using seplic
tanks well beyond the year 2020, In the seplage collection plan, it is assumed that
all of the populations not served by the sewer system have access 1o scpiic tank.
The estimated such population is around 400,000 in year 2020 (Table 6.3.8).
However, in reality not all persons can have access to septic tank of their own. The
actual present condition of on-site sanitation in Hanoi can be hardly known, as the
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6.3.5

on-sile sanitation condition has not been formally investigated. However, it can be
said that suitable scptic tanks have not been spread widely in Hanoi since a design
standard of scptic tank is not available. Also there is no regulation to cnforce
mandatory construction of seplic tank for cach houschold.

It is recommended to have legislation enforcing construction of septic tank in cach
houschold and adopt standard septic tank design 1o improve the urban environment.
However, cven afier having such legislation, rapid implementation may not be
possible duc 1o various reasons, cspecially on the part of low-income family.

To provide 100% sanitation access, it is therefore required to provide public toilets.
Also, public toilet should be provided in the commercial centers to render basic
amenilics tor the moving persons.

Public toilets should be constructed in low-income localities and in places of public
gatherings. It would be beiter to have multiple toilets in one structure lo make
operation and maintenance easy. These should operate round the clock and at least
one altendant should be present at in each location. To cover the operation cost, a
token user fee can also be collected. Another alternative is to lease the facility to
private scctor to operalte. ‘

Public toilel should be pour flush type with water seal to have maximum sanitation
benefit. It should be connecled with the sewer line il available. Otherwise, a seplic
tank should be consiructed with regular scplage removal. 1t is always betier to
have water supply for cleaning facilities.

Improvement of Lakes/Ponds Water Environment

Lakes, ponds, and channels are used fo collect and drain wastewaler and storm
water. However, the cily’s lakes/ponds, cspecially in the urban area, cannot
function as drainage and purification facilitics since the lakes/ponds are overloaded
by organic wasle and nutrients and the bottom layers and sediment are anacrobic.
The ecological capacity of the cily's watcrs become worse and is reduced, and so
the polluted surface waler in the cily should be prcvemcd by developing properly
the utilization of the ecological capacity.

The primary requirement for improving lakes/ponds water quality is 1o reduce the
inflow of pollution loads transporled by wastewater. As well, the following are

contemplated as subsidiary measures:

+ Temporal shut-off of dry season waslewater intlow by providing a diversion
basin, ' E

+ Acration facilities, includin'g' aerator, fountain and diltuscd aeration devices,

¢ Provision of a seltling basin if possible, wilh screens used 10 shut-olf inflow of



The Study on Environmental Iimprovement FINAL REFORT
for Hanoi City in Main Report, Volume 3
The Socialist Republic of Vietnam :

floating particles,
¢+  Dredging of sludge/sediment.

Targeted lakes for improvement arc proposcd as shown in Figure 6.2.2. Total
conslruction cost of the lake conservation project consisting of three projects: the
West Lake, the main city lakes and the other cily lakes is eslimated at US$ 47
. million as presented in Table 6.3.16. Implementation schedule of the lake
conscrvation projects is planncd as given in Figure 6.3.9 and the proposed projecis
are described below according to each target year of environmental improvement:

(1)  Short-tcrm mcasures: by 2005
1) Priority projects

The two projects of the West Lake water quality improvement and the main
City lakes improvement covering covering the Environmental Zones: Ho Tay
Arca and Old City Center are sclected for the priorily projects,

(a) Weslt Lake Water Qualily Improvement Project

Woest Lake, which is the largest water body in the study arca (its lake surface
is approximately 5.1km’), has the most potential in terms of water
environment improvement. Presently, the lake is widely used as one of the
most popular recreational spots in the city of Hanoi. Hence, several projects
can be expected to enhance the water environment, such as lake shore
road/park projeclt, sewerage development project and lake sediment dredging
project.

At present, HPC is undertaking the Phase I: Infrastructure Project of the
West Lake Conservation Project including lakeshore road/park and small-
scale sewerage developments. The outline of the sclecled West Lake Water
Quality Improvement Project is prcscmcd below and the pr0_|ccl is exceuled
“under Austria Aid as the Phase 11 of the West Lake Conservation Pro;ccl as
shown in Flgurc 6.3.9. '

* Lakeshore dredging work to creafe a long term effect on tourism,
recreation, and fishing, (on account of its large water area),

* Flushing water introduction of diluting water directly from the Red River
to reduce the water quality, particularly the turbidity, of the lake;

* Establishment of the public sewerage sysicm to prevent inflow of
waslewater,

(b) Main City Lakes ImproVémcnt Projeet : . %
Main City lakes (14 lakes) located at the Environmental Zone of Old City
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Center are improved by the following measurcs in order to restore Tunctions
for storm-water retarding ponds and waterlront resort.

+ Lake dredging works lor 14 lakes: Than Cong, Tho Quang, Trung Tu,
Bay Mau, Nahia Do 1, Ngoc Khanh, Hao Nam, Phuong Liet 1 & 2, Trai
Ca, Lang Tam, Thanh Lict, Dam Set and Van Chuaong lakes,

* Lake conservation works for 11 lakes excluding Than Cong, Tho Quang
and Bay Mau lakes among the above 14 lakes: by conservation measurcs
such as construction of lakeshore roads and environmental reveiments,
planting trees, provision for parks and promenades, and other
environmental measures.

2) Other shorl-term measures

The following non-structural measures are required in relation to the
comprehensive water management development as mentioned in the sub-
- section 6.3.3.

a) Care for drainage and sewerage campaign

b) Improvement of solid wasle and scptage collection sysicm by URENCO

¢) Regulations and financial supports for installation of on-site wastewater
treatments at faclories, enterprises and hospitals

(2) Middle-term and long-term measures: By 2010 and 2020

A fundamental solution to worsening water quality of about 50 lakes in the
Environmental Zones of Old City Center, Red River Right Bank North West and
South can be achieved by preventing wastewater inflow from the souses. This
could be done by construciing wastewaler treatment plants and colleclion system.
However, this construction would be very expensive and quile long term.
Therefore, to temporarily improve water quality in the environmental zones, at
crucial stage due 1o heavy urbanization, by the time of completion of waslewater
disposal system, the lollowing irnprowzmc:m measures for the 50 lakes are
proposed:

Temporal shut-off of dry season waslewaler inflow by providing a diversion
basin,

Acration facilities, including acrator, fountain and dilfused acration devices,

Provision of a setlling basin it possible, with screens used to shut-off inflow of

{loating particles,

Dredging of sludge/sediment,

Lakeshore line conservation for protecting surface water arca.
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In order to improve the waterfront environment, this project will be carried out %
during 2008 and 2015.

(3) Project cost cstimate and implementation schedule

Project cost of the public sewerage projects is estimated as shown in Table 6.3.16
under the following conditions of cost estimate:

a) Adoption of unit prices in Vietnam at the place level of 1999
b} Engincering Scrvices Cosi:About 15% of construction cost
¢) Adminisiration Cost:3% of construction cost

d) Physical Contingency:About 10% of the cost for construction, land acquisition,
engineering services, and administration

Figure 6.3.10 indicates the disbursement schedule at each drainage projects
according to the recommended implementation schedule as shown in Figure 6.3.9.
The cost of the urban drainage project and annual O&M cost are summarized

below:
"The cost of the urban drainage project and annual O&M cost
(Unit: US$1,000)
Lake Conservation Project Project Cost | Anoual O&M Cost Implenientalion

3) Priority Project 46,679 271 2001 — 2005
Wesl Lake Water Improvement 36,421 266 - 20061 - 2003
Main City Lakes Improvemeant 10,258 11 2002 - 2005
vi)ﬁhﬁiddlcl Long-term Projects 22,176 _ %0 . 2008 - 2015
Total 68,855 . 367 2001 - 2015




	Chapter 6 Measures and Projects for Effective Management and Improvement of Environment 
	6.3 Measures and Projects for Achieving a Clean Water Environment 
	6.3.1 Basic Concept for Plan Formulation 
	6.3.2 Institutional and Regulatory Measures 
	6.3.3 Improvement of Wastewater Disposal System 
	6.3.4 Improvement of Septage Collection and Disposal 
	6.3.5 Improvement of Lakes/Ponds Water Environment





