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1. INTRODUCTION AND PROJECT BACKGROUND

1.1 Lecation,

climate and population

The Socialist Republic of Vietnam is situated in
South-East Asia, bordered to the north by the
People’s Republic of China, to the West by Lacs
and Kampuchea and to the East by the South China
Sea (Figure 1.1~1). The surface area of the
Republic is about 329,566 square kilometers. The
estimated population of the whole country was
some 635 millions at the end of 13987. Vietnamese
form 80% of the population. There are also
significant minority groups like Tay, Nung,
Khmer, Thai. The growth of the population is
currently running at 2.2 7%,

Hanoi is the Capital City of Vietnam and is
located in the Red River (8Song Hong!) delta about
100 km from the sea. The urban city area is
approximately 49 km2z with a population of 937,000
in 1988 and the total administrative area is 2139
km@ with a population of around 2.9 million
peaple in 1988.

Due to the delta character of the area the
topography is generally flat and low lying, the
elevation being from 4.0 m to 11.0 m above the
mean sea level. There is a flood protection
embankment to separate the city from the Red
River.

The geclogy of the area is also typical for the
ancient delta area. The top layer of the ground
is clay, silty clay or silt, the thickness of the
layer varying from § m to some tens of meters.
Beneath the «city area there is a quaternary
cobble-stone-gravel aquifer. Within the city
boundaries there are several small lakes, canals
and rivers. Many of them are shallow and heavily
polluted.

Vietnam might be assumed to be wholly within the
zone of the tropical monsoon oclimate. However,
the Song Hong delta, where Hanoi ig located, is
not strictly ¢ropical in the climatological
sense, as, owing to its exposura to cold northern
air during the season of the north-east monsoon,
it experiences a recognizable cool season from
December to March, and in both January and
February the mean monthly temperatures in Hanoi
are only 17 c, while the average yearly
temperature is 23.4 C. The annual rainfall is
varying in between 1,200-2,200 mm.

The monthly average metecrological values are
given in table 1.1-1.
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TABLE 1,1-1 MONTHLY AVERAGE METEOROLOGICAL VALUES IN HANOI

Jan Feb Mar Apr May Jun Jul Aug Gept Oct Nov Dec Year

Average temperature ( C 5
15.3 17.6 19,2 23.6 27.4 29.0 Z8.4 28,6 I7.1 24,4 21.4 184 23.4
Average rainfall ( pa ?}

8 3 31 120 184 250 214 325 230 181 {13 7 1794
Average evaporation ( am )

B8 51 35 66 94 39 o4 8 95 88 W 938
Average huaidity ( %)

83 8 89 88 8 B84 85 87 86 B2 81 8 83

The main geosgraphical landmark of Hanoi is the
Fed River, which is abaout 1.0-1.5% km wide by
Hanoi. The minimum flow of the river during the
period 1996-1380 was 3230 m3/s and the maximum
22,000 md/5. The recorded HW-level has been

+14.12 m and MW +1.73 m. The MW-lgvel varies from
+2.18 m during the dry season to + 10018 m in the
rainy season. Water in the River has a relatively
high content of total solids, from O0.2-0.3 kg/m3
in dry season to 2-2 kg/m2 in rainy season,.

Overview

The Vietnamese ecoromy was severely disrupted by
the war, howevar, since the cessation of
Mostilities in 1979 substantial progress has been
made towards reconstruction and development.

Now reliable up~to-—-date macro-economic  or trade
statistics exist for Vietnam. The best available
estimates suggest that per capita income is

currently in the range of 200 to 250 USE and that
the real graowth in GDF  averaged abouwt & % per
arnnum over  the 1981-8% fFive Year FPlan. In 1986,
the share of agricultwe in GDF was some 49 3 as
against 3% % for  industry. The agricultural
gector employs approximately 700 % of  the labour
force.
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Although the country has become virtually sel f
sufficient in food in recent years, it still
remains wvulnerable in periods of bad harvests.

The staple food crop is rice although
considerable quantities of fruit, vegetables,

cassava, sweet potatoes and maize are also grown.
Cash crops produced include sugar cane, rubber,
coconuts, tobacco, tea and coffee. Substantial
numbers of pigs, poultry, buffaloes and cattle
are also raised. Since the end of the war the
Government has gradually introduced the
collectivised agricultural system into the south.
The area under cultivation has been increased by
the establishment of New Economic Zones, which
has involved major transfers of population from
urban to rural areas.

Most of the country’s mineral resources are
located in the north. The principal rescurce and
main export is hard coal, with a production of
S.2 million tons in 1984. The major industries
are also largely concentrated in the north, the
principal sectors being food processing, iron and
steel, chemicals, paper, heavy engineering and
textiles.

Vietnam’s main trading partner is the USSR which
in 1983 accounted for some 67 % aof the value of
imports and 83 % of exports. The other important
trading partners are Japan, Hong kKong, Singapore
and members of the Comecon block. Principal
imparts are foodgrains and flour, petroleum, wool
and agricultural machinery. The main exports
include coal, textiles, chromium, timber, rubber
and tea.

At the Sixth National Congress held in December
1986 a thorough reappraisal of certain aspects of
economic policy was carried out. The Congress
stated the need for the ‘'abolition af the
centralized bureaucratic state-subsidy system’.
The Zongress also recognised the need for proper
regulation of the money supply, and the end of
the practice of printing money %o cover the
budget deficit, if inflation was to be
controlled. The intention is also to allow more
freedom for the forces of supply and demand to
determine prices, where considered appropriate. A
decision has been taken to allow state
enterprises more latitude in the determination of
prices, the need for praduct research and
development and new investment decigions. As a
corallary to this, enterprises will be subject to
mare financial discipline and the need to achieve
an acceptable level of profitability.



[

1.3 Report background

Water Master FPlan study was ane of the sub-
projects included in the Phase I of the Hanoi
Water Supply Project, which was started in June
13985 by the agreement between the Government of
the Republic of Finland and the Government of the
Sorialistic Republic of Vietnam,

In September 1987 an Evaluation Mission visited
Vietnam to review the project. The evaluation
report indicated that there were a number of
deficiencies in the Water Master Plan and in
particular the amount and reliability of the data
base for the long~term planning of the Hanoi
Water Supply System was not sufficient. The
report recommended that more studies such as a
hydrogeological, an economic and & sewerage
study, should be carried out and that the Master
FPlan should be updated and completed to be more
comprehensive. Consequently the execution of
these studies were included in the FPhase II of
the project.

Water Master Plan Expert was nominated for the
work in October 1988. By that time it was already
clear that hydrogeological studies are being
delayed and do not give very much support for the
Master Plan preparation. Later on it was decided
that Master Plan will be prepared in two parts.
The Interim Report was to include the basics for
the work and the planning and design of technical
alternatives of the water supply system and the
Fimal Report the economic analysis of the optionsg
and the choice of preferred development strategy
and recommendations for implementation,

This is the Water Master Flan Interim Report

prepared by the Water Master Plan Expert during
his stay in Hanoi between 3.11.1988-7.7.1989.

Water Master Plan Expert



2. DESCRIPTION OF THE EXISTING WATER SUPPLY SYSTEM

2.1 General

2.1.1 Hanoi city

Administratively Hanoi City consists of four
urban districts, called quan ¢ Ba Dinh, Hoan
Kiem, Dong Da, Hai Ba Trung » and i1 suburban
towns and districts, eg. Tu Liem, Gia Lam, Thanh
Tvi etec. In practice the urban area of Hanoi
consists of the four quans. This is also the
principal area covered by the existing water
supply netwoark. There are only a few extensions
outside these four gquans, the most impartant
being Dich Vong area to the North-West in Tu Liem
district, and a minor area surrounding the old
airport in Gia Lam district to the left side of
the FRed river. The approximate location af Hanoi
urban area is shown in figure Z.1-1.

The total area of these four quans is about 43
km2. The quans are divided into 83 smaller units
called phuong, which are named according to a
remarkable building, big street ect. The location
and approximate borderlines of each phuong as
obtained from local police station are shown in
drawing No...

The population of the city is counted in annual
census. The results of the census from the year
1988 are shown in Appendix 1 as the number of
inhabitants in each phuong. The total number of
inhabitants in the Hanoi urban area was 927,000,
In drawing... the surface area aof each phuong and
respective population density have also been
marked. FPopulation density in phuongs varies from
78 p/ha to 1,321 p/ha, the average value in the
urban area being 224 p/ha. The most densely
populated parts of the city are the old centre
area ( guan Hoan Kiem ) and some nearby phuong in
Hai Ba Trung and Dong Da districts.

Hoan Kiem___district is a residential and
commercial area. Houses are mainly one or two-
storey buildings of multifamily type, and
generally old. Very few new buildings are under
construction. Infrastructure of the area 1is
rather completes, but very old and somewhat

dJeteriorated and underdimensioned.

Hai _Ba__Trung i% mainly residential area. The
northern parts of the districts are oldest, the
other area being of later origin. Houses are
mainly multi~family buildings, many of them being
old and dilapidated. In the scuthernmost zones of
this area there exists sguatter type settlement.
A big textile factory is located in the

southeastern corner of this area. Infrastructure
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g.
is defective, the worst situation being in the
southern parts of the district.

Ba Dinh is a district of a more varied type. The
city centre zone is a concentration of the
political and administrative organizations. There
are  numerous ministries, offices and embassies.
The northwestern part of the area is a single
family dwelling settlement. The Southern zone
congists of several multi-storey building areas.
There are some concentrations of middle—size
industrial establishments mainly in the northern
part of the district nearby lake Ho Tay. The
infrastructure of the digtrict is mostly newly
built amd in relatively good condition, but is
probably lagging behind other development.

Dong Da_or the southwestern district consists of
several different types of settlement. There are
areas of mainly multi-family houses, surrounding
areas of multi-storey buildings. In the
southwestern corner of the district ¢ Ha Dinh )
there is remarkable industrial concentration of
many types of factories. In many areas the
infrastructure is insufficient for the present

popul ation.

2.1.2 Water supply organization

Hanci Water Supply Company is a branch of Hanoi
Office of Urban Public Works which is an
authority of Hanoi Feople’s Committee.

The Water Supply Company i% in responsible for
the operation and maintenance of the system. The
campany is headed by a director and three deputy
directors, one being responsible for the
technical affairs, one for the economy and one
for production. The staff of the company consists
of 1,700 employees, out of which about 70 are
university or college graduates. The organisation
chart as in May 1989 is presented in fig. 2.1-2.

Continuwous planning and design work as well as
major investments are at the moment carried out
under a separate project organisation by the
Management Board ( MB ) for Hanoi Water Supply .
Project and YME-GSroup experts. HWSCo has only
limited regources for this purpose.

The organisation of HWSCo has been reviewed by
the UNDP assisted Hanoi Water Supply Management
Project ¢ VIE/B2/011 . According to their
findings the main prablems in the existing
organisation are lack aof authority on the
operational level, complicated decision
procedures and unclear allocation of rights,
duties and responsibilities.
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According to  the director of HWSCo the main
problems in the water supply sector are:

- extensive leakage in the distribution
network,

- lack of pressure in the main parts of
the network,

- interruptions in the eneray supply,

- lack of telephone connections,

- lack of competent workers and foremen,
- complicated organisation.

The rearganisation of HWSCo has been ongoing
since March 1988 with the following main
principles:

- water praoduction technology to be
utilized should be appropriate, advanced
and economically feasible,

- water distribution should be continuous
with minimal breakdowns and leaks,

- allocation of responsibilities between
different units should be clear.

It has been proposed that there should be the
following departments under the HWSCo:

- water production department for running
the water treatment plants

- water network department for water
digtribution to the consumers

- congtruction department for planning and
design and for major investments

- @conomy department for personnel ,
purchasing, storing, administration,
transport and other general services

In addition to the above mentioned departments it
has been proposed that there should be units for
development ( budgeting and master planning ) and
for training.

So far ( May 1989 ) only mincr changes in the
organisation have been realized, namely the
establishment of pilot organisations for Ngo &i
Lien water plant ( water production ) and for
Dong Da district ( water distribution ).

The renrganisation-uf the water supply sector is
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discussed more in details in the report of the
Manaagement Project of  UNDF ¢t VIE/BZ2/011 )
"Recrganisation, tariffs, infarmation for

management, April 1989",

2.1.3 Water tariffs and billing

The HWSCo has been until very recently heavily
subsidised by the Government. The Sixth National
Congress held in December 1986 stated the need
for 'Tabolition of the centralized bureaucratic
state-subsidy system’ and consequently also for
the water supply sector it has been set the
target to become step by step a self-financing
unit. The water prices have been increased to
aradually meet the cost of operation and
maintenance and investment repayments.

Hanoi Water Supply Management Froject made a
proponsal to increase the average tariff of Ol
dona/m3 to 100 dong/m3 for the period of FINNIDA
investments 198919590 and to 290 dong/m3
thereafter. There were three cateqgories proposed,
namely private houses, living quarters and public
use % industries. These tariffs are enough for
cash flow ( operation costs and yearly
investments ).

Based on the a.m. proposal, beginning on the 1 st
mf May 1989 HWSCo has been applying rates as
follows ( 1US$=4300 dong, May 1989 J:

1. Rate of 80 dong/m3

Domestic water consumed by private
houses, by flat renters ( in living
quarters allocated by State or
Government offices to cadres on
Government pay roll ) and schools.

2. Rate of 250 dong/m3

Far business enterprises, state,
collective and private sarvice
enterprises having contracts with army,
hospital and non-profitable

administrative units.

3. Rate of 600 dong/m3
For private business and enterprises or
for others not mentioned in articles |1
and 2.

4. Rate of 0.45 US%/m3 or 0.62% Roubles/m3

Far international offices.
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The a.m. rates are for the water cmnsumpt%mn
quota set by the Government. Water conﬁump§1an
beyond the queota is charged from 2 to 5 times
higher than the current rate.

These rates mean in an average about 225 dong/m3.

Calculation of tariffs is presented in.the report
af the Hanoi Water Supply Management Project.

Water billing is done monthly by water branches.
There are special groups for metering and billing
of water. As there exist only very few
functioning water meters at the time being, the
billing is based almoast totally on estimated
consumption figures. In table 6.3-1 is presented
the water sale in 1988 based on the billing work
by HWSCa,

2.2 Source of Supply

The present source of supply is groundwater
exploited from a vconfined cobblestone gravel
agqui fer from Quaternary pericd laying beneath the
city.

There exist 3-18 groundwater wells located in a
wellfield arcund each main treatment plant to

. pump  raw water through raw water lines to

purification., There is totally over 120 wells of
about 60 to 75 m depth to supply water to the
Hanoi water supply system. The main groundwater

wellfields and their estimated pumping capacities

are presented in table 2.2-1.

In addition to the a.m. main plants there exist a
number of small plants to supply water for
domestic purposes, institutions, factories etc.
The infarmation regarding ¢to these, as it has
been possible to obtain from different Vietnamese
sources, is presented in tables 2.3-3 and 2.3-4,
Their estimated total pumping capacity is about
80,000~-100,000 m3/d making the total pumping
capacity of all the wells in Hanoi city area to
about 400,000 m3/d.

The lecation of wells is presented in drawing
nDII-

The present source of supply, arocundwater wells
and the potential of groundwater resources will
be discussed in detail in & sceparate report by
the hydrogealogist.



TABLE 2.2-1 MAIN GROUNDWATER WELLFIELDS AND THEIR ESTIMATED PUMPING CAPACITIES

Hater plant / Renovated New wells Hells  01d wells Total  Pumping PROJECTIONS FOR THE PERIOD 2/133% - 12/1990
vellfield until cospleted under  not renov, in use capacity Wells o Welis te Total in  Pumping
/1989 until constr. until 2/1988  2/1989 be be operation camacity

271989 2/1989  2/198% ( a3/d ) drilled  repovated 12/1390 1271990

rd) no 2) 2 ¢ a3fd }

Right side of Red River:

Dor Thuy 3} 3 3 13600 3 13600
Ha Dinh 4 10 14 35000 f4 33000 .
Luong Yen 4 1 | & 23200 9 15 £1500
Mai Dich g 8 41500 2 .3 Y 73300
Ngo Si Lien 4) 12 2 3 3 17 47300 20 98146
Hgoc Ha 1 2 | 7 34800 2 11 43200
Phap Van 9 0 ? 32400
Tueng Mai -9 1 2 12 37000 i2 37000
Yen Phu 12 2 2 4 ‘18 78300 18 78300
Right side fot 30 14 16 21 85 316700 17 3 119 439100

Left side of Red River:

Gia Lam 2 2 11000 2 11000
Total - 32 14 16 21 g7 3277460 17 3 12} S0100
Notes: 1) Capacities calculated for each existing well with new submersibles separately, old well capacity estimated to be 33

2) Capacity for a nev submersible puap estimated to be 50 1/s

3) Don Thuy welifield sight be connected to to Luong Yen in the near future, because the lifetime of the plant is
reaching its' end

4) Wells under construction will be connected to the wellfield in 3/1989

el



2.3 WATER PILLANTS
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There have been eight major water plants
supplying water to the water distribution network
before the HWSP, contributed by Finland started
in 1383, These plants located quite evenly over
the whole service area.

and the initial
presented in

construction
have been

The year of the
capacities of the plants
the table below:

T e Ll Sk B YT e ek AL At PP Pl dALLS AL Ly Y e el Shdat B P P it bttn

Station Year of Initial
construction capacity
¢ m3sd D
Yen Phu “ies 15,000
Bach Mai 1930 1,000
Don Thuy 1939 5, 000
Ngoe Ha 1939 1,000
Ngo Si Lien 1942 3,000
Luong Yen 1959 9, 000
Tuong Mai 1960 18, 000
Ha Dinh 1967 18, 000

During the phase [ of the Development Project two
new water plants have been constructed, Mai Dich
water plant to the West and Fhap VYan to the Scouth
af the city,.

All the old water plants have been extended
during the vyears by constructing more wells and
by extending the plant itself., The development of
the city, however, has given some constraints to
the development of these stations. Buite many of
the stationg are pressed inside dwelling areas
and today there are limited possibilities to
extend the plants, or even to construct new wells
without demolishing the existing dwellings around
the pumping stations and well fields.

Almost all of the major water plants have the
same process of water treatment. The treatment
aims mainly at the remaval of iron and manganese
and it consists of aeration, contact basin, rabid
sand filtration and chlorination.
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The dimensicning of treatment units is not always
in conformity with the quality of the raw water,
some units of the process may be under
dimensioned. This applies especially to the
sedimentation which in many plants is working
mainly as a contact basin due to the high surface
load  and the hydraulic form of the basin. The
underdimensicning of the treatment units is quite
aften due to the fact that more wells have been
taken into use without extending the structures
af treatment plant.

Generally, the treatment process employed ias
proper for the raw water. If the dimensioning of
treatment units were according to the normal
criteria and if the plant operated well, it would
be possible to get gond quality treated water. In
practice, however, the quality of treated water
does not often comply with the accepted standards
due to overloading of treatment units and the
mal functioning of mechanical and electrical
installations.

All  the old water plants needed urgently
rehabilitation of mechanical and electrical
installations and therefore in the phase I of the
HWSF th rehabilitation of Ngo Si Lien, Yen Fhu,
Lucng Yen and Tuong Mai have been carried out.

Detail reports have been prepared on the current
sitwuation of the following old plants :

- Ngo Si lien
- Tuong Mai

- Yen Phu

- Ngoc Ha

- Luong Yen

- Ha Dinh

and the new plants constructed during the
devel opment project:

- Mai Dich
- Phap Van

2.3.2 Description of Major Water Plants

2.3.2.1 NED SI LIEN water plant
1.History

Ngo Si Lien water plant was built first in 1942
with an initial capacity of 32,000 m3/d. The plant
had two wells and the treatment process consisted
of agration, 51 ow sand filtration and
chlaorination. Chlorine was produced of salt by
electrolysis. This plant was taken out of use in
1962.
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3.

Wells
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The same year a new water treatment plant was
constructed with a capacity of 16,000 m3/d. The
plant had 6 welle and the treatment process
includes aeration, rapid sand filtration and
chlorination, The plant was taken out of use in
1980 because there were settlements and damage in
the structures.

A new water treatment plant was constructed in
1978 with a design rcapacity of &0,000 m3/d. The
number af wells was 16 and the treatment process
the same as in the plant constructed in 1962,

The new plant built in 1978 has been in operation
until the development project started. At that
time the plant couwld not anymore reach the desion
capacity of 60,000 m3/d.

In the course of the rehabilitation all process
units were renovated: :

- aeration/ rcontact basin

- filtration

- treated water pumping station
- disinfection

The rehabilitation consisted of mechanical and
electrical works.

After the rehabilitation the capacity of the
plant is 50,000 m3/d.

Until February 1989 five wells have been drilled
and 12 ald wells rehabilitated (see table 2.2-1).

In addition to these three non-rehabilitated
weells are still in use. Thus the tatal number of
wells is 20 pes and the estimated total flow
98,000 m3/20 h. The drawdown has increased in
every well where new pumps have been installed,
in some wells the yield shall be decreased to get
the drawdown back to the acceptable level.

Raw water pipelines

NSL. raw water network consist of 3200 m old known
rehabilitated cast ivon lines and 860 m of new
FVYC and PEH lines. Diameters vary from 200 mm up
to 600 mm.

The old lines are leaking all over but limited
resources have made impossible to rehabilitate
the lines yet. During the second phase of the
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praject all raw water lines have been planned to
be repaired.

Traatment plant

The aeration is performed by spraying water
throuagh perforated pipes. The total height of the
aeration is & m and there are two intermediate
hollow floors. There are four separate units, the
area of each unit is 49 m2 and the total area is
136 m2. Thus the aeration rate is 12.8 m3/m2/h,
if the flow is 2,500 m3/h.

The aeraticon is suitable for this raw water and
is effective enough to oxidize iron. However, the
piping of the aeration tower are in need of
urgent repair.

e i — — . it e s S P S S S T S VY P S

Thie stage consists of 2 parallel basins, total
sur face area is 196 m2 and total of volume is 250
m3. The basing are situated below the aeration
tower and operate mainly as contact basins where
the oxidized iron is flocculated and only
slightly gsedimentated. This depends on  the
hydraulic form of the basins and is illustrated
as follows:
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Flow Detention Sur face load
{ m3/d ) time (min? ¢ m3/m2/h )
2,000 a7 10

2,800 30 13
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The filtration process consists of eight rapid
sand filters. The filters have combined air-
water washing. The renaovated filter bottom is
fitted with modern plastic filter nozzles. Total
area of filter bed is 380 m2.

The grain size of the filter sand is 0.9-2.2 mm
and thickpegss of the sand layer is 1.5 m.

Designed filtering rate 1is 6.0 m3/h/m2 and
washing rates as follows:

- air water washing phase 500850 m3/h

- water washing phase 2,030 m3/h
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For operation of filters special operation desks
have been installed and all the needed valves are
electrically operated.

* Diginfection:

=S B Ll et r e e e e e e

Disinfection of the treated water will be carried
out by using chlorine gas. The whole unit has
been constructed and new dosing equipment
installed during the phase I of the HWSF.

5. Reservoirs
The treated water reservairs are in 4 units:
- 1 circular unit V= 500 m3
- 1 circular unit v= 1,300 m3
- 2 square units V= 32,000 m3 each

The reserveirs are in good condition, but the
valves in connecting pipelines are partly out of
the ocperation.

&.Treated Water Pumping Station

The treated water pumping station houses all the
pumps and the electrical controls of the plant.
The tatal floor area of the pumping station is
about 1,300 m3. There are:

- 2 new treated water pumps
a 1,440 m3/h x 9 m,
N=55 kW, 980 r/min

- 2 old treated water pumps
a 1,260 m3/h x 37 m,
N=160 kW, 360 r/min

- 1 filter wash pump a 1,940 m3/h % 15 m
N=135 kW C(old)

- 1 air compressor a 3,360 m3/h x 0.4 bar
N=55 kW (stand-by)

During the normal consumption one or two new
pumps are used to pump water to the network, but
during the peak consumpticon alsc the old pumps
have been used.Pressure of the old pumps have
been reduced by the valve to meet the pressure of
the network.



7. Pilot Pumping Station

7.1 General

In the beginning of Phase I of the HWSF a special
pilot area was established around Ngo &i Lien
water plant to study water distribution with the
higher pressure. For this purpose a special pilot
pumping station was also constructed.

7.2 Pumping Station

The pumping station has been equipped with two
centrifugal pumps, one as stand-by, and control
panels:

- 90 1/ x 30 my N = 37 kW, 1,470 r/min

During the construction of distribution lines and
house connections on the influence area of Ngo Si
Lien water plant, the PFilot pumping station was
the only source of high pressure water. Therefore
new lines ware connected together with the
ariginal extent of pilot area. At the moment,
because of too larqe extent of the consumption
area, the pumping station is working on 170 1/s
flow and 21 m head.

Since additional water from MD has bheen available
the pilot consumption area has been decreased
step by step in order to reach the planned
pressure aof 30 m.

8. Water quality

The quality of raw and treated water is presented
in tables 2.3-1 and 2.3-2.

The aquality of the treated water after the
rehabilitation has been improved. The water is
slightly corrosive and PH value should be a
little bit higher.

2.3.2.2 YEN PHU water plant
1. Histary

Yen Phu water plant was first built in 1309 with
an initial capacity of 15,000 m3/d. The treatment
process included aeration by a perforated
concrete layer and a gravel bed and slow sand
filtration.

In 1963 the plant was rehabilitated and the total
area of the aeration/contact basin was increased
up to 1,400 m2 and the area of slow sand filter
to 1,450 m2, Thus the filtrating rate was 0.63



2.

3.

Wells

m3/mz2/h.

In 1970 the whale station was rehabilitated and
the capacity is increased from 20,000 m3/d to
40,000 m3/d. The plant had 19 wells and the
filtration procese was changed to be rapid sand
filtration,

The plant built in 1970 has been in use since the
rehabilitation was started during the Development
Froject, but could not reach the design capacity.

The rehabilitation with the desiagn capacity of
45, 000 m3/d consisted of following works:

- improvement of aeration
- rehabilitation of filtration

- construction of new pumping station for
raw water pumping to filtration

- canstruction of the treated water
pumping station including transformers
and control vooms

- construction of the new reservoir

The present situation of the plant has been
described under.

In Yen Phu 10 wells have been rehabilitated and 4
wells drilled until February 19839. Four pes of
old non rehabilitated wells are operating
simultaneously. ( see table Z.2-1

These 18 wells have been estimated to produce raw
water 78,000 m3/20h. Installation of new pumps
has caused the increase of drawdown by more than
10 m. It seems that a new balance situation has
been reached at the moment.

FRaw water lines

YF raw water network consists of 3100 m old non
rahabilitated cast iron lines and 1150 m of new
PVYC and PEH lines.

Diameter varies frem 200 mm up to 400 mm. The
repairing of old leaking raw water lines has heen
planned to be carried out during the 11  phase of
the project.
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Treatment plant

* Aeratian

The aeration is performed by spraying the water
through perforated pipes. The total height of the
aeration tower is only 2.5 m, but is suitable for
this raw water and is effective enough to oxidize
iron. The total area of the aeration is 180 mZ
and the aeration rate is 10.4 m3/m2/h.

T e s i e e e S T e e e e e oy T v b i

From aeration, water flows to the old filter
tanks which have been converted to contact
hasins. The total area of the contact basin is
1,725 m2, which theoretically give a surface load
of 1.1 m3/m2/h. During contact time Fel+ turns
completely to Fel+.,

* Filtration
From the contact basin, water is pumped to the
filtration with two new propel pumps.

For filter back washing two old pumps are used,
@ = 3,000 m3/h, h = 23 m each.

The filtration process, rapid sand filtration,
consist of six units with total area of 294 m2,
The filters have combined air—-water washing. The
filter bottoms were renovated during the last
rehabilitation being now equipped with plastic
nozzles.

The grain size of the filter sand is 0.9-2.3 mm
and the thickness of the sand bed is 1.5 m.

The design value of the filters with flow 1,875
m/h are:

- filtering rate 6.4 m3/m2/h
- washing rate, air-water 530880 m3/h
- Washing rate, water 2,115 m3/h

All the valves and connecting pipes have been
rencvated. Process valves are electrically
operated from the filter control desks.

E e L Y=

Disinfection of the treated water will be carried
out using chlorine gas. The whole unit has been
constructed and new dosing equipment installed
during the last rehabilitation.
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5. Reservairs

There are three reservoirs still in wuse in the
plant.

- 1 civreular reservoir 500 m3
- 1 0old reservoir 100 m3

- old slow sand filter tank is converted
to a reservair with total volume of
2,000 m3 and effective volume of 1,200
m3

Structurally, the reservoirs are still in good
condition. The valves are partially ocut of use.

During the last rehabilitation cne new reservoir

piping betwsen the old and new reservoirs has
been installed to use them all in parallel,

&.Treated water pumping station
A new treated water pumping station was built
also during the latest rehabilitation phase. New
transformers and control rooms were fitted also
in the pumping station.

There are the following pumps installed:

- 2 treated water pumps
720 m3/h x 40 m, N = 160 kW

- 2 treated water pumps
180 m3/h % 32 my, N = 30 kW
7. Water quality

The quality of raw water and treated water at the
plant is shown in the tables 2.3-1 and Z.3-Z.

2.3.2.3 LUONG YEN water plant
1. History

Luong Yen water plant was constructed in 19859
with design capacity of 12,000 m3/d. Initially
there were 3 wells and the capacity of the plant
was 9,000 m3/d.

In the 1972 the plant had 2 wells and the actual
capacity was 15,000 m3/d.

Treatment process consists of aeration, con?act
basin, rapid sand filtration and chlorination.



.
Il N N R N B B EE B R B BN B Em By O BE B A B e

2.

All treatment units, but chlorination, were
rehabilitated during the HWSF 1986-1988,

2. Wells

There are 4 pcs of rehabilitated wells, one new
well drilled and one old well operating together.
Total estimated capacity is 29,000 m3/20h.

( sea table 2.2-1 3

2. Raw water lines

There are no accurate data available concerning
the raw water lines in the area. The estimated
length of the lines is 450 m and informed
diameter of all lines is 200 mm, =bviously made
af cast iron.

Rehabilitation of the lines takes place together
with the new Luong Yen water plant construction.

4. Treatment plant

¥ Aeration

Aeration is performed in 2 aeration towers, each
having 4 intermediate levels. The distribution of
water is done with perforated pipes. The total
area of aeration is 90 m2 and the aeration rate
with actual raw water flow is 9 a3/m2/h.

The piping in the towers have been renovated as
well as other metal and concrete structures.

* Contact basin

There are 4 parallel units of contact basins. The
total surface area is 89 m2 and total valume 460
m3. The surface load with flow 820 m3/h is 9.6
m3/m3/l and the retention time 32 minutes.

* Filtration

The filtration consists of 5 rabid sand filters
with combined air-water washing. Filter bottoms
including distribution nozzles were renovated in
the phase I of the HWSF in 1986-1388. Grain size
af the filter sand is 0.9-1.6 mm and the depth aof
the filter bed is approx. 1.5 m.

The total area of the filters is 92 m2 and the
lnads by flow 625 m3/h are as follows:

- filtering rate 6.8 m3/m2/h
- washing rate, air-water 200-330 m3/h
- washing rate, water 800 m3/h
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All pipes and valves were renovated during the
rehabilitation and all the control valves are
electrically operated.
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Disinfection of the treated water will be carried
out later in the connection of the enlargement of
the plant.

S. Reservoirs
The treated water reservoirs are in two units,
the volume of each is 1,000 m3.

&. Treated water pumping station
The treated water pumping station was also
rehabilitated in 1986~1988. All the pumps were
renovated and new control rooms equipped. There
are following pumps:

- 2 pumps 290 m3/h x 16.5 m, N = 22 kW

- 1 filter back-wash pump
650 m3/h % 123 m, N=37 kW

7. Water quality

The quality of raw and treated water is presented

The iron content of raw water is low, 1.2-2.9
mg/l, However, no analyres of the treated water

after the rehabilitation exists and the
effectiveneas of the improved process can not be
stated.

8. Enlargement

According te the project document an additional
capacity of 30,000 m3/d will be constructed
during the phase 11 of the project.

2.3:.2.4 TUONS MAI water plant
1. History

Tuong Mai water plant was first constructed in
1962 with an initial capacity of 18,000 m3/d. The
plant had 6 wells and the treatment process
consisted of aeration, sedimentation, filtration
and chlorination. Chlorine was produced by
electrolysis of salt.
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In 1976 the capacity was again increased up to
40,000 m3/d by taking into use one more well.
Thus the capacity had been raised by more than
120 % without extending treatment units.

Before the last rehabilitaticon started in 1986
the plant was operating with the capacity of
29,000 m3/d ¢ 1,200 m3/h ) and the treatment
units were so much overloaded that the quality of
treated water was not satisfactory. Design
capacity for the rehabilitation was selected to
he 30,000 m3/d.

2. Wells

Eight rehabilitated wells, one new well and twao
old non rehabilitated wells are operating
together, producing the estimated of 37,000
m3/20h. One additional well was also
rehabilitated, but after electro—mechanical
installations it was found out that the raw water
line is taotally broken, and this well can not be
used. One borehole was drilled and casing
installed as a reserve well. ( see table 2.2-1 )

2. FRaw water lines

The length of old cast iron pipes is 2400 m and
the length of nMew PVC line is €5 m. Old lines are
leaking and rehabilitation takes place during the
Il phase of the HWSF.

4. Treatment plant

Previously there were five aeration towers and
two round steel tanks with blowers for aeration.

In the last rehabilitation only aeraticon towers
were renovated and taken into use. Steel tanks
were demolished.

The total area of aeration is 274 m2 and aeration
rate by the flow of 1,250 m3/d is 4.6 m2/m2/h.

* Contact basin

The stage consists of 12 parallel units. The
total area is 300 m2 and the total volume 1,300
m3. The load is:
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Flow Retention Sur face
time load
1,250 m3/h 6.2 min 4.2 m3/m2/h
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Mechanical and structural rehabilitation of the
basins was carried out in 1986-1988.

* Filtration

The process consists of 12 units of rabid sand
filters, having combined water—air washing. The
total area of filters is Z16 m2. The grain size
of filter sand is 1.2-2.0 mm and the thickness of
filter bed is 2.1 m.

The design values of filters are by the flow of
1,250 m2/h as follows:

- filtering rate 5.7 m3/m2/h
- waghing rate, air-water 200-300 m3/h

- washing rate, water 775970 m3/h

Filter bottom, distribution nozzles, valves and
pipes in the unit were rencovated. All process
operation valves are electrically controlled.

* Chlorinatiop

Totally new chlarination house and dasing
equipment have beern constructed and installed
during the latest rehabilitation in 1986-1908.

5. Reservoir

The treated water reservoire are in two units,
the volume of each being 1,000 m3. Structurally
the reservoirs are in good condition.

6. Treated water pumping station

7. Water

The treated water pumping station including the
control room have been renovated in 1986-1388.

At the moment there are following pumps
installed:

- 2 pumps 900 m3/h x 22 m,
N = 90 kW for treated water

- 1 pumps &50 m3/h x 13 m,
N = 37 kW for back-wash pumping

quality

Raw water contains 8-12 mg/l of iron and about
0.4 mg/l of manganese.
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The iron rcantent of treated water before the
rehabilitation varied from 0.5 ma/l to 1.3 mg/l.

Analyzes after the rehabilitation have ot been
taken and therefore present effectiveness of the
treatment process is not known exactly.

=.3.2.5 NGOC HA water plant

1-

2

3.

4.

History
Ngoc Ha water plant was constructed in 1939 with
an initial capacity of 1,000 m3/d. Thereafter,
the plant has been enlarged in several phase up
to 9,000 m3/d. In 1979 the plant was extended to
the capacity of 25,000 m3/d. Treatment process
consists of aeration, contact basin, filtration
and chlorination.
Today the actual capacity of the plant is
estimated to be 27,000 m3/d. The plant is
structurally in miserable condition. The common
praoblems with wells exist alse at this plant.

Wells
At present there are seven rehabilitated wells in
operation producing the total capacity of 35,000
m3/d. Two wells are drilled and casings
installed, two more wells are needed for the II
phase extension.

Faw water pipelines

There are no accurate data available of the raw
water pipelines from the wells to the treatment
plant. Site inspection show, however, big
leakages all aver. Rehabilitation takes place in
connection with the plant construction.

Treatment plant

e S e s e e v e

Aeration is performed by perforated pipes. The
total area of the aeration towers is 40 m2 and so
the aeration rate is 321 m3/m2/h with the flow of
1,250 m3/h.

The concentration of iron in raw water is about

1-3.5 mg/1l and the aeration process seems to be
efficient enough for oxidation of this amount..

The contact basin has a surface area of 40 m2 and
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a valume of 200 m3. The surface load is thus 32
m2/mz2/h and the detention time is O.16 h. In
practice only part of water goes through contact
basin in the old system, and in the new system,
after aeration it goes directly to filtration.

* Filtration
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Filtration process consists of 9 filters, with a
total area of 117 m2. The filtration rate is 10.6
m3/m2/h, which is very high for this kind of raw
water.,

Y. Feservair

The treated water reservoir has a volume of 155
m3. In addition, there is a water tower, with a
velume of 160 m3 and a height of 30 m, but out of
use.

&. Treated water pumping station

In the treated water pumping station there are in
total five pumps out of which two pumps are in
aperation:

- 1 pe 1,250 m3/h % 14 m

- 1 pc 180 m3/h % 14 m

7. Enlargement of the plant

According to the project document for the phase
IT of the HWSP a new water plant with capacity of
30,000 m3/d should be constructed. Location of
the plant is apr. 0.2 km to the West of the old
plant.

After the construction of the new plant the
capacity of the old plant has been suggested to
be reduced to 14,000 m3/d.

2.3.2.6 HA DINH water plant
1. Higtary

Construction of Ha Dinh water plant was started
in 1962 and it was taken into operation in 1967.
The first plant had 4 wells and total capacity of
18, 000 m3/d.

Afterwards, the actual capacity of the plant has
been increased by constructing more wells. Today
the production of the plant is 30,000 m3/d, and
construction works are being planned to enlarge
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the plant to 40,000 m3/d bys

- & filters, A = 144 mZ

.

sedimentaticon basins, A = 1393 m

- 2 reservoirs, V = 3,000 m3

At present there are 10 non rehabilitated old
wells and four rehabilitated wells with a total
raw water flow of 35,000 m3/20 h.

The wells have declined so much, that there have
been difficulties with pump installations. Most
of the wells have not been blown for a long time
and the depth of the wells has decreased. In
general the problem with wells are the same as in
other water plants.

It seems, based on the available information from
hydrogeological studies, that the capacity of Ha
Dinh water plant should be reduced to extend the
technical life time of the facrilities
established.

3. Raw water pipelines

Raw water pipelines from the wells to the water
plant are made of cast iron. Pipe diameter varies
from 200 mm to 600 mm. Accurate data of raw water
lines does not exist.

4. Treatment plant

e v vy v e s e —

The aeration iz performed in an aeration tower by
concrete gutters. The tower has 5 intermediate
level of hallow concrete floors. The distribution
of water is not even due to the inexact level of
autters and blockages of iron deposits,
decreasing aeration efficiency.

The total area of aeration is 193 m2 and aeration
rate 9 m3/m2/h.

* Sedimentation

There are three horizontal sedimentation basins
in the plant. The total surface area of
sedimentation is 192 m2 and the total vaolume
1,350 m3, Thus with a flow of 1,750 m3/h the load
is:

- sur face load 9.1 m2/mZ/h
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- retention time 46 min

Sedimentation operates mainly as a contact basin.

It has been planned that after enlargement the
capacity will be 45, 000 m3/d withaout any
additional sedimentation basin.

* Filtration

The filtration process consists of 8 rapid sand

filters. The filters have a combined air-water
washing and the filter bottom is of perforated
concrete, holes 10 x 10 mm2, o/c 100 mm., Filter

sand has a nominal arain size of 1.2 mm and below
there are coarser layers aof 2-4 mm, -8 mm, 8-16€
mm, 16-32 mm.

The air distribution pipes are under the filter
sand bed and the distribution pipes under the
filter hottom.

There are two wash water pumps, 1 pc 300 m3/h + |}
pc 600 m3/h giving a wash rate of 6€2.53 m3/m2/h,
The flow to  individual filter is not uniformly
distributed, some rontrol valves are not
operaticnal and the filter sand is not uniform.

9. Reservoirs
The plant has two reservoirs with a total volume
of 2,000 m3.

E&. Treated water pumping station
The treated water pumping station houses all the

. pumps of the plant and the electrical controls.
There are:

- 2 pumps 1,260 m3/h x 39 m
- 1 pump 580 m3/h % 46 m
- 1 pump 600 m2/h % 28 m

The pressure in the transmission main line at the
plant is in the day time 9 m and in the night
time 18 m above ground level. Thus the pumps are
cperating far outside their nominal capacity
range.

Rehabilitation work carried cut by Vietnamese has
not proceeded very satisfactorily. After the
rehabilitation of some wells in 1986-1988 the
ground water level has dropped alarmingly. The
development of the plant has to be considered
carefully in the near future.
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=.3.2.7 MAI DICH water plant

1. General

2.Walls

The construction of Mai Dich water plant was
included in the phase I of HWSP.

The design capacity of the plant was 30,000 m3/d.
The pumping station has been designed for the
later enlargement of the plant to the capacity of
&0, 000 m3/d.

The treatment process of the plant is the same
as in the old plants in the citys

- apration

- tantact basin
- filtration

- disinfection

The first phase of the plant was completed in the
end of the year 1'388.

In MD area nine wells have been drilled, eight of
them are equipped with new pumps and pipes, one
well ¢ No & ) has been rejected due to a clog (
at 42 m depth ) which was caused on purpose. The
total flow from the eight wells is 41,500 m3/20
he ( see table 2.2-1 )

3. Raw water lines

The new raw water lines are made of ductile iron,
and PVC, total length is 2,660 m, diameter
varying between 2285 mm and 600 mm.

4. Treatment plant

* peration

The aeration is performed by spraying the water
through perforated pipes. The total height of the
aeration uwnit is 2.9 m and there is ocne
intermediate hollow floor. There are 6 separate
unites and the total area of the units is 216 m2.
Thus the aeration rate is 5.8 m3/m3/h.

Because of the low content of iron in the raw
water the process is effective enough to oxidize
iron.
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* Contact basin

Contact basin has been constructed under the
aeration towers, total surface area is 210 m2 and
the volume is 715 m3. In the basin the oxidized
iren is flocculated and only sightly
sedimantated,

* Filtration

The filtration process consists of six parallel
rapid sand filters. The filters have combined
air-water washing through the filter bottom
equipped with plastic filter nozzles.

The filter sand has the grain size of 0.9-1.6 mm.
( because of the lack of proper sand agrain size
the size 0.9-2.3 was used at the beginning )

The thickness of filter bed is 1.3 m including
the support layer of 0.15 m and grain size is
2.3“4-(’ MmM.

Designed filtering rate is 5 m3/m2/h and washing
rate as follows:

- air—water phase S40-700 m3/h
- water phase 2y 160 m3/h

All process valves for operation are electrically
controlled. Filtering rate is regulated with the
hydraulic valve.

* Disinfection

Disinfection aof the treated water is carried ocut
by using chlorineg gas. Gas is dosed to the water
before the reservoirs in order to have proper
contact time.

5. Reservoirs

There are two reservoirs constructed for the
treated water. Total volume is 2 x 3,000 m3. For
the enlargement two new reservairs with the total
volume of 6,000 m3 will be constructed.

&. Treated water pumping station

The treated water pumping station houses all the
treated water pumps, filter back wash pumps,
technical water pumps, air compressor and the
electrical control of the plant.

The total floor area of the pumping station is
47% m2. The floor area of administrative wing is
215 mz.
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There is:
- 2 treated water pumps

720 m3/h % 40 m, N = 160 kW
- 2 filter back wash pumps

1,225 m3/h % 285 m, N = 132 kW
- 1 air compressoyr

3,360 m3/h % 0.4 bar, N = 350 kW
The treated water pumping station has been

designed to accommodate 32 more treated water
pumps in the enlargement phase.

The capacity of the pump has been designed so,
that during the peak consumption two pumps are in
operation and one is stand-by. Later after the
enlargement four pumps can be used parallel and
two stand-by.

Filter back-wash pumps are designed so, that in
the air-water washing phase one pump is needed
and in the water washing phase both two pumps are
operating.

quality

Guality of raw water in MD area is rather good
and quality of the treated water will probably
meet all the reguirements. Analyzes to state the
effectiveness of the process will be taken later
when the plant has passed the test pericd. Some
results of the analysis are presented in tables
2.3—1 and Z.3-2.

2.3.2.8 PHAP VAN water plant

General

In the first phase of the HWSF alsc Phap Van
water plant was decided to be constructed durina
the vyears 1986—-1988. The design capacity of the
plant has been 30,000 m3/d.

The treatment process is conventional:

- aeration

- contact basin

- filtration

- disinfection

The plant was completed in the end of 1988.
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In Phap Van nine new wells have been drilled. At
the maoment ¢ March 1983 ) electro-mechanical
installations are being carried out in three
wells, The rest of the installations will be made
during the first half of 1989. Thus three wells
enable to take the plant into wse with a capacity
of 15,000 m3/d.

3. Raw water lines

The raw water lines are constructed of ductile
iron and PVC. The total length is 1,558 m, and
diameter varying from 225 mm up to 600 mm.

4. Treatment plant

* Aeration

The aeration is performed by spraying the water
through per forated pipes. The total height of the
aeration wunit is 2.9 m and there is one
intermediate hollow fleor. There are 6 separated
units and the total area of the units is 216 mZ.
Thus the aeration rate is 9.8 m3/m2/h.

* Contact basin

Contact basin is constructed partly under the
aeration tower and other section beside that one.
Because of the form of iron more detention time
is required than in other plants. The total area
of the units is 420 m2 and volume is 1,430 m3.
Oxidated iron is flocculated in the basin and
only sightly sedimentated.

* Filtration

The filtration process consists of € parallel
rapid sand filters. The filters have combined
air-water washing through the filter bottom
equipped with plastic filter nozzles.

The filter sand has the grain size of 0.9-1.6 mm
( because of the lack of proper sand grain size
the size 0.9-2.2 was used at the beginning ). The
thickness of filter bed is 1.5 m including the
support layer of 0.15 m and the grain size e
4.0 mm.

Designed filtering rate iz S m3/m2/h and washing
rate as follows:

- air-water phase 540900 m3/h

- water phase 2,160 m3/h
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All process valves needed for gperatinn are
electrically contralled. Filtering rate is
regulated with the hydraulic valve.

e S ey e v b o s i e e

Disinfection of the treated water is carried out
using chlorine gas. Gas is dosed to the water
before the reservoirs in order to have proper
contact time.

9. Reservoirs

There is one rveservoir with the volume of 6,000
m3 constructed for the treated water.

&. Treated water pumping station

The treated water pumping station houses all the
treated water pumps, filter back wash pumps,
technical water pumps, air compressor and the
electrical controls of the plants. The total
flaor area of the pumping station is 473 m2. In
addition to that there is an administrative wing
with the floor area of 315 m2.

There is:

- 3 treated water pumps
720 m3/h x 40 m, N = 150 kW

o 2 filter back wash pumps
1,225 mB/h x 28 m, N = 132 kW

- i air compressor
3,360 m3/h x 0.4 bhar, N = 00 kW

The treated water pumping staticon has been
desiagned to accommodate three more treated water
pumpes.

The capacity of the pumps has been designed so,
that during the peak consumption two pumps are in
operation and one is stand-by.

Filter back-wash pumps are designed so, that in
the air-water washing phase one pump is 1in
operation and in the water washing phase both two
pumps are in operation.



TABLE 2.3-1 RAN NATER QUALITY IN HANDI WATER PLANTS IN 1988 { Source: HNSCo )

Hater plant pH  NH4 ND2 NO3 PD4 Tron Salinity  Alkalinity Hardness Caf Mgl Ml  Organic
cont, CaC03, g/l 0/l
Fe203 NaCl Cl- Total Pern. Total Pera. Acid Alkal.
89/l  eg/l  cont. cont. cont. cont.

Tuong Mai 6.4 2 0 0.3 7 8.t 17 180 80 6.7 1.3 336 24 0.2 2.2 !
&.8 5 0.05 1.25 2,68 21 150 90.B 240 120 9.4 4.3 K04 384 07 T2 1.B

Yen Phu 6.6 0.3 ¢ 0 0.54 1.5 18.7 11.4 180 &0 6.6 2,2 25,8 12.8 0.2 ¢ 0
1.2 4 0.5 1,25 2,68 8.9 5.5 39.8 260 120 17 7.6 83 79.2 1.76 3.7 L7

Ngo 5i Lien B.6 9 0 0 0.8 0.6 5.2 34 200 80 7.8 1.6 358 32 0.1 0.2 ¢
6.8 2 0.4 2.5 1.4 3.7140.4 B 300 200 15 4 7.6 6.6 1.4 1.9 0.9

Ngoc Ha 6.4 - 0 0.5 0.8 3.2 38.4 200 B0 8.1 2.7 26.8 5.1 0.8 0.2 0
6.8 2 0.3 § 1.3 2.7120,2 72.4 20 120 14.1 6.8 51.5 656 L4 LB 1

Luong Yen 6.4 0.5 0 1,3 1.4 1} 85 148 80 65 2.2 31.4 12.8 0.5 0.5 8
6.8 2 0,05 2.5 2.68 4.7 32.8 19.9 180 120 4.9 4 67.2 3.2 0.8 LB L3

Don Thuy 5.8 H 0 1.25 1.4 331 i1 7.1 160 60 6 [.8 22,4 4.4 tn3 0.2
7 2 0.05 2.3 2.68 7 2.1 17 220 120 1§68 &7 €937 i 0.0 Ly 17

Ha Dinh 6.5 4 0.54 6.2 32.8 19.9 200 60 635 0.9 26.9 4.7 ¢ 22 19
7 B 0.5 1,25 2.8 f2 515 3.2 220 120 7.8 2.5 53.8 224 .1 0.1 4%

Gia Laa 6.4 t 0 0.27 10,5 2i.t 11,8 160 40 5.8 2.9 22.4 23.2 0.6 L2 0.3
6.6 .34 1§ 39.8 241 200 100 8.7 3.1 44,8 35.2 1 2.2 1.3

Kis Lien 6.6 2 0.8 4.9 725 44 240 100 9.2 3.1 49.3 27.7 0.2 32 LB
6.8 6 0.05 1.23 1.34 8.2 79.6 48.3 280 160 11.6 5.2 53.8 44.B 0.8 7.5 2.6

Trung Tu 6.5 L] 1.25 1.08 8 93.2 5.8 260 100 11,9 3.B 6.3 3% 0.3 2.7 22
] 2.5 .34 8.2 100.6 61.1 48.3 43.2 0.6 5.6 2.9

Mai" Bich 6.4 0 0 1.25 0.54 0.1 30.4 18.5 100 80 4.7 0.7 9 141 0.3 0 0
6.8 0.25 0.05 3 1.3¢ 0.3 5.5 3.2 {e0 100 5.3 L.l 246 22.4 L6 Rz

Su Phae 6.4 ¢ 0 9 0.88 0.2 28,1 17 148 60 4.1 2.1 t7.% 173 D4 0.2 0
6.8 1.23 2.68 0.8 37.4 22.7 160 B0 4.7 23 .Y LD 07 0.5 5

8¢
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TABLE 2.3-2 TREATED WATER GUALITY IN HANOI WATER PLANTS IN 1988 ( Source: HWSCo )
Water plant pH Transp.NH4  NO2 NO3 PO4  Alk. Organic ‘NaCl €1 Iron Hardn.
acid  alkal cont. total
Fe203
(ag/1) (mg/1) (ag/1) (ma/1) {ag/}) {mg/1} (ag/1) (mg/1)} {mg/l) (ag/1)
Yen Phu 72 1 03 02 25 01 200 0.6 0.3 289 7.0 0.2 10.3
8.0 100 05 05 120.0 1.1 220 {1 1.3 281 7.0 0.8 2.1
Ngoc Ha 68 100 03 0.1 £33 03 200 0.3 0.2 46,8 28.4 0.4 109
7.2 100 05 0.2 50 2.7 220 1.2 0.6 B42 3511 0.1 {25
Ngo §i Lien 7.0 100 0.3 0.1 S0 0.8 220 0.6 0.3 458 28.4 0.2 11,2
706 100 03 o0¢ 13 13 220 0.3 0.2 110.0 66.7 0.4 12,7
Bach Mai .27 100 60 0! 1,3 L3 220 1.9 1.8 107.6 £65.3 0.7 9.2
.4 100 80 0.4 50 11 220 .6 1.2 983 596 0.4 9.0
Bach Khoa 7.6 100 60 00 1,3 0.1 200 0.2 0.2 3562 241 0,5 7.8
.4 100 B0 0.1 S50 2.7 220 {6 1.1 936 SAB 1,6 1.4
Ha Dinh 1.0 S 8.0 01 25 03 200 1.3 0.6 421 256 2.5 6.7
1.2 A 60 065 50 1,3 220 30 2.5 749 454 5.0 1.8
Luong Yen 7.6 100 03 0.1 25 0,3 140 0.8 0.6 11.0 B85 0.2 &7
.4 100 1,0 0.2 10,0 1.3 180 1.2 1.3 32,2 144 0.7 8.8
Don Thuy 6.8 100 03 0.0 1,3 05 140 0.3 0.5 1.8 8.5 0.3 6.2
6.8 % 2.0 00 0.0 1.3 160 0.8 0.6 23.4 142 0.9 7.8
Tuong Mai 1.6 60 60 0.1 1,3 0.3 180 0.8 0.6 11,0 8.2 40 5.0
1.4 % 50 035 10,0 27 180 19 1.3 621 255 1,0 6.9
Kia Lien .0 100 40 0.1 1,3 06 240 0.8 0.5 460 28.0 0.6 8.3
8.0 4 60 03 50 27 200 28 (.9 79.6 483 2.0 10.9
Trung Tu 1.0 W 40 00 25 03 220 0.6 0.2 749 454 1.3 10.5
8.0 % 680 &3 50 20 2260 34 2.5 88.9 3.0 0.8 121
Thuy Khue .4 100 20 o1 1,3 0.5 200 0.4 0.2 562 2341 9.0
1.2 100 80 0.5 50 2.7 240 24 1.6 749 454 0,3 (1,2
6ia Lia 6.8 100 0.1 ¢! 25 82 100 0.4 0.0 281 17.0 0.1 6.9
6.8 100 0.2 6.z 50 1,3 180 0.8 0.3 37.4 227 0.4 8.3
Sai Dang 6.8 40 00 0.9 1,3 05 160 0.0 0.0 40,8 28.0 0.6 6.9
1.2 g0 05 02 S50 1.2 20 1.2 0.5 749 434 2.0 9.2
Thanh Csng 1.0 % 0.0 &2 1,3 05 160 0.0 0.0 468 280 0.6 6.9
8.0 100 0,3 0.2 50 L3 200 t.2 0.0 748 454 2.0 9.2
Mai [ich 8.0 100 0.0 0.0 &3 20 180 0.0 0.0 t40 85 0.2 3.2
8.0 100 0.0 (.0 1.0 180 0.0 0.0 28,1 17.0 0.3 5.7
W e R AR ‘
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2.3.3 Small Water Flants

In addition to the eight major treatment plants
described above, there are one other major plant
¢ Don Thuy Y and a. number of small pumping
stations with or without treatment. These plants
have been constructed during the last 285 years
and most of them serve a separate area, i.e an
institute, a residential block of flats, a
factory ete,

More detailed data of the small plants cperated
by the distribution branches of HWSCo is given in
table 2.3~3., The total estimated raw water
capacity of these plants is 40,000-60,000 m3/d,
ie. 10~13% aof the total capacity of all HWSCo
operated plants. Therefore, the small plants have
a certain role when serving separate areas.

Small pumping stations (( plants ) operated by
factories etc. are presented in table &, 3-4.
Their total estimated raw water rcapacity is
55,000 m3/d and plant capacity 45,000 m3/d. The
data concerning these plants has been collected
from different socurces and therefore should be
considered as indicative only.

Some of the small plants operated by HWSCo have
been visited and studied. The plants are well
operated and they are in rather good condition.
This mainly depends on the fact that the
equipment is mostly manually operated and of
simple nature.

The plants have quite effective aeration by
perforated pipes or perforated steel sheets, and
a quite well working sedimentation basin.
Filtration rate is normally &-8 m3/m2/h. However,
the wash rate of the filters is 8-18 m3/m2/h ie.
anly about 200 %L of the filter rate, which does
not keep the filters clean enaouagh.

All these plants have a ground level reservoir
with a volume hetween 150-800 m3. Irn Kim Lien and
Trung Tu there is alsc a water tower, but they
are not in use because of the low pressure in the
distribution network,

One more common feature of the small plants are
difficulties of surface drainage, and saeveral
plants suffer flooding problems, making the
operation of plants during rainy perionds
difficult, even impossible.

Some plants are connected to the main network of
the whole city either to take more water from the
network, or to pump part of the production of the
plant to the distribution network.



TABLE 2.3-3 SMALL WATER PLANTS OPERATED BY HANGI WATER SUPPLY CONPANY

Nane Year Hells Aeration Sedimentation Filters Reser~ Clean vater Pusmp
of  No.Capacity No. Area Rate  No. Area Volume Retent. No.Area Filt, Wash, voir No. Capacity
constr, ) Rate Rate

(a3/h} (22) (a/h) (a2) 3 (n2) {a/h) (/b)) (83) (a3/h) ()

Bach Khoa 1984 - 2 200 1t 10 19-45 i 6 64 63 2 18 68 16-18 B¢ 2 30 30

Bach Mai 1954 3 00 1 20 10-15 i 200 YA S

Dong Anh 1980 174 1) 100 1 180 10-1S 1 120 300 0.3 4 £4 &£-3 B-12 2000 2 TH 13

Gia Lan- 1961 2 A 1 4§ to-t5 2 40 20 0.3 3 33 68 8-12 V1) I S {11

Giang Vo 1985 2 200

Giap Bat 1976 1

Kia Giang 1985 2 00 1} 4 10-15 | 16 & 0.5 2 18 6-B 1&-18 200 2 % 30

Kig Lien 1978 3 00 I BB 10-15 i 16 6.3 3 45 &-8 8-12 00 3 500 30

Nguyen Ai Quoc 1961 | e 1 4 {0-15 4 €4 ¢&-8 @8-12 13 3 230 25

Buynh Loi 1984 2 200 1 10 10-15 1 16 64 0.3 2 18 6-8 16-18 200 2 1338 30

Sai Dong 19713 2 140 1 20 10-15 2 13 62 0.3 3 19 &-8 16-i8 200 2 180 17

Suphas Ngoai Ngu 1979 1 140 Qut of use

Tay Bac 1970 -3 ) 500 Pumping directly to the network

Thanh Cong 1985 2 200 1 4 10-15 1 113 8 0.3 2 18 &-8 16-18 g6 3 s 25

Thuy Khue 1977 1/4 1) 150 For Ho Chi Minh mausoleus only 200

Thuy Loi 1981 2 190 Pumping directly to the network

Trung Tu 1984 2 200 2 4 10-15 { 16 64 0.5 18 &-8 l6-i8 800 3 460 25

Van Cong Mai Dich 1963 3 - 700 Pusping directly to the network

Yan Don 2 200

Notes: 1} 1/4 = one pump in use out of total four
2) nev puaps with a nominzl capacity of BO 1/s each
3) data as on January 1989, collected from different sources

4) total estisated pusping capacity 40,000-60,000 a3/d ( 15-25 1/s/pusp, 20 h/d pusping )

6t



TABLE 2.3-4 SMALL PUMPING STATIONS OPERATED BY FACTORIES ETC.

Refer. Name ' Year Wells Plant  Type of factory

No, of No. Capacity Capacity

1 constr. 2) ( md/h ) ( ad/d )

140 Bia Hanoi 1958 3 300 3000 beer production

139 Bo NN (drill. co.) 1960 1 30 1000 private use

388107 Cao Xa La 1962 9 700 15000 rubber, cigarette, soap
133 Cau Dien 1978 4 400 3000 frozen storage

141 Co Khi Giai Phong 1981 § 80 1500 mechanical

120 Det 8-3 1979 3 300 £000 textile

95&36  Det Kim Dong Yuan 1985 1 150 2000 textile

23 Nha May Cong Cu [ 1968 1 180 2000 instrusents, tools etc.
142 Pin Phan Lan 195¢ 2 240 2500 batteries

8 Ruou (aleohol f.) 120 3000 alcohol

135 San Bay Bach Mai 1984 2/4 240 3000 airport

130 VITH Viet Nas 1976 i 30 1000 Vietnamese television
Total 2790 45000

Notes: 1) refers to the nusber on the map shoving the location of the factories
2) 1/4 = one pusp in use out of total four
3) data as on 1/1989, collected from different sources
4) type of vater treatment process not known

40
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2.4 Water Supply Network

Z.4.1 General

The oldest part of Hanoi city water supply
network originates from the French period at the
beginning of this century. Between years 1900-
1930  about 55 km of cast iron pipes with
diameters between 40-500 mm were installed mainly
in the wold city centre. Between years 1931-1954
the network was extended to 85 km of cast iron
pipes mostly with small diameters.

After 1954 the network has been continuously
construsted to cover the urban area. Also other
materials than cast iron has been used to a minor
extent, namely concrete and steel. Total length
af the public pipelines was appr. 302 km in the
year 1989, Thig figure includes the part of the
network ¢ 6.3 km ) located in fGia Lam area on the
left side of the Red River. Excluded are,
however, the pipelines distributing water to the
high-rise building areas from a booster pumping
station.

There is 4.2 km of concrete pipes mainly of & big

diameter and 1.4 bkm of steel pipe. The

classification of water pipes in Hanoi according
to the diameter and construction period is
presented in table Z.4-1.

When the FINNIDA aided water supply project
started in Hanci in 198% the ’'crash programme’
policy was chosen to be the initial strategy in
implementaticn of the network system. The
strategy made it possible to achieve some
immediate improvements in the service level:

- increased amounts of water for consumers

- establishment of high pressure zone near
Ngo Si Lien water plant and later on its
extensions.

Network implementation Was started in the
influence area of Ngo 8i Lien water treatment
plant in June 1986 by distribution line
construction followed by house connection
implementation, which was started in July 1987.
Transmission line implementation was started in
March 1987.

Raw water line implementation has been connected
with the water plant construction and
rehabilitation.



TABLE 2.4-1 MNATER SUPPLY NETHMORK [N HANDI, CLASSIFICATION ACCORDING TO |
THE CONSTRUCTION PERIOD AND DIAMETER ( HWSCo & YME-Group )

F'y

unit: ka

‘Diameter ( am ) 1900-1930 1931-1954 1935-1965 1966-1980 19B1-198%  1985-3/1989 Total

n Hanoi Water Supply Company 3) -7 FINNIDA -2
40 - 60 ( £3) 2.6 15.9 -12.0 b.b 1.7
15-80(9) 4.2 1.t 1.2 1.9 8.5 16.9
100 - 150 ( 110 ) 15.8 9.1 12.4 27.4 12.4 2.1
180 - 200 ( 160 ) 31 0.9 13.9 16.7 1.5 19.6 95.7
250 - 280 ( 225) 0.3 2.2 3.5 2.1 14.1
300 - 350 { 315) 0.6 13.0 30.1 3.4 3.6 537
400  {400) 5.3 5.0 2.3 5.2 3.2 240
500 1.9 0.1 2.0 -
600 { 600 ) 4.6 0.5 13.% 19.0
352 29.4 49.1 3.0 10.86 86.9 302.2

Notes: ) Sizes used by Hanoi Mater Supply Project

2) Includes the lines disconnected during Phase 1 of the Water Supply Project

3) 12 ka of saall pipes deleted betwveen years 1955-65

4) 6.3 ke of pipelines in Gia Lam excluded .
. S , 5) 18 ke of PEL 50 ma and 2§ ka of PEL 32 aa pipelines installed by HWSP until 371989 sainly
P . for house connections

2y
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2.4.2 Transmission mains

The water is delivered +to the distribution
network frem the wells and treatment plants
through the transmission lines. Main network is
characterized by two principal criteria:

* The dimensicon of the pipes is 300 mm or
more.
* In general no house connections are

allowed to the main pipes.

In Hanoi there are approximately 98 km of these
main lines. ( table 2.4-1 )

The existing system of Hanoi water supply network
including the transmission mains constructed by
the HWSF is pregented in drawing...

About 8 % of the total main lines have been
constructed during the period 1900-1330, only 0.6
% from year 1931 to 13954, 19 % between 13551365,
47 % between 1966-198% and the rest 28 Y% after
year 1983 by the support of HWSP.

The established strategy in transmission mains
development has been to connect Mai Dich and Ngo
8i Lien water plants together with pressure
sustaining transmission lines. This work was
started in 1986 and completed in January 1989,
Now the improved pressure and service level is
available for all areas along the new network
system within the limits of the capacity of
30,000 m3/d from Mai Dich water plant.

Testing and repairing of existing transmission
lines iws an important factor in network
development. The distribution losses and Water
Loss Reduction FPreogramme ¢ WLREP ) will be
discussed in chapter 2.5.2.

2.4,.3 Distribution Network

Approximately 210 km of the public network has a
diameter below 300 mm, and it is called in this
context the distribution network. Before the
commencement of HWSP the only material used has
been cast iron. In 1985 when the project started
it was decided that FVYC and PEH pipes shall be
used as distribution lines. Thus today about 26 %
of the distribution lines are of plastic.

Abcut 22 YU of the total length has been
constructed between years 1900-1930, 14 % between
19311954, 15% between years 1955-1965, 23 YA
between the vyears 1966-1985 and the remaining 26
% during the last 4 years by the HWSP.



Appurtenances

44

Condition of the =ld distribution network,
specially concerning the smaller pipes, is knpwn
only in broad sutlines. As the age structure 1is,
however, raemarkably wlder than the maimn
network’s, it is reasonable to estimate the old
part of the distribution network to be generally
in bad condition.

In addition to those pipelines described above,
there exists a separate pipe network and booster
station system to supply water for the high-rise
building areas. It is most usually constructed by
the contractor of the housing area, but the
completed network belongs to and is managed by
the Water Supply Company. There is no information
available concerning the length and diameters of
these pipelines.

The development of distribution network by the
HWSF was started in Dong Da district, which is
the main influence area of Ngo 6i Lien water
plant. Implementation continued in the southern
Ba Dinh district and further to the west in Dong
Da district reaching wout to Lang Thuong, Lang
Trung, Lang Ha, Giang Vo, Hao Nam and Tho (uan
areas until the end of 1988,

In this situation new strategies had to be
pstablished:

* to keep the old and new constructed
networks separated from each other to
ensure hiagh pressure in the new network

* systematic disconnectian of old
digtributicon system in the areas with
new water supply

It is a must to follow the a.m., strategy to aveid
extensive losses and to enable proper woarking
conditions to the network.

The total length of new distribution lines is
presented in table 2.4-1.

Connections, Public Standpipes and Netwar k

Water is distributed to the consumers principally
either through house connections or public stand
pipes. Occasionally, specially during the summer
time, water is also supplied to the consumer by
tank trucks or water carriers.

According to the information from HWSCo there are
totally 21,000 private house connections
including offices etc. and 1025 public taps. It
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is not known what is the share of population
served between house connections and public taps.
Some estimates sugaest average figures of 3200-300
pers. /public tap and 15-3% pers./houseccohnection.
This means roughly 50 % for both categories.

Ll

The diameter of public taps varies from 1525 mm.

Before the MHWSP there were practically no meters
in the conpections, Many of the taps are still
missing and continuously flowing.

The house connections have been metered in
principal, too, However the great majority of the
old meters is out of order and the rest are
inaccurate. The diameter of the connection pipes
varies from 12 to 320 mm, the maost common sizres
being 15~-20 mm. The materials used are galvanired
steel and cast iron.

There are in Hanoi water supply network over one
hundred fire hydrants, with diameter of the
connecting pipe varying from 40 to 100 mm.
Probably almost all of them are out of order.

OFf the totally 1050 valves and &0 blow—off valves
( estimate by HWSCo J most are not used at all
and there is no clear indication of their
condition.

No reliable statistics concerning the guantities,
diameters ete. of the existing public taps,
private connections, fire hydrants and valves
have been made available for the consultant by
the Hanoi Water Supply Co.

The implementation of house connections by the
HWSF started in July 1987 and has been carried
out along with the distribution line
implementation.

Design of service connections has been developed
all the time in order to reduce the cost and
serve as many inhabitants as possible. The
principles of design and implementation of
service connections have been under discussion
with Hanoi Office of Urban Public Works, but have
not yet been approved.

The replacement of existing connections is
necessary to enable the disconnection of old
lines.

The lack of firm basis in tariff policy has
caused difficulties in connection and metering
design. The classification of different consumer
groups is still under development. The permanent
town structure exists only along the main
streets, the structure of alleys and sub-alleys
as well as 'villages' keep changing all the time
rapidly. Connections are designed at the moment
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for the consumers having & permanent address.
Other areas are served through public taps.

Until new it has been a standard to install a
water meter for each connection. This practice
does not  seem to be correct leading to enormous
numbey of meters to be looked after and is now
under discussion.

A regular water meter reading and pressure level
study has been started from pilot area and
extendad to all the areas with new water supply
system.

By the end of February 1989 tatally 3770
connections had been installed by HWSP divided

into categories as follows:

- private house conn. 3280 poe
- public taps 110 pcs
- industries, offices and

public buildings 380 pcs
During the whole implementation periocd the
importance of maintainina and repairing the
internal pipeworks has been emphasized by the
consultant. Unfortunately, Vietnamese
arganisations have not beern able to solve these

problams.

New fire hydrant installatiocn has not yet been
started. It has to be considered whether firve
fighting could be organized in an  other way than
using purified water as even in the city area
there exist plenty of lakes, rivers and channels
which can bhe used for this purpose.

2.4.50 Water Towers

There are seven elevated reservoirs in  the
distribution network. List of them is presented
in table 2.4-2 and their loacation is shown in
drawing...

No one of these reservoirs is in use at present.
The main reason is the existing low pressure in
the netwark, which makes their use impossible.

Hang Dau, Don Thuy and Trung Tu reservoirs are in
relatively good condition. All the others
necessarily need to be repaired before considered
to be used.
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TABLE 2.4-6 ELEVATED WATER RESERVOIRS IN HANOI

Name/locat. Material Valume Head
¢ m3 ) Cm )
Hang Dau concrete 1,250 16.45
Don Thuy concrete 1,230 16.45
Bach Mai concrete 250 259.00
Ngoc Ha concrete 250 295.00
Trung Tu concrete 250 25.00
Kim Lien steel 200 25. 00
Gia Lam caoncrete 150 20.00
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2.9 Btandard of distribution
2:.0.1 Water GQuality

The task for monitoring and maintaining the good
quality of drinking water in the network belongs
to HWSCe and the Hygienic Service of the city.
The resources for sample taking and analysis are,
however, scarce and this fact sericusly hampers
the implementation of the control programs.

From analysis results it can be generally noticed
that water quality is most commonly rather well
within the limits of the standard values. The
biggest problems arise from the high values of
iron and manganese. The treatment method applied
in the plants reduces rather effectively iron and
manganese, even if the results are not always
good because of the operational deficiencies of
the water plants.

A more difficult problem is the hygienic gquality
of the water. The disinfection esquipment using
chlorine gas will be installed for all the major
treatment plants, but at the moment the work has
not yet been completed. The low pressure and
leaking of the old network may bring about
contamination at any point of the pipe system.
Therefore, the water used by the consumers cannot
be considered as hyaienically safe.

2.59.2 Distribution losses
2.5.2.1 Level of Losses

System efficiency is a basic parameter used to
appre-ciate the condition of the water supply and
distribution system and to control the level of
water losses.

One method of estimating the technical efficiency
of a water supply system is to define the ratioc
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between the volume of water accounted for and
volume of water introduced to the system. In the
valume of water accounted for, & distinction
should be made between:

- the metered amount { whether or not
invaoiced 2

- the estimated amount ¢ flat-rate
consumers )

This efficiency varies from 50 % to 90 4. The
lower the efficiency the greater the benefit to
be obtained fy om a water loss reduction
programme. This efficiency has been estimated to
S50 % inm the existing Hanoi water supply system.

2.9.2.2 Factors influencing the leakage

The main factors affecting the level of leakages
( physical losses out of all the unaccounted for
water can be cansidered only because the
consumption is not metered ) in Hanoi old water
supply system can be listed as follows:

* deterioration of pipes and fittings due
to poor maintenance and lack of gpare
parts

* poor pipe installation work due to use

of wrong back filling material

* nlaluls guality materials used in
installation work ( e.g. cement has been
used instead of lead in cast iron pipe
joints )

* traffic loads, caused by too shallow
installation depth of pipelines

* inadequate design C 2.9 missing
underaround structures and levels )

* age of distribution system

* poor water use habits, ¢ perhaps low
pressure in the old system has resulted
to destroyed public taps and leaking
connections or even illegal connections)

With the exception of poor water use habits,
these factors can not be easily altered after the
installation of the pipeline. Therefore they must
be taken into consideration during the design and
construction phases, followed by adequate
supervision to ensure the gquality demand.
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2.59.2.3 Water Loss Reduction Programme

Water Loss Reduction Programme was introduced in

the beginning of the project and the first two

years were spent in  building up strategies and

é@:dying water use habits of citizens in Hanoi
ity.

Field activities in form of testing and repairing
af old mains to be used in the new network, have
been progressively carried ot since the
beginning of 1988. 5.6 km of mains have been
tested and repaired by the end of March 1989.

Disconnection of old distribution network has
been another important activity and was started
in summer 1988. It continues parallel to the new
distribution system implementation.

Water consumption follow-up and pressure level
studies have been commenced in pilot area since
August 1988. The number of recording points will
be increased to cCover all the implemented
distribution system. Also a pilot study of old
network has been commenced to define the level of
leakage and to give guidelines for future
rehabilitation plans.

By continuous recording of leaks and repairs over
a certain period and by water consumption and
pressure level studies the total leakage of from
the system can be estimated. For this purpose
leak detecting and leak repair reports have been
intraduced to the programme.

Maintenance of old network is a natural part of
activities in a water supply company and should
be developed alono with the WLRF considering the
fact that a total replacement of petwork will be
unrealigstic to reach in the scope of available
project funds. HWSCo has now established a
special group to be in responsible for the tasks
of WLREP.

Systematic leak detection in form of passive
control  method and sounding of mains will be
commenced as soon  as  manpower reguirements are
satisfied.

2.5.3 Distribution pressure

The water pressure in the whole network is not
regularly followed. Some control measurements
have been carried out using hand manometers and
temporary labour. This kind of measurement shows
only a momentary situation. Variations according
to the pumped vater amaunt and different
consumption situations can only be found out by a
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continuous, registering pressure measurement,
which are planned to be used in future pressure
level studies.

HWEF has carried aut regul ar pressure
measurements in the 'Rilot area’ near Ngo 8i Lien
water plant, where new distribution lines and
house connections have been constructed, since
July 1988. Since the capacity of the pumping
station is only 14,000 m3/d it can only serve a
=zmall limited area. In the beginning of pipeline
implementation the amount of water pumped throuagh
the pilot pumping station was enough for the
consumption and pressure sustained good, above
1.5 bar. In the course of construction additiconal
streets were connected into the pilot area
network and finally the water demand exceeded
praduction. During the morning peak consumption
the lowest pressure was only 0.1 bar while the
supply pressure at the station was 2.0 bar. Later
an the area has been reduced tao coincide with the
production, ’

Today a transmission line. connects Mai Dich and
Ngo 8i Lien water plants. There exist three
separate high pressure zones ( figure 2.5-1 )1

- Ngo S9i Lien pilot area

¢ 14,000 m3/d * 22 m )
- Ngo Si Lien

¢ 17,000 m3/d * 20 m )
- Mai Dich

¢ 30,000 m3/d * 35 m )

The high pressure area covers the areas with new
distribution lines and house connections.
However, a big part of that area is still having
a parallel network of old pipelinmes which have
not yet been disconnected. The disconnection of
cld network will be carried out in parallel to
the new distribution pipeline implementation.
Total disconnection of old network is important
as they are sometimes illegally connected to the
new network causing huge amounts of water losses
and reduction of pressure.

The rest of the present production capacity,
appr. 240,000 m3/d, is still pumped in to the old
network with low pressure. The pressure level in
many places of the old network equals to zero at
certain times.

The existing pressure level in old network makes
it impossible for multistory buildings to obtain
water directly from the pipeline. Therefore, in
these areas almost all the new housing areas with
high-rise buildings have used an own ground level
reservair and a booster pumping station to secure
their water supply.
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2.5.4 Coverage and continuity of supply

There ig no reliable information available
concerning the coverage of water supply within
the urban area. According to the estimate by
HWSBCo all the inhabitants have access to A
drinking water source, 80 % of the papulation or
about 740,000 people use public taps or private
house connectiong and 20 %4 oar 190,000 people are
depending on illegal connections or  other
sOUrces,

At the moment the demand of water is higher than
the production of the existing plants, but should
be satisfied if the targets of the second phase
af the HWEF are met in the end of 1990 with the
total production capacity of about 400,000 m3/d.
This results today in temporary shortages of
water and intermittent water supply. Even some
immediate relief methods, such as water trucking,
has to be applied during the worst times.

In Hanoi continuity highly depends o0
availability of power supply. In this respect the
situation has improved to some extent, but still
supply failures are daily repeating.
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3. WATER RESOURCES APPRAISAL

2.1 Burface Water Resources

3.1.1 General

A comprehensive surface water resources appraisal
study for any purposes should include the
following:

* description of the river system

* analysis of the rainfall-runoff
statistics

* analysis of the hydrological data

(discharge data, flow duration etc.)

* appraisal of the availability and
dependability of the flow

* appraisal of the water guality and
usability

* appraisal of the water demands

* utilization proposals

For Water Master Plan study purposes for a big
city like Hanoi the area to be cwvered by the
studies should be big encugh to enable to take
all the possible alternatives for resources
utilization into consideration. Thig means that,
as a rule of thumb, all the water resources
within a minimum radius of 850 km measured from
the utilization area should be studied.

In this report, however, it is not possible to
present such a comprehensive study, as only very
limited amount of basic data concerning the
sur face water resources has been made available
for the consultant by the Vietnamese
organizations responsible for data collection,

The Hydrometeorological Institute is in
responsible for the collection and analysis of
river basin data in Vietnam. There exist a rather
well covering network of river gauging stations
in the country. In figure 2.1-1 is presented the
network of river gauging stations in Northern-—
Vietnam. There exists daily discharge data for a
period of 10-30 years for many stations. The

General Department of Hydrometeorological
Ingtitute and some other organizations are
possessing extensive studies concerning the

surface water resources and have proven to be
capable of preparing such studies.



I
. 1
+ . .

BAN DO MANG LU'GI SONG NGOI VIET NAM ._ | 2

L-1'€ 34N9I4

| WYN L3IA N 3H 10N NI
SNOLLYLS NIDNYD ¥3IA1Y ONV SYIAIY NIVW 3K L




55

The basic data made available for this study are
ag follows:

- rainfall and runocff statistics mainly
from Hanoi Province

- river discharge data of Song Hong, Song
Day, Song Tich and Song Bui

- assesement of tide and salinity effect
limits in Bac Bo Plain ¢ delta area of
Song HMong )

The results and conclusions of these studies as
well ags recommendations for further studies are
presented in this chapter.

3.1.2 The river system

The main rivers of Northern Vietnam are presented
in figure 3.1-1.

The main river is Song Hong ( Red river ) named
Song Thao at the upper stream from Viet Tri where
the river is having a confluence with twe main
tributaries, namely Song Da on the right side and
Song Lo on the left side. All these rivers are
flowing Narth-West/Scuth-East direction. The main
river and its tributary Song Da originate from
South-China.

Other main rivers on the right bank side of Song
Hong are Song Nhue ¢ Black river), Song Tich and
Song Boi, which are all tributaries of Song Day,
and Song Bui, a tributary of Song Tich. Song Day
is discharging to South—-China Sea at the Southern
part af the delta.

Song Nhue and Scng Day serve mainly for
irrigation and flood protection purposes for the
city as they originate from Song Hong. The flow
of both these rivers 1is highly regulated by the
gates at the bank of Song Hong. Accordingly these
rivers have not been considered as a possihle
source of water supply for the city.

Main rivers on the left bank side of Song Hong
are Song Lo, a tributary of Song Hong, Song Duong
and Song Cau, tributaries of Song Thai Binh,
which is draining to the South China Sea south of
Hai Phong city, and Seng Cong, a tributary of
Song Cau. Song Duong forms a connection between
the two rivers Song Hong and Song Thai Binh.

The overall drainage in delta area like Bac Bo is
rather complicated and there is several inter-
connections in between the different rivers., The
delta with a total area of about 15,000 km2 is



56:

rather plain, the average gradient towards the
sea being only about 2 mm/km. As the whole river
system in the delta area is affected by tide and
regulated for drvigation purposes, it is very
difficult to determine the exact flow rates and
tdirections of the rivers., More simple are the
hydrological characteristics of the rivers in the
mountain areas in the north, west and south-west
of the delta.

3.1.3 Tich River resources

The map showing the average annual rainfall
igsohyetals of Tich River basin ig presented in
figure 3.1~2. The map is based on data collected
from 40 rainfall atations located inside and
arcund the basin during the period 1961-1985.

The rainfall is varying from 1SO0-1600 mm in the
delta area to 2400 mm at Ba Vi mountains. In
dgeneral the rainfall is increasing with the
elevation and the slope of mountain where the
south-epast winds are stopped is experiencing more
rainfall than the other side. The Ba Vi mountains
form the main hydro source of Tich River.

The mean annual specific run-off ischyetals for
Tich River basin are presented in figure 3.1-3.
The map is based o the rainfall studies
presented above and rainfall and run—-off studies
of 15 rivers nearby with the catchment area of
some tens to aver 2,000 km2.

The results of the studies prepared by the
Hydrometeorological Institute on the annual run-—
off at three locationgs of Tich River basin are
presented in table 3.1-1. Bui River includes the
catchment above the confluence with Tich River,
Xuan Mai the catchment of Tich and Bui Rivers at
Xuan Mai and Tich River the catchment of the
river at the confluence with Day River.

When considering water supply projects they
should be based on 99% dependable flow, if a
reservoivy i not being considered. Therefore
annual run-off data is not enough, but alsoc the
daily variations of the flow should be studied.

In the area concerned the flow regime of the
rivers isa highly depending on the rainfall
variations. A general descripticon of the rainfall
variations in Hanoi area has been presented in
thapter 1l.1. In general there is a dry season
starting im November and ending in April. The
lowest flows occur thus usually in March or
April. The average monthly discharges at Lam Son
and Ba Tha stationg are presented in table 3.1-2.
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TABLE 3.1-1 CALCULATED RUNOFF VALUES IN TICH RIVER BASIN

Juan Mai Bui River Tich River
{Tich R.)

Catchaent area ( ka2 )
Aver. annual rainfall ( )
Aver. annuzl runoff ( a3/s )
Aver. annual runoff ( 1/s/ka2 )
Aver, annual runoff ( as )
Annual runoff ( 83/5 )
vith the frequensies:
11

102

i )

50 1

51

9% 1

/1

1040 196 1330
1890 1900 1668
3.4 3.96 39.4
30.2 30.4 29,6
952 960 935

70.0 13.8 86.1

4.8 9.7 61.8

3.7 1.6 49.7

29.8 3.6 3.5

.4 3.9 21.1

13.0 2.1 19.3
2.0

1.5 15.0

TABLE 3.1-2 MONTHLY AVERAGE DISCHARGE VALUES AT LAN S0

AND AND 5A THA STATIONS

Las Son

Ba Tha
Honth ST wmmemmmmen | eedee e m—————
discharze 1 of the discharge 7 of the
( a3/ ) vyear total  (03/5) year tctal
volusg volupe
January 0.29 2.2 11.3 1.9
February 0.23 1.8 12.0 2.0
Harch 0,19 1.5 10.6 1.7
. April 0.25 2.0 17.2 2.9
Nay 0.50 3.9 36.7 £.0
June 0.33 7.2 6.3 2.3
July {.£2 12,5 84.4 13,9
August 2.5 19.4 119.0 19.6
Septeaber 3.3 2.7 140,90 23.1
October 1.80 13. 799 12,3
Novesber 0.9 7.0 30,2 5.0
Decenber 0.28 2.9 13.1 2.2
Year 1.08 100.0 50.56 100,90

54
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As a reference, the flow dependabilities
¢ durations Y of daily discharges of a wet year,

average year and a dry year for Ba Tha and Lam
Son stations have been presented in table 3.1-3.

The minimum recorded flow at Ba Tha station
during the periods 19371-74 and 1976-B0 has been
2,39 m3/s. There is no statistics showing the
minimum flow of Tich River at Xuan Mai, but it
has been rcalculated that the average runcff aof
the dry pericd is 4.5 m3/s above the confluence
with Bui river and S.3 m3/s beyond the same
confluence.

It has been estimated that the demand for
irrigation accounts for 20-25 % of the total
average runoff during the dry season and about
40 % of the runoff during the most dry months,

Jd.1.4 Red River resources

Red River water resources are abundant. The
minimum recorded flow at Hanoi station during the
pericd 1956-1988 has been 3%0 m3/s and the
maximum 22,200 m3/s. Thus in quantity wise it
could easily meet the water demand for the whole
city of Hanoi,

Statistics on the average, maximum and minimum
flow recorded at Hanoi station over the period of
1978-1988 has been presented in tables 3.1-4 to
3- 1""6-

The dependabilities of flow of a wet vear,

average year and a dry year have been presented
in table 2.1~7.

3.1.5 Water guality

There is rather well statistics on the quality of
the water in the Red River. The results of the
monthly sampling during the period 1979-1986 are
presented in table 2.1-8.

The total suspended solids has been reported to
be 200-300 mg/l during the dry season and up to
3,000 mg/1 in the rainy season, and that would
probably be the main problem in water treatment.
There has been reported some sudden changes in pH
values which could indicate the existence of some
industrial waste waters.

The water quality in Tich River basin has been
studied in four places during the last guarter of
19832, Two of the sampling places have been the
two lakes in the catchment area, one in Tich
River some 20 km north from Xuan Mai  and one in



TABLE 3.1-3 DEPENDABILITY OF DAILY DISCHARGES AT LAM SON AND BA THA

STATIONS \
Dependability Las Son ( 1970-1985 ) Ba Tha ( 1971474,1976-80 )
Dry year Av. year Wet year  Dry year Av. year Wet year
1973 1975 1976 1971 © 1972 1977

( days ) (ad/s ) (a3/s) (edls) (n3/s) (ad/s) (a3/s)

1 5,32 8970 £7.60 174.0  294.0  782.0

5 .30 10,00 20,50 ° 140.0  270.0  £20.0
10 1.89 4.60 12.70 116.0  242.0  4£9.0
30 0,80 .20 3.9 76,0  161.0  300.0
60 0.52 1.80 3.10 50,5  102.0  240.0
90 0.37 1.65 1.80 M3 76.0  168.0
120 0.28  1.58 1,05 25.0 2.0 84.0
180 0.19 1,22 0.50 18.0 35.0 32.0
240 0.14 0.95 0.35 13.3 19.0 {2.0
270 0.12 0.85 0.30 11,0 15.0 8.0
355 0.10 0,30 0.12 6.2 9.0 6.0
Year average 0.39 {.16 2.18 25.9 5.8 102




TABLE 3.1-4 AVERAGE MONTHLY FLOM IN SONG HONG AT HAND! STATION DURING THE PERIOD 1965-1988

Unit: ed/s
Year Jan Feb Mar Apr May Jun Jui Aug Sep Oct  MNov  Dec Average MNax Min  Std
1965 991 B4 6B 1010 1130 3890 5240 4150 2580 3060 3340 1690 2381 5240 6Bl 1478
1966 1100 839 605 687 B30 4360 B440 6370 5920 3380 2150 1230 2994 8440 805 2371
1967 1050 883 721 786 1140 2060 35L0 GOS0 3350 2450 1740 1330 2139 g5 7 1354
1968 1140 954 916 - 1190 1530 3130 6950 7330 -S5640 3610 2620 1330 e 73 sl EN4
1969 937 .7339 - 626 - B72 1090 2220 4300 10400 - 4000 2100 1910 1030 %07 {0409 £E ZERD
1970 944 - 887 649 828 2070 3280 86RO 6760 4300 2610 16M0 2080 2947 BeBO 649 2380
1971 1000 921 676 891 1660 4300 7930 11800 5770 3230 220 1270 3464 11800 676 33N
1972 1080 877 681 910 1460 2760 4950 5420 4510 3430 2300 2000 2332 5420 6Bl 1Bl6
1973 1130 %71 1180 1120 2210 4250 6230 73BO 6780 3230 2440 14BO 3200 7380 971 2287
1974 109 968 816 B92 1340 3500 3360 S140 5640 3470 2010 1280 2026 S640  Bi6  1Bl6
1975 {180 B2t 721 1240 2130 5740 4720 4460 4870 2630 2050 1280 2854 5740 720 1726
1976 1020 1170 825 1040 22R0 3360 4060 6360 39B0 2500 2540 1340 2538 6360 825 1595
1977 1040 929 - 765 957 {160 1520 6070 5780 3030 2390 1690 1110 2203 8070 763 1741
1978 1140 -798 755 715 2470 5470 5970 6410 6650 4090 2030 1380 3157 6850 TI5 2295
1979 1100 1020 789 790 1310 3370 4BS0 7270 8030 2700 1610 1150 2832 BO3D  7ER M4EE
1980 99 979 623 616 1170 1630 6230 7210 S530 2430 1310 1020 24718 100
1981 933 857 B13 1380 2710 4350 5E10 7810 SB30 3830 3260 1780 17 784 !
1982 1200 987 638 f130 779 2200 4190 7HEO 5430 4080 2470 1450 aJu8  7eBbd 633 1M
1983 1020 B4Z 1010 731 1080 1750 2420 6280 6100 4300 3860 1700 2574 R8¢ 731 1943
1984 1380 93¢ 760 754 1880 4810 7010 4840 4680 4110 2170 1250 2863 7010 T00 2000
1985 1110 1020 989 1130 1340 3440 4610 3340 7600 3030 3290 1840 2895 7600  9B9 2018
1988 1140 8§60 710 1320 2470 3910 £BA0 65B0 5130 4120 270 1410 3038 6BBO TI0 2122
1987 11 972 7150 715 812 1890 3790 4870 4180 3040 2070 1240 2108 4870 715 1420
1988 906 833 664 542 1380 1580 '
Aver, 1076 912 Te4 918 1567 3265 35S 6A04 5249 3212 2288 1424
Hax 1380 1170 118¢ 1380 2710 5740 8680 11800 8030 4300 3560 2080
Nin 06 739 603 542 779 1520 2420 4050 2580 2100 1310 1020
Std 163 9 - 137 226 562 1215 1564 1739 1302 651 593 285

28
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: TABLE 3,1-5 NININUM FLOW IN SONG HONG AT HANDI STATION DURING THE PERIGD 1965-1988
Unit: nd/s

Year Jan Feb Mar Apr  May Jun  Jul Aug  Sep Oct HMov Dec dverage Max  Min  §id

1965 B60 &40 598 SB0 622 1750 2960 2550 1770 1740 1640 1310 1418 2960 580 763
1366 95 6b4 528 556 485 1350 5030 3580 2690 2540 1570 1020 1748 5030 48% 13/
1967 B9S 745 657 525 630 1300 1916 2880 2530 1580 1330 1120 1350 2880 523 734
1968 925 830 73¢ 701 1220 1290 3020 3080 3840 2630 1740 1060 1756 3840 701 1047
1989 793 643 564 500 616 720 3010 3730 2390 1780 1220 8% 1406 3730 500 1039
1970 871 695 573 9335 1050 1890 4700 4630 3530 1880 1330 1340 1921 4700 555 14%4
19 852 74 515 383 1020 2160 4340 8950 3660 2250 1330 {120 2349 8350 515 N0
1972 857 764 536 5% 469 1350 2520 3710 3250 2330 1620 1270 1661 37110 469 1060 .

1973 - 918 820 743 TOB 1410 2740 4050 4720 4700 2200 1960 {150 A7 Fx HE 147
1974 1020 @36 - 746 728 B34 1580 4060 3:70 3290 2260 1620 1084 i775 4080 723 1103
1975 - 882 746 620 7BB 893 3M30 3370 3460 2670 1770 1280 10% {767 3Bz 20 1120
1976 . 94 838 676 704 915 2320 2840 4310 2810 2090 1590 1040 1735 4310 676 1091

1971 905 827 698 712 712 744 3000 2810 §960 1880 1220 938 1387 3000 698 805
1578 868  6ES 637 587 736 2470 3250 3230 4000 2430 1740 1150 . 184 4000 587  1ied
1979 919 708 698 388 939 1430 2830 2830 3490 1950 {350 1040 © 1564 3430 588 942
1980 908 830 436 417 417 835 2470 5540 2780 1780 1030 742 1517 58540 417 1428
1981 B62 721 692 934 1270 2980 4560 5080 3140 2840 2260 1400 2228 50B0O 692 1447
1982 933 754 535 742 570 968 2700 4180 4000 2660 1890 1050 1750 4180 535 1269
1983 865 752 711 - 533 583 955 1200 3640 3330 2310 1980 1320 1565 3930 533 112
1984 © 1020 . 721 594 594 Te4 2670 3970 3000 3340 2630 1560 1110 1831 3970 594 1163

1385 1000 908 923 957 1000 2140 3270 3150 3620 2200 1930 1370 1972 3814 M 9
1984 972 714 5% 634 1520 2290 2980 4600 2940 2880 1690 1120 1916 4800 334 1l
1987 98 644 625 529 538 810 1500 3240 2820 1B7O 1570 740 1340 3280 513 RED

1968 850 582 530 488 5B B840 .

hver., $10° 739 B35 635 831 1726 3223 3503 3180 2202 1589 1108
Kax 1020 909 923 957 1520 3830 3030 BIS0 4700 2080 2260 1400
Hin 799 640 436 417 47 720 1200 2550 1770 1680 1030 740
5td 8 14 98 130 297 813 99 1335 887 36 287 {73

€9




TABLE 3.1-6 HAXIMUM FLOK IN SONG HONG AT HANOI STATION DURING THE PERIOD 1965-1988 Init: a3/
. it: nd/s

Year Jan  Feb Mar fpr May Jun  Jul  Aug  Sep Oct Nov Dec Average Max Min  Std

1965 - 1170 935 810 1700 3460 6020 7370 7020 3Bi0 9500 8350 3300 4303 6500 B0 302S
1966 1350 1300 725 1050 - 1940 8080 13800 12900 12300 5260 4040 1550 T O335Q 13900 7% 4867
1967 1270 1150 780 1280 2520 3340 5740 11000 6460 3870 2670 &G0 49 1l 7E ZBES
1968 1930 - 1280 1300 2030 2140 S340 11300 16400 8860 . 4780 3890 1730 5082 16400 1280 45363
1969 1040 831  B62 1320 2120 4270 5980 17800 6160 29B0 3600 1200 3997 (7900 Ep2 4533
1970 1120 1310 844 1460 5820 6120 14900 11400 6910 5090 2010 3140 5010 14300  B4d 4237
191 1330 {080 748 1420 3410 7220 11200 22200 10600 5170 3900 {380 5803 22200 748 6032 .
1972 1300 1020 - 831 1160 3340 6530 9240 B340 7940 4420 3640 3560 4290 9240 831 293
1973 1260 1480 3340 2020 4260 7720 9060 9710 11500 5180 3400 1920 5069 11500 1260 3402
1974 1130 1080 830 1060 2460 £370 7500 8230 7940 5900 2960 1560 3973 8230 890 294
1975 1950 995 872 1960 5510 9020 7480 6440 B7I0 3750 360 1620 4331 9020 872 2879
1976 1230 2370 1000 . 1510 4010 35270 6980 9670 5180 4010 Si70 1640 4003 9670 1000 2525
1977 1220 1140  8A7 1550 1510 .3300 10700 10700 4210 4210 2510 1300 33 L0760 8F7 0 53

1978 - 1744 1060 - 926 938 7480 9260 11100 11900 12200 9730 2660 1730 SRR O12M0 938 4333
1979 1450 1670 988 1100 2630 &BO0 9840 13800 1430 3460 (950 1330 2877 i2egh ¥R} 3997
1980 1060 1180 1030 B84 2350 5290 13100 10100 8320 3260 17Vi0 1260 4301 15100 884 4383
- 1981 1350 1130 1720 i830 7940 7010 1160 12200 7800 64BO SBI0 2230 C 4730 12200 1150 348t
1982 1376 1210 791 1880 1660 3580 G610 11100 710 &770 3530 3460 4136 11100 791 3073
1983 1340 1020 1400 937 1830 2880 4730 12400 7820 10200 7910 2400 4572 12400 937 383

1984 2600 1110 754 1280 4700 9140 10000 9380 6450 5490 3300 1560 4648 10000 734 3289
1985 1220 1190 1060 1840 2820 5700 7020 (1800 1370 3920 8670 2380 4066 11800 1060 3313
1986 1350 950 939 2130 4070 7800 14600 12600 9140 B3B0 2930 1670 5613 14800 933 4579
1987 1620 1190 %8 901 1670 2560 5520 8330 5750 3990 3330 1590 3118 8330 %01 2253
1988 952 1080 1040  b42 3000 3420 - -

Aver, 1390 1199 1034 1404 3470 5983 8997 11531 7325 5469 401 1973
Max 2600 2370 3340 2130 7940 9260 15100 22200 12300 10260 8IS0 IIEC
Nin - . 932 831 682 G42 1510 2560 1160 6440 (370 2980 1770 1200
Std 33 299 529 46 (752 1977 3477 3480 2866 2075 1973 T2

¥9




65

Day River besides the main road bridge., The

results of these studies are presented in table
3.1-9.

Tich River resources are also suffering from the
high contents of suspended ealids, unfortunately
there does not exist any statistics. Alkalinity
values are very low which could make the
coagulation and sedimentation process difficult.
Oxygen values in the upper catchment are rather
uni form and high and could indicate pellution
free water. Day River water is probably polluted
by human wastes.

TABLE 3.1-7 THE DEPENDABILITIES OF DAILY
DISCHARGES AT HANOI STATION

AMLLD S Bl Ml Gl bk e i v e PYTTY PP PRrSh PPPPY YR Y Y FYHN BYFS PYRFY SYVE SP G S e S A At s S SR Sy S Y U EEE S S FrTPS VPR ST e PrvPY FrVYE W

Depenrndability Dry year Av.year Wet year
1967 1982 1971
{days) (m3/e) tm3/s) (m3/8)
1 10,500 11,000 22,000
3 8,200 10,000 14, 200
10 7,000 9, 000 12,000
30 4,850 6,500 9, 400
&0 3,600 4, 850 6, 900
90 2,800 3,900 9,000
120 2, 150 3,100 3,500
180 1,500 1,800 1,900
240 1,150 1,100 1, 000
270 1,000 200 800
355 250 600 600
Year averaqge 2,150 2y 720 3,460

i b b —— s — -

3.1.6 Appraisal and recommendations

Red River resources are plentiful even during the
dry season, and the possible exploitation for
Hanoi water supply would purposes should
obviously have ne vigible affect on the
hydrological parameters of the river. The water
quality varies rather much and specially during
the flood period silt content is very high ( even
the coalour of the river is red ). The required
treatment process wauld probably include at least
the follawing: intake, pre—-settling, chemical
application, flocculation and clarification,
filtration, disinfection and clean water storage.

Tich River rescurces are rather limited and as
such could only serve as an  additional sourrce,
groundwater resources being the main source of
supply. Probably a raw water storage would be



TABLE 3.1-8 5ONG HONG MATER QUALITY N

1986 .

Foos@2 G

604 C1 Total Total Harda.

Year MNonth Water Tesp.C Na,K HCO3
level S )
(cm) (sg/1) (mg/1) (mg/1) (ag/1) (mg/1) (mg/1) (ag/1) (mg/1) (wg/1)
1979 i 46 282 7.0 0. 2 1.6 9.2 10,8 L0 0.7 160 1.8
b 546 274 7.2 01 3 160 9.2 88 92 1.8 14 1.5
9 1131 25.0 .2 0.1 24 144 3.1 0.5 97 5.7 134 1.6
1 49 200 7.2 05 8 .27 9.6 17.5 1M 9.2 204 2.2
12 38 19.8 7.2 0.5 8 31 62 148 140 7.8 206 2.3
1480 1310 18,2 7.4 0.0 12 2.8 7.7 123 134 3.6 195 2.2
2 302 156 7.4 0.0 14 29.7 6.0 12,3 134 5.0 193 2.2
3 243 2,2 .78 0.1 10 29,0 9.2 1.6 146 3.6 207 2.4
§ 39 297 1z 0.2 12 25.2 6.4 13.8 122 .6 182 2.0
5 785 280 1.3 0.2 16 3W/1 1 57 1A 4.2 187 2.2
.6 1165 251 7.6 0.2 16 30.5 5.1 47 119 6 1.8 187 2.0
7 902 2.8 74 0.} 16 32,0 5.6 1.4 1 1 1.4 167 21
8 3 25.¢ 7.0 0.2 12 267 83 3.8 131 3 14 15 24
9 307 2203 1.2 0.2 12. 229 1.4 21,8 128 e 2.1 192 21
1984 t M9 18,7 1.6 0.t 4. 22,0 7.4 10.5 113 10 2.5 185 1.9
2 302 28 7.8 02 8 2.3 51 1.0 128 4 25 119 2%
4 W2 254 7.0 0.2 14 19.6 1.4 109 2 1.8 144 1.8
6 859 273 7.4 0. 16 28,1 8.7 5.2 104 7 36 150 17
7 814 274 .0 0.2 16 27,3 49 50 104 4 36 149 1.7
8 940 276 7.4 0.0 16 26,3 44 7.2 104 4 6.4 152 1.7
9 882 274 T4 0.2 200 25,2 63 4.8 tol 10 4.2 152 1.7
672 25.0 7.2 0.1 6 2.2 1.3 3.2 10 7 21 142 1
610 20.0 7.2 0.2 12 30.3 6.8 4.0 107 6 42 198 1.8
420 19,0 7.8 0.3 10 21.8 57 1.5 113 4 2.8 159 L9
1992 33 6.8 0.0 16 27,1 . 7.6 6.6 119 8 42 182 20
286 27,3 1.3 9.6 1Y 4 2.1 192 2.2
504 k.1 8.3 2.6 130 65 0.4 210 2.5
n 297 &3 7.7 18 8 14 176 2t
615 0.5 83 7.3 14 4 0.7 182 2.2
180 6.7 1,3 8.6 140 4 1.4 180 2.3
989 257 5.8 5.9 i3 4 2.1 179 L9
790 %7 1.3 1.3 W 6 2.1 149 1.8
£80 6.6 0.2 12 2.1 5.7 11,3 22 8 21 1719 2.0
470 6.0 0.2 14 281 63 61 122 B 1.8 172 2.0
409 6.4 0.4 10 29.7 83 4.3 13 8 21 181 2.2
1983 332 17.8 B4 0.3 8.1 5.8 105 i3 5 3.6 (81 21
323 19.6 6.5 0.4 N7 58 1.2 122 8 2.8 178 2.0
%2 273 6.5 0.2 t6 27.3 7.3 6.8 22 B 3.9 1713 2.0
290 3.2 6.3 0.3 12 26,4 5.8 3.6 5 4 21 B 1.9
4 29.6 6.4 10 284 39 7.0 0 & 2.8 157 1.8
47 3.2 7.t 0.3 16 2.3 1.5 3.0 83 5 21 14 1.4
738 285 7.4 0.3 16 .0 L0 145 10 5 2.8 180 1.B
1 26,8 7.0 1.0 8 2.2 6.4 11L3 9N.6 g8 83 182 .6
672 26,0 7.4 0.8 4 2.4 7.8 10.2 (13 10 1.4 183 1.9
U3 20,8 7.4 0.4 12 27.4 43 12,8 122 8 L8 176 2.0
G54 18,3 7.2 0.4 B 157 9.0 122 8 36 172 2.0

+

( to be continued )
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|
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TABLE 3.1-8_SONG_HONG WATER GUALITY IN 1979-1986  continued )

Year Month Water Teap.C pH  Fe 802 Ca Mg NaK HCO S04 Cl Total Total Hardn.

4 evel . : ion  alkal
(ca) (ag/1) (ng/1) (mg/1) (ag/1) (mg/1) (mg/1) (mg/l1) (mg/1) (mg/1)
1964 1 3@/ 17,3 1.0 0.4 16 9.3 5.5 62 122 3 36 170 2,0 1.9
2 3% 168 7.0 0.8 16 337 5.5 8.1 - 146 1.4 25 2.4 213
3 22 2.8 7.8 0.4 16 28,9 8.3 122 14 00 36 203 2.3 212
¢ 29 5.4 1.4 03 6. 29.7 6.8 8.2 122 # 5.0 182 20 2.04
3 306 28.6 0.3 20 27,3 6.8 12,7 1M 7 2.8 190 2.2 (.92
6 - 636 29.0 0.3 24 N7 54 161 0 134 5 21 188 2.2 17
7 1044 26,5 7.2 0.4 16 281 3.9 18.4 134 9 21 195 2.2 172
8§ 840 2.0 6.8 0.4 10 265 4.3 13.0 116 7T 850 1 1.9 1.6
9 680 26.5 7.0 0.5 4 259 67 2.8 132 9 33 m 25 .83
10 806 24.2 7.2 0.5 4 4.1 48 222 134 9 6 197 2.2 L1.60 .
H. 28 255 7.2 0.4 16 22,3 1.3 0.2 %2 13 43 2271 25 L%
12 3B 2.5 7.6 0.0 20 2.7 7.7 1.1 182 S 57 27 2.5 208
1985 1 282 19.8 6.6 N.7 6.8 162 140 10 5.0 28 2.3 2.00
2 35 N8 6 . 20 295 84 2.6 128 5 21 175 21 216
3 2 1.3 66 1.2 16 234 7.9 8.7 122 § 57 114 2,0 1.92
4 30 22,4 7.2 24 1.3 K2 122 8 42 178 2.0 1.72
3 34 290 7.8 0.2 1 229 7.0 &8 103 4 71 188 1.7 L
6 655 2.0 7.8 0.8 16 23.7 45 13.4 128 6 2.1 182 2.1 LS55
7 816 27.0 7.8 0.8 16 27,8 5.0 2.7 110 4 0.7 150 1.8 1.80
8 614 2.7 7.2 1.3 16 15.5 144 G4 119 B 21 14 2.0 1.9
9 14 250 68 0.0 12 287 5.0 3.0 109 20 50 181 1.8 1.B4
10 520 26.5 6.6 0.0 12 279 1.4 10.7 1A 8 21 19 2.2 2.00
it 8% 2.6 7.6 o6 16 263 50 83 109 7 36 180 18 L7
12 442 190 78 03 12 8.7 85 1.7 128 8 2.8 184 2.t 1.88
1988 1 3338 183 &8 0.2 4 95 19 1.8 14 18 42 199 2t 12
2 278 190 7.0 0.1 24 3. B4 167 132 12 57 26 25 24
3 278 228 1.8 4.2 16 3.1 9.4 7.5 146 ¢ 3.6 2204 2.4 R
4 378 A85.7 69 0.0 16 22,0 10,9 &7 122 10 2,1 173 2.0 .00
5 546 27,0 6.8 0,0 16 22,8 8.4 7.2 I3 8 21 4 19 LH4
6 686 27.4 7.4 0.1 8 196 6.0 4.9 92 6 14 129 1.5 .47
7 19 2.5 1.6 o0t 6 246 7.4 7 21 1,84
B 863 27,6 7.6 0.3 4 26.2 7.4 7 1.4 .22
9 803 268 7.0 .t a1 74 1222 10 3.0 208 2.3 .5
11 88 2.5 7.4 .2 B 295 7.4 7.8 140 15 64 216 2,3 208
12 393 2.2 7.8 0.2 10 22.8 11,9 5 it 2 28 170 21 12
Average 4.1 7.2 43 142 263 69 108 121 85 3.2 1787 20 1.9
Bin : 5.6 60 %0 2.0 44 1,0 0.5 350 1.0 0.4 12400 1.4 1.2
Max A2 7.8 L3 28,0 3. M4 32,0 1220 M0 9.2 2360 2.5 S
5id 41 04 53 33 42 23 6§ (33 70 1.8 2.7 0.3 4.2




TABLE 3.1~9

TICH RIVER BASIN WATER QUALITY

Date of
sampling

pH

Ga

Mg Na#k  HCO3

ion

8i02 Total Total Alkal.
- hardn.
(mg/1) (ag/1) (mg/1) (ag/1) (mg/1) (ag/1) (mg/1) (ma/1) (mg/1) (mg/1) (mg/1) (mg/l) mekv/l mekv/]

09.08. 1983
12,09, 1983
10.10,1983
14.11,1982
07.12.1983

09.08.1983
12,09.1983
10.10. 1983
14,11,1983
06.12.1983

10.08.1983
12,09.1983
06.10.1983
14.11,1983
06.12,1983

04.08.1983
12.09,1983
07.10,1983
14.11.1983
06.12.1983

1.3

6.2
1.2

Nl\l:l\l\l
) L D BN

e B B B B |
-
L) RN R I

Lake: Ho Suoi Hai

12.8

1.9
24,1
26.4
12,7

28,1

21.6
19.9
5.0
25.7
49.5

42.7
3.6
24.4
24.4
36.6

48.8
42.7
43,5 143.4
24.8 109.8
8.2 641

Tich River at Cau Thach That

¥otas: CODMn # 3.95 = KMnl4
t pekv, total hardnesc ¢ 2.8 = dH

66.6
333
45.8
42.4
57.4

76.3
64.6
263.3
17,2
102.8

Ba. 1
9.3
12.6
208.9
376.3

— -
e I % |
P

W LA RS e )

LAY P e Fa OF

[CR DA
P

0.39
0.30
0.49
0.47

0.92
0.64
1.80
2,00
1.05

0,72

0.84
0.64
1.84
)

1.52
1.24
0.94
2.07
3.29
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R
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required to overcome the driest periocds. Also the
demand for irrigation is increasing and
therefore, to base a water supply project on
these resources, more detailed studies would be
required.

There is plenty of resources which have not yet
been studied, the most important of them being
perhaps the Da River and Lo River. There is
plenty of reasons that speak in  favour of these
resources. They are located in the mountain areas
and probably the silt content would be remarkably
lowar than in the rivers in the delta area making
the purification process simpler. Another
advantage is their location in higher elevation
making it possible to gravitate the water by it
self without external energy down to Hanoi city.
There is a hydropower station in Da River at Hoa
Binh about 70 km south-west of Hanci with a huge
water reservoir. The minimum water level of the
reservoir is about +75 m. This possibility should
be considered in long-term planning of water
supply.

It is recommended that a comprehensive study on

sur face water resources and their usability for
water supply purposes will be carried out in the
nearest future.

2.2 Groundwater resources

Groundwater rescurces will be discussed in
details in a separate repart by the
hydrogeclogist.
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CRITERIA AND DESIGN PRINCIFLES

Standards, criteria and desian principles to be
adapted in Hanoi water supply project are
discussed in details in the Water Master Flan
raport of 1987, '
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5. DEVELOPMENT FORECASTS

5.1 General

J.2 Population

Hanoi General Plan (HGF) work was started in 1971
by Russian experts and the plan was approved by .
the Council of Ministers of the Socialist
Republic aof Vietnam on the 2d4th April 1981. The
plan extended to the year 2000,

During the period passed for preparation of the
General Plan the development rate of the city
proved to be &1 ower than expected and
accordingly, it was seen necessary to start the
revigsion work of the plan. The time horizon was
also extended to the year 2010.

Hanoi Water Master Plan (HWMP) of 1987 was based
mainly on the original General Flan but extended
to the year 2010, because official information
regarding the revigion of the HGFP was not
available. After the updating and revision work
of WMP had started late 1988, it was seen a must
for such a study, as being a long term strateqgy
document for water supply development, -to utilize
the latest and most reliable information
available concerning the city development.

The revised document of HEP was made available
for WMP revision purposes by the Design Institute
for Planning and Construction with the acceptance
from Hanoi People’'s Committee in December 1988,

In this chapter a description of the population
and land use trends in Hanoi city as per the
revised document of HGP are presented.

H5.2.1 Present trends

Hanoi province is administratively a composition
of several districts in. the surroundings of Red
River, comprising a total land area of 2,139 kmz
and approximately 2.9 millicon inhabitants.
However, the actual - urban city area at present
consists of the four Guan, named Hoan Kiem, Ba
Dinh, Hai Ba Trung and Dong Da, and parts of the
surrounding extension areas and occupies an arga
af about 4,8%0 ha out of which the area of the
four Quan is about 4,300 ha, :

The population of the city to be used in
ralculations is the number of inhabitants within
the urban area which are shown for different time

 horizons iL.e. 1988, 1995, 2000 and 2010 on the

land use maps (drawing...). This is also the area
to be covered by WMP studies.



72 ot

Accarding to the population census held in April
1988 the total population of the four main Guan
was 927,000. The results of the latest census and
the one held in 198% as well as the average

annual growth rates and population densities in
the eac four Quan and further in the 83 Phuong

are presented in Appendix 1 and Drawing No...

The average, maximum and minimum annual growth
rates and population densities in each guan are
presented in table 5.2-1.

TABLE 5.2-1 THE AVERAGE, MAXINUM AND MININUM ANNUAL GROWTH RATES

LD POPULATION DENSITIES OF PHUONGS VITHIN EACH QUAN
OF HANOI CITY IN 1988

Quan lopnal growth rate (%) Population demsity (p/ha)
bverage Maxisum Niniaua Average Maximum MNinimus

Ba Dinh .6 1.2 -1 m 584 95
Dong Da .4 158 -ld 11 592 ()
Hoan Kiea 0.4 5.9 5.6 07 1321 225
Hai Ba Trung 1.0 .7 -l 266 129 1

City total 2.5 15.8 -5.6 24 131 1

The average growth rate figure 2.35% is in
conformity with the one recorded during the years
1980~-1985 of about 2.4%.

By studying the figures of individual Guan and
Phuong, it can be seen that:

- Population is growing fast in Dong Da
and Hai Ba Trung quansg and very slowly
in Hoan Kiem ( the old =ity centre )
Quan.

- The area with very fast ( >10%4 ) growth
rate are located in the South-Western
part of the city ( Phuong 21, 25, 26,
38 Jand are those with new dwelling
houses.
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- The areas with fast ( >34 ) growth rate
are located mainly in the South or
South-Eastern side of the city ( Phuong

14, 16, 69, 74, 77, 73 ).

- The areas with very slaow . or even
negative growth rate are located mainly
in the  urban centre around the Central
Lake.

- A prominent concentration of population
ie living in the old centre, mainly Hoan
Kiem district and ite immediate
surroundings where population densities.
may be over 1000 persons /ha.

§.2.2 Future trends

Future trends for population growth are based on
the estimates and «calculations by the Planning
Institute of Fundamental Construction Committee
of Hanoi. They are presented below.

The past urban population growth and that
proposed for the future in the revised HGP
daocument are as follows :

e e A S A A ey s rvte it S I e v e b ALl 44y AALAD (RS B Sremr S Foees e e ey Feild A4 MY A Ha s

Year FPopul ation Growth /Year
1980 : 733, 000

1985 861,000 3.25 %
1988 | 837,000 2.85 %
1995 1,048,000 1.61 %
2000 ' i,izo,ooo 1.35 %

2010 1,400,000 2.25 %

—- e — wrere e e i kit dasis, mans e e vt - ——

The figures for the year 1980 and 1985 are the
total for the a.m. four Quan. The growth rate
figure of 3.25 % per year includes also the
population of completely new areas incorporated
into the urban city during the a.m. years, 20,428
persons in Hai Ba Trung and 14,421 persong in
Dang Da. After revising the figures to describe
the net population increase, total annual growth
rate will be about 2.4 % .
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All the other figures include Gia Lam on the left
gide of Red River and the other extension areas
to be incorporated in to the present urban area
as presented in the land use maps. The average

annual growth rate over the whole planning period
1988-2010 is about 1.8% 4 . When judging this

figure, some attention has to be paid to the
amount of people who are living at present in the
future development areas, as they are not
included in the initial values. Nao exact figure
is available of their number, but according to
the estimate by Flanning Institute there are

~roughly 110,000 people who are living in areas

which shall be included in Hanoi urban centre up
till 2010. Therefore, the real rate of growth
will be on the average something between

1.3-1.5 annually, which is clearly less than the
1.85 % calculated before, but may be considered a
reasonable although moderate figure. The absolute

estimated population growth is presented- in
figure 5.2-1.

Population growth in Hanei 1988-2010

1400000

1300000

1200000

{ 100000

1000000

900000

1988 1900 1908 2000 2005 2010

O  Ffight & Red River + Tola «hon ares

FIGURE 5.2-1 Urban population growth projection
for Hanci in 1988-2010
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The population has been classified according to
the occcupaticonal status as follows @

- ain..component,  _including persons in

ARD ke ot A e s tare ansse flas s gy s ey e sy s

industrial enterprises, central and
offices, . institute, wniversities ’
external communication transportation
etc.

i e e e M ki £ WD TR PO AR R A G e S s

domestic, cultural, service and
commercial branches.

. T o s i e S s o S S P At v e v A HH P

persons, children and disabled persons.

The division of Hanoi urban population inte these
caomponents by the years 1988, 1995, 2000 and 2010
is presented in table 35.2~2. :

The share of service component is expected to
grow from 13%Z to 2874 until 2010 while the shares
of main component and subordinate component are
reducing 5S4 each.

For city planning purposes the civil area of
Hanoi has been divided into 432 blocks. For each
af them a population and area growth prognosis
have been prepared with time horizons to 1995,
2000 and 2010, Accordingly the population
densities over the whole oivil area, which
includes aless the land for public use, small

industries and green plantations, have been
calculated. In table 5.2-3 the population
projections, civil area devel opment and

respective popul ation densities have  been
presented.

The overall development strategy of population
location is to divert the population from the
densely populated city centre area towards the
new extension areas South-West, West and North-
West of the present city centre and thus even the
population densities between different areas and
lower the overall average population density by
increasing the total urban area.

In the year 1995 little change in the existing
residential areas have occurred. New residential
areas have been constructed far a total
population of about 70,000 people.They are
located mainly North-West ( blocks 25, 26, 29 and
21 2 and West ¢ block 1% ) of the old city
centre.

Until the year 2000 the population densities in
the old city centre are lowered a little, some
present residential areas located mainly to the
Sauth of West Lake have disappeared and the land
is used for other purposes, mainly for public
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TABLE 5.2-2  POPULATION CLASSIFICATION IN 1968, 1995, 2000 AND 2010

Cosponent

1968

1995

2000

2010

population / I popu1ationr~l 1 nopﬁlation:.lvl population /X

' Main conponent

32,0 330120

352800

299840 31.5 3.5 378000 27.0
- R 205040 24135 Meles 358178
-1 4800 5985 - 615 19822

" Service component 121810 13,0 162440 15.5 173600 15.5 322000 23,0
- R 119860 150495 170345 05114 -
-1 1950 2945 2255 16886
Subordinate cosp. 515350 55,0 555440 53,0 593600 53,0 700000 50.0
- R 507100 45370 - 582470 663293

- 8250 10070 11130 3707
Total R 522000 98.4 1029000 - 98.2 1039000 98.1 1326585 94.B
Total L 15000 1.6 19000 1.8 2000 1.9 7315 5.2
Total population 937000 100.0 1048000 100.0 1120000 100.0 1400000 100.0

Note: R = right side of Red River
L = left side of Red River
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TABLE 5.2-3 - PUPULATION PROJECTIONS, CIVIL AREA DEVELOPHENT AND POPULATION DENSITIES IN HANOI CITY TO 2010

~ Block Population

. - o Civil area (ha) Popul, dens, (p/ha)
Do w1988 0 1983 70 2000 2010 - 1988 - 1985 2000 - 2010~ 1988 = 1993 2000 2010
Right side of Red River:
1 141629 136629 < 103673 - 46831 - . . 296.2 . 236,3  256.2  256.2 553 533 403 182
2 143973 138973 . 126870 - 745608 U2 N2 2 3N 444 429 39t 230
3 80758 75758 60158 - 43535 2343 2343 2343 4.3 RZH 323 75 186
4 43970 43370 - 39753 - 3! - 130.5 1355 . 196.5 196,35 33 325 202 175
§ 9303 - 9303 39596 49066 3s.0.  43.0 1000 152.0 261 23 397 323
B 11439 - 8459 ; 135.0  135.0 - 135.0 135.0 85 63 0 0
7 135754 - 140754 127065 65688 34,9 349 3148 3148 431 - 47 4 209
8 59301 59301 50537 - 4iM8 24,0 2240 24,0 240 263 265 226 186
9 19510 - 16510 . 32672 - - 72290 70.9 . 0.9 70,9  270.9 273 233 451 267
10 10881 7681 28.3 . 28.3 28.3 283 m 0 0
S B9 82719 e%480 . R9622 .. 27173 M3 1.2 2712 150 190 23 251
e ST BT e e 82 - 32 32 312 26t - 181 S BEETRRN |
Lo B8 J29T8e 42978 5 17619, 12187 - - - 99,4 A99.4 . 89.4 . -99.4 . . 131 1 177 121
14 10923 24923 . 26297 - 305895 90.0 105.0 110 - 111.0 -1 237 237 273
15 -~ 30000 - 48969 - 105101 - - 106,00 200,35 21,6 300 244 435
16 000 - - S000 - 25.0 35.0 41.3 §1.3 200 k43 0 ¢
17 B200 8200 50.0 - 60.0 76,0 . 75,0 - 164 137 0 0
18 - 3000 - 3000 S0 5.0 2.0 2.0 500 609 0 0
19 S000 5000 - . 7.0 3.0 150 1150 714 136 0 0
20 8000 9975 12581 20.0 0.0  150.0  190.3 ] 287 87 &
21 3000 15000 22293 §i01l © 0.6 40.0  80.0  1B5.B 300 400 219 27
n 10000 10000 55.9 95.0 101.3  101.3 - 182 . 10§ 0 0
2 16000 - 33000 38305 80879 85.0 165.0 . 219.1 314 188 212 175 257

4 10000 20000 - 41732 56786 43.0 85,0 1530.0  223.6 22 308 125} 2

Ll

{ to be continued )
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TABLE §.2-3 POPULATION PROJECTIONS, CIVIL AREA DEVELOPMENT AND POPULATION DENSITIES IN HANOI CITY TO 2010 ( continued )

Blck Population - Civil area (ha) _ Popul. dens. {p/ha
' 1988 - 1998 2000 2010 1988 1995 2000 2010 1588 1335 2000 2010
5 S000 18143 24733 . 20.0 35.0 78.6 450 5.8 315
2% 15000 40179 104181 3.0 40,0 35%.8 500 1004 9
ri) ' 22.0 0
2 . 28,5 : 0
29 10000 28143 106180 : 22,0 40.0 - 388.2 455 704 m
30 46.8 0
k] | 7000 - 23393 . £2417 i5.0 40.0  208.7 457 a8 293
kY] . : 48.0 4a.1 0 0
SS33 14104 15104 26446 42150 10.0 40.0 0.0  161.8 333 378 &6l 250
| BT : © 14250 42483 o 3h5.0 0 1387 407 304
35 «'_22355 . 25355 . 34590 - 73415 57.0 - 60.¢ 0.0 223.0 392 423 577 373
‘38 13248 NN ' 38.8 98.0 s 230
38 ' : - 10.0 , 0
- 3% 24063 24065 8482 30.0 30.0 30.0  {20.0 802 802 283 i}
40 . : 205.0 . 90
43138 23135 24768 - 80,0 g0.0 - 80.0 - 28 289 310
42 18402 -16402 - 16286 - - 58.0 38.0 58.0 : - M7 283 . 281
43 16451 8461 310 31.0 - S I & |
S.tot . 922000 1023000 1093000 1326585 - 2838.2 3298.3 41160 63182 323 3z 287 210

Left side of Red Ri_'ven

37 15000 13000 21000 73415 45.0 - 38.0 57.0 22790 333 3z8 368 323

8L

©Total 937000 1043000 1120000 1400000 2903.2 33%6.3 41730 6545.2 323 a2 %8 244




3.3 Land use

S.3.1 General
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offices etc. and the construction works of the
new residential areas has been going on mainly in
the south ¢ blocks § and 8 ), South-West and
North-West of the city centre.

In the year 2010 there has happened a radical
change. Population densities .in the old urban
centre has decreased to about 50% of the present
situation. The construction of the rew
residential areas have come to it’s  final shape.
The population densities are rather uniform
varying between 180-320 persons/ha aver the civil

‘areas. The highest population density of 4335

persacna/ha is in GQuan Nhan and Hoa Ma on the West
side of Te Lich river. The average civil area
population density has decreased from today'’s 323
parsong/ha to 214 persons/ha.

When compared the above described development to
the targets of the original HGF it can be noticed
that the plan to carry out a huge construction
pProgr amme of new houses and necessary
infrastructure involving immense financial
resources have been postponed for about 10 years
and there is a radical slowdown in  the
development programme. This seems to be
reasonable as the finmancial sitwation of the
country has been experiencing some depression
during the last few years.

The present and future land use in the years
1983, 1995, 2000 and 2010 have been presented in
drawings No... The urban land use classification
at present and the estimated future development
is presented in table 5.3-1.

The total wurban area is estimated to grow from
today’s 4,890 ha to 5,615 ha in 1993, to 7,007 ha
in 2000 and to - 10,938 ha in the year 2010, The
present urban area is expanded mainly to the
South-West, West and North-West direction. An
urban settlement of about 740 ha is going to be
developed in Gia Lam area on the left side of the
Fed River. The land for urban purposes is going
to be deprived from agriculture.

When compared to the original HGP,there has been
a remarkable reduction of wrban area from 13,500
ha in 2010 to 10,098 ha or about 19%4 .
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Classification SRR {1 T R SR 1995 :
- ' fotal - % - R L Total % L

area’ : area

(ba) (ba)
wtalclvilares 204 663 WSk TR T8 B I ¢
- residential 1m0 B2 W3 029 %0 141 &
- public vorks 619 139 13§ Ho 15.0 w6
- green plantations 116 - 2.4 w2 193 34 190 3
- seall industries 106 2.2 104 0 2 130 2.3 126 3
- roads, squares MO0 T 33 69 6
- other | . w54 M 164 2.9 11 3
n_d_ust:_iai area 90 ‘vu.‘a 83090 11 45 20.4 1040 105
Other areas 7 UL 66 S 17 129 6 50
Total city atea 1430 1000 a1 © 5615 100.0 5396 - 219
R = riqht side of Red River
L = left side of Red River
Classification 1000 2010 :

Total 3 R L Total R L

area ' dred

(ha) {ha)
fotal civil azea 01 6l 709 6 135 §1.2 088 257
-~ residential 2291 321 25 42 1594 32.9 UM 1N
- public works 1202 17.2 1195 1 1658 15.2 1647 11 .
- qreen plaptations 524 1.5 51% 5 1044 9.5 013 3
~  small industries 155 2.2 19 3 249 1.3 1t| 5
~  roads, sqeares 600 8.6 593 1 800 7.3 e 30
Industrial area 1542 22,0 1392 150 ue1 22,7 2191 290
Other ateas I B KR T/t iz 0.2 9 1
Yotal city azes 7007 100.0 6708 299 1036 100.0 10139 738
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S5.3.2 Civil area development

The civil area development, which are cccupying
about 67% of the total urban area, will  be based
on 43 blocks. Each of them are including:

- residential areas, .

- public works areas ( offices, schools,
institutes, hospitals, services, etc. ),

- areas for green plantations ( parks ),

- areas for small industries and

- areas occupied by roads, squares etc.

The development of each unit block is presented
in table 5.3-2.

The averall development of residential areas has
been discussed in chapter 5.Z. in connection
with the population lecation and growth trends.
The main development targets are asummarized
below:

- The population densities in the old city
centre will be lightened to about half
of the present. .

- New residential ares will be constructed

to the South-West, West and North-West
of the present city centre and in fHia
Lam on the left side of Red River.

- Fresent residential areas to the South
wf the West Lake will be changed to
public areas and green plantations.

- Present settlements behind the flood
embankment East of the city will be
removed.

The main development target of public works areas
is to create a uniform band of offices, hotels
etc. to the South-West and North-West of West
Lake. Generally, the public services are going ta
be evenly distributed over the whole urban area
and within each unit block. ‘

One of the targets is to retain the beauty of the
city by scattering green plantations evenly over
the whole city. The main idea, however, is to
create a green zone around the main lake of the
city, namely West (ake.

8mall industrial are also going to be evenly
distributed over the planning area.
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TABLE 5.3-2 - CIVIL AREA DEVELOPNENT BY DIFFERENT CATEGORIES BETWEEN THE YEARS 1988 AND 2010
Block Land use in 1988 (ha) Land use in 19935 (ha)
resid. . public green small  other total resid, public green small other total
 works  plant, indust. use works plant, indust. use
Right side of Red River:
153.8 75.1  19.0 8.3 256.2 156.0  75.1  19.0 6.2 256.3
2 24,2 A6 407 157 2,0 34.2 244,5 20,0 45.7 12,0 2.0 324.2
3 155.7 40,5 20.0 © 13.1 5.0 234.3 150.3 ° 46,0 25,0 10,0 3.0 234.3
4 83.6  18.7 20 151 L1 130.5 83.6 23.7 6.1 15.1 7.0, 135.5
5 T 230 3.7 4.3 7.0 38.0 23.9 8.7 2.0 4.3 5.0 430
6 0.1 103.¢ , 1.8 135.0 2.1 111 - 1.8 135.0
7 196.5.  75.3 6.0 7.7 2.4 314.9 2116 75,3 1.0 6.0 15,0 314.9
8 122.0  73.0 : 3.7 183 2240 12,0 73.0 3.0 5.7 15,3 224.0
9 34.9 11.2 7.8 17.0 - 70,9 3.9 11.2 2.0 7.8 15.0 70,9
10 17.4 5.0 B 2.0 3.9 283 10,0 14,2 2.0 2.1 28.3
i 206.5 13,0 7.8 30.0 277.3 206.5- 18.0 - 25.0 7.8 2.0 277.3
12 19.8° . 5.5 1.2 1.7 3.2 12.9 18,5 1.2 5.0 32
13 37.6 - 20,8 24.0 1.2 15.8  99.4 . 37.6  30.8  26.0 1.2 ‘3.8 99.4
14 0.0 18,0 3.2 388  90.0 . 65.0 18,0 3.2 18.8 105.0
5] 0.0 7.0 23.0 o ‘ 100.0
16 10.0 £.0 2.0 1.0 11.0 25.0 10.0 1.0 12,0 1.0 . 35.0
17 2.6 BT 0.4 213 - 50.0 . 21.6 16.7 6.4 2.3 60.0
18 4.0 1.0 5.0 4.0 1.0 e 5.0
19 9.9 1.5 7.0 5.9 26,5 32.0
20 20.0 20.0 1.0 20.0 20.0
21 4.0 6.0 10.0 30.0 7.0 30 40.0
22 12,0 40.0 3.0  955.0 12.0  64.3 18.7 95,0
23 © 3.0  47.0 85.0 9.0 &7.0 5.0 2.0 165.0
H 12,0 21,0 12,0 45.0 32,0 2.0 20 2.0 8.0 5.0
5 0.0 7.0 3.0 ' 20,0
26 0.0 30,0 30,0
2 . 0.0 0.0
28 0.0 0.0
2 0.0 17.0 : 5.0 22,0
30 0.0 0.0
k]| . 0.0 10.0 2.0 3.0 15.0
R . : 0.0 ' 0.0
a3 15.0  20.0 2.0 3.0 40.0 18.0 20,0 2.0 40.0
u : 0.0 0.0
35 7.0 10,0 2.0 8.0, 5.0 42,0 10.0 2.0 5.0 50.0
36 0.0 0.0.
K} 0.0 0.0
39 26.0 ¢.3 3.9 30.0 26.9 0.3 5 30.0
40 0.0 0.0
41 73.0 37 2.0 1,3 80.9 73.0 3.7 2.0 L3 80.0
42 48.0 1.8 3.0 .2 980 48.0 1.8 3 9.2 98.0
43 '29.9 2.0 3.0 29,0 2.0 3.0
sain streets and squares: 337.0 - 382.0
Sub total 1692,2 &89.7 113,7 103.,5 279.1 3195.2 1986.7 834.1 1903 126.6  R0.6 3620.3
Left side of Red River: - )
37 31.0 6.0 2.0 2.3 3.5 450 42.% 6.0 3.0 3.0 3.5 58.0
nain streets and squares: 4.0 5.0
Total 1723.2  €75.7 li5.7  106.0  282.6 3244.2 2029,2 840,01 193.3  129.6  164.1 37443

---------------



TABLE 5.3-2 CIVIL AREA DEVELOPMENT BY DIFFERENT CATEGORIES BETWEEN THE YEARS 1988 AN‘DL.’ZOIO o '
( continued ) ‘ . . , SRR

Block Land use in 2000 (ha) Land use in 2010 (ha),

resident.public  green  small  total resident.public  green  ~ small - total
vorks  plant. industr, vorks - plant.  industr.

Right side of Red River: S
19.0

i 160.2 73.1 19.0 2.0 - 236.3 160.2 75.1 2.0 - 236.3
2 206.2 7.0 37,0 4.0 3H.2 236,2 7.0 3.0 4,0 3.2
3 124.1 37.2 47,0 . 60 2343 124.1 .2 47.0 6.0 234.3
4 97.8 36.7 56.0 6.0  19.3 97.8 36.7 5.0 - 6,0 196,35
3 78.0 . 11.0 9.0 2.0 100.0 130.0 11,0 9.0 2.0 1520
6 135.0 133.0 133.¢ : 135.0
1 225.6 75.3 8.0 6.0 314.9 225.6 75,3 8.0 6,0 314.9
8 119.0 73.0 29.0 3.0 224.0 119.0 73.0 29.0 3.0 24,0
9 4.9 M.0 10.0 2.0 70.9 205.9 4.0 29,0 2.0 270.9
10 28.3 28.3 2.3 ‘ 28.3
11 207.2 7.0 60.90 30 271.2 207.2 1.0 £0.0 .0 277.2
12 37.2 a2 - 37.2 - 37.2
13 .6 4.8 29.0 1.0 99.4 4.6 34.8 29.0 1.0 99.4
Ry 9.0 18.0 2.0 111.0 91.0 8.0 2.6 (110
" 15 © 144.3 93.2 3.0 200.9 163.5 7.2 3.0 2417
16 T 41,3 41.3 ‘ 41.3 4.3
17 73.0 - 3.0 76.0 73.0 3.0 76.0
i8 9.0 19.0 1.0 29.0 9.0 19.0 1.0 29.0
19 112,0 3.0 1150 112,0 3.0 115.0
20 2%.4 88.4 28,2 4.0 1490,0 7.3 1122 35.8 5.0 190.3 -
21 66.0 4.0 5.0 3.0 80,0 151.8 2.0 15.0 15.0 ~ 186.8
22 n.3 ' 30.0 - 101.3 1.3 30,0 1013
23 t18.9 70.7 23,5 4.0 2191 177.9 99.7 32.3 4.0 34,1
24 123.0 13.0 7.0 5.0 190.0 169.0 24.6 15.0 15.0 223,68
25 24,0 3.0 6.0 2.0 B0 540 5.0 9.6 10,0 78.6
26 30,0 10.0 40.0 218.6 80.6 957 5.0 359.9
27 0.0 22,0 - 22,0
28 0.0 28,3 28.5
29 24,0 8.0 6.0 2.0 40.0 223.7 63.1 86.3 5.0 388.1
30 0.0 46.8 46.8
3 10.0 2.0 20.0 .0 40.0 141,0 17.3 5.4 25.0 . 208.7
32 20,0 28,40 48.0 - 20.1 28.0 48.1
33 19,0 15.0 1,0 5.0 40.0 103.8 38,0 .0 15.0  161.8
H 28.0 3.0 2.0 2.0 3.0 104.7 20.0 3.0 10.0 - 139.7
35 43.0 10.0 2.9 5.0 60.0 139.0 43,0 10.0 15,0 223,0
36 25.8 5.0 3.0 3.0 3.8 60.0 12,0 23.0 3.0 98,0
38 0.0 8.0 2.0 10.0
39 25.0 3.0 30,0 120,90 120.0
40 0.0 205.0 205.0
41 73.0 1.0 5.0 1.0 £0.0
42 48,0 2.0 7.0 1.0 8.0
main streels and squares: 593.0 770.0

Sub total 2250.0 1195.2  519.0  1SZ.0 47092 3413.9  1606.0 1034.6  244.0  7088.5

Left side of Red River:

7 42.0 7.0 5.0 2.0 57.0 180.0 11.0 30 .0 21,0
aain streets end squares: 7.0 30,0

) ot P A g

Total 29,0 12022 5.0 155.0 47722 3593.9 - 1617.0 1085.6  249.0 7345.5
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5.3.2 Industrial development

At present there are some industries scattered
within and around the urban city. There are also
some concentrations in Ha Dinh, Vinh Thuy and
Giap Bat within the city and Lang Chem, Tam Hiep
and Gia Lam ocutside the city.. A list of main
industrial enterprises is presented in table

6.3-2 ¢ chapter 6 ). Their location is shown in

drawing No...

The principle of industrial development in Hanoi
is to concentrate the enterprises on clearly
separated industrial arevas. Totally 7 areas have
been proposed to be identified in the future
land-use programme. In water supply and sewerage
point of view the idea of concentration can be
considered good as the management and control of
water supplies and industrial effluent is in such
a case muth easier than in decentralized
golution.

The development of industrial areas concerning
the type of industries, total areas allocated and
manpower requirements are presented in‘table

Se D=, The location af these industrial
cancentrations in each development phase is shown
on land-use maps, drawings Noo.o. ‘

The total area allocated for these main
concentrations is anticipated to grow  from
today’s 920 ha to about 2,300 ha in 2010 and the
manpower respectively from about 90,000 to about
130, 000,

Tam Hiep industrial area ( I6 ) is located some 2
km to the south cutside the present and proposed
future urban area boundaries. Besides the
industrial area there is a remarkable civil area
concentration, town called Van Dien. That area
was not included inte the uwrban area of Hanoi
with the result that it was nor included into the
master plan studies. In the discussions with the
Vietnamese it was decided that water supply for
both the industrial and civil areas will be
planned jointly and separated from master plan
studies.

In addition to the main industrial
concentrations, there will be also in the future
some industrial enterprises remaining within the
residential areas. The type of these factories
will be Yenvironmentally acceptable within
residential areas’ i.e., electrical, electronics
etc. The total area of  them and the manpower
engaged is presented in table 5.3-4. Their
approximate locations are presented in the
relevant land use maps.
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TABLE 5.3-4  DEVELOPNENT 0F lNDUSTRIAL AREAS IN HANDI BETWEEN 1988 - 2010
Industrial area  Type of industry 1988 1995 2000 2010°
No. Location ' Area Hanpover Area -Manpover Area Manpover Area Nanpover
{ha) (ha) (ha) (ha)

Right side of Red River:

I'1 Long Ches ' constr.materials 39 8210 63 8600 75 9230 101 10630
' glassvares,
ceramics

12 Phu Dien sechanic industries 30 10230 40 11200 97 11630 130 - 13370

I 3 Ha Dinh consuaer goods, 260 21500 300 . 22300 335 22850 460 30000
mechanic industries ‘

I 4 Vinh Tuy textile, dying, 250 21800 300 22500 400 22930 580 35000
clothes, food
processiqg

1.5 Giap Bat printing,cultural 85 4000 BS 4000 85 3000 €5 3000
commodities,
sechanic repairing

16 TamHiep  chemical, mechanic - 150 . 15470 250 15500 400 15830 835 27000
repairing,
constr. materials

Sub total 830 81210 1040 84100 1392 83470 2191 119000

Left side of Red River:

17 Gialan chenical ,aechanic 90 9020 105 9400 130 9330 230 12000

repairing,storage
Total main areas: " 920 90230 -_1145 93500 1542 95000 ;;;; 121000
o et 180 20500 - 00 21100 - 250 --21800 -;;;-““ 35000
Total industries: 100 110720 ;3;;- 114600 1800 116800 2800 ;seooo
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6.1 Division of water use

The total quantity of water may be described by
term specific consumption or daily per capita
consumption, which means the daily average of
water produced by water plantsg, divided by the
total number of inhabitants in the service area.
It is a combination of several different water
use types, which are generally categorized as
followst

* Domestic use

* Urban services use

* Industrial use

#* ODther use and losses ( unmetered use )

Domestic use means the water used in private
households for drinking, cooking, <leaning,
hygiene, washing and irrigation of gardens, etc.

Urban service use includes the water for public
utilities, offices, schools, hotels, hospitals
and the water used in amall enterprises, shops
and small industries. :

Industrial use includes the water used in
industries for proaduction and it can be further
divided into process water, cooling water,
flushing water and sanitary water.

Other use and losses is usually the non-metered
water, which is the balance between the total
amount of water pumped into the network and the
billed water. It includes the water used for
irrigation of parks and other areas, cleaning of
roads and public areas, pipe flushing, fire
fighting and losses in the water supply system,
which accounts usually about three quarters of
the group.

The actual figures for specific consumpticon and
the different consumption types are dependant on
several factors, e.g. climate, standard of
living, «condition of the water works system,
water use habits of the people and coverage of
sewerage network.

For the Hanoi water supply studies we may use the
categorization as follows:

- Domestic

- Public warks ( urban services )



87~
- Industries
- Small industries
- Cleaning and‘irrigatian
- Other use and losses
This 1is the practical division for Hanoi

conditions, where the measuring of water is still
almost non-existent and even the total amount of
water pumped to the network is not exactly known.

The categories are the same as generally except
the categories 'small industries’ and 'cleaning
and irrigation’. Cleaning and irrigation is in
thig connection only the public component
including wnly the water used for public area
watering, i.e. cleaning of roads and sguares and
irrigation of parks etc., Thus the ‘*domestic
irrigation’ is considered to be included inte the
'domestic use’ category. -

Normally the a.m. two categories are included
inte the 'urban services’ or 'Tindustry' and
tother use and losses’ categories respectively.
In the prevailing conditions of Hanoi, it has
been seen useful to separate these cateqories
because of the following reasons:

- There existe nowadays plenty of private

' business, which has become possible

after the changes in Government
policies.

- The streets are in need of reqgular
washing bhecause af the non-existing
sewerage pipeline and the methods of
gmlid waste collection.

At present, the water for streets washing is
taken from the treatment plants and is thus not
pumped into the network. In the WMP-study,
however, it has been assumed that also this water
will be taken from the network., This is to make
the reservation for such water in the network and
remain also this option if found more convenient
in the future.

£.2 Review on standards and reports

Before making any demand estimates we shall
review some standards and actual values of water
consumptiong in some countries:
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Guideline values for the estimation of water use
in different categories are given in 'Water use
standards’. The following values have been
proposed to be used for domestic consumption:

a— e e same - ——

Type of use Consumption Peak hour
¢ 1/c/d )

1. Public taps 40 - &0 2.0 - 2.0

2., Yard taps 80 - 100 2.0 - 1.8

S

3. Internal water, 120 - 150 1.8 - 1.
sewerage conrection

4. 3. + sanitary 1950 ~ 200 1.7 — 1.4
equipment + bath

5. 3. + water heater 200 - 300 1.5 -~ 1.3

e — taien o — — ——— i k sha s s s e s . i

For road and square washing and irrigation of
parks and plantations a figure of 0.5 - 1.0
1/m2/d of area to be watered has been given.

* Finland

The generally used design criteria far the year
2010 are as follows:

Domestic use 160 — 220 l/e/d
Urban services 40 - 70 l/¢c/d
Dther use and 40 —~ 60 1/¢/d
losses

Total 240 ~ 350 1/c/d

To the tatal figure shall be added industrial
water use, which in Finland is generally between
10-2% % of the total value. The final limits are
therefore approximately 280-440 1/c/d.
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In 1986 the average specific consumption in the
whole country was 288 1/c/d out of which the
domestic use was 152 1/c/d ¢ %3 % ), industrial
use 43 1/c/d ¢ 1S % ), public services 40 1/c/d

¢ 14 %) and other use including losses 92 1/c/d

C 18 % ).

In the capital city of Helsinki the specific
consumption in 1986 was 247 1/c/d  ocut of which
the domestic consumption was 216 1/c/d.

In 1974 the averaqe specific water consumption in
the whole country reached its highest level of
33 1/c/d s far. Since that the specifia
consumption has decreased reaching its lowest
level in 1984 of 279 1/c/d and has remained
approximately to that level until now.

The decrease of specific water consumption has
been the result of aenergy conservation
activities, introduction of sewage charges in
1974, improved water use devices, recirculation
of water in industry, leakage control, changes in
cansumer attitudes towards water saving ete.

o i e mrth il ke S S i

In the official norms for water use design, the
total urban speci fic consumption including
domestic, public, industry, irrigation and other
use has been 450 1/c/d in 1975, %00 1/c¢/d in 1980
and &00 1/c/d in 2000.

The division of domestic consumption is  as
follows:

M Lot vy ek Ay grRe SrrTY Ayl SRS S sy Tyl it ALAAR A BTy e ok A S T WAL SAALS SV el S wrere $id st S

Type of use Consumption (1/c¢/d)

tte oy e i Lt Sy FPPYY FPPYY el ALY s e vy =y il ALY MY ey Ak Sy AT PSR WALLL S bk BTYR T e id AL PR P e AAAD B Py o LD APy e b MR e el Al

1. Public taps 30 - 350

2. Houses with internal
water and sewerage 125 - 160
connections

3. 2. + bath + local
water heaters 160 ~ 230

4, 3. except centralized
water heating 230 - 350

ot A s B T vy R A (LS e s Frv Ak $HTS e S e SR GA4FS STV T ik ASPTS VYV vy Pk kil A A PR ey LA M S TP il A Pt A S o Al A b A
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The development of domestic consumption in some
European countries has been represented in the
table below:

— - ity s

Country Domestic consumption (1/¢/d)
1972 1977 1983
Austria 131 149 137
Belgium 77 a8 105
Dernmar k - - 193
Fo. R. of 121 135 148
Germany
Framee 98 112 123
G. Britain 196 204 125
Holland 126 137 148
Italy 229 208 215
Near way - - 200
8Spain 130 14% 145
Sweden 209 199 200
Switzerland 284 205 264

The total sgpecific consumption in most of the
a.m. countries was below 3200 1/c/d.

#* South—-East Asia

Some figures for domestic consumption are
available:

Country Domestic consumption (l1/c/7d)
Present 2000 2005 2010

Burma - - - 125

l.acos (Vientiane) 160 225 -

Mal aysia - - - 220

8ri Lanka - - - 240

( Colombo )

Philippines 200 230 -

{ Manila

Indonesia 150 - 220 -

( Jakarta 2

- ——— —— —— — ——
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The total specific water consumption in big
cities of some countries have been presented
below. This data is rather old, from the

beginning of 1970's.

Country Specific Feak day
Cons. (1 /¢/d) coefficient

Bragilia 300 2.0
Hungary 270 ~ 330 1.3 - 1.4
Japan 300 ~ 470 1.2

Paland 200 - 230 1.2 -~ 1.3
Soviet Union 260 ~ 520 1.2 - 1.3
South Africa 270 1.2

usa 500 -~ 800 1.4

consumption

In table &.3~1 is presented the breakdown of
HWSCo's water gsales in 1988 based on the monthly
billing of individual consumers. This ig official
information from HWSCo giving an average daily
sales of 244,000 m3/d. To come to the total
production of treated water, 30 %4 of total
production is being added to account foar
leakages. The official estimate for production is
thus approximately 346,000 m3/d.

As there are practically no water meters
funetioning neither in the pumping stations nor
at the connections, the figures presented in
table 6.3-1 are nominal only.

The official figure of 346,000 m3/d of produced
water is probably too high, as the total capacity
of the main treatment plants plus small treatment
plants when taking into account alsc the direct
pumping into the network is only about 300,000
m3/d as presented in chapter 2.

Distribution losses are officially estimated to
be 20 % of the total production. There exists,
however, planty of reasons to assume even
remarkably higher values, They have been
discussed in detail in chapter 2.5.2
"Distribution losses’.

It has been estimated by the Finnish experts that
wastage through leakages is S0 % of the total
production or even more. A pilot study is being
planned to prove the level of leakages.
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TABLE 6.3-1 HANOI WATER SUPPLY COMPANY'S NATER SALES IN 1988

Catagory Total sales Average Percent

in 1988 sales  of total

(e3) (s3d) (1)
Dosestic use 37507975 102800 42.1
- private houses 14544795 39800 16.3
- resid. quarters 13718363 43100 17.6
- public taps 1244617 19800 8.1
Public use ' 31098819 67900 . 27.8
- admein. offices 7730233 21200 a.7
- hospitals 3097348 8500 3.3
- army 3308558 14500 3.9
~ diplom. offices 1117336 3100 1.3
- cult. & educ. off. 7522225 20600 8.4
Private business 6323119 17300 1.1
Industrial use 20386668 38400 23.1
- co-operatives 801072 2200 0.9
- industry 17143327 47000 19.2
- construction 2642269 7200 2.9
Total sales 89193462 244400  100.0

Note: All the figures are based on estimated consumptions

After deducting the | leakage from the real
production capacity the estimate for sales, if
metered, is something like 150,000 m3/d, which
suggests an overestimation of about 90,000 m3/d.

The consultant’s estimate for the present
consumpticon is as follows:

vk e e T YT P VAR FEVS TR S S A A AL GALR AL WAL A MR ALALL Ahink A4AR LUYLL A ek S Thbfe SRy ey e e THTS ety v drvie s ey LA G AMLLD LAk Mk Al LD S SALLL Ml ek

Category t m3/d ) ¢ 1/c/d )
Domestic use 66, 000 ' 70
Public use 43, 000 46
Industrial use 44, 000 47
Losses 153, 000 164
Total 206, 000 327
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In the group ’public use’ are includeq the wgter
for small industries and cleaning and irrigation.

A list of the main industrial enterprises with a
consumption of over 5,000 m3/d is presented in
table 6.3-2. In the table it has been presented
the estimated consumption in 1988 as per billing
by HWSCw, and the possible existence and capacity
of their own water plant. Similarly, a list of
the main public consumers is presented in table
Ge3~3. Their location is shown in drawing No...

Generally it can be said that the water
consumption in  Hanci at present do not meet the
demand as it would be under proper circumstances.
This is also reflected by the fact that there
exists a number of factories and institutes etc.
with a water supply system aof their cwn. They
have been established in many cases due to the
scarcity of the water in the municipal network.

.4 Consumption variations

The consumption variations during different days

of the year ( daily variations » and during
different hours of the day ( hourly variations )
are depending on different factors ®2.g9. the

numbey of inhabitants connected to the system (
the bigger the system, the lower the variation ),
climate, water use habits etc.

The poor network and undeveloped water use
habits, together with lack of exact measurements
aof flows, make it very difficult to present
reliable estimates of consumption variations as a
function of time.

Obvicusly, in the present network they are very
small, and the flow rather uniform during the
daytime, or more dependant on the ability of the
water plants to produce water than actual demand.

Accarding to the Finnish studies the daily
coefficient ¢ kd ) is hardly higher than 1.3 in a
system serving over 100,000 pecple. Similarly the
recommendations for hourly variation coefficient
( kh ) are 1.6...1.5.

There exist some information from South-East Asia
concerning the civil consumption wvariation
copfficients:

* Manila: kd = 1.3 in 1982
kd = 1.5 in 2000
kh = 1.5 in 1982
kih = 1.2 in 2000
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* Jakarta: ke = 1.2 in 1382
kd = 1.5 in 2000
kh = 1.4 in 1982
kh = 1.2 in 2000
In the Hanoi Seneral Flan the variation

coefficients proposed for the year 2010 are as
follows:

Civil consumption:

- daily coefficient ¢ kd 1
- hourly coefficient ¢ kh > 1.

Industrial consumption:

- daily coefficient ¢ kd 2 1.1
- hourly coefficient ¢ kh 2 1.5
After discussions with Vietnamese, the
consumption variation coefficientg to be used in

system dimensioning were fixed as follows:
Civil consumption:
in 199%

1.3
1.4 in 2000
1.4 in 2010

- daily coeff. ¢ kd 2

1.4 i 1995
1.2 in 2000
1.2 in 2010

- hourly coeff. ( kh 2

Industrial consumption:

- daily coeff. ¢ kd > 1.1 in 19859-2010
- hourly coeff. ¢ kh 2 1.3 in 19859-2010

Consultant's opinion is that the daily
coefficient in 2000 and 2010 should be lower,
i.e. 1.3,

In implementation this difference means an
incremental capacity of 270 1/ or 23,000 m3/d in
2000 and 400 1/ or 35,000 m3/d in 2010 of water
to be produced. The extra investment due to the
choice of bigger ceoefficient would roughly be
9,000,000 to 8,000,000 USS.



TABLE 6.3-2 LIST OF MAIN INDUSTRIAL ENTERPRISES WITHIN HANOI CITY

Ref. Type of industry Address Estimated consusption Estim. capacity
no. from public network  of own vater plant
2) (a3/month)  (a3/d) (a3/d)

DONG DA district:
1  Chemical-pharmaceutical Ent. 124 Tay Son 6000 200
2 Chemical-pharmaceutical Ent. 82 Vinh ho 8000 .200
3 Chemical-pharsaceutical plant Tay Son 10000 330
4 Nechanical factory of Dong Da 125 Tay Son 8000 200
5 HNechanical plant of Dong Da Tay Son 16000 530
6 Pharsaceutical Ent, no. | 160 Phan Van Tri £000 200
8  Wool carpet Enterprise Naa Dong 8000 60
16 'Cu Doanh’ textile aill Tran Quy Cap 25000 820
21 Glassware factory 356 Tay Son 6000 200
22 Train maintenance station 118 Naa Bo 7000 230
23 Mashinery tool plant no.! Cau Moi 10000 330 2000
26 Locomotive repairing station 2 Khaa Thien 3000 163
27  Ruber product plant of Hanoi 21 Cat Linh 20000 660
29 Cotton shoes factory of Hanoi  Thuong Dinh 80000 2600
32 The Thong Nhat bicycle factory Tay Sen 20000 £60
33 Mechanical tool factory Vink Ho 10000 330
34  'To chau' dying mill Ngo 5i Lien 8000 260
35 'To chau' dying amill Ngo 5i Lien £000 200
36 Union of tobacco factories Thanh xuan 60000 2000
38  Hanoi soup factory Thanh xuan
39 The pulp and therao flask f.  Thyong Dinh 40000 1320
40 The pulp and thermo flask f.  Ha Dinh 35000 1150
41 The pulp and thermo flask {.  Thanh Xuan 10000 320
42 Sophisticated aechanical f. Nga Tu So 6000 200
43  'Hoa Binh' car factory Trien Khuc 5000 165
44  'Hoa Binh' car factory Trieu Khuc 10000 130 500
107  'Sao vang’ rubber factory Thanh xuan n 15000
109  Photographical paper factory  Thanh xuan
110 Vehical factory "19-8 Thanh xuan
111 Magnetic saterial epterprise  Thanh xuan
112 Cinematography instrusent f.  Nguyen trai
113 Bulb-Thesos factory Nguyen trai
114 High accuracy aechanical fact. Nguyen trai
128 Tradditional medicine factory Thanh xuan 500
DONS DA total: 421000 13870 18000
HOAN KIEN district:
91  Plastic product factory 27 Hai Ba Trung 3000 165
127 Hanoi ice factory Tranh Nhat Dnat 4000
HOAN KIEM total: 000 165 4000

Notes: 1) The plant is comson vith 38 ( to be continued )
2) The number refers to the map showing the location of factories



TABLE 6.3-2 LIST OF MAIN INDUSTRIAL ENTERPRISES WITHIN HANOL CITY ( continued )

Ref. Type of industry Address Estimated consusption Estis. capacity
no. from public network  of own vater plant
2) (n3/month)  (a3/d) (a3/d)
HAI BA TRUNG district:

49  '"Mai Dong' mechanical factory Minh Khai 15000 490

30 Electro-sechanical factory Tuong Mai 10000 330

51 Tran Hung Dao mechanical f. ¥ai Hac De 8000 260 1500
52 Tran Bung Dao mechanical f. Nai Dong 15000 490

93 Pharsaceutical Enterp. no.2 Thanh Tong 16000 530

34  'Ba Nhat’ chemical factory 300 Bach Mai 35000 1810 ,

55 Dong Xuan textile plant Ngo Thoi Nhaa 15000 490 I 2000
96 Dong Xuan textile plant Nguyen Cong Tru 20000 660 [

39 'Hai chau' sweet factory Minh Khai 12000 400

80 'Hai Ha' sveet factory 23 Truong Dinh 34000 1120

61  'Hai Ha foodstuff factory 25 Hoang Mai £000 200

62 The factory of canning prod.  Tuong Mai 10000 330

83  The factory of canning prod.  Tuong Mai 40000 1320

64 The tovel textile will Mink Khai 6000 200

65 The foodstuff fact. of Hanoi  Ngo Quynh 8000 260

86 The foodstuff fact. of Hanoi  Ninh Khai 26500 870

67 The foodstuff fact. of Hanoi 254 Ninh Khai 3000 163

68 Beer and vine factory 94 Lo Duc 43000 1480 3000
69 The Hanoi alcohol factory Nguyen Cong Tru 100000 3290

73 'Hoang Mai' powder Ent, 57 truong dinh . 8000 260

115 Minh khai locks enterprise Nink khai

116  Carpenter workshop Ninh khai

117 Hanoi fibre factery Ninh khai 2000
118 Thang long tailosing enterprige Minh khai

119  Hanoi intustirial textile fac. Mai dong

120 Textile factory 8-3 Minh khai 6000
121 Hanoi thread factory Minh khai

122 Glassvere factory ‘thanh duc' Truong dinh 3000 100

HAI BA TRUNG total: 437500 15085 14500
BA DINH district:

98 The docusentary fila studio 122 Hoang Hoa Tham 12000 400

123 ‘'Hong ha' chesical enterprise Buoi ba dinh 150 3

124 'Truc bach® paper enterprise  Thuy khe Ba dinh 4300 150

125 Leather factory Thuy khe Ba dinh 4500 150

. 140 Hanoi beer factory Hoang Hoa Tham 3000

BA DINH total: 21150 705 3000
HAND! total: 904650 29795 39500




TABLE 6.3-3 LIST OF MAIN PUBLIC CONSUMERS WITHIN HANOI CITY
( consumption over 5000 m3/month )

Ref. Type of user Address Estimated consusption Estis. capacity
no. from public netvork of own plant
(a3/nonth) (a3/d) (n3/d}

DONG DA district:

7 Service co, for passengers Tran Quy Cap 6000 200
9 Restaurant co. of Deng Da 27 Quoc Tu Giam 7600 230
10 The collage of conservation Thai Ha 18500 610
i1 The collage of bank Chua Boc 6000 200
12 The college of trade union Tay Son 5000 169
13 The college of sedicine Khuong Thuong 5000 163
14  Constr.co. (Light ind. minist.) 3000 163
15 Civil constr, co. Van Chuong 7000 230
18 Account sect.of propagation dep.Thai Ha 20000 b0
19 Account sect.of propagation dep.Thai Ha 6000 200
20 Account sect.of propagation dep.Thai Ha 14000 460
24 The office of railvay dept. 3 Xhas Thien 5000 165
25 The office of railvay dept. 7000 230
28  Bac Mai hospital 30000 990
30 Children hospital Lang Thuong 30000 990
31 The union of bike factories Thai Ha 8000 260
45 Dong Da hospital Nan Dong 5000 165
46 Institute of foodstuff ind. Thank Xuan £000 200
47 Institute of foodstuff ind. Ha Binh 5000 200
48 Printing house of bank Chua Boc 5000 185 .
129 Giap Bat railvay station 2500
130  Viet Maa Television station 1000
134 Comsunic. & tramsport. college 300
DONE DA total: 202100 6670 4000

( to be continued )



TABLE 6,3-3 LIST OF MAIN PUBLIC CONSUMERS WITHIN HANOI CITY ( Continued )

Ref. Type of user Address Estimated consusption Estim. capacity
no. froa public netvork of own plant
(s3/month)  (n3/d) (a3/0)

HAI BA TRUNG districts

37 Installation constr. co. 290 Minh Khai 5000 163

58  Enterp. of garment for export 250 Mai Dong 6000 200

70 The office of Forestry Ministry 127 Lo Duc 20000 660

71 Constr. machinery Enterp. 199 Ninh Khai 5000 200

72 Foodstuff company 141 Thuong Dinh 8000 260

74 Foreign Trade Ministry 9 Le Qui Don 5000 165

79 Hanoi university 5000 165

76  The polytechnic college Bach Mai 29500 370

77  The polytechnic college Bach Mai 20000 660 500
78 The polytechnic college Kis Lien 14200 470

79  The college of National Economy Dai La 16000 330

80 Hygienic and Epidemic institute Tho Lao 3000 163

81  Aray hospital 108 Tran Hung Dac 40000 1320

82 Industrial construction co, Mai Huong 5000 163

83 Union of machinery install, Ent.Minh Khai 3000 165

84  Vietnam - USER hospital Tran Khanh Du 65000 2140

85  Vietnaa - USSR hospital Tran Khanh Du 12000 400

86 Civil construction co. Thanh Nhan 12000 400
HAI BA TRUNS total: 278700 9200 300

HOAN XIEM district:

87 Pover cospany 16A Tran Nguyen Ha 3000 165
88  Vietnas - Germany hospital Trang Thi 8000 265
89 Ninistry of Internal affairs 44 Yet Kieu 8OO0 263
90 Vietnas - Cuba hospital 92 Tran Hung Dao §000 200
92 Vietnas - USSR palace 5000 163
93  Union of textile enterprise 46 Hang Quat 4500 150
94 Don Xuan market 4000 130
93  Pover supply department 24 Ly Thai To 5000 163
96 'Thong Nhat' rubber factory 141 Le Duan §000 200

( head office )

HOAN KIEM total: 31500 1705 0

{ to be continued )



TABLE 6.3-3 LIST OF MAIN PUBLIC CONSUMERS WITHIN HANOI CITY ( Continued )
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Ref. Type of user Address Estisated consumption Estia. capacity

no, from public network of own plant
{a3/aonth) (a3/d) (a3/d)

BA DINH district:

97 The State financial comsission Quang An 13000 430

99 Construction co. no, 3 Doi Can 1000 230

100 Education office ( Defend Min.) Hoang Dieu 7000 230

101  Education office ( Defend Min.) Quan Ngua 3000 165

102 Education office ( Defend Min.) Hoang Van Thu 6000 200

103  Unit 14113 C ailitary ) Quan Ngua 6000 200

104 Unit 17334 Kia Na 8000 265

105  Unit 14067 Cong Vi 7000 230

106 Tuberculosis Institute Cong Vi 5000 165

BA DINH total: 54000 2115

HANOT total: 996300 19690
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€.5 Future trends in water consumption

6.5.1 Water demand projection to 2010

The consumption estimates for Hanol city are
being presented in this chapter based on the
presented values in chapter €.2 and the general
tendencies in water use habite during the recent
year .

The international values presented did clearly
stand for different model s in the future
development of water use pattern.

The high values represent the water use model
prevailing in 19%0-60's. It was a time of rapid,
almost uncontreolled increases in the amount of
water consumed for differemt purposes. Therefore
also the future design criteria were high.

The realised consumption wvalues from 1980'4 in
several countries indicate, however, a definite
turn in the development. The short time passed
make it not possible to draw very detailed
conclusions, but it seems probable that the
factors effecting for the turn will remain
constant. The most important are economical
reasons: the financial burden of constructing,
operating and maintaining a water supply and
distribution system was grawing unbearable.
Another increasingly decisive factor is
environmental  protection, which is directing
water use towards more efficient utilization of
resources, recirculation and improved treatment

pProecsses.

A gquestionnaire among Vietnamese specialists and
organizationg concerned was being carried out to
establish a sound and proper basis for the future
consumption estimates. The results of this study
is presented in figure 6.%5-1.

It zan be seen that there is about 100,000 m3/d
difference in the estimates of the present
consumption, If this is taken as zero then the
di fference between the lowest and highest
estimates in 2000 and 2010 are 150,000 m3/d and
200,000 m3/d respectively. The speed of water
consumption growth is rather uniform in all the
estimates after the year 2000. '

Generally the high estimates were due to
difficulties in estimating the industrial and

public works consumptions. Alan  there wers some
difficulties in estimating the values for the
aroup *cleaning and irrigation?, as some

considered the 'domestic irrigation’ belonging to
this group. Very important factor to note was
that the estimates for domestic use and other use
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that the estimates for domestic use and other use
and losses ( loss reduction were rather
uni form. The highest value proposed for domestic
use was Z00 1/c/d.

After discussions with the Vietnamese
representatives the specific consumption figures
to be used in system dimensioning were fixed as
presented in tables £.5-1 to €.5-3 and figures
£.9-2 and 6.,5-3., There is alsa the consumption
calculations for each user category presented. In
table 6.5-1 is presented the total consumption
projection for the whole urban area as defined in
chapter S, including also Tam Hiep industrial
area ( I& ). In table €.5-2 iz presented the
consumption projection for rvight side of Red
River excluding Tam Hiep industrial area, and in
table €.%-3 the consumption projection for Gia
Lam on the left side of Red River.

The calculaticons for EHia Lam are based on
information obtained fram Planning Institute
rather than average unit consumpticn figureszs as
the area includes wonly one separate industrial
area ( I7 ) and one civil area ¢ 37 3.

Average and peak day consumption calculations are
presented in tables 6.5-4 and &.5-0.

There was a difference between the final figures
and the consultant’s proposals as follows:

—— —— - - — . it vhoot v

LCategory Final figures Consultant’s prop.

———— v —— — ——— ——— o dp

Domestic 120 100
1995 (1l/c/d)

Domestic 150 i
2000 (1/¢c/d)

k3
(4]

Domestic 180 160
2010 (1/¢c/d)

Industry 35 30
2010 (m3/ha/d)

Tetal consumption (m3/d)

- 1955 393, 000 258, 000
- 2000 458, 000 415, 000
- 2010 622, 000 564, 000




TABLE £.5-1 WATER CONSUMPTION PROJECTION FOR HANDI CITY FOR THE YEARS 1988 - 2010

Year Population Industrial areas I CONSUNPTION IN EACH USER CATEGORY
Area  Manpover I Dosestic Small Public Cleaning & Industry Losses ¢ Total consusption

1 industry works irrigation gther use losses  losses
(ha) I (lie/d) (lierd ) (lied) Clic/d) (s3/haid) (%) included excluded
I (e3fd) (a3/d) (a3/d) (n3d) {(e31d) (a3id) (a3/d)} (licHd ) lictd)
I {Xof total specific consusption)
1 2 3 § 3 6
1988 937000 1100 111000 [ 10 L] 35 3 40 50
i £6000 3000 33000 5000 44000 133000 306000 327 163
| 2 2 1 2 14 b1
1995 1048000 1300 119000 1 120 8 4 8 40 #
I 126000 8000 42000 2000 52000 157000 393000 I 25
i n 2 i 2 13 40
2000 1120000 1800 117000 150 10 40 10 Kh3 N
I 168000 11000 43000 11000 63000 160000 458000 9 266
I 7 2 10 2 14 KE]
2000 1400000 2800 167000 i 180 13 40 15 35 28
| 252000 21000 36000 21000 $8000 114000 622000 444 320
I 41 3 3 3 16 28

Note: The industrial consusption figures include the desand for Tas Hiep ( 16 ) area, vhich is not included in WNF studies,
4,500 a3/d in 1988, 7,700 a3/d in 1995, 10,700 a3/d in 2000 and 23,900 a3/d in 2019.

+EUk



TABLE £.5-2 WATER CONSUNPTION PROJECTION FOR HANDI CITY FOR THE YEARS 1988 - 2010
{ Right side of Red River excluding industrial area 16: Tas Hieg )

Year Population Industrial areas ! CONSUNPTION IN EACH USER CATEGDRY

Area  Manpover I Dosestic Smail Public Cleaning & Industry Losses & Total consuaption
I industry works irrigation other use losses  losses
{ha) I (Meid) (liedd) ClicMd) (lichd ) (a3/hafd) (1) included excluded
I (83/d) (a3/d) (e3/d) (a3/d) (a3/d) {(a3/d) (23/d) { lic/d)(1/cHd)}
I (To0f total specific consumption)
i 2 3 4 H] &
1988 922000 860 86240 1 i) 5 H ] 4 30
I 65000 5000 32000 3000 4000 141000 282000 306 153
H 23 2 1 2 12 30
1995 1029000 945 89700 1 120 8 40 ] 40 40
I 123000 8000 41000 8000 38000 145000 363000 39 212
i L] 2 i 3 10 40
2000 1099000 1230 91440 1 150 10 # 1 H 35
I 165000 11000 44000 11600 44000 14800¢ 423000 385 250
I H 3 10 3 10 35
2010 1326583  1B7S 127000 1 180 15 40 15 35 28
I 239000 20000 33000 20000 59000 152000 543000 409 29
| 4 ¢ 10 4 1 28

y0}



TABLE 6.5-3 WMATER CONSURPTION PROJECTION FOR GIA LAN FOR THE YEARS 1988 - 2010

{ Left side of Red River )

Year Populatien Industrial areas ] CONSUNPTION

I% EACH USER CATESORY

Area  Manpover 1 Dosestic Cleaning & Industry Losses & Total consuaption
I industry werks irrigation other use losses  losses
(ha) I (lerddy (W) {lefd) (liedd) (w3fhatd) (1) included excluded
I (a3/d) (23/d) (a3fd) (wd/d) (a3} (83/d) (w3Md) (licid ) 1icHd)
1 (Tof tetal specific consusption)
i 2 3 4 3 B
1988 15000 990 020 1 70 7 1% 4 3 3
1 1050 110 290 80 2790 4300 8600 i 287
1 12 | 3 i K74 50
1995 19600 105 9400 1 120 1% 113 4 2 40
I 2280 19 300 80 3360 4190 10400 547 327
1 22 2 3 1 2 40
2000 21000 150 9530 1 150 10.3 12.5 3 28 k]
I 3150 20 260 110 4200 4260 12200 §81 3N
I 26 2 2 H M 33
2010 73415 2% 12000 1 180 5.7 5.2 7 2 2
I 13210 €20 380 §10 8410 8870 31800 433 - 312
I 42 | 1 2 26 28

§04
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TABLE 6.3-4 AVERAGE AND PEAK DAY CONSUMPTION CALCULATIONS FOR THE YEARS 1988, 1995, 2000 AND 2010
( Right side of Red River excluding Tam Hiep industrial area I6 )

108

Year  Category of use

Population Area

Unit cons.

Average consumpt.

Peak day Peak day consusption

(ha) (leid) (1/s) (a3/d) coeffic. (1l/s) (a3/d)
( 1/ha/d )

1988  Domestic 922000 70 792 £5000 903 78000
Small industry 922000 L] 58 5000 69 5000
Public vorks 922000 B o 32000 444 38400
Cleaning & irrig. 922000 5 38 5000 &9 £000
Industry 860 40 3H 34000 433 37400
Other use & losses 1 1632 141000 1632 141000

Totals in 1988 922000 306 3264 282000 3851 306800

1995 Domestic 1029000 120 1424 123000 1831 139900
Small industry 1029000 8 9 8000 120 10400
Public vorks 1029000 40 475 41000 617 53300
Cleaning & irrig. 1029000 8 ) 8000 120 10400
Industry %43 40 “o 38000 484 41800
Other use k losses 40 1 1678 145000 1678 145000

Totals in 1995 1029000 kX 4201 363000 4870 420800

2000 Domestic 1099000 150 1910 165000 2874 231000
Ssall industry 1099000 10 127 11000 178 15400
Public vorks 1093000 40 509 44000 na #1600
Cleaning & irrig. 1099000 10 127 11000 178 15400
Industry 1250 n 509 44000 360 43400
Other use & losses k- 1713 148000 1713 148000

Totals in 2000 1099000 38 4896 423000 6016 519800

2010  Domestic 1326585 180 2766 239000 3873 334600
Ssall industry 1326585 15 )| 20000 N 28000
Public vorks 1325585 40 613 53000 859 74200
Cleaning & irrig. 1326585 13 21 20000 kyl} 28000
Industry 1675 33 683 39000 151 84900
Other use & losses 281 1759 152000 1759 152000

Totals in 2010 1326585 409 6288 543000 7830 481700




TABLE 6.5-3 AVERAGE AND PEAK DAY CONSUMPTION CALCULATIONS FOR THE YEARS 1988, 1995, 2000 AND 2010
( Left side of Red River, 6ia Lan)
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Year Category of use  Population Area Unit cons. Average consuspt. Peak day Peak day consusption
(ha) (l/c/id) (llg) (ad/d) coeffic, (1/8) (ad/d)
( Y/ha/d )

1998 Domestic 15000 70 12 1050 15 1260
Seall industry 15000 7 1 110 2 130
Public vorks 15000 19 3 290 4 350
Cleaning & irrig, 13000 4 1 80 1 70
Industry 9% k)| R 2790 36 3070
Other use & losses 50 1 50 4300 30 4300

Totals in 1988 15000 3 100 8600 106 9180

1995  Dosestic 19000 120 26 2280 K} 2960
Small industry 19000 10 2 190 3 250
Public vorks 19000 16 3 300 3 3%
Cleaning & irrig, 13000 ) i 80 § 100
Industry 103 N k) | 3360 LX] 3700
fither use & losses 401 4 4190 48 41%

Totals in 1995 19000 47 120 10400 134 11590

2000 Domestic 21000 150 36 3150 b1 4410
Seall industry 21000 " 10,3 3 220 4 310
Public works 21000 12.5 3 260 4 360
Cleaning & irrig, 21000 5 1 110 2 130
Industry 150 8 49 4200 1 4620
Other use L losses B 49 4260 49 4260

Totals in 2000 21000 581 141 12200 163 14110

2010  Domestic 73415 180 153 13210 214 18490
Small industry 13415 5.7 3 420 7 590
Public works 73415 3.2 4 380 6 530
Cleaning & irrig. 73415 1 6 310 | 1o
Industry 2% s £ B4l0 107 9250
Other use & losses 281 103 8870 103 8870

Totals in 2010 73415 423 38 31800 443 38440
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Industrial demand breakdown

The standards for industrial demand calculations

are usually on per unit product or per employee
basig. Very rough methods are based on the area

required for the speci fic industries. The
di fferences in reported specific water amounts
are wide, and that reflects differences in
technolagies.

Usually the water from the municipal water supply
systems is being used by industries, whose water
demand when compared to the other industries, is
relatively small, but the quality requirements
are high like food processing, textiles, a part
of metal and chemical industries, breweries and
laundries.

The industries whose water demand is high like
ferrous and steel industries, pulp and paper and
petrochemical industries usually take only the
sanitary waters from the municipal networks,
while the main part is being produced by
themselves.

Efforts towards achieving greater efficiency in
the use of water resources in industry should
consider the application of new/advanced
technologies that would enable: the reduction of
water withdrawals from natural water bodies by
further development af wastewater recycling
systems; the use of treated municipal wastewater,
treated industrial wastewater; the reduction of
consumptive losses by eliminating leakages and
process losses in industryj; the introduction of
dry rcooling technigues and eliminating non-
productive water losses; and effective control
over maintaining low water consumpticon rates.

The available information concerning industrial
development in Hancoi city, i.e. the location of
main industrial areas, the type of industries and
their area and manpower requirements are
presented imn table 5.3-4 and the relevant land
use maps. Some information concerning the present
main industries are presented in table £.2-2 and
their location in drawing No...

In this study the consumption calculations shall
be based on known internaticonal standard rates,
as information on industrial water requirements,
production capacities and methods of industrial
plants etc. from concerned departments and
agencies are not available. One very rough, but
simple method is to use standard unit consumpticon
per hectare for an 'average' industrial area.



111
According to literature this wnit consumption
varies in between Z20-33 m2/ha/d and the figure of
25 m3/ha/d «can be considered as an average. In

Scuth~East Asia, some figures have been reported:
- 45 m3/ha‘/d for Manila
- 2% m3/hasd for Jakarta

For Hanoi it is rather difficult to calculate
this figure, as the withdrawal from the city
network is not known and even the area allocated
for industries is not that accurate. The limits
for this figure have been estimated to be 3% -~ S0
m3/ha/d. It has to be kept in mind, that these
figures include the losses inside the factories
( beyond the meter if existing », but not these
=f the city network. Thus for an industrial area,
in Hanoi case, the total allocation is the unit
consumption plus S0 - 28 % of losses depending on
the year concerned.

It should be rather easy to decrease the unit
consumption by the passage of time by applying
new and advanced technologies as presented
garlier in this chapter.

The industries have been categorized into three
groups according to their water need:

I Textile and dying industries

II Food processing industries

I11 Mechanical, chemical, construction
material, ceramics, glassware etc,

industries.

The following unit consumptions have been used
for different development phases:

T —— L i} v IVHR ST S T USP ST A el v vl TS T T S —— T T ———

Group Industrial consumption (m3/ha/d)
1989 1995 2000 2010
I“- 88 88 s 73
11 77 76 71 70
III 30 30 25 25
Ave;;;; 40 40 30 T 35 )

1t has been assumed, based on experiences from
di fferent international studies, that group 1
water consumption is roughly three times and
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group 2 water consumption 2.7 times group three
water consumption. The figures have been adjusted
to come to the presented average figures
representing the total of industrial areas of the
ity by weighing with the areas concerned.

The share of each individual industrial area inteo
these rcategories as estimated by the Flanning
Institute as well as the consumption calculaticons
by di fferent devel opment phases have been
presented in table 6.5%-6.

For the industries outside these main industrial
areas an average figure in each planning year, as
presented above, will be adopted.

£.9.3 Civil demand breakdown

Civil water consumption includes the categories
domestic use, small industries, public works use
and cleaning and irrigation. The total
consumption estimates of each categaory in
different development phases have been presented
in tables €£.8-1 to 3. The methods of dividing
these total consumption figures to each planning
blocks as presented in table 5.3-2 and land use
mape are described in this chapter.

The calculated total consumptions have been
allocated on the planning area on  the basis of
land use and population information, supplied by
the Flanning Institute. The practical method has
been as follows:

Domestic consumption has been divided on
the basis of population amount in each
separate residential subarea.

- Public wor ks consumption has been
divided in proportion to the public
works subarea of the total public works
area. :

- Small industries use has been divided in
proportion to the small industries
subarea of the total small industries
area.

- Cleaning and irrigation consumption has
been first divided into two components,
cleaning of roads and squares  and
irrigation of green plantations, then
allocated 1.0 1/mZ2/d for green
plantations and the same for sgquares and
roads in proportion to the civil or
industrial subarea of the total city
area.
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TABLE 6.5-6 [INDUSTRIAL CONSUMPTION CALCULATION BY DIFFERENT CATEGORIES FOR THE YEARS 1989, 1995, 2000 AND 2010

Year Ind. Category I Category Il Category III Totals
area Area Consump. Area Consump. Area Consusp.  Arex C(onsumption
Ne. (%) (ha) (m3/d) (%) (ha) (a3/d) (1) (ha) (ad/d) (ha) ( w3/d )(md/ha/d)

1969 11 1.0 3.9 339 93.0 512 1933 9 1873 M.\
12 14.0 4.2 323 86.0 25.8 4 30 1097 36.6
I3 30 7.8 601 97.0 252.2 1366 260 8167 3.4
14 4.0 102.5 9020 20,0  50.0 3850 9.0 97.5 2925 250 15795 63.2
I35 100.0 83.0 2350 85 2550 30.0
I8 100.0 150.0 43500 150 4500 30.0
17 .0 27 208 97.0 81.3 2619 90 2827 3.4
Totals 11.6 106.4 9359 1.0 64,7 4382 Bl.4 748.9 22468 920 36809 40.0
1995 11 1.0 4.6 400 93.0 60.3 1814 6 2214 3.1
12 4.0 5.6 426 86.0 34.4 1032 40 1458 36. 4
13 .0 990 684 97.0 291.0 8730 300 9414 3.4
14 42,0 126.0 11088 20.0 60.0 4560 8.0 114.0 3420 300 19068 63.6
13 100.0 85.0 2590 85 2550 30.0
I8 20 5.0 380 9.0 245.0 71350 30 770 30.9
117 .0 5.3 399 95.0 99.8 2993 105 3392 32.3
Totals 1.4 130.6 11488 1.4 84.9 6449 81.2 929.6 27888 1145 45825 40.0
2000 11 7.0 5.3 410 93.0 69.8 1744 7N 2483 28.7
I2 15,0 14.6 1033 85.0 82.3 2061 97 WU 3.9
I3 .0 0.1 14 97.0 325.0 8124 Kk I ) 26.4
I4 43.0 172.0 13416 20,0 80.0 9680 37.0 148.0 3700 400 227% 51.0
I3 100.0 85.0 2125 85 2125 25.0
16 4.0 16.0 1136 9%.0 384.0 9600 400 10736 26.8
17 6.0 9.0 639 9.0 1410 3525 150 4164 27.8
Totals 1.3 177.3 13826 8.4 129.6 9202 80.1 1235.2 30879 1342 53906 35.0
2010 114 6.0 6.1 454 %0 9.9 2314 jo1 2828 28,0
12 1.0 22,1 1547 83.0 107.9 2698 130 4245 2.7
I3 40 18.4 1288 9.0 441.6 11040 460 12328 26.8
14 4.0 261.0 19573 2.0 121.8 8526 .0 197.2 49320 980 3303t 37.0
13 100.0 85.0 2123 B AN 25.0
Ié 8.0 66.8 4676 92.0 768.2 19203 835 23881 8.6
17 9.0 26,1 1827 91.0 263.9 6397 230 8425 29,1
Totals 10.8 267.1 20030 10,3 255.2 17864 78,9 1958.7 48969 2481 86862 35,0
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- Dther use and losses have been divided

faor all user categories in proportion to
their water consumption.

- The industrial consumption within civil
areas hage heen divided for the civil
ar@as having today industries within
them in proportion to the area.

€.5.4 Peak consumption calculations

The peak consumption calculations based on the
population and land use forecasts ag presented in
chapter S and specific consumption figures and
variation coefficients as presented earlier in
this chapter for eackh of the 43 'civil blocks'
and 7 industrial areas are presented in Appendix
2 of this report.

The calculations presented in Appendix & along
with the relevant land use maps form the database
for the Hanoi water supply network planning and
dimensioning. The method of network dimensiconing
is presented in chapter 7.
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7. WATER SUPPLY SYSTEM OPTIONS

7.1 General

In this chapter are presented the results of the
water supply option designs. They are based on
data and studies presented in Chapters 2 to 6.
The main difficulty in the option design has been
the co-ordination with the groundwater studies,
which did not go along with master planning.
Therefore the option studies had to be based on
assumed groundwater resources potentials. Before
any decigions can be made the water resources
availability have to be secured by comprehensive
hydrogeological studies.

The basic idea in the option design has been to
design as uniform systems as possible for the
nearest five year periaod to avoid risk
investments and to allow time for hydrogeclogical
studies. Thie has, however, not been possible in
full extent, but it should be possible to
accommodate the nearest development in any of the
options without big risks.

7.2 Water production requirements
7.2.1 Clean water production demand

Future clean water production has to be based on
the water demand estimates of the city discussed
in chapter 6. The production capacity of the
plants has to meet the peak day demand in order
to satisfy the water demand alsoc during the peak
day consumption situation without huge
reservoirs., The peak hour situation is usually
handled with the adjustment of the pumping
capacity and the capacity of the reservoirs.

The water production demand curves for the whole
planning period 1989-2010 are presented in figure
7.1-1 separately for the right side of Red River
and for Gia Lam. The present (¢ June 1989 )
estimated total production capacity of the main
plants is about 230,000 m3/d and the capacity of
the small plants about &0,000 m3/d making the
total production capacity to about 290,000 m3/d.
At the end of the second phase of HWSP in 1991
the production capacity should have increased to
about 400,000 m3/d, if the project is successful.
The total production demand of the city in 2010
will be abeout 720,000 m3/d. This means that about
320,000 m3/d of extra capacity has to be
identified and implemented in 20 years time.

In this context the design capacity of a water
treatment plant is considered to be the peak day
capacity, f.ex. Mai Dich treatment plant capacity
of 30,000 m3/d is representing the peak day
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production capacity. It has been a standard
during the FINNIDA aided Hanoi Water Supply
Project to adapt a unit of 320,000 m3/d in new
capacity implementation and extension. This means
that 11 such units has to be constructed during
the coming 20 years, 10 far the right side of Fed
River and one for Gia Lam.

7.2.2 Proposed plant development

Don Thuy

The proposed development of the existing plants
oY new plants nearby the existing ones i3
presented in table 7.2-1. This is based on the
recommendations by the hydrogeologist and
discussions and considerations with the

-Vietnamese organisations concerned. The

hydrogeoclogical aspects will be discussed in a
separate report by the hydrogenlogist.

The main principle in increasing the total
production capacity has been to locate the
extensions along the PRed River, where the raw
water guality and the yield of the aquifer has
been generally good, i.e. Luong Yen, Ngoc Ha and
Yen Phu treatment plants. However, these plants
are located nowadays in densely constructed
areas, and therefore, the expression 'extension’
does not gstrictly mean that the plant should be
located to the same site as the existing one, but
somewhere nearby where the site is available.

Another principle has been to gradually abandon
the small plants, as the use of them is
uneconomical and water quality control difficult.
If there is still lifetime left beyond 1995,
their use should be restricted out of the public
netwark.

The additional capacity proposed above is not
enough to meet the demand until 2010. Therefore,
new sources amounting totally to about 270,000
m3/d have to be identified. The new wellfields
have been propocsed to be located outside the
city, either in the north-west, upstream along
the Red River or in the south-east, downstream
along the river or if found feasible, both of
these areas. Also a partial utilization of
sur face water resources from Tich River basin has
been studied.

A description of the possible development of the
treatment plants is presented hereunder:

Don Thuy is a small treatment plant and the only
one with pressure filters., The lifetime of the
plant is expected to be over within 10 years. It
has been planned to abandon the plant until 2000



TABLE 7.2-1  WATER PLANT PRODUCTION CAPACITY PROJECTION TO 2010

Water plant Peak day capacities (add)

1988 199 1995 2000 2003 2010
Existing:
Don Thuy 10000 10000 10000
Ha Dinh 30000 30000 30000 30000 30000 30000
Luong Yen 1) 15000 45000 63000 75000 75000 75000
Mai Dich 30000 60000 60000 80000 60000 60000
Ngo Si Lien 45000 55000 53000 55000 55000 55000
Ngoc Ha 2) 27000 45000 45000 40000 50000 50000
Phap Van 30000 30000 30000 30000 30000
Tuong Nai 30000 30000 30000 30000 30000 30000
Yen. Phu 45000 43000 75000 73000 75000 75000
Ha Dong 3 15000
Gia Lam 4) 11000 11000 11009 20000 20000 40000
Ssall plants 60000 30000 21000
New plants total: 90000 180000 270000
Total production 303000 411000 432000 540000 615000 725000
Peak day demand 316000 369000 432000 534000  £21000 720000

Notes: 1) A new plant of 30,000 ad/d vill be constructed in {995, but
the total production will be enly 65,000 a3/d until year 2000
vhen Don Thuy vellfield capacity will be connected to it.

2) Existing treatment plant vill be abandoned and replased with
a new one until the year 2000,

3) Existing treatment plant will be abandoned and replased vxth
a nev one until the year 2003,

4) Capacity of the existing plant is only 3,000 w3/d, but it is
operated vith the total raw vater pumping capacity of about
11,000 a3/d.
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and connect the wellfield to Luona Yen treatment
plant.

The present proposed capacity of the plant is
30,000 m3/d. It has been planned to increase the
capacity to 45,000 m3/d, but according to the
present knowledge about the source it ig not
advigable, because of the drawdown, which is now
over 20 m and is indicating toos fast exploitation
at the moment. Therefore the capacity of the
plant has been proposed to remain on its present
level .

Luang Yen

Mai Dich

The present capacity of the plant is 15,000 m3/d
and is propwosed to be increased to 45,000 m3/d by
constructing one new wnit of 30,000 m3/d even
during the second phase aof the HWSP. The
construction works have been delayed mainly due
to difficult site clearance problems. Because of
the good groundwater potential of this area,
another unit of 30,000 m3/d is being proposed to
be constructed before the yaar 2000, S8Site
availahbility proeblems have to be cleared before
any decisions can be made.

The present capacity of this new plant is 30,000
m3/d and the enlargement of the plant is included
in to the second phase of the project to reach
the design capacity of the plant of 60,000 m3/d.
This is alsc considered to be the maximum
explmitable capacity of the nearby wellfield.

Ngo Si Lien

Ngm:- Ha

Ngo Si  Lien present pumping into the network is
estimated to be 43,000 m3/d, but the present raw
water pumping capacity and the plant itself makes
it pogsible to increase the capacity to 85,000
m3/d during the second phase of the praoject. The
plant is in risky area in respect of possible
contamination of the source, and therefore these
rasources have to be studied carefully. New
investments to enlarge the plant are not being
proposed.

The capacity of the plant is taday about 27,000
m3/d, but the plant is in migerable conditian,
Therefore the existing plant has been proposed to
be abandoned within 10 years. An enlargement with
a new unit of 320,000 m3/d has been included in to
the second phase of the project, but has faced
some difficulties, and is now being delayed. The
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groundwater potential in the area is reported to
be good, and therefore another unit of 30,000
m3/d is being proposed to be constructed in the
vicinity of the area around the year 2000.

Phap Van

Phap Van is a new plant with a design capacity of
30,000 m3/d and will be taken into use in 1389.
Very little information is available about the
source potential and water quality and therefore
no enlargements have been proposed for this area.

Tuong Mai

The present capacity of the plant is 30,000 m3/d,
and due t0 the risk of contamination and high
contents of iron in the raw water no enlargements
have been proposed.

Yen Fhu

Yen Phu present raw water pumping capacity of
about 78,000 m3/d exceeds well the «clean water
production capacity of the plant, and the raw
water pumping capacity can even be increased by
locating the new wells upstream along the river.
A new unit of 30,000 m3/d has been proposed to be
constructed in 1995, but a new site has to be
located.

Ha Dong

Ha dong iz a small plant with a capacity of about
15,000 m3/d supplying water to Ha Dong town
outside the present Hanoi urban area. The area
shall be incorporated in to Haneoi area in 2000
and the .network shall be connected to Hanoi
network. It is proposed that the plant shall be
extended in 2005 or totally replaced by a new one
to  reach the rcapacity of 30,000 m3/d. The
groundwater potential seems to be good, but has
to be studied more. The site for an extension is
already available.

Gia Lam

The capacity of the present plant in Gia Lam,
left side of Red River is only about 3,000 m3/d,
but the plant is operated with 11,000 m3/d. The
plant is proposed to be replaced with a new one
of 20,000 m3/d in 2000 and with an extension of
20,000 m3/d in 2010,

New plants

It is recaommended to study the groundwater
potential to abstract a maximum =f 240,000 m3/d
in the north-west upstream the Red River ( Cao
Dinh and Co Nhue plants ) and 90,000 m3/d in the
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south—east downstream the Red FRiver ( Du Thuong
plant ). As there is no reliable data concerning
these resources, optional water supply designs
have been prepared.

A plant utilizing surface water resources with a
capacity af 90,000 m3/d located in Ha Dong area
is proposed tn be studied.

7.3 Method of network dimensioning

7.3.1 Network modelling

The network calculations for the years 1995, 2000
and 2010 have been carried out by using the
microcomputer version of the FLOW-programme. It
is a simulating dimensioning preogram, which
calculates the static balance of the system. It
uses a variation of Newton-Rapson’s method for
solving a system of non-linear equations and
either the Hazen-Williams or Manning flow
equations to simulate flows in looped water
distribution netwark. The flow formula used in
Hanoi netwoark calculations has heen Hazen-
Williams.

The process of network lay-out planning and
dimensioning is presented hereunder.

The preparation of the network models for each
option and for each planning year includes the
following:

- formulation of the nmetwork geometry and
simplification of the system by using
the land use maps and the map of the
existing networlk

- numbering of nodes and pipes
- astimating the preliminary pipe sizes
- selecting of pipe roughness coefficients

- definition of the ground level elevation
at each node

- measurement of the pipe lengths

After the above degcribed procedure has been
carried out the consumptions at each node and the
productions at the treatment plants have to be
defined. The nodeflow calculations for each node
has bheen based on peak flow calculations
presented in Appendix 2, pipe lengths and their
service coefficients. The input flow at treatment
plants has been rcalculated in proportion to their
capacity with the total input flow equal to the
total consumption.
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The program output includes the following data:

- flow in each pipe ¢ 1/s5 )

- head loss in each pipe ( m )

- flow velocity in each pipe ¢ m/8 )

- ?lev?tinn of pressure level in each node
m

- pressure in each node ¢ mwp )

The balance of the calculated network can be
Jjudged on the following basis:

- the pressure 1in network is adeguate in
all consumption points

- flow velocities and head losses of each
pipe are within accepted limits

If the system is not in balance after the first
run, the necessary revisions of pipe dimensions
shall be done until the situation is corrected.

of Hanoi network

The caleculation of Hanoi water supply network has
been carried out assuming the system to be one
homageneous pressure area. The initial pressure
level has been defined by a theoretical reserveir
located by Mai Dich pumping station. It has to be
kept in mind that the choice of reservoir
location is having a great effect on the pumping
head requirements at each separate pumping
station and accordingly on the averall pressure
level aver the whole vity. Therefore the results,
as far as the pressure levels are concerned, are
valid only if the initial pressure is fixed as
assumed with a reservoir located at Mai Dich
treatment plant. The optimal location of a main
water tower has to be studied separately for the
preferred water supply option.

Hanoi water supply system with many pumping
stations pumping into the same network is rather
complicated. The results of the calculations show
the static balance of a specified consumption
situation. The required pumping head at each
pumping station to reach the balance is changing
as a function of time and consumption and
accordingly the choice of the pumps in order to
operate them economically has to be done very
carefully. In an integrated system like assumed
in Hanoi it is not possible to fix the pumping
head wr the pressure level of a certain area,
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f.ex. the old city area, to a preferred level
withaut reducing the production at the treatment
plant. Some adjustment can be done by applying

pressure reducing device, but then enerqy is
being lost unnecessarily.

The target pressure levels have been discussed in
chapter 4. To avoid too high initial pressure
levels at pumping stations, a general target
value of 30 m have been set for the maximum head
loss in the planning area. This value would
result in a peak pressure of S0-55 m in the
network. The minimum allowable pressure level in
the network has been around 10 m.

The network used is greatly simplified and
principally only main lines with diameter 300 mm
or bigger have been included in calculaticons. The
dimensioning situation has been the peak day peak
hour consumption. The calculations for peak day
and average day consumption situations have also
been carried out.

The used roughness coefficients in Hazen-Williams
flow formula have been 12 = 80 for the old cast
iron pipes and C = 110 for all the new pipes.

The guideline limits for flow velocities have
been defined so that in small pipes up to 200 mm
the dimensioning velocity should be 0.8«1.0 m/s
with respective head loss of 0.2-0.5 % and in big
pipes 1.0-1.5 m/s with respective head loss of
0.2-0.35 %. To avoid deposits in the pipelines the
velocity should not be less than 0.2-0.2 m/s. It
has not been possible to follow these principles
strictly, as some other factors may require that
values failing to come up to the limit or
exceeding the maximum have to be accepted.

For Gia Lam area with only one pumping station
the program LOOP has been used to dimension the
network. The basic data and principles have been
the same as with the FLOW calculations.

7.4 Description of the Water Supply System Opticns

7.4-1 Dpti':'n 1

The network layout and dimensioning is presented
in figure 7.4-1 and the network calculations for
the year 1995 in Appendix 3, for the year 2000 in
Appendix 4 and for the year 2010 in Appendix 3.

In this option the incremental raw water capacity
of about 265,000 m3/d in the year 2010 to produce
240,000 m3/d of clean water is proposed to be
pumped from a big well field located in the north-
west of the city, upstream along the Red River.
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The incremental clean water production_bayand the
existing plants and their extensions is proposed

for two new water plants with a final capacity of
120,000 m3/d each. They are proposed to be

located in Cao Dinh ¢ No. 10 ) and Co Nhue ( No.
i1 ) areas. The water plant development program
is presented in table 7.4-1.

The pressure requirements at pumping stations and
minimum pressure levels in the network during
peak day peak hour situation, peak day situation
and average day situation as per the network
calculations are presented in table 7.4-2.

In this option the network is rather well in
balance before the year 2000. In 2000 the new
plants are satisfying the demand of the
surrounding area, but in 2010 a lot of clean
water is pumped towards south to the new areas
and rather high pressure is needed in the new
plants to keep the balance. In order to meet with
the minimum pressure reguirements the fixed
pressure level in Mai Dich has to be increased in
the year 2000 by 9 meters. To keep the balance
with production and consumption the the pressure
levels at Yen Phu, Ngo 8i Lien, Haoc Ha and Mai
Dich water plants have to be increased by some S5-

10 meters towards the end of the planning
horizon.

Energy demand calculation for each pumping
station based on peak day pumping heads over the
whole planning period is presented in table 7.4~
3. The average energy demand for «clean water
pumping would be 0.139 kWh/m3.

The ligt of transmission maing to be constructed
during the periods 1991-1995, 1996-2000 and 2001~
2010 is presented in table 7.4-4, These are the
pipelines to be constructed after the second
phase of the project. In an average about 7.6 km
of transmission mains should be constructed
yearly during the first 5 year period and about 4
km thereafter. Some of the existing pipes will be
replaced when the capacity is exceeded and the
lifetime of the old pipe is considered to be
over, some of the pipes will have a parallel line
if considered to be necessary. These are also
presented in the table. All the BOO mm pipes will
be constructed in two phases as two 600 mm pipes.

The pipes to be included in the rehabilitation
praogram are presented in table 7.4-5. Some of
these have already been considered to be included
in the gsecond phase of the praject. In the table
are included only the pipes beyond the
construction program. Also the pipes that will be
replaced after 1995 have to be tested and their
need for repair must be considered separately.
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TABLE 7.4-1 WATER PLANT DEVELOPNENT PROGRAM, DPTION |
{ Production on the right side of Red River )

Hater plant Peak day capacities (a3/d)

Node Nase 1988 1994 1995 2000 20035 2010

Existing:

204 Don Thuy 10000 10000 10000
6 Ha Dinh 20000 30000 30000 30000 30000 30000
3 Luong Yen 1) 15000 45000 63000 75000 75000 75000
8 Mai Dich 30000 60000 60000 60000 60000 60000
2 Noo Si Lien 45000 55000 55000 55000 355000 535000
7 Ngoc Ha 2) 27000 45000 435000 60000 60000 60000
5 Phap Van 30000 30000 30000 30000 30000
4 Tuong Mai 30000 30000 30000 30000 30000 30000
{ Yen Phu 43000 43000 73000 75000 75000 73000
9 Ha Dong K)) 15000

Small plants 60000 30000 21000

New plants:
9 Ha Dong 30000 30000
10 Cao Dinh 4) 60000 90000 120000
11 Co Nhue 30000 60000 120000

Total production 292000 400000 421000 520000 595000 685000

Peak day demand 307000 360000 421000 520000 595000 682000

Notes: 1) A nev plant of 30000 a3/d will be constructed in 1995, but
the total production will be only 65000 a3/d until year 2000
vhen Don Thuy wellfield capacity will be comnected to it.

2) Existing treataent plant will be abandoned and replased vith
2 new one until the year 2000.

3) Existing treatment plant vill be abandoned and replased vith
2 nev one until the year 2005,
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TABLE 7.4-2 PRESSURE LEVELS AT PUMPING STATIONS DURING AVERAGE DAY, PEAK
DAY AND PEAK DAY PEAK HOUR CONSUMPTION SITUATIONS

OPTION |
Pusping station Pressure levels ()
Node Nase 1993 situation 2000 situation 2010 situation
pdph  pd ad pdph pd ad pdph pd  ad
1 Yen Phu 39.5 32.4 31.2 33,0 34.0 34.6  47.0 44.0 41.3

2 Ngo §i Lien 34,9 33.2 32.4 0.2 33.0 34.9 4L.2 40.6 40,0
3 Luong Yen R/ 334 2.6 6.8 30.7 333 32 M 362
4 Tuong Mai 3%.6 34.2 3.3 2.8 30.7 33.3 27.7 30.8 3.6
3 Phap Van 43.6 38.7 36.7 31.8 3.1 35.7 32,3 34,1 15.8

6 Ha Dinh 30.7 30,5 30.3 27.8 31.4 33.8 187 24.3 29.2
7 Ngoc Ha 3.2 30.8 0.6 39.3 39.2 391 433 421 4.1
8 Mai Dich 30.0 30,0 30.0 3%.0 39.0 39.0 3%.0 3%.0 39.0
9 Ha Dong 20,8 26.7 30,5 15.3 2.7 0.6
10 Cac Dinh 45.8 43.6 42,2  46.3 44.0 42,0
{1 Phu Dien 41.1 40,4 40,0 49.7 46.5 43.6

12 Du Thuong s.
15 “reservoir®  30.0 30,0 30.0  39.0 39.0 39.0 39.0 39.0 39.0
200 Bach Mai 30.6 30.2 30.2
201 Bach Khoa 33.3 3.1 3Lé
202 Kin Lien 29.1 29.4 29.6
203 Trung Tu 24.7 26.6 27.4
204 Don Thuy 30.2 0.t 30.1
205 Thanh cong 25.2 28,9 27.7

63 netvork min. 19.8 23.5 25.0
67 netvork ain, 16.8 24,0 28.7
62 netvork ain. 10.5 18.3 25.3

pdph = peak day peak hour  pd = peak day  ad = average day



TABLE 7.4-3 . ENERGY DENAND CALCULATION FOR CLEAN WATER PUMPING DURING THE PLANNING PERIGD OF 19%1-2010
( 8ption 1)

Treataent plant Mater pusped ( mill.e3 ) Pusping head { awp }  Energy desand ( MWh )  Total 1991-2010

Ne. Naae 1991~ 1999- 2005~ Total 199t- 193%9- 2006- 1998- 1999~ 2006- ( MWh ) ( kéh/nl)
1998 2005 2010 1998 2005 2010 1998 2005 2010
1 Yen Phu 187 164 103 454 32.4 .0 4.0 23584 21705 17641 62930 0.13
2 Ngo Si Lien 137 1260 75 332 332 330 #0.p 17705 15415 11853 44972 ¢.135
3 Luong Yen 162 164 103 429 33.4 30.7 347 21062 {9798 13912 34513 0.127
4 Tuong Mai 75 b6 41 182 34,2 30.7 30.8 9984 7887 4916 yrelH 0.125
3 Phap Van 3 66 41 182 387 341 341 11298 B7El H442 29501 0.140
& Ha Dinh 13 66 4 182 3.5 3.4 4.3 B904 BOs7 3878 20849 0.113
7 Ngoc Ha 112 131 82 328 .8  39.2 42,1 13428 19989 13438 46855 0.144
8 Mai Dich 150 131 82 33 0.0 390 3%.0 17517 19887 12444 49852 0.137
9 Ha Dong 33 4 L 6.7 217 I 3463 6893 0.093
10 €ao Binh 131 165 296 43.6 44,0 22233 28280 50493 0.17%
11 Phu Dien 66 185 2% 40.4  46.5 10379 29866 40245 0.174
12 Du Thuong s.
200 Bach Mai © 12 12 30.2 1414 1411 0.118
201 Bach Khoa a g8 3l 1660 1000 0.125
202 Kia Lien 16 5 29.4 1831 1834 0.114
203 Trung Tu 8 g 26.6 828 828 0.104
204 Don Thuy 25 25 30.1 2929 2929 0.117
205 Thanh Cong 8 8 2.9 838 838 0.105
Totals: 1050 1138 939 3127 132319 157350 {45118 434747 0.139
Average total productions: 360,000 ad/d in 1995 = 1630 aill a3/8 years Kin. peak day pressure
445,000 a3/d in 2002 = 1138 will a3/7 years in network:
515,000 a3/d in 2008 = 939 aill a3/5 years 1995/23.5 awp
Puap efficiency: 0.7 2000/24.0 mup —
Energy cost ( 5/1989 ); 120 dong/kih 2010/18.3 awp Qﬂ

Note: Peak day theoretical pumping heads ssed in calculations
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TABLE 7.4-4 TRANSNISSION MAINS YO BE CONSTRUCTED DURING 1991-2010, Option 1
Constr. 225 PVC 315 PVC 400 DI 600 DI 990 [} Period
period Pipe  Lenght Pipe  Lenght Pipe  Lenght Pipe  Lenght Pipe  Lenght tatal of
no. (8) no. {a) no. (a) no. (a) no (a) 300 aa
1991-1995 39 72 1000 IR 1800 21 1000
49 1000 23 900 32 830 26 1450
bH] 1050 24 1350 3 1450 27 1375
28 1573 48 1925 3 1000
38 1425 34 650 95 625
40 750 80 1280 9 1500
43 675 83 1500 97 250
44 925 87 1300 {18 875
30 700 94 1650 124 1000
) 1250
Y 1250
64 1150
67 825
7 629
] 1425
113 1375 7.6 kafyear
Total: 2625 17200 14779 9073 0 38050
1996-2000 116 1925 11 1125 63 P 1673 B9 R 1125
117 1350 112 1120 68°PF 1000 72R 250
123 1125 14 400 115 400
126 800 123 1000 119 1525
127 1128 130 825 120 1450
131 1125
147 1430 3.3 ka/year
Total: 3275 5300 7475 4750 0 17825
2001-2010 144 1200 140 590 137 1230 61 R 1200 153 1450
146 978 145 850 138 679 76 R 1000 134 730
150 850 149 1230 139 1925 95 P 625 163 1150
160 1173 131 975 144 2000 97P 250
mn 800 16l 1575 148 675 120 P 1450
172 1225 1682 2350 159 200 12t 1075
170 1100 156 1100 122 900
175 550 137 750 142 350
158 1400 143 1400
139 825 132 1450
166 950 164 730
167 1025 163 450
168 1000
189 930
in 1075
174 1300
176 900
17 1000 4.3 ka/year
Total: 6225 9200 19400 10900 3330 42830
P = parallel pipe, R = replacesent Total: 98425



7.4.2 Option 2
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The network layout and dimensioning is presented
in figure 7.4-2 and the network calculations for
the year 1995 in Appendix &, for the year 2000 in
Appendix 7 and for the year 2010 in Appendix 8.

In this option the total incremental raw water
capacity of about 200,000 m3/d to produce 270,000
m3/d of clean water in the year 2010 is proposed
to be pumped from a wallfield in the north-west
of the city ¢ 165,000 m3/d 1, from a wellfield in
the south-east of the <ity ( 100,000 m3/d ) and
in Ha Dong 35,000 m3/d ).

The incremental clean water production beyond the
existing plants and their extensions is proposed
for three new plants: Cao Dinh and Co Nhue in the
north—-west and Du Thuong in the south-west. The
proposed plant development program 1is presented
in table 7. 4""6'

The pumping head requirements and minimum network
pressure levels during peak day peak hour, peak
day and average day situaticns as per the network
caleulations are presented in table 7.4-7.

In this option the pressure is rather uniform
over the wwhole city and the entire planning
horizon. As the water is produced in the
consumption areas, there is no need for long
distance pumping, and the service areas of each
treatment plant can be rather easily defined. The
fixed pressure level in Mai Dich can be even
reduced in the year 2010 by 4 meters, but as the
demand of water 1in the old city area is
decreasing, the pressure levels of Yen FPhu, Luong
Yen and Fhap Van plants have to be increased by
S—10 meters to keep the balance.

Energy demand calculation for each pumping
station based on peak day pumping heads over the
whole planning period is presented in table 7.4-
8. The average energy demand for clean water
pumping would be 0.122 kWh/m3.

The list of transmission mains to be constructed
in this optiocn during the periods 1991-1995,
1996-2000 and 2001-2010 is presented in table
7.4-9, In an average 7.7 km of main lines should
be constructed yearly during the first 5 year
pericd and 3-5 km thereafter.

The pipes to be included in the rehabilitation
program are presented in table 7.4-10. Some of
these have already been considered to be included
in the second phase of the project. The possible
rehabilitation of the pipes to be replaced after
1995 has to be considered separately. They are
not included into the table.



TABLE 7.4-5 TRANSMISSION MAINS TQ BE TESTED FOR REHABILITATION
{ Option 1)
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300 C! 400 CI 00 CI
Pipe no. Lenght (m) Pipe no. Lenght (a) Pipe no. Lenght (w)

11 800 4 1200 7 600
12 850 9 1750 3 1000
14 1350 10 500 43 925
13 650 13 300 46 125
28 1400 47 650

s 1000

30 750

60 825

%8 350
Totals: 3650 8475 4300
Total: 164235

TABLE 7.4-10 TRANSMISSION NAINS TO BE TESTED FOR REHABILITATION
{ Options 2 and 3 )

300 CI 400 CI 600 CI
Pipe no. Lenght (a) Pipe no. Lenght (&) Pipe no. Lenght (a)

4 1200 7 600
9 1750 K} | 1000
10 500 45 2
28 1400 46 1125
Vs 1000 47 £50
9% 530
Totals: 0 6400 4300
Total: 10700



1314

TABLE 7.4-6  WATER PLANT DEVELOPMENT PROGRAM, OPTION 2
( Production on the right side of Red River )

Water plant Peak day capacities {(nd/d)

Node Nase 1988 1991 1995 2000 2005 2010

Existing:

204 Don Thuy 10000 10000 10000

6 Ha Dinh 30000 30000 30000 30000 30000 30000
3 Luong Yen 1) 15000 45000 65000 75000 75000 75000
8 Mai Dich 30000  &0000 50000 60000 60000 60000
2 Ngo 5i Lien 45000 55000 55000 55000 55000 55000
7 Ngoc Ha 2) 27000 45000 45000 60000 50000 60000
5 Phap Van 30000 30000 30000 30000 30000
4 Tuong Mai 30000 30000 30000 30000 30000 30000
t Yen Phu 45000 43000 75000 75000 75000 75000
9 Ha Dong 3 13000

Ssall plants 60000 50000 21000

New plants:

9 Ha Dong 30000 30000
10 Cao Dinh  4) §0000 60000 30000
11 Co Nhue 30000 60000
{2 Du Thuong south 20000 60000 90000
Total production 292000 400000 421000 520000 595000 685000
Peak day demand 307000 3650000 421000 520000 595000 &82000

Notes: 1) A nev plant of 30000 a3/d will be constructed in 1995, but
the total production vill be only 35000 a3/d until year 2000
vhen Don Thuy vellfield capacity vill be connected to it.

2) Existing treataent plant vill be abandoned and replased vith
a nev one until the year 2000,

3) Existing treataent plant vill be abandoned and replased vith
a nev one until the year 2003,

4) Water plant located in the northwest of the city.



132

TABLE 7.4~7 PREASSURE LEVELS AT PUNPING STATIONS DURING AVERAGE DAY, PEAK
DAY AND PEAK DAY PEAK HOUR CONSUMPTION SITUATIONS

OPTION 2

Pusping station Pressure levels (o)

Node Name 1995 situation 2000 situation 2010 situation

pdpgh pd ad pdph pd ad pdph pd  ad

{ Yen Phu N.2 9.7 9.0 29,7 28.8 28,2 39,5 35.0 0.9
2 Ngo §i Lien 32,9 31.9 3.4 29.2 29.5 2.6 38.5 35.1 32,0
3 Luong Yen 28,0 28,7 29.0 28.5 29.0 29.3 44,2 39.3 4.8
4 Tuong Mai 36,9 3.4 3.4 37.5 3.1 3T 46 39.5 35.0
5 Phap Van 36.6 34.2 33.2 342 32.8 31,9 48,4 42.3 3.8
6 Ha Dinh 9.9 9.9 9.9 27,1 8.2 8.8 26.3 26.3 25.2
7 Ngoc Ha 3.6 31.0 30,8 3.6 331 32.2 325 30.7 .
8 Mai Dich 30,0 30.0 30.0 30.0 30.0 30.0 26.0 26.0 26.0
9 Ha Dong 20,2 23.4 25.5 22,3 23.3 M4.2
10 Cao Dinh 3.0 32.4 3.3 4.5 4.6 4.8
11 Phu Dien 26.5 26.1 25.7
12 Du Thuong s. 30.9 30.9 30,9 952.4 45.3 3.2

13 “reservoir®  30.0 30.0 30.0 30.0 30.0 30.0 26,0 26.0 26.0
200 Bach Mai 4.5 26.5 27.3
201 Bach Khoa 26.8 28.0 28.5
202 Kin Lien 25.5 21,1 27.8
203 Trung Tu 231 25.6 26.6
204 Don Thuy 26.7 27.9 8.4
205 Thanh cong 23.8 26,0 27.0

67 netvork min. 13.8 20.4 23.4
107 netvork min. 18.7 22.8 24.5
105 network min. 14.9 17.9 20,7

pdph = peak day peak hour  pd = peak day  ad = average day
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TABLE 7.4-9 TRANSMISSION MAINS TO BE CONSTRUCTED DURING 1991-2010, Option 2
Constr. 225 PVC NS AVC 400 DI 500 DI 800 DI Period
period  Pipe  Lenght Pipe  Lenght Pipe  Lenght Pipe  Lenght Pipe  Lenght total of
no. {a) no. (=) no. (a) no. (o) no. {(n) Y300 ma
19911995 &9 1000 25 1875 IR 1800 20 1000 2 1000
55 1050 27 1378 40 790 23 900
50 700 44 925 24 1350
5t 1250 48 1525 28 1450
2 1250 80 1250 32 630
b1} 850 83 1500 33 1450
64 1150 % 1650 3w P 625
67 825 95 625 38 1425
k] 625 % 1500 39 s
a7 1300 97 20 43 873
9 1425 Mme 375
113 1375 118 875
124 1000 7.7 kalyear
Total: 2050 13500 11775 12350 1000 3825
1996-2000 116 1925 112 1125 63P 1675 B3R 1125 140 350
117 1350 125 1123 e8P 1000 72R 230
128 800 11} 1125 115 400
131 125 114 400 119 1525
123 1000 120 1450
147 1450 130 B2% 3.4 ka/year
Total: 2718 4175 £650 3975 550 16950
2001-2010 145 975 145 850 f2R 850 It R 800 40P 550
130 830 149 1250 14R 1350 13R 500 163 1150
156 1100 15t 975 1SR 650 30R 750
171 800 155 800 BOP 1250 32P G50
172 1228 157 750 8P 1500 33P 1450
158 1400 137 1230 &0R 825
160 1175 138 675 &1 R 1200
164 1375 139 195 71FP 579
162 2350 144 2000 73R 490
170 {100 148 675 76 R 1000
173 1075 192 1450 124 1075
174 1300  1%9 85 12 300
175 950 169 450 141 1200
177 1000 166 350 142 350
167 1025 143 1400
168 1000 153 1450
169 950 154 750
176 900 1h4 730 5.3 ka/year
Total: 4950 16350 19275 16075 1700 53400
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7.4.3 Option 3

The network layout and dimensioning is presented
in figure 7.4~3 and the network rcalculations for
the year 199% in Appendix 9, for the year 2000 in
Appendix 10 and for the year 2010 in Appendix 11.

In this option, besides ground water, surface
water taken from Tich River basin has been
introduced as a part of the source of supply with
a share of about 15 % of the total demand in the
target year of 2010,

The main new wellfields are located in the north—
east with raw water pumping capacity of about
130,000 m3/d and in the south-west with raw water
pumping capacity of about 65,000 m3/d in the ysar
2010,

The maximum possible surface water abstraction
from Tich River basin has been estimated to bhe
about 1 m3/s or 90,000 m3/d with a storage at the
intake. The resources potential has been
discussed moare in detail in Chapter 3. The
necegsary arrvangements for raw water production
and transportation would be an intake with pre-
sedimentation, pumping station and raw water linpe
of about 20 km. Detailed studies on water
production out of the river water bhave not yet
been possible.

The proposed water treatment plant development
program for this option is presented in table
7.4_""'111-

In this option the pressure in network is also
rather uniform and the balance is good during the
whele planning period. There is no need for long
distance pumping of clean water, as the water is
produced in the consumption areas. The fixed
pressure level in Mai Dich can be reduced in 2010
by 4 meters but the pumping heads of Yen Fhu, Ngo
Si Lien, Luong Yen, Tuong Mai and Phap Van plants
have to be increased some 6-12 m to keep the
balance. Cao Dinh pressure level can be reduced
about 10 m from its inttial level in 2010.

Energy demand «calculation for each pumping
station based on peak day pumping heads presented
in table 7.4-12 is presented in table 7.4~132. The
average energy demand for clean water pumping
would be the same as for option 2, i.e. 0.122
kWh/m3.

The list of transmission mains to be constructed
in this option during the periods 1991-1995,
1996~2000 and Z2001-2010 is presented in table
7.4-14, In an average 7.8 km of main lines should
be constructed yearly during the first 5 year



136

TABLE 7.4-11 WATER PLANT PRODUCTION CAPACITY PROJECTION, OPTION 3
( Production on the right side of the Red River )

Hater plant Peak day capacities (a3/d)

Node Name 1988 1991 1995 2000 2005 2010

Existing:

204 Don Thuy 10000 10000 10000
& Ha Dinh 30000 30000 30000 30000 30000 30000
3 Luong Yen 1) 15000 45000 65000 75000 75000 75000
9 Mai Dich 30000 60000 60000 60000 60000 60000
2 Ngo i Lien 45000 55000  S5000 55000 55000 55000
T Ngoc Ha 2) 27000 45000 45000 60000 60000 60000
3 Phap Van 30000 30000 30000 30000 30000
4 Tuong Mai 30000 30000 30000 30000 30000 30000
i Yen Phu 45000 45000 75000 75000 75000 75000

Small plants 60000 50000 21000

Nev plants:

9 Ha Dong ¢ surface vater ) 45000 90000 90000
10 Cao Dinh k)] 60000 60000 90000
11 Co Nhue k)] 30000
12 Du Thuong south 4) _ 30000 60000
Total production 292000 400000 421000 520000 595000 685000

" Peak day demand 307000 360000 421000 520000 595000 682000

Notes: 1) A new plant of 30000 a3/d vill be constructed in 1995, but
the total production vill be only 65000 a3/d until year 2000
vhen Don Thuy vellfield capacity vill be connected to it.

2) Existing treatment plant vill be abandoned and replased vith
4 nev one until the year 2000,

3) Water plant located in the northwest of the city.

4) Water plant located in the south of industrial area I4
Vinh Tuy.
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TABLE 7.4-12 PREASSURE LEVELS AT PUMPING STATIONS DURING AVERAGE DAY, PEAK
DAY AND PEAK DAY PEAK HOUR CONSUMPTION SITUATIONS

OPTION 3

Pusping station Pressure levels (a)

Node Name 1999 situation 2000 situation 2010 situation

No. pdph  pd ad pdph pd ad pdph pd  ad
1 Yen Phu 3.4 29.B 298 29.1 2B.4 28,0 4i.B 36.7 32,1

2 Ngo Si Liem  32.9 31.9 31.4 27,2 28.1 28.7 4.2 37.1 3.3
3 Luong Yen 8.2 28.8 29.1 23.5 25.6 27.0 43.9 39.0 34.6
4 Tuong Mai 27,0 28,1 28.5 22.1 4.6 26,3 4.2 38.5 3.3
3 Phap Van 3.6 34.2 33,2 30.3 30.2 30,4 50.1 43.5 37.6

6 Ha Dinh 29,7 29.8 9.8 36.8 34.6 33,2 41.3 3.1 3.4
7 Ngoc Ha 3.6 31.0 30.8 348 332 3.2 331 ALY 29.4
8 Mai Dich 30.0 30,0 30.0 30,0 30.0 30.0 26.0 26.0 26.0
9 Ha Dong 37,2 4.9 33.4 448 9.7 35.1
10 Cao Dinh 3BT 2.2 N2 W02 U5 227
11 Phu Dien 20,8 22,0 2.0
12 Dy Thuong s. 47.0 4.5 3b.6

15 "reservoir” 30,0 30.0 30.0 20.0 30.0 30.0 26,0 26.0 26.0
200 Bach Mai 4.1 26.2 27.1
201 Bach Khoa 27.0 28.1 28.5
202 Kia Lien 25,5 7.1 7.8
203 Trung Tu 23.0 25.5 26.6
204 Don Thuy 2.6 27.9 28.4
205 Thanh cong 2.8 26.0 27.0

107 netvork min. 19.9 23.5 25.0
27 netvork sin. 18.3 22.1 24.6
110 netvork sin. 13.1 16.6 19.8

pdph = peak day peak hour  pd = peak day  ad = average day



TABLE 7.4-13 EWERGY DENAND CALCULATION FOR CLEAM WATER PUMPING BMURING THE PLANNING PERIOD OF 1991-2050
( fption 3)

Treataent plant Water pusped  aill.n3 ) Pumping head ( mwp }  Energy demand ( MWh }  Total 1991-2010

No. Name 1991- 1999~ 2006- Total 1991- 1939~ 2006~ 1991- 1993- 2006- (Mh ) ( kih/ed)
1998 2005 2010 1999 2005 2010 1998 2005 2010
1 Yen Phu 197 164 103 454 29.8 28,4 36.7 21692 18130 14714 54536 0.120
2 Ngo Si Lien 137 120 75 332 3.9 2.1 1 172 132k 10831 40968 0.123
3 Luong Yen 162 164 103 429 8.8 25.6 .0 18161 18343 {5636 0140 o.117
4 Tuong Mai 75 86 4 B2 281 4.6 305 8204 6320 G144 20668 0.114
3 Phap Van 79 66 4 182 342 30,2 435 M 759 62 24685 0.136
b Ha Dinh 7[W 66 4 182 298 M6 370 6700 BBEZ 39U 23510 0.129
7 Ngoc Ha 12 1 82 325 3.0 332 3.1 13515 16930 9977 40371 0.124
8 Mai Dich 150 131 82 363 30.0 30.0 260 17517 15298 8299 41113 8.113
9 Ha Dong " 14 13 H9 N7 1349 19162 32612 0.146
10 Cao Dinh 131 124 255 2.2 2.5 16420 10378 26797 0.10§
11 Phu Bien 41 41 2.0 Kt K+t H] 0.086
12 bu Thuong s. a2 B2 4.5 13246 13246 0.162
200 Bach Mai 12 12 2.2 1224 124 0.102
201 Bach Khoa ] B 28.1 87 a7 ¢.109
202 Xia Lien 16 i 27.1 1688 1668 0.109
203 Yrung Tu a B 25.5 794 794 0.099
204 Don Thuy 25 B 1.9 2715 s 6.109
205 Thanh Cong ] 8 26.0 Bld 810 0.101
Totals: 1050 1138 939 3127 122883 132862 124713 380264 0.122
Average total preductions: 360,000 a3/d in 1995 = 1050 sill #3/8 years Hin. peak day pressure
445,000 a3/d in 2002 = 1138 aill a3/7 years in netvork >
315,000 a3/d in 2008 = 939 aill #3/5 years 1995/23.5 avp @
Pusp efficiency: 0.7 2000/22.% mwp
Energy cost ¢ 5/1989 ): 120 dong/kHh 2010/16.6 mwp

Note: Peak day theoretical pusping heads used in calculations
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TABLE 7.4-14 TRANSMISSION WAINS 7O BE CONSTRUCTED DURING 1991-2010, Option 3

Constr. 223 PVC N5 MC 400 DI 600 DI 800 DI Period
period Pipe  Lenght Pipe  Lenght Pipe  Lenght Pipe  Lenght Pipe  Lenght total of
no. (a) no. (n) no. (a) no. (a) no. (a) 1300 an
1991-1995 49 1000 25 1575 3R 1800 20 1000 21 1000
53 0% 27 13715 38 1428 23 900
40 75% 39 5 24 1350
43 675 30 700 26 1450
4“ 925 80 1250 3t 1000
51 1250 83 1500 22 £50
‘ 52 1250 94 1650 33 1450
b 850 95 823 49 1525
&4 15. 9% 1500 77p 375
67 825 97 250
79 625 113 1375
87 1300 118 87
9 1425 124 1000 7.8 ka/year
Total: 2050 13775 11025 13200 1000 39000
1996-2000 111 1125 &3P 187% 8IR 1125 114 400
112 1125 e8P 1000 116 1925 115 400
125 125 117 1350 119 1523
126 800 123 1000 120 1540
131 1125 127 125 130 825
147 1450 4.1 ke/year
Total: 0 3300 7600 8340 _ 800 20640
2001-2010 146 975 145 830 12R 830 IR 800 Ml4P 400
150 850 149 1250 f4R 1350 13R 500 115P 400
156 1100 151 975 ISR 830 3J0R 750 140 550
n 800 133 800 80P 1250 32P 650 163 1150
172 1225 197 750 137 1250 3P 1430
158 1400 138 675 &OR 825
160 1nis 1 1928 61 R 1200
161 1575 14 1200 71Pp 578
162 2350 143 1400 73R 450
170 1100 144 2000 76R 1000
173 1075 152 1450 113 P 1375
174 1500 165 45 121 1075
175 950 166 N0 122 900
in 1000 167 1025 142 350
168 1000 148 675
169 950 153 1430
176 900 154 7%
159 825
164 730 5.4 ka/year
Total: 4950 16350 18875 16350 2500 54079
P = parallel pipe, R = replacenent Total: 113715
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7.9 Gia Lam Water
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period and about S km thereafter.

The pipe rehabilitation requirements would be
roughly the same as for option 2 ( see table
7-4“10 ).

Supply System

Gia Lam area on the left side of the Red River isg
proposed to have an own water supply system
separated from the Hanoi main system. The system
implementation has not yet been included into the
FINNIDA aided Hanoi Water Supply Project except
the rehabilitation of twa wells.

The coverage of the existing network is rather
poor. There is actually no transmission mains as
the biggest pipe dimension is 250 mm. There exist
a small water plant with a raw water capacity of
about 11,000 m3/d, but the plant dimensioning
capacity is anly about 3,000 m3/d. The water
demand is projected to increase rather slowly
until the year 2000, but after that a rapid
growth is expected. The consumption projection
presented in table 6.5-3 suggests a growth from
today’s 8,600 m3/d to 12,200 m3/d in 2000 and to
31,800 m3/d in 2010.

Based on the land use maps, consumption
calculations and production demand calculations
the design has been carried ocut, and the network
layout with pipe dimensions is presented in the
network figures 7.4~1 to 7.4-3 and the network
calculations in Appendix 12.

It is proposed, that a new plant with an initial
capacity of 20,000 m3/d will be constructed and
located as presented in the layout mapes around
the year 2000 and that the plant would be
extended with an other unit of 20,000 m3/d. Only
the necessary rehabilitation works to extend the
lifetime of the present plant until the
completion of the new plant will be carried out.
New location has been considered because of the
better location in respect of the land use
development and unfavorable location aof the
existing plant inside a military airport,

The proposed main network ( diam. = ar > 225 mm )
development program has been presented in table
7.9-1. The existing network, depending on the
condition, is going to serve only as distribution
system. Total length of this main network to be
constructed within 20 years is 19 km out of which
12 km are transmission mains ¢ diam. > 200 mm ).
The main implementation should occur during the
first five year period with yearly construction
of 1.9 km of all the main lines out of which 1.6
km are transmission mains. Thereafter 0.6 km of



TABLE 7.5-1 MAIN PIPES TO BE CONSTRUCTED IN GIA LAM DURING 1991-2010
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Constr. 225 PVC 315 PVC 400 DI 800 D1 Period totals
period Pipe Lenght Pipe Lenght  Pipe Lenght Pipe Lenght > 200 sa > 300 ma
(n) e, (a) no. (a) no, () () ()
1994-1995 3 650 2 1400 1 500
v 500 4 1325 6 1300
9 1250 7 1200
B 1150
Total (m) 1150 3975 4130 0 9275 8125
ka/year 1.9 1.6
1996-2000 10 900 1t 1700 18 300
20 300
Total (a) 900 0 1700 600 3200 2300
ka/year 0.6 0.5
2001-2010 13 1500 12 950
14 1250 16 625
15 950
17 1250
Total (a) 4950 1575 0 0 6529 1875
ka/year 0.7 0.2
Total: 19000 12000



142

thegse main lineg out of which about 0.3 km are
transmission mains should be constructed.

7.6 Recommendations

The options presented in this chapter are all
based mainly on the groundwater resources and on

the ’'maximum possible’ development af the
existing plants. There is, however, a risk that
for some reasons some of the existing plants

especially in the wld city centre area and nearby
have to be abandoned earlier than expected. The
Water Supply Company schould be ready for this
kind of situation. Therefore it would be
beneficial to study:

- the availability and suitability of
sur face water resources +to cover the
whale water supply system of Hanoi,

- methnds of transmitting and purifying
river water,

- a centralized water supply system with
two or three big water plants with a

capacity of 200, 000-300, 000 m3/d
utilizing either surface water or qround
water,

The above mentioned studies would help to plan
the future even beyond the target year of 2010,



HANOT URDAN AREA Appendix |
Page 1/3

Population distribution, increase and densities in 1985 and 1968

fuans DONS DA
Phuong - Population Increase Grovth Area Pop. density
no  nase rate { p/ha )
1985 1988 (1) (ha) 1985 1968
1 Van mieu 10939 t12n1 12 1.0 2.0 476 490
2 Van chuong 11840 12028 188 0.5 43.0 275 1280
3 Cat linh 12358 13457 1099 2.9 46,2 267 291
4 Quoc tu giam 7548 7862 114 0.5 22,4 337 342
J Hang bot 12941 13749 808 2.0 27.8 466 49
6 0 cho dua 11340 12703 1363 3.9 M5 134 150
7 Nas dong 10453 11919 1466 4.5 40,2 260 2%
8 Quang trung 20% 3051 -43 -0.2 50.2 18t 180
9 Trung liet 11509 11738 229 0.7 9.0 126 19
10 Tho quan 11628 12336 928 2.6 24,2 480 519
11 Khaa thien 9252 u1n2 220 0.8 15,0 578 3%
12 Trung phung 10634 10804 =300 0.1 241 4 440
13 Phuong lien 65 10314 1049 26 33 276 307
14 Phuong Mai 9152  109%4 1842 6.3 43.9 208 230
15 Phuong liet 7948 29 351 1.5 630 122 128
16 Kinm lien 10175 123%0 2213 6.8 33.9 300. 2365
17 Trung tu 12382 13032 650 1.7 743 167 175
18 Kh. thuong 7028 1670 842 3.0 3.1 200 219
19 Nguyen trai 15499 17669 2470 4,59 42.5 35 416

20 Thinh quang 11788 12607 819 2,3 3.3 308 39
21 Lang ha 4806 6361 1738 10,9 80.7 60 8%
22 Lang thuong 10923 11643 120 2.2 123.0 89 93
23 Thuong dinh 9047 10784 1737 6.0 35.8 233 301
24 Thanh xuan 7991 n =79 3.4 72,0 111 100
25 Kis giang 4067 5761 1694 123 4.6 91 129
26 Th. xuan bac 10354 . 18070 76 15.8 146.0 71 110

Total 260163 287401 27238 2413620 191 211
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duan: BA DINH
Phuong Population Increase Growth Area Pop. density
no  nase rate (p/ha)

1985 1988 (1) (ha) 1983 1988
27 Trung truc 9867 11047 1180 3.8 18,9 322 B4
28 Dien bien 10238 {2726 2487 7.8 1342 76 95
29 Cau giay 11578 12221 843 1.8 99.0 117 123
30 Ngoc ha 12401 12849 448 .2 99,2 128 1
31 Tru bach 11518 12349 a3 2.3 38.7 298 319
32 Yen phu 12221 12835 614 1.6 93.5 128 1}
33 Phuc xa 10914 10883 -3 -0.0 50.0 218 218
34 Quan thanh 10881 11171 290 0.9 5.0 194 199
33 Thuy khe 11502 11656 154 0.4 51,5 223 22
36 Buoi 12963 13018 459 .2 106.0 119 IR
37 Giang vo 12840 13488 48 1.7 53,5 240 282
38 Thanh cong 11294 16400 5106 13.2 R3.6 178 258
39 Kia ma 12382 12788 406 1.1 76,0 163 1568
40 Doi can 12880 12453 -427 -1.1 38,0 339 328
41 Cong vi 14040 135396 1336 31 1367 103 113
Total 177120 191280 14160 2.6 1116.8 159 Nt
Quan: HOAN KIEM
Phuong Population Increase Grovth Area Pop. density
no  name rate { p/ha )

1985 1988 (1) <(ha) 1985 1988
42 Cua nan 12354 12120 =24 -0.6 34.2 31 I
43 Tr. h. Davo 10991 10334 -637  -2,0 36,0 305 287
44 Hang bai 9683 9380 =303 -l 29.4 329 319

45 Ph. c. Trinh 7891 8309 618 26 9335 144 {55
46 Ly th, To 6712 8033 1281 3.9 27.8 244 2%

47 Trang tien 8021 6753 1266 -5.6 7.4 1084 913
48 Hang bac 8699 2436 243 0.9 22,0 395 34

49 Hang buoa 1313 11695 2 0.9 13.2 862 886
50 Dong xuan 11430 11819 389 L1 12,6 907 938

31 Hang dao 7333 7293 =60 0.3 8.0 919 912
32 Hang ma 8721 9033 314 1.2 2.7 402 418
93 Hang bo 9622 9904 282 1.0 7.5 1283 132
34 Cua dong 8329 8496 167 0.7 13.3 617 629
53 Hang bong 9345 8034 -3 -1.3 148 564 543
56 Hang gai 10271 10970 699 2.2 12.0 85 914
37 Hang trong 7 %640 -39 0.3 37.6 260 256
38 Phuc tan 1258 8117 859 3.8 36.0 202 225

39 Chuong duong 11144 11241 97 0.3 30.0 3711 375

Total 167836 169551 1813 0.4 417 402 407
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Quan: HAI BA TRUNG
Phuong Population Increase Grovth Area Pop. density
no  nase rate (p/ha)
1985 1988 (1) tha) 1985 1988

g3.6 147 133
29.3 338 363
2.7 476 497
18.1 618 672
23.5 326 349
8.5 180 196
29.0 307 312
29.0 331 338
17.0 492 492
91.2 118 138
.4 221 269
64.3 78 78
51.0 224 242
16.5 610 729
109.0 109 138
e 237 M
45.3 286 3N
18.8 561 671

60 Le Dai Hamh 12273 12813 40
61 Nguyen Du 10503 10640 137
£2 Dong nhan 10326 10781 435
63 Ngo thi Nham 11183 12169 986
b4 Ph. d. Ho 7659 8191 33
65 Thanh nhan 10950 11479 929
86 Quynh loi 8890 9037 147
67 Bach khoa 9586 9816 230
&8 Dong mac 8358 8365 7
69 Thanh luong 10790 12539 1769
70 Bach Dang 13676 14624 948
71 Giap bat 3043 5032 -1 -
72 Minh khai 11436 12384 928
73 Bui thi Xuan 10066 12035 1989
74 Vinh tuy 11893 15006 M3
75 Quynh Ma3i 9663 10194 53t
76 Tuong Mai 13032 14271 1239
17 Dong tan 10550 12613 2063

= » = = » = =2 » ®» »

MN”N&NU‘IWD—@U‘N.ONUIGOOMNN—'O"‘
CI AND B o O e e DO e e O e ()N D DL AD LD WD A B I

78 Nai Dong 6568 7091 323 b 823 80 86
79 Cau den 958 12292 2701 J 24,0 398 51
80 Bach Mai 13005 14389 1384 A4 29.5 441 488
81 Tan Mai 13860 14442 382 4 63.7 218 27
82 Truong Dinh 13896 15159 1263 9 30,0 483 50§
83 Pho Hue 13173 13881 508 3 20,1 655 681
Total 255530 279003 23473 3.0 104B.0 244 266
Other areas: 192.¢

Total Hanoi
urban area: BROG49 927335 66686 2.5 4136.0 208 224
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Bl. Domestic use  Urban services Small industr. Clean. & irrig.Other use & loss.Block average Block peakflow
70 Veld 35 1/eid 3 e | Va2id 50 1 day  hour

(w3/d) (1/s ) a3/d )( 1/g )( a3/d ) 1/5 ) w3/d XC 1/6 )( a3/d ) ( 1/s) (a3/d ) U/s ) 1/ ) 1/s)
kd=1.2 kh=1.4

t 9914 113 3645 42 367 4 419 3 14344 166 28689 332 367 445
2 10078 {17 1194 14 694 8 696 8 12882 147 25324 293 322 393
3 3653 65 1966 2 3 7 409 ] 8607 100 17213 199 219 287
4 078 3 908 i1 667 8 136 2 4789 8 979 11 122 149
b) 693 8 180 2 190 2 H 0 1097 13 2193 23 28 H
6 802 9 5004 38 0 0 120 { 5926 69 11853 137 151 184
7 903 110 3655 42 40 4 kL) 4 13839 160 27677 320 352 429
8 41351 48 3543 L} 252 3 200 2 8146 94 16292 189 207 233
9 1366 16 944 6 45 4 63 t 2317 27 4633 " 39 12
10 148 9 243 3 88 1 23 0 1104 13 2208 % 28 k1|
i 3690 41 631 7 345 4 47 3 4913 37 9827 4 125 182
12 680 8 267 3 53 { R 0 1034 12 2087 24 2 N
13 308 it 1010 12 a3 1 329 4 2300 21 4399 33 59 71
14 763 9 a74 10 14 2 80 1 1860 22 3720 43 47 28
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 330 4 49 1 44 1 42 0 485 6 970 i1 12 13
17 a4 7 325 4 18 0 45 ! 961 1192 22 24 30
18 210 2 4 | 0 0 4 0 263 3 32 6 7 8
19 350 4 13 i 0 0 ] 0 429 b 838 10 i 13
20 0 0 mn 1 0 0 18 0 989 11 1n 2 Y] K} |
A 210 2 29 3 0 0 § 0 o 6 1020 12 13 11
2 700 B 1 2 0 0 49 1. 26% 3t 53t 62 69 8.
2 1120 13 2281 26 0 0 76 { un 40 69 8o 89 108
% 700 8 1019 12 0 0 40 0 1759 20 3919 4 4 5%
23 0 0 0 0 0 0 0 0 0 0 0 0 0 0
% 0 0 0 0 0 0 0 0 0 0 0 0 0 0
i} 0 0 0 0 0 0 0 0 0 0 0 0 0 0
i 0 0 0 0 0 0 0 0 0 0 0 0 0 0
29 0 0 0 0 0 0 0 0 0 0 0 0 0 0
30 0 0 0 0 0 0 0 0 0 0 0 0 0 0
k) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K| %7 it m i1 83 i 36 0 2082 24 4164 48 33 69
kL 0 0 0 0 0 0 0 0 0 0 0 0 0 0
33 1363 18 483 6 88 l ) i 2189 2 41N b} 56 68
36 0 0 0 0 0 0 0 0 0 0 0 0 0 0
38 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K+ 1683 19 24 0 0 0 27 0 1736 2 uNn 40 44 b1
40 0 0 0 0 0 0 0 0 0 0 0 0 0 0
41 1619 19 180 2 88 ] ) 1 1959 23 3918 4 30 61
42 1288 15 87 1 133 2 32 ! 1560 18 3120 36 40 48
43 1132 13 2 1 0 0 28 0 12717 15 25 30 3 40

S.tot  B4540 747 32504 376 4979

wn
w

3686 43 105305 1219 210609 2438 2681 3266

Left side of Red river: .
37 1050 12 291 3 110 1 80 1 1512 17 3024 35 38 47

Total 63390 709 32795 380  468% M4 3M4b 43 106816 1236 213633 2473 2720 3313
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Bl. Domestic use Urban services Small industr. Clean. & irrig.Other use & loss.Block average Block peakflow
120 1/c/d 40 1/c/d 8 1/c/d 1 1/e2/d 401 day  hour

(83/d )0 1/s )Cn3/d )0 1/s )0 n3/d ) 175 ) n3/d )C 1/s )Ca3/d ) (1/s ) ( #3/d )C 1/s )( 1is M 1/s )
kd=1.3 kh=1.4

1 16395 190 3747 43 400 5 4115 13970 162 34925 404 477 603
2 16677 193 998 12 716 9 7% 9 12792 148 31979 30 437 SR
309091 105 2295 27 647 7 452 5 833 % 20809 241 284 359
4 526 Bl 1183 M4 97 4 178 2 S0% 59 12689 147 173 219
5 1188 14 434 S 278 3 S i 1305 15 3%3 3@ 45 56
6 1015 12 5544 & 6 0 16 1 M50 52 125 129 152 192
7 16880 195 ST 43 3\ 4 M1 4 14252 165 35629 412 487 615
8 76 82 3643 42 K9 4 23 3 7%7 88 18918 209 258 327
9 198 23 589 6 505 6 Bl 1 2084 24 520 60 7 90
0 92 1 79 8 129 1 24 0 1189 M4 873 M 4 5
11 6326 73 8% 10 05 6 489 6 5479 63 13697 159 187 237
12 806 9 923 10 )t 3?2 0 1226 14 3065 35 4 53
13 1557 18 (57 18 78 1 M6 4 245 27 5E63 68 80 10
4 209 35 8% 10 207 2 9 ot 29 3} 67 8 95 120
1S 300 42 1247 14 0 o0 8 1 3289 3@ 823 95 112 142
6 60 7 S0 1 6 1 15 2  S7 7 4 17 20 %
17 % 1 83 10 2% 0 52 1 1263 15 3 Iy 43 5§
18 360 4 50 1 0o 0 & 0 M 3 60 8 9 12
19 600 7 132 15 0 0 28 0 1300 15 3250 38 44 5
0 %0 11 98 12 0 0 2% 0 133 15 306 @ 45 5
A 1920 2 U9 4 0 0 64 1 1556 18 3890 45 53 67
21200 14 3208 37 1210 4 B2 1 3000 44 9500 (10 130 164
224200 49 33 3 129 1 192 27 SM3 61 13108 152 179 2%
24 2400 28 1048 12 129 1 76 1 243 2B 6089 70 83 105
2% 1080 13 150 2 o o0 17 0 B4 10 200 24 B 3B
% 1800 21 0 0 6 0 2% 0 1217 14 342 3/ 4 53
27 0 0 0 o o 0 0 0 0 0 o o 0 0
28 0 0 0 0 0 o 0 0 0 0 o o0 0 0
% 1200 14 0 0 323 4 19 0 1028 12 /M 0 35 4
30 0 0 0 0 0 0 o 0 0 0 o o 0 0
A B0 10 0 0 1% 2 |’ o M B8 u M 3
12 0 0 0 0 o 0 0 0 0 0 o o0 o0 0
3?1812 A 98 12 129 1 M 0 183 23 495 57 68 96
e 0 0 0 0 o o 0 0 0 0 o o0 0 0
j/ 3043 35 49 6 3@ 4 72t %25 W 6% 76 9% 13
3 0 0 0 0 0 0 o 0 0 0 o o0 0 0
38 0 0 0 0 0 0 o 0 0 0 o o6 0 0
39 2288 B B 0 0 0 Bt 1982 23 49% 57 68 86
40 o 0 0 0 0 0 o 0 0 0 o o0 0 o0
4 % 2 WS 2 19 L & 1 26 4 B & 72 91
42 1% 2 %W i 194 2 S 1 159 18 By 44 52 6
4105 12 10t o o 27 0 76t 9 193 2 2%

S.tot 123480 1429 41621 402 9190

L]
[}

4746 55 118691 1374 296728 3434 4093 G124

Left side of Red river:
37 2280 26 299 3 194 2 80 | 1902 22 475 59 1] 82

Total 125760 1436 41920 485 8384 97 4826 36 120393 1396 301483 2489 4117 5206




AVERAGE AND PEAK FLOM CALCULATION FOR CIVIL AREAS ( Year 2000 ) :ppengil : 2
age

Bl. Domestic use Urban services Seall industr. Clean. & irrig.Other use & loss.Block average Block peakflov
150 1/¢/d 40 1/¢/d 10 1/c/d 1 1/a2/d k1 & day  hour

(a37d )0 1/s )Ca3/d )0 1/s ) a3/d Y 1/s ) a3/d ) 1/s ) a3/d) (1/s ) ( w3/d ) 1/s M /s )C1/s)
kd=1.4 kh=1.3

1 15351 180 2799 32 145 2 439 § 10206 18 29189 337 48 in
219031 220 261 3 289 3 910 it 11033 128 31524 365 460 339
39024 104 2 25 434 3 116 8 5626 7718930 29 27 336
4 5983 69 1368 16 434 3 166 9 4393 33 1314 152 19 233
3 3994 &9 410 3 143 2 193 2 3610 42 10314 119 130 183
] 0 0 5031 78 0 0 142 2 2785 32 71938 92 16 141
7 19060 221 2808 32 434 3 411 5 12228 142 34938 404 510 620
8 758 g8 2720 kK 217 3 323 ] 3946 69 16989 197 248 301
3 4901 57 1267 15 143 2 174 2 3493 40 3980 116 146 177
10 0 0 105 12 0 0 30 0 304 7 1668 19 24 30
1 9819 114 261 3 217 3 891 10 65024 70 (7212 199 281 309
12 0 0 1386 16 0 0 39 0 767 5 A9 2 32 K}
13 2643 A 1297 15 12 | 394 5 2373 21 611 8 9 120
14 3945 46 671 8 145 2 117 1 2626 0 7502 a7 109 133
15 7345 8% 1982 23 217 3 210 2 5233 61 15008 174 219 266
16 0 0 0 0 0 0 436 3 246 3 102 8 10 12
17 0 0 210 i 217 3 20 ! 1624 19 4641 34 68 2
18 0 0 335 4 n ! 220 3 338 4 966 11 14 17
19 0 0 4 44 27 . 1 121 1 428 28 6340 g0 101 123
0 14% 17 324 38 2089 3 439 3 1M KLI L) ) 9| 1M 151
2 34 K} 149 2 361 4 134 2 2148 25 6136 ! 89 109
2 0 0 2657 3 2168 23 106 1 2655 3 7386 I Y 133
23 e 67 2633 30 289 3 485 6 4929 37 14084 163 25 250
24 6260 72 559 6 361 L 227 3 3989 % 1139 132 166 202
3 17 3 112 i 145 2 9 { 1636 19 4730 55 89 B4
% 5027 70 0 0 0 0 142 2 n[n 3B M9 110 138 168
27 0 0 0 0 0 0 0 0 0 0 0 0 0 0
28 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2% 2 49 298 3 143 2 102 1 2366 0 732 85 107 130
30 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H o 3%09 41 73 { 38 7 242 3 2371 21 6775 4 9 120
K?) 0 0 743 9 2023 2 30 1 1518 18 4an 30 63 7
3 %7 & 559 ] 361 4 32 ! 2669 AN 79 B8 1t 133
3 z138 25 12 i 145 2 37 1 1320 15 3Im 44 35 67
& e 60 RTE] 4 361 4 83 { 3234 7 239 107 1B 164
¥ 199 2 186 2 17 3 9 1 1336 13 w817 4 36 68
38 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I’ 1m 13 0 0 0 0 81 t 129 8 2083 24 30 37
40 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 315 LX) kK7 0 72 ! 134 2 2132 25 6090 14! 89 108
2 44 28 73 i 12 t 131 2 1463 17 4186 44 b1 74
43 0 0 0 0 0 0 0 0 0 0 0 9 0 0

S.tot 164850 1908 44539 515 10983 127 9511 110 123784 1433 303667 4093 5158 6275

Left side of Red river:
37 350 36 261 3 217 3 1160 { 2012 23 9730 &7 a4 102

Total 168000 1944 44800 519 11200 130 9621 11! 123796 1456 339417 4160 5242 6377
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Bl. Domestic use Urban services Small industr. Clean. & irvig.Other use & loss.Block average Block peakflow
180 1/c/d 40 1/c/d 15 Vic/d 1 1/a2/d 81 day  hour

(a3/d )0 1/s )Cw3/d )C 1/5 2 n3/d )C 1/s )€ a3/d ) 1/5 )( #3/d ) ( 1/s ) (@3/d ) 1/s )M 1/s ) U/s)
kd=l.4 kd=1.2

1 8394 97 2608 30 169 2 417 3 4303 52 16084 1B6 240 277

2 1429 135 242 3 337 4 857 10 3781 67 20648 239 308 356

3 T840 9 198 2 506 ] 678 8 4280 50 15284 177 228 264

4 6178 2 1M 15 506 & 734 8 3379 39 12068 140 180 208

5 8832 102 ki) 4 169 2 23 3 3736 43 13342 14 199 230

8 0 0 4673 34 0 0 120 { 1863 22 6660 n 9 1S

7 U84 137 2608 30 306 ] kit 4 5949 69 21245 246 37 36

8 735 87 2528 23 233 3 489 6 4194 49 14978 13 223 258

9 13012 11 un 14 169 2 330 6 3790 67 20678 239 308 3%
10 0 0 980 it 0 0 25 0 39 3 13% 16 2 24
11 12532 145 242 3 253 3 846 10 339 62 19268 223 287 132
12 0 0 1288 13 0 0 KX} 0 314 6 183 2 21 32
13 2194 23 1205 14 B4 t 378 4 1502 17 5363 62 80 92
14 5302 &4 623 7 169 2 98 ! 2486 29 8878 103 132 183
15 18918 219 2535 29 253 3 214 2 8525 99 30445 352 44 N
18 0 0 0 0 0 0 450 5 1 2 624 7 9 11
17 0 0 2528 29 233 3 67 1 1108 13 3956 46 59 68
18 0 0 312 4 a4 ) 216 2 23 3 850 10 13 13
19 0 0 3879 43 233 K] 102 i 1646 19 5880 68 g 10
20 229 25 3886 43 422 3 91 6 2758 2 9952 14 M7 100
20 982 106 1713 2 1265 15 316 4 4253 49 15189 176 226 262
22 0 0 2469 2% 250 r4] L 1 1979 23 7068 822 105 122
23 14538 168 2493 40 37 4 603 7 7370 85 26322 305 392 4N
24 10221 118 852 10 1269 13 348 4 4334 57 17620 204 263 304
25 4482 52 173 2 843 10 166 2 2191 23 185 91 117 13
26 18733 27 2191 k7 422 3 876 10 9883 103 31724 367 413 47
27 0 0 762 9 0 0 19 0 304 4 1085 13 3 19
28 0 0 997 I 0 0 25 0 394 5 1406 16 21 24
29 19109 22t 2185 25 1265 15 1207 14 9242 107 33008 382 432 569
30 0 0 1621 19 0 0 41 0 &46 7 2309 27 34 40
3 128 130 399 7 2108 24 439 b 3393 B 199714 231 298 M4
n 0 0 696 8 23t 27 43 0 1206 14 4306 50 64 14
K E B8 1316 13 1263 15 193 2 4027 47 14381 186 214 248
¥ 7647 89 693 ] 243 10 174 2 3639 42 129% 150 194 2
N 1325 153 1489 17 1265 19 298 3 6326 73 022392 61 3 3
36 4406 a 416 ] a3 3 17 4 2096 4 497 a7 2 12
38 0 0 0 0 169 2 83 1 100 ! 39 4 b 6
3 0 0 0 0 0 0 1306 15 508 6 1814 A 77 A
40 0 0 0 0 0 0 223 26 68 10 3100 36 46 33
41 0 0 0 0 0 0 0 0 0 0 0 0 0 0
42 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L 0 0 0 0 0 0 0 0 0 0 0 0 0 0

§.tot238785. 2764 55619 644 20578 238 16146 187 128772 1490 459901 5323 6856 7929

Left side of Red river:
37 13218 {93 381 4 422 5 511 6 5650 £S5 20179 234 301 348

Total 252000 2917 56000 648 21000 243 16657 193 134422 1556 480079 5856 7157 8277
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Year Ind, Ind. consusption Road cleaning Losses k other use Totals for areas Peakflows
area Area 1 (1/a2/d) day  hour
No. (ha) (83/d) (l/s) (adfd) (l/s) (m3/d) Cl/s) (wdid) (Vs) (l/s)(1/s)
kdzi.1 kh=1.5
1989 11 5] 1873 2.7 4 0.6 1922 22.2 3045 44,5 467 9.0
I2 30 1097 127 27 0.3 1124 13,0 2248 26,0 27.3 .S
I3 260 8167 9435 2 2.7 398 97.2 16797 14,4 204,1 257.8
14 250 13798 182.8 m 2.6 16018 185.4 32036 370.8 389.3 491.3
15 B5 2930 29.5 76 0.9 2626 30.4 5252 60.8 63.8 B0.5
18 150 4500 2.1 134 1.5 4634 33.6 9268 107.3 12,6 142.1
17 90 8271 2.7 8o 0.9 2907 3.6 814 67.3 T70.7 B9.2
Other areas 180 7202 83.4 7202 83.4 14404 166.7 175,0 220.9
Totals 1100 44011  509.4 an 9.5 44832 518.9 89663 1037.8 1089,7 1375.0
195 It &5 214 25.6 56 0.6 1513 17.5 3783 43.8 46,4 €0,9
I2 40 1458 16.9 k7] 0.4 995 1.5 2487 28.8 30.5 40.0
I3 300 9414 109.0 o 1.0 G448 74,6 18121 186.6 197.8 259.4
I4 300 19068 220.7 259 3.0 12884 149.1 32211 372.8 395.2 3518,2
I35 85 2350  29.3 73 0.8 1749 20,2 4372 50.6 3.6 70.3
16 290 M 895 it 2.3 5297 61.3 13242 1533 162,57 213.,0
17 108 3392 .3 )| 1.0 2321 26,9 5803 67.2 7.2 93.4
Other areas 200 8004 92,6 3336 61.8 13341 154.4 163.7 214.6
Totals 1345 53829 623.0 987 11.4 36344 4213.0 91361 1057.4 1120.9 1469.9
2000 11 73 213 4.9 1 0.9 1202 13,9 M4 39,7 42,3 6.5
I2 97 3094 5.8 102 1.2 1721 19.9 4917 56,9 60.6 81,0
13 333 Be37  102.3 352 4.1 4948 57,3 14137  163.6 174.3 231.8
I4 400 22796 263.8 420 49 12501 144,7 35717 413.4 440.3 388.0
15 85 25 24.8 89 1,0 1192 13.8 3407 9.4 42,0 G5h.
I6 400 10736 124.3 420 4.9 6007 £9.5 17163 198.6 211.6 282.6
17 150 4164 48,2 157 1.8 nn 26.9 fh48 76,9 B82.0 109.5
Other areas 230 8740  101.2 4708 54,5 13446 135.6 165.7 221.4
Totals 1792 62645 7125, 1619 18.7 34604 400.5 98868 1144.3 1218.7 1627.9
2010 It 101 2828 3.7 9% 1.0 135 13.1 4052 46,9 90.3 ¢68.8
12 130 4245 4.1 113 1.3 1695 19.6 6055 70,1 75.1 102.9
13 460 12328 142.7 408 4.7 4953 57.3 17688 204,7 219.5 300.5
14 580 33031 382.3 il4 5.9 13045 151,0 46590 539.2 578.1 791.6
IS 2 A28 4.6 75 0.9 456 %9 056  35.4 37,9 519
16 835 23881 276.4 740 8.6 9575 110.B 34196 395.8 424,3 3581,0
17 290 B423 975 257 3.0 3378 39.1 12058 139,56 149.6 204.9
Other areas 300 10503 121.6 4083 47,3 14388 168.8 181.0 247.9
Totals 278t 97363 1126.9 2199 23.4 38719 448,1 138284 1600,5 1715.7 2349.5




PEAK FLOW CALCULATION FOR INDUSTRIES WITHIN CIVIL AREAS Appendix 2
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Block 1995 2000 2010
Area 1 of tot. Peak Area 1 of tot. Peak Area 1 of tot. Peak
{ha) area flow (ha) area flow (ha) area flow
| 256.3 13.2 28 256.3 {1.7 26 286.3 85 2
2 324.2 16.7 3,2 14.9 33 2 10.8 27
3 234.3 12.1 26 2.3 10.7 24 24.3 7.8 19
4 135.5 1.0 15 196.5 2.0 20 196.5 63 16
1 314.9 16.2. N 349 14.4 Y I U 10.4 2%
8 224.0 11,3 2 24.0 10.3 238 24,0 1.4 18
9 70.9 3.6 8 70,9 3.3 7 270.9 9.0 22
12 37.2 1.9 4 3.2 1.7 4 37.2 1,2 3
20 30.0 1.3 3 150.0 6.9 15 190.3 6.3 16
3 40,0 2.1 4 80.0 3.7 8  186.8 8.2 15
kY] 48.0 2.2 5 48,1 1.6 4
kK] 40,0 2.1 4 40.0 1.8 4 151.8 5.4 13
35 £0.0 3.1 7 60.0 2.8 6 223.0 7.4 18
39 30.0 1.9 3 30.0 1.4 3 10.0 40 10
42 38.0 3.0 6 58.0 2.7 6
43 1.0 1.6 3
¥ 57.0 2.9 & 57.0 2.6 6 221.0 . 19

Totals 1943.3 1000 215 2181.3 100,0 22 3015.3 100.0 248

Note: It has been assused that blocks having industries today vill have thes also
in the future



