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EXECUTIVE SUMMARY

Any Community, no matter how rich or poor, has two fundamental
waste streams - domestic refuse and its own body wastes. .

This Report demonstrates that it 1is technically feasible and
economically viable to stabilise large quantities of unsorted and
non-pulverised domestic refuse with primary sewage, particularly
night soll or activated sludge, by means of a process of forced
aeration composting.

With this method the composting process is accelerated to a mere
twenty one days, provided the internal temperatures of the
windrows (static piles) are properly controlled and monitored,
the end product can be used without fear of producing infection.
All the weed seeds, pathogens and ascaris worm cysts would have
been devitalised.

It is important to remember that even if all the compost produced
in the process cannot be used or sold, the two obnoxious waste
streams, namely domestic refuse and raw sewage and sludges, would
have been effectively stabilised at a comparatively low cost,
using a technique which 1s simple. The process 1s capable of
providing Jjob opportunities for those who have not had a high
degree of formal education.

The end product has uses other than a soil conditioner. Large
quantities can be used as a landfill cover or as a solid fuel.

The process 1is kind to our fragile and constantly battered
environment. It is apt, wviable and simple technology for our
third world conditions.



Sewage and refuse represent the major sources of polluted wastes
generated by communities. These wastes have undesirable
characterisgtics necessitating further procesasing and
transformation into end-products to render them environmentally
acceptable. Such treatment, generally termed stabilisation
(Figure 1), remalns a major cost factor in waste management
(Ross, 1990). Stated in positive terms,

"Waste stabilisation may be defined as a series of processes
producing an end-product of such characteristice that its
ultimate use will be acceptable in terms of both environmental
impact and public health (adapted from Vesilind e¢t al., 1986)"

While numerous waste treatment options exist, the cholce of
stabllisation method will ultimately be dictated by site—-specific
criteria. Since each type of sludge and refuse and processing
facility has unique characteristics, no universally “correct”
approach can be sald to exist. The final decision may be
governed by a multiple of wvarisbles, Iincluding political
considerations.

The supply of adequate sanitation systems in many developing
countries, including South Africa, has deteriorated over the past
decade due to a comblnation of demographic, soclologlical and
economlic factors. This has resulted in an urgent need for the
development of low cost effective and appropriate waste
management technologies for the treatment and disposal of human
wastes (Alexander and Toerien, 1885). This need is particularly
felt, not only in sub-economic rural communities, but also in the
overpopulated outskirts of urban areas (such as squatter camps)
where people are settling in search of better work opportunities.

Sewage disposal in less-developed areas is generally by means of
the bucket system as there is no infrastructure for water~borne
sewerage. The night-soil arising from the buckets is
conventionally disposed of in lagoons which have to be situated
pome dlstance from the community. The practice 1is generally
accompanied by bad odours and fly breeding. In turn, refuse is
often disposed of by uncontrolled landfilling which impacts
adversely on the environment.

Forced aeration co-composting of night-soil with unpulverised
refuse as bulking and filtering agent could be a suitable cost
effective process for the integrated stabilisation, disinfection
and resource recovery of these two polluting waste streams.
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A contract research project was negotiated with the Water
Research Commission during 1980 to generate design criteria
for opractical application of the process. The registered
trade name for the composting of refuse and night soil is
CORANS.

The prototype pilot study was carried out at Rini,
Grahamstown. (See Restricted W.R.C. Contract Reports Nos: 1
& 2 dated June 90 and January 91). As far as could be
ascertained at the time, the concept of using unsorted
domestic refuse as a bulking agent to satablilise night soil in
a forced aeration process was unique in the world. Thene two
reports authored by Dr W R Rose and Dr B E La Trobe formed the
basis of a paper which was accepted at the Annual
International Conference of the World Pollution Control
Federation. The parer was read by B E ILa Trecbe at a
conference in Toronto, Canada 1n October 1891. A further
paper on the full scale version of <the process established at
Rini, Grahamstown, was accepted for the Federation September
92 Conference, held in New Orleans, Louisiana, U.S.A. The
paper was read by B E La Trobe. Both papers are attached to
this report as part of the Annexures. The Toronto Paper was
published in the International "“WATER ENVIRONMENT AND
TECHNOLOGY JOURNAL" Sept 1892.

2.

2.1 HISTORY OF THE PROCESS IN THE U.S.A.

The Biological Waste Management Laboratory at the United
States Department of Agriculture in Beltsville,

Maryland began research on composting (biothermal
stabilisation) of sewage sludge during 1972 at the
request of the Maryland Environment Service and the Bluse
Plains Wastewater Treatment Plant in Washington, D.C.
This work resulted in 1873 in a natural-draft windrow
method utilizing wood chips as a bulking agent. However,
difficulties with malodours and low temperatures in the
outer layvers of the windrows prompted further research at
Beltsville sponsored by the United States Environmental
Protection Agency (USEPA). By the middle of 1978 this
project had resulted in the development of a successful
forced aeration process using static piles (Willson et
al., 1980). ,

Since the inception of the process during 1878 more than
400 sewage sludge composting plants have been constructed
in the U.S.A. Although most of these plants are highly
mechanised, the flexibility of the process allows its
application in labour-intensive non-mechanised form in
under-developed areas where there is a need for more
affordable sewage treatment processes.
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APPLICATION OF THE PROCESS IN SOUTH AFRICA

The Water Research Commiesion reduested the HNatlonal
Institute for Water Research (NIWR) of the CSIR to produce
a deslgn guide for the forced aeratlion composting of sewage
sludge and wood chips, under local conditions. The
contract agreement provided for laboratory and prototype
studies which were undertaken at Bellvlille during the
period 1980 - 1986 (Nell and Ross, 1987). The process is
currently being applied on a full-scale basis at the
Stellenbosch Sewage Works, Borcherds Quarry Sewage Works
(Parow) and the Northern Sewage Works (Johannesburg) for
the treatment of mechanically dewatered mewage sludges.

FUNDAMENTALS OF THE FORCED AERATION COMPOSTING PROCESS

Composting is defined as the solid-state aerobic biological
decomposition of organic materials under controlled
conditions which allow the build-up of biologically
generated heat resulting in a stabilised and disinfected
end-product. Although composting can occur under a wide
range of conditions, the proceas is much less reliable at
the extremes of these conditions (USEPA, 1981).

Utilisation of natural draft ventilation and manual turning
of the windrow instead of forced meration of a static plle
would be cheaper but not nearly as effective. F¥or proper
control certain chemical, physical, thermodynamic, kinetie
and biologlcal aspects must be considered. These aspects
have been discussed in detail by Rosas et al, (198B6) and
Nell and Ross (1887) and are summarised in Table 1.

SITE OF THE PILOT STUDIES AND THE FULL SCALE INSTALLATION
A decislon was made to carry out the experiments at the
Waste Treatment Plant of Rini, outside Grahamatown, as all
the necessary ilnfrastructure was available there, namely :~
CO-OPERATION OF THE RINI TOWN COUNCIL

The following facilities were kindly supplled:-

a)} Experimental site sdjacent to the pond system treating
night soil.

b) Labour and material to construct a concrete slab on
which to carry out the composting experiments.

c) Provision of mains water and electricity.
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d) Provision of domestic refuse and night soil.
e) Provision of dried sludge as insulation layer.
f) Labour to construct the composet plle.

g) Sleving of the composted product.

Suitability for Project ILeader who lives in Grahamstown.

Availability of chemical and microbilological monitoring
facilities at Rhodes Unlversity, 1f required.

As the basic infra-structure was already in position at

Rini, Grahamstown, after completion of the initial

experiments, it made sense to carry out the full scale test
operation on the same site.

PIIOT STUDY

The facilities required to conduct the pllot study
composting experiment at Rini are illustrated in figure 2
and discussed below.

CONCRETE SLAB

A concrete slab {(7Tm x 7m) was constructed on which to carry
out the experiments, as the soil 1n the area was very
clayey. A sBlight gradlient was provided towards a centre
drainage channel for leachate collectlion in a sump. Excess
leachate was pumped from the sump to the pond system.

RADIAL VANE FAN

M150 model; O,75kw; 0,2-0,6 m3 per sec; 2900 rpm; 280
mm diameter cast aluminium impreller; Starter and
transformation on inlet and outlet to 100 mm; sprayed with
tectyle aerosol for corrosion control. Agent: Continental
Fan Works (Pty) Ltd., 3 Parin Road, Parow, Industria, 7500,
Tel: 021 931-8331 Cost: R1115.32 (1990 price).

AERATION MANIFOLD TUBING

8m of HX 100mm heliflex medium duty PVC flexlble tubing;
tubing was plugged at one end and slotted over a Z2m length
to allow air to be drawn equally into the pile over a wide
area. 7 Kininghall Avenue, Epping Industrial, 7460, Tel:
021 54-7051. Cost: R174.38B (1890 price).
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TIME SWITCH
Slimline Series Type ST 202

Agent: Main Street Electrical (Pty) Ltd.,
25 Neptune Street, Paarden Eiland, 7405
Tel: 021 511-7826

Cont: R210.18 (1990 price).

WATER TRAP

200 1 Drum with 100mm inlet and outlet to accomodate the
tubing. The drum was provided with a valve to drain any
leachate and condensate that accumulated in it. This water
trap was made by the Rini Workshop.

BACHARACH FLYRITE OXYGEN ANALYSER

Agent: Holpro Analytics (Pty) Ltd.,
P O Box 252, Milnerton, 7435
Tel: 021 52-2100

Cost: R1325.96 (1990 price).

DIAL THERMOMETER (1.5M LONG STEM)

Agent: Control Instruments.,
~Drill Avenue, Montague Gardens
Tel: 021 551-3510

Cost: R533.36 (1990 price).

S1EVE

Manually operated sieve with a 25mm diamond mesh. The
sleve was made by the Rinl Workshop.

DOMESTIC REFUSE FROM RINI

Refuse is a complex conglomerate of organic and inorganic
materials. An analysis of Rini refuse was carried out on
20 December 1989. Typical refuse from a tip-truck was
Placed in a metre box. The contents of the box were sorted
and the varlous components such as glass, plastic, paper,
metal and other “organics™ were weighed. The results are
presented in Table 2 which indicates that there was
sufficient organic material in the sample to provide energy
for biological decomposition.
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The Free Alr Space of solids for composting can be
determined by the following "rule of thumb™ method:—

1 - Bulk Density
1 - 0,17
0,83

Free Air Space {(refuse)

The Free Ailr Space of the combined refuse and night soil
mixture should be greater than 0,4 for effective aeration
in the process. The above result Iindicates that
unpulverised refuse can act as a bulking agent for the
filtered solids in night soill.

The refuse used as a bulking and filtering sgent for night
801l solids in Run 1 was unpulverised, so as to utilise the
porosity and structural strength created by substances such
as metal cans, plastic containers, bottlea, cardboard
boxes, etc. Refuse is generally very dry (moisture content
less than 15%) but thie creates no problems as the night
s0ll has a molsture content of some 95%. The idea moisture
content at the start of the process should be in the range
50 ~ 60X. Too much moisture, however, is unsatisfactory as
it £ills the voids.

Both refuse and night soil have sufficient availlsble energy
for heat generation with the result that the ratio of the
two components used in composting is not seo critical and
need only be adjusted to provide the necessary porosity for
the forced aeration of the static plle. The aserstion rate
can be increased to compensate for reduced porosity of the
plle.

NIGHT SOIL

The chief components of nigh soil are body wastes such as
faeces and urine together with paper and rags. Night soil
in ite raw state is putrescible and rapidly develops strong
and offensive odours. The polluting material is mainly of
an organic nature. Inorganic matter such as grit or sand
should not be present in large quantities.

The night soll was delivered to the experimental site in a
tanker and some 3m3 was evenly spread over the refuse in
layers, by control of an outlet valve. The solids content
of the night soil was some 5X and this was thickened by
filtration of the liquor through the layers of the refuse.
The free leachate drained from the plle and was collected
and pumped away to a pond system.
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Such non-mechanical thickening of night s0il so0lids
considerably reduces the capital and running cost of the
CORANS proceas. In comparison, conventional forced
aeration composting processes require mechanically
dewatered sludge to be mixed with a more costly bulking
agent.

DRIED STABILISED SLUDGE AS BASE AND INSULATION LAYER

Stabilised sludge had been removed from the adjacent pond
system used for the treatment of the night soil. The
sludge had dried out and was found suitable for use as a
base layer and as an insulation layer over the pile.

Previously composted material is generally used for this
purpose. It has sufficient porosity to allow air to be
readily drawn through the plle while being sufficiently
non-porous to retaln heat and exclude rainwater. Heavy
rainfall, however, may cause problems by washing away
excessive amounts of insulation material and by deeper
penetration of dampness into uncovered heaps.

EXPERIMENTAL PROCEDURES

The prototype-scale static piles were constructed as
follows:-

An initial 20cm thick layer (4m x 4m) of dried sludge was
laid on the concrete slab.

The aeration in slotted manifold tubing was laid on the
sludge layer and connected to the water trap and aeration
fan. The water trap had to be emptied from time to time
during the course of the experiment as it collected
leachate and condensate.

Branches with leaves were laid over the manifold tubing to
prevent fines from blocking the slots.

Consecutive layers of refuse and night soil were added to
a8 helight of some 1,5m. The solides in the night soil were
entrapped in the refuse while the leachate filtered through
the pile and was collected in the drainage sump. The
refuse was transported from an adjacent stockpile by
wheelbarrow while the night soil was gravitated from a
tanker. The slides of the static plle were sloped to an
angle of about 50 degrees. The volume of the completed
plle wag some 10m3 (area of bottom of pile was 4m x 4m;
area of top of pile was 2m x 2m; height of pile was 1,5m).
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The heterogeneous nature of the pile contents made it :
difficult to sample for analysis of porosity and moisture
content. Instead, the ration of the two waste streamsn
was adjusted based on past experience of constucting
other static plles.

The pile was covered with a 10 em layver of dried sludge
{(Bimilar to the base layer) to provide heat insuletion
and odour control.

The Beltesville method of aeration where the aeration rate
is controlled by the residual oxygen concentration in the
prile {Nell and Ross 1987). In practice, rediual oxygen
must be kept between 5X and 15% which requires aeration
rates between 3-4 m3. t-1. h-+1l. Over aeration results
in temperature losses (cooling) while under—-aeration
causes anaerobic conditions to occur.

Aeration by suction of air through the pile, instead of
blowing, allowed the oxygen concentration in the exhaust
gas to be measured and this practice is recommended.
Suction was applied by means of the fan which was
controlled by a time switch. The time ewitch pettings of
the fan during Run 1 are recorded in Table 4. After
three days, the fan was operated for only 5 minutes in
the hour with the result that the electrical running
costs are low.

Originally eight galvanised pipes ({2m long and Zcm
diameter) were driven into the pile at different levels
around the perimeter. So as to serve as temperature and
resldual oxyvgen monitoring roints. A rubber stopper
isolated the inside of these pipes from the outside.

With experlence it was proved that these galvanised tubes
were an unecessary expense, the temperature probe was
placed directly into the static pile at specifically
marked polints.

The construction of the pile was completed in one day
with the assistance of four labourers. Thereafter the
asration was automatically controlled by the fan and time
switch. Monitoring for temperature was the most
important parameter to assess the success of the
experiment.

After 60 days composting the pile was manually screened
with a sieve of 25mm diamond mesh size.
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A process flow diegram of the unit copersations for the composting
of night scoll and refuse is 1llustrated in Figure 3. The process
comprises thickening of night soil by filtraetion through refuse,
serstion in & static pile, maturation and screening. The liquid
fraction of the waste stream (originsting from the washing of
buckets and the leachate drained from the composting pille) is
ideslly treated in an adjacent pond syestem.

7. RESULTS OF PILOT STUDY
7.1 TEMPERATURE PROPHILE

The temperatures reached at the eight monitoring points in
the pile are presented in Table 3. A graphical record of
the temperatures of monitoring points 2 and B together with
the daytime ambient temperature is plotted in Filgure 4. The
data indicates that the prototype scale Run 1 gave good
resultes in terms of the maximum temperatures reach - 68 .
degrees centigrade — and the distribution of the heat within
the pile, which adequately reflects full-scale thermodynamic
conditions. Thie result agrees with those obtained by Nell
and Ross, (1987) where temperatures of between 60 and 71
depgrees centigrade were usually obtained with mixtures of
dewatered primary sewage sludge and wood chips.

Figure 4 indicates a rapid increase in temperature from 30
to 68 degrees centlgrade in seven days after commissioning
the plle on the 1st February 1980. The significant
difference between the temperatures inside and outside the
plle 1llustrates the blothermal activity of the micro-
organiems and the energy potential of the refuse and night
goil mixture. The temperature prophile over time is a
convenlent method to asaess whether the composting and
maturation processes are completed.

7.2 DISINFECTION EFFICIENCY

Composting has the advantage of both stablilising and
disinfecting the solid wastes. Maintenance of higher
temperatures for longer rerlods of time results in
improvement in volatile matter reduction and disinfection.
The USEPA (1981) recommends that the temperature within the
plle should exceed 55 degrees centigrade for at least 3 days
in order to ensure inactivation of all pathogens. This was
the case in Run 1 for monitoring point Mo. 8. Thereafter,
temperatures of 60 end 56 degrees centigrade were recorded
for monitoring pointe 8 and 2 respectively after 21 days
operation.
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Previous research (Nell and Ross, 1887) has shown that
disinfection was adequate during the composting (meration)
snd maturation (non-aeration) period. NHo pathogenic
bacteria, viruses or wvieble Ascaris ova survived longer
than 40 days in the pile. Regrowth and re-infection can
however occur (Willson, 1986). This is not unique to
sludge composting but occurs in all bulky bio-degradable
organic materiale stored in the open, close to a possible
source of infection.

7.3 Table 4 records the time switch settings which activated the

aeration fan during Run 1. Aeration was maintained at a
relatively higher rate (60 minutes ON: 60 minutes OFF)
during temperature ascent and at a relatively lower rate
(20 mlinutes ON: 40 minutes OFF) once a turning point in
the temperature curve was observed after 9 days operation
(Figure 4). After 26 days operation, the ameration rate was
5 minutes ON: 60 minutes OFF which was egqulvalent to
3m3/ton/hour. .

The following assumptions were made for calculation of the
aeration rate of the pile during Run 1:

Volume of pile
Deneity of pile
Mass of pile (wet)
Fan rating

Fan rating

Time switch setting
Aeration rate

10m3 (approximate)

1l ton/m3 (approximate)

10 ton

24 m3/min (disconnected from pile)
6 m3/min (connected to pile)

5 min/hour

3 m3/ton/3 hour (day 26 to day 48)

The oxygen concentrations in the exhaust gas extracted from
pile during Run 1 are prepsented in Table 5. The Bacharach
oxygen analyser generally recorded concentationa similar to

‘that in air during the experimental perlod indicating that

eilther the rate of aseration was too high or the monitoring
procedure was faulty. This aspect will be addressed in
future experiments. '

Large variations ln ambient temperatures, especlally during
winter nights, would adversely affect the temperatures in
the pile by drawing Iin excessive amounts of cold air.
Aeration periods during cold weather should therefore be
shortened.

FINAL COMPOSTED PRODUCT

The compost plle (excluding the base and insulation layers)
was sleved after the experiment of 60 days and the sieved
fraction was weighed. The yeild of final product was
arbitrary calculated as follows:—



11.

10 ton {approx)
2.7 ton
27%

Initial mass of wet solids
Final mass of dry sleved compost
Yield of dry sleved compost

The composted mixture of refuse and night soll was ensily sieved
and had a very good humis-like appearance. The end product was
dry, had a loose friable texture, was black in colour and had a
pleasant smell. It was nothing like the original products which
were putrescible and had high offensive malodours. Experiments
will be undertaken to determine the agricultural utilisation of
the compost.

8. DISCUSSION
8.1 DISADVANTAGES OF THE CORANS PROCESS

The filtering of night soil through refuse to entrap the
solids 1is naturally a more “messy™ operation than
mechanical dewatering. Problems with odour generation and
fly-breeding can be overcome by adding the final insulation
Jayer as quickly ass possible. Lime can also be used to
suppress malodours while the pile is being constructed.
During the first few days of operation any obnoxious odours
in the exhaust gas from the fan can be eliminated by
passing the gas through a matured compost filter pile.

The leachate draining from the static during construction
is channelled to a pond system. 8Such ponds will operate
better as the organic load to be treated is considerably
reduced by the composting of the solid faction of the night
soil.

8.2 ADVANTAGES OF THE CORANS PROCESS

The advantages and features of the forced aeration process
for the composting of refuse and night 01l can be
summarised as follows:-—

x It is an appropriate waste management technology which
requires simple equipment and unskilled labour and 1s
sultable for application in less-developed areas.

* It is an ecologically acceptable resource recovery method
which reduces public health hazard and impacts positively
on the environment.

* The integrated composting of refuse and night soil in
association with a pond system comprehensively treats and
manages the two major sources of polluted wastes generated
by lesa-developed or rural communities.
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Recyeling of nutrients by production of a humis-like soil
conditioner with a relatively high nitrogen content (1.5 to
3.0%). .

Production of a dry compost that is easy to handle.

Self-generated high temperatures (60-70 degrees centigrads)
resultse in disinfection of pathogens and production of a
hygienically safe end-product.

Relative insensitivity of the milcroblologlcal process to
changes in substrate and growth conditions allows for wide
differences in the input materials (refuse and night soil).

Usgse of refuse as a bulking agent has the advantage that it
provides more energy (heat generation capability) and
nutrients to the overall composting process than other more
expensive bulking agents such as wood chips which are not
as biodegradable as refuse.

The capital and operating coste for the co-composting of
refuse and night soll are significantly lower than for
conventional forced aeration composting processes because
no mechanical dewatering equipment, mixing equipment nor
bulking agent needs to be purchased.

Flexibility of the process allowas spplication in highly
mechanised (low labour) or in unmechanised (labour
intensive) form. In general, site-specific criteria,
availability of capital and the cost of labour will govern
the degree of mechanisation that can be incorporated (Ross
et al., 1986).

The combined treatment of these two polluted waste streams
close to the source of generation thereof, enables the
waste transportation costs to be kept to a minimum.

Conts can be reduced considerably in leas-developed areas
by choosing a site requiring s minimum of earth-work,
mixing and sieving by epade and using less costly pad
surfaces.

There is a potential income from the sale of the compost
which would offset the costs. There will also be a
financial benefit derived from the sale of scrap metal,
plastic and glass wich will be sieved from the mixture on
completion of the composting process.
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There are no intrinslic reestrictions on the size of the
plant. Use of the extended plle method reduces the land
requirements (surface area) of the composting pad.

COMMENTS
TEMPERATURE PROPHILES

Uniformity of temperatures throughout the static piles
{Table 3) were not entirely satisfactory. This could be
explained as follows:-

a) The use of a 100mm heliflex medium duty flexible tube
with small slits for meration was not satisfactory for
a number_of reapons:-—

1 The aeration holes were too small and the pipe diameter
wagg inadequate.

i1 Pressure of the weight of the compoéting material would
have decreased the pipe diameter.

1ii Placing the pipe directly on the slab over the drainage
canal, instead of elevating it, meant that the aeration
pipe was continually filling with drainage water
cutting down on potential pipe aeration space.

Aeration pipe design has changed drasmatically with experlience
obtained in composting studies conducted for the meat and fresh
vegetable industries and at tanneries, These more recent
aeration techniques result in a more uniform temperature prophile
throughout the windrow.

9.2

Concrete slabs on which to build the windrows are not
always necessary. Provided site area geology allows proper
drainage this expense can be avoided. However, beware of
operating on an area with a c¢lay base.

Material screening must be prerformed in a rotational or
vibratory screen. The mash size of 25 mm should be reduced
to a 10 or 12 mm diamater.

The yvields of compost obtained in the first run, it is now
realised, were exceedingly low. Admittedly a great deal
depends on the quality of the domestic refuse used as the
bulking agent, however yilelds of at least 60X are not
imposaible.

Recorded oxygen levels In the exhaust gas asp demonstrated
with the Backrach instrument did not prove to be
satisfactory.
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CONCLUSION

The results of the Pilot Study have indicated that the
blothermal stabllisation (composting) of refuse and night
goil by means of forced-meration is technologlcally and
economically feasible. The combination of composting for
solid wastes s8nd ponds for 1liguid wastes would be
particularly appropriate as a waste management system for
less developed communities where a non-sophisticated, low
cost and labour intenslve technoleogy is required.
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TABLE 1: CERTAIN PHYSICAL CRITERIA FOR FORCED AERATION
COMPOSTING OF SOLID WASTES

PARAMETERS VALUE

Carbon: nitrogen ratio of pile 30 £ 1 to 40 : 1
Optimum pH range of pile 6,5 to 7,5
Optimum particle size of =solids 5 to 15mm
Degradability coefficient (sludge) kr = 0.7
Degradability coefficient (wood chips) kr - 0.25

Degradability coefficient (final product) kr = 0.18B

W - ratio (thermodynamic balance of less than 10g water per 1 gram
solids to be compoated)

Density of refuse

Density of sludge

Aeration rates

Free air space

Meoisture content of pile (start)
Moisture content of pile (end)
Temperature within pile

Residual oxygen concentration in
exhaust gas from pile
Composting period (aeration)
Maturation period (non-aeration)

Land area requiremente

of degradable organic matter
500 kg/m3

800 - 1050 kg/m3

3 - 4 m3/t-1.h-1.

greater than 0.4

50 - 60%

less than 40%

should exceed 65 degrees
Centigrade for at least 5 days
b5 - 15%

21 days

21 days

0.4 -~ 2.0 ha for population
equivalentas of 28000 - 350 000




21.

TABLE 2 : COMPOSITION OF 1 m3 DOMESTIC REFUSE AT RINI TOWNSHIP
(SAMPLED ON 20 DECEMBER 1989)

CONSTITUENTS MASS %

Glaes 156 8.8
Plastic 37 21.6
Paper i8s 10.5
Metal 7 4.0
Other "Organics" | 84 A" 55.1
Total 171 100.0

Hote : Bulk Density of refuse - masg = 0.171 ton = 0.171 ton/m3

volume 1 m3
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TABLE 3 ¢ TENPERATURE OF VARIOUS BONITERING PDINTS OF THE STATIC PILE DURING PROTOTYPE-SCALE
FORCED AERATION COMPDSYIXG OF REFUSE AND NIGHTSOIL (RUM NC. §)

TENPERATURE OF RONITORING POINTS ( C€) AMBIENT
DATE DAYS AT DIFFERENT LEVELS ARDUND THE PERINETRE OF THE PILE  DAYTINE
AFTER TEMPERATURE

19%0 START-UP 1 2 3 | 3 b 7 8 1C)
02 Febroary 2 13 n n 13 X n L] 47 pl]
03  Febreary 3 3 35 35 33 i 18 11 43 n
04 February | 38 i 38 35 35 2 M H i
05  February 3 33 40 42 40 13 47 30 b1 ri)
06 February b 48 15 13 12 3 92 92 bb 2b
07  February 7 58 33 ) 45 45 3 36 58 25
08  February 8 % Sb b 18 31 5b 58 52 pL)
09  February ] 7 Sb 3 49 1] 57 2 48 ]
10 February 10 ) 58 53 30 1 58 34 L ] 2
12 February 12 50 53 52 18 ] > ) N u
13  February 13 48 33 52 17 17 b b1 &0 n
14 February 14 W o a 48 " 3 53 80 N
15  February 15 48 33 33 4 A8 37 52 b1 Fal
1t  February 16 48 35 52 .48 48 5 54 b1 i)
1% February 19 93 3 51 L1 13 W7 55 §2 n
20 Febroary 20 52 36 30 4 1 5 52 b0 25
21 February 2 48 LE] L1} 87 17 9 50 80 19
23 February A 47 b 4 87 Y 3 13 ¥ 20
26 February 2b 8 18 1] L1 A 53 H 36 n
27 February rij A2 32 L1 43 13 3 L1 (3 25
28  February 28 2 32 L1 H 5 ) | 44 5 i)
61 March 29 A 0 13 43 L1} 13 1] E1] A
02 Marth 30 3 18 £ L1 " 13 1) L) i
03 March n 40 13 4 42 2 4 3 2 3
05  BKarch 3 40 L1 L1 52 12 1 12 50 2
07 March 33 39 13 L1] 12 LM 7 1] 53 20
08 March 35 37 45 L34 LV 12 43 13 50 n
09 March 31 39 L] 43 12 1 43 13 30 28
12 Barch 40 3 42 by 40 39 " 10 L} ¥4
13 March 4 37 12 40 39 19 43 10 43 24
20 Marth 18 n 37 38 n 38 1 n 3 /i
23 Karch 9 N 37 3 3 b7} bt ] 1 i1 3
2b  March 5 b1 3] n 3 35 40 b1 10 n
27 Rarch 35 3 37 35 33 n 3% 34 i 21
28 Warch 5b h{] b3 bY) 35 3 39 kb 49 20
3 March 37 I n 35 i 35 39 ki) 38 20




FA2-3TNAT0RT SALRUT FIEQ JITATZ T 13 2T07 GAlR0T

N

rim
[ 3¢ M1

CUCIRAY 33 3PUTARITIIY ¢ MM
(1 .04 Kidi HIcathald e 306732 30 GAITZANenD RULTARIA Q1

(3 ) 218109 J#12371r00 A IR

TR
TG N9 41 0 IRTIMIATT 34T GRUDAR 2J7v3S THI9I33 1A g -3 3147
JRITARTINY ERIEN

{3) R T 4 2 } 3 < { qu-1RAIE pevl
: {4 (14 12 it i e S I Y f1sp1da 1
N 4] I+ L. 1 144 I aF eE H euvdsl
1S (3] 1 1Y 0 €L H 87 A ] y1s0vded
1% 14 2 T i or iy oh o 2 'ATTREET]
% [.E] Y M I 5 [ ol L ) yisuidel
5 24 a M e Y oo i < { rendsl
i - %4 f.l 2 2 o# a9 o & 8 y15u1d31
i B g e 11 ¥4 ol L 5 ¢ vrarvdad
IS o} ¢ Q i 3 o i ¥4 0! LATTADER]
) ot (W [ &t g g2 2 oz <1 f1enda’l
AN 04 I a2 14 \r L I g It yizu143d
ks 0h & J v ] 144 1 e M ¥ 6ir1d5 3
119 1) £ 114 g T i H B gl Yaudad
tAY 18 & 2 14 ity 8¢ & P a1 yrandad
: ¥} 2 |9 e it 2 & i el y1eidy i
¢l 24 < o 1 &t H du € S visnvdai
hH £a i g i8] 1 - ¢l 8t b1 L REERDER
@ ve i ag it 133 ' o 13 AN TR tAR IR
AN af (£ i 33 M [ 114 8¢ 25 LA LalkX
cs 13 4 i () (g | ab Y s it LATTALE |
19 £ 1] I ch b ab YN g B3 1eviad
s IS I? e (3] g ot ¢ ¥ 5 el
3N 42 tH 1 1} £e Zr ip A e BRI
AN ¥ I dh £ 13 ] tA ] 4] 1) i 375N
18 0l ¢ " $h e ] a o} ! i 11
3 & L] ¢ ) ) ¢t 174 (3 drisk
AN [/ 4 4] 1Y 4] i ot A L d 1160
LN & A ] b4 Y] i (4 : i d ¥
5 (4 ce L3 or gs L¥A it < 0 dach
(39 ok g3 (o A |45 o it £ 44 IR T
) 4] : 1 8z L BZ ¥4 tH By d1rsd
FAY I < 3 Z I H fe < a 11
€< ] 1 ¢t al H 1t 't ¢ H diek
15 I < A I el 14 28 24 2 frtalt
0% 0 ol vl &l 8l 112 H : &l d31aM
nt 134 1 fI e t T vl b 114 i 1ai

s
¢

1]

a
W

80
1
B0
Ve

[ > T4

e
P T T TR -V

S

ey
AT e

.o
v



23.

TABLE 4 : TIME SWITCH SETTINGS FOR AERATION FAN AND APPROXIMATE
AERATION RATE OF STATIC PILE FOR RUN NO. 1

DAYS TIME SWITCH AERATION RATE
DATE ' SETTING

AFTER OF STATIC PILE

MINUTES MINUTES

START-UP - ON OFF (m3.t~1.h-1.)
01 February 1 240 7 144
06 February 6 60 60 36
089 February ) 20 40 12
26 February 26 5 60 3
20 March 48 2,0 60 1,5

TABLE 5 : MEASURED OXYGEN CONCENTRATIONS IN EXHAUST GAS FROM
STATIC PILE DURING RUN NO. 1

DAYS OXYGEN CONCENTRATIONS OF MONITORING

DATE POINTS AT DIFFERENT LEVELS AROUND
: AFTER THE PERIMETER OF THE POLE (X)

1999 START-UP 1 2 3 4 5 6 7 8
02  February 2 20 20 20 20 20 20 20 20
09 February 9 20 20 20 20 20 20 20 20
19 February 19 20 20 20 20 20 20 20 20
05 March 33 i 18 17 16 16 16 16 19
09 March 37 18 17 7T 17 6 19 14 17
NOTE : Bacharach Fyrite oxygen analyser was standardised in air at

a known temperature.
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The pilot study conducted at the Rini site during 19390
proved successful to the point that it was felt that a
gradual introduction to a full scale operation of treating
domestic refuse and night s0il could be handled with
confidence. This plant could be used aa a demonstratlion
site to prove to other local authorities and international
institutions, searching for low cost sewage solutions, that
the process was viable.

Any community, no matter how rich or poor, has two major
waste streams, domestic refuse and body wastes. The object
of the project is to demonstrate the feasibility of
stabllising large quantities of these two important waste
streams into an end product which does not have undesirable
characteristics. P

The supply of adequate sanitation systems in developring
countries have deteriorated for many reasons, and as a
result there is an urgent need for low cost, appropriate
sBewage treatment technology. :  The need is particularly
required in overpopulated outskirt urban areas where people
are settling in search for wcmk.g

The fundamentals of the forced‘aéi-ation composting process
have been fully discussed in the pilot estudy section, so
will not be repeated here.

The reasons for choosing Grahamstown have been previously
stated. In addition, Rinl was been threatened by a Supreme
Court order to close this sewage treatment facility,
because of obnoxious odours reaching the nearby Escom
Installation. Surrounding farmers were also complaining
bitterly about the offensive odours.



FUNDING OF THE FULL SCALE PROJECT

The delay in starting up the full scale operation was
purely financial.

The budget required for the initial project was in the
vicinity of R170 000 00. This figure eventually escalated
to about R200 000 00.

VARIOUS INSTITUTIONS WERE APPROACHED TQ ASSIST WITH FUNDING
a) Rini Town Council. The reply was negative,

b) Cape Provincial Administration, who is responsible for
water treatment in the area. The undersigned visited
the C_.P.A. Officials in Cape Town. A copy of my report
to the Rini Council is enclosed with the Annexures.
The report is dated 7 March 1991. The final reply was
negative.

c) 7The Algoa Regional Service Council. This application
included with the Annexures, is dated 26 August 1991.
Many hours of negotiating precede this formal
application. However, the application was eventually
approved by the Algoa Regional Service Council under
its small projects budget section and the funds became
available about the beginning of 18992.

At this stage it must be stressed that without the understanding
of the Water Research Commisslon Officials — Mr P Odendaal, the
Chief Executive and Dr O Hart, together with the Director,
Englneering Services, Mr John Kemp and the Chalrman - Mr James
Kleynhans — of the Algoa Regional Services Council, this project
would never have seen the light of day.

5.

5.1 Fingo Village and parts of the area known as Tantjie are

served by waterborne sewage which drains into the
Grahamstown Clty water treatment plant.

Most of the town 1s serviced by a nightsoill bucket system.
The remainder, mainly the area known as Extension 6, which
contains the more recent and expensive housing development,
has a system of conservancy tanks which are drained
reriodically.

5.2 Using a conservancy tank system for the Rini area, displayed

an unfortunate disregard for the local conditions and
geology.



5.3

6.1

6.2

7.
7.1

3-

Rini is built on a 2olid elab of clay which is subject to
ground movement. Many of these tanks cracked, with
the resultant leakage of the contents.

Neighbours share conservancy tanks with expected arguments,
ag to who causes the tank to fill quicker, etc. When the
tanks are evacuated the smell is horrendous.

There is an added complication. The contents of
conegervancy tanke 1s either discharged into a sewer which
drains into the Grahamstown works, where it complicates
pewage treatment in an already overloaded works, or is
diecharged into Rini“s own evaporation pond system. This
pond system 1s aleo in an overloaded and overstressed
state. The system attempts to purify the night soil by
forced merating it. When the contents of the conservancy
tanks is discharged into the ponds it is already in an
anaerobic phase, which defeats the attempt to purlify the
sewage by aerobic techniques.

IHE RINI_EVAPORATION POND SYSTEM

Nightsoil 18 delivered by wvarious capacity trucks. The

total volume delivered to the works is probably between 30
to 35 cubic metres per day. The system was desligned to

treat between one third to half of that volume.

The contents of each truck is allowed to flow by gravity,
in the open air, through a set of grisly filter bare and
hence into a large diameter pipe (250mm), which runs to a
gate valve which controls the flow into either of the first
two ponds.

All ponds, 8ix in all, have a dimension of 60 metres by 30
metres and about 2,5 metres deep. The ponds nearest the
gate valves are concrete lined, the rest are merely
excavations in the ground. The two concrete ponds are
served with island electrical aerators.

JHE PRESENT SYSTEM - AUGUST 1991

Only the two conorete ponds are in operation and are
totally overloaded. The remaining four ponds are dry and
contain a large proportion of solid sludge, which should
never have been allowed to happen.
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One of the concrete ponds is B0 overloaded that it ise
covered with a thick crust, so thick it was possible to
walk on it, so this pond which is supposed to be merobic is
totally anaerobic. Recently an attempt has been made to
place new aerators in this pond.

In my opinion this was a waste of electricity used., as the
aerators would not be able to reverse the anaerobic
condition, and the aerators would breakdown because of the
adveree working conditlions. From my observation this
breakdown has already occurred, as predicted.

Some months ago the contents of the second concrete pond
was pumped with a hired pump onto an adjacent wvacant land,
in an attempt to alleviate the sltustion. In fact, it
merely moved the problem from one place to another. 1t was
extremely fortunate that we did not have heavy rain at the
time, as the stormwater drainage of this area ultimately
leads down Into the Belmont Valley. The farmers in this
valley are mainly vegetable farmers who lrrigate from the
river. Infected material reaching this river could have
caused untold microbial havoc.

Because of the physical characteristics of the night soil
there was concern that the sludge pumped to the cone
settling tanks would not thicken before spraying onto the
windrows. The report is tabled in the annexure.

In essence the test showed a large number of solids floated
to the surface, but after overnight separation trials,
there was definite solid settlement to the bottom of the
vessel. It was felt that the so0lld floatables would be
eliminated by the emascerator pump situated in the
screening sump.

The L.J.R.I. Technologies report on this subject is tabled
in the annexures.

Further tests conducted by L.I.R.I. laboratories
demonstrated that the sludge in the settling cones after
emasceration and an overnight settling thickened to a total
polids content of about 4.6%X polids.
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Research on the percentages of basic ingredients in the
domestic refuse was reported in the pilot study report.

9. FULL SCALE OPERATIONAL PROCEDURES

9.1 Nightsoil i1s delivered to the site and discharged into the
first sump by gravity. A sluice gate has been installed to
control the flow to the screen, where the water Jets ensure
maximum delivery to the emascerator pump in the sump below
the screen.

The resultant sludge is pumped to the settling cone tanks
-at a rate of 12 cubic metres per hour. The two settling
tanks have a combined capacity of 32 cubic metres which is
about the volume of nighteoll arriving at the sewage works
each day.

9.2 WINDROW BUILDING

Domestic refuse Is delivered to the site and deposited over
the prepared aeration pipes; the windrow base ie kept to
the designed dimensions of 20 metres long and 3 metres wide.
The windrow height is kept to 2 metres. The windrow sides
are sloped to about 50%. As each trailer load of refuse is
levelled on the windrow bed, plastic bags of refuse are
slashed open and large inert material is removed.

The refuse layer is liberally eprayed with sludge from the

- settling cones at the rate of 200 litres per minute. This
is then covered with a further laver of refuse. Each
windrow built to the dimensions previously described will
have received a sludge coverage of about 16 000 litres or
the total capacity of one settling tank.

The domestic refuse acts as a filter retaining the sludge
solid content. The leachate liquid draining from the

windrow collects in a cemented channel which returns this
l1iaquid to the oxidation pond for ameration and evaporation.

By removal of the solids prior to entry into the oxidation
ponds, the stress on the pond is reduced and the rate of
evaporation becomes more efficlent.

8.3 Water from the evaporation ponds is used to irrlgate the 120
prepper trees planted around the periphery of the site. The
nmutrients benefit the growth of the trees and pure water is
vented to the atmosphere by natural transpiration.
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9.4 Completed windrows are covered with a 25 mm laver of old

8.6

matured sludge cake or available compost to act as an
insulation, weather protection and to reduce fly
infestation.

Each windrow contains about 100 cubic meters of material
but tends to diminish in volume during the course of the
composting process due to compaction and subsidence.

On completion of the windrow the aeration pipe is connected
to the fan blower. Air is pulled continually through the
rile for the first 24 hours, thereafter the fan is
controlled by a time switch set to operate on a 20 minute
cycle. Four minutes on and 16 off.

Rapidly the biological heat level within the windrow rises
to levels where the weed seeds are devitalised (45 degrees
centigrade). When the temperature rises to 55 degrees
centigrade and is held at this level for a period of three
days, all pathogens and worm cysts are destroved. Usually
temperature levels rise to levels in excess of 85 degrees
centigrade. Windrow temperatures are monitored on a daily
basis. See Annexures for temperature tables.

After twenty one days the aeration of the windrow is
stopped and the contents are removed to a maturation pile
where there is usually a second rise of temperature due to
the meratlion crested by windrow removal. After a cooling
and drying period of a further fourteen days the material
is ready for screening.

AERATION TECHNIQUES

Aeration techniques during full scale operation varied with
experience. Initially 100 mm class 9 blue plastic piping
was used. Each windrow of 20 metres long had a 18 metre
aeration pipe in the middle of the windrow base with random
holes drilled over the mid 16 metres of the pipe. The
remote end of the pipe was closed with a bung. Later
windrows were amerated with graduated holes drilled into the
pipes to give a more uniform pattern of aeration.

The high cost of piping and damage to these pipes during
windrow clearing necessitated a search for acceptable
alternatives. Two other methods were tested; plastic
crates and remodelled wooden pallets.
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8.7

10.
10.1

10.2

7.

The matured windrow material is stabllised and ready for
screening; it ie no longer toxic or obnoxious. The
material is worked through an electrically operated rotary
screen to a particle size of 12 mm.

The screen 1is 1inclined. The composted materlal passes
through the screen, while all the plastic, tins, glass and
other inert material passes out the end of the screen and
is stored.

Glass is recovered for recycling. The plastic is baled for
sale and other inert material is taken to the landfill
site. The yield of organic compost varies between 50 to
60X per windrow.

POTENTIAL USAGE AS A PLANT GLOWING MEDIUM
This pathogenic free screened medium is available for use

to encourage plant growth by the Town's Park and Garden
Dept., distribution onto playing fields or eocld to

neighbouring farmers. Analysis for trace elements
demonstrates that the product is safe for use on domestilc
vegetable gardens. See Annexure of Chemical &

Microblological Analyais.

The nighteoil from the delivery tankers is allowed to flow
into a8 sump by gravity, where it 18 filtered of 1large
objects (bricks, stones etc.) prior to flowing into a 250
mm pipe which i connected to the rotary screen equipped
with a canopy. The screened material falls into another
sump below the screen where the diluted nightsoll is
emascerated and pumped in below ground piping (110 mm class
9 p»ve) to overhead settling cone tanks. By means of
flexible piping (50 mm dia) the thickened nightsoil is
spray distributed over the domestlic refuse in the bullt up
windrows. Each layer of domestic refuse is covered with
chiprped garden refuse prior to the application of the
nightsoll spray. The windrows are built to a height of two
metres.

Leachate flowing from the windrows 1is returned to the
screen sump by means of concrete channel.

ROTARY SCREEN
A rotary ecreen fitted with high pressure water Jet

sprayvers at a pressure of 4 bars. This breaks down the
s0lids to pass through the screen apertures of 15 mm.
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10.4

10.5

10.6

8.

The solids that defy breakdown are continuously passed out
of the screen drum by means of a helical screw into a bin.
Coast of the Screen * R30 206 00 vat included, June 92
Supplier : Basic Mineral Engineering,

Box 41435, TVL, 2024

sSUMP

The pump 18 filtted with a submersible pump, which has a
cutting mechanism to chop up solidse into a fine state. The
blended sBolide are then pumped to two sedimentation
settling cones which are connected in parallel. The pump
delivers the effluent to the cone tanks at a rate of 10 ~
12 m3 per hour. :

Cost of Sump : R10 000 00
Born by Rini Council
Emnscerator Pump r Ri12 275 00, June 92

Mono Pumps, Box 8136, TVL, 1613
SETTLING CONES

The capacity of these two vessels is 16.000 litres each
(16m3). The days discharge of nightsoil 1s allowed to
settle and thicken overnight. The thickened liquid is
drawn from the base of the cone where there is a shut off
valve. The sludge is conveyed to the windrows areas for
spraying onto the garbage by means of a flexlble hose (50
mnm dia). The supernatant overflow liguld from the settling
cones discharges by gravitation via pipes to the nearby
oxidation ponds.

Cost of Tanks
Supplier

R48 730 00
Fam Trading, Box 178, TVL, 2021

WINDROW BASES

The windrow bases in the pilot study were constructed
concrete slabe. To reduce costs in the full scale plant
the ground was merely graded wlith a slight slope. Windrow
dimensions - 20 metres long X 3 metres wide and 2 metres
high.

THE AERATION MANIFOLD PIPING

This consists of three lengths of 110 mm piping each 6
metres long. The first two metres of the pipe was not
perforated. The remainder of the pipe lengths were
perforated with holes of wvarying diameter to ensure a
uniform air suction along the length of the windrow. The
remote pipe extremity was closed with a bung. All the
perforations were bound with a laver of shade cloth to
prevent solid access into the aeration pipe. These
windrows are interconnected to one fan blower. Presently
s8ix windrows are operated by two fan blowers.

Cost of Piping : R4000 00 for 3 windrows

Alternative aeration systems have been described.



10.7 RADIAL FAN/BLOWER

A Radial Vane Fan Blower capable of an extraction rate of
about 150 M3/hr at 2900 R.P.M.

Cost : R4000 00 (June 92)

10.8 A TIME SWITCH to regulate the flow of air through the
windrows.
Cost : R500 00 each (June 952)

10.9 A 200 litre WATER TRAP with 110 mm inlet and outlet.
The trap was provided with a drain valve to release
accumrlated leachate and condensate.

10.10 A DIGITAL THERMOMETER with an attached recording stem.
Cost : R500 00 (June 92)

10.11 ROTARY ELECTRICITY OPERATED SCREEN
Cost : R10 000 00 (June 92)

11. WINDROW MONTTORING

During the course of this study the following
observatlons were carried out:-

1. Temperature on a daily basis
2. Chemical Analysis
3. Microbiological Analysis

11.1 TEMPERATURES
To save space individual recordingse are not tabulated in
this report. The figures listed below records the
average and highest temperatures attained during the

windrow maturation period. Each windrow was monitored at
eight fixed positions.

WINDROW NO START UP DATE AVERAGE HIGHEST AMBIENT
1 10 May 1992 560C 690C 150C
2 22 May 1892 51cC 620C
3& 4 10 Aug 1892 50cC 620C 240C
b &6 9 Sep 19952 540C 640C 260C
7T & 8 6 Oct 1892 550C 620C . 2800
9 & 10 2 Nov 1892 580C 660C 280C
11 & 12 15 Dec 1992 520C 600C 300C
13 to 17 2 Feb 1993 580C 710C 300C
(2/2 400C)
18 to 22 3 Mar 1993 540C 650C 280C
23 to 27 7 Apr 1993 560C T30C 240C
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11.3

12.

12.1

10.

CHEMICAL ANALYSIS

During the course of the project samples were submitted to
the Laboratories of L.I.R.I. Technologies at Rhodes
University. The ash content of this random analysis wae
extremely high. The reason for this could bse that the
cover material used for windrow insulation contained a
high degree of soil together with a dust content from the
refuse. In addition the windrows were not built on a
concrete base. Some soll would have been scooped up when
front-end loaders cleared away the fully matured and
stabilised windrow material prior to sieving. Mercury and
lead levels should be checked in later analysis.

MICROBIOLOGICAL ANALYSIS

The listed results of analysis carried out on the 23 July
1992 and 7 September 1892 are listed in the Ammexures and
are self explanatory and satisfactory.

Further analysis of samples taken in March 1993 gave
similar pathogenic results.

PROJECT EVAIUATION

Duration of Project Full Scale Conditions : 20 May 1992 to
30 April 1993. All figures are. approximate. :

Total domestic refuse delivered

to the sewage works : 3600 cu/m
Potential volume of domestic refuse

generated by Rini population in

study perliod :t 12 000 cu/m
Percentage volume of total refuse

treated : 30%

Number of windrows built in project

period 30 windrows

Volume of domestic refuse per windrow
At end of windrow treatment this volume
subsides to about 80 cublc metres

120 cu/m

Number of bags of organic material

screened out of each windrow 400 bags

Wood chips supplied by Parks & Gardensa
Grahamstown was added to most windrows
as additional bulking

80 cu/m
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12.3

12.4

11.

Average yield per windrow : 45%
Volume of maturing material on site.

This includes material in five windrows

plus materinl awniting screening : 950cu/m
Volume of screened orgsnic material -

{growing medium) on site : 400 cu/m
Volume of growing medium donated to

Parks & Gardens Dept. Grashamstown in

exchange for wood chips : 40 cu/m
NIGHTSOIL (PRIMARY SEWAGE SLUDGE)

Volume of primary sludge sprayed onto : 18,000
each windrow - litres
Total volume of primary éludge sprayed : 540,000
over 30 windrows litres
Total eolids orgenic material from

gludge per windrow : 720 kgs

OTHER MATERIAL FOR RECYCLING
Plastic

90 bales of plastic have been compressed and baled.
The total volume is estimated at 50 cubic metres.

Glass

Not more than one cubic metre has been collected. The
original research carried out on refuse from Rinl as
measured at the Grahamstown Landfill site over a period
of one year showed that each cublc metre of refuse
would contain about 8% of glass. We should have collected
over 25C cubic metres of glass; obviously it has been
has been recycled by the workers for their own account!

The present equipment and staff should have completed
approximately 44 windrowse during the pllot study periced.
The reasons for the shortfall are various:-

Plant shutdown during times of unrest.
Equipment breakdown with prolonged delays in repairs;

e.g. emascerator rump breskdown, with no standby pump
caused a delay of at least three weeks.
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* Indecision by Rini Town Council caused etaff demotivation
and therefore a lack of control and decisive management by
the staff.

* Had the target of 44 windrows been achieved, about 50% of
Rini“s total domestic refuse would have been processed
through the system.

12.5 FINANCIAL IMPLICATIONS
COST EFFECTIVE SAVINGS ON THE THREE SCENARIOS
(a) The actuality of 30 windrows.

(b)Y The potential budgeted 44 windrows.

(c)' The total process of Rini“e domestlic waste - 80
windrows per annum.

COST SAVINGS ON TRANSPORT OF TRACTOR TRAILER SYSTEM:-

Estimated expenditure saving of two houre per day load at R34.00
per hour (maintenasnce costs).

30 windrowar = 720 loads
44 windrows = 1056 loads
90 windrows = 21680 loads
720 x 34 x 2 = R48.960
1066 x 34 x 2 = R72.808
2160 x 34 » 2 = R214.880
Transport Labour Cost Saving :- 2 hours can be saved per day

at R30/hour.

30 WINDROWS 44 WINDROWS S0 WINDROWS

R21.600 p.&a. R31.680 p.a. R64.800 p.s&.

Saving on landfill levy to Grahamastown Municipality.
‘R7.000 R11.000 R22.000

Sale of growing medium nominal RZ20/cubic metre.
R28.000 R42.000 RB4.000

Totals - gross savings :-

R105.560 R157.488 R385.680
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Additional Labour Coste :-

R40.942 R60.000 R120.000

Nett Savings :-

R64.418 R97.488 R265.680

Savings on Tractor :-

R300.000 ) R300.00 R300.000

R364.418 R387.488 R565.680

No sccount was taken of‘cost of pvrotective clothing for the staff
or the use of the front-end loader, nor any income derived from
the sale of baled plastic.

12.6 Estimated Expenditure For Additional Equipment To Tresat

100% of Rini*s Nighteoll and Domeatic Refuse.

3 Fan Blowers : R12.000
Electric Equipment : R10.000
fAeration Pives or Pellets : R5.000
Secondhand frontend loader 1 R47.000
Rotary Screens : R20.000
TOTAL + R87.000

The additional benefit would be that instead of the present
labour force staying at 10 extra workers, an additional 20
Job opportunities would become available.

12.7

12.8

THE CONCERN OF HEAVY METALS IN SEWAGE SLUDGE

Previous concern of these heavy metals gaining access to
the food chain by the spread of sewage sludge and related
producte onto asgricultural land is unfounded ss proved by
report submitted in the Addendum by Thomas H Wright of
University of Wisconsin, Madison, September 1992. Any
legielation as stipulated by the Department of Agriculture
or Health should be amended accordingly.

THE RINI DOMESTIC REFUSE REMOVAL FLEET
This conasists of six tractor trailer systemsa. All of
these vehicles are o0ld and will shortly have to be

replaced,

To replace all six units would cost at a conservative
estimate, approximately R600.00.
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It ie heard unofficially that it is the intention of
the Rini Town Council to move this nightsoll treatment
plant at some future date. The project equipment is
caspable of being moved to the new site., It is not for
this report to question such a Council decision.

It ies hoped that The Algoa Regional Services Council
will protect its investment and ensure that this

unique plant will continue to cperste. It is the first
of ite kind in the World. .The interest in its operation
has drawn visitors from all over South Africa and from
international agencies baeed in Switzerland snd Germany.
The sclientific paper reasd on this project at Toronto,
Canade, was eventually published in the worldwide journal
- Water Technology. See Annexure.

CONCLUSION

The project has demonstrated that the stablilisation of
nightsoil (raw sewage) using unsorted domestic refuse
as a bulking agent, is economically feasible as a low
cost meanst of treating these two obnoxious waste streasms,
on a comparatively large scale.

The process makes use of natural biological means to
treat these waste streams instead of involving
communitiez in the financial responsiblility to high
cost, high energy schemes that reguire highly trained
technical staff to maintain the systems.

The Rini plant is capable of being maintained by
unskilled workers.

The use of domestic refuse in the process reduces
transport costs in the case of Rini to low levels.

More importantly the use of domestic refuse as a
bulking agent will increase the life of the Grahamstown
landfill eite by a significant number of years.

If this process were to become widely accepted and put
into operation, it would, by reducing volumes in landfill
sites, have a positive effeet in the reduction of
leachate from landfill areas. This would, in turn,
benefit ground water quality, and have similar beneficial
effects on nelghbouring streams, rivers and lakes.

The system is environmentally friendly.
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WASTE GAS ENGINEERING
Reg. No. §9/03290/07 (Pty) Ltd

‘Engineering Construction - Anaerobic Digestors
Waste Gas Technical Services

THXEOKEBK 74 Charles Strect
REINIQ084 . - QGrahamstown ~
ALK XEOUTX BN ANTH, 6140

FAXKAKHAX BLEABRX Tel: ((461) 23575

7 March 1991

fir C Muller
The Town Clerk
RINY COUMCIL
pP.0, 80X IX7é6
GRAHANSTOWH
65140

‘re: TREATMEZNT OF MIGHT SOIL AT RIni.

Cear {¥ir Muller

This letisr is to confirm our discussion at our meeting of the lst
flacrch 1991,

You will recall that I reported to you, that the report fir £ Van
Rooyzn, Director of Lands, C.P.A., bad requssied I prepare on the
above subject was delivered to his Office about the middle of
February 1991,

I was in Cape Town, on other business, on the lS‘Fabruary, So was
able to use the opportunity of visiting Mr Van Rooy=n to discuss the
repart.

Mr Van Rooyen, in turn, set up a m=eting for me with members of the
C.P.A., Enginesring Department. At the end of this mzeting it was
apparently tentatively agreed by the Engineers to investigate the
possible funding of the projsct under the following conditions.

1 The applicatior for this funding must originate from Rini Toun
Council,

2 That the C.P,A. would want to appoint a Co-Project Leader from
the C.5,I.R, with the undersigned. This would be at the
expanss of the C.P.A.

That the application be accompanied by an econemical feasibility
study., This decument is includsd with this letter,

Ll

In vieu of the averstresssd conditions of Rini Sewage Punds, ths number
of complaints regarding the obroxious smell and the threat of the Dept;
of Water Affairs bto withdraw the licence of the plant, your Council can
be assured that the suggested improvements in the repori will alleviata
tha conditions at the sitza.

2/-

Principals: DR, Slark PrEng, C Eng, 8.5¢, (Hons), MLC.E. AAAD,
B.E. Latabe BOS thoas, LDS.AGS, A4 Lt T &)



The Town Clerk
Rini Council

This can be said with confidence in view of the results obtained during
the study conducted at Rini Sewage Works during 1990, which was
sponsored by the South African Water Research Commission.

A copy of these reports are already in your Office. It is entitled
"Forced Aeration Co-Composting of Night Soil and ODomestic Refuse at

Rini, Grzhamstown®, The report was published in two sections, The
first preliminary section was presented in June 1990 and the final report

in January 1991,

‘The S A Water Commission will continue to assist with funding for the

project on ths forced aeration composting ssction to the amount of
R30 00D approx. until December 1991. '

Should your Council requirs any furthar information in order to formulate
the application to the Cape Provincial Administration, please contact the
undersigned.

Yours faithfully, .

B.E. LA TROEBE



74 Charles Strest
Grahamstown 6140

26 August 1991

Mr J Kemp

Director Engineering Services

Algoa Regqional Services Council _

PORT ELIZABETH : o . .

Tes Treatmeht of Raw Sewage At Rini, Grahamstown - An Alterpative To -
. Conventional Sewage Water Treatment.

Dear Mr Kemp,

A copy of a report dated 31 January 1991 is already in your possession,
This report describes the pilot study carried out at Rini, Grahamstown
over a period of one year (January 1390 to Janvary 1991). This study
demonstrated that raw sewage tould be successfully stabilised by a process
of forced aeration composting using domestic refuse as a bulking agent.

The study was sponsored by The South African Water Research Commissian,
The Commission considers the process, which is unique to low cost sewage
treatment, to have great potential for use in many parts of the ‘Republic.

The Commission is Keen to ses the process developed further to a full scale
oparation, and toc this end has guaranteed its sponsorship for this purpose,
to a total of RS0 ‘000, Approximately half of this amount went toward
funding of the pilot study and the remainder will cover the costs of the
additional research study plus some of the additional equipment cn the
composting side of the full scale project.

Progress reports to the 5 A Water Research Commission dated June 90 and Jan
1991 are also in your possession. Should you wish to contact Dr Oliver
Hart of the Commission, regarding his impressions on the necessity and
viability of this process he may be contacted at Tel: 012 3300340.

You also have a report on the assessment of the potential of the process by
Van Wyk & Louw, requssted by your Oepartment, Although the undsrsigned has
not seen the report, it was positive.

The 5,A, Water Research is not able, in terms of its rulss, to fund the total
project for equipment, labour etc, on the sewage trasatmant side of the process.
Hence the .application by the-Rini.Town .Council, for the sum of R200 -000 (Two
hundredthousand Rand) to cover the cost of equipment, labour, construction of
the night soil treatment plant prior to composting.

Mativation For Installation OF This Plant At Rini.

1 The pilot study was carried out at Rini., It therefore makes senss to set
up a trial full scale Plant -at the same locality - the managerial staff '
have some experience of the process, The undsrsigned is close at hand to
of fer advice, supervision* and training of" junior staff

2 Rini's present night soil treatment plant is in dire straits, being totally

overloaded., ~ Installation of this plant will create a permanent solution to
Rini's night saeil problem,

2/-



Mr J Kemp

It will satisfy ths Department of Water Affairs who are threatening
to withdraw the present plant's licence.

It could diminish the threat of legal action from the £skom establish~-
ment which is situated adjacent to the Rini Sewage Works. Eskom
because of the mal-pdours created at the overloaded sewage works are
thinking of moving their ehtire operation to a different location and
claiming damages from Rini Town Council ta pay for the relecation,

This will involve a considereble amount of money that will cost millions

. of rands.

The astablishment of this improved plant will alleviate similar
obnoxious problems in a new site and service area which is presently
being established close to the sswage works.

‘The cost of the solution to this obnoxious problem is relatively

inexpensive,

The experience gained with the establishment of this technique which
is knoun as the CORANS PROCESS, will be of great benefit to Rini and
will give the lead to many other Towns of South Africa which suffer

with similar problems,.

The process will provide an increase job cpportunity in the area and
turn two major obnoxious wasts streams into a scurce of income, and
also reduce the cost of refuse collection.

" Advantages of the CORANS PROCESS.

1

It is an appropriate waste managemeﬁt technology.which only requires
simple equipment and unskilled labour and is suitable Tor application
in less developed areas. ‘

It is an ecologically acceptable resource recovery method which
reduces public health hazards and impacts positively an the
environment, :

The integrated composting of refuse with night soil trsats two major
sources of polluted wastes generated by less dsveloped communities,

The process recycles nutrieants by preoduction of a dry humus-lxka soil
condltloner with a relatively high nitrogen content,

The high degree of biological heat achieved in the process ensures the
disinfection of all pathogens and worm cysts,

The use of refuse as a bulking agent is mora efficient and less costly
than other bulking agents, such as uood chips,

The leachate from the windrows, which is pumped to the ponds is almost
fres of solids, which will thersfore mors freely evaporats,



Mr J Kemp.

8. There is a potential income from the sale of the compast as well
' as the recovered plastic, cans and glass, :

9. There are no intrinsic restrictions to the size of tha_plant.

Note 1 Cost Gf The Installation (Stage\One)

The teather Research Report Annexure III {in your possession) lists thres
different stages of plant improvement. Only stage 1 is necessary to solve
the immediate problem the rest might be established later with funding from
other Sources. However, should this occur, the works will become a model
for the possibility of producing cattle feed, very important in times of
drought and general feeding for Rini's cattle cwners who are always having
trouble feeding thair stock, It will elso, in turn, create more work.

Nate 2

Prices listed were as of January 1991, With present day inflation there
has obviously been increases, New up to date prices have recently been
requested. These will be faxed to your Office, However, the built in
‘contingency figurs of 15%‘should help to defray the additicnal cost and
help keep the project within thes requested application from Rini of

R200 000,

Budqet Estimate:
Design
Supervision
Training
Transport Costs Total
Monitoring
Ehemical Analysis
Consultant's Fees

R 45, 428-00

Equipment:

Rotary Sieves, Aeratlon Piplng Fan Blowers 10, 350-00
Screen 25, 000-0D
Sump ' ' ia, 000-00
Pump and Controls 8, 000-00
Settling Cone 60, 000-00
Pipswork ' 5, 600-00
Civils 3, 000-00

Rl66, 778-00
15% contingency 24, 000-00
Allowance for Increased Ccnstruction & installation 9, 000-00

- cpsts ‘

R199, 778-00

Job Creatien Potential, . . -

It is estimated that an additional twenty labourers will ultimately be
necessary to run the Plant, These persons will be employed in the
folleowing capacity. In addition there will be mors employment during
plant construction,

4/-
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Windrow building (composting lines)

Control of sewage and refuss mixing.
Temperature and oxygen monitoring.

Windrow stripping and sieving after composting.
Compost bagging.

Distribution and sale of compost.

N e N

Collection of plastic, glass and tins from compost pile for
recycling and sala.

8 Collection of remaining inert material teo be transported to
the refuse site.

9 General site maintenance and flying plastic collection.

Later generation of extra employment.

Part of the new project will be the establishment aof fast gruuing hedges
around the entire site. This will assist with flying debris, possibly
craated by refuse windrow formation. It will mask the view of the site
and will also tend to absorb residwal sswage work odours, which can never
be entirely eliminated, fabour will be needed to matintain these hedges,
irrigats, trim and extricate the flying debris, -

Once the concept of recycling is created and having shown the local
population that there is money to be made from the sale of glass and plastic,
it will encouragse adults and school children to collect these items in and
around their town and bring it toc the sewage works or a designated local
depot, where they will be paid for the glass and plastic that they collect
by the kilogram,. This material is, in turn, sold to Consol Glass, who

pay railage costs, for R93.00/ton and the plastic has a market value of
about R0.D9 cents/per kilogram.

1f the concept becomes popular it will create jobs for many people.

Administration of the Funds.

This has been discussed with the Vice-Chancellor of Rhodes University and its
Finance Department, who are prepared to administer the funds through the Dept,
of Biotechnolegy under Praf, J Duncan. The Institute of Leather Research will
be responsible for the design and constructicn of the sludge plant undar the
direction of Mr Roger Rosewall.

Yours faithfully,

Brian E La Trobe
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RECGMMENDED IMPRGVEMENTS TO THE NIGHT SO0IL DISPOSAL SCHENE AT RINI, GRAHANSTOWN

ESTIMATED BUDGET FOR STAGE I

REPORT COSTS : R 578 00
ADDITIONAL COMPOSTING EQUIPMENT : 10350 00
STA?F TRAINING AND SUPERVISION OF THE )

PROCESS BEFORE HAROING OVER TO RINI STAFF ; 9750 0O

3 FONTHS AFTER CUNNISSIDNING. ESTIMATED AT )
TRANSPORT COSTS TO AND FROM RIMNI. 16 Kit AT R1,00 km 1200 0O

21,873 OO

COST OF SOLIDS REMOVAL:
DESIGN ' N ' 12 000 0O
COHSULTANCY AHD TRAINING 18 400 00
(IONITORING. SEE APPENDIX I IN THE REFORT FOR 3 500 00
MONITORING DETAILS s

R 33 900 0O
'EQUIPMENT RUQUIAED FOR STAGE 1. GSEE REPORT
ANNEX A FOR DETAILS R 111 000 00 + 15% contingencies

TOTAL: R 166, 778 €O




ESTIHATED SAVINGS:

It is importent to state that it is impossible to quantify the. value of
"having turned an overstressed and overloaded toxic smelling sewage

system into a more afficient plant, which does not continually gst a

-barrage of complaints from local farmers, pass;ng motorists, loecal , -
inhabitants and employees of Esconm.

'COST SAVIHG I TRANSPORT OF RINI'S DOMESTIC REFUSE:

- REFUSE:

The present arrangement is that this refuse is transported to the
Grahamstown Landfill Site, a return Journey of 18 kms approx. Duration
of the round trip is two hours,

Refuse is collected in Rini by six tractor trailer systems, Each vehicle
system dees two trips a day to the landfill site., The running cost of each
vehicle is R14,00 per hour or R28,00 per round trips Oetails of these costs:-

12 trips per day = R 336 00 per day (travelling time only)
Per 5 day waek = 1 580 Qo
Per month : = 6 720 GO

Per Annum = 75 040 00

It is envisaged that eventually all Rini's domestic refuse could be treated
at the sewage plant. Therefore, the travelling costs of R75 040 00 would
be a direct saving less the cost of the reducsd travel from Rini to the
Sewage Yorks, This is estimated at a half hour duration :-

R 75 040 00
- 20 160 00
R 54 880 00 = ACTUAL SAVING.

CAPITAL COST OF TRACTOR TRAILER SYSTEMS:

By glimination of protracted travelling to and from the Grezhamstoun Landfill
Site, the total of twelvs hours per day could be reduced to six hours per day.

The extra time gained could be used to collect more refuse and later there
would te a saving on reduction of the tractor trailers by two units.

Some of these vehicles are very old, being criginally bought in the old
Development Board daye. The saving of reducing the need to replace two
vehicle systems less than tha present number would effect a saving on present
prices atout R200 0CQ 0C. The present cost of a tractor is sbout RBO OGO
and R20 GO0 for a trailer,

LABOUR CG5T SAVING:

EFach vehicle unit normally employs a driver and two laboursrs. Wwith tuwoe
vehicles le2ss the saving con salarizs would be RS54 OCQ G0 par anium.



SALE bF COMPDST «

‘This is not an'important factor in the feasibility of the project.

The prime consideration is that the process is tranofornlng toxic raw’
sewage and toxic waste into a stabilised compust at an extremely
.economic cost,.

. In the first instance priority should be given to spreading the end
product (compost) on local Township public open spaces, parks or
recreational playing fields. The C.5.I1.R. report included in the report
will prove that it is safe to use compost in this fashion,

It can alsc be spread on the open space adjacent to the evaporgtion puﬁds.
If lucerne is planted in this area it could be irrigated with the final
contants of the last evaporation pond.

The lucsrne could b2 sold to the local catils breeders association who
are always experiencing problems with cattle feed.

At a conservative estimate the plant would be capable of producing at least
ten tons of compost 2 monmth, Te sell the product on the open matket, it
will be necessary to have an analysis of the compost and to have a methcd
of bagging and weighing the compost,

This can be done at a later datez, or contract to sell the product in bulk
to the local Tarmers or to the Tyefu Farming Co-0p uhlch is close by at the
Fish River.

There iz to be a new area of arable land, about 1500 hectares, to be
established on the South Bank of the Fish River, oncs the Glen Melville
Sulk Water Scheme comes into operation in 1992, As .the soils in this arsa
are known to te of inferior quality, ths compost available from Rini should
have a ready mavket for many years into the future,

RECOVERING OF GLASS, PAPER, CARDBOARD, TINS AMD PLABTIL.

These st;mates arz .nominal, but ars based on the percentage of various
componernts as axpressed in the report.

Gronss Income Per Annum:

lass R3 000 GO
Plastic . 5060 0o
Paper & Cardboard 2 0G0 00
| Tins 2 000 0G

TOTAL R12 GO0 OO
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SUMMARY OF FEASIBILITY:

Potential Saving:

Ly

Travelling Time Savings . RE5480 00

i}

2 Savings on Tractor/Trailers ~ = 200 000 0O
3 Savings on Labour Cost 54 000 DO
& Revenues on sale of compost only

threa yrs aftar commissioning ' 12 000 00 per annum nominal

5 1Income from recovery of glass,

plastic ete. l2 gog oo v " "
TOTAL = R 332 880 DD
TOTAL COST OF, PROJECT, PHASE I R 166 778 00

The pay back period would be about two years and drematically less, if
cost of replacement of two tractor/trailer systems was taken into account
in the first year after commissioning of the Plant.

7 MARCH 1591
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LIRI TECHNOLOGIES

P.O. BOX 185
GRAHAMSTOWN
6140

SOUTH AFRICA

" PHONE (0481) 27310
FAX {0461} 26517
TELEGRAMS LIRI

.Incorporatod Assoclation netforgain
Reg No 0053068308 *

:ctors:

16 July 1991

Dr B Latrobe

74 Charles Street
GRAHAMSTOWM )
6140

Dear Mr Latrobe

re: SETTLING OF RINT NIGHT-SOIL EFFLUENT

Please find attached LIRI/RPT 1602 regarding the seftlemenﬁ of nighf—soil

from Rini disposal works.

The solids and moisture contents of the various samples, after settling, are

given.

Kind Regards
Yours Sincerely
MR R A ROWSWELL

Manager
Environmental,Division

L
J L Marafs A R Mosso

S Dorrington (Chairman), Dr D S Henderson {Vice-Chairman),
L I Dr R T Naudé, R E Newson, Prof G E Stavde, AN Temple, 0 R Townsley,

Prof J.R Duncan, Dr 0 O Hart, Dr P D Kempen,
pr R van der Merwe
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LIRI TECHNOLOGIES

LIRI/RPT 1602 : .. - 7 July 1991

SETTLEMENT OF NIGHT SOIL FROM RINI -DISPOSAL WORKS

by
R A ROWSWELL and B E STOME

A raw sample of nlght soil effluent was received from the R1n1 disposal
works for sedimentation trials.

Three, one litre, samples were decanted into 1 litre measuring cylinders for
settling over a time period of:

1} 1 hour; 2) 2 hours; and 3) Overnight (15h00 - 08hOQ) 17 hours.

Small aliquots were taken at specific time intervals at the top (900m¢ mark)
middle (500m¢ mark) and bottom (50mf mark} for analysis. Solids and
Moisture content were then determined to establish the degree of settling
taking place. The results were as follows:

Analysis of Night-soil Samples after Settling

Measuring | Sample Time Moisture Total Solids
Cylinder '

1 RAT 1hr 94,70% 52 060 mg/ ¢

R1M 1hr 94,57% 54 280 mg/ ¢

RiB 1hr 93,99% 60 140 mg/¢

2 R2T 2hrs 03,76% - 62 440 mg/¢

R2M 2hrs 93,83% 61 700 mg/¢

R2B 2hrs 94,14% B8 620 mg/¢

3 R3T | 17hrs 93,68% 63 140 mg/¢

R3M 17hrs 95,88% 41 180 mg/2

R38 17hrs 03,908% 60 220 mg/¢

1 | R4T 17hrs 95,58% 44 180 mg/¢

|  Ram 17hrs 06,45% 35 520 mg/¢

| R4B | 17hrs | 03,87% | 61 260 mg/¢

I | | I
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Notes regarding the sampling of settled night-soil

‘-

The sample of night soil received, contained solids particles~significantly
larger than would be obtained had the recommended processes, namely a
macerating pump and rotary screen, been installed. These larger particles
made accurate sampling difficult to carry out.

Samples of approximately 10 - 15m¢ were extracted at the various levels
described above with a glass tube of approximately 5mm internal diameter to
avoid blocking up. Pipetting was found to be impossible.

The observation was made that after overnight settling there was a noted
quantity of larger solids which had floated to the top. Again this should
not occur after the above mentioned recommended preliminary treatment which
would reduce the larger solids to a more consistant sludge (macerator pump)
and that the remaining larger solid would be removed by screening (rotary
screen),

After overnight settling the liquors, in all three measuring cylinders,
showed the following characteristics. ‘

1000m¢ - T-Floatables
600m¢ — T Opague liquor
350mé - ﬁ -

- Settled Solids

Samples R3T to R3B and R4T to R4B were taken from measuring cylinders 3 and
1 respectively. From the results it is noted that, as samples R1T to R1B
and R4T to R4B were taken from the same measuring cylinder at diffzrent time
intervals there is a noted improvement in the degree of settling from after
1 hour to overnight 17 hours. Additionally if the solids had been broken up
and screened a far better quality supernatant would have materialized as
there would have been a minimum of floatable solids.

The moisture and total solids contents of the sludges are reasonalbly
consistant, 94 — 96% and 6 - 4% respectively.

Solid contents of the night soild effluent (5-6%) is high and should be
reduced by primary settling before treatment in an oxidation pond or ditch.
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Enquiry no. 02876
LIRI
16 July 1991

The Institute carries out all tests and/or advises only on the bhasis that
the same are carried out, made or given without any liability whether for
negligence or otherwise or for any loss and/or damages sustained by any
person from any cause whatsoever arising out of this report.
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laboratory services report
' LIRl TECHNOLOGIES

Incorporated Association not for Gain
Reg. no. 05/030683/08

‘ , , . POBOX 185 '
TECHNOLOGIES . L . 'GRAHAMSTOWN - ~
' 6140 .
. . Phone: 0461-27310
~ . "Fax: 0461.26517
FIRM ' DR B LATROBE
DATE RECEIVED - 22/05/92
ENQUIRY NO 10198/0199
OFFICER B E STONE
8 June 1992
ATTENTION: DR B LATROBE
ANALYSIS OF NIGHTSOIL SEWAGE SAMPLES-‘NO. {and il |
ANALYTICAL RESULTS
[ ‘ : I}
Total Solids (%) 3,66 . 4,55
Suspended Solids (%} 1,18 1,50
Organic Material (%) 2,88 3,70

5L A Ao
. s

B E STONE
Laboratory Services Division

Focused on meating our members’ needs

The Institute carries out ali tests and/or #ctvises only on the basls that the sames are carried out, made or given without any Lability whether for negiigence or atherwiss
or for any loas and/or damages susteined by any person from any cause whatsosvar arising out of this report,
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laboratory services report

LIRt TECHNOLGGIES

£.0,. BOX 185
GRAHAMSTOWN

5140 .
SOUTH AFRICA

o ' v . PHONE:  {0461) 2-7210..
. FAX: {0461] 26517

. Incorporated Association not for Gein
Reg no 005/030683/08

FIRM DR B LATROBE

DATE RECEIVED 25/8/92
ENQUIRY NO D4203
OFFICER W M FOWLER

2 September 1982
ATTENTION DR B LATROBE

ANALYSIS OF COMPOSTING SAMPLE

REF SAMPLE DELIVERED PERSONALLY ON 25/8/92,

ANALYTICAL RESULTS

pH . 7,2
Moisture Content 9%} 15,1
Ash Content - {9%) 76,7
Total Kjeldah! Nitrogen (g/kg) . 3,0
Phosphate as P "~ {g/kg) . 0,3
Potassium as K {g/kg) 5,5
Calcium as Ca {g/kg) 4,8
Magnesium "as Mg (gikg) 1.7

Iron S gc Fe {g/kg) 28,3
Sulphur a8s S (g/kg) ’ 3
Cadmium - ‘ as Cd {g/kg) < 0,002 .
Cobalt as Co (g/kg} < 0,001
Chrome : as Cr {g/kg) . : <0,002
Copper as Cu (g/kg) 0,003
Manganese _ as Mn {g/kg) 0,280
Molybdenum as Mo (g/kg) <0,002
Nickle as Ni (g/kg) 0,003
Zinc as Zn {g/kgl 3.10
Boron ' as B {a/kg) 0,003
Mercury . as Hg Not analysed for

Lead as Pb Not analysed for

Note: All values are expressed on a wet basis as either percentage or as grams per
kilogram. .

NOTE: . The resulis and comments refer to the samples tested end are subject to the normal determinants of
sam: phng etror. These samiples may not necessarily be representative of the batches from which rhey
vegre raken nor of any future consignments of the materials.

/ .
/{.——-—‘"}f?__i’—-—"-—-—_’_
¢ /{/—-> ._';"-:-'z;'/'-l “

g

.~ DR W M FOWLER
Manager
Laboratory Services Division

Focused on meeling our members’ needs
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biotechnology report
,I;IORIB;I’XE%?NO LOGIES '
GRAHAMSTOWN

8140
SOUTH AFRICA

PHONE:  {0481) 2-7310
FAX: {0481} 2-6517

Incorporsted Ansocistion not for Gain
Reg no 005/030883/08 ~-

-

LIRI/RPT MS 7/92 (Week 29) - 23 July 1992

MICROBIOLOGICAL EXAMINATION OF COMPOST SAMPLES
FOR DR B LA TROBE

by
A GUTHRIE
SAMPLE SALMONELLA ASCARIS OVA
Johannesburg - NIL NIL
Market
Rini Sewage NIL NIL
Works :

Focused on meeting our members’ needs
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LIRI TECHNOLOGIES
P.0. BOX 185
GRAHAMSTOWN

6140
SOUTH AFRICA

PHONE: 10481) 2-7310
FAX: (0481) 2-6517 |

Incorporatad Associstion not for Gain
Raqg fio OOSJD:!OGBSIOB_

et

LIRVRPT MS11/92 {Week 29) 7 September 1992

MICROBIOLOGICAL EXAMINATION OF COMPOST SAMPLES
FOR ALGOA REGIONAL SERVICES COUNCIL

by
A GUTHRIE
SAMPLE : " SALMONELLA ASCARIS OVA
Rini Sewage | Nit Nl
Works :

Focused on meeting our members’ needs



19.

LA TROBE & ASSOCIATES
RINI COMPOSTING
GRAHAMSTOWN
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TREATMENT OF RAW
SEWAGE AT RINI GRAHAMSTOWN
AN ALTERNATIVE TO

tONUENTIONAL WATER TREATMENT

DR. B £ LA TROBE



THE TREATMENT CF RAW SEWERAGE. AT RINT NEAR GRAHAMSTOWN

mE RINI_BOUNDARIES AND THE TOWN'S STATUS

o *Rini is presently controlled by its Black Town Counc11 w1th its own Local
j ‘Authorlty Staff. The Town Clerk is Mr. C Miller. :

The town borders on the road to Fort Beaufort and is 1imiteé'by the farm
Mayfleld the old road from Grahamstown to East London and extends down to

Middle Terrace, off Raglan Road.’

THE PRESENT SYSTEM OM RAW SEWERAGE COLLECTION AND TREATMENT

Fingo Village and parts of the area known as Tantjie are served by
waterborne sewage which drains into the Grahamstown City water treatment
plant.

"Most of the town is serviced by a nightsoil bucket system. The remainder,
mainly the area known as extension five, which contains the more recent and
expensive housing develcpment, has a system of conservancy tanks which are

_ drained periodically. '

‘The charge for drainage of these tanks is fairly high, but I am led to
believe that few pecople pay as a protest to their profound dislike of the
conservancy tank system.

Using a conservancy tank system for the Rini area, displayed an unfortunate
disregard for the local conditions and geoclegy.

Rini is built on a solid slab of clay which is subject to ground movement.
Many of these tanks cracked, with the resultant leakage of the contents.

Neighbours share conservancy tanks with expécted arguments, as to who causes’
the tank to fill quicker ete. When the tanks are evacuated the smell is
horrendous. :

- There is an added complication. The contents of Conservancy tanks is either
discharged into a sewer which drains into the Grahamstown works, where it
complicates sewerage treatment in an already overloaded works, or it is
discharged into Rini's own evaporation Pond System. This pond system is
also in an overloaded and overstressed state. 'The system attempts to purify
the night soil by forced aerating it. When the contents of the conservancy
tanks is discharged into the ponds it is already in an anaercbic phase,

which defeats the attempt to purify the sewege by aerobic techniques..

THE RINTI SEWAGE EVAPORATION POND SYSTEM

Nightsoil is delivered by various capacity sized trucks. The total volume
delivered to the works is probably between 3.0 kilolitres to 3.5
kilolitres per day. The system was designed to treat between one third to
one half of that volume.
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The contents of each truck is allowed to flow by gravity, in the open air,
through a set of grissley filter bars and hence into a large diameter pipe
(250mm), which runs to a gate valve which contreols the flow intc either of
the first two ponds. ‘ : .

All the ponds, six in all, have a dimension of 60 metres by 30 metres and
about 2,5 metres deep. The ponds nearest the gate valves are concrete
lined, the =rest are merely excavations in the ground. The two concrete
- ponds are served with island electrical aerators.

THE PRESENT SITUATION

- Only the two concrete ponds are in operation and are totally overloaded.
The remaining four ponds are dry and contain a large proportion of solid
‘'siudge, which should never have been allowed to happen.

One of the concrete ponds is so overlecaded that it is covered with a thick
crust, so thick it was possible to walk on it, so this pond which is
supposed to be aerobic is totally anaerobic. Recently an attempt has been
made to place aergtors in this pond.

In my opinion this was a waste of the electricity used, as the aerators
would not be-able to reverse the anaerobic condition, and the aerators would
break down because of the adverse working conditions. From my observation
this breakdown has already occurred, as predicted.

Some months ago the contents of the second concrete pond was pumped with a
hired pump onto adjacent wvacant land, in an attempt to alleviate the
situation. 1In fact it, merely moved the problem from one place to another.
It was extremely fortunate that we did not have any heavy rain at that time,
as the stormwater drainage of this area ultimately leads down into  the
Belmont Valley.. The farmers in this valley are mainly vegetable farmers who
irrigate from the river. Infected material reaching this river could have
caused untold microbial havoc. '

There is always some smell from sewage treatment works, but the odour from
this overstressed system is at times wvery bad. Complaints have been
received from ESKOM, passing motorists and surrounding farmers over.a very
protracted periocd. For the past year I have visited the site "almost on a
daily basis. I have a pilot study going adjacent to the ponds where we have
been researching the principle of treating raw sewage, using ordinary
domestic refuse as a bulking agent. The study has been funded by the South
African Water Research Commission and assisted by Rini Town Council.

This low cost alternative system of treating raw sewage has proved to be
very successful, and it is now possible to upgrade the pilot study to
semi-full scale, which can be of great benefit to the Rini Council and will
definitely alleviate the adverse condition of the dreadful smell, and it
will be possible to restore the pond system into a proper working conditien.
Qfficials of the Council's Consultant Engineers : Ninham-Shand have at  two
recent meetings, on 29 November in Rini and on 3 December in Port Elizabeth
suggested that the answer to the problem is to add more aerators to the
concrete ponds. '



23,
3

When these statements were made, I am confident that the two gentlemen
.\;-.concerned have not seen the condition of these ponds for some considerable
‘ foe t1me Also if the solution to the problem was so simple why had it not been
- trled before? The ponds have been in this condition for a long time.

L do not blame the Rini Staff. They have lacked the proper direction. In
5fact Mr, A Brown has made a valiant attempt to improve the situation but to
_T‘ffhbbavall I am prepared to come out categorically ' against additional
" aeration as suggested by the Consultants, and I would plead that no further
money be wasted on buying additional aerators.

IAam not alone in this suggestion. My oplnion is backed by the following
i who have visited the site:- :

Dr. O Hart of the 8§ A Water Research Commission
Dr. P Odendaal, Chief Executive of the S A Water Research Commission
Prof. R Kirby, Head of Microbiolegy, Rhodes University
Mr. P Rose, Microbiology, Rhodes University
Mr. R Rosewall, Leather Research Institute
Mr. R Theron, Chief Health Officer, Grahamstown
. Mr. T Nel, Regicnal Health Department, Port Elizabeth

]
It has also-been suggested by Ninham Shand that the present system should be
relocated to a different site or it should be planned that Rini should be
_sewered with a water bourne " system and that the treatment plant for this
effluent from this system should be treated at a plant to be established on
the farm Mayfield, when it 1is purchased for the further development of
Rini. The cost of this plant some two year ago was estimated at
approximately R9 million. This figqure is quoted from memory, but
nevertheless it was a large amount. g ' s

WM W
» L] * - - L ]

I pose the question, will the inhabitants of Rini, be able to afford such an
expansion system? With the rapid changes in the laws of the land, the
change in political structures, and present day financial climates, will the
purchase of Mayfield ever be an option in the forseable future?

In fairness to Ninham Shand, this section of their planning was conducted
before the dramatic changes in this country started to occur.

And finally would it be wise merely relocate the present Pond System?  Surely
this would only transfer the present problems from one place to another.

Another option would be for Rini to be sewered and the effluent transferred
to the Grahamstown Water Treatment Plant. If this idea was accepted there
would be two expensive complications. )

a) There is a high peoint running through Rini which creates a watershed;
this would require the pumping of sewage on the:remote side of the high °
point, before .it would gravitate to the present works - that would be
expensive. ' ‘ '
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b} The present Grahamstown Plant is already overloaded beyond its design

.capacity. . Who pays for the necessary upgrading which estimated to
cost millions of Rands? ‘

‘Would those who complain so bitterly about the existing plant including
Water Affairs Department who are threatening to close it down,.be prepared
to wait until one of these expensive alternates could be brought into
~ operation? I doubt it! : ‘

There 1is also the trouble of the already developed area of extension five,
. which is served by the conservancy tanks. These people have had a raw deal
to say the least. Imagine it is eventually possible to obtain the house of
your dreams, only to be saddled with the problems of a smelly leaking
conservancy tank. Tempers are running high (quite rightly so) and they
will not be fobbed off with promises of ultimate improvement in a number of
years time.

I have heard from scme inhabitants of the area, and from the Rhodes Centre
of Social Development that funds will scon be made available to sewer this
area into the Grahamstown Water Treatment Plant. :

The hopes of this possibility were dashed by Mr. E. van Rooyen of the C.P.A.
at the meeting held in Port Elizabeth on the 4 December, 1990. There™ it
was stated, as sewage was not listed as a top priority, it is doubtful if
money for this purpose would be available for at least four years.

A POSSIELE SOLUTICH.

In view of the threats of litigation and the vociferous complaints about the
obnoxiocus smell it is necessary to achieve some immediate improvement in-
phase one, coupled with a medium term final solution to all the sewage.
,problems of Rini, if possible at an affordable price. ' .

PHASE I - ANNEXURES I, 1I, III, IV AND V

Tﬁe basic fundamental problem of the Rini Poné System is the-sélids
overload. The ponds and aerators simply cannot cope with the bulk of the
quantities arriving at the works on a regular daily basis. '

The only way %to rid the Plant. of all its prbblems is to remove a large
proportion of the solids prior to the night soil entering the first
pond. These solids will then be treated separately. -

This can be achieved in two ways to alleviate the short term prdblem. :

1) Take a certain percentage of the night' soil truck contents to the
Grahamstown Landfill site for co-disposal with the domestic refuse.
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2) To remove a large proportion of the solids from the night solid at the
- works by deviating the incoming flow into a cone separation settling
-, tank. After a determined setting period, surface liquid will be

. returned to the ponds. The settled solids will be combined with
. domestic refuse from Rini, which will be force 'aerated to produce
~.. compost within a duration of one month to six weeks. '

I have every confidence of the sutcess of the project, as it has been well
researched over the past year. A copy of the report has been lodged with
Rini City Council.

_--.The treatment of a proportion of the solids in this manner will relieve the
~'stress in the, Pond System which will .then again he able to +treat the
. incoming night soil flow in a efficient manner, which will result in minimal

cdour problems.

There are other advantages to this form of treatment of the night soil with
the local domestic refuse.

1) At the end of the process one ends up with the product which is not
only stable but of use to the local community, and can be used to
fertilize its gardens, parks and Public Open spaces. It can also be
bagged and offered for sale on the open market.

The concern of possible infection from residual pathogenic bacteria
does not apply. The process used, builds up tremendous biological heat
(temperatures of approximately 70 °C) which kills off all pathological
bacteria and all worm cysts such as Ascaris.

2) With time, over the Medium term, it will be possible to treat the major
portion of the towns domestic refuse in this way.
At present Rini transports all its refuse to the Grahamstown .Landfill
Site - a round trip of nearly 20 kilometres per tractor trailer
system. It could effect a saving in the purchase of diesel fuel in
excess of R100 000,00 per annum, which would pay for the cost of the
upgrading of the works in less than 3 years.

There is also the saving of sale of the glass, plastic and tins retrieved
from the compost. Glass alone is bought by Consol Glass at the present rate
of R93,00 per ton. There is also a market for the plastic.

My research also included the percentage of the wvarious components of
Rini's domestic waste, This was carried out by constructien of a wood box,
the wvolume of which was exactly one cubic metre. The box was filled from a
refuse truck from Rini. The refuse from the box was then handsorted, into
various individual bags and finally weighed with a spring scale. The
average result was as followszj' L ;

‘Glass Plastic . Paper Tins Crganic Matter  Total

15kg 37kg 18kg ‘ kg 94kg 171kg .
88% 21.6% 10.5% 4.0kg 55.1% 100%

These samples were tested in Décember 1589.
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THE PROCESS OF FORCED AERATION COMPOSTING

This process has been used in many situations in South Africa and
universally. . The Plant in Stellenbosch centrifuges the solids out of the
raw sewage then uses wood chips and vermiculite as a bulking agents.
Johannesburg  Municipality has a similar process incorporating garden
refuse. The Rini project is unique in its use of domestic refuse as a
bulking agent. The process is carried out for an extremely low cost. The
refuse and sewage sludge is layered over a perforated pipe in
windrowsapproximately 20 metres long, four metres width and 2,5 metres high.

When the windrow has reached the required size it is immediately covered
with compost made from previous batches. The perforated pipe is connected
up to a water trap and finally to a blower-fan. The blower-fan and its
electrical connection is the only expensive item of equipment.

Air is sucked through the windrow continuocusly for the first 24 hours. of

preference, the air is sucked through the windrow as apposed to blowing
air into the pile. This eliminates smell and also prevents fly

infestation. Usually within the first 48 hours the peak of the high

temperatures is reached. The airflow is then regulated to run for only five
or ten minutes in the hour. !

By the end of one month the temperatures will have dropped to about 30°C.
The windrow is now removed from the perforated pipe area to a maturing and
bagging =zone. The removal is either carried out by a frontend loader or by
wheelbarrows depending on the size of the operation.

The temperature of the matufing pile tends to rise again for a short while,
due to the additional aeration caused by the material movement.

The compost and the mixed inert material is now in a stable condition and
ready for sieving and bagging. The glass etc. is sorted into. variocus bins
for recycling. The screening process is performed with a rotation sieve
with a 12mm gauge screen. Te gain some idea of the mass of compost
achieved, our Pilot Test windrow was about 6 metres long, 4 metres wide
and 2 metres high. From each test windrow we gained an average 2.9 tons of
fine black odourless compost.,

It would be anticipated that we would start by accepting about 50% of the
refuse and night soil solids into the composting system and gradually build
up to accept all the refuse. Likewise phase one wculd provided for a cone
separation tank which would have a capacity of about 2 kilolitres. Phase
two would require a further cone separation tank of a similar capacity. The
details of pumps piping etc. will be explained in the design section of this
report. . This section will also contain a plan of the composting area
lay-out. ' :

If this scheme is accepted it would require three of the ponds . (1 concrete
and two of the earth ponds). The others may be incorporated later. The
crust on the badly overturned pond will have to be removed with a frontend
loader and brought to the composting area for treatment. It is assumed that
the Council will supply the necessary labour and the part time services of
the frontend loader. It goes without saying that the co-operation of
the Rini Council staff will be of paramount importance for the successful
operation of the scheme.
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Within a very short time after the initiation of the scheme the benefits
will become obvious. The ponds will contain very little solid material on

- the surface of the ponds. The second and third ponds will begin to show
. high rates of evaporation. . In  the fullness of time we would change the
.. design of the aerators and experlment with the growing of ‘algae in the
:,evaporation - porids to provide cattle feed for the Cattle Owners Association

.. of. Rini. We.have the expertise at Rhodes Univer51ty Mlcroblology Department
*. to control such a-scheme. o \ o -

If it is agreed by Rini Town Council, the Cape Provincial Admlnlstration
together with the S A Water Reserve Commission to sponsor this scheme, it

- can be confidently predicted that we will create a show piece to demonstrate

how raw sewege and refuse, can be disposed to the the benefit of the local
community. The rest of 8 A could visit the town to gain firsthand knowledge
of this beneficial low cost project. ;

Costs of Phase One

Production of Report "R 578,00

-ADDITIONAL COMPOSTING EQUIPMENT ) ' ‘ "R 10 350,00

‘Staff Training and SupErvieion of ‘process before handing

over to Rini staff (3 months after. commissioning) _ »
approximately 25 hours per month* ' ‘ R 9 750,00

Transport costs to and from Rini 16 kms & R1,00/km ' 1 200,00

21 878,00

COST OF SOLIDS REMOVAL

See LIRI Report

Budget Consting : ) R 33 900,00

Stage I only + 15% Contingencies : , . R1l11 000,00
TOTAL R166 778,00

STAGES II AND ITI

This will only be necessary if the decision is made to embark on the process
of growing algae on the ponds as a cattle feed for the Rini Cattle Owners

- Association or per general sale.
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THE PHASING QUT OF THE BUCKET NIGHTSOIL SYSTEM

One- wonders 1f the readers of this report realize how detested the
nightsoil bucket system is amongst the Black Community. Admittedly it is
better than‘ nothing.°® By taking cognizance:  of present day available
technology and by showing a little original thought and not been . '"hide -
bound" by old traditional methods, it is possible to gradually eliminate
the 'nightsoil bucket system at fairly low costs. ANNEXURE VI

-THE INDIVIDUAIL ANAEROBIC DIGESTER SYSTEM

‘1.  Each house has its own digester buried in the ground adjacent to the

, house.
2. All household liquid waste and sewage pass through the digester.

3. The effluent from the digester is a clear 1liquid already in a
_moderately purified state.

4. In areas with good soil drainage, and if not many units are involved,
the digester effluent can be allowed to soak away into the soil without
fear of pollution or health problems. If however because of large
numbers, © or complications of rock on other adverse geological
formations, the effluent can be led away in a small bore pipe to an
artificial wetland system for final treatment. With large volumes,
this water can be recycled for irrigational purposes or used in a lake
or dam as a recreational feature.

THE ADVANTAGES OF THE SYSTEM

1. The cost of such a system be it for a minor sized town, or small
village would be not more than 10% of the normal cost of sewage
treatment.. . ’

2. The system is not dependent on the availability of water in the house
or shack, though it can be upgraded to a flush toilet system if water
becomes available at a later stage. . ' .

3. The domestic effluent from a kitchen basin or work area also passes
into the systen.

4. The system has no moving parts so it is not subject to wear or breakage.

5. The system is cheap. The cost per house for the lavatory pan, digester
plus piping is. about R1 000,00. The digester is buried so it is not
subject to damage.

6. The anaerobic digester process breaks down all solid material, so the
necessity of having to open and drain the digester of solid sludges
would be very rare. However should there be a solid build up after say
10 years, there are on the market today, Bio-enzymes reactors which’
are capable of dissolving these solids, or if needs be the digester ’'is
provided with a hatch to clear the digester of residual sludge. ‘

7. There is no smell.
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8. To all intents and purposes it offers the same as a waterbourne sewage
system. :

LA

LA

9. --ii_wbuld lower the site and service charges, as the expensive nightsoil
.. “trucks and buckets would gradually be phased out.

 10....The . system is easy to install with unskilled labour. Even the small

‘""" bore effluent pipe system is not costly as it only transports clear
liquids. The £final treatment of this 1liquid is carried out with
certain plants, fishes and snails.

11. Maintenance is extremely low because of the "liquids only" situation.

12. The final treatment does not require day to day attendance by highly
trained staff.

"13. If the digester is blocked or ill treated by the owner it does not
affect his neighbours, and can only blame himself. The same damage is
not likely to occur a second time.

14. The toilet can be installed within the house or shack,'eliminating the
depressing sight of row upon row of "kleinhuisies".

15. In times of civil unrest or "strikes, the system keeps on working,
therefore the community is not subject to the revulsion of over
filled, smelly buckets, which are eventually tipped into storm water
drains or water courses with the resultant pollution and Health

problems
The Transvaal Provincial Administration have already instalied over two-
thousand £ive hundred of these units. It would be wise for Municipal
Engineers of this area to pay a wvisit to wview the success of these
installations. It is well known that some digesters have been marketed in

Scuth Africa that have failed for various mechanical reasons. This <can be
avoided by studying the track record of the various types.

The system itself is well proven and is ideal for local South Africa
conditions, where water is expensive and invariably in short supply.

The system is not only a solution for low cost sub-economic areas, but also
in areas along our coast line where all sorts of real estate developments
are continuing ahead of the necessary infrastructure, particularly sewage in
holiday areas where the Local Authority cannot afford conventional water

- treatment plants.
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FINAL COMMENTS

Accompanying this report are various annexures as explanation to various
parts of " the text.’ The undersigned will always be available to talk to the
-report. ' .. oo : . .

.The piiot schemes at Rini and Grahamstown are always open for °inspection by
. interested parties.
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DR. B E LA TROBE
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FORCED AERATION
COMPOSTING RECOVERS

WASTES

Recyling Domestic Refuse and Night Soil in South Africa

Brian E. La Trobe, W.R. Ross

n South Africa, adequate disposal
systems for sanirary wastes and do-

mestc refuse are lacking because

of demographic, sociological, and

economic factors. This situation

has resulted in an urgent need for
low-cost waste-management technolo-
gies. This need is particularly felr in ru-
ral conumunities and in overpopulated
ourskirts of urban areas, where many
people are sertling in scarch of berter
work opportunities,

Sanitary waste disposal in developing
areas of South Africa is gencerally by
means of the bucket system, as there is

- no infrastructure for wastewater and

“there is often a chronic water shortage,
The wastes and paper—“night soil”—
from these buckets are usually disposed
of in lagoons, which must be situated
some distance from the community be-
cause of odor and fly breeding prob-
lems. Domestic refuse, which is a com-
plex conglomerate of organic and
inorganic materials, is often disposed of
by uncontrolled landfilling, which ad-
versely affects the environment,

Forced acration composting of night
soil with unpulverized refuse as a bulk-
ing and filtering agent may be cost-cf-
fective for stabilizing, disinfecting, and
recovering these two polluting waste
strcams  (see Box  Forced Aeration
Compostingg History, Figure 1),

COMPOSTING DOMESTIC REFUSE ARD
NIGHT S01IL

Pilot-scale composting, experiments
were ¢carricd out at the Rind waste treat-
ment plant outside  Grahamstown,

Forced Aeration Compgosting Histor

-, North America, The Biclogical Wasta Management Laboratary ot the U.S.
- Department of Agriculture in Beltsville, Md., began resedrch on composting
i of wastewatér solids during 1972 at the request of the Mdryldnd Enviror
" “ment Servica and the Blue Plains Wastewater Treatmént Plant in, Wazhing

tor, D.C. This work resulted in a hcﬂurd|;Hraﬁ_.\a~findr'6\i'{'i:néﬂ16‘:|1 using wdod

"chips as a bulking agent. However, difficulties with odor r
tures in the oufeﬂoyers of the windrows prompted further resedrch
-middle of 1978, this project had resulted in the'development of a
forced aeration process using stofic piles. . | - ¥ w4
_ Since the inception of the process in 1978, more than 400 wastewater
 solids composting plants have been constructed in North' America: Althcugh
,;most of these plants are highly mechanized, the: flexibility.of the Process
: allows its epplication in a lcaacr-iniensive, non-mechanized form'in urider:
" developed areos where there is a need for more offordable wastewater freat-
" ment processes, oL e
. South Africa. The Water Resecrch Commission inifiafed a project for forced
- aeration composting of mechanically dewatered primary wastewater: solids
and wood chips in static piles. The research esfubﬁshéd the chemical, physi
cal, biologiccf thermodynamic, ond kinetic criteria for properly controlling
the process under local conditions. Based on this research, the process is
currently being applied at four locations. T e

South Africa. The facilites used to con-
duer the composting experiments con-
sisted of several components (Figure 2).
The staric piles were constructed by
laying an initial 20-cm-thick base layer
{4 m X 4 m) of dried stabilized waste-
water solids on the conerete slab, The
slorred acradon tubing was laid on the |
base Taver-and connected to the warer
wap and aeration fan. A wotal of 14 m?
of refuse was lavered with a wotal of 3
m?* of night soil to a height of 1.5 m.
The refuse acted as a bulking and filier-

ing agent for the night soil solids and
was unpulverized so as to use the po-
rosity and structural strength created by
the meral cans, plastic containers, and
other materials present. Analyses indi-
cated thar there was suflicient organic
material and moisture {see Box Modzure -
Content) in the refuse to provide en-
crgy for biolegical decompaosition.
The pile was covered with a 10-¢m
laver of dried solids wo provide heat in-
sulation and odor control. The free
leachare was drained from the pile and

September 1992 75
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A front-end loader opplying the compost insulating
blonket befote windiow oeration, ‘

A completed windrow with cover showing rodial
extinction fan, fime switch gear, ond water hop. The
outhor is holding the moritosing thermometer.

K
Phatos courtesy of Bion Loliohe
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ure 1~Unit operations -

| Stabilised '

Refuse is generally rother dry
{15% to 20% moisture}, but this -
- does not create g problem be-
ause the night soil has'a mois-
fure content of about 94%. The
ideal moisture content of the mix-
ture should be cbout 60% to 70%
t the start of the ‘process. Too
much moistura is not safisfactory,
“as this fills tha voids ond.obstrucis
the frea flow of ir. -

collected and pumped back to a pond
system. Acration was controlled by a
time switch to maintain a residual oxy-
gen concentration of 5% to 15% in the
pile. Aeration was maintained at a refa-
tively higher rate (30 m?*.t'+h'*) during
temperature (t) ascent and at a relatively
lower rate (1.5 mbt'h 'y once a turn-
ing point in the temperature profile was
observed. Temperature and residual
oxygen levels were monitored rou-
tinely. The temperature within the
pile should exceed 65°C for at least 5
days to ensure inactivation of all
pathogens, After 60 days composting,
the pile was manually screened.

PROCESS GIVES STABILIZED SOIL
CONDITIONER

There was a rapid increase in tem-
perature from 30° to 68°C 7 days af-
ter constructing the static pile, A sig-
nificant diffcrence in the temperatures
inside and outside the pile indicared
the biothermal activity of the micro-
organisms and the energy potential of
the composted mixture,

The compost pile {excluding the base
and insulation fayers) was sieved and the
sieved fraction weighed. From an initial

76 Worer Endionment & Technology
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mass of 14 Mg of wet solids, 2.7 Mg of
dry solids were recovered. The yield of
the final product was calculated to be
about 19%.

The composted mixture had 2 hu-
mus-like appearance, was dry, had a
loose, friable texture, was black, and
had a pleasant earthy smell—nothing
like the initial refuse and night soil,
which were putrescible and had highly
offensive odors, .

Although filtering the night soil
through the refuse to entrap the solids
is a messy procedure, sampling the do-
mestic refuse is difficult, and large picces
of refuse may interfere with the flow of
air through the static pile, composting
treats polluted wastes using simple
equipment and unskilled labor.

The process is ecologically acceptable,
recycles nutrients by producing a dry
humus-like and stabilized soil condi-
tioner with a relatively high nitrogen
content (1.5% to 3%), and reduces pub-
lic health hazards from pathogens and
worm cysts. There are no intrinsic re-
strictions to the size of the facilitics, and

the extended pile' method reduces land
requirecments. Using refuse as a bulking
agent provides more energy and costs
less than other bulking agents such as
wood chips; thus, capiral and operating
costs are less than for conventional
forced aeration composting. There is
also potential income from the sale of
the compost,

Although the results of experiments
indicated that the process is technically
feasible, certain aspects require further
research before full-scale programs can -
be implemented. Engineering problems
that must be addressed are the layering
of the r¢fuse and the night soil to achieve
the correct moisture content and poros-
ity of the mixture. The respective vol-
umies of these two waste streams in the
final mixture also need to be more ac-
curately quantified. ' "

Brian E. La Trobe is a consultant with
LaTrobe Associates in Grabamscown,
Sonth Africa; W.R. Ross is @ consultant
with Ress Consultancy in Tygerpark,
Setstly Afvica.
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EFFECTS OF LIQUID DIGESTED SLUDGE APPLICATION ON THE
UPTAKE OF TRACE METALS BY VEGETAJ}LES‘

L o ABSTRACT | )

Tﬂe_practice-of land application of municipal sewage sludge to agricultural land is an
alternative to other methods of disposal. Incineration and landﬁllirilg of sewage sludge have
been popular in the past but they have come under strong economical and environmental
constraints. Land Iapplication of sewage sludge is not only economically advantageous and
environmentally sound but makes use of resource that has récycla.blc value. Any pdtcntial
problems that may surface can be alleviated 'by careful management practices based on
nutrient requirement guidelines e.stablished by governing agenéies.

Trace metals éddcd to the soil in sewage sludge and their Subéequent translocation into

edible portions of selected vegetable species was the main focus of this research study.

Spééiﬁc objectives of this study included:

1) To determine the trace metal uptake of cadmium and zinc as well as other trace

metals in the edible portion of selected vegetables.

2) To determine the effect of sludge application on the yield of vegetable crops and

the soil conditions under which they were grown.

To accomplish this research a § year field study was conducted on a Mequon silt loam
soil utilizing a randomized complete block design with four replicates. Soil treatments
consisted of a check, application of liquid digested sewage sludge at rates of 11, 22, and 44,

Mg ha! (with the 11 Mg ha being the recommended annual rate as well as a residual

! Thomas H. Wright, University of Wisconsin-Madison. Department of Soil Science.
Presented at the Water Environment Federation 65th Annual Conference & Exposition,

New Orleans, LA. September 20-24, 1992.
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| sludge treatment) and a commercial fertilizer applicatiori based on soil fe_commendations.
The liquid sludge was obtained from the Milwaukee Metropolitan Sewage Districts - South
" Shore Waste Water Treatment Plant (Figure 1). Six vegetable species were then grown
-including green bean (Phaseolus vulgaris L.), cabbage (Brassica oleracea var. capitata L.},
celery (Apium graveoleus L.), onion (Allium cepa L.), tomato (Lycopersicon esculentum
Mill.), and lettuce (Lactuca sativa L.) on each of the six soil treatments.
' The analysis of trace metals in the liquid digested sewage sludge applied to this field

study were found to be below mean levels as reported in The National Sewage Sludge

Survey. The reduction of chromium in the years following the initial sludge application was
due in part to increased pre-treatment pracnccs of the contnbutmg industries.

All edible portions were harvested at maturity and a subsamplc was dried, ground and
digested using a nitric-perchloric acid digestion procedure. This material was then analyzed -

for trace metals on an inductively-coupled plasma (ICP) emission spectrometer.

Trace metal concentration levels in the edible portion of the vegetables were analyzed
and compared against published values. All the trace metals analyzed were well within the '
normal ranges found in the literature. Zinc and copper as plant nutrients, however were at
levels above normal but there was no evidence of phytotoxicity in any of the vegetables.

- Detection of lead in all vegetables except celefy and lettuce and the levels of cadmium in
bean, onion, and cabbage were at or very near the non-detectable limit of the analysis. The
mean values of the trace metal. concentrations can be found in Figure 2, |

~ For the most part cadmium concentrations in the bean, oniom, and cabbage, correlated-
with the sludge application rate. It is apparent that in each of the three, the 44 Mg ha’!
sludge treatments supported the highest metal concentrations but after the first year Vthe
treatments are not significantly different thus indicating a lower availability of cadmium after-
the initial sludge treatments. |
Zinc concentration levels were consistently the highest in the 11 Mg ha'! annual treatment

. for all vegetables and the highest relative values could be found in celery and lettuce, Year to

year comparisons were extremely difficult to make since environmental factors such s a '

drought in the third year of the experiment pfoduce& numerous highs and lows that were not

consistent with previous data.
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The vegetables gro»{fn were harvested at maturity. . “This was' done by variety and, when
harvested, all rephcate plots were done at the same time. Overall the yields of the six "
vegetables were not dramatxcally increased by the addition of the sludge After four years of
sludge apphcatmns there were still yield responses for bean cabbage, tomato and celery as
a result of the 11 Mg ha' annual treatment, It appears that if there will be any effects from
the use of sIudge it will occur in the first year after apphcatlon

As a result of the sludge applications there were significant increases in the phosphorus
level in the soil. Except for cadmium, the trace metals found in the soil are only slightly
higher than average levels found across cropland in the United States. Slightly elevated
levels of copper and zinc occur in the annual treatment compared to that of the check. Soil
cadmium was consistently found to be below the detectable limits of ICP analysis. There
was no appreciable change in 3011 pH, organic matter, or soil potassium as indicated by soil
sampling. The higher concentrations of soil copper, nickel, zinc, and lead were found in the
11 Mg ha! annual treatment and the one time treatment of 44 Mg ha'l,

Results of this research indicate the ability of liquid dlgested sewage sludge to bc used
in the production of green bean, cabbage, celery, onion, tomato, and lettuce while in no case

allowing trace metal concentrations to exceed levels for health standards.
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| Figure 1.  Chemical analyms of Milwaukee South Shore Scwage Sludge applied to research
plots Milwaukee, WI,

——

Date 'rotal ' - Total | L
Applied- _ Solids N P ' K " pH
o — — kgt ———— | ‘
585t 36.6 ‘ 70.8 210 3.2 7.4
586 27.0 46.4 277 271 12
4187 - 49.0 53.0 317 4.0 73
4/88 81.0 44.0 - 29.8 1.9 7.3
5/89 760 42.1 28.7 2.2 7.3
_ﬁafe ‘ . :
Applied Cd Cr Cu Pb Ni Zn
, - mg kg! .
5185+ 12.6 10,567 811 187 483 © 2,363
. 5/86 18.0 2,406 1,148 281 395 3,520
- 4/87 7.7 1,598 1,041 168 416 3,470
4/88 105 1,222 1,105 138 329 2,559
5/89 12.6 1,968 986 242 255 - 3,187

T 5 load average.



- Figure 2. Mean trace metal concentrations in vegeta

3B,

- 1986 - 1989. (n=16)

bles qu four yeérs, ‘

Vegetable . - .'Treast?ndcmf Cd Ci Ni Zn Pb
; ' : mg kgt

' Tomato 1 029 145 059 264 1.5
N 2 023 132 0.60 29.0 15
3 032 13.7 0.69 287 1.6

4 024 137 0.82 357 1.6

5 031 129 048 269 1.4

6 027 12.6 0.62 279 L5

" Bean - 1 0.13 10.6 1.6 356 1.3
2 0.14 99 2.1 388 1.2

3 0.16 92 2.6 37.6 1.3

4 0.14 89 2.0 43.0 1.3

5 0.15 95 1.7 371 1.3

| 6 0.18 88 1.7 373 1.4
Onion 1 011 . 72 035 274 1.1
| 2 009 59 041 236 1.1

3 S 0.13 5.6 044 248 1.4

4 0.12 59 039 238 1.1

5 0.10 57 036 242 1.1

6 0.11 5.6 040 202 1.1

Cabbage { 0.14 33 0.72 26.2 1.6
2 020 3.5 100 308 1.6

3 022 3.7 120 307 1.6

4 0.19 4.1 150 359 1.5

5 0.16 32 0.68 286 L4

6 017 33 074 264 1.4

-continued-




Figure 2 Contmued

2) 11 Mg ha sludge (apphed annually)
3) 22 Mg ha'* sludge (applied in 1985)
4) 44 Mg ha' sludge (applied in 1985)
5) 11 Mg ha'! sludge (apphed in. 1985)

6) Fertilizer

" Soil . :
~ Vegetable Treatment Cd' Cu . Ni Zn . Pb
St - : —

Celery 1 038 7.3 2.1 49.1 37
2 046 ~ 7.4 21 644 32

3 048 75 22 669 3.3

4 047 7.8 2.1 8.1 3.3

5 0700 7.2 2.1 666 3.4

| 6 039 69 1.8 472 3.1

Lettuce 1 0.6l 12.8 1.7 66.6 2.9

2 070 109 1.6 68.0 2.8

3 0.62 11.6 1.8 769 2.8

4 065 125 2.0 8.0 2.7

s 0.8 115 1.7 68.6 2.4

6 0.62 11.0 1.6 69.1 2.9

T Soil Treatment key: = 1) Check
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I?(SI{CZIZI) AERATION CO-COMFPOSTING OF
DOMESTIC REFUSE AND NIGHT SOIL

BE LA TROBE* and W R ROSS?

1.: 74 Charles Street,'Grahémstown 6140, South Africa,
2. Ross Consultancy, P.0. Box 3483, Tygerpafk 7536, South Africa.

INTRODUCTION

Sevage and refuse represent the major polluted wastes generated by
comnunities. These wastes have undesirable characteristics, necessitating
processing into end-products which “will rénder. them environmentally
acceptable. While numerous waste treatment options exist, the cholee of
method of stabilisation is dictated by site-specific criteria. The final
decision may be governed b} a multitude of variables, including economics,
availability of technical skills, water, pover and ..political
.constderations.

The supply of adequate sanitation systems in developing countries,
including South Africa, has deteriorated due to a combination of -
démog;aphic, sociological and economic factors. This has resulted in an
urgent need for the development of low-cost appropriate vaste management
technologies. This need 1is particularly felt in sub-economic rural
communities, but also in overpopulated outskirts of urban areas, wvhere
people are settling in search of better work opportunities. '

Sewage disposal in less developed areas is generally by means of the
bucket system, as there is no infrastructure for vaterborne sewage and
often a chronic shortage of water. The night soil arising from these
buckets is conventionally disposed of in lagoons vhich have to be situated
some distance from the community, because of the problems of odour and fly
breeding. In turn the domestic refuse is often disposed of by uncontrolled
landfilling which impacts adversely on the environment., |

This paper describes prototype-scale experiments incorporating forced
aeration co-composting of night soil vith unpulverised refuse as bulking
and filtering agent (La Trobe and Ross, 1990). The results illustrate that
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the process could be cost effective for stabilisation, disinfection and
resource recovery of these two polluting vaste streams. The process has

been registered under the Trade Name of "CORANS".
HISTORY OF THE CdNVﬂHTIONAL FORCED AERATION COHPOSTING PROCESS

North America

The Biologlcal Waste Management Laboratory at the United States Department
of Agriculture in Beltsville, Haryland began research on compostiﬁg
(blothermal stabilisation) of sevage sludge during 1972 at the request of
the Maryland Environment Service and the Blue Plains Vaste-water Treatment
Plant 1in Vashington, D.C. This work resulted in 1973 in a natural-draft
vindrow method utilizing wood chips as a bﬁlking agenf. Howvever, difficul-
ties with malodours and' lov temperatures in the outer layers of the
windrows prompted further research at Beltsville sponsored by the United
‘States Environmental Protection Agenéy (USEPA). By the middle of 1978 this’
ﬁroject had resulted in .the development of a successful forced aeration
process using statle piles (Willson et al., 1980). | .
Since the inception of the process during 1978 more than 400 sewvage
sludge composting plants have been constructed in North America. Although
most of these plants are highly mechanised, the flexibility of the process
allows its applicatien in 1labour-intensive non-mechanised form in

underdeveloped areas where there is a need for more affordable sevage

treatment processes,
South Africa

The Water Research Commission initiated a project for forced aeration
composting of mechanically dewvatered primary sewage sludge and wood chips
in static'-piles (Nell and Ross, 1987). The research established the-
chemical, physical, biological, thermodynamic and kinetic criteria for
proper control of the process under local conditionsl Based on this

research the process is currently being applied at four locations.
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EQUIPMENT REQUIRED FOR COMPOSTING OF REFUSE AND NIGHT SOIL

The pilot-scale experimen;é vere carried out at the Rini waste treatment

plant, outside Grahamstown, South Africa (La Trobe and Ross, 1990). The

facilities used to conduct the composting experiﬁgnts:aré illustrated in

Figure 1 and vere as follows:

*

-

A :cbncrete' slab (7m x'7m) vas constructed on- vhich to ecarry out the
experiments. A slight gradient vas provided tovards a central drainage

" canal for leachate collection in a sunp. The excess leachate. was

pumped to a pond system.,

A radial vane fan, capable of 0,2 - 0,6 n® per second at 2 300 rpm.

- The aeration manifold tubing (100 mm diameter) vas plugged at one end

and was perforated over a two metre length to allow air to be drawn

into the static pile.

A time svitch to regulate air flow through the static pile.

A 200 litre vater trap was constructed with 100 mm inlet and outlet to
accommedate the tubing. The drum was provided with a valve to drain

the leachate and condensate.

A Bacharach Fyrite oxygen analyser.

A dial thermometer with 1,5 m long stem.

A manually operated sieve with a 25 mm diamond mesh grid.

Eight galvanised pipes vwvere driven into the static pile around the
perimeter to serve as temperature and residual oxygen monitoring:

points. A rubber stopper isolated the inside of the pipes from the

atmosphere.
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SOLID WASTE MATERTALS USED IN THE COMPOSTING EXPERIMENTS

Domestic Refuse

Refuse 1is a complex conglomerate of organic and inorganic materials;
Tyﬁical analyses indicated that there was sufficlent organic material
(55X) in the refuse to provide energy for biological decomposition. The
refuse ‘acted as a bulking and filtering agent for the night soil solids
and was unpulverised, so as to utilise the porosity and structural
strength created by metal cans and plastic contalners, etc. Refuse is
generally rather dry (15 to 20X moisture) but th{s does not create a
problem because the night soil has a moisture content of some 94Z; The
ideal moisture content of the mixture should be about 60 to 70X at the
start of the process. Too much moisture is not satisfabtory as this fills

the volids and obstructs the .free flow of air.

Night Soil

The chief components of night soll are body wastes and paper. Night soil
in its rawv state 1is highly putrescible and rapidly develops strong and
offensive odours. The night soil was delivered to the experimental site in
a tanker. | ‘ .

The refuse (total volume 14 m3) vas laid down in consecutive layers
with the night soil (total volume 3 m3) evénly spread over each layer by
means of a flexible hose system. The solids content of the night 'soil was
thus thickened by £iltration of the liquor through the layers of refuse.
The  free leachate drained from the pile and was collected and pumped back
to a pond systeﬁ. Such a non-mechanical thickenihg of the night soil
solids considerably reduces the capital and running costs of the CORANS
process. In comparison, conventional forced aeration composting processes
require mechanically devatered sludge to be mixed with a more costly

bulking agent, such as wood chips.
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EXPERIMENTAL PROCEDURES

The prototype-scale static piles were constructed as follows:

*

A

: 4n initial 20 em thick base layer (4m x 4m) of dried stabilised sevage

slu&ge vas laid on the conerete slab.

The aeratiocn slot;ed/manifold tubing was laid on the base layer and

connected to the vater trap and aeration fan.

Consecutive 1layers of refuse and night soil wvere added to a height of
1,5 m. The sides of the static pile vere sloped to an angle of about
50 degrees giving a final volume of some 14 m3.

The plle was covered with a 10 cm layer of dried sludge to provide
‘heat insulation and odour control. Later test runs used the processed

compost as base and insulation layers.

‘The aeration was controlled by a time switch to maintain a residual

oxygen concentration of 5 - 15% in the pile. Aeration was maintained
ai a relatively higher rate (30 m3.r-3.h-*) during temperature
ascent and at a relatively lover rate (1,3 h’.t-l.h-l) once a

turning peint in the teﬁperature profile was observed.

Honltoring of temperatures and -residual oxygen levels were carried out

on a routine basis.
After 60 days composting the pile vas manually screened.

process flowv diagram of the unit operations for the composting of refuse

and night soil is illustrated in Figure 2.
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EXPERTHENTAL RESULTS

A typical temperature profile over time (Fig. 3) dndicates a rapid
increase im température from 30 to 68°C in seven ~days after
commissioning ofl the - static plle. The significant difference between the
temperatures inside and outside the pile. illustrates the biothermal
activity :of:the micro-organisms and the energy potential of the refusé and
night soil mixture. The USEPA (1981) recommends that the temperature
withiﬂ the pile should exceed 65°C for at least 5 days to ensure
inactivation of all pathogens. )
The compost pile (excluding the base and insulation layers) was sieved
after the experimental period of 60 days and the sieved fraction was
wveighed. The yield of final product was arbitrary calculated as follows:

Initial mass of wvet solids = 14 ton (approximate)
Final mass of dry sieved compost - 2,7 ton
Yield of dry sieved compost = 19%

The composted mixture of refuse and night soil was easlly sieved énd
"had a - very good humus-like appearance. The end-product was dry, had a
loose £riable texture, was black 1in colour and had a pleasant earthy
smell. It was nothing 1like the initial refuse and night soil wvhich were
putrescible and had high offensive maledours. '

GENERAL DISCUSSION
Disadvantages of the CORANS process

The filtering of the night soil through the refuse to entrap the solids is
a “hessy procedure”., Operators must take precautions to ensure personal
hygiene such as the use.of gumboots and gloves.

The heterogenous nature of the domestie refuse makes it difficult to
sample. It is therefore difficult to quantify the VOlumés of refuse and
night soil to obtain an ideal mixture. However, with experience‘this is

soon achieved. It would alsoc be advisable to have some measure of -
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pre-selection of the refuse to remove large cardboard boxes and sheets of
plastic which could interfere with the flow of air through the static

pile.
Advantages of the CORANS process

x The_iiniegrated composting of refuse with night soil in association
vith a pond system treats the two major sources of polluted wastes
éenerated by less-developed communitieé. This appropriate waste
management technolegy only 'requires simple equipment and unskilled

labour.

* The procesé is an ecologically acceptable resource recovery method and
recycles nutrients by production of a dry humus-like and stabilised
soil conditioner wvith a relatively high nitrogen content (1,5 - 3%). :

* The process reduces public heAlth hazards as the high degree of
biological heat generated (60 - 70°C) over a perlod of some two

veeks ensures the inactivation of pathoéens and worm cysts.

* There is a potential  income from the sale of the compost as well as
the recovered plastie, cans, glass, etc. The use of refuse as a

bulking agent provides more energy and is less costly than other

bulking agents, such as wood chips,

* . There are no intrinsice restrictions to the size of the plant. Use of
the extended pile method reduces the land requirements for composting.

CONCLUSIONS

The result of three prototype-scale test runs have indicated that the
biothermal stabilisation (composting) of refuse and night soil by means of
forced aeration is technically feasible. The combination Bf composting for
solld wastes and ponds for liquid wastes would be particularly appropriate

as a waste management system for less-developed communities, where non-~
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sophisticated, lov-cost and labour-intensive fechnqlogy is required.
Certain aspects of the process require further research for the
full-scale managemeni of the two waste streans, Eng}neering problems that
must be addressed‘are the sensible mixing (layering) of the refuse and the
" night soil so as to achikve the correct moisture content and porosity of
the mixture, The respective volumes of these tvo vaste streams in the

final mixture also need to be more accurately qhantified.
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FULL SCALE OPERATION OF FORCED AERATION
CO-COMPOSTING GARBAGE AND NIGHT SOIL

B E la Trobe, Waste Gas Enomeenng ,
74 Charles Street, Grahamstown 6140 South Afnca .

\ R Ross, Ross Consultancy, Box 3483, Tygerpark 7536 South Afnca

R A Rowswell, LLR.L Technology, Grahamstown South Afnca
ABSTRACT
In Some geographic locations, where conventional treatment of sewage is not possible because of economic

considerations, lack of infrastructure and technical skills or perhaps achronic shortage of water, itis the intention
of this paper to demonstrate that Jow cost sewage treatment is possible.

Stabilisation of the garbage and night soil was achieved by a process of forced aeration composting. Unsorted
and unpulverised garbage was built into windrows (static piles), thickened night soil was then sprayed over the

garbage. The completed windrows were covered with an insulating blanket of previously manufactured compost.
H

After a twenty-one day 2eration penod with temperature momtonng, the windrows were removed for sieving
of the compost and reclamation of glass, cans and plastic etc. A stabilised pathogen free odourless compost is the
final revenue bearing product, which is available in an accelerated manufacturing period.

KEY WORDS
Composting, Garbage, Night Soil, Windrows, Stabilisation, Profit.

INTRODUCTION

The results of the pilot study on Forced Aeration Composting of Garbage and Night Soil were delivered ina Paper
at Toronto, Canada W.E.F. October 91 (LA Trobe & Ross 1990) - A full scale operation has now beenestablished -
at the same site in R1m Grahamstown, S.A. :

The Ob_]CCthC of the project is to demonstrate the feasibility of stabilising large quantities of the two important
waste streams of garbage and night soil into an end product which does not have undesirable charactensncs and

has the capability of being revenue producing.

The supply of adequate sanitation systems in developing countries has deteriorated for many reasons. There is
an urgent need for low cost appropriate sewage treatment technology. The need is particularly required in
overpopulated outskirt urban areas where people are settling in search of work.,

Sewage disposal in these areas is usually by means of a bucket system, as there is no infrastructural waterbome -
sewage systemns and there is often a chronic shortage of water.
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“The night soil arising from these buckets is conventionally disposed of in lagoons.. These lagoons are ofteft the
cause of obnoxious odours and fly breeding. Garbage is often disposed of by uncontrolled landfilling which

adversely impacts on the environment.

This paper describes the second phase operation of establishing a full scale plant to compost night soil with
garbage as abulking agent. Theresults show the process to be cost effective and envuonmentally acceptablc The -
process is registered under the Trade Name of "CORANS", : o

-=i6q CLASS 6 ¢
UPVE PIPE—3!
\I ﬂ“:" :j-zqunl'ﬁ ,_-.LL";"‘:;-'%.FEOTARY
e SCREEN
e AND SuMP

Figure 1 - Site Diagram of Rini Composting Garbage & Night Soil Plant
Figure 1 above is a site plan of the forced aeration composting plant with oxidation and evaporation ponds. .

The night soil is delivered in tankers. Itis allowed to flow into a sump by gravity and is filtered of large objel:ts
(bricks, stones, etc) prior to flowing into a water main which leads to a rotary screen and sump. Here the night
soil is.emascerated and pumped in below ground piping (110 Class 6u P.V.C.) to overhead settling cone tanks.
By means of flexible piping (SOmm dia) the thickened night soil is spray distributed over layers of garbage.

The ground in the windrow areas was graded with slight gradient towards a central sump and drainage canal.
'The excess windrow leachate was pumped back to the rotary screen sump. :

EQUIPMENT REQUIRED FOR THE COMPOSTING PROCESS.

- * ROTARY SCREEN .
Arotary screen fitted with high pressure water jet sprayers ata pressure of 4 bars, This breaks down
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the solids to pass through the screen apertures of 12mm into a sump. The solids that defy
breakdown are continuously passed out of the screen drum by means of a helical screw into a bin.

SUMP :
The sump is fitted with a submersible pump, which has a cuttmg mechanism to chop up

solids into a fine state. The blended solids are then-pumped to two sedimentation settling
cones wh1ch are connected in parallel. The pump delivers the effluent to the cone tanks
at a rate of 10-12 m3 per hour. .

. SETTLING CONES

The capacity of these two vessels is 16, 000 litres each (16 m3). The days discharge
of night soil is allowed to settle and thicken overnight. The thickened liquor is withdrawn -
from the base of the cone where there is a shut off valve. The sludge is conveyed to the
windrows areas for spraying onto the garbage by means of a flexible hose (50 mm dia).
The supernatent overflow liquid from the settling cones discharges by gravitation via
pipes to the nearby oxidation ponds.

WINDROW BASES _

The windrow bases in the pilot study were constructed concrete slabs. To reduce costs in
the full scale plant the ground was merely graded with a slight slope. The drainage
system has already been described. :

THE AERATION MANIFOLD PIPING

This consisted of three lengths of 110 mm piping of 6 metres each. The ﬁrst two metres
of the pipe was not perorated. The remainder of the pipe lengths were perforated with -
holes of varying diameter to ensure a uniform air suction along the length of the windrow.
The remote pipe extremity was closed with a bung. Al the perforations were bound with
a layer of shade cloth to prevent solid access into the aeration pipe.

RADIAL FAN/BLOWER
A radial Vane Fan Blower capable of a extraction rate of about 150 M3/ hrat 2900 R. P M.

A TIME SWITCH to regulate the flow of air through the windrows.

A 200 litre WATER TRAP with 110 m.m. inlet and outlet. The trap was provided with a
drain valve to release accumulated leachate and condensate. :

AN OXYGEN ANALYSER
A DIGITAL THERMOMETER with an attached recording stem.

AMANUALLY OPERATED SIEVE,
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'SOLID WASTE MATERIAL USED IN THE COMPOSTING EXPERIMENTS.

GARBAGE

Garbage is a complex conglomerate of organic and inorganic material. The organic component is normally
between 55 to 60% which is sufficient to provide the energy for biological decomposition. The garbage acted as
the bulking and filtering agent for the night soil solids. The garbage is not sorted or pulverised so as the utilisethe
porosity and structural strength created by metal cans and plastic containers etc; garbage is fairly dry (20%
mdisture). However as the moisture content of the night soil is in excess 0of 90% there is no problem. The moisture
content at the start of the process should be about 65%. Excessive moisture obstructs the free flow of air through

the windrow.
NIGHT SOIL

Night Soil consists of body wastes and paper. In its raw state it is highly putrescible and hasa étrong offensive
odour. '

GARDEN DEBRIS

Garden debris consisted of grass cuttings, leaves, small tree branches etc. All the material was processed through
a chipping machine prior to delivery to the site.

EXPERIMENT PROCEDURES

Steeal tunes serve s

tnavlation
layer /ouyucn and tamperaturs
monjitoring paints

MIXTURE OF REFUSE
Slotted AERATED ANG NIGHT SOIL '.1.':: h
;:;:;;f" STATIC PILE i
(83-75°Cl
gase wATER  |— sucTion . EXHAUST
Laven (T3 58 858488 36 8. 6 0.8 . — TR IE::“W GAS
" [} . .
L CoMPasSTING PAD SURFACE ' Ledcnate to

Pond Systes

Figure 2 - Equipment required for forced aeration composting of garbage and night soil
A

% Abed of 100mm thick dried stabilised sewage sludge was laid on the prepared windrow ground
~ area, and shaped to a predetermined design (20m x 3m).

*  The perforated pipe as previcusly described waslaid onthe prepared bed, covered with shade cloth
and connected to the water trap and fan blower. The two windrows shared a common
interconnecting pipe but each windrow had its own shutoff valve.

* The garbage was delivered to the site by truck and deposited on the prepared bed. The garbage
was kept trimmed to the bed dimensions. Plastic bags containing garbage were slashed openand
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large inert material was removed. Thelayerof garbage was covered with alayerof chipped garden
debris. Thickened night soil from the settling cones was then sprayed over the layer at the rate of
200 litres per minute. This layering procedure was continued until the windrow height of 1.8
metres was reached. The sides of the windrows were sloped to about 50 degrees, giving a final
windrow volume of about 100 cubic metres. :

The wmdrow was covered with a2 50 mm msulatmg blan.ket of stabmsed sewage sludge

The wmdrows were not subjected to any aeration until the internal temperature approached 40

- degrees centigrade. When this had been achieved the initial aeration was continued full time for

atwenty-four hour period then reduced to a flow of five minutes aeration followed by a fifty-five
minute shut down. ‘

- The aim is to maintain a residual oxygen content of somewhere benveen 5& 15%. Inorder to

devitalise worm cysts and pathogenic bacteria an intemal temperature of 55 degrees centi
grade for a three day period is essential. This is the E.P.A. approved specification. (A
Benedict, E. Epstein, A. Alpert 1988).

The composting period was 21 days with a further maturation period of 21 days prior to

, S1evmg

*

Monitoring of internal windrow temperatures were carried out on a daily basis.

P

Baso Insutation
Domestic Layer Layer
Garbage 1 J 4 Slablised
Disinfected -
: Dry Compost Agricultural
. Usuage
Mixing Aerated ‘ .
and Static Maturation Screening | .
Thickening " Pils Pile ‘
\ \ Non
Compost Fnal '
; Leachala from _ Fraction ! .
'ggﬁ‘ File l Landfilling
\ Recycling of
Washing of Pond System for ‘ﬂ?gsﬁ' Me;?és
BL:::B Treating Liquid astcs,
' Tankers Fraction only

Figure 3 - Unit operations of the forced aeration static pile Composting of Garbagc and Night Soil

(CORANS) Process

Figure 3 - Process Flow Diagram
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EXPERIMENTAL RESULTS

A typical temperature profile is shown in Figure 4. The significant difference between the ambient and
internal temperature attained illustrates the bio-thermal activity of the rmcro-orcamsms and the potenhal :

energy of garbage and mght soil. ~
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The resultant compost will be sieved after a further period of twenty-one 'days maturation.

The results of the quality and yield per ton of garbage will reported at the Conference. However the pilot study |
demonstrated a compost yield of about 20% It is expected that this figure will be improved on in the full scale
'opemtxon due to the addition of the garden debris.

’I‘he thickened night soil was gxawtated over thc garbage at the rate 0of 200 htres per minute. The solids content .
of the thickened night soil from the settling cones were as follows: -

.

Total Solids % 4,57

Suspended Solids % : 3.69

Organic Material % 3.75
GENERAL DISCUSSION

Disadvantages of the Corans System.

The filtering of the night soil through the garbage is a "messy procedure”. However the full scale plantis a great
improvement aver the pilot study. The ability to distribute the thickened night soil from the settling cones to the
windrows areas, and the windrows leachate drainage system has reduced this disadvantage considerably.

Advantages of the Corans Process.

* The integrated composting of garbage and night soil in association with the pond system treats two major
sources of polluted wastes generated by less developed communities. The system requires simple
technology, equipment and unskilled labour.,

* The process reduces public health. hazards because of the inact_ivatioﬁ of pathogenic bacteria and worm
cysts. : ‘
* There is potential income from the sale of compost, as well as the recovery of plastic, cans and glass The

use of garbage as a bulking agent is less costly than wood chips etc.

* There are no intrinsic limitations to the size of the plant. Use of the static pile method reduces the land
requirement for the composting process.

CONCLUSION.

The experience obtained from the original pilot study and the installation of a full scale plant, which has only
been in operation for a limited period; the results indicate that bio-thermal stabilisation of garbage and night soil
by means of forced aeration is technically feasible. Installation of the full scale plaut has not been w1thout its

problems. However nothing more than is usual with a new process.

" The technique is particularly appropriate for less developed communities where simple, low cost, labour
intensive technology is required.
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EXECUTIVE SUMMARY

Any Community, no matter how rich or poor, has two fundamental
waste streams — domestic refuse and its own body wastes.

This Report demonstrates that it 1is technically feasible and
economically viable to stabilise large quantities of unsorted and
non-pulverised domestic refuse with primary sewage, particularly
night soill or activated sludge, by means of a process of forced
aeration composting.

With this method the composting process is accelerated to a mere
twenty one days, provided the internal temperatures of the
windrows (static piles) are properly controlled and monitored,
the end product can be used without fear of producing infection.
All the weed seeds, pathcogens and ascaris worm cysta would have
been devitalised.

fIt is important to remember that even if all the compost produced
in the process cannot be used or sold, the two obnoxious waste
streams, namely domestic refuse and raw sewage and sludges, would
have been effectively stabilised at a comparatively low cost,
" using a technique which is simple. The process is capable of
providing job opportunities for those who have not had a high
degree of formal education.

The end product has uses other than a soil conditionér. Large
quantities can be used as 2 landfill cover or as a solid fuel.

The prdcess is kind to our fragile énd constantly battered
environment. It is apt, viable and simple technology for our
third world conditions.



1. INTRODUCTION

Sewage and refuse represent the major sources of polluted wastes
generated by communities. These wastes have undesirable
characteristics necessltating further processing and
transformation into end-products to render them environmentally
acceptable. Such treatment, generally termed stabilisation
{Figure 1), remains a major cost factor in waste management
(Ress, 1990). Stated in positive terms,

"Waste stabilisation may be defined as & series of processes
producing an end-product of such characteristics that its
ultimate use will be acceptable in terms of both environmental
impact and public health (adapted from Vesilind et al., 1886)"

While numerous waste treatment options exist, the choice of
stabilisation method will ultimately be dictated by site-specific
criteria. Since each tyvpe of sludge and refuse and processing
facility has unique characteristics, no universally "correct”
approach can be said to exist. The final decision may be
governed by a multiple of wvariables, including political
considerations.

The supply of adequate sanitation systems in many developing
countries, including South Africa, has deteriorated over the past
‘decade due to a combination of demeographic, sociological and
economic factors. This has resulted in an urgent need for the
development of low cost effective and appropriate waste
management technologies for the treatment and disposal of human
wastes (Alexander and Toerien, 1985). This need is particularly
felt, not only in sub-economic rural communities, but also in the
overpopulated outskirts of urban areas (such as sguatter camps)
where people are settling in search of better work opportunities.

Sewage disposal in less-developed areas is generally by means of
the bucket system as there is no infrastructure for water—-borne
sewerage. The night-soil arising from the buckets is
conventionally disposed of in lagoons which have to be situated
some distance from the community. The practice is generally
accompanied by bad odours and fly breeding. In turn, refuse is
often disposed of by uncontrolled landfilling which impacts
adversely on the environment. _

Forced aeration co—composting of night-soil with unpulverised
refuse as bulking and filtering agent could be a suitable cost
effective process for the integrated stabilisation, disinfection
and resource recovery of these two poclluting waste streams.
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A contract research project was negotiated with the Water
Research Commission during 1990 to generate design criteria
for practical application of the process. The registered
trade name for the composting of refuse and night soil is
CORANS. : :

The prototype pilot astudy was carried out at Rini,
- Grahamstown. (See Restricted W.R.C. Contract Reports Nos: 1
& 2 dated June 90 and January 91). As far as could be
ascertained at the +time, the concept of using unsorted
domestic refuse as a bulking agent to  stabilise night soil in
a forced aeration proceas was unigque in the world. These two
reports authored by Dr W R Rose and Dr B E La Trobe formed the
basis of a paper which was accepted at the Annual
- International Conference of the Worid Pollution Control
Federation. The paper was read by B E La Trobe at a
conference in Toronto, Canada in October 1991. A further
paper on the full ascale version of the procesgs established at
Rini, Grahamstown, was accepted for the Federation GSeptember
92 Conference, held in New Orleans, Louisiana, U.S.A. The
paper was read by B E La Trobe. Both papers are attached to
this report as part of the Annexures. The Toronto Paper was
published in the International “WATER ENVIRONMENT AND
TECHNOLOGY JOURNAL"™ Sept 1992. ‘ .

2.~ HISTORY AND FUNDAMENTALS OF THE FORCED AERATION

Z.1 HISTORY OF THE PROCESS IN THE U.S.A.

o

The Biologlcal Waste Management Laboratory at the United
States Department of Agriculture in Beltsville,

‘Maryland began research on composting (biothermal
stablilisation) of sewage sludge during 1972 at the
request of the Maryland Environment Service and the Blue
Plains Wastewater Treatment Plant in Washington, D.C.
This work resulted in 1973 in a natural-draft windrow
method utilizing wood chips as a bulking agent. However,
difficulties with malodours and low temperatures in the
outer layers of the windrows prompted further research at
Beltsville sponsored by the United States Environmental
Protection Agency (USEPA). By the middle of 1978 this
project had resulted in the development of a succegsful
forced aeration process using static piles (Willson et
al., 1980). -

Since the inception of the process during 1978 more than
400 sewage sludge composting plants have been conatructed
in the U.S.A. Although most of these plants are highly
mechanised, the flexibility of the process allows its
application in labour-intensive non-mechanised form in
under—-developed areas where there ias a need for more
affordable sewage treatment processes.
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2.2 APPLICATION OF THE PROCESS IN SOUTH AFRICA

The Water Research Commission requested the National
Institute for Water Research (NIWR) of the CSIR to produce
a design guide for the forced aeration composting of sewage
sludge and wood chipa, wunder local conditions. The
contract agreement provided for laboratory and prototype

‘studies which were undertaken at Bellville during the

period 1980 -~ 1986 (Nell and Ross, 1987). The process i=s
currently being applied on a full-scale basis at the
Stellenbosch Sewage Works, Borcherds Quarry Sewage Works
(Parow) and the Northern Sewage Works (Johannesburg) for
the treatment of mechanically dewatered sewage sludges.

FUNDAMENTALS OF THE FORCED AERATION COMPOSTING PROCESS

Composting is defined mas the solid-state aerobic biological
decomposition of organic materials wunder controlled
conditions which allow the bulild-up of biologically
generated heat resulting in a stabilised and disinfected
end-product. Although composting can occur under a wide

"range of conditions, the process is much less reliable at

the extremes of these conditions (USEPA, 1981).

Utilisation of natural draft ventilation and manual turning
of the windrow instead of forced aeration of a static pile
would be cheaper but not nearly as effective. For proper
control certain chemical, physical, thermodynamic, kinetic
and biological aspects must be considered. These aspects
have been discussed in detail by Rosa et al, (1586) and

‘Nell and Ross (1987) and are summarised in Table 1.

SITE OF THE PILOT STUDIES AND THE FULL SCALE INSTALLATION
A decision was made to carry out the experiments at the
Waste Treatment Plant of Rini, outside Grahamstown, as all
the necessary infrastructure was available there, namely :-
CO-OPERATION OF THE RINI TOWN COUNCIL

The following facilities were kindly supplied:—

" a) Experimental site adjacent to the pond system treating

night soil. .

b) Labour and material to construct a concrete slab on
which to carry out the composting experiments.

c) Provision of mains water and electricity.
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d) Provision of domestic refuse and night soil.
e) Prqvision of dried sludge as insulation layer.
£) Labour_tq construct the compost pile.

g) Sieving of the composted product.

Suitability for Project Leader who livee in Grahamstown.

Availsebility of chemical and microbiclogical mohitoring
facilities at Rhodes University, 1f required.

As the basic infra-structure was already in position at

Rini, Grahamstown, after completion of the 1initial

experlments, 1t made sense to carry out the full scale test
operation on the same site.

PILOT STUDY o ’

The facilities required to conduct the pilot study‘
composting experiment at Rini are illustrated in figure 2
and discussed below.

CONCRETE SLAB

A concrete slab (7m 2‘7m) was conatructed on which to carry

out the experiments, as the soil in the area was very
clayey. A sBlight gradient was provided towards a centre
drainage channel for leachate collection in a sump. Excess
leachate was pumped from the sump to the pond system.

RADIAL VANE FAN

M150 model; O,75kw; 0,2-0,6 m3 per sec; 2900 rpm; 280
mm dlameter cast ‘aluminium impreller; - Starter and
transformation on inlet and outlet to 100 mm; saprayed with
tectyle aerosgsol for corrosion control. Agent: Continental

‘Fan Works (Pty) Ltd., 3 Parin Road, Parow, Industria, 7500,

Tel: 021 931-8331 Cost: R1115.32 (1990 price).
AERATION MANIFOLD TUBING

8m of HX 100mm heliflex medium duty PVC flexible tubing;
tubing was plugged at one end and slotted over a Z2m length
to allow air to be drawn equally into the pile over a wide
area. 7 Kininghall Avenue, Epping Industrial, 7460, Tel:
021 54-7051. Cost: R174.38 (1990 price).
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TIME SWITCH
Slimline Series Type ST 202

Agent: Main Street Electrical (Pty) Ltd.,
25 Neptune Street, Paarden Eiland, 7405
Tel: 021 511-7826

Cont: R210.18 (1990 price).

WATER TRAP

200 1 Drum with 100mm inlet and outlet to accomodate the
tubing. The drum was provided with a valve to drain any
leachate and condensate that accumulated in it. This water
trap was made by the Rini Workshop. '

BACHARACH FLYRITE OXYGEN ANALYSER

Agent: Holpro Analytics (Pty) Ltd.,
P O Box 252, Milnerton, 7435
Tel: 021 52-2100

Cost: R1325.96 (1990 price).

DIAL THERMOMETER (1.5M LONG STEM)

Agent: Control Instruments.,
Drill Avenue, Montague Gardens
Tel: 021 551-3510

Cost: R533.36 (1990 price).

SIEVE

Manually operated sieve with a 25mm diamond mesh. The
sleve was made by the Rini Workshop.

SOLID WASTE MATERIALS USED IN COMPOSTING EXPERIMENT
DOMESTIC REFUSE FROM RINI

Refuse is a complex conglomerate of organic and inorganic
materials. An analysis of Rini refuse was carried out on
20 December 1389. Typlcal refuse from a tip-truck was
placed in a metre box. The contents of the box were sorted
and the various components such as glass, plastic, paper,
metal and other “organics” were weighed. The results are
presented in Table 2 which indicates that there was
sufficient organic material in the sample to provide energy
for biological decomposition.
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The Free Air Space of solids for composting can be
determined by the following “rule of thumb"” method:-

Free Air Space (refuse) 1 - Bulk Density
0,83

i1

The Free Air Space of the combined refuse and night soil
mixture should be greater than 0,4 for effective meration
in the process. The above result indicates that
unpulverised refuse can act as a bulking agent for the
filtered solids in night soil. ' .

The refuse used as a bulking and filtering agent for night
8011 solids in Run 1 was unpulverised, so as to utilise the
poroegity and structural strength created by substances such

as metal cans, plastic containers, bottles, cardboard

boxes, etc. Refuse is generally very dry (moisture content
lesa than 15%) but this creates no problems as the night
s80il has a moisture content of some 95X. The idea moisture
content at the start of the process should be in the range
50 - 60X. Too much moisture, however, is unsatiasfactory as
it fills the voids. o

Both refuse and night soil have sufficient available energy
for heat generation with the result that the ratio of the
two components used in composting is not so critical and
need only be adjusted to provide the necessary porosity for
the forced aeration of the static pile. The aeration rate
can be increased to compensate for reduced porosity of the
rlle.

NIGHT SOIL

The chief components of nigh so0il are body wastes such as
faeces and urine together with paper and rags. HNight soil
in its raw state is putrescible and rapidly develops strong
and offensive odours. The polluting material is mainly of

an organic nature. Inorganic matter such as grit or sand
should not be present in large quantities.

The night soil was delivered to the experimental site in a
tanker and some 3m3 was evenly spread over the refuse in
layers, by control of an outlet valve. The solids content
of the night soil was some 5X and this was thickened by
filtration of the liquor through the layers of the refuse.
The free leachate drained from the pile and was collected
and pumped away to a pond system.
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Such non-mechanical thickening of night s8soil solids
considerably reduces the capital and running cost of the
CORANS process. In comparison, conventional forced
seration composting processes require mechanically
dewatered Bludge to be mixed with a more costly bulking
agent.

bRIED STABILISED SLUDGE AS BASE AND INSULATION LAYER

Stabilised sludge had been removed from the adjacent pond
asyatem used for the treatment of the night soil. The
sludge had dried out and was found suitable for use ams a
base layer and as an insulation layer over the pile.

Previously composted material is generally used for this
purpose. It has sufficient porosity to allow air to be
readily drawn through the pile while being sgufficiently
non-porousg to retain heat and exclude rainwater. Heavy
rainfall, however, may cause problems by washing away
excesslive amounts of insulation material &snd by deeper
penetration of dampness into uncovered heaps.

- EXPERIMENTAY, PROCEDURES

The prototype-scale static piles were constructed as
follows:—

An initial 20cm thick layer (4m x 4m) of dried sludge was
laid on the concrete slab.

The aeration in slotted manifold tubing was laid on the
sludge layer and commected to the water trap and aeration
fan. The water trap had to be emptied from time to time
during the course of the experiment as it collected
leachate and condensate.

Branches with leaves were laid over the manifold tubing to
prevent fines from blocking the slots.

Consecutive layers of refuse and night soil were added to
a height of some 1,5m. The solids in the night solil were
entrapped in the refuse while the leachate filtered through
the pile and was collected in the drainage sump. The
refuse was transported from an adjacent stockpile by
wheelbarrow while the night s0il was gravitated from a
tanker. The eides of the static pile were sloped to an
angle of about 50 degrees. The volume of the completed
pile was some 10m3 (area of bottom of pile was 4m x 4m;
area of top of pile was 2m x 2m; height of pile was 1,5m).



6.9

6.10

8.

" The heterogeneous nature of the pile contents made it

difficult to sample for analysis of porosity and moisture
content. Instead, the ration of the two waste streams
was adjusted based on past experience of conatucting
other static piles.

The pile was covered with a 10 em layer of dried aludge
(similar to the base layer) to provide heat insulation
and odour control. .

The Beltsville method of aeration where the aeration rate

“is controlled by the residual oxygen concentration in the

pile (Nell and Ross 1987). In practice, rediual oxygen
must be kept between 5% and 15% which requires aeration
rates between 3-4 m3. t-1. h-1, Over aeration results
in temperature losses (cooling) while under—-aeration
causes anaerobic conditions to occur.

Aeration by suction of air thrbugh the pile, instead of
blowing, allowed the oxygen concentration in the exhaust
gas to be measured and this practice is recommended.

Suction was applied by means of the fan which was

controlled by a time switch. The time switch settings of
the fan during Run 1 are recorded in Table 4. After
three days, the fan was operated for only 5 minutes in -

" the hour with the result that the electrical running

costs are low.

Originally eight galvanised pipes (2m long and 2cm
diameter) were driven into the pile at different levels
around the perimeter. So as to serve as temperature and
residual oxygen monitoring points. A rubber stopper
isolated the inside of these pipes from the outslde.

With experience it was proved that these galvanised tubes
were an unecessary expense, the temperature probe was
placed directly into the static pile at specifically
marked polnts.

The construction of the pile was completed in one day
with the assistance of four labourers. Thereafter the
aeration was automatically controlled by the fan and time
switeh., Monitoring for temperature was the mosat
important parameter to assess the success of the
experiment.

After 60 days composting the pile was manually screened
with a sieve of 25mm diamond mesh size.



A process fIOW'diagram of the ﬁnit operations for the composting

of night soil and refuse is illustrated in Figure 3. The process

compriees thickening of night soll by filtration through refuse,
aeration in a static pile, maturation and screening. The liquid
fraction of the weete stream (originating from the washing of
buckets and the leachate drained from the compoeting plle) is
ideally treated in an sdjacent pond system.

7.  RESULIS OF PILOT STUDY
7.1 TEMPERATURE PROPHILE

The temperatures reached at the eight monitoring pointe in
the pile are presented in Table 3. A graphical record of
the temperatures of monitoring points 2 and 8 together with
the daytime ambient temperature is plotted in Figure 4. The
data indicates that the prototype scale Run 1 gave good
results in terms of the maximum temperatures reach - 68 ~
degrees centigrade — and the distribution of the heat within
the pile, which adequately reflects full-scale thermodynamic
conditions. This result agrees with those obtained by Nell
and Ross, (1987) where temperatures of between 60 and 71
degrees centigrade were usually obtained with mixtures of
dewatered primary sewage sludge and wood chips.

Figure 4 indicates m rapld increase in temperature from 30
to 68 degreee centigrade in seven days after commissioning
the pile on the 1st February 1990. The significant .
difference between the temperatures inside and outside the
Pile illustrates the biothermal activity of the micro-
organiesms and the energy potential of the refuse and night
801l mixture. The temperature prophile over time is a
convenient method to assess whether the compostiing and
maturation processes are completed.

7.2 DISINFECTION EFFICIENCY

Composting has the advantage of both stabilising and
disinfecting the solid wastes. Maintenance of higher
temperatures for longer periods of time results in
improvement in volatile matter reduction and disinfection.
The USEPA (1981) recommends that the temperature within the
pile should exceed 55 degrees centigrade for at least 3 days
in order to ensure inactivation of all pathogens. This was
the case in Run 1 for monitoring point No. 8. Thereafter,
temperatures of 60 and 56 degrees centigrade were recorded
for monitoring points B and 2 respectively after 21 days
operation.
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Previous research (Nell and Ross, 1887) has shown that
disinfection was adequate during the composting (aeration)
and maturation (non-aeration) period. . No pathogenic
bacteria, viruses or viable Ascaris ova survived longer
than 40 days in the pile. Regrowth and re-infection can
however occur (Willson, 1986). This is not unique to
sludge composting but occurs in all bulky bio-degradable
organic materials stored in the open, close to a possible
source of infection.

Table 4 records the time switch settings which activated the
aseration fan during Run 1. Aeration was maintained at a
relatively higher rate (60 minutes ON: 60 minutes OFF)
during temperature ascent and at a relatively lower rate
(20 minutes ON: 40 minutes OFF) once a turning point in
the temperature curve was observed after 9 days opreration
{(Figure 4). After 26 days operation, the aeration rate was
5 minutes ON: 60 minutes OFF which was equivalent to
3m3/ton/hour. :

The following assumptions were made for calculation of the
aeration rate of the pile during Run 1:

Volume of pile
Density of pile
Mass of pile (wet)
Fan rating

Fan rating

Time switch setting
Aeration rate

- 10m3 (approximate)
1 ton/m3 (approximate)
10 ton .
24 m3/min (disconnected from pile)
6 m3/min (connected to pile) '
5 min/hour
3 m3/ton/3 hour (day 26 to day 48)

The oxygen concentrations in the exhaust gas extracted from
prile during Run 1 are presented in Table 5. The Bacharach
oxygen analyser generally recorded concentations similar to
that in air during the experimental period indicating that
either the rate of aeration was too high or the monitoring
procedure was faulty. This aspect will be addressed in
future experiments. C

Large variations in ambient temperatures, especially during
winter nights, would adversely affect the temperatures in
the pile by drawlng in excessive omounts of cold air.
Aeration periods during cold weather should therefore be
shortened. . ‘

FINAL COMPOSTED PRODUCT

The compost pile (excluding the base and insulation layers)
was sieved after the experiment of 60 days and the gsieved
fraction was weighed. The yeild of final product was
arbitrary calculated as follows:-
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Initial mass of wet solids
Final maee of dry sieved compost
Yield of dry sieved compost

10 ton (approx)
2.7 ton
27%

The composted mixture of refuse and night so0ll was easily sieved
and had a very good humus-like appearance. The end product was
dry, had a loose friable texture, was black in colour and had a
rleasant smell. It was nothing like the original products which
were putrescible and had high offensive malodours. Experiments
will be undertaken to determine the agricultural utilisation of
the compost.

8. DISCUSSION
8.1 DISADVANTAGES OF THE CORANS PROCESS

The filtering of night soil through refuse to entrap the
solids is naturally a more ‘“messy" operation than
mechanical dewatering. Problems with odour generation and
fly-breeding can be overcome by adding the final insulation
layer as quickly as possible. Lime can also be used to
suppress malodours while the pile is being constructed.
During the first few days of operation any obnoxious odours
in the exhaust gas from the fan can be eliminated by
passing the gas through a matured compost filter pile.

The leachate draining from the static during conastruction
is channelled to a pond system. Such ponds will operate
better as the organic load to be treated is considerably
reduced by the composting of the so0lid faction of the night
soil.

8.2 ADVANTAGES OF THE CORANS PROCESS

The adﬁantagea and features of the forced aeration process
for the composting of refuse and night s8o0oil can be
summarised as follows: -

* It ip an appropriate waste management technology which
requires simple equipment and wunskilled labour and is
suiltable for application in less—developed areas.

x It is an ecologically acceptable resource recovery method
which reduces public health hazard and impacts positively
on the environment.

*  The integrated composting of refuse and night soil in
assoclation with a pond system comprehensively treats and
manages the two major sources of polluted wastes generated
by leas-developed or rural communities.
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Recycling of nutrients by production of a humis-like soil
conditioner with a relatively high nitrogen content (1.5 to
3.0%).

Production of a dry compost that is easy to handle.

Self-generated high temperatures (60-70 degrees centigrade)
results in disinfection of pathogens and production of a
hyglienically safe end-product.

Relative insensitivity of the microbiological proceass to
changes in substrate and growth conditione allowg for wide
differences in the input materials (refuse and night soil).

Use of refuse as a bulking agent has the advantage that it
provides more energy (heat generation capability) and
nutrients to the overall composting process than other more
expensive bulking agents such as wood chips which are not
as biodegradable as refuse.

The capital and operating costs for the co-~composting of
refuse and night soil are significantiy lower than for
conventional forced aeration composting processes because
no mechanical dewatering equipment, mixing equipment nor
bulking agent needs to be purchased. .

Flexibility of the process allows application in highly
mechanised (low labour) or in unmechanised (labour
intensive) form. In general, site-specific criteria,
availability of capital and the coast of labour will govern
the degree of mechanisation that can be incorporated (Ross
et al., 1986).

The combined treatment of these two polluted waste streams
close to the source of generation thereof, enables the
waste transportation costs to be kept to a minimum.

Costs can be reduced considerably in leas-developed areas
by choosing a s8ite requiring a minimum of earth-work,
mixing and sieving by spade and using leass costly pad
surfaces.

There is a potential income from the sale of the compost
which would offset the costs. There will also be a
financial benefit derived from the sale of scrap metal,
rlastic and glass wich will be sieved from the mixture on
completion of the composting process.
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There are no intrinsic restrictions on the size of the
plant. Use of the extended pile method reduces the land
requirements (surface area) of the composting pad.

COMMENTS
TEMPERATURE PROPHILES

Uniformity of temperatures throughout the static piles
(Table 3) were not entirely satisfactory. This could be
explained as follows:-

a) The use of a 100mm heliflex medium duty flexible tube
with small slits for aeration was not satisfactory for
a number of reasons:-

i The aeration holes were too small and the pipe diameter
was inadequate.

i1 Pressure of the weight of the composting material would
have decreased the pipe diameter.

iii Placing the pipe directly on the slab over the drainage
canal, instead of elevating it, meant that the aeratlion
pipe was continually filling with drainage water
cutting down on potential pipe aeration space.

Aeration pipe design has changed dramatically with experience
obtained in composting studies conducted for the meat and fresh
vegetable industries and at tanneries. These more recent
aeration techniques result in a more uniform temperature prophile
throughout the windrow.

9.2

Concrete slabs on which to build the windrows are not
always necessary. Provlided site area geology allows proper
drainage this expense can be avoided. However, beware of
operating on an area with a clay base.

Material screening must be performed in a rotational or
vibratory screen. The mesh size of 25 mm should be reduced
to a 10 or 1Z mm diameter.

The yields of compost obtained in the first run, it is now
realised, were exceedingly low. Admittedly a great deal
depends on the quality of the domestic refuse used as the
bulking agent, however yields of at least 60X are not
impossible.

Recdrded oxygen levels in the exhaust gas as demonstrated
with the Backrach instrument did not prove to be
satisfactory.
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CONCLUSION

The results of the Pilot Study have indicated that the

- biothermal stabilisation (composting) of refuse and night

soil by means of forced-aeration is technologically and
economically feasible. The combination of composting for
s80lid wastes and ponds for ligquid wastes would be
particularly appropriate as a waste management system for
less developed communities where a non-sophisticated, low
cost and labour intensive technology is required.
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TABLE 1: CERTAIN PHYSICAL CRITERIA FOR FORCED AERATION
COMPOSTING OF SOLID WASTES

PARAMETERS . ' - VALUE

Carbon: nitrogen raﬁio of pile 30 : 1 to 40 : 1
Optimum pH range of pile o 6,5 to 7,5
Optimum particle size of solids - 5 to 15mm
Degradability cosfficient (sludge) kr = 0.7
Degradability coefficient (wood chips) kr - 0.25

Degradability coefficient (final product) ‘kr = 0.18

W - ratio (thermodynamic balance of less than 10g water per 1 gram
egolids to be composted) of degradgble organic matter

Density of refuse ' : 500 kg/m3
Density of sludge 800 - 1050 kg/m3
Aeration rates 3 -~ 4 m3/t-1.h-1.

Free air space greater than 0.4

Moisture content of pile (start) 50 ~ 60%
Mocisture content of pile (end) less than 40%
Temperature within pile should exceed 85 degrees

Centigrade for at least 5 days

Residual oxygen concentration in

exhaust gas from pile 5 - 156%
Composting period (aeration) 21 days
Maturation period (non-aeration} - 21 days
Land area requirements 0.4 -42.C) ha for population

equivalents of 28000 - 350 000
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TABLE 2 : COMPOSITION OF 1 m3 DOMESTIC REFUSE AT RINI TOWNSHIP
(SAMPLED ON 20 DECEMBER 1989) '

CONSTITUENTS _ MASS %

Glaes 15 ‘ 8.8
Plastic 37 21.6
Paper ' ' 18 '  10.5
Metal 7 7 : 4.0
Other "Organics"” _ g4 55.1
Total 171 | 1060.0

Note : Bulk Density of refuse — magg = 0.171 ton = 0.171 ton/m3

volume 1 m3
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TABLE 3 : TENPERATURE OF VARIOUS NOXITORING POINTS OF THE STMII:. PILE DURING PROTOTYPE-SCALE
FORCED AERATION COMPOSTING DF REFUSE AND MIGHTSDIL (RuM MO, 1)

-7

TEMPERATURE OF NONTTORING POINTS { C) AMBIENT
DATE DAYS AT DIFFERENT LEVELS ARDUND THE PERINETRE OF THE FILE  DAYTINE
AFTER ' TENPERATURE

1930 START-UP 1 2 3 1 3 b 1 8 (L)

02 February 2 3 n I EX) kX M H L} kY

03 February 3 35 3 3s 35 i 38 11 43 28

04 February 4 38 38 38 33 33 12 H 1] 27

03  February 5 33 40 42 0 1 1 50 &1 i

04  February b 13 1] 1) 12 35 52 92 bb 25
February 7 H 1 53 46 46 34 3b 48 ]

08 - Febrwary 8 36 5 - 4 18 55 56 58 b2 N

09 February ] b)) -] 3% 19 4 37 32 48 ]

10  February 10 5 58 9% 50 18 58 38 83 2

12 - February 12 30 2] 52 L1 L] 35 3% 53 i}

13 February 13 ] 33 52 1 47 5% W 80 3

14 February 1l R bl 53 43 19 34 53 40 il o

15 Febryary 13 18 3 33 1 . W 52 b1 L) ‘

14 February 18 8 35 52 48 48 57 54 &1 23

§9 February 19 5 5% 3 4 48 3 33 b2 24

20 Febroary 20 32 55 50 % N 94 Y4 b0 2

22 February 27 48 55 i L} n bH] 50 40 19

23 February 3 L)) 3 9 1) L ) i8 59 20

26 February 2b L] 48 L1} 1] a5 Lh] 54 Y&

21 February rij 2 32 4 45 43 3 A 81 25

28 Febrvary 7B 12 52 2% 15 13 34 L1 57 M

0L  MKarch 29 1 50 L1 43 H 3 L) 54 pl]

02 Rarch 30 11 48 43 " A4 4 1) 56 il

03 March n 10 A3 4 LY 42 A 43 32 3

05 March 3 1 44 44 12 42 17 2 50 2

07 Rarch 33 39 3 4 12 13 L} L1} 53 0

08 March 38 3 45 4 12 ” 43 43 0 r7d

09 March n 39 15 13 12 2 15 1 30 2%

§2  March 10 7 L¥] 1t 40 ki | 1 40 4 ]

13 Marth 11 n 2 40 3 n L] 40 43 ril

20 March 18 i 39 18 kY 18 L} 12 13 n

23 Harch -H 33 b} 8 3 k¥ 3¢ 35 41 3

25 March b b LI ] n 35 36 40 1 10 22

27 March 93 3 b3 ) 35 33 33 39 35 {1 i

8 fMarch kLB kL) 39 n Ib B W O3B 40 0

29 March 57 H 39 3 i 33 39 bl 38 0

HETA AL IO
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TABLE 4 : TIME SWITCH SETTINGS FOR AERATION FAN AND APPROXIMATE
AERATION RATE OF STATIC PILE FOR RUN NO. 1

DAYS TIME SWITCH AERATION RATE
 DATE SETTING
AFTER OF STATIC PILE
MINUTES MINUTES :
START-UP ON OFF (m3.t-1.h~1_)
01 February 1 240 7 144
06 February 6 60 60 36
09 February 9 20 40 12
26 February 26' 5 60 3
20 March 48 2,5 - 60 1,5

TABLE &5 : MEASURED OXYGEN CONCENTRATIONS IN EXHAUST GAS FROM

STATIC PILE DURING RUN NO. 1

DAYS OXYGEN CONCENTRATIONS OF MONITORING

DATE POINTS AT DIFFERENT LEVELS ARQOUND
AFTER THE PERIMETER OF THE POLE (X)
1980
START-UP 1 2 3 4 5 6 7 8
02 February 2 20 20 20 20 20 20 20 20
09 - February 9 20 20 20 20 20 20 20 20
19 February 19 20 20 20 20 20 ‘20 20 20
05 March 33 19 18 - 17 16 16 16 16 19
09 March 37 .19 17 17 17 16 13 14 17
HOTE : Bacharach Fyrite oxygen analyser was standardised in air at

a known temperature.
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The pilot study conducted at the Rini site during 1990
proved succesaful to the point that it was felt that a
gradual introduction to a full scale operation of treating
domestic refuse and night soil could be handled with
confidence. This plant could be used as a demonstration
site to prove to other local authorities and international
institutions, searching for low cost sewage solutions, that
the process was viable. .

Any community, no matter how rich or poor, has two major
waste streamn, domestic refuse and body wastes. The object

. of the project 1is to demonstrate the feasibility of

stabilising large gquantities of these two important waste
streams into an end product which does not have undeslirable
characteristics .

The supply of adequate sanitation systems in developing
countries have deteriorated for many reasons, and as a
result there is an urgent need for low cost, appropriate
sewage treatment technology. The need is particularly
required in overpopulated outskirt urban areas where people
are settling in search for work.

The fundamentals of the forced aerat.ioh composting process
have been fully discussed in the pilot study section, so

will not be repeated here.

SITE OF THE FULL SCALE PROJECT: RINI. GRAHAMGTOWN

The reasons for choosing Grahamstown have been previously
stated. In addition, Rinl was been threatened by a Supreme
Court order to close thies 8sewage treatment facility,
because of obnoxious  odours reaching the nearby Escom

Inastallation. Surrounding farmers were also complaining
bitterly about the offensive odours. '



4.  FUNDING OF THE FULIL SCALE PROJECT

The delay in starting up the full scale operation was

purely financial.

The budget required for the initial project was in the
vicinity of R170 000 00. This figure eventually escalated
to about R200 000 00. :

VARIOQUS INSTITUTIONS WERE APPROACHED TO ASSIST WITH FUNDING
a) Rini Town Council. The reply ﬁas_negative.

b) Cape Provincial Administration, who is responsible for
water treatment in the area. The undersigned visited
the C.P.A. Officials in Cape Town. A copy of my report
to the Rini Council is enclosed with the Annexures.

i The report is dated 7 March 1991 The final reply was
-y " negative. '

+ ¢) The Algoa Regional Service Council. 7This application
: included with the Annexurea, is dated Z6 August 1991.
Many hours of negotiating precede this formal
application. However, the application was eventually
o approved by the Algoa Reglonal Service Council under
- its small projects budget section and the funds became
available about the beginning of 1992,

At this stage it must be stresmed that without the understanding
of the Water Research Commission Officials - Mr P Odendaal, the
Chief Executive and Dr O Hart, together with the Director,
Engineering Services, Mr John Kemp and the Chajirman -~ Mr James
Kleynhans — of the Algoa Regional Services Council, this project
would never have seen the light of day.

5.1 Fingo Village and parts of the area known as Tantjie are
served by waterborne sewage which drains into the
Grahamstown City water treatment plant.

Moot of the town 1is serviced by a nightscil bucket system.
The remainder, mainly the area known as Extension 5, which
containe the more recent and expensive housing development,

has a system of conservancy ~tanks which are drained
periodically.

5.2 Using a conservancy tank system for the Rini area, displayed
an unfortunate disregard for the local conditions and
geology.
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Rini is built on a s#olid slab of clay which is subject to
ground movement.. Many of these tanks cracked with
the resultant leaknge of the contents.

Neighbours share conservancy tanks with expected arguments,
as to who cruses the tank to £ill quicker, etec. When the
tanks sre evacuated the smell is horrendous.

There ls an added complication. The contents of
conservancy tanks 1s elther discharged into a sewer which
drains into the Grahamstown works, where it complicates
sewage treatment in an already overloaded works, or is
discharged into Rini“s own evaporation pond aystem. This
pond system is also in an overloaded and overstressed
state. The system attempts to purify the night soil by
forced mnerating it. When the contents of the conservancy
tanks is discharged into the ponds it is already in an
anaeroblc phase, which defeats the attempt to purify the
pewage by aeroblic techniques.

THE _RINI EKVAPORATION POND SYSTRM

Nightsoll 1s delivered by various capaclty truckas. The

total volume delivered to the works is probably between 30
to 35 cubic metres per day. The system was designed to

treat between one third to half of that volume.

The contents of each truck is allowed to flow by gravity,
in the open air, through a set of grisly filter barse and
hence into a large dismeter pipe (250mm), which runs to a
gate valve which controls the flow into either of the first
two ponds.

All ponds, 8ix in all, have & dimension of 60 metres by 30
metres and about 2,5 metres deep. The ponds nearest the
gate valves are concrete lined, the rest are merely
excavations in the ground. The two concrete ponde are
served with island electrical aerators.

THE PRESENT SYSTEM - AUGUST 1991

Only the two concrete ponds are in operation and are
totally overloaded. The remaining four ponds are dry and
contaln a large proportion of solid sludge, which Bhould

- never have been allowed to happen.
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One of the concrete ponds is so overloaded that it is
covered with a thick crust, so thick it was possible to
walk on it, so this pond which is supposed to be aerobic is
totally anaerobic. Recently an attempt haa been made to
place new aerators in thise pond.

In my opinion this was a waste of electricity used., as the
aerators would not be able to reverse the anaerobic

" condition, and the aerators would breakdown because of the

adverse working conditions. From my observation this

breakdown has already occurred, as predicted.

Some months ago the contents of the second concrete pond
was pumped with a hired pumnp onto an adjacent vacant land,
in an attempt to alleviate the situatlon. In fact, it
merely moved the problem from one place to another. 1t was
extremely fortunate that we did not have heavy rain at the
time, as the stormwater drainage of this area ultimately
leads down into the Belmont Valley. The farmers in this
valley are malnly vegetable farmers who lrrigate from the
river. Infected material reaching thie river could have
caused untold microbial havoc. ‘

Because of the physical characteristice of the night soil
there was concern that the sludge pumped to the cone
settling tanks would not thicken before spraying onto the
windrows. The report is tabled in the annexure.

In essence the test showed a large number of solids flcated
to the surface, but after overnight separation trials,
there was definite solid settlement to the bottom of the
vessel. It was felt that the so0lid floatables would be
eliminated by the emascerator pump situated in the
screening sump.

The L.I.R.I. Technologies report on this subject is tabled
in the annexures.

Further tests conducted by L.I.R.I. ‘laboratories
demonstrated that the sludge in the settling cones after
emasceration and an overnight settling thickened to a total
Bolids content of about 4.6%X solids.
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Research on the percentages of basic ingredients in the
domestic refuse was reported in the pllot study report.

FULL SCALE QPERATIONAL PROCEDURES

Nightsoil is delivered to the site and discharged into the
first sump by gravity. A sluice gate has been installed to
control the flow to the screen, where the water jets ensure
maximum delivery to the emascerator pump in the sump below
the screen. :

The resultant sludge is pumped to the settling cone tanks
at a rate of 12 cubic metres per hour. The two settling
tanks have a combined capacity of 32 cubic metres which is

-about the volume of nightsoil arriving at the sewage works

each day.

WINDROW BUILDING

Domestic refuse 18 delivered to the site and deposited over
the prepared aeration pipes; the windrow base is kept to
the designed dimensions of 20 metres long and 3 metres wide.
The windrow height is kept to 2 metres. The windrow sides
are sloped to about 50X. As each trailer load of refuse is
levelled on the windrow bed, plastic bags of refuse are
slashed open and large inert material ls removed.

The refuse layer is liberally sprayed with sludge from the
settling cones at the rate of 200 litres per minute. This
is then covered with a further layer of refuse. Each
windrow built to the dimenslons previously described will
have received a sludge coverage of about 16 000 litres or
the total capacity of one settling tank.

The domestic refuse acts as a filter retaining the sludge
solid content. The leachate liquld draining from the

windrow collects in a cemented channel which returns this
liquid to the oxidation pond for aeration and evaporation.

By removal of the solids prior to entry into the oxidation
ponds, the stress on the pond is reduced and the rate of
evaporation becomes more efficient.

9.3 Water from the evapor.ation pdnds is used to irrigate the 120

pepper trees planted around the periphery of the site. The
nutrients benefit the growth of the trees and pure water 1is
vented to the atmosphere by natural transpiration.
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Completed windrows are covered with a 25 mm layer of old
matured sludge cake or available compost to act as an
insulation, weather protection and to reduce fly
infestation.

Each windrow contains about 100 cubic meters of material
but tends to diminish in volume during the course of the
composting process due to compaction and subsidence.

On completion of the windrow the aeration pipe is connected
to the fan blower. Air is pulled continually through the
pile for the first 24 hours, thereafter the fan is
controlled by a time switch set to operate on a 20 minute
cycle. Four minutes on and 16 off.

Rapidly the biological heat level within the windrow rises
to levels where the weed seeds are devitalised (45 degrees
centigrade). When the temperature rises to 55 degrees
centigrade and is held at this level for a period of three
days, all pathogens and worm cysts are deastroyed. Usually
temperature levels rise to levels in excess of 65 degrees
centigrade. Windrow temperatures are monitored on a daily
basis. See Annexures for temperature tables.

After twenty one days the aeration of the windrow 13
stopped and the contents are removed to a maturation pile
where there is usually a second rise of temperature due to
the aeration created by windrow removal. After a cooling
and drying period of a further fourteen days the material
is ready for screening.

AERATION TECHNIQUES

‘Aeration tebhniques during full scale operation varied with

experience. Initially 100 mm eclass 9 blue plastic piping
wag used. - Each windrow of 20 metres long had a 18 metre
aeration pipe in the middle of the windrow base with random
holes drilled over the mid 16 metres of the pipe. The
remote end of the pipe was closed with a bung. = Later
windrows were aerated with graduated holes drilled into the
pipes to give a more uniform pattern of aeratiocon.

"The high cost of piping and damage to these pipes during

windrow clearing necessitated a search for acceptable
alternatives. Two other methods were tested; plastic
crates and remodelled wooden pallets.
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The matured windrow material is stabllised and ready for
sereening; it i no longer toxiec or obnoxious.  The
material is worked through an electrically operated rotary
screen to A particle size of 12 mm.

The screen 1ie inclined. The composted material passes
through the screen, while all the plastic, tins, glass and
other inert materlal passes out the end of the screen and
is stored. :

Glass is recovered for recycling. The plastic is baled for
sale and other inert material is taken to the landfill
site. The yield of organic compost varies between 50 to
60X per windrow.

POTENTIAL USAGE AS A PLANT GLO_WING MEDIUM
This pathogenic free screened medium is available for use’

t0 encourage plant growth by the Town’s Park and Garden
Dept., distribution onto playing fields or sold ¢to

neighbouring farmers. Analysis for trace elements
demonstrates that the product is safe for use on domestic
vegetable gardens. See Annexure of Chemical &

Microbiological Analysis.

The nightesoil from the delivery tankers is allowed to flow
into a sump by gravity, where it is filtered of large
objects (bricks, stones etc.) prior to flowing into a 250
mm plpe which is connected to the rotary screen equipped
wlth a canopy. The screened material falls into another
sump below the screen where the diluted nightsoil is
emagcerated and pumped in below ground piping (110 mm classe
9 pve) to overhead settling cone tanks. By means of
flexible piping (50 mm dia) the thickened nightsoil is
spray distributed over the domestic refuse in the built up
windrows. Each layer of domestlic refuse 1s covered with
chipped garden refuse prior to the application of the
nighteoil spray. The windrows are built to a height of two
metres.

Leachate flowing from the windrows 1is returned to the
screen sump by means o_f concrete channel.

ROTARY SCREEN

A rotary screen fitted with high pressure water Jet
sprayers at a pressure of 4 bara. This breaks down the
solids to pass through the screen apertures of 15 mm.
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The solids that defy breakdown are continuously passed out
of the screen drum by means of a helical screw into a bin.
Cost of the Screen :+ R30 206 €0 vat included, June 92
Supplier : Basic Mineral Engineering,

: Box 41435, TVL, 2024

SUMP

The sump is fitted with a submersible pump, which has a
cutting mechanism to chop up solids into a fine state. The
blended solids are then pumped to two sedimentation
settling cones which are connected in parallel. The pump
delivers the effluent to the cone tanke at a rate of 10 -
12 m3 per hour.

Cost of Sump

Born by Rini Council
Emascerator Pump

R10 000 00

R12Z2 275 00, June 92
Mono Pumps, Box 8136, TVL, 1613

SETTLING CONES

The capacitir of these two vessels is 16.000 litres éach
(16m3). The days discharge of nightsoil is allowed to
settle and thicken overnight. The thickened liquid is

drawn from the base of the cone where there is a shut off

valve. The sludge is conveyed to the windrows areas for
spraying onto the garbage by means of a flexible hose (50
mm dia). The supernatant overflow liquid from the settling
cones discharges by gravitation via -pipes to the nearby
oxidation ponds.

Cost of Tanka
‘Supplier

R48 730 00
Fam Trading, Box 178, TVL, 2021

WINDROW BASES

The windrow bases in the pilot study were constructed
concrete slabs. To reduce costs in the full scale plant

"the ground was merely graded with a slight slope. Windrow

dimensions - 20 metres long X 3 metres wide and 2 metres
high. _
THE AERATION MANIFOLD PIPING

This consists of three lengths of 110 mm piping each 6
metres long. The first two metres of the pipe was not
perforated. The remainder of the pipe 1lengths were
perforated with holes of wvarying diameter to ensure a
uniform air suction along the length of the windrow. The
remote pipe extremity was closed with a bung. All the
perforations were bound with a layer of shade cloth to
prevent solid access into the aeration pilipe. These
windrows are interconnected to one fan blower. Presently
8ix windrows are operated by two fan blowers.

Cost of Piping : R4000 00 for 3 windrows

Alternative aeration systems have been described.



10.7  RADIAL FAN/BLOWER

A Radial Vane Fan Blower capable of an extraction rate of
about 150 M3/hr at 2900 R.P.M. _

Cost = - R4000 00 (June 92)

10.8 A TIME SWITCH to regulate the flow of air through the
windrows. : ‘
Cost ' : RH500 00 each (June 92)

106.9 A 200 litre WATKER TRAP with 110 mm inlet and outlet.
The trap was provided with a drain valve to release
accumulated leachate and condensate.

10.10 A DIGITAL THERMOMETER with an attached recbrding gtem.
Cost R500 00 {(June 92)

10.11 ROTARY ELECTRICITY OPERATED SCREEN
Cost : R10 000 00 (June 892)

11.  WINDROW MONITORING

-0 During the course of this study the following
s observations were carried out:-—

#u. 1. Temperature on a daily basis
2. Chemical Analysis
3. Microbiological Analysis
11.1  TEMPERATURES
. To save space individual recordings are not tabulated in
- this report. The figures listed below records the
average and highest temperatures attained during the

windrow maturation period. Each windrow was monitored at
eight fixed positions.

WINDROW NO START UP DATE - AVERAGE HIGHEST = AMBIENT
1 10 May 1992 560C 690C 150C
2 22 May 1992 651oC 620C
3&4 10 Aug 1892 500C 620C 240C
5 & 6 9 Sep 1992 B540C " B640C = 260C
7T &8 6 Oct 1992 550C 620C 280C
9 & 10 2 Nov 1992 580C 660C 280C
11 & 12 15 Dec 1992 520C 600C 300C
13 to 17 2 Feb 1993 580C T71loC 300C
{2/2 400C)
18 to 22 3 Mar 1993 540C 650C 280C
23 to 27 7 Apr 1993 H560C T30C 240C
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CHEMICAL ANALYSIS

During the course of the project samples were submitted to
the Laboratories of L.I.R.I. Technologies at Rhodes
University. The ash content of this random analysis was
extremely high. The reason for this could be that the
cover material used for windrow insulation contained a
high degree of scil together with a dust content from the
refuse. In addition the windrows were not built on a
concrete base. Some soll would have been scooped up when
front-end loaders cleared away the fully matured and
stabilised windrow material prior to sieving. Mercury and’
lead levels should be checked in later analysis.

MICROBIOLOGICAL ANALYSIS

The listed results of analyais carried out on the 23 July
1992 and 7 September 1992 are listed in the Annexures and
are self explanatory and satisfactory.

Further analysis of samples taken in March 1993 gave
similar pathogenic results.

- EROJECT EVALUATION

Duration of Project Full Scale Conditions : 20 May 1992 to
30 April 1993. All figures are approximate. :

Total domestic refusé delivered ‘
to the sewage works : 3600 cu/m

Potential volume of domestic refuse
generated by Rini population in

study periocd : 12 000 cu/m
Percentage volume of total refuse

treated : : 30X

Number of windrows built in project

period : 30 windrows
Volume of domestic refuse per windrow : 120 cu/m

At end of windrow treatment this volume

subsides to about 80 cublc metres

Number of bags of organic material

screened out of each windrow + 400 bags

Wood chips supplied by Parks & Gardens
Grahamstown wasg added to most windrows

as additional bulking 80 cu/m
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Aversge yield per windrow : 45%
Volﬁme of maturing material on site.

Thie includes material in five windrows -

rlus material awaiting screening 1 950cu/m
Volume of screened organic material -

{ 2rowing medium) on site : 400 cu/m
Volume of growing medium donated to

Parks & Gardens Dept. Grahamstown in

exchange for wood chips 40 cu/m
NIGHTSOIL (PRIMARY SEWAGE SLUDGE)

Volume of primary sludge sprayed onto = 18,000
each windrow . litres
Total volume of primary sludge sprayed : 540,000
over 30 windrows : litres
Total solids organic material from

sludge per windrow : 720 kgs

OTHER MATERIAL FOR RECYCLING
Plastic

90 bales of plastic have been compressed and baled.
The total wvolume is estimated at 50 cubig metres.

Glass

Not more than one cubic metre has been collected. The
original research carried out on refuse from Rini as
measured at the Grahamstown Landfill site over a period
of one year showed that each cubic metre of refuse
would contain about 8% of glass. We should have collected
over 250 cubic metres of glass; obviouzsly it has been
has been recycled by the workers for their own account!

The present equipment and staff should have completed
approximately 44 windrows during the pilot study period.

-The reasons for the shortfall are various:-

Plant shutdown during times of unrest.

Equipment breakdown with prolonged delays in repairs;
e.g. emagcerator pump breakdown, with no standby pump
caused a delay of at least three weeks.



X Indecision ﬁy Rini Town Council ceaused staff demotivmtion
and therefore a lack of control and decisive management by
the staff.

* Had the target of 44 windrows been achieved, about 50% of

Rini’s total domestic refuse would have been processed
through the system.

12.5 FINANCIAL IMPLICATIONS
COST EFFECTIVE SAVINGS ON THE THREE SCENARIOS
{(a) The actuality of 30 windrows, | .
(b) The potential budgeted 44 windrows.

(e) The total procesa of Rini“a domestic waste - 90
windrows per annum. .

COST SAVINGS ON TRANSPORT OF TRACTOR TRAILER SYSTEM:~

Estimated expenditure saving of two hours per day load at R34.00
per hour (maintenance costs).

30 windrows = 720 loads
44 windrows = 10568 loads
S0 windrows = 2160 loads
720 x 34 x 2 = R48.960
1066 x 34 % 2 = R72.808
2160 x 34 » 2 = RZ214.880
Transport Labour Cost Saving :-- 2 hours can be saved per day

at R30/hour.

30 WINDROWS 44 WINDROWS 90 WINDROWS

R21.800 p.a. R31.680 p.a. R64.800 p.a.

Saving on landfill ievy to Grahamstown Municipality.
R7.000 : R11.000 R22.000

Sale of growing medium nominal RZO/cﬁbic metre.
R28.000 R42.000 RB4.000

Totals - gross savings :-

R105.560 R157.488 R385.680
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. Additional Labour Costs :-

R40.942 R60.000 R120.000

Nett Saviﬁgs -

R64.418 - - R97.488 R265. 680

Savings on Tractor :-

R300.000 R300.00 R300.000

R364.418 - R397.488 | R565.680

" No account was taken of coat of protective clothing for the staff
or the use of the front-end loader, nor any income derived from
the sale of baled plastic. '

12 8 Estimated Expenditure For Additional Equipment To Treat

- 100% of Rini“s Nightseoil - and Domestic Refuse.

3 Fan Blowers ‘ _ : R12.000
Electric Equipment ' : R10.000
Aeration Pipes or Pellets : R5.000
Secondhand frontend loader :  R47.000
Rotary Screens ' ‘ : R20.000

TOTAL | | : R87.000

The additional benefit would be that instead of the present
labour force staying at 10 extra workers, an additional 20
job opportunities would become availasble.

12.7

12.8

THE CONCERN OF HEAVY METALS IN SEWAGE SLUDGE

Previocus concern of these heavy metals gaining access to
the food chain by the spread of aewage sludge and related
products onto agricultural land is unfounded as proved by
report submitted in the Addendum by Thomas H Wright of
University of Wisconsin, Madison, September 1992. Any
legislation as stipulated by the Department of Agriculture
or Health should be amended accordingly.

THE RINI DOMESTIC REFUSE REMOVAL FLEET
This consaists of six tractor trailer systems. All of
these vehicles are old and will shortly have to bve

replaced.

To replace all six units would cest at a conservative
estimate, approximately R600.00.
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It is heard unofficially that it is the intention of

the Rini Town Council to move this nightsoil treatment
plant at some future date. The project equipment is
capable of being moved to the new site. It is not for
thie report to question such a Council decision.

It is hoped that The Algoa Regional Services Council
will protect its investment and ensure that this

unique plant will continue to operate. It is the firet
of ite kind in the World. The interest in ite operation
has drawn visitors from all over South Africe and from
international agencies based in Switzerland and Germany.
The sclientific paper read on this project at Toronto,
Canada, was eventually published in the worldwide Journal
- Water Technology. See Annexure,

CONCLUDION

The project has demonstrated that the stabilisation of
nightsoll (raw sewage) using unsorted domestic refuse
as a bulking agent, is economically feasible as a low
cost means of treating these two obnoxious waste streams,
on a comparatively large scale.

The process makes use of natural biological means to
treat these waste streams instead of involving
communities in the financial responsibility to high
cost, high energy schemes that require highly trained
technical staff to maintain the systems.

The Rini plant is capable of being maintained by
unskilled workers.

The use of domestic refuse in the process reduces
transport costs in the case of Rini to low levels.

More importahtly the use of domestic refuse as a
bulking agent will increase the life of the Grahamstown
landfill site by a significant number of years.

I1f this process were to become widely accepted and put
into operation, it would, by reducing volumes in landfill
sites, have a positive effect in the reduction of
leachate from landfill areas. This would, in turn,.
benefit ground water quality, and have similar beneficial
effects on neighbouring streams, rivers and lakes.

The system is environmentally friendly.
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WASTE GAS ENGINEERING
Reg. No. 89/03290/07 (Pty) Ltd

Engineering Construction - Anaerobic Digestors
VWaste Gas Technical Services

POUE SR X8 74 Charles Strect
KX Q0K Grahamstown
TR KO X 02T X3 6140

Fax A AL BIFEAREX Tel: ((461) 23575

7 March 1991

fir € Muller
The Town Clerk
RINI COUNCIL
p.0. BOX 75
GRAHAMSTOWHN
6140

Te: TREATMZiIT OF HIGHT SOIL AT RIMI.

Dear Mr Muller

This letter is to confirm our discussion at our meeting of tha 1lst
flarch 1991,

You will recall that I reported to vou, that the report Mr £ Van
Roaven, Director of Lands, C.P.A., had requestzd I preparz on the
above subject was delivered to his Office about the middle of
February 1951.

I was in Cape Town, cn other business, on the 15 Fehbruvary, so was
able to use the cpportunity of visiting Mr Van Rocysn to discuss the
report, _

flr Van Rooyen, in turn, set up a m=eting for me with menbers of the
C.P.A. Engineering Departmant,. At the end of this mesting it was
apparently tentatively agreed by the Engineers to investigate the
possible funding of the preject under the following conditions.

1 The application for this funding must originate from Rini Town
Council,

2 That the [.P.A. would want to appoint a Cu-Project Leader from
tne C.5.1,R. with the undersigned, This would be at the
expenss of the £.P.A. '

That the spplication be accompanied by an econemical feasibility
study. This deeument is included with this letter,

[#2 ]

In visu of the ovarstressed conditicns of Rini Sewage Ponos, the number
of complaints regarding ths cbrnoxious smell and tha threst af the Dept;
of Water Affairs to withdraw the licence of the plant, your Ccuncil can
be assured that the sugiested improvements in the2 zgport will zlleviale
the conditions at tihe sits,

.
2/-

Precoas: DR .ClaPrEng € Erg. 8.5z, (Hors), M LC.E A AAD.
B.E. Laiohe 305 hoasl LOKAGS, ST (0T & )



The Town Clerk
Rini Council

This can be said with confidence in view of the results obtained during
the study conducted at Rini Sewage Works during 1990, which was
sponsored by the South African Water Research Commission.

A copy of these reports are already in your Office, It is entitled
"Forced Aeration Co-Composting of Night Soil and Domestic Refuse at

Rini, Grahamstown", The report was published in two sections. The
first prelimipary ssction wess presented in June 1S90 and the final report
in January 1991,

* The § A Water Commission will continue to assist with funding for the
project on the forced aeration composting sactien to the amount of
R30 000 approx., until December 1591,

Shauld your Csuncil require ény further information in ordar to Formulate
the application to the Cape Provincial Administration, please contact ths
undersigned. _ _ .

Yours falthfully, .

8,E. LA TROEE



74 fharles Strestc
Grahamstown 6140

26 August 1991

M J Kemp

Director Engineering Services
Algoa Regional Services Council
PORT ELIZABETH

re: Treatment of Raw Sewage At Rini, Grahamstown - An Alternatlve Ta .
‘ Conventional Sewage Water Treatment.

Dear Mr Kemp,

A copy of a report dated 31 Januvary 1991 is already in your possession,
This report describes the pilet study carried out at Rini, Grahamstoun
over a period of one year (Janmuary 1390 to January 1931). This study
demonstrated that raw sewage could be successfully stabilised by a process
of forced aeration composting using domestic refuse as a bulking agent.

' Tha study was sponsored by The South African Water Ressarch Commission,
‘The Commission considers the procass, which is unique to low cost sewage
" treatment, to have great potential for use in many parts of the ‘Republic.

The Commission is ksen to see the process developed further to a full scale
operation, and to this end has guarantesd its sponsorship for this purpose,
to a total of RS5O °'0G0. Approximately half of this amount went toward
funding of the pilot study and the remainder will cover the costs of the
additional research study plus some of the additional equipment on the
composting side of tha full scale project,

Progress reports to the S A Water Research Commission dated June 90 and Jan
1991 are also in your possassion. Should you wish ta contact Or Oliver
Hart of the Lommission, regarding his impressions on the necessity and
viability of this process he may be contacted at Tel: 012 3300340,

You also have a report on the assessment of the potential of the process by .
Van Wyk & Louw, requestsd by your Department. Although the undersigned has
not seen the repart, it was positive,

The 9.A. Water Research is not able, in terms of its rules, to fund the total
project for equipment, labour etc., on the sewage treatment side of the process.
Hence the .application by the.Rini.Town. Council, for the sum of R200 000 (Twec
hundredthousand Rand) to cover the cost of equ1pment labour, construction of
the night soil treatment plant prior to camposting.

Motivation For Installation OF This Plant At Rini.

1 The pilot study was carried out at Rini, It therefore makes senss to set
up a trial full scale Plant -at the same locality - the managarial staff
have some experience of the process., - The undersigned is close at hand to
of fer advice, supervision” and training of junior staff

2 Rini's present night soil treatmant plant is in dire straits, being totally

overloaded, Installation of this plant will create a permanent solution to
Rinits night soil problem.

2/~
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3 1t will) satisfy the Department of water Affairs who are threatening
to withdraw ths present plant's licence.

4 It could diminish the threat of legal action from tha Eskaom establxsh-
ment which is situated adjacent to the Rini Sewage Works. Eskom
because of the mal-odours created at the overloaded sewage works are
thinking of moving their ehtire ovpsration to a different location and
claiming damages from Rini Town Council to pay for the relocation,

This will involve a considerable amount of money that will cost millions
of rands,

‘S The establishment of this improved plant will alleviate similar
obnoxicus problems in a new site and service area which is presently
being established close to the sewage works.

6 Ths cost of the solution to this obnoxious problem is relatively
inexpensive. :

7 The expserisnce gained with the establishment of this technlqua which
is known as the CORANS PROCESS, will be of great benefit to Rini and
will give the lead to many other Tewns of South Africa which suffer
with similar problems, ’

! Tﬁa'process will provide an increase job opportunity in the area and
\ turn two major obnoxious waste streams into a source of income, and
also reduce the cost of refuss collection,

Advantaqges of the CORANS PROCESS.

1 It is an appropriate waste management technolegy which anly requires
simple equipment and unskilled labour and is suitable fcr appllcation
in less devslopad areas.

2 It is an ecologically acceptable rescurce recovery method which
reduces public health hazards and impacts pcsitivaly on the
environment. :

3  The integrated composting of rafuse with night soil treats two major
sources ot polluted wastes generated by less daveloped communities,

4 The process recycles nutrients by preduction of a dry humus-lika soil
conditioner with a relatively high nitrogen content, '

5 The high degree of biological heat achieved in the process ensurses ths
disinfection of all pathogens and worm cysts,

6 The use of refuse as a bulking agent is more efficient and lsss costly
than other bulking agents, such as wood chips,

7 The leachate from the windrows, which is pumped to the ponds is almost
free of solids, which will therefore more freely evaporats.

3/-
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B. There is a potential incoms from the sale of the compost as wsll
as the recovered plastic, cans and glass.

9, There ars no intrinsic restrictions to the size of the plant.

Note ) Cost Df The Installation (Stags One)

The Leather Research Report Annexure III {in your possession) lists thres
different stages of plant improvement. Only stage 1 is necessary to solve
the immediate problem the rest might be established later with funding from
other Sourcss. Howsver, should this occur, the works will become a model
for the possibility of producing cattle feed, very important in times of
drought and general feeding for Rini's cattle owners who are always having
trouble feeding thair stock. It will also, in turn, create more work,

Note 2

Prices listed were as of January 1991, With present day inflation there
has cbviously been increases, New up to date prices have recently been
requested, These will be faxed to your Office. However, the built in
contingency figure of 15%'should help to defray the additlonal caest and
‘help keep the project wlthln the requested application from Rini of

R200 ©Oog.

Budget Estimate:

Dasign
Suparvision
Training
Transport Costs - Total = R 45, 428-00
Monitoring
Ehemical Analysis
Consultant's Fees
£quipment:
Rotary Sieves, Aeratiun Piplng Fan Blowers ‘ 1o, 350-00
Screan _ 25, 000-00
Sump , 10, 000-0O
Pump and Controls - . 8, 000-00
Settling Cone _ 60, 000-00
Pipework : : 5, 000-00
Civils ' 3, 000-00
Rl66, 778-00
15% contingency ' 24, 000-00
Allowance for Increased Construction & installatlon 9, 000-00
costs

R199, 778-00

Job Creation Potential.

-

It is estimated that an additional twenty labourers will ultimately ba
necessary to run thes Plant, These parsons will be employed in the
following capacity. In addition there will be more employment during
plant construction.

4/
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Windrow building (compasting lines)

Control of sewage and refuse mixing.
Temperature and oxygen monitoring,

Windrow stripping and sieving after composting,
Compost bagging.

Distribution and sale of compost.

Collection of plastic, glass and tins from compost pile for
recycling and sale, '

-1 h M & Lt N

8 Collection of remaining inert material to bs transported to
tha refuss sits, :

9 General site maintenance and flying plaétic collection,

Later generation of extra‘emplqyment.

Part of the new project will be the establishment of fast growing hedges
around the entire site, This will assist with flying debris, possibly
created by refuse windrow formation, It will mask the view of tha site
and will also tend to absorb residual sewage work odours, which can never
be entirely eliminated., = Labour will be needed to matintain these hedges,
irrigate, trim and extricate the flying debris.

Dnce the concept of recycling is created and having shown the local )
“population that there is money toc be made from the sale of glass and plastic,
it will encourage adults and school children to collect these items in and
around their town and bring it to the sswage works or a designated local
depot, where they will be paid for the glass and plastiec that they collect
by the kilogram, This material is, in turn, sold to Consol Glass, who

pay railags costs, for R93,00/ton and the plastlc has a market valus of
about R0.09 cents/per kilogram.

If the concept becomss popular it will create jobs for mény psople,

-Administration of the Funds,

This has bsen discussed with the Vice-Chancellor of Rhodes University and its
Finance Department, who are prepared to administer the funds through the Dept.
of Biotechnolegy under Prof. J Duncan.  The Institute of Leather Research will
be responsible for the design and construction of the sludge plant under the
direction of Mr Roger Rosewall.

~Yours faithfully, A

Brian £ La Trobe



7.

RECGMMENDED IFMPROVEMEWTS TO THE NIGHT SOIL DISPOSAL SCHENE AT RINI, GRAHANSTOWN

ESTIMATED BUOGET FOR STAGE I

- REPGRT COSTS : R 578 00
ADDITIONAL COMPOSTING EQUIPMENT : 10350 CO
STAFF TRAINING AiD SUPERVISION OF THE )
'PROCESS SEFDRAE HANDING OVER TO RIMI STAFF ; 9750 00
3 MONTHS AFTER COMMISSIONING. ESTIMATED AT )
TRANSPORT COSTS TO AND FROM RINI. 15 KM AT R1,00 km 1200 0O
21,378 ©O
COST_OF SCLIDS REMGVAL:
DESIGH : ' 12 000 0O
COHSULTAICY AHMD TRAINING 18 400 QO
MONITCRING. SEE APPENDIX I Il THE REFORT FOR " 3 500 00
MONITGRING CETAILS -
R 33 S0 00
EQUIPMENT RERUIRED FOR STAGE I. SEE REEGRT ,
ANNEX A FOR DETAILS R 111 000 Q0 + 153 contingencies

e ——————

TOTAL: R l&66, 778 CO




ESTIMATED SAVINGS:

It is important to state that it is impossible to quantify the. value of
having turned an overstressed and overloaded toxic smelling sewage
system into a more efficient plant, which does not continually get a
‘barrags of complaints from local farmers, passzng motorists, local
inhabitants and employees of Escom.

‘CDST SAVIHG I TRAMSPORT OF RINI'S OGRESTIC REFUSE:

REFUSE:

" The present arrangement is that this refuse is transported to the
Grahamstown Landfill Site, a return journey of 18 kms approx, Duration
of the round trip is two hours,

Refuse is collected in Rini by six tractor trailer systems, Each vehicle
system does twc trips a day to the landfill site. The running cost of each
vehicle is R14,00 per hour or R28,00 per round trips Details of thess costs:-

12 trips per day = R 335 00 per day {travelling time only)
Per 5 day week = 1 650 00
Per month _ ; & 720 ©O
Per Annum = - 75 040 0O

It is eﬁbisaged that eventually all Rini's domestic refuse could bs treatad
at the sewage plant. Therefore, the travelling costs of R75 040 00 would
be a direct saving less the cost of the reducad travel from Rini to the
Sewage Yorks. This is aestimatsd at a half hour duraticn :-

R 75040 0O
- _ 20160 00

R 54 880 00 = ACTUAL SAVING.

CAPITAL COST OF TRACTOR TRAILER SYSTEMS:

8y elimination of protracted travelling to end from the Grehamstoun Landfill
Site, the total of twelve hours per day could te reduced to six hours per day.

Tha extra time-gainedlcould be used to collect mofe refuse and later thare
would £ a saving on reducticn of the tractor trailers by two units,

Some of these vehicles are very old, being criginally bought in the old
Development Board days, The saving of reducing the need to rsplace tuwo
vehicle systems less than tha present number would effect a saving on present
prices atout R200 000 0Q. The present cost of a tractor is about RE0 0CC
and R20 OO0 for a trailesr. ‘ '

LABOUR COST SAYING:

fach vehicle unit normelly employs a driver and two laboursrs, With two
vshicles less tha saving cn salarizs would he RS54 COTC 00 par annunm,



SALE bF COMNEOST:

This is not an.important factor in tha feasibility of the project.

The prime consideration is that the process is transforming toxic raw
sewage and toxic waste into a stabiliged compost at an extremely
.economic cost.

In the first instance priority should ke given to spreading the end
product {compost)} on leocal Touwnship public open spaces, parks or
recreational plaving fields, The £,5.1.R, report included in the report
will prove that it is safe to use compost in this fashion.

1t can also be spread on the open space adjacent to the evaporgtion ponds.
If lucerne is planted in this area it could te lbrlnatad with tHe rlnal
contents of the last evaporation pond.

Tihe lucerne csuld te sold to the local catile breeders asécciation who
arz always sxperiencing problems with cattls feed.

At a conservative estimete the plant would be capable of producing at lezst
ten tons of compost a month. To sell the product on the cpen market, it
will be necessary to have an analysis of the compost and to have a2 metheod
of bagging and weighing the ccmpost,

This can be done at a latar data, or contract to sell the product in bulk
to the local farmars or to the Tyefu Farming Co-0p Uhlch is close by at the
Fish Riv=r.

Thers is to be a new area of arabls land, abtout LE00 hectares, %o bs
established on the South Bank of the Fish River, once the Glen Melville
Bulk Water Schenme comes into cperation in 1522, As the soils in this area
are known to te of inferior quality, the compost available from Aini should
have = ready markst for nsany years into the future, '

BECOVERING OF GLASS, PAPER, CARDECARD, TIMS AND PLABTIC.

These sstimates ars nominal, tut are based on the percentage of various
components as axpresssd in the report,

Gross Income Fer Annum:

Glass R3 0OCO QO
Plastic . 5 0G0 00
Paper & Cardboard 2 000 00
Tins 2 000 O0G

TOTAL RiZ GOG OG-
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SUMMARY OF FEASIBILITY:

Potential Savirg:

1 Travelling Time Savings . R .54 880 00
2 Savings on Tractor/Trailers ' 200 600 00
3 Savings on Labour Cost 54 000 00
4 Revenue on sale of compost enly |

three yrs aftar commissioning ' 12 00c co per annum “°mlnal

5 Income Ffrom rscovery of glass,
b4 '

blastic etc, 12 000 0o " n "
TOTAL = g R 332 BBO 00
TOTAL COST OF PROJECT, PHASE I R 166 778 00

The-pay back period would be about tua yearé and dramatically less, if
cost of replacement of two tractor/trailer systems was taken into account
in the first year after commissioning of the Plant.

o
L

7 MARCH 1951
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[ [ | LIRI TECHNOLOGIES
P.0.BOX 185
GRAHAMSTOWN
6140 . .
SOUTHAFRICA

PHONE (0461) 27310
- FAX  (D461) 26517
TELEGRAMS LIRI

TECHNOLOGIES

" Incorporated Assoclation net for gain
Reg No 00520682708

16 July 1991

Dr B Latrobe

74 Charles Street
GRAHAMSTOWNM

6140

Cear Mr Latrobe

re: SETTLING OF RINI NIGHT-SOIL EFFLUENT

Please find attached LIRI/RPT 1602 recarding the settlement of night-soil
from Rini disposal works.

The solids and moisture contents of the various samples, after settling, are
given. '

Kind Regards

Yours Sincerely

MR R A ROWSWELL

Manager
Environmental Divisicn
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LIRI TECHNOLOGIES

LIRI/RPT 1602 . i} o  July 1991

SETTLEMENT OF NIGHT SOIL FROM RINI DISPOSAL WORKS

by
R A ROWSWELL and B E STONE
A raw sample of night soil effluent was received from the Rini disposal

works for sedimentation trials.

Three, one litre, samples were decanted into 1 litre measuring cylinders for
settling over a time period of':

1) 1 hour; 2) 2 hours; and 3) Overnight (15h00 - 08h00)} 17 hours.
Small ali&hots were taken at specific time intervals at the top (900m¢ mark)
middle (500m¢ mark) and bottom (S0m¢ mark) for analysis. Solids and
Moisture content were then determined to establish the degree of settling
taking place. The results were as follows:

e Analysis of Night-soil Samples after Settling

I ! l jl
Measuring | Sample Time Moisture ~ Total Solids |
Cylinder : ‘
1 RIT. | 1hr 04,70% 52 960 mg/ ¢
R1M 1hr 94,57% 54 280 mg/ ¢
R1B 1hr 93,99% 60 140 mg/e
2 R2T. | 2hrs 93,76% 62 440 mg/e
R2M 2hrs | 93,83% 61 700 mg/¢
[ : R2B 2hrs | 94,14% 58 620 mg/¢
3 R3T 17hrs |  03,68% 63 140 mg/ @
R3M 17hrs | 95,88% 41 180 mg/¢
~ R3B 17hrs 93,98% 60 220 mg/¢
1 R4T 17hrs 05,58% 44 180 mg/¢ |
1 | RaM | 17hrs | 06,45% | 35 520 mg/¢ |
{ [ R4B | 17hrs | 93,87% 61 260 mg/2 |
I l I l |
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Notes regarding the sampling of settled night-soil

The sample of night soil received, contained solids particles-significantly
larger than would be cobtained had the recommended processes, namely a
macerating pump and rotary screen, been installed, These larger particles
made accurate sampling difficult to carry out. :

Samples of approximately 10 - 15m¢ were extracted at the various levels
described above with a glass tube of approximately 5mm internal diameter to
avoid blocking up. Pipetting was found to be impossible.

The observation was made that after overnight settling there was a noted
guantity of larger solids which had floated to the top. Again this should
not occur after the above mentioned recommended preliminary treatment which
would reduce the larger solids to a more consistant sludge (macerator pump)
and that the remaining larger solid would be removed by screening (rotary
screen). :

After overnight settling the 1liquors, in - all three measuring cylinders,
showed the following characteristics.

1000mé 4 9 _F1oatables

600mé — Y- Opague liquor

350mé 4 = i
—Settled Solids

Samples R3T to R3B and R4T to R48B were taken from measuring cylinders 3 and
1 respectively. From the results it is noted that, as samples RiT to R1B
and R4T to R4B were taken from the same measuring cylinder at different cime
intervals there is a noted improvement in the degree of settllng from after
1 hour to overnight 17 hours. Additionally if the solids had been broken up
and screened a far better quality supernatant would have materxallzed as
there would have been a minimum of floatable SOlldS

The moisture and total solids contents of the sludges are reasonalbly
consistant, 94 - 96% and 6 - 4% respectively.

Solid contents of the night soild effluent (5-6%) is high and should be
reduced hy primary settling before treatment 1in an oxidation pond or ditch.
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Enquiry no., D2876
LIRI '
16 July 1991

The Institute carries out all tests and/or advises only on the hasis that
the same are carried out, mede or given without any liabilitv whether for
negligence or otherwise or for any loss and/or damages sustained by any
person from any cause whatsoever arising out of this report.



15, .

faboratory services report
' LIRI TECHNOLOGIES

Incorparated Association not for Gain
Reg. no. 05/030883/08

PO BOX 185
TECHNOLOGIES . : " GRAHAMSTOWN
‘ 6140
o Phone: - 0461-27310
.- Fax: - 0461.26517
FIRM ' DR B LATROBE
DATE RECEIVED ~ 22/05/92
ENQUIRY NO | 0198/0199
OFFICER B E STONE
o 8 June 1992
 ATTENTION: DR B LATROBE
ANALYSIS OF NIGHTSOIL SEWAGE SAMPLES NO. | and Il
_ ANALYTICAL RESULTS |
' | 1
Total Solids (%) 3,65 - 4,55
Suspended Solids  {%) 1,18 1,80
Organic Material (%) 2,88 3,70

B A
e

B E STONE
Laboratory Services Division

Focused on meeting our members” nesds

The Instizute carnes out all tests and/or sdvises only on the basis that the same are carried out, made or given without any liability whether for pegligence or otherwise
or for any leas end/or damages susteined by sny person from any cause whatsoaver arising out of this report,
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laboratory services report

LIR! TECHNOLOGIES

PO, 80X 185
G:‘:HJ\MS TOWN

8140
SOUTH AFRICA

PHONE: (G481 2.7M1Q
FAX: 10481) 2-6517°

Incorporated Association not for Gan
Ava ne 005/020801/C8

FIRM DR B LATROBE

DATE RECEIVED 25/8/92
ENQUIRY NO D4203

OFFICER W M FOWLER .
: : . - 2'September 1992
ATTENTION DR B LATROBE ™ - ‘

ANALYSIS OF COMPOSTING SAMPLE
REF SAMPLE DELIVERED PERSONALLY ON 25/8/92.

ANALYTICAL RESULTS

pH 7.2
Moisture Content _ 50) 15,1
Ash Content - [(F) 76,7
Total Kjeldahl N:trogen - {g/kg) 3,0
Phosphate as P {a/kg} 0.3
Potassium as K (g/kg) 5,5
Calcium as Ca, {g/kg) 4,8
Magnesium *as Mg {g/kq) 1,7
fron g« Fe {g/kg) 28,3
Sulphur - as S (g/kg) 3.1
Cadmium “as Cd (g/kg) . <0,002
Cobalt as Co {a/kq) ' <0,001
Chrome as Cr {g/kg) . <0,002
Copper . as Cu . (g/kg) 0,003
Manganese as Mn {g/ka) 0,280
Molybdenum =~ as Mo {g/kg) <0,002
Nickle as Ni (g/kg) 0,003

. Zinc _ ~asZn (g/kg) 3,10
Baron as B {g/kg) 0,003
Mercury . as Hg Not analysed for
Lead as Pb Not ‘analysed for

Note: All values are expressed on a wet basis as enher percentage or as grams per
~ kilogram. :

NOTE: The results and commaents refer to the samples tested and are subject to ihe normal daterminants of
sampling etror. These samples may not necessarily be regresentative of the batches feom which they
r.'ere-fak's?r’ nor of any future consignments of the materials.

e e g e
- __-—’—-' e

.~ DRW M FOWLER
Manager
Laboratory Services Division

Focused on meeting our members’ needs
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) LIRt TECHNOLOGIES
Ny P.0. BOX 185
"TECHNOLOGIES . _ gﬁymsrm )
o SOUTH AFRICA

. PHONE: (0481} 2.7310
FAX: {0481] 2-8317

Incorporated Arsociation not for Gain
Reg no 005/020883/08 -

LIRY/RPT MS 7/92 (Week 28)

23 July 1992

‘ M.ICROBIOLOGICA'L EXAMINATION OF COMPOST SAMPLES
FOR DR B LA TROBE

by
A GUTHRIE
SAMPLE SALMONELLA ASCARIS OVA
Johannesburg NIL ~NIL
Market :
Rini Sewage NIL - NIL
‘Works :h

Focused on meeting our members’ needs
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LIRI TECHNOLOGIES
P.0. BOX 185
GRAHAMSTOWN

6140
SQUYH AFRICA

PHONE: 10461] 2-.7310
FAX: (0481) 2-8517

Intorporated Association not fer Gan
Reg no 005/030683/08

LIRI/RPT MS11/92 (Week 29} ' ’ _ 7 September 1992

MICROBIOLOGICAL EXAMINATION OF COMPOST SAMPLES
FOR ALGOA REGIONAL SERVICES COUNCIL

by
A GUTHRIE
SAMPLE ‘ . SALMONELLA ASCARIS OVA
Rini Sewage | “Nil : Nil
Works :

cm—

Focused on meeting our members’ needs
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LA TROBE & ASSOCIATES
RINI COMPOSTING
GRAHAMSTOWN
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Windrow no.1: 21 May - 12 June 1992
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TREATMENT OF RAW
SEWAGE AT RINI GRAHAMSTOWN
AN ALTERNATIVE TQ
CONVENTIONAL WATER TREATHENT

DR. B E LA TROBE

P 13
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THE TREATMENT OF RAW SEWERAGE. AT RINT NEAR GRAHAMSTOWN

.THE RINI BOUNDARIES AND THE TOWN'S STATUS

wf"Rini is presentlY controlled by its Black Town Counc11 with its own Local
'f“Authorlty Staff. The Town Clerk is Mr. C Miller.

The town borders on the road to Fort Beaufort and is limited by the farm
Hayfleld the o0ld rcad from Grahamstown to East London and extends down to
Middle Terrace, off Raglan Road.

THE PRESENT SYSTEM OM RAW SEWERAGE COLLECTION AND TREATHENT

_ Fingo‘ Village and parts of the area known as Tantjie ére, served by
waterborne sewage which drains inte the Grahamstown City water treatment
plant.

Most of the town is serviced by a nightsoil bucket system. The remainder,
mainly the area known as extension five, which contains the more recent and
expensive housing development, has a system of conservancy tanks which are .
drained periedically. * '

The charge for drainage of these tanks is fairly high, but I am 1led to
believe that few people pay as a protest to their profound dislike of the
conservancy tank system.

Using a conservancy tank system“for the Rini area, displayed an unfortunate
disregard for the local conditions and geclogy.

Rini 1is built on a solid slab of clay which is subject to ground movement.
Many of these tanks cracked, with the resultant leakage of the contents.

Neighbours share. conservancy tanks with expected arguments, as to who causes
the tank to £ill quicker etc. When the tanks are evacuated the smell is
horrendous.

~ There is an added complication. The contents of Conservancy tanks is either
discharged into a sewer which drains into the Grahamstown works, where it
complicates sewerage treatment in an already overloaded works, or it is
discharged into Rini's own evaporation Pond System. This pond system is
also in an overloaded and overstressed state. The system attempts to purify
the night secil by forced aerating it. When the contents of the conservancy
tanks is discharged into the ponds it is already in an anaerobic phase,
which defeats the attempt to purify the sewege by aerobic techniques.

THE RINT SEWAGE EVAPORATION POND SYSTEM

Nightsoil is delivered by various capacity sized trucks. The total volume
delivered to the works is probably between 3.0 kilolitres to 3.5
kilolitres per day. The system was designed to treat between one third to
~one half of that volume.
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When these statements were made, I am confident that the two gentlemen

.r-_concerned have not seen the condition of these ponds for some considerable

time. Also if the solution to the problem was so simple why had it not been
i trled before? The ponds have been in this condition for a long time.

I do not blame the Rini Staff. They have lacked the proper direction. In
fact Mr. A Brown has made a wvaliant attempt to improve the situation but to

t' no avail, I am prepared to come out categorically against additional
. aeration as suggested by the Consultants, and I would plead that no further

money be wasted on buying additional aerators.

I am not alone in this suggestion. My opinion is backed by the following
who have visited the site:-

1. Dr. O Hart of the $ A Water Research Commission
2. Dr. P Odendaal, Chief Executive of the S5 A Water Research Commission
3. Prof. R Kirby, Head of Microbiolegy, Rhodes University
4, Mr. P Rose, Microbiology, Rhodes University
5. Mr. R Rosewall, Leather Resesarch Institute
6. Mr. R Thercon, Chief Health Officer, Grahamstown
7. Mr. T Nel, Regional Health Department, Port Elizabeth

I
It has also -been suggested by Ninham Shand that the present system should be’
relocated to a different site or it should be planned that Rini should be
,sewered with a water bourne system and that the treatment plant for this
‘effluent from this system should be treated at a plant to be established on
‘the farm Mayfield, when it is purchased for the further development of .
~Rini. The cost of this plant some two year ago was estimated at
‘approximately R9 million. This figure is quoted from memory, but
nevertheless it was a large ameount. =T

,I pose the question, will the inhabitants of Rini, be able to afford such an

expansion system? - With the rapid changes in the laws of the land, the
- change in pelitical structures, and present day financial climates, will the
purchase of Mayfield ever be an cption in the forseable future?

In fairness to Ninham Shand, this section of their planning was conducted
before the dramatic changes in this country started to occur. ,

And finally would it be wise merely relocate the present Pond System? Surely
this would only transfer the present problems from one place to another.

Another option would be for Rini to be sewered and the effluent transferred
to the Grahamstown Water Treatment Plant. = If this idea was accepted there
would be two expensive complications. :

a) There is 'a high point running through Rini which creates a watershed;
‘this would require the pumping of sewage on the:remote side of the high
point, before it would gravitate to the present works ~ that would be
expensive. :
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2)° To remove a large proportion of the solids from the night solid at the
works by deviating the incoming flow into a cone separation settling
tank. After a determined setting period, surface liquid will be
returned to the ponds. The settled solids will be combined with
domestic refuse from Rini, which will be force aerated to produce
compost within a duration of one month to six weeks. . o

I have every confidence of the sutzcess of the project, as it has been well
researched over the past year. A copy of the report has been lodged with
Rini City Council.

- The treatment of a proportion of the solids in this manner will relieve the
stress in the Pond System which will then again be able to treat the
incoming night soil flow in a efficient manner, which will result in minimal
odour problems,

There are other advantages to this form of treatment of the night soil with
the local dcmestic refuse.

1} At the end of the process one ends up with the product which is not
only stable but of use to the local community, and can be used to
fertilize its gardens, parks and Public Open spaces. It can also be
bagged and offered for sale on the open market.

The concern of possible infection from residual pathogenic bacteria
does not apply. The process used, builds up tremendous biological heat
(temperatures of approximately 70 °C) which kills off all pathological
bacteria and all worm cysts such as Ascaris.

2) With time, over the Medium term, it will be possible to treat the major
portion of the towns domestic refuse in this way.
At present Rini transports all its refuse to the Grahamstown Landfill
Site - a round trip of nearly 20 kilcmetres per tractor trailer
system. It could effect a saving in the purchase of diesel fuel in
excess of R100 000,00 per annum, which would pay for the cost of the
upgrading of the works in less than 3 years.

There is also the saving of sale of the glass, plastic and tins retrieved
from the compost. Glass alone is bought by Consol Glass at the present rate
of R93,00 per ton. There is also a market for the plastic.

My research also 4included the percentage of the various components of
Rini's domestic waste, This was carried out by construction of a wood box,
the volume of which was exactly one cubic metre. The box was filled from a
refuse truck from Rini. The refuse from the box was then handsorted, into
various individual bags and €finally weighed with a spring scale. The
average result was as follows:- : : :

‘Glass Plastic Paper : Tins Organic Matter Total
15kg 37kg 18kg kg 94kg ' - 171kg
88% 21.6% 10.5% 4.0kg  55.1% 100%

These samples were tested in December 1989.
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Within a very short time after the jnitiation of the scheme the benefits
will become obvious. The ponds will contain very little solid material on

. the surface of the ponds. The second and third ponds - will begin to show

high rates of evaporation. In the fullness of time we would change the

.- design of the aerators and experiment with the growing of algae in the
-+ evaporation . ponds to provide cattle feed for the Cattle Owners Association
. of Rini. We have the expertise at Rhodes University Microbiolegy Department

to contreol such a scheme.

If it 'is agreed by Rini Town Cqundil, the Cape Provincial Administration
together with the S A Water Reserve Commission to sponsor this scheme, it
can be confidently predicted that we will create a show piece to demonstrate
how raw sewege and refuse, can be disposed to the the benefit of the local
community. The rest of S A could visit the town to gain firsthand knowledge
of this beneficial low cost project.

Costs of Phase One

Production of Report : R 578,00

ADDITICNAL COMPOSTING EQUIPMENT 'R 10 350,00

staff Training and Suﬁérviéion of '‘process before handing
over to Rini staff (3 months after commissioning)

approximately 25 hours per month’ _ . R 9 750,00
.Trghsport costs to and from Rini 16 kms & R1,00/km ' R_1 200500

=

R 21 878,00

COST QF SOLIDS REMOVAL

See LIRI Report

Budget Consting T R 33 900,00
Stage I only + 15% Contingencies ’ o * R1l1l 000,00

TOTAL Ri166 778,00

STAGES II AND III

This will only be necessary if the decision is made to embark on the process
of growing algaes on the ponds as a cattle feed for the Rini Cattle Cwners
Association or per general sale.

T
S 1

4 gl
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8. To all intents and purposes it offers the same as a waterbourne sewage
system. ‘ '

-9; fit_would lower the site and service charges, as the expensive nightsoil
" trucks and buckets would gradually be phased out.

10... The . system is easy to install with unskilled labour. Even the small
: " bore effluent pipe system is not costly as it only transports clear
liquids. The final treatment of this liquid is carried out with
certain plants, fishes and snails.

11. Maintenance is extremely low because of the "liquids only" situation.

- 12. The final treatment does not require day to day attendance by highly
trained staff. 7 ' '

13. If the digester is blecked or ill treated by the owner it does not
affect his neighbours, and can only blame himself. The same damage is
not likely to occur a second time.

14. The toilet can be installed within the house or shack, eliminating the
depressing sight of row upon row of "kleinhuisies".

15. In times of civil unrest. or strikes, the system keeps on working,
therefore the community is not subject to the revulsion of cover
filled, smelly buckets, which are eventually tipped into storm water
drains or water courses with the resultant pollution and Health

problems
The Transvaal Provincial Administration have already installed over two
thousand five hundred of these units. It would be wise for Municipal
Engineers of this area to pay a visit to view the success of these
installations. It 1is well known that scme digesters have been marketed in

South Africa that have failed for various mechanical reasons. This can be
avoided by studying the track record of the various types.

The system itself is well proven and is ideal for local South Africa
conditions, where water is expensive and invariably in short supply.

"The system is not only a solution for low cost sub-economic areas, but also
in areas along our coast line where all sorts of real estate developments
are continuing ahead of the necessary infrastructure, particularly sewage in
holiday areas where the Local Authority cannot afford conventional water
treatment plants.
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FORCED AERATION
COMPOSTING RECOVERS |

WASTES

Recyling Domestic Refuse and Night Soil in South Africa

Brian E. La Trobe, WR. Ross

-1 South Africa, adequate disposal
systems for sanitary wastes and do-

mwstic refuse are lacking because

Forced Aeration Composting Hlstory w

of demographic, sociological, and L : Voo b
North America. The Biological Waste Management Laboratory at the U.S. .

cconomic factors. This situation

his resulted in an urgent neced for
low-cost waste-management technolo-
gies. This need is particularly felt in ru-
ral copnuunities and in overpopulated
outskirts of urban areas, where many
people are sertding in search of better
work opportunitics, ’
Sanitary waste disposal in developing
areas of South Africa is generally by
means of the bucker system, as there is
" no infrastructure for wastewater and
there is often a chronic warter shortage.
The wastes and paper—“night soil"—
from these buckers are usually disposed
of in [agoons, which must be situated
some distance from the communirty be-
cause of odor and fly breeding prob-
Jems, Domestic refuse, which is a com-
plex conglomerate of organic and
morganic materials, is often disposed off
by uncontrolled kandfilling, which ad-
versely affects the covironment.
Forced acration composting of night
soil with unpulverized refuse as a bulk-
ing and filtering agent may be cost-ef-
fective for stabilizing, disinfecting, and
recovering these two polluting waste
streamis (see Bax Forced Acration
Comgosting Hisrory, Figure 1),

COMPOSTING DOMESTIC REFUSE AND
NIGHT SOIL

Pilot-scale composting experiments
were carried out at the Rind waste treat-
ment plint outside Grahamstown,

Department of Agriculture in Beltsville, Md., began research on composting .
of wastewater solids during 1972 at the request of the Maryland Environ- ;.
“ment Service and the Blue Plains Wastewater Treatment Plant in Washing- -
- ton, D.C. This work resulted in a natural-draft windrow method using wood ",
chips as a bulking agent, However, difficulties with odors and low fempera- "+
fures in the outer layers of the windrows prompted further research; By the

middle of 1978, this project had resulted in the development of a successful -
forced aeration process using stotic piles. T
Since the inception of the process in 1978, more than 400 wastewater
solids composting planfs have been constructed in North America. Although .
most of these plants cre highly mechanized, the fexibility of the process -
allows its application in a |oqbor-iniensive, non-mechanized form in under-
developed areas where there is @ need for more affordable wastewater treat- -

ment processes.

South Africa. The Woter Research Commission initicted a project for forced -
aeration composting of mechanically dewatered primary wastewater solids -
and wood chips in static piles. The research estob iShed:{I

E thermodynamic, and kinetic eriteria for properly control
the process under local conditions. Based on this research, the process is
currently being applied of four focations.

cal, biologica

e chemical, ph?_(si-
ing

South Africa. The facilities used to con-

_duct the composting experiments con-

sisted of several components (Figure 2},

The static piles were constructed by
Laving an initial 20-cm-thick base layer
(4 m X 4 m)of dried stabilized wastes
water solids on the concrete slab, The

slotted acration tubing was hid on the |

base laver and connccted ro the water
trap and aeration B, A torad of 14 m?
of refuse was lavered with a total of 3
m?* of night soil to a height of 1.3 m.
The refuse acted as a bulking and filter-

ing agent for the night soil solids and
was unpulverized so as to use the po-
rosiny and structusal strength created by
the meral cans, plastic containers, and
other materials present. Analvses indi-
cated that there was suflicient erganic

material and moisture (see Box Motaure -

Conzent) in the refuse to provide en-
ergy for biclogical decompasition.
The pile was covered with a 10-¢m
Liver of dried solids to provide heatin-
sulation and odor control. The free
leachate was deained from the pile and

September 1992 75
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A front-end loader cpplying the compast insulating
blanket before windrow czration.

A completed windrow witlt cover showing adicl
exiacian fan, time switch gecr, ond woter lrcp. The
eutior is bolding the motitaring thermometer,

An almost-complete windrow of domestic refuse and right soil
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Refuse is generally rather dry
- {15% to 20% moisture), but this
~does not create a problem be-
-cause the night soil has a mois-
ture content of ahout 94%. The
" idecl moisture content of the mix-
- ture should be about 60% to 70%
- gt the start of the process. Too
‘much moisture is not satisfactory,
" as this fills the voids and.obstructs
 the free flow of air.

9

collected and pumped back 1o a pond
system. Acration was controlled by a
time switch to maintain a residual oxy-
gen concentration of 5% te 15% in the
pile. Acration was maintained at a rela-
tively higher rate (30 m*r'eh?) during
remperature (t) ascent and at a relatively
lower rate (1.3 m*t'+h'} once a turn-
ing point in the remperarture profile was
observed. Temperature and residual
oxygen levels were monitored rou-
tinely. The temperature within the
pile should exceed 63°C for at least 5
days to ensure inactivation of all
pathogens. After 60 days composting,
the pile was manually screened. -

" PROCESS GIVES STABILIZED SOIL
CONDITIONRER :
There was a rapid increase in tem-
perature from 30° to 68°C 7 days af-
ter constructing the static pile. A sig-
nificant difference in the remperatures
inside and outside the pile indicated
the biothermal activity of the micro-
organisms and the energy potential of
the composted mixrure,
The compost pile {excluding the base
and insulation layvers) was sieved and the
sieved fraction weighed. From aninitial

76 Wotar Evironment & Technology

Base Insulation
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over i layer : disinfected . [—>~
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mass of 14 Mg of wer solids, 2.7 Mg of
dry solids were recovered. The vield of
the final product was calculated 1o be
about 19%.

The composted mixture had a hu-
mus-like appearance, was dry, had a
loose, friable texture, was black, and
had a pleasant earthy smell—nothing
like the initial refuse and night soil,
which were putrescible and had highly
offensive odors. ]

Although filtering the night soil
through the refuse to entrap the solids
is a messy procedure, sampling the do-
mestic refuse is difficulr, and large picces
of refuse may interfere with the flow of
air through the static pile, composting
treats polluted wastes using simple
equipment and unskilled labor.

The process is ecologically acceprable,
recycles nutrients by producing a dry
humus-like and stabilized soil condi-
tioner with a relatively high nitrogen
content {1.5% to 3%), and reduces pub-
lic health hazards from pathogens and
worm cysts. There are no intrinsic re-
strictions to the size of the fadilitics, and

the extended pile method reduces land
requirements. Using refuse as a bulking
agent provides more energy and costs
less than other butking agents such as
wood chips; thus, capital and operating
costs are less than for conventional
forced acration composting. There is
also potental income from the sale of
the compost,

Although the results of experiments
indicated thar the process is rechnically
feasible, certain aspects require further
rescarch before full-seale programs can
be implemented. Engineering problems
that must be addressed are the layering
of the refuse and the night soil to achieve
the correct moisture content and poros-
ity of the mixture. The respective vol-
umcs of these two waste streams in the
final mixrure also need to be more ac-
curately quantified. ' ]

D R R R R R R L L R L

Brian E. La Trobe is a consultant with
EaTrobe Associntes in Gralumstowy,
Soutly Africa; W.R. Reoss is a cousultans
with Ress Consteleancy in Tygerpark,
Soutly Afriea.
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EFFECTS OF LIQUID DIGESTED SLUDGE APPLICATION ON THE
UPTAKE OF TRACE METALS BY VEGETABLES

ABSTRACT N

The practice of land application of municipal sewage sludge to agricultural land is an
alternative to other methods of disposal. Incineration a.ndl‘ landfilling of sewage sludge have .
been popular in the past but they have come under strong economical and environmental
constrainés. ‘Land application of sewage sludge is not only economically advantageous and
environmentally sound but makes use of resource that has recyclable value. Any potential
problems that may surface can be alleviated by careful management practices based on
nutrient requirement guidelines established by goveming agencies.

Trace metals .addcd to the soil in sewage sludge and their subsequent translocation into
edible portions of selected vegetable species was the main focus of this research study.

Specific objectives of this study included:

1) To determine the trace metal uptake of cadmium and zinc as well as other trace

metals in the edible portion of selected vegetables.

2) To determine the effect of sludge application on the yield of vegetable crops and

the soil conditions under which they were grown.

To accomplish this research a 5 year field study was conducted on a Mequon silt loam
soil utilizing 2 randomized complete block design with four replicates. Soil treatments
consisted of a check, application of liquid digested sewage sludge at rates of 11, 22, and 44,

Mg ha! (with the 11 Mg ha being the recommended annual rate as well as a residual

! Thomas H. Wright, University of Wisconsin-Madison. Department of Soil Science.
Presented at the Water Environment Federation 65th Annual Conference & Exposition,

New Orleans, LA, September 20-24, 1992,



. 38,

The vegetables groWn were harvested at maturity. This _wés done by variety and, when
harvested, all replicate plots were done at the same time. Overall the yields of the six”
vegetables were not dramatica]ly increased by the addition of the sludge. After four years of
sludge applications, there were still yield responses for bean, cabbage, ;ométo, and celery as
“a result of therll Mg ha'l annual treatment. It appears that if there will be any effects from
the use of sludge it will occur in the first year after application.

As a result of the sludge applications there were significant increases in the phosphorus
level in the soil. Except for cadmium, the trace metals found in the soil are only slightly
higher than average levels found across cropland in the United States. Slightly elevated
levels of copper and zinc occur in the annual treatment compared to that of the check. Soil
. cadmium was consistently found to be below the detectable limits of ICP analysis. Theré
was no appreciable change in soil pH, organic matter, or soil potassium as indicated by soil
sampling. The higher concentrations of soil copper, nickel, zinc, and lead were found in the
11 Mg ha”! annual treatment and the one time treatment of 44 Mg hﬁ". |

Results of this research indicate the ability of liquid digeStcd sewage sludge to be used
in the production of green bean, cabbage, celery, onion, tomato, and lettuce while in no case

allowing trace metal concentrations to exceed levels for health standards.



Figure 2. Mean trace metal concentrations in vege
1986 - 1989. (n=16)

'lSB. | .

tables for four years,

Vegetable ,Treastomuemf Cd Cu Ni Zn Pb
- mg kg*

Tomato 1 029 145 0.59 264 1.5
2 023 132 060 29.1 15

3 0.32 137 0.69 287 1.6

4 024 137 0.82 357 1.6

5 0.31 129 0.48 269 1.4

6 027 126 0.62 279 1.5
Bean ! 0.13 10.6 1.6 35.6 1.3
2 0.14 9.9 21 388 1.2

3 0.16 92 26 37.6 1.3

4 0.14 89 2.0 430 1.3

5 0.15 95 1.7 371 L3

6 0.18 88 1.7 373 14

Onion 1 0.11 . 72 035 274 L.l
| 2 009 59 041 236 Ll
3 0.13 5.6 044 248 1.4

4 0.12 59 039 238 1.1

5 0.10 - 57 036 242 1.1

6 0.11 5.6 040 202 1.1

Cabbage ! 0.14 33 072 262 1.6
2 020 3.5 100 308 L6

3 022 37 120 307 1.6

4 0.19 4.1 150 359 LS

5 0.16 32 0.68 28.6 1.4

6 007 33 074 264 L4

-continued- '
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FORCED AERATION (:C)-(:()Id]?()EST?J:ch; or
DOMESTIC_REFUSE.AND‘NIGHT SOXLL

BE LA TROBE? and W R ROSS=

1: 74 Charles Street; Grahanstovn 6140, South Africa,
2. Ross Consultancy, P.0. Box 3483, Tygerpaék 7536, South Afriea.

INTRODUCTION

Sevage and refuse represent the major polluted wastes generated by
commﬁnities. These wastes have undesirable characteristics, necessitating
processing inte end-products which " will render them _environmentally
acceptable. Vhile numerous' vaste treatment options exist, the cholce of
method of stabilisation is dictated by site‘specific criteria. The final
decision may be governed b& a multitude of variables, including economics,
évailability of technical skills, water, powver and *;poiitical
.considerations. ' .

_ The supply of adequate sanitation systems in developing countries,
including South  Africa, has deteriorated due to a combination of
démog;aphic, sociological and economic factors. This has resulted in an
urgent need for the development of low-cost appropriate waste management
technologies. This need is particularly felt in sub-economic rural
compunities, but also in overpopulated outskirts of urban areas, where
people are settling in search of better work opportunities.

Sevage disposal in -‘less developed areas is generally by means of the
bucket system, as there 1is no infrastructure for wvaterborne sewage and
often a - chronic shortage of water. The night soll -arising from these
buckets 1s conventionally disposed of in lagoons which have to be situated
some distance from the community, because of the problems of edour and fly
breeding. In turn the domestic refuse is often disposed of by uncontrolled
landfilling which impacts adversely on the environment. '

This paper describes prototype-scale experiments incorporating forced
aeration co-composting of night soil with unpulverised refuse as bulking
and filtering agent (La Trobe and Ross, 1990). The results illustrate that
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the process could be cost effective for stabilisation, disinfection and
resource recovery of these tvo polluting vaste streams. The process has

been registered under the Trade Name of "CORANS".
HISTORY OF TEE CONVENTIONAL FORCED ARRATION COMPOSTING FROCESS

North America

The Biological Waste Hanagemeﬁt Laboratory at the United States Department
of Agriculture in Beltsville, Maryland began research on composting
(bilothermal stabilisétion) of sevage sludge during 1972 at the request of
- the Maryland Environment Service and the Blue Plains Vaste-vater Treatment
Plant in Vashington, D.C. This vork resulted in 1973 in a natural-draft
vindrov method utilizing wood chips as a bulking agent. However, difficul-
ties with malodours and: lov temperatures in the outer 1ayers‘of the
wvindrows prompted further research at Beltsville sponsored by the United
‘States Environmental Protection Agency (USEPA). By the middle of 1978 this
project had resulted in .the development of a successful forced aeration
process using static piles (Villson et al., 1980).

Since the inception of the process during 1978 more than 400 sewvage
sludge composting plants have been constructed in North America. Although
most of these plants are highly mechanised, the flexibility of the process
allows its application in labour-intensive non-mechanised form in
underdeveloped areas where there is a need for more affordable sewvage

treatment processes.
South Afrieca

The Water Reseafch Commission initiated a project for forced aeration
composting of mechanically devatered priﬁary sevage sludge and wood chips
in static'.piles (Nell and Ross, 1987). The research established the
chemical, physical, biological, thermodynamic and kinetic criteria for
proper control of .the process under local conditions. Based on this

research the process is currently being applied at four locations.
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EQUIPMENT REQUIRED FOR COMPOSTING OF REFUSE AND NIGHT SOIL

The pilot-scale experimenqé wvere carried out at the Rini waste treatment
plant, outside Grahamstown, South Africa (La Trobe and Ross, 1990). The
faeilities used to conduct the composting experiments.are i1llustrated in

Pigure 1 and were as follows:

*

-

A concrete slab (7m x 7m) vas constructed con which to carry out the
experiments. A slight gradient was provided tovards a central drainage

" canal for leachate collection in a sump. The excess leachate was

pumped to 2 pond system.

A radial vane fan, capable of 0,2 - 0,6 m® per second at 2 900 rpm.

- The aeration manifold tubing (100 mm diameter) was plugged at one end

and vas perforated over a two metre length to allow air to be drawn

into the static pile.
A timé swvitch to regulate air flow through the static pile.

A 200 litre vater trap vas constructed with 100 mm inlet and outlet to
accomrodate the tubing. The drum wvas provided with 'a valve to drain
the leachate and condensate.

A Bacharach Fyrite oxygen analyser.

- A dial thermometer with 1,5 o long-stem.

A manually operated sieve with a 25 mm diamond mesh grid.

Eight galvanised pipes were driven' into the static pile around the
perimeter to serve as temperature and residual oxygen monitoring
points. A rubber stopper isolated the inside of the pipes from the

atmosphere.
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SOLID WASTR MATERTALS USED IN THE COMPOSTING EZPKRIHEHTS
Domestic Refuse

Refuse 1s a complex _coﬁglumerate of organic and inorganic materials.
Typical analyses indicated that there wvas sufficient organic material
(55%) in the refuse to provide energy for blological decomposition. The
refuse acted as a bulking and filtering agent for the night soil solids
and wvas unpulverised, so as to utilise the porosity and structural
strength created by metal cans and plastic containers, etc. Refuse is
generally rather dry (15 to 20X moisture) but this does not create a
problem because the night soll has a moisture content of scme 94X. The
- ideal molsture content of the wmixture should be.about 60 to.7OZ’at the
start of the process. Too much moisture is not satisfactory as this fills

the voids and obstructs the .free flowv of air.

Night Soil

The chief components of night soil are body wastes and paper. Night soil
in 1its raw‘-state is highly putrescible and rapidly develops strong and
offensive odours. The night soil vas delivered to the experimental site in
a tanker.

The refuse (total volume 14 m3) was lald down in consecutive layers
with the night soil (total volume 3 m3) evenly spread over each layer by
means of a flexible hose syétem. The solids content of the night soil was
thus thickened by f£iltration of the liquor through the layers of refuse.
The free leachate drained from the pile and was collected and pumped back
to a pond system. Such a non-mechanical thickening of the night soil
solids considerably reduces the capital and running costs of the CORANS
process. In coamparison, conventional forced zeration composting processes
require mechanically devatered sludge to be mixed with a more costly

" bulking agent, such as wood chips.
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EKIPERTMENTAL PROCEDURES ' ‘ -

The prototype-scale static piles vere constructed as follows:

. %

A

: An  initiazl 20 cm thick base layer (4m x 4m) of dried stabilised sevage

slugge vas laid on the concrete slab.

The aeration slotted/manifold :ubing vas lald on the base layer and

connected to the water trap and aeration fan,

Consecutive layers of refuse and night soll vere added to a height of
1,5 m. The sides of the static pile vere sloped to an angle of about
50 degrees giving a final volume of some 14 m3.

The pile was covered with a 10 cm layer of dried sludge to provide
heat insulation and odour control. Later test runs used the processed

compost as base and insulation layers.

4
The aeration was controlled by a time swvitch to maintain a residual
-oxygen. concentration of 35 - 15X in the pile. Aeration was maintained
ar a relatively higher rate (30 'm3.r“1.h*‘) during temperature
ascenty and at a relatively lover rate (1,5 m*.t-'.h-?) once a

turning point in the'tedperature profile was observed.

Monitoring of temperatures and residual oxygen levels were carried out

.on a routine basis.
“After 60 days composting the pile was manually screened.

process flow diagramrof the unit operations for the composting of refuse

and night soil is 1llustrated in Figure 2.

ap



47."

EXPERTHMENTAL RESULTS

A typical temperature profile -over time (Fig. 3) Iindicates a rapid
increase in - temperature from 30 to 68°C in seven days after
éommissioning of the  static pile. The significant difference betveen the
temperatures inside and outside the pile 1illustrates the biothermal
activity of the micro-organisms and the energy potential of the refuse and
‘night soil mixture. The USBPA (1981) recdmmends that the temperature
vithin the pile should exceed 65°C for at least 5 days to ensure
inactivation of all pathogens. _

The cozpost pile (excluding the base and insulation layers) vas sieved
after the experimental period of 60 days and the sieved fraction was
veighed. The yield of final product wvas arbitrary calculated as follows:

Initial mass of wet solids = 14 ton (approximate)
Final mass of dry sieved compost = 2,7 ton
Yield of dry sieved compost - 19X

The composted mixture of refuse and night soil was easily sieved and
"had a very good humus-like appearance. The end-preduct was.dry, had a
loose friable texture, was black 1in colour and had a pleasant earthy
smell. It wvas nothing like the initial refuse and night soil vhich were

putrescible and had high offensive malodours.
GENERAL DISCUSSION
Disadvantages of the CORANS process

The filtering of the night soil through the refuse to entrap the solids is
a "messy procedure". Operators must take precautions to ensure personal
hyglene such as the use-of gumboots and gloves.,

The heterogenous nature of the domestlc refuse makes it difficult to
sample. . It is therefore difficult to quanfify the volumés of refuse and
night soil 'to obtain an ideal mixture. Bowvever, with ekperience this is

sqbn achieved. It would also be advisable to Have some measure of
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pre-selection of the refuse to remove large cardboard boxes and sheets of
plastic which could interfere with the flov of air through the static

pile.
Advantages of the CORANS process

*  The ,iniegrated composting of refuse with night soil in association
vith a pond ;fstem treats the two major sources of polluted wastes
generated by less-developed communities. This appropriate waste
management technology only requires simple equipment and unskilled

labour.

* The process is an ecologically acceptable resource recovery method and
recycles nutrients by production of a dry humus-like and stabilised
soil conditioner with a relatively high nitrogen content (1,5 - 3%).

* The process reduces public health hazards as the high degree of
biological heat generated (60 - 70°C) over a period of some two

wveeks: ensures the inactivation of pathogeps and worm cysts.

* There is a potenéial_.income from the sale of the compost as well as
the ,recovered plastic, cans, glass, etc. The use of refuse as 2
bulking agent provides more energy and is less costly than other

bulking agents, such as wood chips.

* There are no intrinsic restrictions to the size of the plant. Use of

the extended pilé method reduces the land requirements for composting.

CONCLUSTIONS

- The result of three prototype-scaie test runs have indicated that the
biothermal - stabilisation (composting) of refuse and night soil by means of
forced aeration is technically feasible. The combination of composting for
solid vastes and ponds for liquid wastes would be particularly appropriate

as a waste management system for less-developed communities, where non-

o
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| sophisticated, lov-cost and labour-intensive fechnolbgy is required.
Certain aspects of the process require further research for the
full-scale managemenf of the tvo waste streams. Engineering problems that
must be addressed are the sensible mixing (layering) of the refuse and the
night soil so as to achikve the correct moisture content and porosity of
the mixture. The respective volumes of these tvo vaste streams in the

final mixture also need to be more accurately qﬁantified.
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FULL SCALE OPERATION OF FORCED AERATION
CO-COMPOSTING GARBAGE AND NIGHT SOIL

BEla Trobe Waste Gas Engineering
74 Charlcs Street, Grahamstown 6140 South Afnca

W R Ross, Ross Consultancy, Box 3483, Tygerpark 7536 South Afnca

R A Rowswell, L.LR.L Technology, Grahamstown South Africa

ABSTRACT

In some geographic locations, where conventional treatment of sewage is not possible because of economic
considerations, lack of infrastructure and technical skills or perhaps achronic shortage of water, it 1s the intention
of this paper to demonstrate that Jow cost sewage treatment is possible.

Stabﬂi_sation of the garbage and night soil was achieved by a process of forced aeration composting. Unsorted
and unpulverised garbage was built into windrows (static piles), thickened night soil was then sprayed over the
garbage. The completed windrows were covered with an insulating blanket of previously manufactured compost.

After a twenty-one day zeration period with temperature monitoring, the windrows were removed for sieving
of the compost and reclamation of glass, cans and plastic etc. A stabilised pathogen free odourless compost is the
final revenue bearing product, which is available in an accelerated manufacturing period.

KEY WORDS
Composting, Garbage, Night Soil, Windrows, Stabilisation, Profit.

INTRODUCTION

The results of the pilot study on Forced Aeration Composting of Garbage and Night Soil were delivered inaPaper
at Toronto, Canada W.E.F. October'91 (LA Trobe & Ross 1990) - A full scale operation ha.s now beenestablished
at the same site in Rini, Grahamstown S.A. :

The objective of the project is to demonstrate the feasibility of stabilising large quantities of the two important
waste streams of garbage and night soil into an end product which does not have undesirable characteristics and .
has the capability of being revenue producing. -

The supply of adequate sanitation systems in developing countries has deteriorated for many reasons. There is
an urgent need for low cost appropriate sewage treatment technology.  The need is particularly required in
overpopulated outskirt urban areas where people are settling in search of work.,

Sewage disposal in these areas is usually by means of a bucket system, as there is no infrastructural waterborne
sewage systems and there is often a chronic shortage of water,
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The night soil arising from these buckets is conventionally disposed of in lagoons.. These lagoons are oftert the
cause of obnoxious odours and fly breeding. Garbage is often disposed of by uncontrolled landfilling which
adversely impacts on the environment.

This paper describes the second phase operation of establishing a full scale plant to ‘compost night soil with
garbage as abulking agent. The results show the processto be costeffective and envxronmentally acceptable, The
process is registered under the Trade Name of "CORANS",

EVAP,
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AND suMp

Flcrure 1 Slte Diagram of Rini Composting Garbage & Night Soil Plant

Figure 1 above is a site plan of the forced aeration composting plant with oxidation and evaporation ponds

The night soil is delivered in tankers. Itis allowed to flow into a sump by gravity and is filtered of large obyci:ts
(bricks, stones, etc) prior to flowing into a water main which leads to a rotary screen and sump. Here the night

b=
_ . S
soil is emascerated and pumped in below ground piping (110 Class 6u P.V.C.) to overhead settling cone tanks
By means of flexible piping (50mm dia) the thickened night soil is spray distributed over layers of garbage

> o ot
The ground in the windrow areas was graded with slight gradient towards a central sump and drainage canal.
The excess windrow leachate was pumped back to the rotary screen sump

EQUIPMENT REQUIRED FOR THE COMPOSTING PRO CESS

* ROTARY SCREEN

Arotary screen fitted with high pressure water jet sprayers at a pressure of 4 bars. Thisbreaks down
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the solids to pass through the screen apertures of 12mm into a sump. The solids that defy
breakdown are continuously passed out of the screen drum by means of a helical screw into a bin.

SUMP

The sump is fitted with a submersible pump, which has a cutting mcchamsm to chop up
solids into a fine state. The blended solids are then pumped to two sedimentation settling
cones which are connected in parallel. The pump delivers the effluent to the cone tanks
at a rate of 10-12 m3 per hour.

SETTLING CONES

The capacity of these two vessels is 16,000 litres each (16 m3). The days discharge

of night soil is allowed to settle and thicken overnight. The thickened liquor is withdrawn
from the base of the cone where there is a shut off valve. The sludge is conveyed to the
windrows areas for spraying onto the garbage by means of a flexible hose (50 mm dia).
The supernatent overflow liquid from the settling cones discharges by gravitation via
pipes to the nearby oxidation ponds.

WINDROW BASES -

The windrow bases in the pilot study were constructed concrete slabs. To reduce costs in
the full scale plant the ground was merely graded with a slight slope. The drainage
system has already been described.

THE AERATION MANIFOLD PIPING . _

This consisted of three lengths of 110 mm piping of 6 metres each. The first two metres
of the pipe was not perorated. The remainder of the pipe lengths were perforated with
holes of varying diameter to ensure a uniform air suction along the length of the windrow.
The remote pipe extremity was closed with a bung. All the perforations were bound with
a layer of shade cloth to prevent solid access into the aeration pipe.

RADIAL FAN/BLOWER
A radial Vane Fan Blower capable of a extraction rate of about 150 M3/ hr at 2900 R.P.M.

A TIME SWITCH to regulate the flow of air through the windrows.

A 200 litre WATER TRAP with 110 m.m. inlet and outlet. The trap was provided with a
drain valve to release accumulated leachate and condensate.

AN OXYGEN ANALYSER
A DIGITAL THERMOMETER with an attached recording stem.

AMANUALLY OPERATED SIEVE.
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SOLID WASTE MATERIAL USED IN THE COMPOSTING EXPERIMENTS.

GARBAGE

Garbage is a complex conglomerate of organic and inorganic mafeﬁal. The organic component is normally
between 55 to 60% which is sufficient to provide the energy for biological decomposition. The garbage acted as
the bulking and filtering agent for the night soil solids. The garbage is not sorted or pulverised so as the utilise the

porosity and structural strength created by metal cans and plasnc containers etc; garbage is fairly dry (20% ‘-

moisture). However as the moisture content of the night soil is in excess o 90% there is no problem. The moisture
content at the start of the process should be about 65%. Excessive moisture obstructs the free flow of air through

the windrow.
NIGHT SOIL

Night Soil consists of body wastes and paper. In its raw state it is highly putrescible and has a strong offensive
odour. :

GARDEN DEBRIS

Garden debris consisted of grass cuttings, leaves, small tree branches etc. All the material was processed through
a chipping machine prior to delivery to the site.

EXPERIMENT PROCEDURES
. Jgrzn:ulntton Steal tunes tecve ae
o layes "”’/’otkun and temoarsture
«E{, monjtoring points
» :
e WIXTUVRE OF REFUSE ¥
Sistted AERATED A MEGHT SOTC tiae
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tutrirg - '
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BasE : : wATER SucTion Exhausy
Laren | - 20 - - D T - - - —— TAAP AE::;KDH GaS
[~ : i] i
l COMPOSTING PAD  SURFACE _J Leacnats to

Pond Syatee
Figure 2 - Equipment required for forced aeration composting of garbage and night soil |

% Abed of 100mm thick dried stabilised sewage sludge was laid on the prepared windrow ground
area, and shaped to a predetermined design (20m x 3m). '

*  Theperforated pipeas previously described was laid on the prepared bed, covered withshade cloth
and connected to the water trap and fan blower. The two windrows shared a common
~ interconnecting pipe but each wmdfow had its own shutoff valve

*  The garbage was delivered to the site by truck and deposned on the prepared bed. The garbage

was kept trimmed to the bed dimensions. Plastic bags containing garbage were slashed openand

[ I

e
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large inert material was removed. Thelayerof garbage was covered with alayerofchipped garden
debris. Thickened night soil from the settling cones was then sprayed over the layer at the rate of
200 litres per minute. This layering procedure was continued until the windrow height of 1.8
metres was reached. The sides of the windrows were sloped to about 50 degrees, giving a final
windrow volume of about 100 cubic metres. '

The windrow was covered with a 50 mm insulating blanket of stabilised sewage sludge. -

The wmdrows were not subjectcd to any aeration until the internal temperature approached 40
degrees centigrade. When this had been achieved the initial aeration was continued full time for
a twenty-four hour period then reduced to a flow of five minutes aeration followed by a fifty-five
minute shut down.

The aim is to maintain a residual oxygen content of somewhere between 5 & 15%. In order to
devitalise worm cysts and pathogenic bacteria an internal temperature of 55 degrees centi
grade for a three day period is essential. This is the EP.A. approved specification. (A
Benedict, E. Epstein, A. Alpert 1988).

_ The composting period was 21 days with a further maturation period of 21 days prior to

sieving.

Monitoring of internal windrow temperatures were carried out on a daily basis.
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Figure 3 - Unit operanons of the forced aeration static pile Composting of Garbage and Night Seil

(CORANS) Process

Figure 3 - Process Flow Diagram



EXPERIMENTAL RESULTS

A typical temperature profile is shown in Figure 4. The significant difference between the ambient and
internal temperature attained illustrates the bio-thermal activity of the rmcro-orgamsms and the potentlal
energy of garbage and night soﬂ
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The resultant compost will be sieved after a further period of twenty-one days maturation.

The results of the quality and yield per ton of garbage will reported at the Conference. Howeverthe pilot study
demonstrated a compost yield of about 20% It is expected that this figure will be improved on in the full scale
operation due to the addition of the garden debrs.

The thickened night soil was gra\ntatcd over the garbage at the rate of 200 litres per mmutc The solids content .
of the thickened night soil from the settling cones were as follows:

Total Solids % ' _ 4:57

Suspended Solids % . ‘ | 3.69

Organic Material % | 375
GENERAL DISCUSSION

Disadvantages of the Corans System.

The filtering of the night soil through the gérbagc is a2 "messy procedure”. However the full scale plant is a great
improvement over the pilot study. The ability to distribute the thickened night soil from the settling cones to the
windrows areas, and the vindrows leachate drainage system has reduced this disadvantage considerably.

Advantages of the Corans Process.

* The integrated composting of garbage and night soil in association with the pond system treats two major
sources of polluted wastes generated by less developed communities. The system requires simple
technology, equipment and unskilled labour.

* The process reduces public health hazards because of the inactivatioi; of pathogenic bacteria and worm
cysts.
* There is potential income from the sale of compost, as well as the recovery of plastic, cans and glass. The

use of garbage as a bulking agent is less costly than wood chips etc.

* - There are no intrinsic limitations to the size of the plant. Use of the static pile method reduces the land
requirement for the composting process. .

CONCLUSION.

The experience obtained from the original pilot study and the installation of a full scale plant, which has only
been in operation for a limited period; the results indicate that bio-thermal stabilisation of garbage and night soil
by means of forced aeration is technically feasible. Installation of the full scale plant has not been wuhout its
problems. However nothing more than is usual with a new process.

The technique is parucularly_appmpnatc for less developed communities where simple, low cost, labour
intensive technology is required.
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