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R E P 0 R T 

Or. Willibald Lutz, UNIDO Consultant 

1. Composting Plant: 

Vienna, 23 September 1988 

The c!]lllposting plant is owned and operated by a private company, Oman Organic 

fertilizers & Chemical Industries SAO (OOFCI). The plant designed and supplied 

by the french company OTV (Siloda process) was constructed in 1985 and started 

up on December 10, 1985. The capacity amounts to 160 TPD MSW respectively 35,000 

TPY to produce 14,000 TPY matur~ and refined cDmpost delivered in 25 kg plastic 

bags. Rejects in the range of 13,000 TPY have to be hauled to the landfill. The 

balance of quantities are fermentation losses in the aerobic process. 

The capital investment amounted to RO 2.8 million (JS $ 7.4 million). 

Because of compost marketing problems the garbage receiving was stopped in April 

1987. 11,500 tons had been stored in the outdoor curing area at that date. During 

the past 16 months about 4,700 tons refined compost were sold. There is still 

5,500 tons of unrefined compost stock piled in the plant. 

The demand of compost in the entire Sultanate was estimated in 1986 to be 30,000 

tons, whereas almost 10,000 tons are imported peat and other soil conditioners 

such af compost produced in the U.A.E. Prices tend to vary depending on the time 

of season, availibility and market situation. The average sales price of the OOFCI 

plant in 1988 amounts to RO 36 per ton in 25 kg plastic bags ($ 95/t). The buyers 

are 80 ~ private people and 20 ~ governmental agencies. 

It so happened that after the commissioning of the factory, a housing colony came 

up in the vincinity of the composting plant. Within a distance of 45 m (fence to 

fence) nor~h of the fact~ry the housing complex includes 250 homes with approxi-

111ately 2,500 people and one school. Depending on the direction and velocity of 

wind and air movements unpleasant odours are carried into the residential area. 

Usually during day time the wind is blowing from the houses to the factory and 

during night time on the contrary. 

The purpose of the expert mission is the evaluation of process emplc··ed ~t the 

plant, inv~stigation of the characteristics of the feedstock and operating ~roce

dures to recommend solutions solving the odour problems. There appear to be two 

alternatives: 
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a) Elioinate/contain the unpleasant oduur so that there may be no inconvenience/ 

nuisance to the residents of the neighbouring housing colony. 

b) Closing down the factory temporarily and shifting it to a far away place. 

financial and other consequences for the recommended solution have to be considered. 

2. Nuisance odours: 

According to information from the Ministry of Environment and Water Resource& on 

September 6, 1988 there had been 6 complaints on undesirable odours in the adjacent 

housing complex. 

There are several sources of unpleasa~t odour generated by the input material as 

well as in the composting process such as: 

a) garbage pit: 

The storage capacity of the garbage pit is 1,000 m1 equivalent to 2.5 days. 

Usually there is a daily collecting cycle in the municipalities on six days 

per week. Once the MSW is stored either in the housholds (Friday) or jn the 

garbage pit at the composting plant, anaerobic conditions may occur resulting 

in undesirable odours. This SQurce of odour can be reduced to a certain extend 

by cutting the residence time cf MSW in the garbage pit which is already 

practiced. 

b) ballistic air separation: 

The snredded and screened garbag~ passes a ballistic air separator to remove 

heavy inert particles. A fan blows the exhausted air without any furthEr treat

ment ir.to the ambient atmosphere. 

c) Siloda unit: 

The fermentation hall includes 10 horizontal silos and a wheel type compost 

turning machine (Siloda wheel) which transports the material from one silo 

into the next. The total retention time in the silos amounts to 10 days. 

During the turning cycle nuisance odour may occur and escape into the 

atlr40sphere. In addition the material is slightly aerated by means of blowers 

pushing air into the silos and the atmosphere. 

d) curing piles: 

final curing occurs in o~tdoor piles during 60 days. The piles are 6 m high 

and no aeration system is installed. Composting is an aerobic pro~ess that 

needs oxygen. Once the aerobic fermentation .is stopped due to a shortage of 

oxygen, anaercbic conditions fol.low and create bad smell. 



-3-

There is no odour control system installed in the factory. 

The effectivenes of waste air treatment systems is determined by the substance 

concentrations and/or the odour concentrations as the number of odour units in 

the inlet and outlet air. 

Determining odour concentrations and odour units is problematical as an odour 

is usually made up of several, often unknown substances and fluctuating operating 

conditions continually alter their composition and intensity. Measuring and 

sampling methods must be adapted accordingly. The operating cycles of the instal

lations must be taken into account when making the measurements. 

Analytical measuring methods for determining individual components or deterMining 

them all only ~lay a subordinate role, particularly when measuring odours as 

emissions of odours mainly have a very complex composition and quantitative 

substance ratios determined by chemical analysis are not usually odour specific 

to the same degree. The following methods can be used for a substance specific 

evaluation of the source of odours and the waste air cleaning efficiency. 

* gas-chromatographic analysis 

* spectrometric analysis 

* total carbon determination 

«· ol factometry 

The latter method has frequently been used recently for determining the odour 

concentration where the human nose is used as a detector. Both static or dynamic 

methods are used for the presentation of th~ sample, while dynamic methods have 

become well established. 

The measurement is made with the aid of an olfactometer which essentially consists 

of a dilution device and a sniffing section (pipe, mask, sniffing cabin). The 

panelists are offered different, defined dilutionstages from neutral and odour

iferous air for assesment. There are guidlines on the olfactometric technique of 

odour threshold determinatjon existing. 

No odour measurement had been performed in the organic fertilizer factory, but 

the odour concentrations can be compared with other composting plants. The con

centration in the garbage pit may achieve 1,000 odour units while the highest 

data in the range of 60,000 odour units may occur in the fermentation silos. 

The concentratiora in the curing piles depend on the age of the pile and may vary 

between 2,000 and 20,000 odou~ units. 

There are several methods used for odour control. First of all the curing area has 

to be sealed. The exhausted air will be cleaned in a biocompost-filter with an 
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efficience of more than 90 ~. The exhausted waste air from the garbage pit and 

air separator is treated in a second compostfilter. The highly polluted air from 

the fermentation silos should be cleaned in two steps. The first step is a bio

scrubber followed by a separate compostfilter. With such a combined system 

decomposition rates of 99 ~ can be achieved. The concentration in the cleaned 

air should be less than 200 odour units perm'. 

More details are contained in Annex 7, Odour Emission Control. 

J. Rec011111endations: 

Additional measures in accordance with the latest technology can reduce undesirable 

odours to an acceptable level to the human beings but not completely. The capital 

investment for enclosing the curing piles, enhanced ventilation and treatment of 

the exhausted gases in bioscrubbers and biocompost-filters is estimated in the 

range of RO 1.5 million ($ 4 million) plus increased operation and maintenance 

cost~ of 20 % to JO %. 

Closing down the factory temporarily and shifting to a far away place will cause 

capital costs of approximately RO 2.4 million ($ 6,3 million). In addition to that, 

even in a remote area enhanced odour control might be necessary and increase the 

capital investment. furthermore the hauling costs of MSW as well as compost and 

rejects will increase because of the longer distances. The following reconvnen

dations can be made: 

a) It is recommended to take all possible steps to eliminate the unpleasant odours 

to an acceptab!e level to the human beings in the existing plant and explain 

them to the neighbouring people. There is no need for the relocation of the 

composting plant. A monitoring system for complaints before and after the 

relevant measures should be established by the Ministry of Environment and 

Water Resources. 

b) It is recommende~ to establish a beautification programmEf around the organic 

fertilizer factory such as planting trees along the fence and others. 

c) It is recommended to use sewage sludge and mix it together with MSW to eliminate 

~ealth risks of uncontrolled sludge disposal and increase the nitrogen content 

i.11 the final compost product. The heavy metal concentration in the sewage sludge 

has to be monit~red by the concerned authorities. Also animal manure can be 

used as feedstock in the fac~ory. 

d) It is recommended to instal a secured landfill for MSW, co1M1ercial and industrial 

waste and composting rej~cts, including leachate control (groundwater protection) 
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and biogas collection. 

e) It is recommended to use domestic produced organic fertilizer in the Sultanate 

of Oman instead of imported soil conditioners. A secondary classifier couid be 

installed in the factory to achieve further improvements of the compost m3terial. 

4. Technical informations: 

Hore detailed and technical informations are included in the annexes. 

Annex 1: Brief Report 

Annex 2: 

Annex 3: 

Annex 4: 

Annex 5: 

Annex 6: 

Annex 7: 

Annex 8: 

Annex 9: 

Annex 10: 

Annex 11: 

(Dr. W. Lutz} 

Hap of the Muscat Area 

Advertisement of Oman Organic Compost 

Characteristics of Feedstock 

Characteristics of Compost 

Omani Compost Market 

Odour Emission Control 

Composting Plant Baushar/Muscat 

Sewage Water Treatment Plant in Darsayt 

Extract from Royal Decree 5/86 

Meteorological Data· 

PAGE 6 
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PAGE 72 

PAGE 77 
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Muscat 1-9 September 1988 

Bk!~I RIPORT 

Dr. Willibald Lutz, UNIDO Consultant 

1. AR.BA 

The MUSCAT AREA along the north shore of the Sultanate of 
Oman reaches from the Al Khawd Residential Area to Al bustan 
and includes the municipalities of Muscat, Muttrah, Ruwi and 
others. The total length of this area north-west to 
south-east is approximately 50 km. The Muscat area 
population amounts to ~36,000 inhabitants. The composting 
plant is located in Baushar in the geographic center of this 
area. 

2. WASTE DISPOSAL SYSTEM 

About 250 TPD domestic refuse are collected by the 
municipalities and 70 TPD commercial and industrial waste by 
private haulage companies. Since the composting plant was 
closed in April 1987 all waste is dumped in two unsecured 
landfills, whereas 90 % goes to Sunub and 10% to Wadi Hatat. 

The greater Muttrah Sewerage Project includes a waste water 
treatment plant with the capacity of 53,300 population 
equivalent. The excess sludge amounts to 20 TPD with l~ to 20 
% solids. Most of the sludge is disposed in a storage 
(landfill) owned by the Municipality. 

3. COMPOSTING PLUIT 

The composting plant is owned and operated by a private 
company, Oman Organic Fertilizers & Chemical Indu~tries SAO 
(OOFCI), Baushar. At the plant site the~e is ai. old 
composting plant supplied by the French company Hydromer, 
which was started up in 1983 with a total capacity of 100 TPD 
municipal solid waste (MSWj. After 6 months of unsuccessful 
operation the plant was closed at the end of 1983. 

·l'he new composting plant designed and supplied by OTV (Siloda 
process) was constructed in 1985 and started up on December 
10, 1985. The capacity amounts to 160 TPD MSW respectively 
35,000 TPY to produce 14,000 TPY mature and refined compost 
delivered in 25 kg plastic bags. Rejects in the range of 
13,000 TPY have to be hauled to the landfill. The balance of 
quantities are fermentation losses in the aerobic process. 

l 
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The capital invest.ment amounted to RO 2.8 million. The 
composting process and mechanical equipment is of modern 
standard and well maintained by the operating company. There 
are practically no odour pollution control devices installed. 

Due to the mixed refuse collecting system in the 
municipalities using mainly KUKA- Rotopress vehicles onl7 110 
TPD MSW generated in selected residential areas can be 
accepted in the composting plant. To maintain the optimum 
moisture in the fermentation process water has to be added. 
Sewage sludge as a source of moisture and nitrogen is not 
used. 

The plant consists of three parts: 

- physical processing of the MSW 
- fermentation stages (Siloda system and curing piles) 
- refining and bagging of the end product. 

Because of compost marketing problems the garbage receiving 
was stopped in April 1987. 11,500 tons had been stored in the 
outdoor curing area at that date. During the past 16 months 
about 4,700 tons refined compost were sold. There is still 
5,500 tons of unrefined compost stock piled in the plant. 

The demand of compost in the entire sultanate was estimated 
in 1986 to be 30,000 tons, whereas almost 10,000 tons are 
imported peat and other soil conditioners s~ch as compost 
produced in the U.A.E. Prices tend to vary depending on the 
time of season, availability and market situation. The 
average sales price of the OOFCI plant in 1988 amounts to RO 
36 per ton in 25 kg plastic bags($ 95/t). The buyers are 
80 \ private people and 20 \ governmental agencies. 

4. llUISARCJ ODOURS OP 'l'BE COMPOSTING PLANT 

According to information from the Ministry of Environment and 
Water Resources there had been 6 complaints on undesirable 
odours in the adjacent housinq complex. 

There are several sources of unpleasant odour generated by 
the input material as well as in the composting process such 
as: 

a) garbage pit: 

The storaqe capacity of the garbage pit is l,ooo mJ 
equivalent to 2.5 days. Usually there is a daily 
collectin~ cycle in the municipalities on six days per 
week. Once the MSW is sto~ed either in the households 
(Friday) or in the garbage pit at the composting plant, 
anaerobic conditions may occur resulting in undesirable 
odours. This source of odour can be reduced to a certain 
extent by cutting the residence time of MSW in the garbage 
pit which is already practiced. 

2 
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b) ballistic air separation: 

The shredded and screened garbage passes a ballistic air 
separator to remove heavy inert particles. A fan blows 
the exhausted ai~ without any further treatment into the 
ambient atmosphere. 

c) Siloda unit: 

The fermentation hall includes 10 horizontal silos and a 
wheel type compost turning machine (Siloda wheel) which 
transports the material from one silo into the next. The 
total retention time in the silos amounts to 10 days. 
During the turning cycle nuisance odour may occur and 
escape into the atmosphere. In addition the material is 
slightly aerated by means of blowers pushing air into the 
silos and the atmosphere. 

d) curing piles : 

Final curing occurs in outdoor piles during 60 days . The 
piles are 6 m high and no aeration system is installed. 
Composting is an aerobic process that needs oxygen. Once 
the aerobic fermentation is stopped due to a shortage of 
oxygen, anaerobic conditions follow and create bad smell. 

5. S1JJDIARY 

The composting plant faces two different problems: 

a) nuisance odours: 

Within a distance of 45 m (fence to fence) there is north 
of the composting plant located a housing area including 
250 homes with approximately 2,500 people and one school. 
These houses were built after the construction and start 
up of the composting plant. Depending on the direction 
and velocity of wind and air movements unpleasant odours 
are carried into the residential area. Usually during day 
time the wind is blowing from the houses to the plant and 
during night time on the contrary (see Meteorological data 
in the final report). By means of additional odour 
control systems such as enclosing the curing piles, 
enhanced ventilation and treatment of the e~hau~ted gases 
in bioscrubbers and biocompost filters, the bad smell can 
be reduced to an acceptable level to the buman beings. 
The Ministry of Environment and Water Resources should 
establish a register for odour complaints of the 
neighbouring people during a long term range. The 
estimated odour reduction after completion of the 
described system is in the range of more than 90%. 
Nuisance odours are not only a technical problem but also 
a matter of psychology, education and information of the 
affected people. 

The investment costs for sealing and aera~ion of the 

3 
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curing area (3,500 m2), installation of ventilation 
systems in the receiving hall, processing hall, 
fermentation hall and construction Qf filters are 
estimated to be RO 1.5 million (RO 630,000 construction 
costs for the curing hall and three compost filters, 
RO 870,000 equipment costs for one bioscrubber and 
ventilation system). The operation and maintenance costs 
include mainly electrical power and personnel. More 
technical information will be included in the final 
report. 

b) compost marketing: 

The market for compost seems to be expandable especially 
for govermuental agencies. Because of the strong 
competition and low prices of imported organic fertilizer, 
a tipping fee for MSW as a separate source of income 
should be considered. Composting of ~~nicipal residues 
is also a recycling process and helps to get more 
independence from imports. 

&. RBCOMMENDATIOllS 

Additional measures in accordance with the latest technology 
can reduce undesirable odours to an acceptable level to the 
human beings but not completely. The capital investment is 
estimated in the range of RO la5 million plus increased 
operation and maintenance costs of 20\ to 30\. 

Closing down the factory temporarily and shifting to a far 
away place will cause capital costs of approximately RO 2.4 
million (RO 1.2 million site development and buildings,RO ~.8 
million start up costs, RO 0.4 million replacing and shifting 
composting equipment). 

In addition to that, even in a remote area enhanced odour 
control might be necessary. Furthermore the hauling costs of 
MSW as well as compost and rejects will increase because of 
the longer distances. The following recommendations can be 
made: 

a)It is recommended to take all pos~ible steps to eliminate 
the unpleasant odours to an acceptable level to the human 
beings in the existing plant and explain them to the 
neighbouring people. There is no need for the relocation 
of the composting plant. A monitoring system for 
complaints before and after the relevant measures should 
be established by the Ministry of Environment and Water 
Resources. Furthermore, it is recommended to plant trees 
along the fence of the composting plant to improve the 
view. 

b) It is recommended to use sewage sludge and mix it together 
with MSW to eliminate heal'.h risks of uncontrolled &ludge 
disposal and increase the nitrogen content in the final 
compost product. Th~ heavy metal concentration in the 
sewage sludge has to be monitored by the concerned 

4 
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authorities. 

c) It is recommended to install a secured landfill for MSW, 
commercial and industrial waste and composting rejects, 
including leachate control (ground water protection) and 
biogas collection. 

d) It is recommended to use domestic produced organic 
fertilizer in the Sultanate of Oman instead of imported 
soil conditioners. 

Dr.W.Lut• 

encl: 
Composting Plant - Lay out Draft 

VXSXTS 

Ministry of Commerce and Industry 
Ministry of Environment and Water Resources 
council for Conservation and Water Resources 
Sewage Treatment Plant, Darsayt 
Composting Plant of Oman Organic Fertilizer & Chemical Ind. 
Landfill Site, Sunub 
Directorate General of Meteorology,Seeb International Airport 
UNDP, United Nations Development Programme 

5 
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ARE WEEDS KILLING 
YOUR CROPS? 

1bese are weeds. 
And they will make sure your planlS don't grow. 

~~~ti·~- . Or even if they do - they do nor grow healthy! 
ltJ Weeds are selfish. They comer all the rich 

nutrients in the soil for themselves. 
And the way they multiply- there 

isn't any food left for your aop. 

Weeds multiply from seeds. 
A common weed like 'Portulaca 

Ol~racea' produces upto 70.000 seeds 
)Jj)~fej .. ~ -·, ·' · ·-· ·· . 1 •• froml>ne single plant. 'nlat's 70,000 

AJPIW~· .· • ~· H dth .~ ... --··-~ ~-: .· _. .. ·· . . . new_weeus .~r you an ese~stay 
, _:..::._.".-eJ/!f'!: ·'=· • • . · d/j;p ali :e up to 30years! · ·· . "".: -. .. ·· · :J -~ ·. : 4

'- Where do th1se weed-seeds come from7 From 
- ·~01eracea·wea1 · .· ~----~.common farm yard manure (chicken or row manure) 
~ "'- .J.# , - to name the single biggest source. Every time you use 

• ~ • . -· · unprocessed manure you mix tens of thousands of these seeds 
into the soil. Within days JRUf field will be blanketed by weeds. And your 
aops will begin todie! _;--

So now you have tO decide! Are yoJ going to spend your money to grow weeds? Or aops7 

Try using OMAN ORGANIC COMPOST. for a start. We make sure our compost is completely 
hygenized; processed and treated at 70-C temperature to contain no weed-~. germs 
or parasite. Our compost brinp you value for money. For exc.mple • Improves soil ltnlaUre 
and prevents soil erosion. • Acts as a store-house for soil 
nutrients, and regulates· its release throughout plant growth. 
• Increases resistance tO auack by parasites and cliscue. 

Using our compost. you can sleep easy with the 
thought that this year, and years to come your -. 
fields and farms will grow bigber-yielcla 

..,._.. .... '1.-7' of v~etable, fruits, data, fodder 
~Ail or other plants. 

Would you like to know more7 
... : . : ·. :;_J ;, .• ~ntact your nearest Agricultural Extension 1119~~~~~ 
. : : : .: · --:~:.: .. : :.'.'· Cenue. You can get more details, as well ~ 

our compost itself, from there. Or get in touch with us. 

OMAN ORGANIC COMPOST 
Enriches toll for betur powth. 
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CHARACTERISTICS IF Tt£ FEEDSTOCK 

1. MUNICIPAL SOLID WASTE (HSW) 

total quantity of domestic refuse, 

total quantity of commercial and industrial waste, 

ac~epted waste quantity at the composting plant, 

moisture of acceptable MSW, 

analysis of acceptable MSW: 

vegetable, animal waste and other organics, 
paper, cardbc~~d 

plastics 

metals (ferrous and non ferrous) 

textiles, rags 

glass 

others (wood, rubber, sand, etc.) 

total 

2. SEWAGE SLlDGE (OPTION) 

total quantity of aerobic stabilized sludge, 

quantity of dewatered sludgP., 

11aisture, 

analysis of sewage sludge: 

Phosphorus P2 0
5 

Potash K20 

Silicia Si02 

Iron re,O, 
Total Nitrogen N 

Calcium Cao 

Magnesium HgO 

Sulphur SC, 

Chloride Cl 

Sodium Na,O 

Oil Ir Grease 

Volat. Solids 

250 TPD 

70 TPD 

110 TPD 

25 ~ 

~ dry basis 

41 

22 

12 

11 

6 

5 

3 

100 ~ 

3,6 TPD solids 

20 TPD 

82 ~ 

on dry weight basis 

1,03 ~ 

1,58 ~ 

0,44 ~ 

1,60 ~ 

5,82 ~ 

1,89 ~ 

1,89 ~ 

0,92 ~ 

0, 14 ~ 

1,23 ~ 

6,6 ~ 

78,1 % 



heavv ~~dls in ~e~age sludge: 

Lead Pb 

Zinc Zn 

Cadmium Cd 

Copper Cu 

Cobalt Co 

Chromium Cr 

Nickel Ni 

Manganese Hr. 

Holybden•Jlll Mb 
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mg/kg on dry weight basis 

950 

1.283 

13,6 

648, 1 

~9,5 

82,3 

117,0 

150,0 

3,2 



r-------------------------------- --

Nf£X 5 

CHARACTERISTICS l:F CCWOST 

particle size, 

moisture, 

pH-value, 

water retention capacity, 

chemical analysis: 

organic matter 

Carbon C 

Nitrogen N 

Phosphorus P2 05 
Potash K20 

C/N ratio 

bactriological analysis: 

total count 37 ° 
Coliform 

E. Coli 

Salmonella 

Shigella 

Vibrios 

Staph. Aureus 

"toulds 

Clostridium s::>. 
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99 ~ passing 10 nm sieve 

35 ~ 

6 

287 ~ 

~ dry weight basis 

55 

25 

1,3 

0,4 

0,5 

19 

7 million/gm 

130/gm 

NIL 

NIL 
NIL 

NIL 

NIL 

10 

NIL 



NfEX 6 

CltANI CClf>OST MARKET 1986 

TOTAL DEMAND 

Omani produced manure, 

imported peat, 

oorc1 company's product, 

other imported soil conditioners, 

total 

PRICES 

-22-

Approximate typical delivered price per tonne in Omani Rials: 

cattle manure, 

poultry manure: processed 

unprocessed 

peat 

oorc1 company's product 

UAE compost (imported) 

NOTE: 

TPY (tonnes per annum) 

20.000 

4.500 

740 

"'.760 

~Q~QQQ ------

RO 

JO 

68 

24 

56 

40 

45 

from April 1987 to August 1988 the company sold 4.700 tonnes compost. 

The average price was RO 36 per ton delivered in 25 kg plastic bags. 
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OOClfi EMISSION ~RCI.. 

1. Biocompost-filter: 

The waste air from the garbage pit, Siloda silos and curing riles contains odour 

intensive decompositic~ products such as ethanol, d!acetyl, limonene, mercaptane, 

etc. and therefore has to be deodorized before release to the atmosphere. Deodo

rization occurs in a biofilter. Mature, screened compost is used as filte~ material 

which is placed in a layer above a suitable air distribution system. The waste air 

passes through the filter material which absorbes the odour intensive substances. 

The microorganisms contained in the filter material then degrade in turn bio

chemically these substances. The environmental condition in the filter layer 

(humidity, pH, etc.) hav~ to be kept optimal for microbial activity. 

The efficiency of the compost filter is maintcined through suitable o~eration 

mea~ures. Of great importance is the mo:sture content which should not fall below 

30 ~. Since the waste air from the composting process is saturated with water 

vapor, the moisture content of the filter will be maintained. Howewer, changes in 

the temperature, uncontL~lled composting conditions, changes in the water capacity, 

age of the filter, etc. could cause ~roblems. Therefore the proper moisture content 

is adjusted by means of an irrigation system (sprinkler system). 

After a long operating time the filter material will be degraded or poses too much 
resistance to the passing of the air despite mechanic2l surface treatment, it 

looses efficiency and has to bE replaced by new material. During a normal operation 

the filter material will last at least six months. At the time of replacement the 

material will be saleable compost of espacially high quality. 

Compare schematic drawing o~ a compostfilter (biofilter). 



COMPOSTFILTER 
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tw4 tD..E // 
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DISTRIBUTION PIPE m CHANNEL 
_ _ _ *IN _WASTE AIR FEEIER OWtEl.. 
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~ WILLIBALD LUTZ, DR., P.E. 
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A· 11 "0 VIENNA, JAl<OF.I QREMOLINGEA· STAASSE 22 
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2. Bioscrubber: 

The high polluted waste air from the Siloda silos will be cleaned in a bioscrubber 

prior to the final treatment in the compostfilter. The process principals are as 

follows. 

In the case of absorption, gas components are absorbed from a gas mixture by 

means of a selectively acting fluid (absorbent). The absorption process takes 

place in absorbers where the absorbent is brought into contact with the gas mixture 

to be purified and the scrubbing fluid is charged with the gas components to be 

removed. 

The absorbed contaminants must be removed from the absorbent after the absorption 

process. This stage of the process is known as absorbent regeneration. It affects 

the sLrubbing efficiency and the energv requirement of the absorber. The lower the 

absorbate concentration in the scrubbing water after regeneration, the greater the 

absorption of gas components by the scrubbing water with the same scrubbing fluid/ 

gas ratio. The absorbent is regenerated by means of microorganisms which use the 

removed gas conponents as a substrate. The microorganisms are either finally dis

persed in the scrubbir.g water (activated sludge installations) or colonise the 

scrubber parts (percolating filters) to form biological m&t. The speed of biologi

cal degradation is relatively low. 

a) Activated sludge installations: 

The removal of impurities in water with the aid of microorganisms is a proven, 

economic process used in effluent technology. The impurities (absorbate) are used 

by aerobic oxygen-consuming microorganisms as a substrate and are thus removed from 

the water. These microorganisms, floating freely in the water, form the activated 

sludge together with undissolved pollutant substances. As not all microorganisms 

are able to degrade certain atmospheric pollutants, a natural selection process 

takes place in the scrubbir.g process. A certain period of adaption is nEcessary in 

this respect. Essential changes in the comµosition of the crude gas may require 

another adaption. It is possible to check the activity of these microorganisms 

by determining their oxygen consumption (respiratory activity). 

As the reaction speed of the biological degradation process is relatively low, 

correspondingly large activated sludge tanks must be provided. This tanks must be 

aerated if they are large or if the installation is shut down for a protracted 

lenght of time. Oversizing of the tank and protracted downtimes should be avoided 

as otherwise a lack of nutrients occurs. If downtimes cannot be avoided, e. g. at 

weekends, the activity of the microorganisms can ~e maintained by means of a substrate 

additJve. 
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b) Percolating filter installations: 

If the microorganisms have permanently colonised the internals or packing of the 

scrubber, then this is referred to as a biolo~ical mat. The scrubbing water (absorbent) 

flowing across this mat supplies the microorganisms with oxygen and substrate. 

The scrubbing water is then regenerated. 

Percolating filters consists of installations with a large specific surface over 

whi~h the scrubbing water is distributed to be purified. The efficiency of the 

percolating filter depends on the size of the biological mat and is expressed in 

m2 area per m' of installation volume. Uniform wetting of the installation is 

particularly important in order to avoid dry areas and clogging. The wetting rate 

only plays a part in conne~tion with the transfer of odourous substances to the 

scrubbing water but not for the biological degradation process. A trough to collect 

the water is located under the percolating filters which can be operated according 

to the counter flow or cross flow principle. 

Compare schematic drawings of both installations. 
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BI OSCRUBIER - PERca.ATir«; FIL 1ER 

--r--- - - II 
s '"'--

2 

1. WATER TAN< 

2. TRClJGH 

3. PlW 

4. FAN 

5. Roo= CF BUILDING 

6. PACKING WITH Tt£ Ft.ICTI~ CF A MIST CQ.LECTCR. · 

7. WATER DISTRIBl.ITI~ SYSTEM 

8. PACKED SECTI~ 

9. FLOAT SWITOt 

10. WASTE AIR 

11. CLEAN AIR 
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C<Jl>OSTING PLANT BAUSHAR/MUSCAT 

CAPACITY: 160 TPD MUNICIPAL SOLID WASTE CMSW) INPUT 

52 TPD COMPOST OUTPUT 

HISTORY: APRIL 1985, BEGINNiNG OF CONSTRUCTION 

AUGUST 1985, BEGINNING OF ERECTION 

NOVEMBER 1985, MECHANICAL TESTS 

10 DECEMBER 1985, BEGINNING WITH MSW INPUT 

APRIL 1987 STOP WITH MSW INPUT BECAUSE OF 

HIGH COMPOST STOCKS 

CAPITAL INVESTMENT: 

CONTENTS; 

0,9 MILLION RO CIVIL WORKS, SITE DEVELOPMENT 

1,3 MILLION RO EQUIPMENT 

0,6 MILLION RO START UP 

2,8 MILLION RO TOTAL COSTS 

PRESENTATION OF NEW PLANT (PLANT DESCRIPTION) 

BACTERIOLOGICAL AND PARASITOLOGICAL ANALYSIS OF COMPOST 

BACTERIOLOGICAL EXAMINATION OF AIR FROM THE COMPOSTING
-PLANT 
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OMAN ORGANIC FERTILIZER l alEUICAL INDUSTRIES SAO 

, 

PRESENTATION OF NEW PLANT 

1 INTRODUCTION 

2 BOW 111E PLANT WORKS l DESCRIPTION OF EQUIPMENT 

2.1 RECEPTION OF REFUSE . 
2.2 PHYSICAL TREATllENT 
2.3 FERMENTATION AND CURING 
2.4 REFINING AND BAGGING 
2.5 QUALITY CONTROL AND INSTRUMENTATION 
2.6 PROCESS WASTES 

3 PLANT EQUIPMENT 

4 FLOW DIAGRAM 
•. 

5 MATERIAL BALANCE 

6 COMPOST OUTPUT AND QUALITY GUARANTEES 

I 7 ENVIRONMENTAL IMPACT 



.. 
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OMAN ORGANIC FERTILIZER l CHEMICAL INDUSTRIES SAO 

PRESENTATION OF NEW PLANT 

1 INTRODUCTION 

1be plant will be SUA)lied oa turnkey basis by Messrs Oninium 

de Traitenalts et de Valeriat:lm or in short called O.T.V. 
of France. 'Ih1s plant :l!J based oa their patented 'SILCDA • 

process for CCX'Jpostinc of cbaestic retuse. Messrs O.T.V. have 
over 20 years of experience 1n building refuse treatnelt and 

oonposting plants all aver the world including middle east. 

A reference list of the plants designed and built by O.T.V. 

is presented in Annexure-I. 

1be present fa.o1J,ity at the new plant wUl be treatnent of . . . 
darestie refuse upto 160 'ltmnee/day or 20 'n:xlnes/hour. Fine 

. urban natured coapost will be produced confirming to French 

Standard NRJ-44051 of 7th Dee 1981 (revised). 'lhe capital 

area nmicipality are obliged to supply at the plant dail.y 

collections ot bcusehold garbage through their own refuse 

disposal. systan. 1be :finished product ~11 be narketed all 

over the country both .1n bulk carriers and bags as per the 
requirement of cauunera. 1be plant will have in-house quality . 
control laboratory adequ&te for the plant needs. A copy of the 

·French Stan~ NHJ-440~1 ot u7 Dae 1981 is presented in 

Annexure-I t .' . 

··· .. 

coot'd ••••• 2 

• 
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2. IDf 1HE RANI' 10ICS I: IEDlIPTICJf CF BipIPIEn' 

1he 1IOrk1ng Of the. plant can be aaen by Clbservq the progress 

of refuse~ tbe"entire 8J8tem. 

2 .1 RliW'l'ICN c:I R&OSE 

Qi its arrival 1n plant the bauaebol'd refuse will be directed 

in the c0ncrete receiving and storage p1.t without any special 

technical requiranents or danger for the envirmantn or 

treatment equiJJll!llt. 'µle pit is provided with renotly cmtrolled, 

electrically operated steel rolling shutters to facilitate . 
q>ening for tipping of Garbage tnx:ks directly into the pit. 

The gantry crane is semi-autamtic and is q>erated fran 

cmtrol roan. 

Activated sewage sludge CTSS about 5%) is received fran the 

llmicipal Sewage Tre&taent Plant ~ · ia stored in the existing 

plant lltbere air is bubbled ccnstantly to keep it aerobic. 

Altematively :fresh •ter is used 1n place of activated sewage 

sludge. 

'Ihe refuse is picked up by the h;yd:raulic polyanm (81-Ki-01-01.1) 

of the Gantry Crane (81-MP-01-01.1) is arptied into a bopper and 

metal :feed conveyor a88ellbly mich is feeding it to the physical 

treatment line. 

2. 2 PHYSICAL TRFA'IMENI' 

'Ihe objective of this line is size reduction and screening of 

refuse in order to prepare it :for :tenmntation. 

'Ihe refuse is fed to a vertical grinder ( 82-88-01-01.1) by rreans . 
of tho netal. plate con•'8)'0r (81-111-01-01.1). As the refuse falls 

into the grinder, heavy and undesirable objects are rejected by 

grinder screen and are collected separately in the v.v.itipg skip. 

'Ihe renainder of the refuse continues to the :toot of grinder 

...tiere it is discharged on to a cooveyor (82-MJ-01-01.1 > after 

having been shredded to araller granulanetry. 'Ihe extended tine 

the refuse renains in the grinder ensures good oxidization of the 

ground natter ~ich is a natural deterent to rodents and flies. 

cont'd •••• 3 
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1he di.scbarge oonveyor fitted at the bead end with a nagnetic 

drun discharges the shredded refuse on to a dc:d>le mesh rotary 

screen < 82-S'l'-O 1-01.1) • 

1he 60 DID boles screen ramves the coarser particles 11hich are 
led directly to tbe mixer with the belp of conveyor belt. 'Ihe 

15 DID boles screen 1euoves tbe fine i-rticles. 'Ibis fraction • 

which contains pl"<E!ficmi nantly broken glass• stones and other 

beaviers etc is fed to a flat deCk vibrating screen With blower 

air facility (82-sJ-01-01.1). "lbe bard particles are renoved 

here and fed on to the rejects cc:nwyar. 1be recowred organic 

natter is fed to the mixer along with the granulcnetry between 

15 nm and 60 am fran the rotary saeen. 'Ihe fludized air loaded 

with dust and mall light particles is cleaned up_ in a cyclone 

separator before being discharged into abiDSP:aere. 1be 

centrifugal blower enpla,ed for this purpose bas a capacity of 

about 16000 IP /hr. 1be solid fraction collected at the cyclone 

sepa..ator is disc.barged via rotary valve into closed skips 

v.hich are peri¢ically eaptied in the mixer. 

1he mixer (82-AM-01-01.1) mich receives the solids as described 

above and water/activated sewage sludge fran a smll overhead 
vessel, haqenizes the lnmidity cmtent to about 55% and 
discharges to a conveyor (82-llr-o&-01.1) and conveyor (824fl'-

07-0l.1) installed in series. "lhese conveyors discharge the 

natter t..> a sh\Jttle conveyor (83-MN-01-01.1) 11hich feeds SILCD\ 

SYS'IBf. 

2. 3 FmfENTATICU AND aJROO 

2.3.1 Introduction 

'Ihe Biolog1cal Treatmmt of the &hredded and sieved refuse 

is carried ~ in the "SIUDA SYS'IBt''. 'Ihe Siloda process 

is p&tented by Ills arv and is designed to transfonn the 

organic natter and cellulose caitained in the refuse into a 

cont'd •.. 4 
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soil aneliorant that can be used without clanger or risk i.e. 

there are no pathogens liable to create health risk for 

huran beings or aninals and :fennentation is continued to 

oonpletioo :tor full aa.turation so as to avoid secmcla.ry . 
effects en plant life. 

2.3.2 Principle of F°emEntatien 

2.3.3 

1be transfomatioo of organics into coupost is perfornecl r~y 

m1ci-o organisns ~ an aerated enviromlent, act~ in aerobic 

p..se. 'lbese microbes breathe 1n the CKJPD contained in 

the air and change the cubon in the refuse to carb:m. dioxide. 

'Ibey :feed en the organic nitlqen :from micb they derive 

necessaey proteins. 

nirtng this transf ornation lot of beat is generated and the 

tenperature of the llBSS 1s DBintained close to 70°C by a 

careful CXXltrol of air v.bich acts both as a cool&nt and 

supplier of necessary oxygen. 

Fermentation takes place in the "SIL<D\ BJllDIN:i" containing 

two series of five open borimntal silos on each side. &.ch 

silo represents one :full day's vol\.Ule of shredded refuse. 

While the silo on one side is being autaratically filled by 

the shuttle conveyor, the paddle v.heel (83-00-01-01.1) 
discharges like contents of the f Utlt silo on the other side 

into the diacharp conveyor (83-UI'-11-01.1). 'Dle paddle 

v.heel therefore enptiea the 8UCCe&Sive ail~ fran fourth to 

fi:ftb, ~ :from third to :fourth and so en until the first 

one is 8J1JtY at the end of day and ready ro receive on the 

:following day. 

The neoct day first silo of the second series is filled by the 

same ad>ile shuttle conveyor Tthile paddle MMMtl repeats cycle 

similar to first series done on the earlier day. 

cont'd •.• 5 
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I 
In this way the refuse is turned over by the SIUDA~. 

chopped into thin slices, mixed with -.ter if necessary and 

transferred every other day, undergoing regular and continuous 

aeration during the 10-11 days residential tine in the 

fenrentation building. 

'Ihe tenperature rises in the heap of shredded refuse and 

reaches 70°C in less than first 48 hours. A considerable 

~t of mygen is conSllled. 'lbe depletion of oxygen level 

is DB.de up by c.ontinuously blowing air wi. th the help of t\IO 

tWlll lobe air conpressor d1scbarging air through distribution 

pipes located tmdemeath each pile. 'lbe blCNers have 

sufficient capacity to ensure that under every eventuality 

sufficient oxygen is available and there is no possibility 

of anaerobic caiditiais being formed. 

'lbe paddle v.beel is essentially a hollow cylinder turning oo 

its own axis and of the same Width as that of the silo (4.0 M). 

It is equipped wi. th slicing blades to pic.k up the product in 

fine slices. • IW-ing rotation the natter is lifted and then 

falls into a trough inside the hollow cylinder. From there 

a discharge nechanism of ao Archinedian ~ dl-q>s it into 

the adjacent silo/conveyor. '!he novenent of paddle ~eel fran 

one end of silo to the other is fully autonatic. 'Ihe paddle 

~l is positioned opposite each silo by neans of a transfer 

cab running on rails and electrically operated (83-MY-01-01.1). 

Qi catpletion of the accelerated fermentation phase raw carpost 

18 diacharged out of tbia building by a conveyor and led to the 

naturation area by neans of another overhead totally enclosed 

caiveyor (83-llI'-12-01.1). In the open naturation area, the 

carp:lfat is piled up with the help of a front end loader and 

nobile conveyor (83-MF-01-01.1) in heaps about 6 netres high. 

Slow fennentat.ial takes place here essentially to break~ 

cont'd ••.••• 6 
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cellulose by act:l.ncr"-cetes. Slfficient naturation is 

c.onpleted in about · <. to eight weeks. 'Ihe heaps a.re 

constantly DDistured al the outer layer by water sprinklers 

installed around the naturatioc area, 1bis also helps in 

checking the loss of naterial tran pile surface due to winds. 

2. 4 REFINIRi AND BAG; IRi 

Fully natured carpost f~ the heaps in the naturatiai area is picked 

up with the help of a fr!)llt end 'Aheel loader and fed into a hopper 

and conveyor systen { 84-Ml.-02-01.1) 11bich delivers this naterial to 
the top of a light duty vertical grinder {84-BA-01-01.1). The 

discharge from the bottan of grinder is fed to an inclined vibratory 

screen {84-ST-02-01.1) by means of a cooveyor (84-KJ-02-01.1). The 

rejects tran the sieve are collected and sent to the rejects collection 

chanber of the refuse pit via conveyor (84-lll'-13-01.1). 1be finer 

fran the sieve ldlich fo11D the product are fed to a mixer (84-AM-02-01.1) 

v.here additives tor enrichnent ot cxmp:>st coostituents i.e. ~. Pk K 

are added. 'Ibe mixer is a solid to solid i:nase mixer and discharges 

th~ finished carpost al to a pivot conveyor (84-AM-02-01.1). 

1he pivot conveyor has no possibilities. It can either discharge 

the naterial into a silo fran where it can be loaded directly into 

trucks for shipnent of conpost in loose form to the various distribution 

centres/consurrers. Alternatively the pivot conveyor feeds the finished 

caipost to another conveyor l hopper arrangenent (85-MI'-01-01.1). The 

finished product fran here is fed to the sani-autam.tic ~ighing l 

bagging nachine (85-00-01-01.1). 

1be filled bags ,are transported tc a bag stitching nachine (85-0l-01-01.1) 

via a conveyor· (85.Jll'-02-01.1). 1he baainl l stitching nachine has 

the capacity to bag the entire product should it be so required. 

1he finished product bags are renoved at the Elld of conveyor and stored 

in the open area in the plant before OO'MU'd despatch to consumers/ 

distributioo centres. IW-ing the storage in the plant the bags are 

kept covered under tarpaulins. 

cont'd ••..• 7 
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2. S QJALrIY CCN'mCL l INS'111JMENI'ATICN 

'Ihe plant has mJSt upto-date testing equipler.t for the process 

oontrol and product testing. Routine analysis like noistc-e, 

particle size, organic !:'"tltter, C/N ratio; determinatioo of 

N, P and K, plant growth test and product naturity test can be 

very quickly car!'ied out. 

1he plant is equipped with necessary instnnentation to control 

the process in such a '!"B-Y as to produce the carpost without 

creating health hazards due to excessive noise and/or vibrations, 

~, srell or swarnE or flies etc. 

'Ihe process itself will not generate undesirable smell. 

2.6 PROCESS WASTES 

It can be observed from the description of the plant on the 

earlier pages that there are no w;u:;tes generated as such because 
of the process.· The raw naterial of the plant itself is 

Dl.Ulicipal waste. Part of this raw D"'a.terial is converted into 

a useful product as carpost. Non useful part of household waste 

is separated at various points described below. A central rejects 

recovery conveyor collects all the solid 'Ml&tes and brings it· to 

a separate chanber in the refuse pit. From here this -.ate is 

filled in the waiting tippe1"8 by neans of the Gantry crane. 'lbe 

tippers carry it for dunping in the nunicipal dt!rping area for 

sanitary land fill. 

2.6.1 Solid Wastes Collectia'l 

Solid wastes are c.ollected from the :following points in 

the process: 

a) Visible large objects at the Reception Pit 

b) Ballistic Separation at Grinder (82-BB-01-01.1) 

c) Ferrous rejects fran rragnetic drum ( 82-!d.J-01-01.1) 

d) Sieve rejects from Rotuy Sieve (82-ST-01-01.1) 

cont'd .. 8 
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e) Heavy rejects fran Flat Deck Vibrating Sere~ 

(82-SJ-01-01.1) 

f) Rejects fran Refining section inclined vibrating 

screen (84-sr-02-01.1) 

2.6.2 Liquid Wastes 

There are no liquid wastes generated in this process. 

Even the drained liquid collected in the refuse pit is 

used in the mixer prior to the fermentation process. 

'Ihe only liquid"wastes that can be ever generated are 

out of equiprent washing when the same is opened for 

repairs. 'Ihese are discharged through the nomal plant 

drains into the septic tank. 

2.6.3 Gaseous Wastes 

1he process adopted here Joes not produce any harmful 

gases. Air is released in the system at two points. 

Firstly at the Flat Deck Vibrating Screen \\here it is used 

to create a fludized bed for heavy particles separation. 

'Ibis air is sucked into the system, dedusted in cyclone 

separator before being discharged to atnDSphere. 

1be second point v.here ~ is fed into the syste:m is to 

replenish e»eygen level in conpost piles in the SII.alA 

PJO:ESS. As the eiccess air leaves these piles aloog 

CX>i produced due tc microbes respiration and water 

vapours into the large volwre o:i totally enclosed SIUD\ 

llJllDOO, it gets infinitely diluted in terms of 002 content. 

'Ibis ~uilding is ventilated through la.rge.axhaust fans 

nounted on the roof top. 

2.6.4 General 

It nust once again be errPiasized here that the process 

adopted in this plant nanely 'SII.a>A Pla:ESS' just enhances 

coot 'd ••• 9 
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the natural way of producing carpost by providing ideal 

conditions for natu.n.l fennentation. 'lbe design of the 

plant ensures fully aerobic conditions thus preventing 

generation of any foul srells. An effective terq:>erature 

control is obtained around 70°C for nearly ate week 

ensuring production entirely safe for handling by hurmn 

beings. 'lbe plant operatioos envisage a very high degree 

of autaratioo lea.ding to lesser hurran errors. 

• 
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The facilities proposed to be installed !It the new plant 
will nainly consist of : 

- Gantry crane with Grapple 

- Catcrete Reception pit with steel rolling shutter doors 
- Metal· plate conveyor 

- Ref use grinder 

- Grinder outlet conveyor with DBgDetic drum 

- l\ota.iy sieve 

- Flat deck vibrating screen 

- Aspiratioo blower with cyclone separator 

- Screen reject conveyor 

- Conveyor for product 15 nm - 60 nm size 

- Mixer feed conveyor 

- Mixer 

- Set of convey?rs d1scharg1ng to SILCDA 

- Sluttle conveyor 

- Paddle \\heel and crab 

- Recovery conveyor 

- Stacking conveyors for curing piles 

- Belt conveyor with light duty pulverizer 

- Feed conveyor for screen 

- Rejects conveyor 

- NPK doping bins and feeders 
- NPK and cartX>st mixer 

- Pivo~ conveyor 
- Bagging naChine feed conveyor 

- Bagging nachine with inlet hopper 

- Bag stitching DB.chine 
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6.1 <Mt?It 

At the anticipated operation time i.e. 8 effective working 

hairs per day (excluding daily mintenance and cleaning 

time), 6 working days per week (300 days per annun) the 

proposed facility is guaranteed to produce the following: 

• either : 14,000.t/year Can average of 47 tons/day of 

carpost screened at 10 am mesh) 

• or : 15 ,500 t/year (an average of 52 tons/day of 

carpost screened at 12. 5 nm mesh) 

If, in a first phase, only half the Siloda unit is built and 

operated, the Crnp:lSt production will be reduced by SOX. 

1b obtain the above output the plant shall be able to treat 

daily up to 160 metric tais of raw household refuse, the 

CQipOSition of vmich is specified in the attached schedule 

and, notably, oontaining an average of 10% dry solic!a. 

6.2 Qua.lity of Cl:!rpost 

Whatever the granulanetry of the product (1~.5 or 10 nm), the 

final product having the usual caJp06t flavour, shall have 

the following overall qualities. 

- Solids content - at least 55% of the total weight of the 
carpost 

- 1btal·organics ce11tent - at least 50% of the total weight of 

the dry solids contained (CClltent analysed by calcination at 

550°C of a dry solids sanp!e) 

cont'd ••• 12 
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- The carbon/nitrq;cirt ratio of the CCllpost without additioo of 
N, P, K, will be at naxinun 70% of the carboo/nitrogen ratio 

at the incaning refuse. 'Ihe organic natter to organic nitrogen 

ratio of the final product with additioo of chenicals if 

necessary will caifirm to French Standard NFU 44051 < 7 Dec 81 >, 
awlicable to fully natured urban 0 "lllJSt. 

- '!here will be no rise in te•1ieratme in the o npost bags, due • 

to further :fermentatim. 

- 'lbtal inplre natter ~ all d:lmmsim.s 30% naxinun of the total 

dry solids weight. 

- Total residual inpurities in 011post: 

• Plastic particles (polyethylene, expanded polystyrene), over 

5 nm in size • 2% naxinun of the total dry solids. 

Heavy inpurities (glass, metal, heavy plastics) over 5 nm in 

size '"" 6% DBXinun of the total dry solids. 

- I:Uring the fementatioo in the ~IUDA, the product will be heated 

at a tarperature held equal or above 70°C for seven days. So, the 

product will be hygienized in stronger conditions than those 

described in French or W.H.O. no:ms. 

Lastly, the granulanetry specified for the 2 categories of the 

carpost &hall be 8UCb that 99X of tbe produet will p&88 throu;h 

the corresix:xiding square 12. 5 mn or 10 nm mesh. 

5.3 Dlvirormental Protecticn 

1be carp:>st~ plant is designed to operate 1'ithout creating health 

hazards due to excessive noise end/or vibratiais, dust, arell or 

swarms of flies. 

'lbe carposting process will not generate undesirable srrells. 

cont'd •.. 15 
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7. ~AL IMPACT 

As explained previously under 'Hl::CtSS WAS'IR>' sectioo :?.6 this 

plant is designed tor hygienic trea:tllelt of all Dl.lllicipal solid 

wastes thus helping to clean the envirooment. As a first step 

alnost all the biodegradables are l"EllDved tor oooposting leaving 

behind inerts like cans, 1IOOCI, glass, plastics etc mich are 

sent back tor sanitary land fill. 

1he reminder i.e. all biodegradabl.es with sane light plastics 

and paper etc are termented 1n the SIUDA ~ under fully 
aerobic conditions. 1he residence tine in this system is 11-12 

days. A guaranteed 70°C te•1ierature is held for a mininun of 

seven days. 'lhe transtarmtnc tran Silo to Silo (min:lnun four 

tines in the cycle), a thorough mixing of the entire meass takes 

place and no particles escape the themqililic stage of fenrentatioo. 

Air is coo.stantly fed to limit the tmperature at 70°C and to 

provide the necessary aKygen to microbes. Holding of the entire 

DBSS at such a high ta1perature ot 70°C and for such a long period 

(mre '.:ban sevm· days) ensures that all types of pathogms are 

killed and a fully hygienized product obtained. 

The product is further cured for a period of six to eight weeks 

before refining, doping and finally bagging in polyetl:~ .... ene woven 

bags. 'lbe bagged product is stored en the premises before its 

despatch to various cauuners/distribution centres. 

At no stage of the process there is a direct h\11Bn contact with 

the waste till it bu pumd throuah the fermentation u the 

pn:>eeSS i8 fully autamtic or rem>tely controlled~· 'lbe min 

principal of' the .present process 18 to enhance the natural 

carposting by providing the ideal conditiais by way of renoval of 

naidegradables, proper size and sufficient acygen level for intense 

microbial activity. 'lbe tenperature conditions during fen1E11tation 

stipulated in this plant are for nore stringent than prescribed 

under French or WHO noms. 1be French nonns specify achievenent 

of 60°C for four days ...tlile as guarantees in the proposed system 

a.re for 70°C for seven days. 
cont'd .. 16 
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l:RU/L/86/.309 24 Hay 1986 

~.r. v. K. Dlllgra 
Plant ~aqer 
Of-"N~ ORGANIC Fc:RrILIZER & CHEMI~ I~"Dlf,1RIES S.A.o. 
P. 0. Box 6781 
R\JWl 

r.x~ar Sir. 

- . 

With reference to the orc;ranic conpost Safl>lcs. analyzed at teh 
• 

Central Bacterlol09Y Laboratory BL/36/5 on 3 Hay 1986 and 

BL/45/5 on 19 Hay 1986, we hereby provide You with the specific 

resul~s of both saJ1l>les: 

I. e:crERICLOGICAL ANALYSIS 

Sanple No\ 95(3/5/86) 

Total Count 2 millioo/~ 

Coliform 40/gm. 

E. Coli fN IL·,. 

Sa lrraie 11 a ~IL: 

Shigella lN .I .. L 

Vi.brios NIL 

Staph. Aureus N I L· 
~oulds 10 

C,lostridium sp. MIL 

I I . PMASITOLOGY ~LYSIS 

l : Sazll)le No. 95 - NOi' 'l'ES"l'ID 

Sa-r;:>le No. 12lcl9/5/:~661 

8 rru. l hon/am 

100/gm 

N I L 

NI L 

NIL 

N I L 

NIL 

10 

:NIL 

, 
u· 

2 i San,:>lP No. 121 - No parasites Ceteeted 

The result~~-~icated abow are satisfactory 11\ that they do not 

contalJ'\ any pathoqenic bacteria or parasites. ffo,.tever, the ;total 

count seem to ··be unusually hi¢\. Tests haw ir.d1cated that no 

anaerobic bacteria were present, theref04"'e we can safely assurre tilat 

the hi¢l total count is a result from the aerobic bacteria 

respor.sible ~or dioestin9 the organics. 

I I I 2 
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KI~ISTnY o~ HEALTn 

DU>An'l"ffi:m' or· PRF:~·"'"'IVC ~!CINE 
C::ITW.L .ilACTE:aIOII~;y LA!JOk.\'!'OilY / u=li_;Jl~l ;

1
_:1 J 

~Jl)"AJI '-:,;<_rJI J..W~ -.....: 

Nu:llber 1 BL 103/11 

Date 1 26 NO\l'E!ntler 1986 

Froca 1 Head of Environnental ltealth Sectim 
To 1 Head of Bacteriology Laboratory =v----· . ...,;. __ ,, 
Subhect • Bacteriological and Parasite Analysis of Corplst 5.1npl.e ~ ,-

frar. Onan <mjanic Fertilizer & Olemical Industries (OOFCI > 

After Carplinents, 

Jeferenoe to your letter EHU/W86/419 reqard.inq ca1post sarrple 
received by us m 23rd Nownber 1986. Giwn below is tlle 
result of bacteriological and parasitology analysis: 

I) Bacteriological Analysis 

Laboratory No. ~ 

Nature of sanple - Orc;anic CaipJSt 

Total Count 37° - 7 mi.lliav911 

Coliform - 130/CJll 

E. Coli - Nil 

Salncnella - Nil 

Shigella - Nil 
I Vibrio& - Nil 
f 

Staph. Aureos NIL 

M:Jul.ds - 10 I 
Colistridi\.111 sp. - Nil 

II) Parasitology Analysis 

NO parasites seen·. 

. . . -· ..... . . _ .. ..... 

... ~:-.::..--:., ...... l ., .• . .____ 
=· ·. .. . , ,-:ii.~ ~~:··, -- . -- •: ..... ·-. ·- -·-----· 

Thanking you, 

,. . . ·r 
I) jLd_ 1i- -~~L -

CABOOL-~ BIN K»iA.~: Ni."£1? 1-L-~Y) 
JiF.AO CENI'W. BICI'E~, -~AAToRt·t / 

I · •. •.J,. 'llllJ•I ft· . 

·~, H1111l\\I 

~---·--· cc: Director of Preventiw '"2dicir.e 

File 

Aru-i: rrb.b 
26 November 1986 
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CENTRAL BACTERIOLOGICAL LAB. 

REQUEST FOR BACTERIOLOGICAL EXAMINATION 

Oiagnosis/Clin. Derails N;ome: 

CDm) L )(.).\ . 

Narion ... 

Address 

I '· . : :· .. ~ t. ' .... , 
I :v-'11:. . . ~-

::>.Jre of Anr·~·oric Exam. ReQvored 
Onse• Trearmenl . , 

Cul)u)c_ : I !J07 
Narure of Date of Name & Sign. 

;;;(t-rt~::f l~L~b 
.. 
; of M.0. 
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a Control buildin& vith 

Of!iciu 

Laboutory 

Workshop and store 

~1r1 ~ M.f 
/Y&IJ, <a._t~ I 

CoDtrol panel (aDd electrical equipaent existiD& part) 

Persoo.r;el f1cilities 

b HachiDe Buildin& (Pover Station) with 

Ilectrical equi~nt 

Four standby dieselaenerators 

c Store·gara,e building 
Of these a) and c) are existing. 

2.2 ~tailed Description of the Plant 

2.21.l Inlet Lift Pumping Station (Existing) 

Tbe pw::ipiog station 'insists mainly of two sere• lift pu.m~s, e1eb with. 
a capacity of 1200 • /h. With 1 per capita sewage flo~ of 170 1 per 
day and a eakfactor of 2.~ · corresponds hydra~lically with a con· 
liected ro;·u a ti on of •pprox n 000 p for each pwtiif•. Thus up to 7S oco p 
t~ere is luO~ standby capacity. 

Tbe capacity of the pWD~ing station can be further exten~ed in the 
future by installini a sub~ersible centrif~gal p~p iL the pu.m~ so.im~ 
~itb 1 pressure main to the inlet cbinnel. This will in the future 
&i~e sufficieut stacdby c1racity up to 100 OCO p if o&e of the sere• 
pu.ill;·s is closed off e.a. fer maintei;ance. 

2 .21.2 Pretre•t~ect Unit 

The i~let measuring fl~e his a Gaximuit capacity of 800 l/s, •bich is 
sufficient for the peak !lo• at a co~nection of at least 100 000 pe. -
The aecb•~ically cle•~ed bar screen has a c1pacity of 1200 a

3
/h (75 000 p) 

and there is spice for another one with tbe 5ame capacity. For emer&en· 
CJ there i1 a ba~draked 5creeo in place au>til tDe future aechaoically 
clea~ed bar 5Creeo will be installed. 

The two freuntion and iarit removal chambeu have to1etber a ."volume 
Of 160 8 which &iVeS tbe follo~iD& reteotion time: 

At peak flo~ 1200 a3/b (75 000 p) 6 minutes 
" desia~ flo~ 600 " (75 ooo p) ~t " 
" .. .. 130 It (100 000 p) 12 " 
" peak " 1660 " (100 000 p) 6 " . . 
5S2iJt40S~l 
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Jt JN'i~ S aia:uite~ i1 duiubh at puk flo.,. Tbu1 thu~ u.ciu are 
sufficient for • coD.Aection of approx JOO .QQn p. . ... ' 
The two flotation andt~~illeDLAtipn 
data: 

Llf.it1 have toaether the followin& •· 
Volume • 3 

2 Surbce area• 
~tention tiae (DT) at desicn flo'" 600 • 3/b 
" " .. " " " 630 .. 
Surface overflow rate (SOR) at 600 " .. " II .. .. 830 .. 

(75 000 p) b 
(JOO 000 p) b 
(75 000 p) a/b 
(100 000 p) b 

930 
265 
1.55 
J.12 
2.3 
3.1 

For tbe '9ct.ual type of' priliuy settl ilig t.nk the vllue1 for SOR .nd 
~ 1t dui&D flow nnie bet.-een 2·4 and J.7·0.9 nspecli\r'"dy. Thus 
tbe capacity is adequate for a connection of up to JOO 000 p. 

The surbce area for .ti'lota.tion i1 •Pf·rc.x 120 a 2 ~nd the SOR v.lurs 
•re as !ollows: 
At desi&n flow 600 m3/h (75 000 p) r./b 5.0 
.. .. .. 830 .. (loo 000 p) s/h 6.9 

Max load fo2 this type of oil and gre•se2sep•r•tior. unit is 
4·5 1/1 x a3 : 14.4 - 18 c/b. •ith 120 Ii this .-ill give a max load of 
1700-2200 m3/b. Ttus the area is suf!icient at peak flo'" for ~00 ~00 p 
i.e. 1£60 Ii /h. 

2.21.3 Jiolo1ical Treatment Block 

Tbe 1e~1tion tacks will receive 1-BOD load of 1si of the ir.~c.~ing 
load d~e to the reduction in the pretr~•~meot unit. ~itt •c exte~sioc 
up to •~d includiD& tot•lly 4 li~rs, complete Ditrific•tio~ C•nLot be 
•ch.eved but with totally 6 lines, the biolo,ic•l treil5~Dt process 
•llnws for nitrification and to 1 certain exteut de~itrific•tion of 
the "'"•!t-. 
The desi&D data are as follows: 

Cozwe~ted population p 
BOD5 load pe: c•pit1 0,75 x 50 aid 
Totll BOD5 load k§/day 
Total tanl volume m

3 Desi10 f lo~ m /t 
Detention time b 3 Sludae retur~ flow ain m3/b 
" '' " milX ll /h .. 
" " '' duisn m3 /h (0, 7'9 DS) 
Desi10 sludae load 

(2 points 1teped •eratioa) k& BOD5/k& SS 
Desiao 1lud1e 11e days 
Aentioa c.1..;>acity uMer std cond ~J_02 !.~.!l: 
Field conditions: temp · 

DO cone in liquid .,11 
OI factor 
~ " 
1ltitudt factor 

Ixcess sl~dae at desisn :oid k§ DS/d•y 
.. .. " .. " llJ./d•y (0,7~ os: 
ft ft If fl II • /b 

4 lines 
53 300 
37.5 
2 000 
2 000 
450 
4.4 
160 
500 
340 

0.3 
4 

_3600 
35°(-
2 
0.8 
0.9 
1.0 
J800 
257 
J0.7 

6 hoes 
53 30.i 
3i.5 
2000 
3100 
450 
6.9· 
160 
500 
340 

0.2 
6 
540Q_ 
·3s6 c 
2 
0.8 
0.9 
1.0 
1800 
257 
10.7 
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~Lt activated 1lud1e process !alls t~e~ vithin the rar.1e fer tbe aonaal 
lG•~ed l)-pe vitb 4 lines and tbe lo~ loaded type with 6 lines. 

The 1ec0Dd1ry 1ettlio1 taDks have the follovin& data; 

Co~ected populatioa p3 Desisn flow (Df) • 3/h 
Peak flow (Pf) • 3/h 
Total voluae • 2 " s~rf ace area • 
Detention fi•e CDT) h 
SOR (Df) •lb 

4 Jinn 

53 300 
450 
soo 
1700 
466 
3.8 
0.9 

6 hr.rs 

53 300 
450 
900 
2550 
730 
5.7 
0.6 

For t.he actual t)-pe of secon~ary settling tank usEd as final stage 
after activated sludge treat~ent the values for SOR and l>T at design 
flow ranee betveea:l.0-1.2 and 3.5-2.9 respectively. r~~s tbe values 
allov !or some future increase of the per ca~ita se~•ie flo•. 

CoDLected populati~n p
3 Desisn flow (Df) • 3/h 

P~ak f lo'" (PF) m
3
/b 

Total volume • 
Dete~tion tiae at (Df) b 

53 300 
450 
900 
216 
0.5 

• 

Further detention time io outfall pipe at 
Total chlorine c~nlact time at Df, b 

DF, h 0.2 
0.7 

53 30C 
450 
900 
324 
0.7 
0.2 
0.9 

The oe..- chloriEOation building i;;icludes tlaee d:lori&Jito:s, "t.ich t.ave 
each a aax ca~acity of 20 ki Cl 2/h, corres~~~ding to 40 mg/l at Cf 
and 20 •&/l at Pf. 

Or.e chloriutor is nandb)· and tt.e ~thu t""o are- used for chlorir.atic..i 
of bi~logically treated 1e~agt a~~ filtere~ ~ater rE,peclively. 

rbe measuring flumes are of tbe ve~turi t)'i\e and each is deaigoed for 
1 mui11WD capacity of ~00 1/1. Each flWiit sen.es t1o·o tre•lmer.t liaes 
aod shall be able to cope ~itt tbe tolal pt•k flo~ ~~e&J t~~ other treat· 
5ent lines are closed off. 

In case of four or six lioes, the foyr or six aerobic secor.diry and 
the two or fo~r aerobic pris1ry sludge 1tatilizat1on tanks have the 
follo~iD& data (denitrification not applie~) .• 

Connected population, p 
Excess 1lud1e, k§ DS/d 
Excess 1lud1e, a

3
/d 

Total volume, • 
Deter.tion time, d 
Excess 1lud1e aat, d 
Total stabiliz•tio~ time, d 

four lion 

Secoodary 
sl:.id1e 

53 30u 
1800 
257 (O.:'~) 
670 
2.6 
4.0 
6.6 

Pr iir.• ry 
sludie 

53 300 
2700 
90 (3~) 
512 
5.7 

5.7 

Six lines 

53 3Clv 
1£00 
257 (0.7~~ 
10:;0 
4 
6 
lC.O 

53 300 
2700 
9C Cli) 
1024 
J). 4 

l). 4 



( 

( 

-62-

If de~itrific1tioo is 1prlied (1ix lioe1 required) the ~ix 1erob1c 
1econd1ry slu~&e 1tabiliz1tion t&Gks •re used for tbe de6itrific1tion. 
.Tvo of the four pri&•ry 1lud1e 1tabiliz1tioo t1c~1 ire tbec used fQL 
priaary sludge solely and !,ht t..-o other for 1i~riau)" ind secondary 
1lud1e. The follo~iD& d1ta are thee valid • 

• 

Secondary Primary tsiud pri11ary 
sludae llud&e and 1ecc,oda ry 

slu.ige 

Co:.oected ropulation, p S3 :ioo S3 300 53 300 
Ixce11 slu~&'• l§ DS/d 1800. 2700. 4500 
Ixcess slud1e, a3/d 257 (0.71) 90 (31) 347 
Total volume, a 512 512 
Detention tim.e, d 5.7 1.5 
Excess slud&e age, d 6.0 
Tot1l stabili21tioo time, d 7.5 7.2 

The st1bilized sludge pu.-npin§ station bas two pum1s 1 e1ch with a capa
city variable from 20 to 65 • /b. The pucps ire •orkin& interl'ittently. 
One pump i1 standby. 

The biological treatment block can be extendeo ..-ith another two treat· 
ment lines bet•een the service area and the sludge treat~er.t area." 
Thus tbere is space for 1 future extens~on of the b1ologic1l treatment 
block up to a total capacity of approx 75 000 conr.ected people. 

2.21.4 Chlorination Building· 

T~e oe..- chlorination building shall serve both tbe chlorination of 
bi~to1ic1lly treated se•age before sand filtration and chlc,rination 
of the final effluent after filtr1tion and aeration. 

For the pLrpose t~o separite lints ire irrioged for cblurine Wi:er 
solution, one for the cblorinilioc chi~ters 1t tbe biclogic1l treatmeot 
block an" one for the filter bui ldirag be!ore the 1o• reservoir. 

Tbere are Lhree chlorinators, each •itb a capacity of 20 k& cl 2 /h~ur, and three feed pw::1s for solution water, one for each line i~d one as 
•reserve for either of tte l•o lines, respe~tively. 

The chloririe store rooir. bu Syace for .:five D>iltrbeu of 3-tor. containers, 
of which ooe oo the balance. 

Both the dosage and the 1tor11e room are equipped with forced drau1ht 
ve~tilators ind aas warning system and the sloraae roo~ is furthermore 
equipped witb a sprinkler systeir .. Emer1eocy sho~·er aod e1Dnaency equip· 
aeots are 1vail1ble outdoors. 

The chlorine dos11e is 'ontrolled from the flo~ aeters •t tbe ~iolo1ical 
\Jock ao·! tbe d'1uge ind the conswnptioo will be u follo-.·s It 1 con· 
nectioo of 75 000 p: · 

.. 

. .. 
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!iclctic1l tlcck 
Ave nae Max 

fll~tr boiildiq 
A'\·en&e PS&x 

lk>uce. •&il 
Consum;-tion, k&!day 
r.ax consumption (pe1k) 1 ka/h 

2 .21.5 Feed Pumpin& Statio" to Tilters 

15 
225 

JI 

10 
150 

12 

T~ere are four 1~b1Dtrsible pwnps of vhicb one is DOnD1lly 1t1~dby. 
The cap1city will be tbe follo~in&: 

One pWli;> io O?er1tion (approx) 
T~o pWli~S io Gperation (approx) 
Three pumys in operation 
Four pwm¥S in operation (1pprox) 

1 x 120 l/s at 11.5 m 
2 x 110 l/s at 12.4 • 
3 x 100 l/s at 13.5 • 
4 x 90 l/s at 14.3 11 

430 &~/h 
790 5 ~b 
1060 113/b 
J3(j0 11 /h 

Tbe pa.11:1~s ire controlled from the ~•ter le~el in the pw::; sua:p. The 
de!ivery pipe tenuiLates in the inlet ch10Lel to the filters. Th~ !lo• 
is aeasured before the inlet to tbe char...r.el. 

The controls fro& the level in the pwnp sw::p ire as follows: 

- Pum;> lfo 1 starts at +4.00, stops at +3.00 

- Pwap 1'o 2 starts at +4.25, stops at +3.25 

- Pump l'o 3 stuts at +4.50, stops at 3.50 

• PwDF No 4 starts at +4.75, stops at +3.75. 

Alara for low water level at +2.75. 

Al1rm for hi&b water level 1t +4.90. 

2.21.6 filter Bwilding 

filters 

Tbe filter w;it com~rises 5 opec filter cha~~trs coIUlected in pa:allel. 
Tbe filtration takes place f~rui the top of a t•~·~ed1a filter bed of 
anlracite·s1nd restin& OL a botto~ ~itb filter Lozzles. 

The se•aie is eveLly distribute~ fro~ the iLlet chaLnel to the filter 
cbam't·en io opeution by mur.s of rectaoguhr 1o·eirs. [•ch ct.itl?'~ci cir. 
b~ sbut off at tbe inlet side by a penstoc~. !be filtere~ ~ater flo~i 
f r~m t~e s;ace belo~ the filter botto~ througb a pipe inio tbe aeratio~ 
tank. The pipe disc~araes abo~e the level of the filter material which 
aakes 1ure that the filter can never run dry. 

The vater level above each filter bed is rt&ulattd at a fixed l~vel 
(approximately 100 1111'· btloto the la'eir of the bachut. fl..:ie) by the 
tbr~ttlin& of tbe valve on each filter outlet pipe. 

WbtG the filter resistaoce increases to 1 certain value, the filter 
1hall be back'e'asbed. 

Back\tash i1 carried out with air and water. Each filter cha~ber is to 

• 
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it b&:r •• 1~e~ ser•r•tely (c~c at & ti•e). Tbe bacta-•1~ is a~t~•tical· 
ly operated but can also be started a.n~ally. 

Amvunt of ~•ter to be used ..-ben bach.-uhina 600 to 1200 a 3 /h 

Alllo"1lt of air to be used when baclt..-uhin& 1200 a 3 /b 

The ••OWll o! backwash water is controlled by the throttling of the 
aate valve •ounted after the bacltltasb vater pwap and t~e flush air is 
controlled by auns of a bypau exb1ust valve. 

~"hen ~tarting up and triating in the backwashing it is essential th•t 
the backloasb ..-ater flow is controlled aod set so that nc fllter 1ro1teriel 
'"ill e~c1pe 1 especially when washin& with water and air simultaueously. 

The bachub wiur is Uken from the reservoir for filtered 1o·•ter. 
The bac~·ash is blocked at too low a level in the reservoir iL order 
to pre"·ent b.clnaub pu.m;>s rWlning dry. 

The bac~·•s~ '"ater is dr11o-n off in flumes and collected in •~ e~uiliza
tion tank from ~hich it flows in a gravity pipe to the inlet p1..:.1tping 
station. 

For imt·rovement of the filtration, polymer 1ro•y be add~d to the se1.;age 
efflwent before passing throuib the filters. Tt.e p~ly1;,er to be used 
shall be specially made for use iu coDLection with filtration. for 
the preparation of pol}111er solwtion and dosage of the sclutioc ac auto
matic polymer preparation a~d d~sing plant shall be installed in the 
filter building. 

Desigr. Data 

Average daily flow 

H1xim:J1ro daily flo• 

Filter flo'" rate, av~rage 

Filter flo• rate, maxi~au; 

Required filter area 

filter u.nit sizes 

Filter units (ooe of wticb is res~rve) 

Units to be w•sbed si~~ltar.eo~sly 

Back\tasb rate, ~ater 

Back~asb '"•ter max capacity 

Backwash time (approx) 

B1ckwash ratt, air 

lack\oasb 1ir max capacity 

Bick\o1sb time (approx) 

Filter media, sand, particlt size 

sand, layer depth 

aothracitt, particle 1ize 

aotbracite, layer deptb 

m3/d 

m3/d 

m/h 

m/h 
2 • 
2 

L 

~OS 

Ho 

airi · 

min 

II 

~000 

15000 

5 

JC 

75 

22 

5 

1 

3C·60 

1200 

6 

60 

1200 

~ 

0.7·1.~ 

o.~ 

1.4-2.~ 

o.~ 
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The aeration tank has a vol~e of 155 a 3, which &ives the follo~in1 
ou: 

Cowiected populatio~ equivalent, pe 
Design flow (Df), • /h 
Retention tiae, ainutes 
Oxygenation capacity (std cood), t1 o2/h 
<n;·renation capacity (field cond), k& o2/b 
Oxy1en1tion capa(ity at Df, mg/l 
OA')'ienation capacity at aax aaily flov, ~1/l 

53 300 
450 

20 
10 
S.5 

12 
6.3 

75 000 
600 

15 
10 
5.5 
9 
4.7 

The oxy,enation capacity is al~ays adequate to ensuring 1u oxy1eu coo· 
tent of aore tb10 tt.e required 2 m1/l. 

Lo1; Reservoir 

Tbe lo~ reservoir has a regulation volume cf apfroxi~attly 18~~ ~3 , 
which is approxi~ately 20t and 15~ of the d1ily flo~ at a couoectioo 
of 53 30u pe and 75 000 pe, respectively. 

On Diagram (Appeodix 5) the aver1ge daily variation io !lo~ to the 
se\;age tre1t.ment plant is sho~"Il as an 1ccW11~l•ted curve expressed 1s 
a percent1ge of the total flo~ per day. from this diagra~ the re~~ired 
reservuir volume for dif,erent operation cases can be calculattd. The 
diagram is based oo records from the se•age treatment plant in ~•y, 1SS2 
(Appendix 6). 

If the irrigation of the daily available quautity is performtd during 
12 hours, i e from 6.00 A.~ to 6.00 PH, the required reservoir volwr.e 
is 8.4 + 27.1 = 35.5~ of the available quantity per d•y. (Appendix 5, 
page 1.) 

Tbe elevated reservoir at Jib'f has a volua1t ~f l~vO m3. The total 
re•ervoir volume is thee 30CC m . Tbe daily qu•otity •hicb can be fully 
re,ul1ted 1t J2 hour& equilized irrigation per day is then approxi• 
••tely 8~00 • . This qu1&tity is 1prroximately tbe available Qw•&tity 
•ta co~ectioc of 53 300 people to the &e•age treatment pl1ct. 

lf tbe irrigation is perfor.ned during 14 h~urs, i e fro~ 6.0C A.~ to 
8.00 PH, tbe req~ired reservoir VC1lume is 216~ of the daily availat.le 
q~antity. ~ith 1 re~rvoir volu;ne of 3000 m the correspocding daily 
quantity is ll 700 m , wbicb in turn corresponds to 1 co:..oected popula· 
tion of approximately i5 000 p. 

If tbe irrigation is perfonried durin& les& than i2 or 14 hour& respec· 
tively, it bas to be divided into two periods of tbe day, e & 4 to 
5 hours in the morcing ind 4 to 5 hours in the 1fternooo 1 or more reser· 
voir volume bis to be added either 1t tbe treatment plant or at the 
respective irri&ation 1reas. (Appendix 5, pages 2 aod 3.) 

P.llllpin1 Station for Irri&ation Water 

At this staae three pum~s and, in the future, totally four p.unps will 
be installed. One pwr.~ shall be standby and m•xim..ic three pum~s shill 

5~27J8:.0~24 
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Ministry of Commerce & Industry --for ~ Spedialiom 6 MuwaDWaW' ~WIJ ~,.U i.WI -...;.Al 

L~~oratory No. :2208/10/87 

':JJi., ·~I~ '-J:;_ 7' ~--'· 
tb~~~ 

SULTANATE OF OMAN 

S~urce :C~FITAL MUNILIF~LITY D!R~CTORATE GENE~AL OF T~CH.AFF~IfiS. 

H!":oly~t :St:,SM,GH,A11h,F! ,~s 

D:t·t:E· rina:iysed :(11/ll/87 

n:ESULTS 

F-'hos.;:-t"1or i..ts P::os : 1. 03 i~ Oil ~ Greas.~ : 65, 801).1) Mg/Kg 

PotC:sh K2Ci : 1. 58 % Cadmium :13.62 Mg/Kg 

Silica Si02 : o. 44 .,. Zinc . 1776.6 Mg/Kg lo . 
Iro1·.! F.::·~O:: : 1. 0(1 

.. 
Coppt.?1 : 648. 1 (i J1c;;/t:.g 

Al uiul nu111, Al ;;--f~:. : NUl J:.uJl·~E •. Cut_.:.• l l : 19. ~1:• !1y/t ·,; :. 

"fcit.?~ :~i trogen, N : 5. s:· .. . Ct-.r ::.:•:Trl um e-- -- f•lg.'l:i.;; ' : ..::... • ._::.v 

::~ l ! ;; w~,, CaG : 1. 8~ 'l. N1c~=el : 117. 0 M·~ft"::g 

!··:.··;::--·c~: L'fl:, MgO : 1. 8':-' .. 
'· M.an .:;:i c- n 1::- •_.e : 15•:,. (• r·ig 11.i;: 

S·•; ;:·~:UI '~[J3 : ,). 92 '· Mc:0 l /bde:r.u,r1 : -r -, • 

~· • ..:. l.I r·i..~ /Lg 

L'.'°:l ::.~ ldi,C'J ; (J. 14 '% F·r· e:t c: ~ r; :NOT DONE f'i~.'! ~ 

Sod.l L'.m, NaZO : 1.23 i'~ T.Dr-y Solids : u .. 20 I. 

Lrad, Pl.Ju : o. 12 % Volc.t.Solids :78. 1(1 'l. 

Co~ment~:ALL FACTORS ARE CALCULATED ON DRY WEIGHT BASI5. 

I 
• O I 

\ i 

\~·- .. 

I 
.j 

.......... iJl,i1 ;~I ..,.1,. f'\I iJl,f : .,sJ; • iJI;,: lwiA • .,, ..... f/V• I .. lf/Y• &VAf/'ltl .. ff :iJ,H • J.i.- .. • Ht'•"1"' 

P.O. lo1 SSO MUSCAl • Tai. : 104~JJ, 70471J, 704942, 'JtS9H Cabw: WIZ.AllA • T11t1 : ON J66.1 WIZAllA MUSCAT 
PAX No. 'J9S"2 MUSCAT 
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Laboratory No. :3093/12/87 

Ref. No. • I .. 
'3ource :DIWAN OF ROYAL COURT AFFAIRS 

Origin :SLUDGE STP DARSAIT 

Analyst :GALILA 

Date Ar.al ysed :b/1/87 

RESULTS 

BORON : ~ MG/L 

CADMIUM : ! MG/L 

COPPER : ! MG/L 

LEAD :697.84 MG/L 

·-IICKEL • I .. MG/L 

? Ir.ic :788.95 MG/L 

-oBALT : ! !"IG/L 

:HROMIUM • I .. MG/L 

:OMMENTS • I .. 

. .,, r ? . 
'~ r11 r , I · . d. i. 't ~~ _,,.,,-

irector of Lat>oratory 
I ... / 

SULTANATE OF OMA 

I 
''1 ''i/ . /_ l, ~µv . 
Chi~f C~~st 

J.-i.-;,,1,,, :.,.S:WI .,.,1,. "-.' .;,1.11: .,sJ;. ;,,1;.1: l,i~. "'''"/•• &1.lf/v• aur/v• &'\ff :.J#. JM-.,• :"'f',~ 
P.O. loa SJO MUSCAT • T1I. ; 7CM9JJ. 7°'71J, 7CMHJ, 79BH Cable; WIZARA • Tclca ; ON J6'J W'2AlA MUSCAT 

,AX No. 79S992 MUSCAT 
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EXTRACT FROM ROYAL DECREE 5/86 

LIMITS FCR REUSE AND DISCHARGE r:F WASTE WATER 

UTILIZATIOO AND DISPOSM... CF SLUDGE 



t!M!"!'S ~P. ~ .mD ~!S:!!.1P.2 O? \IJ...C"!$.VC!!:! 

. ~.·;,,,. 

.ill =:!. t1 u 11£11 =lesa o'ther.-iH stated 

Pa--amete~ f T,"-"t1 :ot 1=9ate: thmi 

_ _,,___I · Ma::=m 1 Mc::itbJ.7 &Te:"ap Oft:' arq' 
!at::: comec:~i:n ~u. 

P~:!.cal 

!otal clisaol wd sollaa 1500 1000 
!otal su=pended •olld.s 15 10 
T'c:bie! t,. (J:.~.11.) 5 2 
Cbe::!.eal 

iluz:!::.im 5 1 
a,.,.oni•~al. E!.~geD (&a Jr) 5 1 
.L ... enic 0.2 0.05 
:B•-'m 2 1 
:Be:,:, , ":cm 0.3 0.1 
~oche::i.cal c::;;pn De:211" (5 DZl'i)~ 15 10 

; . :Boron 2 1 
CaC:it:11 0.03 0.01 
Chemical ~sen De-and 100 50 
Chlo:icle 350 250 

" 0.5 (::.!!i) 0.5 (::.:.:) Chlo::ine, P:-ee llesi.cblal 
(a...4'te: 60 J:i:l. ce:J.tact time) 

C'---=i:c:i . 
I 0.5 I 0.1 

Cobalt 0.5 0.1 

·- ~ -

I ...... 
\,H 
I 

••• '5 



~a:amete: 

Coppe: 

~de 
: 

l>ieeol ved 0%;;gen 

l'luo:!de 

L-on 

Lead 

IJ:t:tilml .. 
' 

... 
lqDesi'Ulll 

~9· 

Jt!e.:._. ..... J' . . .. 
Moi,bdem:::a 

liclcel 

Oil mid Grease 

pl! (pH -c::i.i ~a ) 

Phenol a 

J'!lospho:t111 (~ota,l aa P) 

Selen:!:am 

Soc!!l:ml 

~~t· .. 
- Sul.phid..e 

O=pz:i.c 1'11 ~gen (rjeldahl) 

Total !!! ~gen 
e<.>h:d CJ,·~r~1".:.. ~rh01'\ ·-· ... _, ...... ··---·'"' 

:t.1..l::f. ta not g:e & te:: thm 

Mar=:m 

0.3 
0.1 

2.0 (:.!:) 

2 . 
5 

0.5 

10 
150 

1 
o.oos 
0~05 

0.5 

5 
6,-a 

" 
1 

30 

0.05 
200 

400 

0.1 

10 

.so 
~ 

. 

1"..cn~7 an::-a.ge ove:: ftr:7 
tot:: coueci:::!w weeka 

0.2 

0.05 

2.0 (:.!:) 

1 

1 
0.1 

2.5 

30 
0.2 

0.001 

0.01 

. 0.2 

2 

6-9 
0.1 

4!0 

0.02 

70 

200 

0.05 

5 
.30 
.:&O 

·- 5 -~ 
.. 

.. ... 

',• 

I 

" l:-
I 

. ' .•. ·• 
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PL-amete::-

Vanad!l:m 

Z!m: 

lSa--te::-iol oc eal 

'!otal Col.!.!"o-• 
(MPB/100 ml) 

Viable Pa~oge::ic 

OT& md C7st• 

I- 6 ~I 

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

. I - L1:i ~. not g::'9&te:: thm 

I Ma.::.:nma I Mo11t~7 &T9::"aP on:: ll1J:7 
!ot:: comec-:ztin ,,..a .·· 

1 

5 

23 
(Bot to be exceeded. in 
an;r am:ple) 

Bon-detectable 

' 0.1 

2 

2.2 
(Dete-"n•d. ~=' l.ari 7 t\q8 
o! CCJC;)leted l:lal.'11••) 

lon-datectable 

Bot• :- Onl.7 those p&--ameten specil'iec! in the consent to cliacha:p need to be mal79e4. . 

I 

""' Vt 
I 
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UUlbntion mid piapoonl of Bludgo 

.,. 7 All •ludp alaall b9 \nated for diilpomal to \be Ua.U• g1Yen in 

Table 2. 

Toble 2 

J,JJUT3 · FOR DlGFOSJ\.L OF GLU.IJGE 1 

All Waite ae gTNme• per ton of 
dQ' -uer. 

Paraeter Llalt (not greater tbu1) 

Cadalum 30 
Cbromiua 1000 

Cobalt 100 

Copper 1000 

Lead 1000 

tlol7bdenua 20 

HerourJ' 10 

lfloltel 200 

Zina 1000 

,.o Ovner1 or vaatewder treatment plant shall not delinr aludaa to 

oontraotora or u1er1 wtleaa the laHer baYe obtainod prior approval 

lro11 \be tlini•trJ or other autlaoritiH approHd b7 the HlniatrJ 

!or the .. JJrop•J: d.ispo•&l. or ai;oh 9ludp. 

,.9 Owner• or wastewater 'reatment plant. delhering al1.tdge to oon-.. 
traotora or u11r1 shall keep.reoorda ap1oi!7ing at leash 

a) date or deliT117, 

b) name & acld.n11 or oontraotor/u•er, 

o) quantit7 deliYered. 

. 
,.10 Bludp 11hJ.oh b not bdng delivflnd to oontr110tor1 or uaen shall 

either be uUlizecl in an appronct.manner or be diepoaed or b7 the 

owner• in an approved 110.nner 1µoh aa lone~ !ill or inolneraUon. 
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fETEOROLOGICAL DATA 

ANNUAL CLIMATOLOGICAL SUMMARY 1987 

WIND ROSES fOq SEEB INTERNATIONAL AIRPORT 1987 
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Table : 3.5.1 

STATION : SEER 

YEAR : 1987 

STA TIOt~ LEVEL 
FiiESSURE 

(hf a) 

HONTH 

EXTREHE 

HE1Ul HAI Hltl 

J;\li 1011.a 1023.a 1011.1 
FED 1015.J 11)2(1. 9 1009.2 
:tAR 1010., 1017.3 1003.5 
Af'R l(I09.2 1015.9 1002.2 
MAY 100,,B 1010.S '199.0 
JUll 998.6 l (11)7 ·' 992.8 
JUL 997.3 1004.4 993.7 
AUG 998. 7 1005.4 993.1 
SEP l 00~ . 3 I 011. 6 999.0 
OCT 1010.a 1016.6 1003.5 
11011 1013.b 1020.0 1008.7 

· DEC: 1017.7 1025.(l 1011.3 

'iEAR 1008.2 1025.0 992.9 

SULTA14ATE OF 011Atl 
MUllSTRV OF CDl11tUtHCATIOllS 

DIRECTORATE GEHEnAL OF CIVIL AVIATION 
AND HE1EOROLOGV 

DEFAnTHEllT OF llETEOROLOGV 

AllNUAL CLHIATOLDGICAL SUl1HARY 

AIR TEHPERATURE VAPOUR 
PRESSURE 

lCl lhfa) 

HEAii EATF.EHE EXTREl1E 

RELATIVE HUHIDITV 
HUHlblTY 

Ill 

HEAN EXTRE11E 

ttEAH HAI Hltl HAX HIN HEAtl HAX tt Ill HEAH MA:< H IH HAX HIH 

21.4 25,9 11.2 c9.9 12.5 15.3 24.1 7.5 61 77 43 92 22 
22.5 26.6 IB .5 30.4 15.1) 18.9 24.9 7.2 70 87 49 97 19 
25.S l0.5 21.6 38.~ 16.4 17.9 27.3 6.5 56 79 36 95 13 
29.1 34.0 22.5 42.2 17.5 18.7 35.3 S.6 49 73 29 100 10 
34.5 39.5 28.7 44.1 25.2 21. 5 37. 9 5.3 42 64 22 94 6 
~5.2 40.b 30.6 46.7 24.5 25.8 40.J 4.6 48 74 cb ?S 5 
36.3 40.7 ~2.1 ~7.0 29.5 28.1 44.7 7. (1 50 71 29 95 9 
32.5 36.5 29.6 46.5 27.0 32.1 39.9 14.6 lB BS 49 98 16 
32.1 36.0 28.1 43.2 25.8 30.1 38.b 14.b 65 82 45 90 22 
29 .s 34.1 25.3 40.7 20.3 22.7 3b.7 b.I) Sb 76 34 94 13 
25.5 3(1.2 20.8 33.2 17.2 ct.~ 3'). 5 8. l 66 05 ~4 ?6 16 
21.5 25.9 11.3 c9.a 14. ~ 15.7 23.4 b.7 bl 1b 45 96 24 

28.8 33.4 Z4.~ ~7.0 12.5 22.4 44.7 4.6 SB 77 30 I i)I) 5 

.. 

LATITUDE : 23 35H 
LOHGITUDE : 59 17E 
HEIGHT ABV. HSL: l~.6H 

UltlD 

SPEEDl~notsl 
HEY. 
DIR HEfltl HAX HA~ 

Sust Gust 
I Deg I IO•in 

210 4 - IB 
061) I: 14 3•) J 

060 5 21 4iJ 
330 4 13 34 
(rbO b 17 32 
(16') 5 19 36 
(lbr) 6 16 29 
(161) s 15 21 
(160 5 19 24 
1)30 4 21 29 
(131) 4 15 19 
r1J1) 4 17 21 

1)61) 5 21 46 

I 
-...J 
Q) 
I 
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Fig. 3. Wind-Roses for Seeb - 1987 
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