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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 is technically feasible and
economically viable to stabilise large quantities of unsorted and
non-pulverised domestic refuse with primary sewage, particularly
night soil or activated sludge, by means of a proceass of forced
aeration composting.

With this methcod the composting procegs 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.

- All1 the weed seeds, pathogens and ascarig worm cysts would have

been devitalised.

It ig 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 pewage and sludges, would
have been effectively stabilised at a comparatively low cost,
using a technigque which is simple. The process is capable of
providing job opprortunities 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 is kind to our fragile and constantly battered
environment. It is apt, viable and simple technology for our
third world conditionsa.



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

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

While numerous waste treatment optiona exist, the choice of
gtabilisation method will ultimately be dictated by site—-specific
criteria. Since each type of sludge and refuse and processing
facility has unigue characteristicas, nc universally “correct”
approach can be gaid to exiat. The final decision may be
governed by a multiple of variables, including political
congsiderations.

The supply of adequate sanitation systems in many developing
countries, including South Africa, has deteriorated over the past
decade due to a combination of demographic, sociocleogical and
economic factors. This has resulted in an urgent need for the
development of 1low 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 commvunities, 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 leas-developed areas is generally by means of
the bucket system as there is no infrastructure for water-borne
sewerage. The night-s0il arising from the buckets is
conventionally disposed of in lagoons which have to be situated
gsome diatance from the community. The practice is generally
accompanied by bad cdours and fly breeding. In turn, refuse is
often disposed of by uncontrolled landfilling which impacte
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 proceas 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
Researcih 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 study was carried out at Rini,
Grahamstown. (See Restricted W.R.C. Contract Reportis Noa: 1
& 2 dated June 90 and Janunary 91). As far as could be
ascertained at the time, the concept of using unsorted
domestic refuse as a bulking agent to stabilise night so0il in
a forced aeration process was unigue in the world. These two
reportas 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 paper was read by B E La Trobe at a
conference in Toronto, Canada in October 1991. 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 1992.

2. HISTORY AND FUNDAMENTALS QF THE FORCED AERATION
COMPOSTING PROCRSS

2.1 HISTORY OF THE PROCESS IN THE U.S_A.

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

Maryland began research on composting (biothermal
stabilisation) 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 layvers of the windrows prompted further research at
Beltaville 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 satatic piles (Willson et
al., 198B0O).

Since the inception of the process during 1978 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 proceases.
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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 desgign guide for the forced aeration composting of sewage
sludge and wood chips, under local oconditions. The
contract agreement provided for laboratory and prototype
studies which were undertaken at Bellville during the
period 1980 - 1986 (Nell and Roses, 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) Ifor
the treatment of mechanically dewatered esewage sludges.

FUNDAMENTALS OF THE FORCED AERATION COMPOSTING PROCESS

Composting is defined as the solid-state aerobic biclogical
decompogition . 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 process is much less reliable at
the extremes of these conditions (USEPA, 1981).

Dtilieation of natural draft ventilation and manuail 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 Roas et al, (1986) 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 seil.
e) Provision of dried sludge as insulation layer.
f) Labour to construct the compost pile.

g) Sieving of the composted product.

Suitability for Project Leader who lives in Grahamstown.

Availability of chemical and microbiological monitoring
facilities at Rhodes University, if required.

Az the bagic 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.

PILOT STUDY

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 (Tm x 7Tm) was constructed on which to carry
out the experiments, as the soil in the area was very
clayey. A s8light 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

M1580 model; O,7bkw; 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 9831-8331 Cost: R1115.32 (1990 price).

AERATIOR MANIFOLD TUBING

fm of HX 100mm heliflex medium duty PVC flexible tubing;
tubing was plugged at one end and slotted over a 2m length
to allow air to be drawn equally into the pile over a wide
area. 7 Kininghall Avenue, Eppbing Industrial, 7460, Tel:
021 54-7051. Cost: R174.38B (1990 price).
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TIME SWITCH
Slimline Series Type 5T 202

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

Coat: R210.18 (1990 price).

WATER TRAP

200 1 Drum with 100mm inlet and outlet to accomodate the
tubing. The drum was provided with a wvalve 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
Coat: R1325.96 (1990 price).

DIAT, 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
sieve was made by the Rini Worksehop.

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 sBorted
and the wvarious 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 solides for composting can be
determined by the following "rule of thumb" method:-

Free Air Space (refuse) 1 - Bulk Density
1 - 0,17

0,83

Inaen

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

The refuese used as a bulking and filtering agent for night
goil s8olids in Run 1 was unpulverised, so as to utilise the
porosity and structural strength created by substances such
ag metal cans, plastic containers, bottles, cardboard
boxes, etc. Refuse is generally very dry (moisture content
lesas than 15%) but this creates no problems as the night
s0il) has a moisture content of some 95%. The ides moisture
content at the start of the process should be in the range
50 - 60%. Too muach moisture, however, iBs unsatisfactory as
it fills the wvoids.

Both refuse and night so0il have sufficient available energy
for heat generation with the result that the ratio of the
two compenents used in composting is not so critical and
need only be adjusted to provide the necessary porosity for
the forced seration of the static pile. The aeration rate
can be increased to compensate for reduced porosity of the
rile.

NIGHT SOIL

The chief components of nigh soil are body wastes such as
faeces and urine together with paper and rags. Night 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 scoil 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 H5X and this waa thickened by
filtration of the ligquor through the layers of the refuse.
The free leachate drained from the pile and was collected
and pumped away to a pond asystem.
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Such non-mechanical thickening of night soil solids
conaiderably reduces the capital and rumning coat of the
CORANS ©process. In comparison, conventional forced
seration composting processen require mechanically
dewatered sluddge to be mixed with a more costly bulking
agent .

DRIED STABILISED SILUDGE 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
bage 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 sufficiently
non—-porous to retain heat and exclude rainwater. Heavy
rainfall, however, may cause problems by washing away
exceasive 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
aludge 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 lavers of refuse and night socil were added to
a height of some 1,5m. The solids in the night so0il were
entrapped in the refuse while the leachate filtered through
the pile and was collected in the drainage sump. The
refuse was tranaported from an adjacent stockpile by
wheelbarrow while the night so0il was gravitated from a
tanker. The sides 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 Z2m x Zm; height of pile was 1,5m).
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The heterogeneous nature of the pile contente made it
difficult to sample for analysis of poresity and moisture
content. Instead, the ration of the two waste streams
was adjusted based on past experience of constucting
other static piles.

The pile was covered with a 10 cm layer of dried sludge
(similar to the base layer} to provide heat insulation
and odour controcl.

The Beltsville method of aeration where the aeration rate
ia contronlled by the residual oxygen concentration in the
pile (Nell and Ross 1987). In practice, rediual oxygen
mast be kept between BX 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 conditiona 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 aprlied by means of the fan which was
controlled by a time switch. The time swltch 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
coats are low.

Originally eight galvanised pipes (2m long and Zcm
diameter) were driven into the pile at diiferent levels
around the perimeter. 50 as to serve as temperature and
reaidual oxygen monitoring points. A rubber stopper
isalated the inside of these pipes from the outside.

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

The construction of the pile was completed in one day
with the assistance of four labourera. Thereafter the
aeration 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 B0 days composting the pile was manually screened
with a aieve of 2bmm diamond mesh size.
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A procese flow diagram of the wnit operationa for the composting
of night so0il and refuee is illuetrated in Figure 3. The procesgss
comprises thickening of night scil by filtration through refuse,
aerstion in a static pile, maturation and screening. The liquid
fraction of the waste stream {(originsting from the washing of
buckets and the leachate drained from the compogting wlle) i=
ideally treated in an adjacent pond system.

7. RESULTS OF PILOT STUDY
7.1 TEMPERATURE PROFPHILE

The temperatures reached at the eight monitoring points in
the pile are presented in Table 3. A graphical record of
the temperatures of monitoring pointa 2 and B together with
the daytime ambient temperature is plotted in Figure 4. The
data indicates that the prototvpe Bcale 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 tho=se obtained by Nell
and Ross, (1987) where temperatures of between 60 and 71
dedrees centigrade were ubually obtained with mixtures of
dewatered primary sBewage sludge and wood chipa.

Figure 4 indlicates a rapid increase in temperature from 30
to 68 degrees centigrade in seven days after commissioning
the pile on the l1lst February 1990. The significant
difference between the temperatures inside and outside the
pile illustrates the biothermal activity of the micro-
organisme and the energy potentinl of the refuse and night
soll mixture. The temperature prophile over time is a
convenient method to assess whether the composting and
maturation processes are completed.

7.2 DISINFECTION EFFICIENCY

Composting has the advantage of both steblilising and
disinfecting the so0lid westes. 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 wase
the case in Pun 1 for monitoring point No. 8. Thereafter,
temperatures of 60 and 656 dedrees centigrade were recorded
for monitoring points B and 2 respectively after 21 davs
operation.



7.3

10.

Previous research (Nell and Romss, 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 occcur (Willson, 19886). This is not unique %o
sludge composting but occurs in all bulky bio-degradable
organic materials stored in the open, close to a possible
source of infection.

Table 4 recorde 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 minutes ON: 40 minutes OFF) once a turning point in
the temperature curve was observed after 9 dave operation
(Figure 4). After 26 daye 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)

85 min/hour

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

(U T I VI L TR

The oxygen concentrations in the exhaust gas extracted from
pile during Fun 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 aeratien was teeo high or the monitoring
procedure was faulty. This aspect will be addressed in
future experiments.

Large variations in ambient temperatures, eapecially during
winter nights, would adversely affect the temperatures in
the pile by drawing in excessive amounts 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 sieved
fraction was weighed. The veild of final product was
arbitrary calculated as follows:-
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Tnitial masas of wet solids
Final mass of dry sieved compost
Yield of dry sieved compost

10 ton (approx)
2.7 ton '
27%

The composgted mixture of refuse and night s20il was easily sieved
and had a very good hamis-like appearance. The end product was
dry, had a loose friable texture, was black in colour and had a
pleazant smell. It was nothing like the original producte which
were putrescible and had high offensive malodours. Hxperimenta
will be undertaken to determine the agricultural uwtiliepation of
the compost.

8.  DISCUSGION
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 poaaible. Lime can alaso 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
paassing the gas through a matured compost filter pile.

The leachate draining from the static during construction
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 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 socil can be
spummarised aa follows:-—

* It is an appropriate waste management technology which
requires simple equipment and unskilied labour and is
suitable 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 scil in
agsociation with a pond system comprehensively treats and
manages the two major sources of polluted wastes generated
by less—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 compeost that is easy to handle.

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

Relative insensitivity of the microbiological precess to
changes in substrate and growth conditions allows for wide
differencesg in the input materials (refuse and night soil).

Uge of refuse ag a bulking agent has the advantage that it
provides more energy (heat generation capability) and
nutrients to the overall composting process than octher 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 significantly lower than for
conventiocnal forced aeration composting processes because
no mechanical dewatering eguipment, mixing egquipment nor
bulking agent needs to be purchased.

Flexibility of the process allows application in highly
mechanised (low labour} or in unmnmechanised {labour
intensive) form. In general, site-specific criteria,
availability of capital and the cost of labour will govern
the degree of mechanisatiorn 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.

Coste can be reduced considerably in lesa—developed areas
by choosing a site requiring a minimum of earth-work,
mixing and sieving by spade 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 secrap metal,
plagstic and glass wich will be sieved from the mixture on
completion of the composting process.
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There are no intrinsic reestrictions on the size of the
plant. Use of the extended pile method reduces the land
requirementsg (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.

ii 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 aeration
pipe was continually filling with drainage water
cntting 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.

g.2

Concrete s8slabs on which to build the windrowa are not
alwaya neceassary. Provided site area geology allows proper
drainage this expense c¢an 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 12 mm diameter.

The vields of compoat obtained in the first run, it is now
realised, were exceedingly low. Admittedly a great deal
depends on the guality of the domestic refuse used as the
bulking agent, however yields of at leaat 60% 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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CONCLUGION

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
solid wastes and ponda for liguid wastes would be
particularly appropriate as a waste management system for
less developed communities where a non-sophisticated,

jow
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 ratio of pile

Optimum pH range of pile

Optimum particle size of solids
Degradability coefficient (sludge)
Degradability coefficient (wood chips)
Degradability coefficient (final product)

W - ratio (thermodynamic balance of
asolids to be composted)

Dengity of refuse

Pensity of =ludge

Aeration rates

Free ailr sgpace

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

Regsidual oxygen concentration in
exhaust gas from pile

Composting period (aeration)
Maturation period (non-—-asration)

Land area rvegquirements

30 : 1 to 40 : 1

6,5 to 7,5
5 to 15mm
kr = 0.7

kr - 0.25
kr = 0,18

lesg than 1Qg water per 1 gram
of degradable crganic matter

500 kg/m3

800 - 1050 kg/m3

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

greater than 0.4

50 - B80%

less than 40%

should  exceed B85 degress
Centigrade for at least 5 days
5 - 15%

21 daya

21 days

0.4 - 2.0 ha for population
eguivalents of 28000 - 350 000
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TABLE 2 : COMPOSITION OF 1 m3 DOMESTIC REFUSE AT RINI TOWNSHIP
(SAMPLED ON Z0 DECEMBER 1989)

CONSTITUENTS MASS %

Glass 15 8.8
Plastic 37 21.6
Paper 18 10.5
Metal 7 4.0
Other "Organics” 94 £55.1
Total 171 100.0

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

volume 1 m3
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TABLE 3 : TEMPERATURE OF VARIOUS BONITORING PDINTS OF THE STATIC PILE MIRING PROTUTYPE-SCALE
FORCED AERRYION COMPOSTING OF REFUSE AND WISHTSDIL (RUN MD. 1)

JENPERATURE OF ROMITORING POINTS ( C) AMBIENT
BATE DAYS AT DIFFEREMT LEVELS ARDUND THE PERIMETRE OF THE PILE  DAYTIRE
AFTER TENPERATURE

1590 START-LP 1 2 K 4 5 b 7 B { C)
02 Febroary 2 k4 12 b\ 1 13 34 M 17 30
03 February k| 35 I 34 i k4] 38 1] 45 28
G4 February 4 I8 i8 18 35 35 42 44 44 27
05 February 5 35 10 1?2 A0 3 17 50 &1 i)
04 February & 4 1 45 12 k1 52 32 bb 26
07 February 7 34 53 £ H] 4b 44 54 Sh &8 9
0B February B 56 o4 113 40 ¥ 3b | 42 |
09 Febrvary 9 by h 55 49 17 57 82 bl p. |
10 February 10 | 98 53 50 ig 58 b A5 ral
12 February 12 50 95 32 ]| 1 55 53 55 24
13 February 13 7] 53 52 a7 47 ah L1 60 23
{4 February H 50 54 53 1] 19 Sb 53 &0 24
15 February 15 48 53 53 47 18 57 52 b yi]
16 February 14 4B Y] 92 L 1] 18 57 ) b1 ]
1% February 9 3 5b 1] L[ 1 57 55 b2 y!
20 February 20 a2 56 50 14 47 54 LY &0 26
72 Febroary 2 48 k| 1] 47 47 3% 90 &0 19
231 Febroary 73 LY 5 9 7 &7 56 19 59 20
24 February 26 18 18 4 4 1] 53 15 34 23
21 February 77 Y] 52 13 45 15 3l ) 41 24
28  February n 42 52 4b 15 45 al " 57 24
01 March 29 41 30 1) 15 14 19 at 54 4
02 March ki1 3 48 13 ! 44 48 1 i) n
05 March 13 A 43 13 42 42 4 13 52 &)
06 March k) 40 44 44 12 12 47 32 50 21
07 March 35 3% 13 H A2 13 47 A5 a3 20
08 March 35 30 43 43 12 A2 5 3 50 22
09 March Ly ki) 45 3 47 42 13 A3 50 24
12 March 40 kY] L ¥) 9 10 19 ] 40 15 22
3 Marth 1 7 42 10 17 39 45 40 45 p.]
20 March 48 " 1e k| 3 1B 11 32 43 2
23 March b} 15 39 B 36 hij 19 15 1} 3
2 March 54 " kL 3 35 k! 40 37 A0 22
27  March 53 1 kS 3k I35 15 ki I 13 Fi|
28 March 5h M 39 37 35 36 19 15 10 20
2% March 57 it ] 3 36 u 35 39 k! ] 39 yi
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TABLE 4 : TIME SWITCH SETTINGS FOR AERATION FAR AND APPROXIMATE
AERATION RATE OF STATIC PILE FOR RUN HO. 1

DAYS TIME SWITCH AERATION RATE
DATE SETTING
AFTER OF STATIC PILE
MINUTES MINUTES
START-UP ON OFF {m3.t-1.h-1.)
0l February 1 240 7 144
06 February 6 60 60 36
09 February 9 20 40 12
28 February 26 4] 60 3
20 HMarch 48 2.5 60 1,5
TABLE 5 : MEASURED OXYGEN CONCENTRATIONS IN HEXHAUST 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 (%)
1890
START-UP 1 2 3 4 5 B8 7 a8
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
a5 March 33 i9 18 17 16 ie 16 16 19
09 March 37 19 17 17 17 16 19 14 17
NOTE : Bacharach Fyrite oxygen analyser was astandardised in air at

a known temperature.
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The pilot study conducted at the Rini =site during 1990
proved successful to the point that it was felt that a
gradual introduction to a full scale operation of treating
domestic refuse and night so0il could be handled with
confidence. This plant could be used as a demonstration
gite to prove to other local authorities and international
institutions, searching for low cost sewage solutions, that
the process wag viable. :

Any community, no matiter how rich or poor, has two major
waste streams, domestic refuse and body wastes. The object
of the project 1is to demonstrate the feasibility of
stabilising large quantities of these two important waste
streams into an end product which does not have undesirable
characteristiecs.

The supply of adequate sanitation systeme 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 sBettling in search for work.

The fundamentals of the forced aeration composting process
have been fully discussed in the pilot study section, so
will not be repeated here.

SITE OF THE PULL SCALK PROJECT: RINI. GRADAMOTOWN

The reasons for choosing Grahamstown have been previously
stated. In addition, Rini was been threatened by a Supreme
Court order to close this sewage treatment facility,
because of obnoxious odours reaching the nearby Escom
Inatallation. Surrcunding farmers were aleoc complaining
bitterly about the offensive odours.
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P2

FONDING OF THE FULL SCALE PROJRCT

The delay in starting up the full =cale operation was
puarely financial.

The budget required for the initial project was in the
vicinity of R170 000 00. This figure eventually escalated
to about R200 Q00 00.

VARIOUS INSTITUTIONS WERE APPROACHED TO 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) The Algoa Regional Service Council. This application
included with the Annexures, is dated 26 August 1921.
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 1992.

At this stage it must be stressed that without the understanding
of the Water Research Commimsion Qfficiale — Mr P Odendaal, the
Chief Bxecutive and Dr O Hart, together with the Director,
Engineering Services, Mr John Kemp and the Chairman — Mr James
Kleynhane — 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.

Most of the town is =merviced by a nightsoil bucket system.
The remainder, mainly the area known as Extension 5, which
contains the more recent and expensive housing development,
has a system of conaservancy tanks which are drained
periodically.

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

an unfortunate disregard for the local conditionsa and
geology.
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6.1

7.1

3.

Rinl is bullt on a golid Blab of clay which is subject to
ground movement. Many of theese tanks cracked, with
the resultant leakage of the contentsa.

Neighbours share conservancy tanks with expected arguments,
as to who causes the tank to £ill quicker, etc. When the
tanks are evacnated the smell is horrendous.

There is an added complication. The contents of
conservancy tanks is either discharged into a sewer which
drains into the Grahametown works, where it complicates
sewage treatment in an already overloaded works, or is
diacharged into Rini’s own evaporation pond system. This
pond system 1is also in an overloaded and overgtressed
state. The system attempts to purify the night soil by
forced aerating it. When the contents of the conservancy
tanks is dlscharged into the ponds it is already in an
anaerobic phase, which defeats the attempt to purify the
sewage by aerobic technigues.

THE RINI RKVAPORATION POND SYSTHEM

Nightscil is delivered by varioue capacity trucks. The

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

treat between one third to half of that volume.

The contente of each truck is allowed to flow by gravity,
in the open air, through a set of grisly filter bars 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 metrea 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 SYOTEM - AUGUST 1991

Only the two concrete ponds are in operation and are
totally overloaded. The remaining four ponds are dry and
contain a large proportion of =0lid sludge, which should
never have been allowed toc happen.
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One of the concrete ponds is so overloaded that it is
covered with a thick crust, sc thick it was possible %o
wallr on it, sc this pond which is supposed to be aerobic i=s
totally anaerobic. Recently an attempt has been made to
place new aeratora in this pond.

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

Some months ago the contents of the second concrete pond
was pumped with a hired pump onto an adjacent vacant land,
in an attempt to alleviate the situation. In fact, it
merely moved the problem from one place to another. It 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 irrigate 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 2olids floated
tc the surface, but after overnight separation trials,
there was definite solid settlement to the bottom of the
vessel. It was felt that the solid floatables would be
eliminated by the emascerator pump s8ituated 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
demonastrated that the sludge in the settling cones after
emasceration and an overnight settling thickened to a total
solids content of about 4_6% solids.
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Research on the percentages of basic ingredients in the
domestic refuse was reported in the pilot study report.

FOLY, GCALE OPERATIONAL PROCEDURES

Nightsoil is delivered to the site and discharged into the
first sump by gravity. A sluice gate has been inatalled 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

Pomestic refuse is delivered to the site and deposited over
the prepared aeration pipes; the windrow base is kept to
the designed dimenaions of 20 metres long and 3 metres wide.
The windrow height ias kept to 2 metres. The windrow sides
are sloped toc 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 laver is liberally sprayed with sludge from the
gettling 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 ligquid draining from the

windrow collects in a cemented chamnel which returns this
ligquid 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 evaporation ponds is used to irrigate the 120

pepper trees planted around the periphery of the gite. The
natriente benefit the growth of the trees and pure water is
vented to the atmosphere by natural transpiration.
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Completed windrows are covered with a 25 mm layer of olid
matured sludge cake or available compost to act as an
insulation, weather protection and to reduce fly
infestation.

HEach windrow contains abount 100 cubic meters of material
but tends to diminish in volume during the course of the
composting processa 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 levelg 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 destroyed. Usually
temperature levels rise to levels in excess of B5 degrees
centigrade. Windrow temperatures are monitored on a daily
basie. 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 aeration created by windrow removal. After a cooling
and drving period of a further fourteen daye the material
is ready for screening.

AERATION TECHNIQUES

Aeration techniquesa during full scale cperation 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 aerated 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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The matured windrow material is stabllised and ready for
screening; it i2 no longer toxic or obnoxious. The
material is worked through an electrically operated rotary
screen to a particle size of 12 mm.

The sBcreen 1s linclined. The composted materisl pasees
through the screen, while all the plastic, tina, glass and
other inert meterial paseses out the end of the screen and
is atored.

Glaes is recovered for recvcling. The plastlc is baled for
sale and other inert material is taken to the landfill
8ite. The vield of organic composat 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 sold to

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

Microbiological Analysis.

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

Leachate Fflowing from the windrowe is returned to the
screen sump by means of concrete channel.

ROTARY SCREEN

A rotary screen fitted with high pressure water jet
sprayers at a pressure of 4 bars. 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.
Copt of the Screen = R30 206 00 vat included, June 92
Supplier : Basic Mineral Engineering,

Box 414356, TVL, 2024

SUMP

The sump is fitted with a submersible pump, whlch has a
cutting mechanism to chop up sclide into a fine state. The
blended 8solids 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.

Coat of Sump

Born by Rini Council
Emascerator Pump

R10 000 00

£1

R12 275 00, June 92
Monco Pump=z, Box 8136, TVL, 1613

SETTLING CONES

The capacity of these two vessels is 16.000 litres each
(16m3). The days discharge of nightsoil is allowed to
Bettle and thicken overnight. The thickened 1liguid is
drawn from the base of the cone where there is a shut off
valve. The sludge is conveyed to the windrowa 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 Tanks : R48 730 00
Supplier : Fam Trading, Box 178, TVL, 2021

WINDROW BASES
The windrow bases in the pilot study were constructed

concrete slabs. To reduce coats in the full scale plant
the ground was merely graded with a slight slope. Windrow

dimensions - 20 metrea 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 layer of shade cloth to
prevent solid access into the aeration pipe. These
windrows are interconnected to one fan blower. Presently
g2ix windrows are operated by two fan blowers.

Cost of Piping 2 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 2800 R.P.M.

Coat : R4000 00 {June 92)

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

Cost : R500 00 each (June 92)

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

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

10.11 RQOTARY ELECTRICITY OPERATED SCREEN
Cost : R10 Q00 00 (June 92)

11.  WINDROW MONITORING
Puring the course of this study the following
obhservations were carried out:-

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.

WIRDROW NO START UP DATE AVERAGE HIGHEST AMBIENT

1 10 May 1992 560C 690C 150C

2 22 May 18992 51oC 68Z2oC
3 & 4 10 Aug 1992 50aC 820C 240C
5 &6 9 Sep 1992 540C 640C 260C
7 &8 6 Oct 1992 550C 620C 2BoC
g & 10 2 Nov 18992 §8oC 660C 280C
11 & 12 15 Dec 1952 520C 600C 300C
13 to 17 2 Feb 1883 580C 710oC 300C
{(2/2 400C)
18 to 22 3 Mar 1993 540C 6850C 2BoC
23 to 27 7 Apr 1993 56aC 730C 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 so0il together with a dust content from the
refuse. In addition the windrows were not built on a
concrete base. Some =2o0il would have been acooped 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 ANATYSIS

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

Further analysis of samples taken in March 1993 gave
pimilar pathogenic results.
PROJECT EVALUATION

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 period 12 00Q cu/m

Percentage volume of total refuse

treated 30%

Humber of windrows built in project

period 30 windrows

Volume of domestic refuse per windrow : 120 cu/m
At end of windrow treatment this wvolume
subsides to abkout 80 cubic metres

Number of bags of organic material
screened out of each windrow - 400 bags

Wood chips supplied by Parks & Gardens
Grahamstown was added to most windrows
aa additional bulking

LK}

80 cu/m
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Average yield per windrow 1 458%
Volume of maturing material on site.

This includes material in five windrows

plus material awaiting screening r 9850cus/m
Volume of screened organic material -

(growing medium) on site : 400 cus/m
Volume of growing medium donated to

Parks & Gardens Dept. Grahamstown in

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

YVolume of primary sludge sprayed onto : 18.000
each windrow litres
Total volume of primary sludge sprayed r 540,000
over 30 windrows litres
Total so0lids organic material f£rom

sludge 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 colliected. The
original research carried out on refuse from Rini as
measured at the Grahamstown Landfill site over a period
of one vear showed that sach cubic metre of refuse
would contain about 8% of glass. We should have collected
aover 250 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 windrows during the pillot study period.
The reasons for the shortfall are various:-

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

e.g. emascerator pump breakdown, with no standby pump
caused a delay of at least three weeks.
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* Indecision by Rini Town Council caused staff 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 EPFFECTIVE SAVINGS ON THE THREE SCENARIOS
(a) The actuality of 30 windrows.
() The potential budgeted 44 windrows.

{a) The total process of Rini s domestic waste — S0
windrowg per annum.

COST SAVINGS ON TRANSPORT OF TRACTOR TRAILER SYSTEM:-

Estimated expenditure saving of two hours per day load at R34.00
rer hour {(maintenance costs).

30 windrows = 720 loads
44 windrows = 1058 loads
90 windrows = 2180 loads
720 x 34 » 2 = R48.960
1066 % 34 x 2 = R72.808
2180 x 34 x 2 = R214.880
Transport Labour Cost Saving :- 2 hours can be saved per day

at R30/hour.

30 WINDROWS 44 WINDROWS 90 WINDROWS

RZ21.800 p.a. R31.880 p.a. R64.800 p.a.

Saving on landfill levy to Grahamstown Municipality.
R7.000 R11.000 R2Z2_000

Sale of growing medium nominal R20/cubic metre.
R28.000 R42.000 RB4.000

Totals — gross savings :-

R105.5860 R157.488 R3B5.680
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Additional Labour Costs :-

R40.942 R60.000 R120.000

Nett Savings :-

RE4.418 R97.488 R265.680

Savings on Tractor :-

R300.000 R300.00 R30C.000

R364.418 R397.488 Rb65, 680

No account was taken of coat of protective clothing for the ataff
or the use of the front-end loader, nor any income derived from
the =zale of baled plastic.

12.6

Estimated Expenditure For Additional Equipment To Treat
100% of Hini“s Nightsoil and Domestic Refuss.

3 Fan Blowers : R12.000
Electric Equipment :  R10.000
Aeration Pipes or Pellets : R5.000

Secondhand frontend lcaderx : R47.000
Rotary Screens R20.000

e

TOTAL

R87.000

The additional benefit wounld be that instead of the preszent
labour force staying at 10 extra workers, an additional 20
Jjobt 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
products onto agricultural land is unfounded as proved by
report submitted in the Addendum by Thomas H Wright of
University of Wisconsin, Madison, September 1892. Any
legislation as stipulated by the Department of Agriculture
or Health should be amended accordingly.

THE RINI DOMESTIC REFUSE REMOVAL FLEET
This consiatas of six tractor trailer systems. All of
theze vehicles are old and will shortly have to be

replaced.

To replace all six unite would cost at a conservative
estimate, approximately RB00.00.
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It is heard uwnofficially that it is the intention of
the Rini Town Council to move this nightsoil treatment
plant at some future date. The project eguipment is
capable of being moved to the new site. It is not for
this report to question such a Council decision.

It is hoped that The Algoa Regional Services Council
will protect ite investment and ensure that this

unique plant will continue to operate. It is the first
of its kind in the World. The interest in its operation
has drawn visitors from all over South Africa and from
international agencies based in Bwitzerland and Germany.
The scientific paper read on this project at Toronto.
Canada, was eventually published in the worldwide journal
- Water Technology. See Annexure.

CONCLUSION

The project has demonstrated that the stabilisation of
nightsoll (raw sewage) using unsorted domeatic refuse
as a bulking agent, is economically feasible as a low
cost means of treating these two obnoxious waste atreams,
on a comparatively large scale.

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

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

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

Hore importantly the use of domestic refuse as a
bulking agent will increase the life of the Grahamatown
landfill site by a gignificant number of years.

If this proceas were to become widely accepted and put
into operation, it would, by reducing volumes in landfill
sites, have a positive effeect in the reduction of
jeachate from landfill areas. This would, in tarn,
benefit ground water guality, and have similar beneficial
effectes on neighbouring streams, rivers and lakes.

The system is environmentally friendly.
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WASTE GAS ENGINEERING
Reg. No. 89/03280/07 (Pty) Ltd

Engineering Construction - Anaerobic Digestors
Waste Gas Technical Services

PO EER XIS 74 Charles Strect
AN 200844 Grahamstown
AR XOUTX 02X 6140

Fax AL B13AREX Tel: (0461) 23575

7 Mazrch 1991

fir C tuller
The Town Clerk
RINI COUHMCIL
p.G. 20X 3?6
GRAHAMSTOWH
6140

re: TREATHIHT OF HISHWT SOIL AT RINI.

Dear Fir fluller

This letter is to conficm our discussion at our mesting cf tha 1st
flarch 1991.

vou will recall that I ceported to you, that the resort Mr € VYan
Roovsn, Director of Lands, C.P.A., had refuestad I prepzrs on the
above subjact was delivered to his 0ffice sbout the middle of
February 1881,

I was in Cape Town, on other bysiness, on the 1% Fabruary, S0 was
able to use the oppartunity of visiting Az Yan Rouy=n to discuss the
report.

Mz Van Rooyen, in turn, set up a m2eting for me with members of the
C.P.A. Enginzering Department. At the end of this mzeting it was
apparently tentatively agresd by the Engineers to investigate the

possible funding af the projsci under the following conditions.

1 The application for this fundimg must originate from Rini Town
Council,

2 Thazt the C.P.A. would want to appoint a Co-Project Lezader from
the C.5.1I,8. with tha undersigned. This wauld be zt the
expenss of the (.P.A.

That the applicustion be sccompaniad by an sconcmical feasibility
study. This decument is included witn this latter.

o

In view of the overstressed conciticns of Rini Sewage Punds, the number
of complaints ragarding tha cbnoxious smell and the threat of Tnhe fent;:
of Water Affaics to withdrau the licence of the plzni, your Council can
he assured that the suggested improvements in the raport will allaviets
the conditions at the sits.

2/-

Pencoas: D _F_? T ArEeg, CErg BSg (Honcy M WCLE A AL
8.2 Lawrols 305 hoael, LASAG S ML P S



The Toun Clerk
Rini Council

This cen 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 thsse reports are already in youT office. it is entitled
nForpced Asration Co-Compasting of Might Sogil and Domestic Refuse at

Aini, Grahamstouwn®, The report uas published in two sections. The
first preliminary section uss presented in June 1590 and the final repert
in January 1891,

The § A Water Commission will continue to assist with funding far the
project on the forced aeration compesting szctian to the amount of

A30 000 approx. until December 1591,

Should your Council require any Furthar information in ordar to Formulate

the applicztion to the Cape provincizl Administration, please contaci the
undersigned. )

vours faithfully, '

B F G St

8.6. LA TROEE
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26 August 1991

Mr J Kemp

Director Engineering Services
Algoa Regional Services Council
PORT ELIZABETH

ra: Treatment of Raw Sewage At Rini, Grahamstown -~ An Alternative To
Conventional Sewage Water Treatment.

Dear ¥ir 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 1290 to January 1991)}. This study
demonstrated that raw sewage could be succassfully stabilised by a procass
af forced aesration compasting using domestic refuse as a bulking agent,

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

The Commission is keen to see the precess developed further to a full scale
speration, and to this end has guaranteed its sponsership for this purpose,
to a total aof R50 'G0OO. Approximately half of this amount want toward
funding of the pilot study and the remaindar will cover the costs of the
additional research study plus some of the additional equipment on the
composting side of the full scale project.

Pragress reports to the § 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 330034D.

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

The S.A. Water Research is not able, in terms of its rules, to fund the total
project for equipment, lahour etc. on the sswage treatment side of the process.
Hence the .application by the-Rini.Town Council, for the sum of R200 0OO (Two
hundredthousand Rand) to cover the cost of esquipment, labour, construction of
the night soil treatment plant prior to compesting.

Mativation For Installation Of This Plant At Rini,

1l The pilot study was carried out at Rini. It therefore makas sensa to set
gp a trial full scale Plant -at the same locality - the managarial staff
have some sxperience of the process. The undersigned is close at hand to
offer advice, supervision-and training of  junior staff

2 Ainit's present night soil treatment piaﬁt is in dira straits, being totally

overloaded. Installation of this plant will creats a permanent salution to
Rini's night soil problem,

2/~



Mr J Xemp

1t will satisfy the Department of Water Affairs who ara threatening
to withdraw the prasent plant's licence.

It could diminish tha threat of legel action from the Eskom establish-
ment which is situated adjacent to the Rini Sewage Warks. Eskom
because of the meal-odours created at the overloaded sewage works are
thinking of moving their entire operation to a different lecation and
claiming damages from Rini Town Council tao pay for ths reloeation,

This will invalve a considerable amount of money that will cest millians
of rands.

The establishmant of this improved plamt will 2llaviate similar
obnoxious problems in a new site and service area which is presently
being established close to the sewage works,

The cost of the solution to this obnoxicus problem is relatively
inexpensive,.

The experience gained with thz establishment of this techn;que which
is known as the CORANS PHOCESS, will be of great benefit to Rini and
will give the lead to many other Touns of South Africa which suffer
with similar problems,

The process will pravide an increase job opportunity in the area and
turn two major obnoxious waste streams into a source of income, and
alsa reduce the cost of refuses collection,

Advantages of the CGRANS PROCESS.

1

It is an appropriate waste management technology which enly requiras
simple equipment and unskilled labour and is suitable for application
in less developed areas.

It is an ecologically acceptable resource recovery msthod which
reduces public health hazards and impacts positively on the

enviranment,

The integrated composting of rafuse with night soil treats two major
sources of polluted wastes gensrated by less developed communities,

The process recycles nutrients by production of a dry humus-1ike soil
copditioner with 2 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 more sfficient and less costly
than other bulking agents, such as wood chips,

The leachate from the windrows, which is pumped to ths ponds is almost
free of solids, which will therefore more fresly evaporata,

3/-



Mr J Xemp.

B. There is a potantial incoms from the sale of the compost as well
as the recovered plastic, cans and glass.

9., There are no intrinsic restrictions to the size of the plant.

Note I Cost Of The Installation (Stage One)

The Leather Aesearch Report Annexure I1II (in your possession) lists three
different stages af plant improvement. Oply stage 1 is necessary to solve
the immediate problem the rest might be established later with ¥unding from
other Sgurces, However, should this occur, the works will becoms 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 feading their stock. It will also, in turn, create more work.

Note 2

Prices listed wers as of January 1991, with present day inflation thers
has obviously been increases. New up to date prices bhave recently been
regquested, These will be faxed to your OFffice. Howewver, the built in
contingency figure of 15%'should help to dsfray the additional cost and
‘help keep the project within the requested application from Rini of

fR200 DDO.

Hudaaet Estimate:

Oesign

Supsrvision

Training

Transport Costs Total = R 45, 428-00
Monitoring

Ehemical Analysis

Consultant's Fess

Equipment:

Rotary Sisves, Aeration Piping _ fan filowers 10, 350-00
Screen . 25, 000-00
Sump Yo, DA9-00
Pump and Controls 8, 000-00
Settling Cone &80, 00000
Pipework 5, €ao-ao
Civils 3, 000-00

R166, T778-00

159 contingency 24, 000-00
Allowance for Incrteased Construction & installation 9, 000-00
costs

R1G9, 778-00

Job Creation Potantial.

It is estimated that an additional twenty labourers will ultimately be
necessary to run tha Plant. These persaons will be employed in the
following capacity, In addition there will bs more employment ditring
plant conastruction,

4/-



M J Kemp.

Windrow building (compesting lines)

Control of sewage and refuse mixing,
Temperature and oxygen monitoring.

Windrow stripping and sieving after composting.
Compost bagging.

Distribution and sale of compast.

- b ;A LN M

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

8 Collectiaon of remaining inert material to he transported to
the refuse site,

g General site maintenance and flying plastic callection,

Later generation of extra employment.

Part of the new project will be the sstablishment of fast gqrowing hedges
around tha entire site, This will assist with flying debris, possibly
created by refuse windrow formation. It will mask the view of the site
and will also tend to absorb residual sewage work odours, which can naver
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 to be made from the sale of glass and plastic,
it will encourege adults and school children to collect these items in and
around their town and bring it to the seswage works or a designated loecal
depot, where they will be paid for the glass and plastic that they collsct
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 valus of
about R0O.09 cents/per kilogram,

If tha concept becomss popular it will create jobs for many peocple,

Administration of the Funds.

This has been discusssd with the Vice-Chancellor of Rhodes University and its
Finance Department, who are preparad to administer the funds through the Dept,
of Biotechnology under Prof. J Duncan. Tha Institute of Leather Research will
be responsible for the design and construction of the sludge plant under thsz
direction of Mr Roger Rosewall,

Yours faithfully,
A A

Brian £ La Trobe



7. :

RECCMMENDED IMPROVEMENTS TO THE NIGHT SOIL DISPOSAL SCHENE AT RINI, GRAHAMSTDWM

ESTIRATED BUDGET FOR STAGE I

- AEPORT CO3TS
ADDITIONAL COMPOSTING EQUIPMENT s

STAFF TRAILNING AND SUPERVISION DF THE )
PROCESS SBEFORE HANDIHG OVER TO RIHI STAFF %
3 MDONTHS AFTER COMMISSIONING. ESTIMATED AT )

R 578 @0
10350 C0O

9750 00

TRANSPGAT COSTS TO ANMD FRGM RIHI. 16 KA AT R1,00 km 1200 o0

LCOST OF SOLIDS REMOUAL:

DESIGH
COMNSLLTANCY ARD TRAINING

MONITORING. SEE APPENDIX I T THE REPORT FOR
MONITORING DETAILS

EQUIPMENT REQUIAED FOR STAGE I. SEE REBORT
ABNEX A FDR DETAILS

[
o]
w1

TOTAL: R , 778 0O

21,373 ©O

12 006 @O
16 400 06

[
[4}]
)
[

0o

R 111 000 60 + 15 contingencizsz




ESTIMATED SAVINGS:

It is important to state that it is impossible to guantify the. value of
having turned an averstressed and overloaded toxic smelling sewage
system into a more afficient plant, which does not continually get a
barrags of complainis from local farners, p8551ng motorists, local
inhabitants and empluyees of Escam,.

'COST SAYI#G Ii TAANSPGRT OF RINI'S OOMESTIC REFUSE:

REFUSE 2

The presznt arrangement is that this refuse is transported to the
Grahamssown Landfill Siie, a return journey of 18 kms spprex, Ouration
of the gound trip is two hours,

Refuse is collected in Rini by six tcactor trailer systems, Each vehicle
system does two trips a day to the 1aﬁdrlll site, The rupning =est of each
vehicla is R14,00 per hour or RZ8,00 per round trip. Details of these costsi-

12 trips per day = R 336 00 per day (tzavelling time only)
Per § day wesk = ) 680 00
Per manth ; & 720 §O0
Per Annum = 75 040 oa

It is enuisaged that eventually all Rini's domestic refuse could bs treatad
at the sswage plant, Therefore, the travelling costz of R7S5 40 00 would
be a direct saving less the cost of the reducad travel from Rini to the
Sewage Yorks. This is estimated at a half hour duration :-

R 75 D40 400
- 20 150 00

R 54 880 00 = ACTUAL SAVIMG.

CAPITAL COST OF TAACTOR TRAILER SYSTEMS:

8y eliminstion of protracted travelling to and from the Grzhamstoun Landfill
Site, the total o7 twelve bhours per day could be reduced to sii hours per day.

Thna extra time oe2ined could be used to collect more tefuss and later thers
would Sa & saving on reduciion of the tractor trailers by two units.

S5ome of these venicles ars very old, being criginally bought in the old
Bevelopment Eaard days. The saving of reducing the need to replace two
vehicls systems less than tha prasent number would effsct a saving on present
prices acout R200 GCO 09, The present cost of a tracter is abouwt REO OCO
and AZ20 D00 {or a2 krailer.

LABOUR CCS5T SAVIiG:

fzch vshicle vnit normelly employs a driver and two laboursrs, with two
vefizcles lsss Thez ssving on salariszs would be RY4 GO0 OO0 pzr annua.



SALE hF COMPDST:

This is nok en.important factor in the feasibility of the project.

The prime consideration is that the process is fransfozming toxic raw
sewage and toxic wasie into a stabilised compast at an extremely
economic cest, .
In tihe first instance priority should be given to sprezading the end
product {compost} on local Tewnship public open spaces, parks or
recregational playing fields. The C.3.1.R. report includsd in the report
will prove that it is safe ko use campast in this Tashion.

It can zlzo b2 spread on the opsn space adjacen
IT lucernz is planted in this area it could Le
contents of the last =vaporation pond.

to tn
rina

s svaporqiion poncds.
inate

Fa
L
ir d with the Tinzl

Tihe lucsroe Cule 2 sold to the local catile breedesrsz associztipn who
arz aluways sxperiencing problems with cattls feed.

At a conservaetive sstimate the plant would be capable of producing at lezst
ten tong of cempast 2 months To sell the product on the open market, it
will be necassazy to have an znalysis aof the canpact gnd to have a neLhcd
of baoging end weiphing the compost,

a later date, or contract to sell the product in bulk

Tihis c=n be dome at
rmers or to the Tyafu Farming Co-0Op which is closa by at the

to the iacal T
Fish divsr.

a

0|

There is to 2 3 ney ares af arabls land, about 1500 hectares, io he

stsblished on the Souih 3ank of the Fish River, once the Glen Melville
Bullk Yatar Scheme comes into operation in 15%2. As the soils in this ar=a
are known to b2 of infarior quality, the compast available from fAini should
have a ready markat for iany years into the future.

JECOVERING OF LLASS, PAPER, CARDECARD, TINS AMD PLASTIC.

These estimaies ars -nomingl, tut are based on the percentage af various
companents @s sxpressed in the report.

Gross Iacome FsT o Annum:

Glass A3 GCO @O0
Pizstic S 0GD 0o
Papar & Cardboard 2 000 o0
Tipy 2 060 UG

TOTAL = R12 GOG 0G




SUMMARY OF FEASIBILITY:

potential Saving:

1 Travelling Time Savings ‘ R 54 880 00O i
2 Savings on Tractor/Trailers 200 o0 0Q

3 Savipgs on Labour Cost 54 000 OO

4 Revenue on sale of compost only

three yrs after cammissioning 12 000 00 per annum nominal

5 Income Vrom recovery cof pglass,

plastic astc, 12 000 oo i " "
TOTAL = n 332 BAG 0O
TOTAL COST GF PROJECT, PHASE I R l6& 776 0D

The pay back pericd would be about two years and dramatically less, irf
cost of replacement of two tractor/trailer systems wss taken into account
in the First year aftsr commissioninmg of the Plant.

7 FMARCH 1551
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LIRI TECHNOLOGIES

£.0.80X 185
GRAHAMSTOWN
6140

SDUTH AFAICA

PHOMNE |D4B1) 22310
FAX {04513 2-6517
TELEGRAMS LIAI

Incomparated Assockailon not lof gakn
Rog Ho O3530633108

16 July 1921

Or 8 Latrobe

74 Charles Street
GRAHAMSTOWNM

6140

Dear Mr Latrobe

re: SETTLING OF RINI NIGHT-SOIL EFFLUENT

Please find attached LIRI/RPT 1602 recarding the settlement of night-seoil
from Rini disposal works.

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

Kind Regards

Yours Sincerely

ARl

MR R A ROWSWELL
Manager
fnvironmental Division
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LIRT TECHNOLOGIES

LIRI/RPT 1602 . . July 1991

3

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 Tor sedimentation trials.

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

1)} 1 hour; 2) 2 hours; and 3} Overnight (15h00 - 0BhGO) 17 hours.
Small aliduots were taken at specific time intervals at the top {G00mE mark)
middle {500mé¢ mark) and botiom (50m€ 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

l 1 I |
Measuring | Sample | Time Moisture Total Solids
Cylinder | |

|
1 [ RIT 1hr Q4,70% | 52 960 mg/¢
[ RIM | dhr 04,57% | 54 280 mg/¢
! | Ri8 Thr 93,99% | 60 140 mg/e
2 R2T | 2hrs 03,76% G2 440 mg/ ¢
[ Ram 2hrs | 93,83% 61 700 mo/ ¢
f R2B 2hrs | 94,14% 58 620 mg/¢e
3 R3T i7hrs |  Q3,68% 63 140 mg/e
R3M 17hrs 95,88% | 41 180 mg/ée
| R3B i7hrs 03,98% 60 220 mg/¢
1 | RAT 17nrs | 05,58% 44 180 mg/ ¢
! Ram | 17hrs | 06,45% 35 520 mg/ @
R4B | 17hrs 03,87% 61 260 mg/¢
| I |




-2

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 - 15mf were extracted at the various levels
described above with a glass tube of approximately Swm internal diameter to
avold 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 1liguors, in all three measuring c¢ylinders,
showed the following characteristics.

1000m¢ — “l-Floatables
ooome 9. Opague liquor
3850me - = -
— Settled Sclids

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 R1i8
and RAT to R48 were taken from the same measuring cylinder at diffarent cime
intervals there is a noted improvement in the degree of settling from after
1 hour to overnight 17 hours. Additicnally if the solids had been broken up
and screened a Tar 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 treaiment 1in an oxidation pond or ditch.



Enquiry no. D2876
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
' LIRt TECHNOLOGIES

Incerporated Assaciation not for Gain
fleg. no. 05/030683/08

P O BOX 185
TECHNOLOQGIES . , GRAHAMSTOWN
' 6140
‘ Phone: 0461-27310
- Fax: 0461-26517
FIRM ‘ DR B LATROBE
DATE RECEIVED 22/05/92
ENQUIRY NO 1 0188/0199
OFFICER B E STONE
8 June 1992
ATTENTION: DR B LATROBE
ANALYSIS OF NIGHTSOIL SEWAGE SAMPLES NO. | and Il
‘ ANALYTICAL RESULTS
| ]
Total Solids (%) 3,65 : 4,55
Suspended Salids (%) 1,18 1,80
Organic Material (%) 2,88 3,70

St 27
-t

B E STONE
Labaratory Services Division

Focused on meeting our members” needs

The fnstitute corries out sif sl andlor advisaz only on the basiz that the sene ara carmied our, mada or gheen withoul any fabdility whether for negligence of otherwise
or for any loss and/for demager susialned by any peast from soy cause whatsoavar erising out of (W report.
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FIRM DR B LATROBE
DATE RECEIVED 25/8/92
ENQUIRY NO D4203
OFFICER W M FOWLER

ATTENTION DR B LATROBE -
ANALYSIS OF COMPOSTING SAMPLE
REF SAMPLE DELIVERED PERSONALLY ON 25/8/82,

AMNALYTICAL RESULTS

pH 7,2
Moisture Content {95) 15,1
Ash Content 96) 76,7
Total Kjeldahl Nitragen ' (g/kg) 3.0
Phosphate as P (a/kg) 0.3
Potassium as K (a/kg) 5.5
Calgium as Ca. (g/kg) 4,8
Magnesium "as Mg (grkg) 1.7

lron gc Fe (grkg) 28.3
Sulphur as S (gikg} 3,1
Cadimium as Cd {g/ka} < 0,002
Cobalt as Co {g/kgl) < 0,001
Chrome as Cr {g/ka) . <0,002
Copper as Cu {g/kg) 0,003
Manganese as Mn {g/kg} 0,280
vialybdsnum as Mo {g/kal <(Q,002
Mickle as i lg/kg) 0,003
Zinc as Zn (g/kg) 3,10
Boron as B (g/kg) 0,003
tercury . as Hg Nat analyssd for

Lead as Pb MNat analysed for

laboratory services report

LIAI TECHNOLOGIES

.0, BOX 185
GRAHALASY DWH
514Q

50UTH AFRICA

PHOME:  {0461) 2- n
Fax: 10481) 2.651

In¢siporated Ansacinion nat fot Gun
Ae) no QOSIQICERIICE

2 September 1992

Mote: All values are expressed on a wet basis as either percentage or as grams per

kilogram.

NOTE: The resulis and commenis refer 10 the samples tested and are subject te the noemal deterniinants of
3 "I.-ng error. These somples may not necessarily be representative of the balches fram which they

ro- rur el nor ef any future consignments of the materials,

/ DR W M FOWLER
Manager
Lahoratory Services Qivision

Focused on meeting aur members’ needs
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LIRI/RPT MS 7/92 (Week 29} 23 July 1892

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
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MICROBIQLOGICAL EXAMINATION OF COMPOST SAMPLES

FOR ALGOA REGIONAL SERVICES COUNCIL

by
A GUTHRIE
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Rini Sewage Nii Nil
Works
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RINI COMPOSTING
GRAHAMSTOWN
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TREATMENT OF RAW
SEWAGE AT RINI GRAHAMSTOWN
AN ALTERNATIVE TO

CONVENTIONAL WATER TREATMENT

DR. B E LA TROBE



THE TREATMENT OF RAW SEWERAGE. AT RINI WEAR GRAHAMSTOWN

.THE RINI BOQUNDARIES AND THE TQWN'S STATIS

'”Bini is presently controlled by its Black Town Council, with its own Local
¢ Authority Staff. The Town Clerk is Mr. C Miller.

The town borders on the road to Fort Beaufort and is limited by the farm
Mayfield, 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 nightscil 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 periodically.

The charge for drainage of these tanks is fairly high, but I am led to
believe that Ffew 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 geology.

Rini is Dbuilt 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 arquments, as to who causes
the tank to fill cquicker 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, ar it is
discharged into Rini‘s own evaporation Pond System. This pond sysiem is
also in an overloaded and overstressed state. The system attempts to purify
the night soil by forced eerating it. When the contents of the conservancy
tanks is discharged into the ponds it is already in an anzerobic phase,
which defeats the attempt to purify the sewege by aercbic techniques.

THE RINT SEWAGE EVAPORATION POND SYSTEM

Nightseil is delivered by various capacity sized trucks. The total volume
delivered to the works is probably betwszen 3.0 kilolitres to 3.5
kileclitres 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

. 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

tried before? The ponds have been in this condition for a long time.

I do not blame.fhe Rini Staff. They have lacked the proper direction. in
...fact Mr. A Brown has made a valiant attempt to improve the situation but to
‘no avail. I am prepared to come out categorically against additional

aeration as suggested by the Consultants, and I would plead that ne 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 8 A Water Research Commission

2. Dr. P Odendazl, Chief Executive of the S A Water Research Commission
3. Prof. R Kirby, Head of Micreobhiology, Rhodes University

4. Mr. P Rose, Microbiology, Rhodes University

5. Mr. R Rosewall, Leather Research Institute

a Mr. R Theron, Chief Health Officer, Grahamstown

7 Mr. T Nel, Regional 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 is purchased for the further development of
Rini. The cost of this plant some two vyear ago was estimated at
approximately RS million. This {figure is quoted £rom memory, but
nevertheless it was a large amount.

I pose the question, will the inhabitants of Rini, be able to afford such an

sxpansion 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 forsezble future?

In Ffairness to MNinham Shand, this section of their planning was conducted
before the dramatic changes in this country started fo cccur.

and finally would it be wise merely relocate the present Pond System? Surely
this would only transfer the present problems from cne placa to another.

aAnother 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.



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 ligquid will be
returned ta the ponds. The settled solids will be combined with

e domestic refuse from Rini, which will be £force aerated +to praduce

compost within a duration of one menth 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
gtress 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 s=o0il with
the local domestic refuse.

1) ot the end of the process one ends up with the preduct which is not
only stable but of use to the local community, and can be used to
fertilize 4its gardens, wparks 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 treai 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
axcess 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 hought by Consol Glass at the present rate
of RS3,00 per ton. There is aiso a market for the plastie.

My research also included the percentage of the various components of
Rini's domestic waste, This was carried out by constructicon of a wood box,
the wvoalume 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 £inally weighed with a spring scale. Tha
average result was as follows:- :

Glass Plastic Paper Tins Organic Matter Total
15kg I7kg 18kg Tkg 94kg 171kg
88% 21.6% 10.5% 4.0kg 55.1% 100%

These gamples were tested in December 1989.
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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 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 Microbiology Department

to control such a- scheme.

If it is agreed by Rini Town Council, the Cape Provincial Administration
together with the S8 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 Ilocal
cormmunity. 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
ADDITIONAL, COMPOSTING EQUIPMENT 'R 10 350,00

Staff Training and Suﬁérvision 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 R 1 200,00
) R 21 878,00

COST OF SQLIDS REMOVAL

See LIRI Report

Budget Consting : ' R 33 900,00
Stage I enly + 15% Contingencies ' " R1l1 000Q,00
TOTAL R166 778,00

STAGES II AND IIX

This will only be necessary if the decision is made to embark on the process

of growing algas on the ponds as a cattle feed for the Rini Cattle Owners
Association or per general sale.
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8. To all intents and purposes it offers the same as a waterbourne sewage
system. :

.9. - It 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 1liquid is carried out with
certain plants, fishes and snails.

11. Maintanance iz extremely low because of the “liquids anly" 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 "kleiphuisies".

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

preblems
The Transvaal Provincial &Administration have already installed over two
thousand Ffive 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 is well known that some digesters have been marketed in
South Africa that have failed for various mechanical reasons. This can be

aveided by studying the track record of the various types.

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

The system is not only a solution far 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.



JiL.

'FORCED AERATION
COMPOSTING RECOVERS

WASTES

Recyling Domestic Refuse and Night Soil in South Africa

Brian E. La Trobe, W.R. Ross

a South Africa, adequate disposal
svsteins for sanitary wastes and do-
mestiv refuse are lacking because
of demographic, sociclogical, and
cconomic factors. This sitwation
hias resulted in an urgent need for
low-¢ost waste-management technolo-
gies, This need is particularly tele in -
cal communitics and in overpopulated
outskirts of wrban arcas, where many
people are sewding in search of better
work opportunstics. ’
Sanitary waste disposal in developing
arcas of South Africa is generally by
means of the bucket system, as there is
no infrastructure for wastewater and
there is often a chronic warer shomage.
The wastes and paper—“night soil"—
from these buckers are usually disposed
of in lagoons, which must be sicuated
some distance firam the communiry be-
cause of odor and fly breeding prob-
lemrs., Diernnestic refuse, which is 2 com-
plex conglomerate of organic and
inorganic materials, is alten disposed of
by uncontrolled landfilling, which ad-
versely atfeets the environment.
Foreed acrarion composting of nighe
soil with unpuberized refuse as a bulk-
ing and filering agent may be cost-of-
feedve for stabilizing, disinfecting, and
recovering these two polluting wasge
streamis §see Box Fareed Acrarion
Comipossing Hivory, Figure 1),

COMPOSTIRG DOMESTIC REFUSE AHD
RIGHT SOIL

Pilor-scale composting experiments
were carried aur ar the Rini waste treat-
ment phing outside Grahamstown,

Forced Aeration Composting Hiﬁtdry -

North America, The Biclogicel Wasle Monagement Laboralory ot the U.S.
Depariment of Agriculture in Beltsville, Md., began research on composting
of wastewater selids during 1972 at the request of the Maryland Environ- -
ment Service and the Blue Plains Waoslewaler Treatment Plant in Washing-
ton, D.C. This work resulted in a natural-draft windrow method using wood -
chips as a bulking agent. However, difficullies with odors ond low lempera-
tures in the outer loyers of the windrows prompted further resedrch. By the
middle of 1978, this project had resulted in the development of a successhil
forced verotion process using stotic piles.

Since the inception of the process in 1978, more than 400 wastewater
solids compoasting plents have been constructed in North America, Although
most of these plants are highly mechonized, the flexibility of the process
ollows its application in a Il:gborinlensive, non-mechonized form in under-
developed areas where there is o need for mere affordoble westewnter treat-

ment processes.

cal, biologica

South Africa. The Woter Research Commission inificled & project for forced
aeration composting of mechanically dewatered
and veod chips in stafic piles. The research establi

E thermodynamic, and kinefic criteria for properly conirelling
the process under local conditions, Bosed on this research, the process is
currently being applied at four locations.

rimuri; wastewater solids
shed the chemical, physi-

South Africa. The Facilitics used 1o con-
duce the composting experinents con-
sisted of several components (Figure 2),

The static piles were construcred by
laving an initial 20-cm-thick base layer
(2 m X 4 m} of drivd stabilized waste-
water solids on the vonerete slab. The

slorred aeration tubing was laid on the .

base Laver and eonncered to yhe water
trap sad aertion fan. A ronl ot 14 nd
of refuse was Liyered with o tood of 3
m* of night soil to a heighe of 1.5 m.
The retuse acted as 2 bulking and fileer-

ing agent for the nighe soil solids and
was unipulverized so as o use the po-
rosity and structurdd serength ereated by
the metal cans, phistic containers, and
other maserials present. Analyses indi-
cated char there was sufficient organic
material and moisture (see Box Moiqure
Conzene) in the refuse o provide en-
erey tor biological decomposition,
The pile was covered with a 10-cm
Lyer of dried solids o provide hear in-
sulation and odor congrol. The free
leachare was dreained [rom the pile and

Septembet 1997 75
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!Busa Insulation Siabilised
Domeslic aver . loyer disinfected >
refuse \ _ 5 / dry compost Agn:j::l;rurnl
e . Mixing and Aerated Moturation Screenin )
S ‘ ihickagning > stolic pile ®  pile ¢
\ ’ \ Non-
j compost |—
; Night %.eucha_lle ction Final
.—) 501 rom El & Iondh"lng
\ l}ecycﬁng ?F
< Washing of Pond system for g:':é';:slgcs’
uckels and |—» treating Yieuid
teinkars froction anly

Moisture COI'IfGI‘If | Figure 2~Co-camposting Equipment Companents

Refuse is generally rather dry Insultion Eiﬁhl siappered
(15% 1o 20% moishure}, but this Jaye: gelvonized stesl
does not create g problei‘n be- PIpes serve as

. y . dlemperulurs
couse the night soil has o mois- s empera!

ture content of about 94%, The 9pa
ideal moisture content of the mix-

ture should be obout 60% 10 70%

Slotted )

Time swilch |
Mixi re_qual-qsa SR N requlate
air How

static IIE and nig

at the short of the process. Too
much moisture is not safisloclory,
as this fills the voids and.abstructs
the kree flaw of air.

collected and pumped back 1o a pond
system. Acration was controlled by a
tme switch to maintain a residual oxy-
gen concentration of 3% w 13% in the
pile. Acration was maintained ag a rela-
dvely higher rate (30 m*ac’:h') during
rempuerature {£) ascent and at a relatively
lower rate (1.5 mbee' v} once a tumn-
ing point in the temperature profile was
observed. Temperatre and residual
oxygen fevels were monitored rou-
tinely. The temperature within the
pile should exceed 63°C for at least 5
days to cnsure inactivation of all
pathogens. After 60 dayvs 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 staric pile. A sig-
aificant difference in the temperatnres
inside and oucside the pite indicated
the hiothermal activity of the micro-
ocganisms and the energy porendal of
the composred mixture.

The compost pile {exchuding the base
and insulation Jayers) was sieved and the
sieved fraction weighed. From an inigal

7b  Welar Evisment E Yechnology

(6510 75° )
2

I sl

Net fa scole

mass of 14 Mg of wet solids, 2.7 Mg of
dry solids were recavered. The vield of
the tinal product was caleulated o be
abour 19%.

The composted mixture had a hu-
mus-like appearance, was dry, had a
loase, friabic texture, was black, and
had a pleasant earthy smell—aothing
tike the initial refuse and nighe soil,
which were purrescible and had highly
offensive odors,

Although filtering the night soll
through the refuse to entrap the sotids
is 2 messy procedure, sampling the do-
mesgc refuse is difficule, and large picees
of refuse may interfore with the fow of
air through the sratic pile, compostng
treats polluied wastes using simple
equipment and unskitled [abor.

The process is eeplogically acceptable,
recyeles nutrients by producing a diy
humus-like and stabilized soil condi-
tioner with a relacively high nitrogen
content (1.5% to 3%), and reduces pub-
Yic heakth bazards from pathogens and
worm ¢ysts. There are no intdnsic re-
strictions ta the size of the facilivics, and

the cxtended pile methad reduces land
requirciments. 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 conventonal
torced acration composting. Theve is
also penential income from the sale of
the compost.

Although the results of experiments
indicared that the process is technically
leasible, cernain aspects reguire further
research before full-scafe programs can
be implemented. Engincering problems
that must be addressed are the layering
of the refuse and the night soil to achieve
the correet moisture content and poros-
ity of the misture, The respective vol-
umes of these tvo waste seecams in che
final mixeure also need to be more ac-
curately quandfied. =

Brinn E. La Trole is p constleane witl
LaTvobe Asociarcs in Grahmmstgwn,
Sontlr Afyien; W.R. Ross is o consnltant
wirtl Ross Conguitauey in Tywgerpark,
Soutlt Africn,




34, | '

EFFECTS OF LIQUID DIGESTED SLUDGE APPLICATION ON THE
UPTAKE OF TRACE METALS BY YVEGETABLES'

ABSTRACT

The practice of land application of municipal sewage sludge to agricultural land is an
alternative to other methods of disposal. Incineration and landfilling of sewage sludge have
been papular in the past but they have come under strong economical and environmental
constraints. Land application of sewage sludge is not only economically advantageous and
environmentaily 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 governing agencies.

Trace metals added to the soul 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 irace 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 accamplish this research a 5 year field study was conducted on a2 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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The vegetables groWn were harvested at maturity. This was done by variety and, when
harvested, all replicate plots were done at the same time. Overall the yields of the six
vegetables were not dramatically increased by the addition of the sludge. After four years of
sludge applications, there were still yield responses for bean, cabbage, tornaito, 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 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 oceur 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 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 ha’l.

Results of this research indicate the ability of lignid digested 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.
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Figure 2. Mean trace metal concentrations in vegetables for four years,

1986 - 1989. (n=16)

Vegetable T refl?nint'i" Cd Cu Ni Zn Pb
. mg kg’
Tomato 1 029 145 0.59 264 1.5
2 023 13.2 0.60 29.1 1.5
3 032 13.7 0.69 287 1.6
4 0.24 13.7 0.82 357 1.6
5 031 129 048 269 1.4
6 027 12.6 0.62 27.9 L5
Bean 1 0.13 106 1.6 356 1.3
2 0.14 99 2.1 388 1.2
3 0.16 92 2.6 376 1.3
4 0.14 89 20 430 1.3
5 .15 935 1.7 371 13
6 0.18 88 17 373 14
Onion 1 0.11 . 7.2 035 274 11
2 009 59 041 236 1.1
3 0.13 5.6 044 248 1.4
4 0.12 5.9 0.39 238 LI
5 0.10 57 036 242 1.1
6 0.11 5.6 0.40 202 1.1
Cabbage L 0.14 33 072 262 1.6
2 020 35 1.00 308 1.6
3 022 3.7 120 307 1.6
4 0.19 4.1 1.50 359 1.5
5 0.16 32 0.68 286 1.4
6 0.17 33 0.74 264 14
-continued-
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FGRCED AERATION CO-COMPOSTING OF
DOMESTIC REFUSE AND NIGHT SOIL

B R LA TROBER* and W R ROSS*

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

INTRODUCTION

Sewage and refuse represent the major polluted wastes generated by
communicies. These wastes have undesirable characreristics, necessitating
pcocessing  into end-products which " will render them environmentally
acceptable. While numerQUS' vaste treatment options exist, the choice of
pethod of stabilisation is dictated by site-specific criteria. The final
declsion may he governed h} a multitude of variables, including economics,
évailability of techniecal skills, water, pover and ...politicxl
considerations.

The supply of adequate sanitation systems in developing countries,
including South Africa, has deteriorated due to a combination of
démog;aphic, soclological 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-aconomic rural
compunities, but also in overpopulated outskirts of urban areas, where
people are settling in search of better vork opportunities.

Sewage disposal 1in less developed areas is generally by means of the
bucket system, as there 1s no infrastructure for vaterborne sevage 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
land£illing which {mpacts 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 two polluting vaste streams. The process has

been registered under the Trade Name of "CORANS".

HISTORY OF THR CONVENTIONAL FORCKD ARRATION COMPOSTING FPROCESS

North America

The Biological Vaste Management Laboratory at the United States Department
of Agriculture in Beltsville, Haryland began research on composting
(biothermal stabilisation) of sevage sludge during 1972 at the request of
the Haryland Environment Service and the Blue Plains Waste-vater Treatment
Plant in WVashington, D.C. This vork resulted in 1973 in a natural-drait
vindrov method utilizing wood chips as a bulking agent. However, difficul-
ties with malodours and: low temperatures 1in the outer layers of the
vindrows 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 1978 more than 400 sewage
sludge composting plants have been constructed in North America. Although
most of these plants are highly mechanised, the flexibility of the process
allews its application In labour-intensive non-mechanised form in

underdeveloped areas vhere there is a need for more affordable sevage

treatment processes.
South Africa

The Vater Research Commission {nitiated a project for forced aeration
composting of wechanically devatered primary sewage sludge and vood chips
in static piles (Nell and Ress, 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 1s currently being applied at four locations.
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EQUIPMENT REQUIRED FOR COHPOSTING OF REFUSE AND NIGHT SOIL

The pilot-scale experimenqé 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 experiments are illustrated in

Figure 1 and were as follows:

*

A concrete slab (7m x-7m) was constructed on vhich to carry out the
experiments. A slight gradient vas provided towards a central drainage

canal for leachate collection 1n a sump. The excess leachata was

pumped to a pond system.

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

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

and was perforated over a two metre length to allew air te be drawm

into the sratic pile.
A time svitch to regulate air flov through the static pile.

A 200 litre wvater trap was constructed with 100 am inlet and cutlet to

accommodate the tubing. The drum was provided with a valve to drain

the lgachate and condensate.

A Bacharach Pyrite oxygen analyser.

4 dial thermometer with 1,5 m long stem.

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

Eight galvanised pipes were driven into the statie pile around the

perimetar to serve as temperature and residual oxygen monitoring

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

atmosphera.
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SOLTD VASTE MATERIALS USED IN THE COMPOSTING EXPERIMENTS

Domestic Refnse

Refuse is a complex conglomerate of organic and inorganic materials.
Typical analyses Indicated that there was sufficlent organic material
(55%) 1in the refuse to provide energy for biological 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 te 20X moisture) but this does not ereate a
problem because the night sofl has a molsture content of some 94X%. The
ideal wmoisture content of the mpixture should be about 60 to 70% at the
start of the process. Too wuch moisture is not satisfactory as this fills

the voids and obstructs the .free flow of air.

Night Soil

The chief components of night soil are body wastes and paper. Night soil
in 1its rav 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 m?) was laild dowvn in consecutive layers
with the night soil (total volume 3 m®) evenly spread over each layer by
means of a flexible hose system. The solids content of the night soil wvas
thus thickened by filtration of the liguor 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 comparison, conventional forced aeration composting processes
require mechanically devatered sludge to be mixed with a more coestly

bulking agent, such as wood chips.
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EXPERTHENTAL FROCEDUEES ' ‘ -

The prototype-scale static piles were constructed as follows:

»*

A

: An infrial 20 cm fhick base layer (4m x 4m) of dried stabllised sewage

sludge vas laid on the concrete slab.

The aeration slotted/manifold tubing was laid on the base layer and

connected to the water trap and aeration fan.

Consecutive layers of refuse and night soil were added to a helght of
1,5 m. The sides of the static pile vere sloped te an angle of about

50 degrees gilving a final volume of some 14 m3.

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

compost as base and insularion layers.

The aeration was ecantrolled by a time switch to maintain a residual
oxygen concentration of 5 - 15X in the pile. Aeration was maintained
at a relatively higher rate (30 m3.t-.h-') during temperature
ascent. and at a relatively lover rate (l,3 wm2.t-%.h~*} once a

turning point in the teﬁperature profile was observed.

Monitoring of temperatures and residual oxygen levels were carried out

on a routine basis.
After 50 days composting the pile vas manually screened.

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

and night soil is illustrated in Figure 2.



47 .-

EIPERIMENTAI, BRSULIS

A typical cemperature profile over time (Flg. 3) indicates a rapid
inecrease in température from 30 <to 68°C in seven days after
commissioning of the static pile. The significant difference betveen the
temperatures inside and outside the pile illustrates the biothermal
activity of the miecro-organisms and the energy potential of the refuse and
night soill mixture. The USBPA (1981) recommends that the temperature
within the pile should exceed 6&5°C for at least 5 days to ensure
inactivation of all pathogens.

The compost plle (excluding the base and insulation layers) was sieved
after the experimental period of 60 days and the sieved fraction vas
wveighed. The yleld of firal product was arbitrary caleculated as follows:

Initial wmass of vet solids - = 14 ton (approximate}
Final mass of dry sieved compost = 2,7 ton
Tield of dry sieved compost = 192

The composted mixture of refuse and night scil was easlly sieved and
"had a very good humus-like appearance. The end-product 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 which were

purrascible and had high gffensive malodours.
GENERAI, 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 pracautions to ensure personal
hygiene such as the use.of gumboots and gloves.

The herterogenous nature of the domestic 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 also be advisable to lave some nmeasure of



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 1n association
with a pond system treats the tvo 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 acceprable resource recovery method and
recyeles nutrients by production of a dry humus-like and stabilised
soil conditioner with a relatively high nitrogen content (1,53 - 3X).

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

veeks ensures the inactivation of pathogens and worm cysts.

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

bulking agent provides more energy and 1is lsss costly than other

bulking agents, such as vood chips.

* There are no intrinsic restrictions to the size of the plant. Use of

the extended pile method reduces the land requirements for composting.

CONCLUSTIONS

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

as a waste management system for less-developed communities, vhere non-
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sophisticated, lov-cost and labour-intensive fechnology 1s required.
Certain aspects of the process require further research for the
full-scale managemenf of the two waste streams. BEngineering problems that
must be addressed are the sensible mixing (layering) of the refuse and the
night soil so as to achieve the correct moisture content and porosity of
the mixture. The respective volumes of these two vaste sireams in the

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

B E la Trobe, Waste Gas Engineering
74 Charles Street, Grahamstown 6140 South Africa

W R Ross, Ross Consultancy, Box 3483, Tygerpark 7536 South Africa

R A Rowswell, L.IR.I 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 a chronic shortage of water, it is the intention
of this paper to demonsirate that low cost sewage treatment is possible.

Stabilisation of the garbage and night soil was achieved by a process of forced a2eration 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 S¢il, Windrpws, Stabilisation, Profit.
INTRODUCTION

The results of the pilot study on Forced Aeration Composting of Garbage and Night Soil were delivered in a Paper
at Toronto, Canada W .E.F. October'91 (LA Trobe & Ross 1990) - A full scale operation hasnow been established

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 [ow 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 usnally 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 ifnpacts on the environment.

This paper describes the second phase operation of establishing a full scale plant to compost night soil with
garbage asabulking agent. The results show the process to be costeffective and environmentally acceptable, The

process is registered under the Trade Name of "CORANS",
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Figure 1 - Site Diagram of Rini Composting Garbage & Night Soil Plant
Figure 1 above is a site plan of the forced aeration cornposting plant with oxidation and evaporation ponds.

The night soil is delivered in tankers. It is allowed to flow into a sump by gravity and is filtered of large objects
(bricks, stones, etc) prior to {lowing into a water main which leads o a rotary screen and sump. Here the night
sotl 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 diswributed 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.

EQUIFMENT REQUIRED FOR THE COMPOSTING PROCESS.

* ROTARY SCREEN
Arotary screen firted with high pressure water jet sprayers at a pressure of 4 bars. This breaks down
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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 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 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 seitle 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 supematent 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 mumn 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 windraws.

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

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

A MANUALLY OPERATED SIEVE.
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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 biolagical decomposition. The garbage acted as
the bulking and filtering agent for the night sofl solids. The garbage is not sorted or pulverised so as the utilise the
porosity and structural strength created by metal cans and plastic containers etc; garbage s fairly dry (20%
moisture). However as the moisture content of the night soil is in excess of 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 debrs consisted of grass cuttings, leaves, small tree branches ete. All the material was processed through
a chipping machine prior to delivery to the site.

EXPERTMENT PROCEDURES

Stexl tubes yurve a%
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layer /nrozn ang temperature
. monlter)ing ooints

HIATUME QF BEFUSE tyime

Siotted AERATED amMd HIGHT SOIL witen
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I COWPOSTING PAB  SUAFALE ] Lesenate to
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Figure 2 - Equipment required for forced aeration composting of garbage and night soil

A bed 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 previously described waslaid on the 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 siashed open and
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large inert material wasremoved. The layerof garbage wascovered 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 windrow was covered with a 50 mm insulating blanket of stabilised sewage 'sludge._ '

*  The windrows were not subjected to any aeration until the internal temperature approached 40
degrees centigrade. When this had been achieved the initial aeration was continned 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 samewhere between 5 & 15%. In order to
devitalise wormn cysts and pathogenic bacteria an internal 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
sieving.

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

Base [nsulation
| Domestic Layer Layer
Garbage 4N 3§ G Sizblised
Disinfecled X
Usuage
Mixing Aerated
and Stalie Maturalion Screening
Thickening Pile Pite
\ \ Mon
Compost -—F';l-al
: Leachate fram Fraction inai
Nslgoli'llt Pile Landiilling
\ Recycling of
Washing of Pond System for G;[aassséch:aéis
E“:::ts Treating Liquid '
Tank Fraction only

Figure 3 - Unit operations of the forced aeration static pile Composting of Garbage and Night Soil
(CORANS) Process

Figure 3 - Process Flow Diagram



EXPERIMENTAL RESULTS

A typical tcmperétu:c profile is shown in Figure 4. The significant difference between the ambient and
internal temperature attained fllustrates the bio-thermal activity of the micro-organisms and the potential
energy of garbage and night soil. -

RINI COMPOSTING
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Figure 4.
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'I'he rcs-.ﬂtant compost wﬂ] be smvcd‘ aftcr a ﬁmher penod of hventy-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
operation due to the addition of the garden debris.

The thickened night soil was gravitated over the garbage at the rate of 200 litres per minute. The solids content
of the thickened night soil from the settling cones were as follows:

Total Solids % 457

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 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 systern requires simple
technology, equipment and unskilled labour.

= The process reduces public bealth hazards because of the inactivation of pathogenic bacteria and worm
cysts.
* There 1s 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 imitations 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 ptlot 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 bezn wu.hclut its
problems, However nothing more than is usual with a new process.

The technique is parl:icu.larly appropriate for less developed communities where simple, low cost, labour
intensive technology is required.
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REFUSE (UNSORTED) IS USED
AS A BULKING AGENT.

A WINDROW [N THE BACKGROUND
S 20mx4mx2m is LAYERED.

S UNSORTED REFUSE SPRAYED
WITH THICKENED NIGHT SOIL
SITE: RINI GRAHAMSTOWN.

PLASTIC BAILER AND
PEPPER TREES WHICH
ARE IRRIGATED WITH
LAGOON WATER.

WINDROW SPRAYING WITH
PRIMARY EMASCERATED ANL
THICKENED SLUDGE.



