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Statement of the problem. The issues of improving the water supply, pressure drop holding the
elimination of individual installations and spare tanks in water systems of large cities in Vietnam
are discussed. Combining deadlock sections of the network to form circles and circuits will im-
prove the reliability of the network, pumping stations and water supply systems throughout the
city.

Results. A water supply scheme with the accompanying transit flow lines of smaller diameter
pipes, allowing one to provide the required amount of water supply and increase the pressure
drop on the circle is proposed. A circle network hydraulic calculation using the program Bentley
WaterGEMS V8i for the worst case of the system of water supply was designed. The plots the
water supply network requires an increase in the diameter of pipes, which greatly reduces pres-
sure drop losses and ensures a reliable supply of water to the consumer.

Conclusions. Laying of main pipelines accompanying with parallel lines connected to them of dis-
tribution networks provides better hydraulic conditions and reduces the pressure drop loss in the

piping and shorten power consumption.

Keywords: water supply system, water networks, water pressure tanks, water quality, hydraulic calculation,

graphics of water supply.

Introduction
In large cities of Vietnam the population and industry do not get sufficient water supply due
to no pressure drop in water pipes especially in water supply peaks in areas away from water

supply sources.
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Water supply companies do not have expertise in developing water supply systems of the coun-
try’s largest cities. In practice those results in the design and construction of local dead-end wa-
ter mains with no consideration of population growth and increasing water use [1, 2]. This kind
of the development of an urban system of water supply cannot meet peak demands for water
and provide the pressure drop as well as normal flow distribution in the network [4, 6].

1. Current condition of water supply systems

Water supply mains of large cities of Vietnam were being developed in conjunction with a
chaotic residential housing of individual areas with no consideration of possible growth. As a

result, presently water supply networks are complex systems of transit water mains and lots of

dead-end areas (Fig. 1).

Fig. 1. Water supply schemes of Thu Duc District of Ho Chi Minh

As shown in Fig. 1, the major transit and distribution water mains are joined to lots of dead-
end areas to cater for one or more users. This number of dead-end areas gives rise to corrosion
of steel and cast-iron pipes, biological contamination and increasing linear and local losses of

pressure drop.
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In old areas where pipes that have cracking, splitting and other damages significantly increase
at maximum water pumping. Steel and cast-iron water mains have corrosion and organic de-
posits on interior pipe walls, which results in a dramatic reduction in their capacity and in-
creasing resistance of water mains.

At the moment in Ho Chi Minh and Hanoi there is hardly any building with no elevated water
tank of its own or any other reservoir for water supply due to insufficient water pressure drop
and consumption in the supply network (Fig. 2).

The installation of individual extra tanks on building roofs and high lift stations that are sup-
plied immediately by a water main system causes changes to a normal flow distribution and
lower pressure drop in water mains that might eventually create a vacuum. If there are a few
mains operating at the time of maximum water demand, contaminated ground water might
enter a water supply network through cracks, splits and pipe joints [5].

Water from reservoirs and tanks comes in contact with the air and thus there is a reduction in
the amount of chlorine in it, which gives rise to bacteria especially in the hot climate of Vi-
etnam. The amount of contaminants in the water users get can be twice and more over the

maximum allowable concentration (Table).

Fig 2. Water reservoirs on building roofs in Hanoi
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A solution can be designing new areas of distribution systems to join them to existing mains

and inner circle-shaped water distribution networks.
Table

Maximum allowable concentrations of major indicators of drinking water quality (Vietnam, 2009) [3]

Indicator MAC regulations, not over

Hydrogen ion measurement, unit pH 6.0—8.5
Residual chlorine, mg/1 0.3—0.5

Iron (Fe, in total), mg/l 0.5
Ammonium nitrogen, mg/l 3

Total of coliform bacteria, the amount of bacteria in 100 ml 50

Thermal resistant bacteria in 100 ml No

Chlorides (CI'), mg/1 300

2. Calculation and reconstruction of a water supply network

According to the regulations, accompanying water mains with the diameter of 300—600 mm
must be designed in conjunction with transit mains with the pipe diameter of 1500—2000 mm
[3]. As an example we have a water supply system of Thu Duc District of Ho Chi Minh typi-
cal of large cities of Vietnam. For this area main pipes should be laid, areas of the district
network are circled, high lift water pumping stations must be eliminated (Fig. 3). These will
improve the reliability and performance of the system, provide running water supply with suf-
ficient pressure drop, will help avoid the use of individual storage tanks and reservoirs and
keep the water quality high.

Based on the preliminary flow distribution, the diameters of accompanying water mains and
new areas of the network joining dead-end areas into circles [7—9] were specified. The
specified parameters will be made clear by joining newly-formed circles of the network of
the district considering existing water pressure drops of pumping stations. A three-step
graph of daily water supply by a pumping station of Thu Duc is presented in Fig. 4.

The graph suggests that the first group of pumps operates around the clock with the pressure
drop of 25m, the second group of pumps operates from 1 p.m. to 5 p.m. with the pressure
drop going up to 31m, the third group increases the pressure drop by 35m operating from 6
a.m. to 1 p.m.and from 5 p.m. to 9 p.m.

This operation regime of a pumping station is most consistent with the water consumption

pattern.
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Fig. 4. Graph of water supply by a pumping station

The calculation of a circular water supply network using Bentley WaterGEMS V8i for all nec-
essary non-emergency operation of the system. The coefficient of roughness for steel pipes and
new pipes from nodular cast-iron pipes was identified using the Hazen-Williams equation

[10—13]:
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V = kCR" %54,
where Vis the fluid velocity; k& is the proportionality coefficient depending on a system of
physical values (k= 0.849 for the International System of Units (SI); k= 1.318 for the U.S.
system of units); C is the coefficient of roughness; R is a hydraulic radius ; /is a hydraulic
slope. The results of the flow distribution, geometric and hydraulic characteristics of the flows

on the network areas at peak demands are in Fig. 5.
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Fig. 5. Hydraulic calculation of the suggested scheme of the network modernization

The hydraulic calculation showed that in areas A-19, A-23 — A-26, A-34 and A-35 the fluid
velocities are over those economically reasonable of 0.7—1.2 m/sec, which leads to an in-
crease in the pressure drop losses in pipes of up to 6-23 m. Therefore in these areas it is nec-
essary to increase the pipe diameter by 1-2 gages to reduce the pressure drop losses and there-

by increase the user consumption (Fig. 6).
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Meodes Marking (m) Waler use  |Walsr présadurs Prassuns
Li=) drop (mj (kPa)
T-12 2,00 1.995 | 47,96 449,8
P-13 6,00 31] 37,92 3124
P-14 5,00 10| 44,80 3895
P-15 5,00 10 42,35 365,6
P-16 4,00 28| 36,26 315,7
P-17 [ 5,00 28 3263 2704
P-18 5,00 33 29,29 237,7
P-19 5,00 49 26,81 2135
p-20 6,00 47| 16,88 106,5
p-21 5,00 31| 8,65 35,7
P22 | 5,00 59| 231 2673
P-24 5,50 13 37,00 308,3
p-25 6,00 13] 35,57 2894
p-27 6,00 29 29,94 234,3
P28 5,50 43| 30,08 2405
p-29 6,00 28 12,84 67,0
P-30 5,50 3| 11,7 61,2
p-31 5,00 38 17,60 1233
p-32 5,00 18 21,12 157,8
P-33 4,50 33 29,67 2464
p-34 4,50 26 209 2113
p-35 4,50 23| 22,23 173,5
P-36 4,50 2 20,03 152,0
p-37 4,00 9 31,76 271,7
P38 [ 3,00 21| 3855 3479
p-39 3,00 2 36,39 326,8

Fig. 6. Calculation of the water use and pressure drop using the suggested scheme of the network modernization

Fig. 7 shows the graphs of changes in the water pressure drop and use per day at peak de-

mands obtained using the hydraulic calculations in Thu Duc. The graphs of water supply by a

water pumping station (see Fig. 4) and calculation pressure drop in the user network are not

consistent and thus significant energy losses in pipes with ill-chosen diameters or deposits

occurring in them and reducing their original diameter. The suggested scheme of a circular

distribution network allows water supply with sufficient pressure drop without making use of

individual high lift pumps or extra tanks.
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Fig. 7. Graph of pressure changes during the day for users

Conclusions

1. Circling of dead-end areas of water supply networks in order to improve their reliability helps
to avoid the use of individual water pumping tanks, provide a normal hydraulic regime and a
safe water supply of the city.

2. Distribution systems running parallel to mains of a smaller diameter provide better hydrau-
lic conditions of flow distribution, reduces water drop losses in pipes and thus the energy con-
sumption in water pumping stations.

3. The selected way of a hydraulic calculation of a water supply network using Bentley
WaterGEMS V8i considering large diameters of mains up to 2000mm and more and dead-end
areas of a distribution network with the diameter from 100 to 200 mm indicated a possibility

of employing it in calculating water supply networks of large cities.
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