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1 INTRODUCTION

It is expected that the present 1.3 million population of
Botswana is doubled in the next 30 years, with 30%
more people staying in urban areas as compared to
20% now, Most of the water for Botswana originates
from rainfall, which is erratic and unreliable.  While
there is an average annual rainfall of 450 mm the
estimated annual evaporation is 2000 mm. Most of the
rivers are in the eastern part of the country and are
ephemeral. The only perennial systems are the Chobe
and Okavango rivers in a less densely populated area in
the northwest region. The ephemeral svstems have an
estimated vield of 1200 million cubic MELErs per vear
of which 19% is already stored in man made reservoirs.
The ground water on which about 0% of the
population and livestock depends, has an estimated
extractable volume of 100 000 million cubic meters,
but only 1% of this is rechargeable by rainfall.  This
data [1] shows that one should have increased
consciousness of the necessily of reducing the water
consumption by using  water saving devices and
methods.  The other alternative method of reduced
usage of waler is for the concerned departments 1o
increase the taxes on water and sewage disposal, which
olcourse, they are already doing!

In some of the indusiries like breweries water saving
measures  have  been developed and  implemented
aiming at changing bad user habits and proposals for
installation of simple water saving devices. Concerning
dwelling houses and offices in Botswana campaigns
have to be carried out with the objectives of informing
the consumers of do-it-yoursell measures o reduce the
waler consumption.  Such campaigns must have
primarily aimed at changing bad uwser habits ang
proposals for installation of simple water saving
devices, Ref'2 shows that such campaigns followed in

Copenhagen were successful and from 1989 when the
campaigns  started, the  water consumption  per
inhabitant have gone down from 169 liires /personday
to 130litres/person'day. One of the bigeest savings that
can be obtained without the awareness of the consumer
is obtained by using water closets with small flush
water volumes. [t is worth to mention here; about 20%;
of the waler consumption are used for fMushing the
wiater ¢closets,

The present building legislation of Botswana [2] gives
the design rules for house drains based on traditional
appliances ie., water closets with flush water volumes
of 6 litres. This means that no problems will arise in
existing house drains when old water closets are
replaced with 6 or 4 litres per flush. Water closets with
double flush where the small flush s 3 litres and big
flush is 6 litres are also permissible, since it is expected
that at least 2 1o 3 times a day the big fush will be
used. According to the author’s suggestion of using
water closets with 4 litres per flush it is advisable 1o fit
flush amplifier at the bottom of the siack, (Fig, 1 and
2). Hence, water closets with a flush volume of 3 litres
thalf of the big flush) can only be used in houses with
several floors and with a hasement, where the “flush
amplifier” is placed at the bottom of the stack. For
single family houses a water closet with a flush volume
of 4 lires can be used. [3)

2 FLUSH AMPLIFIERS

Figure 2 {ab and ¢} shows working principles of flush
amplifier. The full capacity of the flush amplifier is
narmally double the capacity of low flush tvpe water
closet but not less than 8 litres. When a flush is made
with a low flush water closet in ane of the flats in the
multi-storied building a velume of 3 Or 4 litres of water
with fecal matter flows vertically down into the
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amplifier, refer arrow shown in fig.2(a) and stays in the
inlet chamber till subsequent flow of water from other
sanitary appliances like the bath tub or from kitchen
units 11 the remaining portion of the chamber. The
excess flow, if any after filling will be drained through
the by pass pipe initiating a syphonic action.. Thus
when the inlet chamber is full, syphonic action is
started. (fig.2b). The velocity is increased with down
suction effect and the chamber is emptied (fig.2c). The
amplifier  fitted stack system increases the
transportation  distance (explained in the next
paragraph) eliminating the chances of blockage in the
main sewer within the limits of domestic layout.

3 TRANSPORTATION DISTANCE

In house drains a flow will only occur when sanitary
appliance is activated. The transportation of
feces'paper takes place as follows; the water is
stemmed behind the faces/paper and pushes them
forward. Eventually the water will flow passing over
these materials after moving them some distance until
the next flow of water pushes it further through the
system. After a certain number of flushes the
faces/paper has reached to a point from where it does
not move further no matter the number of flushes
made. This distance is the so-called transportation
distance and it depends on the design of the sewer
systems. In a system with many changes of direction
and a small gradient the transportation distance is short,
where it is longer in a system with a steep gradient and
a straight pipe. [3].

The transportation distance in a sewer system depends

on several factors:

¢ The volume of flush water from the water closet.

¢ The supply of continuous flow(discharge from
other sanitary appliances)

¢ The design of house drain — gradient, materials,
hydraulic resistance in elbows, junctions etc.

Figure 3 illustrates the transportation distance in a
house drain that is exposed to the flush from water
closets with different flush water volumes. The
transportation distances are plotted for different
continuous water flows in drain- pipe. The longer the
transportation distance is, the less is the risk of
blocking. If the transportation distance is long, the
feces/paper will probably move so far through the
system that it will later be moved on by the flow from
;‘tl]ier sanitary appliances like bath tub or kitchen units.
4).
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4 FLUSH WATER VOLUMES FROM
WATER CLOSETS

The transportation distance in the case of water closets
with flush volumes below 6 litres is considerably
shorter than that of water closets with volume of 6
litres. The following table shows the experimental
result [2] on transportation distance for a single flush
with continuous inflow on different capacity water
closets. The drainpipe 200 mm diameter leading from
is laid in a gradient of 1 in 20. More details of the
experimental set up can be found in the paragraph 8.

WC capacity(l) Transportation distance(m)
3 52
35 6.5
3.0 7.2
6.0 8.0
7.0 8.5
75 9.5

5 SUPPLY FROM CONTINUOUS WATER
FLOW

The supply of water from other sanitary appliances can
extend the transportation distance, especially if water is
supplied over a period of time, e.g. from a washing
machine and dish washer or bath tub and shower.
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Fig. 1 Water closets with flush -

volume of 4 litres with Flush amplifier

* Fig.2 Working principles of a Flush amplifier
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when the distance from the water closet to other waste
water flows is shert, the risk of blocking in the
following pipe section will be reduced.

¢  THEDRAIN SYSTEM

Drain system can be built of materials with different
roughness of the surface of short or long pipes and
comprise many different pipe sections and various
degrees of gradients. The transportation distance
depends on the gradient, i.e. the higher the gradient the
longer the transportation distance.  Also the pipe
material is important, hecause the trangportation
distance in pipes with less roughness of the surface is
longer than that of pipes with higher roughness of the
gurface. Furthermore, the quality and the number of
joints are of consequence. A joint is the same as a
hydraulic resistance that may reduce the transportation
distance. Especially the quality of jeints close to
pranch pipes elbows and manholes should be
considered, because the combination of poor jointing
and other hydraulic resistance can reduce  the
transportation distance drastically.

T HYDRAULIC RESISTANCE

Hydraulic resistances in the sewer system influence
greatly the transporation distance. Horizontal pipe
junctions and manholes with lateral inlets can reduce
the transportation distance by 509, Elbows can also
reduce the transportation distance, but less than branch
pipes and manholes. Sharp elbows have greater effect
in reducing the transportation distance. Figure 4 shows
regulations  for the effect of a single hydraulic
resistance on the reduction of transportation distance.
Junctions and manholes influence the transportation
distance because they change the cross section of the
flow profile in the pipe. Itis important that the change
in crose section is as minimum as possible and branch
pipes should have wide obtuse angle at the junction.
The welocity of water very much reduced at the fat
bottomed manholes causing the faeces/paper (o remain
lying there. In junctions and manholes where the
diameter of the connecting pipe is smaller than the
main drain the transportation distance is reduced by
50%. [6].

] EXPERIMENTAL SETUF AND
OBSERYATIONS

Experiments were conducted using 200 mm diameter
plastic pipe of a total length of 22 m laid in 1 in 20
gradient with water closet connected at the starling
point. Tests were conducted with water elosets of 3, 4
and 6 litres flush volume capacities. Sponge cubes 15
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mm side, wound with thin copper wire was used as
fecal matter combined with toilet tissue balls. Flow
rate was measured with a 200 x 100-venturi meter.
Research work is still in progress with different size
and shapes of the amplifier units for maximum
efficiency. Figure 4 shows that variation of flow
within 10 seconds after flushing allowing inflow into
the cistern. Figure 3 shows the transportation distance
measured after flushing at different flow rates with
cometant inflow into the cistern. It can be seen that 4
litre WC has a maximum transport distance of T2im
with a flow accelerated up to a maximum of 1.8 Ips.
This TD is without the amplifier. In a real stack drain
system with a suitable amplifier fitted as shown in fig.2
a transport distance nearly double this value can be
achieved.

2 DESIGN RULES PROPOSED

The discussions made so far about the transportation
distance and the hydraulic resistance result in the
following proposals of design rules for water closets of
4 litre capacity and house drains before connecting it
with the municipal sewer.

+ The minimum gradient of the drain system must be
1 in 20,

+ Drain that only service water closets must have 2
length of maximum 3 m from the water closet to &
connection to other pipes that cary wastewater
from other sanitary appliances.

+ The connection from each dwelling house to the
main sewer must be spaced to a maximum of 25 m
long measured horizontally.

« Drains that camry wastewater from only water
closets or from one dwelling must have maximum
two elbows of maximum angle 45" The changes
of direction immediately after the water closet and
al the junctions are not included.[5]

+ Drains that carry wastewater from ong dwelling
must have maximum one lateral connection in the
form of one junction or one manhole with one
lateral connection. Manhole with two lateral
connections must not be used.

& The drains shaltbe made of plastics

¢ Manhole bottoms shall be as per the British
Standard  Specifications or  South African
Standards

# Drains which carry waste water from more than
one dwelling must have a gradient .of minimum |
in 20 and can be up to 50 m long until connection
to ventilated sewer systems with a minimum
diameter of 150 mm or to seWer sysiems that carry
waste water from at least 17 dwellings with water
closets with 4 litres flush water volumes.[7]
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From dwellings with ~ .
WC of 4 litres flush *
: Maximum 25 m length

| Minimum gradient 1 in 20
Maximum 2 changes of direction| !
{ % 3
" Maximum 1 branch pipe on
Minimum gradient 1 in 20 the intermediate section
Maximum length 3 m ' |

« :
4 litre WC

é Other sanitary appliances

Fig. 6 Design rules for drains in the ground connecting 4 litres flush volume
and for less than 17 dwellings.



